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ABSTRACT

Progestins are synthetic steroid hormones widely used in hormonal contraceptives, but their pharmacological effects vary
according to molecular structure, receptor affinity, and androgenic or antiandrogenic activity. These differences may be
clinically relevant in androgen-dependent dermatological conditions, particularly adult female acne and androgenetic
alopecia. This literature review aimed to examine the relationship between the androgenic activity of progestins and their
potential dermatological effects, with emphasis on the hormonal mechanisms underlying adult acne and androgenetic
alopecia and on differences among individual progestin profiles. A qualitative literature review was conducted using PubMed/
MEDLINE, Web of Science, SciELO, Google Scholar, and the Virtual Health Library. Publications addressing progestin
pharmacology, androgenic activity, hormonal mechanisms, acne, androgenetic alopecia, and related dermatological
effects were considered. The reviewed literature indicates that progestins differ substantially in their interactions with
steroid receptors and consequently exhibit distinct androgenic, antiandrogenic, and tissue-specific effects. Progestins with
greater androgenic activity may enhance androgen-dependent processes in susceptible individuals, including sebaceous
gland activity and follicular responses, whereas compounds with antiandrogenic properties may exert different effects
on androgen-sensitive tissues. In adult female acne, these mechanisms may interact with sebaceous activity, follicular
keratinization, inflammation, and peripheral androgen sensitivity. In androgenetic alopecia, the potential influence of
progestins appears to depend largely on genetic susceptibility, local androgen metabolism, androgen receptor activity, and
follicular sensitivity. Therefore, the dermatological effects of progestins should be considered within the broader context of
individual pharmacological profiles and patient characteristics. Further clinical studies are warranted to better define the
magnitude and clinical relevance of these associations.

the likelihood of fertilization [1,2]. However, progestins differ
substantially in their pharmacological properties and receptor
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Introduction

Progestins are synthetic steroid hormones widely used in hormonal
contraceptives and play an important role in the regulation of the
hypothalamic—pituitary—ovarian axis and prevention of ovulation
[1]. Their contraceptive effects are mainly mediated by suppression
of the luteinizing hormone surge, increased cervical mucus
viscosity, and changes in tubal motility, which together reduce

affinities, resulting in distinct systemic effects, including effects
on the skin and hair follicles [3]. Those with androgenic properties
may activate androgen receptors and consequently influence
sebaceous gland activity and follicular function [3,4].

Acne vulgaris is a common chronic inflammatory disorder of the
pilosebaceous unit characterized by comedones, papules, and
pustules, with nodules and scarring occurring in more severe cases
[5,6]. Its development involves several interrelated mechanisms,
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including increased sebaceous gland activity, follicular
hyperkeratinization, proliferation of Cutibacterium acnes,
and local inflammatory responses [6,7]. Although commonly
associated with adolescence, acne may persist or develop during
adulthood, particularly among women, and may follow a prolonged
or recurrent course [8]. Hormonal factors, together with genetic
and environmental influences, contribute to its multifactorial
pathogenesis [4].

Androgenetic alopecia (AGA) is the most common form of
progressive hair loss and results from the gradual miniaturization of
susceptible hair follicles [9]. Genetic predisposition and androgen
signaling are central to its pathogenesis, with dihydrotestosterone
(DHT) playing a major role through its interaction with androgen
receptors in the hair follicle [9,10]. Increased androgen signaling
promotes follicular miniaturization and progressively alters the
hair cycle, resulting in shorter anagen phases and the production
of increasingly thinner hair shafts [10,11]. The clinical course
is gradual and varies according to genetic susceptibility and
hormonal factors.

Acne and AGA share important pathogenic mechanisms related
to androgen signaling in the pilosebaceous unit and hair follicle
[4,10]. Consequently, the androgenic profile of progestins may be
clinically relevant in individuals susceptible to these conditions.
Progestins with androgenic activity may contribute to the
development or worsening of acne and, in susceptible individuals,
may influence androgen-dependent hair follicle changes [3,4].
Knowledge of the pharmacological characteristics and androgenic
potential of individual progestins is therefore relevant when
selecting hormonal contraceptive methods, particularly for patients
with a history or predisposition to androgen-related dermatological
conditions [1,2].

The androgenic properties of progestins may influence androgen-
dependent tissues, particularly the skin and hair follicles, and their
effects may vary according to molecular structure, receptor affinity,
and tissue-specific sensitivity [3,4,8-10]. These pharmacological
differences are clinically relevant because adult female acne and
androgenetic alopecia are influenced by androgen signaling,
although both conditions have multifactorial pathophysiology
and may occur in the absence of systemic androgen abnormalities
[3,4]. Therefore, understanding the androgenic profile of
individual progestins may contribute to a more comprehensive
assessment of their potential dermatological effects. Accordingly,
this literature review aimed to synthesize the available evidence
on the pharmacological and hormonal mechanisms underlying
the androgenic activity of progestins and to discuss their potential
implications for adult female acne and androgenetic alopecia, with
particular emphasis on differences among progestin profiles and
their clinical relevance.

Methodology

This study consists of a qualitative literature review aimed at
analyzing the association between progestins with androgenic
activity and the development or exacerbation of acne and

androgenetic alopecia. A bibliographic search was conducted
in PubMed/MEDLINE, Web of Science, Scientific Electronic
Library Online (SciELO), Google Scholar, and Virtual Health
Library (BVS). Searches were performed using combinations of
the following keywords and their corresponding terms in English:
“progestins”, “androgenic activity”, “acne”, “adult female acne”,
“androgenetic alopecia”, “androgens”, “hormonal contraceptives”,
and “hormonal therapy”, combined using the Boolean operators
AND and OR. Eligible publications included original research
articles, clinical and observational studies, literature and
systematic reviews, clinical guidelines, and relevant book chapters
published in English or Portuguese. Studies were included when
they addressed the hormonal mechanisms, androgenic activity,
or dermatological effects of progestins, particularly in relation to
acne and androgenetic alopecia. Duplicate studies, publications
unrelated to the research topic, studies lacking sufficient scientific
basis, and articles without full-text availability were excluded.
The selected literature was qualitatively analyzed and thematically
organized according to the androgenic profile of progestins,
underlying hormonal mechanisms, and their dermatological
implications.

Theoretical Framework

Androgens

Types of Androgens: Synthesis, Structure, and Biological
Functions

Androgens comprise a group of steroid hormones involved inabroad
range of physiological processes. The principal androgens include
testosterone, DHT, androstenedione, and dehydroepiandrosterone
(DHEA) [12,13]. They are produced predominantly by the gonads
and adrenal glands, although their biological activity varies
according to their receptor affinity, metabolic conversion, and
tissue-specific actions [14]. Testosterone is the major circulating
androgen, whereas DHT, which is generated through the enzymatic
activity of So-reductase, exhibits greater androgenic potency at
the receptor level [15]. In addition, DHEA and androstenedione
function as important precursors within the androgen biosynthetic
pathway and can subsequently be converted into more biologically
active steroids in peripheral tissues [13].

Androgen biosynthesis begins with cholesterol, which is transported
into the mitochondria and converted into pregnenolone, a process
involving the steroidogenic acute regulatory protein (StAR)
[16,17]. Pregnenolone subsequently serves as a precursor for the
synthesis of DHEA and androstenedione through the coordinated
activity of steroidogenic enzymes, including cytochrome P450
17a-hydroxylase/17,20-lyase (CYP17A1) and 3B-hydroxysteroid
dehydrogenase (38-HSD), which are essential for the progression of
steroidogenic pathways [18]. In peripheral tissues, these precursors
can undergo further enzymatic conversion to testosterone, thereby
contributing to the local generation of biologically active androgens
[19]. The overall regulation of androgen biosynthesis depends on
substrate availability, enzyme expression, and enzymatic activity,
all of which influence the amount of hormone produced and its
subsequent tissue availability [4].

