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Abstract :

Female androgenetic alopecia (FAGA) is a kind of hair loss that does not result
in permanent scarring. It is characterized by a widespread thinning of hair due to
the gradual shrinking of hair follicles and a decrease in the quantity of hairs, par-
ticularly in the central , and parietal regions of the scalp. determine the concentra-
tion of DHT in women diagnosed with androgenic alopecia

The study included a sample of 60 women with androgenic alopecia and 30
healthy women, as a control group. Serum DHT levels were assessed using (ELI-
SA)

The findings indicated that there were statistically significant disparities (p
value < 0.05) in DHT concentration between the patients and the control group.
Regarding age and weightThe results indicated statistically significant differences
between the patients. (p value <0.05) Namely, DHT increases with age and weight

Increased levels of dihydrotestosterone in women with female androgenic alo-
pecia, as it is considered DHT is a contributing factor to the development of an-
drogenic alopecia in women.

Keywords: Dihydrotestosterone (DHT). Female androgenetic alopecia(FAGA),
Female pattern hair loss (FPHL),

(DHT) g9 tiwgiuligysumys Jgoyd e chdisll
(FAGA) &L I aic dwiungyai il ddeil o
Jlagé slado sUl L Jueloww] glogo JLail
uolaiuwo
e ey wbts gl ) g Y addl Lils g5 5 (FAGA) & 35N i 5 0N ddaidl
G iols ol asllsde sl atdl oS 205 alid does el s Gl Je asdl BLS Llis
6 (DHT) 05 s 525 5 ydezldl 35 5 0 ] deel,adl G« ol J155 3 e Dladls &35 U b
g gV A 9, 0N Al blall sl
(o SE BaS B 3l 5ol 305 % 8V Lo 5, V) LI Blan 3 ol 60 g &y e Ryl e
ELISA ;L plaswialy Juall (3 DHT ol yis 05 o5
ie go2 5 55 M op DHT 38 5 3 (p value < 0.05) aslua| IYs ©l5 355 3 g 5 bl o g
p value o5 41 Gy &slax| N5 ols Mt 5 g5 U] asladl o )LaT e85 gl s ol o graies 5 oS
0) ek el pA& xo DHT (6 st ] 53 o (< 0.05
DHT 0f ) & 5V e 5,61 adatb bliall sladdl (g0 05 atew g2 5 5o b stns 8503 s
Lol ) & 5V i 5, V)AL s 3 Ll Sale atm,
il Basls (FAGA) & 551 i 5,51 2dadl «(DHT) 5w gitand 5 sl ] &zl | SN
(FPHL) s %Y




Detection of dihydrotestosterone (DHT)

in female androgenic alopecia (FAGA) .................... Authors : Anfal Frman & Ayad M Gaidan J { 204

Introduction

Alopecia 1s a prevalent condition
that affects more than half of the global
population. Among the various types of
alopecia, androgenetic alopecia (AGA)
1s the most prevalent[1].Female andro-
genetic alopecia (FAGA) is a perva-
sive condition characterized by non-
scarring hair loss in women. [2]. The
clinical presentation typically features
diffuse hair thinning across the cen-
tral scalp, while the frontal hairline re-
mains relatively unaffected. Numerous
studies have substantiated a diminished
quality of life among women diag-
nosed with female androgenetic alope-
cia (FAGA). Undoubtedly, this condi-
tion exerts a significant psychological
impact, often leading to increased lev-
els of depression and anxiety [3] The
involvement of androgens in the patho-
genesis of hair loss in female patients
remains uncertain. As a result, the term
“female pattern hair loss (FPHL)” is
favored over female androgenetic alo-
pecia (AGA) [4]. The etiopathogenesis
of female pattern hair loss (FPHL) is
intricate, influenced significantly by
genetic, environmental and hormonal-
factors[5] .Three primary patterns have
been identified in the presentation of

