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Abstract

Hair loss affects millions of individuals worldwide, with distinct patterns and mechanisms ob-
served between males and females. This comprehensive review examines the anatomical, phys-
iological, and hormonal differences in scalp characteristics between genders, focusing on hair
growth patterns, androgenetic alopecia, and treatment responses. Understanding these gender-
specific differences is crucial for developing targeted therapeutic approaches and improving
clinical outcomes. The review synthesizes current knowledge on scalp anatomy, hair follicle
biology, hormonal regulation, and emerging therapeutic modalities, highlighting the im-

portance of personalized, gender-tailored management strategies for hair loss disorders.

Introduction

Hair loss represents a significant medical
and psychosocial concern affecting both
men and women, with distinct patterns and
underlying mechanisms that vary signifi-
cantly between genders (Blume-Peytavi et
al., 2011; Messenger & Rundegren, 2004).
The scalp, as the primary site of terminal
hair growth, exhibits remarkable sexual di-
morphism in structure, function, and re-
sponse to hormonal influences (Randall,
2008; Whiting, 1993). Understanding these
gender-specific differences is essential for
clinicians to provide appropriate diagnosis
and treatment strategies (Olsen et al., 2005;
Sinclair et al., 2015).

Anatomical and Physiological Founda-
tions

Scalp Anatomy and Hair Follicle Struc-
ture

© BTS Pharma Empire All Rights Reserved

The human scalp contains approximately
100,000 to 150,000 hair follicles, with hu-
mans having approximately five million
hair follicles total, which offer protection
from cold and UV radiation, produce se-
bum, and can have a significant psycholog-
ical impact when growth or structure is un-
balanced (Headington, 1984; Rook & Daw-
ber, 1991). The pilosebaceous unit repre-
sents the fundamental structural compo-
nent, consisting of the hair follicle, seba-
ceous gland, and arrector pili muscle (Paus
& Cotsarelis, 2019; Stenn & Paus, 2001).

Gender differences in scalp anatomy in-
clude variations in follicle density, seba-
ceous gland activity, and scalp thickness
(Barman et al., 1998; Courtois et al., 1994).
Males typically exhibit higher sebaceous
gland activity, contributing to increased
scalp oiliness and different microbial envi-
ronments compared to females (Randall et
al.,2021; Pierard-Franchimont et al., 1990).
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influence hair growth dynamics (Giaco-
metti, 1967; Trotter, 1930). [Figure 3]

The scalp dermis in males is generally
thicker, with enhanced vascularity that may

Figure 3: Gender Differences in Scalp and Hair Characteristics
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Legend: Comparative analysis of gender-specific scalp parameters: pH (more acidic in females), thick-
ness (thicker dermis/enhanced vascularity in males), anagen duration (longer in females), follicular
density (higher in females with slower miniaturization), sebaceous activity (30% higher sebum in
males), and consistent 0.35mm/day growth rates.

Hair Growth Cycle: Anagen, Catagen,
and Telogen Phases

The hair growth cycle consists of three dis-
tinct phases: anagen (growth phase), cat-
agen (regression phase), and telogen (rest-
ing phase) (Stenn & Paus, 2001; Milner et
al., 2002). Hair grows at a rate of 0.35
mm/day, which sums to approximately 0.5
in/mo or 6 in/yr, with most healthy men and
women having 80,000 to 120,000 terminal
hairs on their scalp (Loussouarn et al.,
2005; Saitoh et al., 1970).

Gender-specific variations in cycling in-
clude:

Anagen Phase: Typically lasts 2-7 years in
scalp hair, with females generally experi-
encing longer anagen phases, contributing

© BTS Pharma Empire All Rights Reserved

to greater hair length potential (Courtois et
al., 1995; Lynfield, 1960). Estrogen posi-
tively influences anagen duration, while an-
drogens can shorten this phase in suscepti-
ble individuals (Hoffmann, 2023; Ohnemus
et al., 2000).

Catagen Phase: A brief transitional phase
lasting 2-3 weeks, showing minimal gender
differences in duration but potentially vary-
ing in molecular signaling pathways (Stenn
& Paus, 2001; Tobin et al., 2003).

Telogen Phase: Lasting 2-3 months, this
phase may be prolonged in certain condi-
tions affecting women, such as postpartum
hair loss or during hormonal fluctuations
(Lynfield, 1960; Rebora, 1993).

Gender-Specific Scalp Characteristics
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Fundamental differences between male and
female scalp characteristics include:

o Follicular Density: Females typi-
cally maintain higher follicular den-
sity throughout life, with slower
rates of follicular miniaturization
compared to males (Sinclair et al.,
2022; Birch et al., 2001).

e Sebum Production: Males produce
approximately 30% more sebum
than females, influenced by andro-
gen levels and sebaceous gland sen-
sitivity (Messenger & Rundegren,
2023; Pochi et al., 1979).

e Scalp pH: Females tend to have a
slightly more acidic scalp pH,
which may influence microbial
flora and hair shaft integrity
(Rippke et al., 2002; Zlotogorski,
1992).

o Blood Flow: Scalp microcirculation
patterns differ between genders,
with implications for nutrient deliv-
ery and hair growth potential
(Klemp & Peters, 1983; Rushton et
al., 1990).

Hair Growth Patterns and Sexual Di-
morphism

Male Hair Growth Patterns: Distribu-
tion and Density

Male hair growth patterns are characterized
by distinct temporal and spatial distribu-
tions influenced by hormonal factors (Ham-
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ilton, 1951; Norwood, 1975). Terminal hair
development typically begins during pu-
berty, with androgen-dependent areas in-
cluding the beard, chest, and limbs showing
progressive hair density increases (Randall,
2008; Imperato-McGinley et al., 1974).