Structurally, androgens share the characteristic steroid nucleus
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composed of four interconnected carbon rings. This configuration
contributes to their lipophilic properties, facilitating passage
across cell membranes and interaction with intracellular steroid
receptors [12,20]. Following androgen binding, the androgen
receptor undergoes a conformational change and forms a hormone—
receptor complex that can interact with specific DNA sequences
and regulate the transcription of target genes [21]. Through this
mechanism, androgens influence several cellular processes,
including proliferation, differentiation, and metabolism [22]. In
the skin, androgen signaling is particularly relevant to sebaceous
gland activity, hair growth, and the regulation of the pilosebaceous
unit [23].

Mechanisms of Androgen Action

Androgens exert their biological effects through both genomic
and non-genomic mechanisms, which interact to produce tissue-
specific cellular responses [24]. The genomic pathway is primarily
mediated by binding of the hormone to the intracellular androgen
receptor, followed by receptor activation, nuclear translocation,
and regulation of the transcription of androgen-responsive genes.
This mechanism generally produces relatively slower but sustained
cellular responses [25].

In contrast, non-genomic androgen signaling can elicit more
rapid cellular responses without requiring direct changes in gene
transcription [ 12]. These effects may involve membrane-associated
receptors and the activation of intracellular signaling cascades,
including the mitogen-activated protein kinase/extracellular
signal-regulated kinase (MAPK/ERK) and phosphatidylinositol
3-kinase/protein kinase B (PI3K/Akt) pathways, as well as other
protein kinase-dependent mechanisms [12,26,27]. Such signaling
allows androgens to rapidly influence cellular functions, including
enzyme activity, intracellular communication, and cellular
responses to extracellular stimuli [12].

The interaction between genomic and non-genomic pathways
contributes to the complexity of androgen signaling and enables
the integration of rapid and sustained cellular responses [28].
This interplay is particularly relevant in the skin, where androgen
activity regulates several components of the pilosebaceous unit
and contributes to the control of sebaceous gland function and hair
follicle biology ]8,29]. Therefore, androgen signaling should be
regarded as an integrated network of molecular mechanisms rather
than as an exclusively transcription-dependent process, helping to
explain the diversity and tissue specificity of androgen-mediated
effects [30].

Regulation of Testosterone Synthesis and Bioavailability

Testosterone production is primarily regulated by the
hypothalamic—pituitary—gonadal axis. Within this endocrine
system, hypothalamic secretion of gonadotropin-releasing
hormone (GnRH) stimulates the pituitary release of luteinizing
hormone (LH), which subsequently regulates gonadal
steroidogenesis. In females, LH acts on ovarian theca cells and
contributes to androgen production, particularly androstenedione
and testosterone precursors [31,32]. This axis is regulated through

negative feedback mechanisms involving circulating sex steroids,
which modulate hypothalamic and pituitary activity and thereby
contribute to endocrine homeostasis [31,33]. Age, metabolic status,
and other physiological factors can also modify the activity of this
regulatory system, consequently influencing androgen production
[32]. Testosterone homeostasis therefore results from a complex
interaction between central neuroendocrine regulation, gonadal
steroidogenesis, and peripheral hormone metabolism [31,34].

The tissue availability of testosterone is further determined by
its association with plasma proteins, particularly sex hormone-
binding globulin (SHBG), which plays an important role in
regulating the circulating pool of biologically available hormone
[35]. Most circulating testosterone is protein-bound, whereas
only a relatively small proportion remains unbound and is readily
available for diffusion into target tissues [35,36]. According to
the free hormone hypothesis, the unbound fraction represents an
important determinant of direct steroid action at the tissue level
[35]. SHBG also contributes to the transport, distribution, and
circulating half-life of testosterone, thereby influencing its overall
bioavailability [37].

Testosterone availability is additionally affected by metabolic
and physiological factors that alter SHBG concentrations and,
consequently, the proportion of circulating testosterone that
remains free or bioavailable [38]. Obesity, aging, and hormonal
alterations, for example, may modify SHBG levels and thereby
influence androgen availability at target tissues [38,39]. Hepatic
synthesis of SHBG and its interaction with circulating steroid
hormones are therefore important components of the mechanisms
governing systemic and tissue-specific androgen activity [39].

Local Androgen Synthesis and Action in the Skin

The skin is an active endocrine and intracrine organ capable
of locally metabolizing androgen precursors into biologically
active steroids [40,41]. The pilosebaceous unit expresses several
steroidogenic and steroid-metabolizing enzymes, including
Sa-reductase and aromatase, which participate in the conversion
of circulating precursors into locally active hormones, including
DHT [40,42]. This enzymatic machinery enables cutaneous tissues
to regulate androgen activation independently of circulating
hormone concentrations, allowing local androgen signaling to
be adapted to the specific requirements of individual tissues
[13,43]. Consequently, peripheral steroid metabolism represents
an important determinant of the biological effects of androgens in
the skin [14,40].

Androgens play a central role in the regulation of sebaceous gland
activity and pilosebaceous unit function, influencing both sebum
production and hair follicle growth [44,45]. Androgen signaling
promotes sebocyte proliferation and lipogenesis, thereby affecting
the quantity and composition of sebum produced by the sebaceous
glands [40,45]. In addition, androgens influence the hair follicle
cycle and may affect the progression through its principal phases,
including anagen, catagen, and telogen [46,47].
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The magnitude of these effects depends not only on circulating
androgen concentrations but also on local androgen receptor
expression, receptor sensitivity, and the activity of steroid-
metabolizing enzymes within cutaneous tissues [13,14]. Thus,
androgen action in the skin reflects the combined effects of local
intracrine steroid production, enzymatic metabolism, receptor-
mediated signaling, and tissue-specific cellular responses. This
integrated system is essential for normal cutaneous physiology
but may also contribute to the development and persistence of
androgen-dependent dermatological disorders [40,43,45].

Role of Cutaneous Androgen Production in Acne Vulgaris

The contribution of cutaneous androgen metabolism to the
pathophysiology of acne vulgaris is closely associated with the
local responsiveness of the pilosebaceous unit [48]. Importantly,
acne may develop or persist in individuals without clinically
significant systemic androgen abnormalities, suggesting that local
androgen sensitivity and metabolism may play a substantial role in
disease expression [48,49]. Increased responsiveness of cutaneous
tissues to androgens may result in enhanced biological effects
even when circulating hormone concentrations remain within
the physiological range [50,51]. Furthermore, interindividual
differences in the expression and activity of steroidogenic enzymes
may contribute to variations in clinical presentation and disease
severity [40,42].

Androgen signaling is also linked to the regulation of inflammatory
processes within the skin and may contribute to the initiation and
persistence of the inflammatory response associated with acne
vulgaris [50,52]. The interaction between androgen-mediated
alterations in the pilosebaceous unit and local inflammatory
pathways may therefore facilitate the progression of acne lesions
and contribute to more persistent or severe clinical manifestations
[48,53]. In addition, available evidence suggests that androgens can
influence cutaneous immune responses and modify the interaction
between the pilosebaceous environment and Cutibacterium
acnes [44,51]. These findings support the concept that androgen
activity in acne is not limited to sebaceous gland stimulation but
involves a broader network of endocrine, intracrine, metabolic,
and inflammatory mechanisms within the skin.