female androgenetic alopecia (FAGA)
[6]. In the first pattern, diffuse thinning
occurs in the upper biparietal and ver-
tex areas of the scalp, with preserva-
tion of the frontal hairline. This pat-
tern is recognized in various hair loss
scales, with Ludwig’s scale being the
most prevalent among them. The sec-
ond pattern, as described by Olsen,
involves thinning in the frontal, bitem-
poral, and vertex areas of the scalp, re-
sembling a Christmas tree distribution.
Lastly, the third pattern presents with
thinning in the frontotemporal areas of
the scalp, similar to what is observed
in males, although this presentation
is relatively rare[7]. Human hair un-
dergoes a cyclic replacement process.
The phases of hair growth include The
anagen (growth phase), catagen (invo-
lution phase), telogen (resting phase),
and exogen (shedding phase)[8-10].
The anagen phase of hair growth typi-
cally lasts for 3-5 years, while the
catagen phase typically persists for
a few weeks The resting period lasts
known as telogen for approximately
three months., Hair follicle regenera-
tion typically occurs within the first
week of the growth phase, and once re-
juvenated, This phase persists until the
hair reaches its ultimate length. The al-
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terations in hair cycle dynamics, char-
acterized by a shortened anagen phase
and prolonged telogen phase, represent
a critical component in the pathogen-
esis of androgenetic alopecia (AGA).
In women with female pattern hair loss
(FPHL) compared to controls, the de-
crease in total hair density primarily
attributed to an increase in empty folli-
cles 1s approximately five times greater
than the increase in vellus hairs caused
by hair follicle miniaturization. In an-
drogenetic alopecia (AGA), the dura-
tion of the anagen phase progressively
diminishes with each cycle, while the
length of the telogen phase typically
remains constant or may even be pro-
longed. This progression ultimately
leads to a reduction in the ratio of ana-
gen to telogen phases in androgenetic
alopecia (AGA). Consequently, as
each hair cycle shortens successively,
the length of each hair shaft decreases.
Eventually, the hair shaft becomes too
short to reach the skin surface, leading
to an empty follicular pore. In androge-
netic alopecia (AGA), the substage of
the telogen phase that is prolonged is
known as kenogen. This phase follows
exogen and results in the production of
empty follicles. In the kenogen phase,
the hair follicle undergoes a physiolog-

ical resting period. In androgenetic al-
opecia (AGA), the kenogen phase lasts
longer, resulting in a higher percentage
of empty hair follicles, which contrib-
utes to the progression of balding[9].
The therapeutic options available for
androgenetic alopecia (AGA) are con-
strained[11]. Topical minoxidil and
Oral finasteride the primary treatments
for androgenetic alopecia (AGA) [1].
Finasteride, a selective steroidal inhib-
itor of 5-a-reductase, inhibits the con-
version of testosterone to DHT, leading
to decreased levels of DHT in serum
and the scalp. Minoxidil, on the other
hand, induces vasodilation of periph-
eral vessels and enhances microcircu-
lation, thereby promoting proliferation
of dermal papilla cells (DPCs).[12]
Dihydrotestosterone (DHT) is wide-
ly recognized as the most potent hor-
mone among androgens and is clas-
sified as a pure androgen due to its
inability to convert into estrogen[13].
is the primary mediator of androgenet-
ic alopecia (AGA). DHT is converted
from testosterone by Sa-reductase type
2. Dihydrotestosterone binds to the
androgen receptor (AR) of the dermal
papillae, translocates into the nucleus,
and induces processes such as apop-
tosis, which can affect hair formation.
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Dihydrotestosterone suppresses prolif-
eration and sustains the telogen phase.
It disrupts the hair cycle by prema-
turely inducing the catagen phase and
extending the telogen phase.[14]. The
objective of the study is to ascertain the
concentration of dihydrotestosterone
(DHT) in women affected by andro-
genic alopecia.

Materials and methods

A total of 90 blood samples were
collected from female participants
aged 15 to 50,30 control blood sam-
ples from unaffected women And 90
blood samples from women diagnosed
with androgenetic alopecia by expert
dermatologists at the dermatology de-
partment of Tikrit Teaching Hospi-
tal. Sampling took place from August
2023 to February 2024. Confidential
patient information was recorded us-
ing a dedicated questionnaire form.
Weight and height were measured with
participants wearing light clothing and
barefoot. For calculating Body Mass
Index (BMI), weight (in kilograms) is
divided by the square of height (in me-
ters squared) If the result is less than
18.5: the person is underweight. 18.5
to 24.9: the weight is normal. 25 to
29.9: the person is overweight. . A 3

ml blood sample was obtained and left
to coagulate. Following coagulation,
the samples underwent centrifugation
to separate the serum, which was then
stored at -20°C for subsequent analy-
sis. The total concentration of dihy-
drotestosterone (DHT) was determined
using ELISA kits sourced from Bioas-
say Korea.

statistical analysis

The statistical analysis of the re-
sults was performed using MINITAB
version 17 statistical software. T-tests
and ANOVA (F-test) were employed to
assess significant differences between
the study groups. Furthermore, Dun-
can’s multiple range test was utilized
to evaluate disparities in the means
among the participating groups, with a
significance level set at 0.05.
Results