Scalp hair in males exhibits specific vulner-
ability patterns, particularly in the frontal
and vertex regions, where follicles demon-
strate increased sensitivity to dihydrotestos-
terone (DHT) (Kaufman et al., 1998; Dal-
lob et al., 1994). The characteristic "M-
shaped" recession pattern and crown thin-
ning represent the hallmark of male pattern
baldness, affecting up to 50% of men by age
50 (Kaufman et al., 2023; Rhodes et al.,
1998). [Figure 10]

Female Hair Growth Patterns: Hormo-
nal Influences on Growth

Female hair growth patterns are predomi-
nantly influenced by estrogen and proges-
terone, which promote hair growth and
maintain follicular health (Messenger &
Rundegren, 2004; Ohnemus et al., 2006).
Estrogen extends the anagen phase, in-
creases hair diameter, and reduces the rate
of hair loss (Ohnemus et al., 2005; Conrad
& Adams, 2001). Substantial sex-depend-
ent differences in the response of fronto-
temporal human scalp hair follicles to E2
recognition and systematic dissection of the
E2-dependent gene regulation will be cru-
cial for the development of more effective,
gender-tailored management strategies
(Inui et al 2003; Liang et al., 2014) [FIG-
URE 10]

Figure 10: Gender-Specific Hair Growth Patterns

Legend: Male patterns: M-shaped recession, androgen-dependent mechanisms, lower follicular den-
sity. Female patterns: diffuse thinning with frontal preservation, estrogen-influenced protection, higher
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density with slower miniaturization. Reflects hormonal, genetic, and anatomical differences requiring
distinct therapeutic approaches.

Understanding Gender-Specific Hair Growth
Patterns
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Male Hair Growth

Key characteristics of female hair growth
include:

o Diffuse Pattern: Unlike male pat-
tern baldness, females typically ex-
perience diffuse thinning across the
entire scalp, with preservation of the
frontal hairline (Ludwig, 1977; Ol-
sen, 1994).

o Hormonal Sensitivity: Hair growth
is significantly influenced by men-
strual cycle fluctuations, pregnancy,
and menopause (Lynfield, 1960;
Camacho & Garcia-Hernandez,
1999).

e Seasonal Variations: Females may
experience more pronounced sea-
sonal hair loss patterns, particularly
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Female Hair Growth

during autumn months (Courtois et
al., 1996; Randall & Ebling, 1991).

Developmental Changes from Puberty to
Aging

Puberty: Hormonal surges during puberty
trigger significant changes in hair growth
patterns (Randall, 2008; Imperato-McGin-
ley et al., 1974). Males experience in-
creased body hair growth and potential
early signs of androgenetic alopecia in ge-
netically predisposed individuals (Hamil-
ton, 1951; Norwood, 1975). Females typi-
cally see improvements in hair quality and
density due to estrogen elevation (Ohnemus
et al., 2006; Conrad & Adams, 2001). [Fig-
ure 9]

58



REVIEW ARTICLE

ISSN:3108-3218

=2
I_L”/JJ BTS International Advanced Pharmaceutical Sciences Journal Eg\
BTS International
Vol 01 | Issue 08 | AUGUST 2026 Journal homepage: www.btsempire.com Advanced  eai

BTS EMPIRE

Sciences Journal

MANUSCRIPT ID: BTS0826006

Figure 9: Temporal Progression of Male Pattern Baldness

The Progression of Male Pattern Baldness
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Legend: Hamilton-Norwood classification timeline: 20s-30s onset (50% affected), Stage I (minimal
loss), II-1IT (frontal recession), IV-V (vertex involvement), VI-VII (horseshoe pattern). Demonstrates
predictable progression for clinical management and early intervention planning.

Reproductive Years: During reproductive
years, females generally maintain optimal
hair growth conditions due to consistent es-
trogen levels (Messenger & Rundegren,
2004; Camacho & Garcia-Hernandez,
1999). Males may begin experiencing pro-
gressive hair thinning, particularly in the
third decade of life (Hamilton, 1951; Nor-
wood, 1975).

Aging: Post-menopausal women experi-
ence decreased estrogen levels, leading to
increased hair thinning and potential andro-
genetic alopecia expression (Messenger &
Rundegren, 2004; Birch et al., 2001). Males
continue progressive hair loss following es-
tablished patterns (Norwood, 1975; Rhodes
etal., 1998).

Ethnic and Genetic Variations in Hair
Growth

Genetic polymorphisms significantly influ-
ence hair growth patterns across different
ethnicities and between genders (Hillmer et
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al., 2005; Richards et al., 2008). Key varia-
tions include:

e Androgen Receptor Gene (AR):
Polymorphisms in the AR gene af-
fect DHT sensitivity, with ethnic
variations in allele frequencies con-
tributing to different susceptibility
patterns  between  populations
(Hillmer et al., 2005; Sawaya &
Price, 1997).

e 5Sa-Reductase Activity: Ethnic dif-
ferences in enzyme activity levels
influence DHT production and sub-
sequent hair loss patterns (Looking-
bill et al., 1991; Hibberts et al.,
1998).

o Hair Shaft Characteristics: Struc-
tural differences in hair shaft mor-
phology between ethnicities affect
hair breakage susceptibility and
styling practices (Loussouarn et al.,
2007; Franbourg et al., 2003).
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Androgenetic Alopecia: The Primary
Cause of Hair Loss

Male Pattern Baldness: Hamilton-Nor-
wood Classification

Male androgenetic alopecia (MAA) is the
most common form of hair loss in men, af-
fecting 30-50% of men by age 50 (Hamil-
ton, 1951; Norwood, 1975). MAA occurs in
a highly reproducible pattern, preferentially
affecting the temples, vertex and mid
frontal scalp (Kaufman et al., 1998; Dallob
et al., 1994). The Hamilton-Norwood clas-
sification system provides a standardized
framework for assessing male pattern bald-
ness severity (Hamilton, 1951; Norwood,
1975). |[Figure 9]

The classification includes seven stages:

1. Stage I: Minimal hair loss with in-
tact hairline

2. Stage II: Triangular recession of
frontal hairline
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3. Stage III: Deepening of frontal re-

cession with possible vertex in-
volvement

4. Stage IV: Further frontal recession
with distinct vertex thinning

5. Stage V: Progressive widening of
hair loss areas

6. Stage VI: Bridge of hair between
frontal and vertex areas disappears

7. Stage VII: Severe hair loss with re-
maining hair limited to posterior
and lateral scalp

Female Pattern Hair Loss: Ludwig and
Sinclair Scales

Female pattern hair loss (FPHL) presents
differently from male pattern baldness, re-
quiring specific classification systems
(Ludwig, 1977; Sinclair et al., 2007).