Pathophysiology of Adult Acne

Adult acne is a multifactorial inflammatory disorder resulting
from the interaction of hormonal influences, sebaceous gland
dysfunction, follicular abnormalities, alterations in the cutaneous
microbiota, and dysregulated inflammatory responses [5,54]. Its
pathogenesis has traditionally been described in terms of four
interrelated mechanisms: increased sebaceous gland activity,
abnormal follicular keratinization leading to microcomedone
formation, microbial dysbiosis, and subsequent activation of
inflammatory pathways [54,55]. Although Cutibacterium acnes
has historically been considered a major contributor to acne
development, changes in the broader skin microbiota, including
alterations involving Malassezia species, may also influence
inflammatory signaling and disease expression [54,56].

The pilosebaceous unit functions as an important peripheral site
of androgen metabolism. Within this compartment, Sa-reductase
converts testosterone into DHT, a more potent androgen with high
affinity for the androgen receptor [55,57]. Increased androgen
signaling promotes sebocyte differentiation, lipogenesis, and
sebaceous gland activity, thereby contributing to the development
of an acne-prone microenvironment [57]. In parallel, alterations
in cutaneous immune responses contribute to the initiation and
persistence of inflammation, with increased production of pro-
inflammatory cytokines and activation of innate immune pathways
[5,55,58]. An exaggerated innate immune response may contribute
to the persistence of inflammation even in the absence of marked
systemic hormonal abnormalities [58].

The clinical course of adult acne may also be influenced by
environmental and physiological factors, including psychological
stress, metabolic alterations, and exposure to external stimuli that
can modify sebaceous gland activity and cutaneous inflammatory
responses [54,58]. Clinically, adult acne frequently differs from
adolescent acne, with lesions often predominating in the lower
face, particularly the mandibular and perioral regions, and with a
tendency toward persistent inflammatory lesions [54]. Thus, adult
acne reflects a complex interplay between endocrine, metabolic,
microbial, follicular, and immune mechanisms, which may
contribute to its chronicity and therapeutic complexity [5,54,58].

Excessive and Altered Sebum Production

Sebaceous hypersecretion, or seborrhea, is one of the major
components of acne pathogenesis and is strongly influenced by
androgen signaling through receptors expressed by sebocytes
[48]. Androgen stimulation promotes sebocyte differentiation,
glandular growth, and lipid synthesis, increasing both the amount
of sebum produced and its availability within the follicular canal
[54]. However, acne is not solely associated with increased sebum
production. Qualitative changes in sebum composition, often
referred to as dysseborrhea, may also contribute substantially to
disease development. These changes include increased squalene
oxidation and alterations in essential fatty acids, particularly
reduced levels of linoleic acid [53,59].

Changes in sebum composition can increase its comedogenic and
pro-inflammatory potential, while also affecting the integrity and
function of the follicular epithelium [59]. According to Deng,
Wang, and He [60], alterations in sebaceous lipid metabolism
may compromise the cutaneous barrier and contribute to abnormal
follicular keratinization and microbial dysbiosis. In addition,
dietary and environmental factors may influence sebaceous
lipogenesis and acne severity through metabolic signaling
pathways, including those involving insulin-like growth factor 1
(IGF-1) [60,61].

Androgens, Sebum, and Inflammation

Alterations in sebaceous lipid composition can promote oxidative
stress and inflammatory signaling, contributing to the generation
of mediators that amplify the cutancous inflammatory response
associated with acne [62]. In this context, C. acnes can interact
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with innate immune receptors, particularly Toll-like receptor
2 (TLR2), expressed by keratinocytes, sebocytes, and immune
cells, thereby promoting local inflammatory signaling [63,64].
Several mediators, including cytokines, proteolytic enzymes,
and antimicrobial peptides such as defensins, participate in this
response and contribute to the progression of acne lesions [65].

Free fatty acids generated from sebaceous triglycerides may
also contribute to the inflammatory environment by stimulating
the expression of antimicrobial peptides, including p-defensin-2,
and promoting the production of inflammatory mediators such as
interleukin-1 (IL-1) [65,66]. These processes illustrate the close
relationship between sebaceous lipid metabolism and cutaneous
immune activation.

The effects of androgens on sebocyte differentiation and
sebogenesis are also mediated, at least in part, through interactions
with peroxisome proliferator-activated receptors (PPARSs),
particularly PPARy [62,65]. PPARy is an important regulator of
lipid metabolism and sebocyte differentiation and may contribute
to the integration of androgenic signaling with metabolic and
inflammatory pathways within the pilosebaceous unit [62,63,65].
Crosstalk between the androgen receptor (AR) and PPARy
pathways may therefore represent an important component of acne
pathophysiology and a potential therapeutic target. Modulation of
these signaling pathways could theoretically reduce sebaceous
activity and inflammatory responses, thereby limiting lesion
development and supporting restoration of cutaneous homeostasis
[63-65].

Role of Androgen-Mediated Sebum Production in Acne
Androgen stimulation of the sebaceous glands represents a
central component of acne pathogenesis because sebocytes are
highly responsive to sex steroid signaling and possess extensive
steroidogenic and metabolic activity [23]. Binding of DHT to the
androgen receptor promotes androgen-responsive signaling within
sebocytes and contributes to cellular differentiation and lipid
synthesis, thereby increasing sebaceous output and facilitating lipid
accumulation within the follicular infundibulum [65]. Excessive
sebum production also contributes to microcomedone formation
by interacting with abnormal follicular keratinization and retained
corneocytes, promoting the development of a keratinous plug
within the follicular canal [65]. Furthermore, changes in the lipid-
rich follicular environment may influence microbial metabolism
and inflammatory signaling, contributing to the persistence of
acne-associated inflammation [66]. Importantly, the relationship
between sebum and acne is not determined exclusively by its
quantity. Changes in the composition and physicochemical
properties of sebaceous lipids may alter follicular homeostasis and
promote oxidative and inflammatory processes.

Hormonal Regulation of Sebaceous Glands in Acne Vulgaris

Sebaceous glands are integral components of the pilosebaceous
unit and consist predominantly of sebocytes specialized in the
synthesis and secretion of sebum [67]. Sebum is a complex lipid
mixture containing squalene, wax esters, cholesterol, cholesterol

esters, triglycerides, and other lipid-derived compounds [68,69].
Within the skin, sebaceous triglycerides undergo enzymatic
hydrolysis, generating free fatty acids that contribute to the
physicochemical properties of the skin surface and may participate
in antimicrobial defense mechanisms [67,69]. Sebaceous lipids
also contribute to epidermal barrier function and may play roles
in maintaining skin hydration, protecting against environmental
stressors, and preserving cutaneous homeostasis [67,69].

Dysregulation of sebaceous gland activity is closely associated
with the pathogenesis of acne vulgaris [62]. Sebum synthesis is
strongly regulated by androgen signaling through interactions
between circulating and locally produced androgens and androgen
receptors expressed by sebocytes [67]. Activation of these receptors
promotes cellular differentiation and lipid synthesis, thereby
increasing sebaceous gland activity. Conversely, alterations in
androgen signaling or androgen receptor activity can substantially
modify sebaceous lipid production, highlighting the importance of
this pathway in sebaceous gland physiology [67].

Inflammation and Activation of the Innate Immune Response
Inflammation is a fundamental component of acne vulgaris
pathogenesis and is closely associated with activation of the
cutaneous innate immune system. C. acnes can be recognized by
Toll-like receptors, particularly TLR2, expressed on keratinocytes,
sebocytes, and immune cells [70,71]. Activation of these receptors
initiates intracellular signaling cascades involving transcription
factors such as nuclear factor kappa B (NF-«kB), ultimately
increasing the production of pro-inflammatory cytokines, including
IL-1a, IL-1B, and tumor necrosis factor alpha (TNF-a) [70-73].