The findings of the present study
revealed a statistically significant in-
crease (p < 0.05) in the average con-
centration of DHT among women ex-
periencing hair loss compared to the
control group.



dudlpell d o olall - duy Ul duds - duolellg dugupil Glwlyal élao
207 H 02024 Ui - 3Ll pgle - g uull adooll - gg el CULUI sxell

Table 1: Comparison between affected and healthy women regarding mean DHT values

Group Number DHT ng/L mean £+ SD
C 30 1694 +79.9
P 60 2035 +100.9

p.value 0.048*

The test used t-test.C: control. P: patient
DHT: Dihydrotestosterone, SD: Standard deviation

The findings indicated significant the older age group, although all three
age-related variations (p < 0.05), Both  groups demonstrated higher hormone
the middle and younger age groups levels than the control group.
exhibited lower hormone levels than

Table 2 :Association between DHT level and the age

Group Age Number DHT ng/L mean £+ SD
P 41-55 4 2300+148.6a
26-40 24 2005+90.21b
10-25 32 2024+105.5b
C 30 1694+79.9¢
P-VALUE 0.044*

The test used F-test and Duncan’s, DHT: Dihydrotestosterone, SD: Standard deviation

The Duncan test yielded the highest value for the arithmetic mean (a), and if the subsequent
value is statistically distinct from it, we assign it (b). The Duncan test indicates that when
letters are similar, there is no statistically significant difference between them.

Regarding weight, the current study weight women is higher than that of
recorded significant differences be- underweight and normal-weight wom-
tween the different weights (p value en, and all of them have a higher DHT
< 0.05). in the concentration of DHT, concentration than the control group.
as the concentration of DHT in over-
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Table3: Association between DHT level and the Weight

Group WEIGHT Number DHT ng/L mean = SD
P Underweight 22 1984+118b
Normal 34 1937+75.8b
Overweight 4 3152+147.8a
C 30 1694+79.9¢
P-VALUE 0.034*

The test used F-test and Duncan’s, Dihydrotestosterone, SD: Standard deviation

The Duncan test yielded the highest value for the arithmetic mean (a), and if the subsequent
value is statistically distinct from it, we assign it (b). The Duncan test indicates that when
letters are similar, there is no statistically significant difference between them.

Discussion

Results varied with[15] where an
increase in the hormone concentra-
tion was found in patients and also in
the control group. The results agreed
with[16].Currently, the precise etiol-
ogy and mechanism of androgenetic
alopecia (AGA) remain incompletely
understood. It is widely accepted that
genetic factors, elevated androgen lev-
els in localized tissues, and the over-
expression of the androgen receptor
(AR) are prominent contributors to
the development of AGA. The Wnt/B-
catenin signaling pathway is crucial
in the cycling of hair growth, play-
ing a critical role in the regeneration
of hair follicles and the growth of the
hair shaft. Recent research indicates
that the inhibition of the Wnt/B-catenin

pathway by  dihydrotestosterone

(DHT) represents a pivotal pathologi-
cal mechanism in the development of
androgenetic alopecia (AGA)[14]. The
regulatory pathways influencing the
development of the hair follicle cycle
predominantly encompass the Wnt/[3-
catenin pathway, transforming growth
factor-B (TGF-P) signaling, bone mor-
phogenetic protein (BMP) signaling,
and sonic hedgehog (SHH) signaling,
among others. Of these pathways, the
Wnt/B-catenin signaling pathway 1is
crucial for hair follicle morphogenesis
and the initial formation of primary
hair follicles. Wnt signaling represents
a highly conserved pathway critical for
the development and maintenance of
multicellular organisms’ structure and
function. Glycogen synthase kinase-3f3
(GSK-3p) plays a crucial role in regu-
lating the self-renewal and functional
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dynamics of cellular populations. Wnt
signaling can negatively regulate Gly-
cogen synthase kinase-3B (GSK-3p)
by phosphorylating it at Ser9 residue,
resulting in stabilization of B-catenin.
In this signaling pathway, B-catenin,
a key signal transducer, is stabilized
and translocated to the nucleus, where
it governs the expression of genes in-
volved in renewal and proliferation.[1]
Dickkopf 1 (DKK1)is one of the genes
most upregulated by DHT in balding
dermal papilla cells (DPCs). is secreted
from dermal papilla cells in response to
DHT stimulation, and it is recognized
for its role in contributing to and exac-
erbating androgenetic alopecia (AGA).
DKK-1 inhibited the growth of outer
root sheath keratinocytes., a Wnt an-
tagonist, inhibits Wnt action by bind-
ing to thelow-density lipoprotein-re-
lated protein (LRP)[17, 18]. DHT also
upregulates interleukin-6 (IL-6) secre-
tion in balding (DPCs). Moreover, IL-6
has been demonstrated to suppress the
proliferation of outer root sheath kera-
tinocytes and inhibit hair shaft elonga-
tion[19].