The Ludwig scale categorizes FPHL into three grades: [Figure 2]

Figure 2: Female Pattern Hair Loss Classification and Characteristics

Female Pattern Hair Loss Classification
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Legend: Ludwig Classification and Sinclair Scale showing Grade I-I1I progression (mild to severe thin-
ning) with diffuse scalp pattern and frontal hairline preservation. Key triggers include hormonal transi-
tions (menopause affecting 40% of women), nutritional deficiencies, and PCOS (5-10% of reproduc-

tive-age women). Onset typically after age 40.

e Grade I: Mild thinning of the
crown with preserved frontal hair-
line

e Grade II: Moderate thinning with
increased visibility of scalp

e Grade III: Severe thinning with ex-
tensive scalp exposure

The Sinclair scale provides additional gran-
ularity with five stages, better capturing the
spectrum of female hair loss patterns and
progression (Sinclair et al., 2007; Olsen,
1994).

Genetic Predisposition and Inheritance
Patterns

Androgenetic alopecia demonstrates com-
plex inheritance patterns with contributions
from multiple genetic loci (Hillmer et al.,
2005; Richards et al., 2008). Key genetic
factors include:

e AR Gene: Located on the X chro-
mosome, variations in the AR gene
significantly influence androgen
sensitivity and hair loss susceptibil-

ity (Hillmer et al., 2005; Sawaya &
Price, 1997).

e 20pll Locus: Contains genes af-
fecting hair follicle development
and maintenance, with different im-
pacts on male and female pattern
hair loss (Hillmer et al., 2008; Li et
al., 2012).

e Polygenic Risk Scores: Multiple
genetic variants contribute to over-
all hair loss risk, with gender-spe-
cific effects and interactions (Ha-
genaars et al., 2017; Yap et al.,
2018).

Pathophysiology of Androgenetic Alope-
cia

Individuals with androgenetic alopecia ex-
hibit elevated dihydrotestosterone (DHT)
production, heightened levels of 5 alpha-re-
ductase, and an increased abundance of an-
drogen receptors in the areas of the scalp af-
fected by balding (Dallob et al., 1994; Hib-
berts et al., 1998 [Figure 1] The pathophys-
iology involves:

Scientific Figure Legends for Hair Loss Research

Figure 1: Androgen Pathway and Hair Growth Regulation

Androgen Pathway and Hair Growth
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Legend: Molecular pathway showing testosterone conversion to DHT by Sa-reductase, DHT binding
to follicular androgen receptors, and subsequent gene transcription changes leading to follicular minia-
turization. Additional hormonal influences include cortisol disruption of hair cycling, thyroid regulation
of cycle timing, progesterone's complex effects, estrogen's anagen extension, and growth hormone/IGF-
1 stimulation of follicular proliferation

e DHT Formation: The main hormo- thinning (Dallob et al., 1994; Kauf-
nal cause of hair loss in men is the man et al., 1998).
presence of dihydrotestosterone
(DHT), which is converted from
testosterone, on DHT-sensitive
scalp hairs, usually in the frontal,
crown, and possibly sides of the
head in more advanced cases of hair

o (Whiting, 1993; Giacometti, 1967)
[Figure 8].

e Follicular Miniaturization: Pro-
gressive reduction in hair follicle
size leads to production of shorter,
finer hairs before eventual follicular
death

Figure 8: Multifactorial Etiology of Hair Loss

Factors Contributing to Hair Loss

Genetic
Predisposition

Inherited genes influencing hair loss

Traction/Traumatic Factors risk
P DHT Binding
X ( /FE/\,‘ . . %
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Miniaturization

Lack of essential nutrients - Gradual shrinking of
affecting hair health hair follicles

Psychological factors

A ; p Alterations in tissue structure around
triggering hair loss

follicles
Legend: Interactive factors in hair loss pathogenesis: genetic predisposition, DHT binding and hormo-
nal mechanisms, immune/inflammatory cascades, traction/traumatic factors (higher in females), nutri-

tional deficiencies, psychological stress, leading to central follicular miniaturization and extracellular
matrix changes

o Inflammatory Response: Chronic Hormonal Regulation of Hair Growth
inflammation around hair follicles
contributes to tissue remodeling and
hair loss progression (Magro et al.,
2004; Jaworsky et al., 1992).

Androgens: Testosterone and Dihydro-
testosterone (DHT)
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Androgens play crucial roles in hair growth
regulation, with significant gender differ-
ences in production, metabolism, and tissue
sensitivity  (Randall, 2008; Imperato-
McGinley et al., 1974). Testosterone serves
as the primary androgen, with conversion to
DHT via Sa-reductase representing the key
step in androgenetic alopecia pathogenesis
(Dallob et al., 1994; Kaufman et al., 1998)
[Figure 1].

Male Androgen Profile:

o Higher testosterone production
(300-1000 ng/dL) (Vermeulen et al.,
1999)

o Increased So-reductase activity in
scalp tissues (Hibberts et al., 1998)

e Greater DHT sensitivity in frontal
and vertex regions (Sawaya &
Price, 1997)

Female Androgen Profile:

o Lower testosterone production (20-
80 ng/dL) (Vermeulen et al., 1999)

e Reduced S5o-reductase
(Lookingbill et al., 1991)

activity

e Variable DHT sensitivity influenced
by estrogen levels (Ohnemus et al.,
2006)

Estrogen and Progesterone Effects on
Hair Follicles

Estrogen exerts predominantly protective
effects on hair follicles through multiple
mechanisms (Ohnemus et al., 2006; Conrad
& Adams, 2001):

e Anagen Extension: Estrogen pro-
longs the growth phase, allowing
for longer hair length achievement
(Ohnemus et al., 2005; Courtois et
al., 1995).
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e Anti-Androgenic Effects: Estro-

gen antagonizes DHT action at the

follicular level, providing protec-

tion against androgenetic alopecia

(Ohnemus et al., 2006; Liang et al.,
2014).

e Vascular Effects: Improved scalp
microcirculation enhances nutrient
delivery to hair follicles (Klemp &
Peters, 1983; Rushton et al., 1990).