In addition to TLR-dependent signaling, activation of the NOD-like
receptor family pyrin domain containing 3 (NLRP3) inflammasome
has been implicated in acne-associated inflammation [70-72].
Oxidized lipids and microbial-derived stimuli may contribute to
inflammasome activation, promoting the maturation and secretion
of inflammatory cytokines and reinforcing the local inflammatory
response [70,72]. Increasing evidence suggests that inflammatory
events can occur at very early stages of acne development and may
precede the appearance of clinically apparent comedonal lesions
[70,73].

The innate immune response in acne is not determined solely by the
presence of C. acnes. Its magnitude and persistence are influenced
by the composition of the cutaneous microbiota, sebaceous lipids,
follicular conditions, and host immune responsiveness [72].
Persistent activation of innate immune pathways promotes the
recruitment of inflammatory cells and the release of chemokines
and cytokines, thereby sustaining local inflammation and
contributing to lesion progression [72,74]. Interactions between the
skin microbiota and the host immune system are therefore central
to the pathophysiology of acne, particularly when alterations in
microbial composition or host responsiveness favor prolonged
inflammatory signaling [71,75].
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Alterations in Keratinocyte Differentiation and Proliferation
Abnormal keratinocyte proliferation and differentiation are
considered important early events in acne development and
contribute directly to follicular hyperkeratinization [76]. This
process involves excessive accumulation and retention of
keratinous material within the follicular canal, resulting in
progressive obstruction and formation of the microcomedone,
which represents an early precursor of clinically apparent acne
lesions [48,77].

Increased keratinocyte proliferation, together with impaired
desquamation, contributes to thickening of the follicular
keratinous layer and retention of corneocytes within the follicular
infundibulum [48,78]. Alterations in keratinocyte differentiation
may further impair normal epidermal turnover and facilitate the
formation of follicular plugs [79]. These changes are influenced
by the local biochemical environment, including inflammatory
mediators, sebaceous lipids, and microbial products, which can
modify keratinocyte behavior and promote abnormal follicular
differentiation.

Follicular hyperkeratinization should therefore be regarded not
merely as a mechanical obstruction but as a biologically active
process involving interactions among keratinocytes, sebaceous
lipids, inflammatory mediators, and the local microbiota. Together,
these mechanisms contribute to microcomedone formation and
provide a structural and inflammatory environment that facilitates
the subsequent development and persistence of acne lesions
[76,77].

Hyperandrogenism and Acne in Adult Women

Epidemiology of Adult Female Acne

Adult female acne has become increasingly recognized over recent
decades and may either persist from adolescence or develop after
the age of 25 years, constituting a condition commonly referred to
as adult female acne [80,81]. Its prevalence varies considerably
across populations and study designs, with estimates ranging from
approximately 40% to 55% among adult women [80]. Acne in
women also tends to follow a more prolonged course than that
observed in men, frequently persisting into the fourth or fifth
decade of life [82]. These findings suggest that adult female acne
has distinct epidemiological characteristics and should not be
regarded solely as a continuation of adolescent acne [83]. Clinically,
adult female acne exhibits characteristic patterns of distribution
and disease course. Lesions predominantly affect the lower third
of the face, particularly the mandibular and chin regions, and are
often persistent or recurrent [81,82]. Beyond its dermatological
manifestations, the condition can substantially impair quality of
life and is frequently associated with psychosocial consequences,
including anxiety and reduced self-esteem [81,82].

Prevalence of Hyperandrogenism in Women with Adult Acne
A subset of women with persistent or late-onset acne presents
with hormonal abnormalities, particularly those associated with
increased androgen activity [81,82]. Clinical or biochemical
manifestations of hyperandrogenism may include hirsutism,

menstrual irregularities, and elevated circulating androgen
concentrations [6,84]. However, a substantial proportion of
women with adult acne have no detectable systemic hormonal
abnormalities, suggesting that peripheral mechanisms, including
increased cutaneous sensitivity to androgens, may contribute to
disease pathogenesis [81,82].

The prevalence of hyperandrogenism appears to be higher among
women with moderate-to-severe acne, particularly when acne
occurs in association with other clinical manifestations of androgen
excess [49]. In this context, polycystic ovary syndrome (PCOS)
represents one of the most common causes of hyperandrogenism
and is frequently associated with adult acne, with acne reported in
approximately 30%—40% of women with PCOS [6,49]. Women
presenting with acne together with clinical features suggestive of
hyperandrogenism are more likely to have detectable hormonal
abnormalities, underscoring the importance of a comprehensive
clinical assessment [85]. Conversely, biochemical abnormalities
are less frequently identified in women with mild or isolated acne,
further supporting the multifactorial nature of the disorder [6].

Diagnosis of Hyperandrogenism in Women with Adult Acne
The evaluation of hyperandrogenism in women with adult acne
requires a systematic approach integrating clinical assessment
with targeted laboratory investigation [49,86]. The medical history
should include a detailed assessment of reproductive and menstrual
characteristics, medication use, and the onset and progression
of acne lesions, as these factors may provide important clues to
underlying hormonal disturbances [49]. The presence of clinical
manifestations associated with androgen excess, such as hirsutism,
female pattern hair loss, and menstrual irregularities, increases
the likelihood of hyperandrogenism and may raise suspicion of
conditions such as PCOS [87]. In such cases, hormonal testing
and, when clinically indicated, ovarian ultrasonography may
assist in establishing the diagnosis and determining the underlying
etiology [49].

Biochemical assessment generally includes measurement of
circulating androgens, particularly total and free testosterone,
dehydroepiandrosterone sulfate (DHEA-S), and, in selected cases,
androstenedione [49,88]. Free testosterone is generally more
sensitive than total testosterone for detecting hyperandrogenism;
however, its accurate measurement requires highly specific
analytical methods, such as equilibrium dialysis, or may be
estimated using total testosterone and sex hormone-binding
globulin (SHBG) concentrations [49,89]. Measurement of
DHEA-S is particularly useful when an adrenal source of androgen
excess is suspected [49].

The differential diagnosis should include other disorders
associated with hyperandrogenism, including non-classic
congenital adrenal hyperplasia, Cushing syndrome, and androgen-
secreting neoplasms, particularly in patients presenting with
markedly elevated androgen concentrations or rapidly progressive
and severe clinical manifestations [49,87]. Substantially elevated
androgen levels may raise suspicion of an androgen-secreting
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tumor, whereas additional testing, including measurement of
17-hydroxyprogesterone, may assist in the evaluation of adrenal
disorders such as non-classic congenital adrenal hyperplasia
[49,90].

Alterations in Androgen Levels in Patients with Acne: Clinical
Findings

Adult female acne frequently follows a persistent course and
may represent either continuation of disease that began during
adolescence or late-onset acne, with inflammatory and non-
inflammatory lesions predominantly affecting the face [81,91].
In some patients, lesions show a preferential distribution over
the lower face, particularly the mandibular and chin regions,
although other facial areas may also be involved [91]. The disease
may also exhibit a recurrent course and reduced responsiveness
to conventional therapies, particularly when associated with
hormonal abnormalities [51,81]. These clinical characteristics
support a potential role for androgen-mediated mechanisms in the
expression and persistence of adult female acne.