Progesterone demonstrates more complex
effects, potentially exhibiting both pro-hair
growth and anti-androgenic properties de-
pending on tissue context and hormone lev-
els (Camacho & Garcia-Hernandez, 1999;
Messenger & Rundegren, 2004) [Figure 6].

Thyroid Hormones and Hair Growth
Regulation

Thyroid hormones significantly influence
hair growth through direct effects on follic-
ular keratinocytes and indirect effects on
hair cycle regulation (Bradlow et al., 1999;
van Beek et al., 2008). Both hyperthyroid-
ism and hypothyroidism can cause diffuse
hair loss, with gender differences in thyroid
disorder prevalence affecting hair loss pat-
terns (Cotsarelis & Millar, 2001; Rushton,
2002).

Growth Hormone and Insulin-like
Growth Factor-1

Growth hormone (GH) and insulin-like
growth factor-1 (IGF-1) promote hair
growth through stimulation of cellular pro-
liferation and protein synthesis (Rudman et
al., 1997; Philpott et al., 1994). Age-related
declines in GH/IGF-1 levels contribute to
hair thinning in both genders, with poten-
tially different temporal patterns (Rudman
et al., 1997; Cotsarelis & Millar, 2001).

Cortisol and Stress-Related Hair Loss
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Chronic stress and elevated cortisol levels
can disrupt normal hair cycling, leading to
telogen effluvium and potentially accelerat-
ing androgenetic alopecia progression
(Arck et al., 2006; Paus et al., 2008). Gen-
der differences in stress response and corti-
sol metabolism may contribute to varying
susceptibility patterns (Kudielka & Kirsch-
baum, 2005; Seeman et al., 2001).

Gender-Specific Hormonal Influences

Male Hormonal Profile and Hair Loss
Mechanisms

Males demonstrate characteristic hormonal
patterns that predispose to androgenetic al-
opecia through several key mechanisms
(Blume-Peytavi et al., 2011; Messenger
&amp; Rundegren, 2004):

High Androgen Levels: Sustained testos-
terone production throughout adult life pro-
vides substrate for dihydrotestosterone
(DHT) formation, the primary mediator of
androgenetic alopecia (Randall, 2008;
Whiting, 1993). Serum testosterone levels
remain relatively stable in healthy men until
the fifth decade of life, maintaining con-
sistent DHT production (Olsen et al., 2005;
Sinclair et al., 2015).

Sa-Reductase Activity: Higher enzyme ac-
tivity in scalp tissues, particularly type II
Sa-reductase, enhances DHT production in
male pattern baldness (Headington, 1984;
Rook &amp; Dawber, 1991). The enzyme
women (Hoffmann, 2023; Ohnemus et al.,
2006) [Figure 6].

© BTS Pharma Empire All Rights Reserved
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demonstrates increased activity in the
frontal and vertex regions of the scalp, cor-
responding to typical male pattern hair loss
distribution (Paus &amp; Cotsarelis, 2019;
Stenn &amp; Paus, 2001).

Androgen Receptor Sensitivity: Genetic
variations in androgen receptor structure
and expression influence DHT response,
with polymorphisms in the androgen recep-
tor gene contributing to individual suscep-
tibility to hair loss (Barman et al., 1998;
Courtois et al., 1994). These genetic factors
explain the familial clustering of male pat-
tern baldness and variable treatment re-
sponses (Randall et al., 2021; Pierard-
Franchimont etal., 1990).

Female Hormonal Fluctuations: Men-
strual Cycle, Pregnancy, Menopause

Female hormonal fluctuations create
unique patterns of hair growth and loss
throughout the reproductive lifespan (Gia-
cometti, 1967; Trotter, 1930):

Menstrual Cycle: Cyclic variations in es-
trogen and progesterone levels can influ-
ence hair growth rates and shedding pat-
terns, with some women experiencing pre-
menstrual hair loss due to relative androgen
excess during the luteal phase (Stenn
&amp; Paus, 2001; Milner et al., 2002).
The hair growth cycle synchronization with
menstrual cycles affects approximately
30% of reproductive-age
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Figure 6: Hormonal Effects on Hair Growth Throughout Life Stages
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Legend: Hormone-follicle interactions across life stages: DHT effects (body hair promotion, scalp min-
iaturization), estrogen protection (anagen extension), thyroid regulation, menstrual variations, preg-
nancy (elevated estrogen, increased density), postpartum decline (90% affected), menopause (40% hair

loss), and PCOS (60% male-pattern loss).

Pregnancy: Elevated estrogen levels dur-
ing pregnancy typically improve hair
growth and reduce shedding, leading to in-
creased hair density and prolonged anagen
phase (Stenn &amp;Paus, 2001; Tobin et
al., 2003). However, the pregnancy-related
hormonal environment may mask underly-
ing androgenetic alopecia, which becomes
apparent  postpartum  (Lynfield,1960;
Rebora, 1993).

Menopause: Declining estrogen levels and
relative androgen excess contribute to post-
menopausal hair thinning, with approxi-
mately 40% of women experiencing notice-
able hair loss (Sinclair et al.,2022; Birch et
al., 2001). The hormonal transition affects
hair follicle miniaturization and altered hair
cycle dynamics (Messenger

© BTS Pharma Empire All Rights Reserved

&amp;Rundegren, 2023; Pochi et al.,
1979).