In this population, acne may occur alongside clinical features
suggestive of hyperandrogenism, although not all affected women
exhibit detectable biochemical abnormalities [49,81]. Evidence
indicates that acne may represent a clinical manifestation of
androgen excess, particularly in conditions such as PCOS, but it
may also occur in women with androgen concentrations within
the reference range, potentially reflecting increased peripheral
sensitivity to androgens [49,91]. In addition, fluctuations in
hormone concentrations throughout the menstrual cycle may
influence acne severity, with premenstrual exacerbation commonly
reported among affected women [91].

Progestins and Androgenic Activity

Mechanisms of Action of Progestins

Progestins exert their biological effects through interactions with
several classes of cellular receptors, with the nuclear progesterone
receptor (PR) representing the principal mediator of the classical
signaling pathway [92]. The two major PR isoforms, PR-A and PR-
B, function as ligand-activated transcription factors and regulate
gene expression following hormone binding [92,93]. Upon
interaction with a progestin, the receptor undergoes conformational
changes and forms a hormone-receptor complex that translocates
to the nucleus, where it binds to specific DNA sequences and
regulates the transcription of target genes, ultimately producing
functional changes in responsive cells [93]. This genomic
mechanism is characterized by a relatively slow onset, with
biological effects generally becoming apparent over several hours
or days, and is responsible for sustained physiological responses
in target tissues [94]. The magnitude and specificity of receptor-
mediated signaling may also be influenced by the recruitment of
transcriptional coactivators and corepressors, which contribute to
tissue-specific responses to progestins [95].

In addition to classical nuclear signaling, progestins can activate
non-genomic pathways mediated by membrane-associated
receptors and related signaling proteins, resulting in more rapid

cellular responses [96]. Membrane progesterone receptors (mPRs),
in particular, have been implicated in the activation of intracellular
signaling cascades occurring within a short period following
hormone exposure [94]. These pathways may modulate second
messengers, including cyclic adenosine monophosphate (cAMP),
and activate protein kinases and other intracellular signaling
systems, thereby producing cellular responses that do not require
changes in gene transcription [92,94]. The coexistence of genomic
and non-genomic mechanisms broadens the biological spectrum of
progestin action and allows tissues to respond through both rapid
signaling events and longer-term transcriptional regulation [93].

Evidence has also suggested a role for progesterone-related
receptors localized to mitochondria in mediating some steroid
hormone effects, raising the possibility of direct interactions
between progestin signaling and cellular energy metabolism
[97]. These mechanisms may influence mitochondrial function,
energy production, and pathways involved in cell survival and
proliferation [94]. Changes in mitochondrial activity can affect
ATP production and signaling pathways associated with apoptosis,
indicating that progestin action may extend beyond classical
reproductive functions and contribute to cellular homeostasis
[94,95]. Furthermore, some progestins exhibit measurable affinity
for other steroid receptors, including androgen, glucocorticoid,
and mineralocorticoid receptors. Consequently, their biological
activity is determined not only by progesterone receptor activation
but also by their chemical structure, receptor selectivity, and
affinity for multiple molecular targets [92].

Classification of Progestins

Progestins can be classified according to their structural origin
and are traditionally divided into progesterone derivatives and
19-nortestosterone derivatives [98]. Progesterone derivatives
include compounds such as medroxyprogesterone acetate and
dydrogesterone, which share greater structural similarity with
endogenous progesterone [4]. In contrast, 19-nortestosterone
derivatives, including levonorgestrel and desogestrel, are
structurallyrelated totestosteroneand haveundergone modifications
that confer high oral progestational potency and, in some cases,
residual androgenic activity [92]. These structural differences
contribute to clinically relevant variations in pharmacological
properties, including potency, bioavailability, receptor affinity, and
interaction with other steroid hormone receptors [4].

The 19-nortestosterone derivatives can be further subdivided
into estranes and gonanes according to their chemical structure
and degree of molecular modification [3]. Gonanes, such as
levonorgestrel, exhibit potent progestational activity but may retain
clinically relevant androgenic properties [99]. Later compounds,
including desogestrel, were developed with the aim of maintaining
effective progestational activity while reducing androgenic effects
[97]. Progestins may also be characterized according to their
interactions with steroid receptors, resulting in distinct androgenic,
antiandrogenic, glucocorticoid, and mineralocorticoid profiles
depending on their molecular structure and receptor selectivity
[92].
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Another commonly used classification is based on progestin
generations, which broadly reflects the historical development
of these compounds and differences in their pharmacological
profiles, particularly their androgenic activity [3]. First-generation
progestins, such as norethisterone, retain relatively greater
androgenic activity because of their structural relationship to
testosterone while maintaining agonist activity at the progesterone
receptor [100]. Second-generation compounds, exemplified by
levonorgestrel, possess high progestational potency but retain
appreciable androgenic activity [98,99]. Third-generation
progestins, such as desogestrel, were developed in an effort to
reduce androgenic effects while preserving contraceptive efficacy
[99]. Fourth-generation compounds, including drospirenone,
exhibit antiandrogenic and antimineralocorticoid properties,
resulting in a distinct pharmacological profile that may be
advantageous in selected clinical settings [92].

The pharmacological differences among progestins, particularly
their androgenic or antiandrogenic properties, may influence
androgen signaling in susceptible tissues and consequently affect
androgen-dependent cutaneous and follicular processes. The
relationship between progestin pharmacological characteristics,
androgen signaling, and the main dermatological conditions
discussed in this review is summarized in Figure 1.

PHARMACOLOGICAL PADFILE
Andresenic
Lo nic

PROGESTING
Mshecular structue
and receptor affinity

Figure 1: Relationship between progestin pharmacological profile,
androgen signaling, and androgen-dependent dermatological conditions.

Biological Activities of Progestins

The interaction of progestins with intracellular steroid receptors
represents a major mechanism underlying their biological effects,
as these compounds can induce genomic responses and functionally
counteract several estrogen-mediated effects [96]. Within the
female reproductive system, progestins induce substantial
endometrial changes, including secretory transformation and
alterations in endometrial glandular activity. They also modify
cervical gland secretion, increasing mucus viscosity and
reducing its volume [101]. These changes alter cervical mucus
characteristics, including its consistency and crystallization
pattern, thereby creating a physical barrier that interferes with

sperm penetration and upward migration through the reproductive
tract and contributes substantially to contraceptive efficacy [102].

Beyond their effects on the endometrium, progestins influence
cellular proliferation through functional antagonism of
estradiol signaling [4]. One mechanism involves induction of
17B-hydroxysteroid dehydrogenase activity, which favors the
conversion of estradiol to estrone and may consequently reduce
local estrogen availability and estrogen receptor stimulation [103].
In breast tissue, progestational signaling also modulates estrogen-
induced vascular permeability and tissue changes and contributes
to glandular differentiation. During pregnancy, progesterone-
mediated mechanisms further participate in the regulation of
lactation by counteracting prolactin-dependent milk secretion until
the hormonal environment changes following delivery [104].

Atthe endocrine level, progestins exert substantial antigonadotropic
effects through modulation of the hypothalamic—pituitary—
gonadal axis. Suppression of gonadotropin secretion, particularly
inhibition of the LH surge, prevents ovulation and constitutes a
central component of hormonal contraceptive action [2]. Certain
progestins also interact with additional steroid-related pathways.
Depending on their molecular characteristics, some compounds
may influence androgen metabolism, including pathways involving
So-reductase and DHT, whereas others, such as drospirenone,
exhibit antagonistic activity at the mineralocorticoid receptor
and may promote natriuresis, thereby counteracting aldosterone-
mediated sodium and water retention [105]. Thus, the biological
effects of progestins extend beyond reproductive physiology to
include modulation of androgen-dependent processes and fluid
and electrolyte homeostasis [4].