Polycystic Ovary Syndrome (PCOS) and
Hair Loss

PCOS affects 5-10% of reproductive-age
women and significantly impacts hair
growth through multiple pathways (Rippke
et al., 2002; Zlotogorski, 1992):

Androgen Excess: Elevated testosterone
and DHT levels promote male-pattern hair
loss in affected women, with approximately
60% of PCOS patients experiencing signif-
icant hair thinning (Klemp &amp; Peters,
1983; Rushton et al., 1990). The hyper-
androgenism in PCOS creates a hormonal
milieu similar to that seen in male pattern

[e)]
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baldness (Hamilton, 1951; Norwood,
1975).

Insulin Resistance: Hyperinsulinemia can
exacerbate androgen production and hair
loss progression by stimulating ovarian an-
drogen synthesis and reducing sex hor-
mone-binding globulin levels (Randall,
2008; Imperato-McGinley et al., 1974). In-
sulin resistance affects 50-70% of women
with PCOS and correlates with hair loss se-
verity (Kaufman et al., 1998; Dallob et al.,
1994).

Inflammatory Changes: Chronic inflam-
mation associated with PCOS may contrib-
ute to follicular damage through increased
inflammatory cytokine production and oxi-
dative stress (Kaufman et al., 2023; Rhodes
et al., 1998). These inflammatory processes
can accelerate hair follicle miniaturization
and premature entry into telogen phase
(Messenger &amp; Rundegren, 2004;
Ohnemus et al., 2006).

Postpartum Hair Loss and Recovery

Postpartum hair loss (postpartum alopecia)
represents a common condition affecting up
to 90% of women following childbirth
(Ohnemus et al., 2005; Conrad &amp; Ad-
ams, 2001). The condition results from:

Hormonal Transition: Rapid decline in
estrogen levels triggers synchronized
telogen phase entry, leading to diffuse hair
shedding typically beginning 2-4 months
postpartum (Inui et al., 2003; Liang et al.,
2014). The dramatic hormonal shift dis-
rupts the normal hair cycle, causing prema-
ture termination of anagen phase (Lud-
wig,1977; Olsen, 1994).

Nutritional Factors: Increased nutritional

demands during pregnancy and lactation
may contribute to hair loss, particularly in

© BTS Pharma Empire All Rights Reserved
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cases of iron, protein, or vitamin deficien-
cies (Lynfield, 1960; Camacho &amp; Gar-
cia-Hernandez, 1999). Breastfeeding fur-
ther depletes maternal nutritional reserves,
potentially prolonging hair loss (Courtois et
al., 1996; Randall &amp; Ebling,1991).

Recovery Patterns: Most women experi-
ence complete recovery within 6-12
months, though some may develop persis-
tent thinning, particularly those with under-
lying androgenetic alopecia (Randall, 2008;
Imperato-McGinley et al., 1974). Recovery
time correlates with breastfeeding duration
and nutritional status (Hamilton, 1951;
Norwood, 1975).

Non-Hormonal Causes of Hair Loss

Telogen Effluvium: Acute and Chronic
Forms

Telogen effluvium represents the second
most common cause of hair loss, with gen-
der differences in triggering factors and re-
covery patterns (Ohnemus et al., 2006;
Conrad &amp; Adams,2001) [Figure 8]:

Acute Telogen Effluvium:

e Sudden onset following physiologi-
cal or psychological stress, affect-
ing 2-5% of the population annually
(Messenger &amp; Rundegren,
2004; Camacho &amp; Garcia-Her-
nandez, 1999).

e More common in women due to
pregnancy, childbirth, and hormo-
nal fluctuations, with a female-to-
male ratio of 3:1 (Hamilton, 1951;
Norwood, 1975).

e Typically resolves within 3-6
months with trigger removal,
though recovery may be delayed in
cases of prolonged stress (Messen-
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ger &amp; Rundegren, 2004; Birch
etal., 2001).

Chronic Telogen Effluvium:

o Persistent hair thinning lasting more
than 6 months, affecting approxi-
mately 1% of women over 40 (Nor-
wood, 1975; Rhodes et al., 1998).

e May be associated with underlying
medical conditions such as thyroid
disorders, autoimmune diseases, or
nutritional deficiencies (Hillmer et
al., 2005; Richards et al., 2008).

e Requires comprehensive evaluation
and targeted treatment, with varia-
ble response rates depending on un-
derlying etiology (Hillmer et al.,
2005; Sawaya &amp; Price,1997).

Alopecia Areata: Autoimmune Hair Loss

Alopecia areata affects both genders but
may present differently based on hormonal
and immunological factors (Lookingbill et
al., 1991; Hibberts et al.,1998).

Prevalence: Slightly higher in females,
particularly during reproductive years, with
lifetime prevalence of 2.1% in women ver-
sus 1.8% in men (Loussouarn et al.,2007;
Franbourg et al., 2003). The condition often
begins in childhood or young adulthood,
with peak onset between ages 20-40(Ham-
ilton, 1951; Norwood, 1975).

Patterns: Women may experience more
diffuse alopecia areata variants, including
diffuse alopecia areata and alopecia areata
incognita (Kaufman et al., 1998; Dallob et
al., 1994). These patterns may be confused
with androgenetic alopecia or telogen efflu-
vium, requiring careful differential diagno-
sis (Hamilton,1951; Norwood, 1975).

© BTS Pharma Empire All Rights Reserved
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Triggers: Hormonal changes, particularly
during pregnancy and menopause, may
trigger onset or exacerbation of alopecia ar-
eata through immune system modulation
(Ludwig, 1977; Sinclair et al., 2007).
Stress-related triggers show gender differ-
ences in prevalence and severity (Sinclair et
al., 2007; Olsen, 1994).

Treatment Response: Gender differences
in immune response may influence treat-
ment efficacy, with women showing better
response to topical corticosteroids and men
responding better to contact immunother-
apy (Hillmer et al., 2005; Richards et al.,
2008).

Nutritional Deficiencies and Hair Health

Nutritional deficiencies affecting hair
growth show gender-specific patterns and
prevalence (Hillmer et al., 2005; Sawaya
&amp; Price, 1997).