Classification According to Interactions with Steroid Receptors
Although all progestins exert their principal pharmacological
effects through the progesterone receptor, their activity is
not restricted to this receptor. Depending on their molecular
structure, individual compounds may also interact with androgen,
glucocorticoid, and mineralocorticoid receptors [106]. Structural
modifications introduced during the development of synthetic
progestins influence receptor selectivity and affinity, resulting
in substantial differences in pharmacodynamic profiles among
compounds [92]. Accordingly, progestins may be categorized
according to their activity at the androgen receptor as androgenic,
antiandrogenic, or having relatively minimal androgenic activity
[107].

Several 19-nortestosterone derivatives display greater affinity for
the androgen receptor and may therefore produce biological effects
that resemble those of endogenous androgens [92,108]. Other
structurally distinct compounds exhibit antiandrogenic properties
and can antagonize androgen receptor-mediated signaling, thereby
attenuating androgen-dependent effects [92]. This distinction is
clinically relevant in conditions influenced by androgen excess,
as the choice of progestin may affect cutaneous and metabolic
outcomes in susceptible individuals [108]. Even relatively minor
structural modifications can substantially alter receptor affinity
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and, consequently, the overall hormonal and pharmacological
profile of a progestin [99].

Interactions with the glucocorticoid receptor may influence
inflammatory and immune responses, whereas

activity at the mineralocorticoid receptor can affect fluid and
electrolyte balance by modifying sodium and water retention or
excretion [92,109]. Overall, the ability of individual progestins
to interact with multiple steroid receptors contributes to the
heterogeneity of their biological effects, which may include
progestational, antigonadotropic, antiestrogenic, androgenic, or
antiandrogenic actions depending on the specific compound and
tissue context [4].

Progestins in the Context of Drugs with Androgenic Activity
Progestins are widely used in hormonal contraceptives and
hormone-based therapies, and their pharmacological properties
vary considerably among individual compounds [99].
Formulations containing progestins with androgenic activity, such
as levonorgestrel, may be associated with androgen-dependent
cutaneous effects. Levonorgestrel is used in several contraceptive
formulations, including combined oral contraceptives, subdermal
etonogestrel implants, and levonorgestrel-releasing intrauterine
systems [92,98,99]. In susceptible individuals, progestins with
greater androgenic activity may contribute to increased sebaceous
gland activity and skin oiliness, particularly when endogenous
androgen signaling is also enhanced [98,99,110].

Conversely, contraceptive formulations containing progestins
with low androgenic activity or antiandrogenic properties may
exert different effects on androgen-sensitive tissues and may be
preferable in specific clinical circumstances [92]. Drospirenone
and dienogest are notable examples of compounds with
antiandrogenic properties used in different hormonal contraceptive
formulations [92,99]. Their pharmacological profiles may result in
less stimulation of sebaceous gland activity and can be beneficial
in the management of androgen-related cutaneous manifestations,
including acne, in appropriately selected patients [111-113].

The selection of a progestin should therefore consider its individual
receptor profile, androgenic potential, and the characteristics
of the patient and target tissues [99]. In patients with acne or
other androgen-dependent cutaneous manifestations, progestins
with greater androgenic activity may be less desirable, whereas
compounds with antiandrogenic properties may offer additional
therapeutic advantages when incorporated into an appropriate
hormonal regimen [110]. The clinical relevance of progestins
consequently extends beyond their contraceptive or reproductive
effects, as differences in molecular structure and receptor activity
can influence their effects on androgen-sensitive tissues, including
the skin [92,110].

Androgenetic Alopecia (AGA)

Etiology of Androgenetic Alopecia: Androgens and Androgen
Receptors

Androgenetic alopecia (AGA) is characterized by progressive

alterations in the hair follicle cycle and is consistently associated
with androgen action in genetically susceptible individuals [114].
Among the androgens involved, DHT plays a central role by acting
directly on susceptible hair follicles and promoting their progressive
miniaturization [115,116]. This process results in a reduction in
hair shaft diameter and length, accompanied by shortening of
the anagen phase and relative prolongation of the telogen phase,
ultimately contributing to gradual hair density reduction [117]. In
female pattern hair loss, however, serum androgen concentrations
are frequently within the normal range, indicating that the disorder
cannot be explained solely by systemic androgen levels [118,119].

In this context, the density and functional sensitivity of androgen
receptors are important determinants of the pathophysiology
of AGA [114]. The follicular response to androgens varies
according to the distribution and activity of these receptors,
which are heterogeneously expressed across different regions of
the scalp [116]. Scalp areas that are more susceptible to hair loss
may exhibit greater androgen receptor expression or enhanced
receptor-mediated activity, thereby amplifying the effects of DHT
even when circulating androgen concentrations remain within the
normal range [117,120]. Such differences in tissue responsiveness
may contribute to the distinct clinical phenotypes observed among
individuals with comparable circulating hormone levels, further
supporting the concept that AGA is influenced by local, tissue-
specific androgen sensitivity [115,121].

The interaction between androgens and androgen receptors
induces progressive changes in hair follicle biology, characterized
by the gradual replacement of terminal hairs with shorter and finer
hairs [117]. This process develops slowly and continuously and,
in female pattern hair loss, generally presents as diffuse thinning
with relative preservation of the frontal hairline and predominant
involvement of the central scalp [119]. Thus, the etiology of
AGA involves not only the presence of androgens but also, and
importantly, the increased follicular sensitivity to androgen
signaling mediated by androgen receptors, which is a major
determinant of disease progression [118,121].

Role of Sa-Reductase

S5o-Reductase plays a central role in AGA by converting
testosterone into DHT, which has greater affinity for the androgen
receptor and exerts more potent effects on susceptible scalp hair
follicles [117,122,123]. This conversion occurs locally within
the pilosebaceous unit, where increased intrafollicular DHT
production promotes alterations in the hair cycle and progressive
follicular miniaturization [118,119]. The main isoenzymes, types
I and II, differ in tissue distribution, with type I predominantly
expressed in the skin and sebaceous glands and type Il more
closely associated with hair follicles [121-123]. Increased activity
of these enzymes in androgen-sensitive scalp regions may enhance
local DHT production and contribute to follicular miniaturization,
even in the presence of normal circulating testosterone levels,
emphasizing the importance of peripheral androgen metabolism
in AGA [116,117].
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DHT generation through So-reductase activity is associated with
structural and functional changes in the hair follicle, including
progressive reduction in follicular size and shortening of the
anagen phase [123,124]. These changes constitute key features of
follicular miniaturization in AGA and are closely related to local
androgen metabolism [124]. The clinical relevance of this pathway
is supported by the effects of Sa-reductase inhibitors, particularly
finasteride and dutasteride, which reduce the conversion of
testosterone to DHT and may slow disease progression or produce
partial clinical improvement in selected patients [116,122].

Genetic Factors in Androgenetic Alopecia

AGA is considered a complex hereditary disorder in which
multiple genetic factors influence the response of hair follicles to
androgens and contribute to variations in disease susceptibility,
clinical presentation, and progression [125,126]. Among the
genes implicated in this process, the AR gene, located on the X
chromosome, has received particular attention because genetic
variation within or near this locus has been associated with
differences in androgen sensitivity [127,128]. Such genetic
variation may help explain the marked clinical heterogeneity
observed among individuals with comparable circulating androgen
concentrations and underscores the importance of inherited
susceptibility in the pathogenesis of AGA [129].

Beyond the AR gene, genome-wide association studies have
identified numerous additional loci associated with AGA, further
supporting its polygenic and multifactorial nature [125]. The genes
and genomic regions implicated in these studies are involved
in biological pathways related to hair follicle cycling, cellular
differentiation, androgen signaling, and tissue-specific responses
to hormonal stimuli, all of which may contribute to follicular
miniaturization [125,128]. A positive family history is one of
the most consistent clinical indicators of genetic susceptibility
and is frequently reported among affected individuals [130,131].
Therefore, hereditary factors influence not only the likelihood of
developing AGA but may also contribute to variations in its pattern
of distribution, severity, and age at onset [124].

Genetic susceptibility is also relevant in female pattern hair
loss, although its clinical expression differs from the more
characteristic pattern observed in men [120]. Women with a genetic
predisposition may develop progressive hair thinning despite the
absence of clinically significant elevations in circulating androgen
concentrations, suggesting that follicular sensitivity to androgen
signaling is an important component of disease development
[120,127]. These observations support the concept that AGA
results from a complex interaction between genetic predisposition
and local hormonal signaling, with genetic factors modulating
the tissue response to circulating and locally produced androgens
[126,131].

Androgenic Drugs Associated with Androgenetic Alopecia

Certain drugs with androgenic activity may influence the clinical
course of AGA, particularly in genetically susceptible individuals,
by increasing androgenic stimulation of susceptible hair follicles
[126,127]. These agents may act through direct activation of

androgen receptors or by altering peripheral androgen exposure
and metabolism, potentially contributing to the acceleration or
unmasking of hair loss [126,128]. Although such medications are
not generally regarded as primary causes of AGA, they may act as
contributing factors or aggravate an underlying predisposition to
androgen-dependent follicular miniaturization [125].

Among the pharmacological agents of particular relevance are
progestins with androgenic activity, especially derivatives of
19-nortestosterone [92]. Levonorgestrel, used in oral contraceptives
and levonorgestrel-releasing intrauterine systems, exhibits
androgen receptor activity and may produce androgenic effects
in susceptible cutaneous tissues [98]. Similarly, norethisterone
possesses androgenic properties and has been associated with
potential changes in hair growth patterns in susceptible individuals

[4].

Exogenous androgens may also contribute to the progression
or exacerbation of AGA [132]. Testosterone administration in
therapeutic settings, as well as exposure to anabolic-androgenic
steroids such as nandrolone, oxandrolone, and stanozolol,
increases androgenic stimulation and may promote or accelerate
follicular miniaturization in genetically predisposed individuals
[124,126,133]. These compounds can alter the hair cycle, including
shortening of the anagen phase and progressive reduction in hair
shaft diameter, thereby contributing to the clinical expression and
progression of androgen-dependent hair loss [130].

Pharmacological Agents and Hormonal Influence
Testosterone as a Pharmacological Agent with Androgenic
Activity

Testosterone is the principal endogenous androgen and, when
administered pharmacologically, acts through the androgen receptor
and its active metabolites, including DHT and estradiol [134].
Testosterone replacement therapy aims to restore physiological
androgen levels in individuals with hypogonadism, supporting
sexual function, secondary sexual characteristics, and metabolic
homeostasis. Available formulations include intramuscular,
transdermal, subcutaneous, and buccal preparations, designed
to provide sustained exposure and approximate physiological
androgen availability [134-136]. Testosterone exerts genomic and
non-genomic effects in androgen-sensitive tissues, modulating
gene expression and cellular responses [137]. Increased local
androgenic activity may contribute to sebaceous hyperactivity,
acne, and worsening of androgenetic alopecia [138]. Although
effective in treating androgen deficiency, testosterone therapy may
cause adverse effects, particularly at supraphysiological doses or
without appropriate clinical indications, emphasizing the need for
clinical monitoring [139].

Anabolic-Androgenic Steroids

Anabolic-androgenic steroids (AAS) are synthetic testosterone
derivatives developed to enhance anabolic effects, particularly
those associated with protein synthesis and skeletal muscle growth,
while retaining varying degrees of androgenic activity [140,141].
These compounds exert their effects primarily through binding to
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the androgen receptor, resulting in changes in gene transcription
that affect multiple physiological systems, including skeletal
muscle, the reproductive system, and the skin [142,143]. Although
certain AAS have specific therapeutic applications, including the
management of hypogonadism and catabolic conditions, their use
outside medical indications, particularly at supraphysiological
doses, substantially increases the risk of adverse effects [144].
Exogenous AAS also interfere with the hypothalamic—pituitary—
gonadal axis, suppressing endogenous testosterone production and
producing significant systemic hormonal alterations [145].

Among the principal compounds in this class are nandrolone,
oxandrolone, and stanozolol, which differ in their relative anabolic
and androgenic activities and in their pharmacokinetic properties
and routes of administration [140]. Structural modifications
of testosterone are intended to alter potency, bioavailability,
and metabolic stability; however, these modifications may
also contribute to clinically relevant adverse effects, including
hepatotoxicity, dyslipidemia, and cardiovascular complications
[142,146]. Prolonged exposure may result in persistent endocrine
disturbances, including impaired fertility and hormonal
dysfunction, particularly as a consequence of sustained suppression
of the hypothalamic—pituitary—gonadal axis [147,148].

Pharmacological Agents that Inhibit Estrogenic Activity
Anti-estrogenic agents primarily act by modulating or blocking
estrogen receptors, thereby altering the biological effects of
estradiol in target tissues [149,150]. Among these agents, selective
estrogen receptor modulators (SERMs) are characterized by
tissue-dependent agonist or antagonist activity. This selective
behavior results from differences in receptor conformation and
the recruitment of transcriptional coactivators and corepressors in
specific tissues [151,152]. Tamoxifen, raloxifene, and clomiphene
are representative members of this class. These agents exert anti-
estrogenic effects in tissues such as the breast and hypothalamus
while displaying partial or context-dependent estrogenic activity
in other tissues, including bone [149,150]. Their tissue selectivity
is largely attributable to ligand-induced conformational changes
in the estrogen receptor, which modify interactions with
transcriptional regulatory proteins and consequently alter the
expression of estrogen-responsive genes [152,153].

Another important group of anti-estrogenic agents comprises
selective estrogen receptor degraders (SERDs), which promote
receptor degradation and thereby suppress estrogen receptor-
mediated intracellular signaling more directly [150,153]. These
agents are primarily used in hormone-dependent conditions,
particularly estrogen receptor-positive breast cancer, in which
inhibition of estrogen signaling represents an important therapeutic
strategy for controlling tumor cell proliferation [149,151].
Modulation of estrogen signaling may also be relevant in specific
endocrine contexts, including the management of reproductive
disorders and interventions targeting the hypothalamic—pituitary—
gonadal axis [152]. In contrast to aromatase inhibitors, which
primarily reduce estrogen biosynthesis, SERMs and SERDs
predominantly modify estrogen receptor activity or availability

at the target-tissue level. Consequently, these agents represent
distinct pharmacological approaches to controlling estrogen-
dependent physiological and pathological processes [150,153].

Aromatase Inhibitors

Aromatase inhibitors comprise a class of pharmacological
agents that reduce estrogen biosynthesis by inhibiting aromatase
(CYP19A1), the enzyme responsible for the peripheral conversion
of androgens, including testosterone and androstenedione, into
estradiol and estrone [154,155]. Aromatase is expressed in several
peripheral tissues, including adipose tissue, the liver, and the skin,
and contributes substantially to estrogen homeostasis. Its role
becomes particularly relevant after menopause, when peripheral
aromatization represents the principal source of endogenous
estrogen production [156,157].