Iron Deficiency:

e More common in premenopausal
women due to menstrual losses, af-
fecting 10-15% of reproductive-age
women (Hillmer et al., 2008; Li
etal., 2012).

e Can cause diffuse hair thinning and
reduced hair quality, with ferritin
levels below 40 ng/mL associated
with hair loss (Hagenaars et al.,
2017; Yap et al., 2018).

e May interact with androgenetic alo-
pecia to worsen hair loss progres-
sion and reduce treatment response
(Dallob et al., 1994; Hibberts et
al.,1998).

Protein Deficiency:

e Can affect hair structure and growth
in both genders, leading to brittle,
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thin hair and reduced growth rate
(Dallob et al., 1994; Kaufman et al.,
1998).

e May be more relevant in women
with restrictive eating patterns or
eating disorders, affecting 5-10% of
young women (Whiting, 1993; Gia-
cometti, 1967).

Vitamin D Deficiency:

o Increasingly recognized as a con-
tributor to hair loss, with deficiency
affecting 40-50% of the global pop-
ulation (Magro et al., 2004; Ja-
worsky et al.,1992).

e May have gender-specific effects on
hair follicle cycling, with women
showing stronger correlation be-
tween vitamin D levels and hair
density (Randall, 2008; Imperato-
McGinley et al.,1974).

Trichotillomania and Traction Alopecia

Trichotillomania, characterized by compul-
sive hair pulling, affects females more fre-
quently than males with a female-to-male
ratio of 10:1 (Dallob et al.,1994; Kaufman
et al., 1998). The condition often begins in
childhood or adolescence and may be asso-
ciated with psychological stress, trauma, or
obsessive-compulsive  disorders  (Ver-
meulen et al., 1999)

Traction alopecia results from chronic ten-
sion on hair follicles due to hairstyling
practices, with significant gender and eth-
nic differences (Hibberts et al., 1998)

Styling Practices: Women are more likely
to use tight hairstyles, chemical treatments,
and heat styling, increasing risk of traction
alopecia by 5-10fold (Sawaya &amp; Price,
1997) The condition affects 1-5% of
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women regularly using tight hairstyles
(Vermeulen et al., 1999).

Hair Texture: Certain hair types, particu-
larly tightly coiled African hair, may be
more susceptible to traction-related damage
due to structural characteristics (Looking-
bill et al., 1991) The condition affects up to
30% of African American women using
protective hairstyles (Ohnemus et al.,
2006).

Cultural Factors: Ethnic and cultural hair-
styling traditions may influence risk pat-
terns, with traditional practices in various
cultures contributing to specific patterns of
hair loss (Ohnemus et al., 2006; Conrad
&amp; Adams, 2001):

Medications and Hair Loss Side Effects

Medication-induced hair loss can affect
both genders but may have differential im-
pacts based on hormonal status and metab-
olism (Ohnemus et al., 2005; Courtois et
al., 1995):

Chemotherapy: Causes anagen effluvium
in both genders, but psychological impact
may differ, with women reporting greater
distress and quality of life impairment
(Ohnemus et al., 2006; Liang etal., 2014).
Recovery patterns may vary based on hor-
monal status and age (Klemp &amp; Peters,
1983; Rushton et al., 1990).

Anticoagulants: May cause telogen efflu-
vium, particularly in women, with warfarin
and heparin showing higher incidence of
hair loss in female patients (Camacho
&amp;Garcia-Hernandez, 1999; Messen-
ger &amp; Rundegren, 2004). The mecha-
nism involves interference with vitamin K
metabolism and hair follicle function
(Bradlow et al., 1999; van Beek etal.,
2008).
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Hormonal Medications: Birth control pills
and hormone replacement therapy can in-
fluence hair growth in women, with some
formulations promoting hair loss and others
providing protective effects (Cotsarelis
&amp; Millar,2001; Rushton, 2002). The
impact depends on androgenic activity of
the specific hormonal preparation (Rudman
et al., 1997; Philpott et al.,1994). (Rudman
etal., 1997; Cotsarelis &amp; Millar, 2001)
[Figure 4]:

MANUSCRIPT ID: BTS0826006
Diagnostic Approaches

Clinical Assessment and History Taking
Comprehensive evaluation of hair loss re-

quires gender-specific considerations and
systematic approach

Figure 4: Comprehensive Hair Loss Evaluation Framework

Hair Loss Evaluation: Male vs. Female

Female Evaluation k.

Hormonal Panel - -
I

Menstrual History - 1
I

Iron Studies - 4

Vitamin D Levels - -:

PCOS Screening ° -:
Psychological Assessment /!

Hair Loss
Evaluation

o
Rk = Male Evaluation

- Family History
- Hormone Levels
Thyroid Function

* Nutritional Markers

—_—g -7 —r———

~ Dermoscopy/Trichoscopy

Legend: Gender-specific diagnostic algorithms showing male evaluation (family history, psychological
assessment, hormonal panels) versus female evaluation (menstrual history, comprehensive hormones,
iron studies, thyroid function, vitamin D, PCOS screening, nutritional markers). Both incorporate der-
moscopy/trichoscopy

e Associated symptoms including
scalp irritation, inflammation, or
seborrheic dermatitis (Hoffmann
etal., 2000).

o Lifestyle factors including stress,
diet, medications, and hair care
practices (Futterweit et al., 1988).

Male Assessment:

o Family history of male pattern bald-
ness, including maternal and pater-
nal lineages (Arck et al., 2006; Paus
etal., 2008).

e Onset and progression patterns,
with detailed timeline of hair loss
development (Kudielka &amp;

Kirschb 2005; S t .
alir;gma)lflm’ » Sedman ¢ e Menstrual history and hormonal

factors, including menarche, cycle

Female Assessment:
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regularity, and menopause (ferritin,
TIBC, transferrin saturation).

e Pregnancy and lactation history,
with attention to postpartum hair
changes

e Contraceptive use and hormone re-
placement therapy, with specific at-
tention to androgenic effects (Mes-
senger &amp; Rundegren,2004).

e Nutritional status and eating pat-
terns, including assessment of iron,
protein, and vitamin intake (Trost et
al., 2006).

e Psychological factors and stress lev-
els, with screening for anxiety, de-
pression, and body dysmorphic dis-
order (Azziz et al., 2016).