From a pharmacological perspective, aromatase inhibitors are
classified as steroidal or nonsteroidal agents [158]. Steroidal
inhibitors, such as exemestane, bind irreversibly to the aromatase
enzyme and produce mechanism-based inhibition, whereas
nonsteroidal agents, including anastrozole and letrozole, inhibit
aromatase reversibly through competitive interaction with the
enzyme's active site [154]. Inhibition of aromatase consequently
decreases circulating estrogen concentrations and modifies
physiological and pathological processes that depend on estrogenic
signaling [155,159].

Clinically, aromatase inhibitors are widely used in the management
of hormone-dependent malignancies, particularly hormone
receptor-positive breast cancer in postmenopausal women, in
whom suppression of peripheral estrogen production contributes to
the inhibition of tumor cell proliferation [156,157]. Compared with
other endocrine treatment strategies, these agents provide profound
suppression of peripheral estrogen synthesis and are therefore
frequently incorporated into first-line or sequential treatment
regimens [158,159]. However, marked estrogen depletion may
produce clinically relevant adverse effects, including reductions in
bone mineral density, musculoskeletal symptoms, and metabolic
alterations, reflecting the physiological importance of estrogen
across multiple organ systems [154,155].

Clinical Approach and Treatment

Treatment of Female Adult Acne

The management of female adult acne should be tailored to
clinical severity, with combination therapies often preferred to
improve efficacy and reduce recurrence [81,160]. Topical retinoids
remain first-line treatments and may be combined with benzoyl
peroxide or topical antibiotics to enhance response and reduce
antimicrobial resistance [53,160]. Systemic antibiotics may be
used for limited periods in moderate disease, preferably alongside
topical therapy rather than as monotherapy [81]. Oral isotretinoin
is the most effective option for severe or refractory acne and
requires individualized regimens and clinical monitoring, followed
by topical retinoid maintenance to reduce relapse [81,91,112].
Hormonal therapies, including combined oral contraceptives
and, in selected cases, spironolactone, are particularly useful for
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persistent or inadequately controlled disease and may represent
an alternative to isotretinoin in some patients [53,81,91,160].
Chemical peels and light-based therapies may also be used as
adjunctive treatments to improve skin appearance and control
inflammatory lesions [161].

Treatment of Acne in Women with Hyperandrogenism

In women with hyperandrogenism, acne management should
address the underlying endocrine disorder, making the investigation
and treatment of associated conditions, particularly polycystic
ovary syndrome, an important component of clinical care [81,162].
Therapeutic decisions should consider both the severity of the
cutaneous manifestations and the individual hormonal profile, with
interventions directed toward the underlying endocrine imbalance
when appropriate [91]. Combined hormonal contraceptives are
particularly useful in patients with ovulatory dysfunction, as they
help regulate the menstrual cycle and reduce clinical manifestations
associated with androgen excess [162]. Spironolactone may be
used as an adjunctive treatment, particularly in patients with an
inadequate response to conventional therapies, and can contribute
to a progressive reduction in inflammatory lesions during
treatment [163]. In more severe cases, isotretinoin may be used to
control cutaneous disease; however, it does not directly address the
hormonal etiology and primarily acts through effects on sebaceous
gland activity and follicular inflammation [164].

Diagnosis and Management of Androgenetic Alopecia

The diagnosis of AGA is primarily clinical and relies on the
recognition of characteristic patterns of hair thinning. In women,
the condition generally presents as diffuse reduction in hair density
over the vertex, with relative preservation of the frontal hairline
[116,126]. Dermoscopy can provide valuable complementary
information by demonstrating findings such as follicular
miniaturization, variation in hair shaft diameter, and an increased
proportion of thin hairs, thereby improving diagnostic accuracy
[120,125]. When an underlying endocrine disorder is suspected,
laboratory evaluation may be warranted to investigate hormonal
abnormalities and assist in treatment planning [119,129].
Differential diagnosis is also essential, particularly with conditions
such as telogen effluvium and scarring alopecias, which may
produce similar clinical findings but require different therapeutic
approaches [120,126].

The primary goals of AGA treatment are to slow further hair
loss and stimulate growth from follicles that remain functionally
viable. Topical minoxidil is considered a first-line therapy and
has demonstrated efficacy in improving hair density and shaft
thickness [123,128]. In patients with an associated hormonal
component, systemic therapies, including antiandrogenic agents,
may be considered to modulate androgen-mediated effects on the
hair follicle [116,119]. Adjunctive approaches, including injectable
procedures and phototherapy, have also been investigated as
complementary strategies for enhancing clinical outcomes
[128]. Treatment generally needs to be continued over the long
term because discontinuation may result in renewed disease
progression. Long-term follow-up and adequate adherence are

therefore important components of AGA management [125,129].

Hormonal Therapies for the Treatment of Acne

Hormonal therapies represent an important option in the
management of female acne, particularly in patients with recurrent
disease or an inadequate response to conventional treatments. Their
therapeutic effects are primarily related to modulation of peripheral
androgen activity [165,166]. Combined oral contraceptives are
among the principal hormonal therapies and have demonstrated
consistent efficacy in reducing both inflammatory and non-
inflammatory acne lesions. They may therefore be used as a
long-term therapeutic strategy in appropriately selected patients
[165,167].

Spironolactone is one of the principal systemic antiandrogenic
therapies used for female acne. Its efficacy appears to be related,
at least in part, to the administered dose, while clinical tolerability
is generally favorable, with progressive reductions in acne lesion
burden during treatment [168]. Other antiandrogenic agents
and emerging approaches, including topical androgen receptor
modulators, have further expanded the therapeutic options
available for individualized management according to the clinical
characteristics of each patient [165,169].

Management of Androgen Supplementation in Patients with
Alopecia

The management of AGA in patients receiving androgen
supplementation requires careful assessment because exogenous
androgens may enhance follicular miniaturization and accelerate
disease progression [124,170]. In such circumstances, the risks
and potential benefits of continuing hormonal therapy should
be assessed on an individual basis, particularly when androgen
supplementation is not essential for a clearly established clinical
indication [170]. The clinical history should include a systematic
assessment of factors that may contribute to disease progression,
which should then be incorporated into the therapeutic plan,
including consideration of dose adjustment or reassessment of the
need for androgen supplementation [171].

Among pharmacological strategies, So-reductase inhibitors,
including finasteride and dutasteride, are widely used to reduce
the conversion of testosterone to dihydrotestosterone and
thereby decrease androgen-mediated stimulation of susceptible
hair follicles [172]. Conventional AGA therapies may also be
continued when appropriate to preserve existing hair density and
slow disease progression [171]. Consequently, management does
not necessarily require immediate discontinuation of androgen
supplementation. Instead, treatment should be individualized
to balance the systemic effects of androgen therapy with the
preservation of follicular integrity and long-term hair density [172,
173].

Conclusion

Progestins differ in their androgenic activity because of structural
variations that affect their interaction with steroid receptors. These
differences may influence androgen-sensitive tissues, particularly
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the skin and hair follicles. Androgenic progestins may increase
androgen-dependent effects in susceptible women, potentially
influencing conditions such as adult female acne and androgenetic
alopecia. However, these disorders are multifactorial and also
depend on genetic predisposition, androgen receptor sensitivity,
local androgen metabolism, So-reductase activity, sebaceous
gland function, and follicular responses. Therefore, androgenic
progestins should be considered potential contributing factors
rather than direct causes. In clinical practice, their selection should
take into account androgenic or antiandrogenic properties and
the patient’s dermatological history, although further studies are
needed to determine the specific risks associated with individual
progestins.
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