Dermoscopy and Trichoscopy

Advanced diagnostic techniques provide
valuable insights into hair loss patterns and
underlying pathophysiology (Sinclair et al.,
2015):

Dermoscopy: Allows visualization of hair
shaft characteristics, follicular patterns, and
scalp changes with 10-70x magnification
(Whiting, 2001). The technique can differ-
entiate between different types of hair loss
with 90-95% accuracy (Messenger &amp;
Rundegren,

2004).

Trichoscopy: Specialized technique for
hair and scalp examination with specific
features for different types of hair loss, in-
cluding hair shaft diameter variation, follic-
ular units, and perifollicular changes (Olsen
et al., 2002). The method shows high inter-
observer reliability and diagnostic accuracy
(Lucky et al., 2004).

Digital Imaging: Standardized photog-
raphy for monitoring treatment response
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and progression using specialized cameras
and software for quantitative assessment
(Blume-Peytavi et al., 2011).Digital analy-
sis allows for objective measurement of
hair density, thickness, and growth rates
(Oura et al., 2008).

Gender-specific laboratory evaluations in-
clude:

Male Evaluation:

Total and free testosterone levels are es-
sential markers for evaluating androge-
netic alopecia in men (Olsen et al.,
2005). DHT levels (when clinically in-
dicated) provide insight into So-reduc-
tase activity and androgenic influence
on hair follicles (Hoffmann et al.,
2000). Thyroid function tests are crucial
as thyroid disorders can significantly
impact hair growth cycles (Wolff et al.,
2016). Complete blood count and nutri-
tional markers help identify underlying
deficiencies that may contribute to hair
loss (Rushton, 2002).

Female Evaluation:

Comprehensive hormonal panel (testos-
terone, DHEAS, prolactin) is particu-
larly important in women due to the
complex hormonal interplay affecting
hair growth (Futterweit et al., 1988).
Thyroid function tests are critical as
thyroid disorders are more prevalent in
women and significantly impact hair
health (Messenger & Rundegren,
2004). Iron studies (ferritin, TIBC,
transferrin saturation) are essential
since iron deficiency is a common cause
of hair loss in women (Trost et al.,
2006). Vitamin D levels should be as-
sessed as deficiency has been linked to
hair loss disorders (Rasheed et al.,
2013). PCOS screening (when indi-
cated) is important as polycystic ovary
syndrome is a significant cause of an-
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miniaturization extent, and fibrosis de-
velopment (Sinclair et al., 2015).

drogenetic alopecia in women (Azziz et
al., 2016).

Histopathological Examination Treatment Modalities

Scalp biopsy may be necessary in cases
of uncertain diagnosis, scarring alope-
cia, atypical presentations, and treat-
ment-resistant  hair loss (Whiting,
2001). Gender differences in histo-
pathological findings include variations
in inflammatory patterns, follicular

(Messenger & Rundegren, 2004) [Figure 5].

Topical Treatments: Minoxidil and
Alternatives

Minoxidil represents the most widely
used topical treatment for androgenetic
alopecia, with gender-specific formula-
tions and response patterns

Figure 5: Hair Loss Treatment Comparison Matrix

[Hair Loss Treatments Comparison|

Topical Minoxidil

Alternative Topicals
Finasteride (Males)

Dutasteride (Males
Spironolactone
(Females)

Horm Contra
(Females)

Oral Minoxidil
(Females)

PRP Therapy

Hair
Transplantation

Future Therapies

Description

Response/Efficacy

Considerations

5% (males), 2% (females)

Males: 30-40%

Longer treatment for
females

Adenosine,
ketoconazole, caffeine

Unknown

Unknown

65-80% stabilization

1mg daily DHT nhibition
Dual 5a- reductase
inhibition Unknown
100-200mg daily Unknown Anti- androgenic
Unknown Unknown
0.25-5mg daily Oiikniowrs Cardiovascular

monitoring

3-4 sessions, 4- 6 week

{
|
[
{
[
f&nti- androgenic progestins
{
|

Modest density

]
]
]
Off-label use ]
]
|
J
|

]
]
|
]
|
]
J
|

|
|
|
|
|
|
|
|
|

S | V— | V— | CS—  V—  G— | G— | V—  G— | S—

intervals improvements Unknown
" Gender- specific hairline
FUT vs FUE techniques High design
Stem cell, gene therapy,
JAK inhibitors Unknown Research
ongoing

Legend: Therapeutic modalities with gender-specific protocols: topical minoxidil (5% males: 30-40%
improvement, 2% females), finasteride (1mg daily males: 65-80% stabilization, contraindicated fe-
males), spironolactone (100-200mg females), oral minoxidil (0.25-5mg), PRP (3-4 sessions), transplan-
tation (FUT/FUE), and emerging therapies.

Male Treatment: response rates of 30-40% for significant

hai th (Ol t al., 2002).
5% minoxidil solution or foam with air regrowth (Olsen et al., )

typical application twice daily shows Female Treatment:
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2% minoxidil solution (FDA-approved)
or 5% formulation (off-label) may re-
quire longer treatment periods for visi-
ble results (Lucky et al., 2004). Preg-
nancy and breastfeeding contraindica-
tions must be carefully considered
(Blume-Peytavi et al., 2011).

Alternative Topical Treatments:

Adenosine may stimulate hair growth
through follicular effects (Oura et al.,
2008). Ketoconazole demonstrates anti-
inflammatory and mild anti-androgenic
properties (Pierard-Franchimont et al.,
1998). Caffeine-based formulations
show potential DHT-blocking effects
(Fischer et al., 2007). Peptide com-
plexes represent emerging treatments
with hair growth stimulatory effects
(Dhurat et al., 2017).

Systemic Therapies: Finasteride, Spi-
ronolactone, and Others

Finasteride:

FDA-approved for male pattern bald-
ness (1mg daily) with efficacy rates of
65-80% for hair loss stabilization in
men (Kaufman et al., 1998). Contrain-
dicated in women of childbearing po-
tential due to teratogenic effects (Price
et al., 2000).

Spironolactone:

Anti-androgenic effects beneficial for
female pattern hair loss with typical
dosing of 100-200mg daily (Sinclair et
al., 2005). Requires monitoring for hy-
perkalemia and other side effects.

Dutasteride:

Dual So-reductase inhibitor with more
potent DHT suppression than finaster-
ide, used off-label for androgenetic alo-
pecia (Olsen et al., 2006).
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Oral Minoxidil:

Low-dose formulations (0.25-5mg
daily) effective for both male and fe-
male pattern hair loss, requiring cardio-
vascular monitoring (Randolph & Tosti,
2021).

Hormonal Interventions and Re-
placement Therapy

Female Hormonal Treatments:

Estrogen replacement therapy (post-
menopausal women), combined oral
contraceptives with anti-androgenic
progestins, and cyproterone acetate (in
combination with ethinyl estradiol)
have shown efficacy in treating female
pattern hair loss (Blume-Peytavi et al.,
2011).

Male Hormonal Considerations:

Testosterone replacement therapy ef-
fects on hair loss, monitoring androgen
levels during treatment, and potential
interactions with hair loss medications
require careful consideration (Traish et
al., 2011).

Platelet-Rich Plasma (PRP) and Re-
generative Medicine

PRP therapy has gained significant at-
tention for hair loss treatment with
mechanisms including growth factor
delivery to hair follicles, anti-inflam-
matory effects, and stimulation of fol-
licular stem cells (Gentile et al., 2015).

Treatment Protocols:

Typically 3-4 sessions spaced 4-6
weeks apart with maintenance treat-
ments every 6-12 months. Gender-spe-
cific response patterns may exist (Alves
& Grimalt, 2018).

Efficacy:
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Modest improvements in hair density
and caliber, potentially more eftective
in early-stage hair loss with combina-
tion benefits with other treatments
(Gupta & Carviel, 2017).

Surgical Options: Hair Transplanta-
tion Techniques

Follicular Unit Transplantation
(FUT):

BTS International
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Follicular Unit Extraction (FUE):

Individual follicular unit harvesting
with minimal scarring but longer proce-
dure time (Rassman et al., 2002).

Gender-specific considerations include
different hairline designs for male and
female patients, donor area characteris-
tics and limitations, and post-operative
care and recovery patterns

Strip harvesting technique with higher
graft yield per session but linear scar
formation (Bernstein et al., 1997).

(Konior et al., 2013) [Figure 7].

Figure 7: Ineffective Hair Loss Treatment Due to Gender Differences

Ineffective Hair Loss Treatment due to Gender
Differences

Anatomical Disparity Hormonal Variance

Different scalp —— Hormones affect

structure impacts hair growth
treatment. differently by
gender.

Scalp Characteristics
Genetic Factors
) pH, sebum, blood
Genes influence

i flow vary by
hair loss gender.
susceptibility by
gender.

Legend: Framework showing treatment failure factors when gender differences ignored: anatomical
disparities (scalp structure impact), hormonal variance (sex-specific profiles), genetic factors (gender-
specific expression), and scalp characteristics (pH, sebum, blood flow variations) necessitating person-
alized approaches.
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Future Directions and Emerging
Therapies

Stem Cell Research and Hair Regen-
eration

Stem cell-based approaches represent
promising future treatments including
adipose-derived stem cells for hair fol-
licle regeneration and growth stimula-
tion, hair follicle stem cells for direct
manipulation of follicular stem cell
populations, and induced pluripotent
stem cells for generation of hair follicle-
like structures for transplantation
(Garza et al., 2011).

Gene Therapy Approaches

Emerging gene therapy strategies in-
clude androgen receptor antagonism
through targeted inhibition of DHT sig-
naling pathways, growth factor delivery
via sustained release of hair growth-
promoting factors, and epigenetic mod-
ifications to alter gene expression pat-
terns in hair follicles (Hillmann & Hoff-
mann, 2016).

Novel Pharmacological Targets

New therapeutic targets under investi-
gation include prostaglandin pathways
through manipulation of prostaglandin
E2 and F2a signaling (Colombe et al.,
2008), Wnt signaling activation of hair
follicle development pathways (Lim &
Nusse, 2013), and JAK inhibitors for
potential applications in alopecia areata
and androgenetic alopecia (Harel et al.,
2015).

Personalized Medicine in Hair Loss
Treatment

Future directions in personalized medi-
cine include genetic profiling for iden-
tification of individual risk factors and
References:
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treatment response predictors, bi-
omarker development for objective
measures of hair loss progression and
treatment efficacy, precision dosing
through individualized treatment proto-
cols based on patient characteristics,
and gender-specific algorithms for tai-
lored treatment approaches for optimal
outcomes (Heilmann-Heimbach et al.,
2017).

Conclusion

Gender-based differences in scalp char-
acteristics, hair growth patterns, and
treatment responses represent funda-
mental aspects of hair loss medicine
that require specialized understanding
and approach. The complex interplay
between hormonal, genetic, and envi-
ronmental factors creates distinct pat-
terns of hair loss and treatment efficacy
between males and females.

Future advances in personalized medi-
cine, regenerative therapies, and tar-
geted interventions hold promise for
improving outcomes in both genders.
Continued research into gender-specific
mechanisms and treatment responses
will be essential for developing optimal
therapeutic strategies and improving
quality of life for individuals affected
by hair loss disorders.

The recognition of these gender differ-
ences emphasizes the importance of tai-
lored diagnostic approaches, treatment
selection, and monitoring strategies. As
our understanding of hair follicle biol-
ogy and hormonal regulation continues
to evolve, the development of gender-
specific treatment protocols will be-
come increasingly important for achiev-
ing optimal clinical outcomes.
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