Regarding age, these results agreed
with [20, 21]. The commencement of
(FPHL) can occur at any point post-pu-
berty, and its prevalence tends to rise

with advancing age[6]. (FPHL) repre-
sents a prevalent hair disorder; how-
ever, studies assessing its prevalence
frequently yield inconsistent findings,
potentially stemming from the absence
of universally accepted diagnostic cri-
teria to precisely delineate the condi-
tion. While the incidence of (FPHL)
varies among countries, it consistently
escalates with age, notably affecting
approximately 55% of women aged 70
and older. In a minority of cases, se-
vere progression of the disease occurs
during adolescence. Generally, (FPHL)
exhibits an initial peak during the re-
productive years and a subsequent peak
following menopause[22]. This obser-
vation suggests a strong association
between (FPHL) and hormonal fluc-
tuations. Interestingly, the prevalence
of (FPHL) also shows variation based
on geographical location and ethnicity.
For instance, an examination of preva-
lence among junior high school girls re-
vealed an overall incidence of (FPHL)
at 28.6%. This incidence was notably
higher in rural settings compared to ur-
ban areas and showed a significant cor-
relation with family history[23]. While
(FPHL) can affect individuals of all
racial backgrounds, studies have indi-
cated a higher prevalence among Cau-



Detection of dihydrotestosterone (DHT)

in female androgenic alopecia (FAGA) .................... Authors : Anfal Frman & Ayad M Gaidan J { 210

casian women compared to Chinese
and Korean women[24]. In Caucasian
women, the prevalence of female an-
drogenetic alopecia (FAGA) rises with
age, ranging from 3-12% during the
third to fourth decade of life, increas-
ing to 14-28% among postmenopausal
women 1n their fifties, and reaching
29-56% in individuals aged over 70
years. The prevalence of female an-
drogenetic alopecia (FAGA) in Asian
women follows a similar age-related
pattern, although it appears to be low-
er compared to Caucasian women[6].
Previous community-based or pop-
ulation-based research has identified
variations in the prevalence of andro-
genetic alopecia (AGA), attributable to
differences in ethnic and regional de-
mographics, sample sizes, age distri-
butions, and methodologies used for
hormone measurement. Future studies
should aim to evaluate the correlation
between androgenetic alopecia (AGA)
and factors such as lifestyle, environ-
ment, and related causes to enhance
comprehension of these relationships.

Regarding weight, these results
agreed with[5, 21]. These findings
varied significantly when compared
with[25]. Research indicates that an-
drogen excess may exert an indirect

influence on metabolic disorders in
women through its impact on food in-
take[26, 27]. The hypothalamus, spe-
cifically the arcuate nucleus (ARC),
serves as the primary regulator in
maintaining homeostasis by energy ex-
penditure balancing and food intake.
The neuropeptide Y (NPY)/agouti-re-
lated peptide (AgRP) neurons located
in (ARC) of the hypothalamus are re-
sponsible for synthesizing orexigenic
peptides such as NPY and AgRP. El-
evated levels of these peptides notably
enhance food intake. Conversely, the
proopiomelanocortin (POMC) neurons
within the (ARC) of the hypothala-
mus produce the anorexigenic peptide
o-MSH, which acts to reduce food in-
take. Insulin and leptin exert modula-
tion on both NPY/AgRP and POMC
neurons via their respective receptors,
contributing significantly to feedback
regulation that plays an important role
in lipid and glucose metabolism. Dys-
regulation of these neurons can result
in hypothalamic insulin and leptin re-
sistance, leading to overexpression
of POMC neurons and inhibition of
NPY/AgRP neurons. Ultimately, these
changes can guide to abnormal food
intake and metabolic disturbances[28]

. Some researchers employed a DHT-
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induced PCOS rat model to investi-
gate the impact of hyperandrogenism
on hypothalamic neurons. findings
revealed that prolonged exposure to
elevated androgen levels resulted in
increased food consumption, weight
gain, and adiposity. Additionally, it
impaired glucose tolerance and insu-
lin sensitivity. Furthermore, DHT no-
tably increased mRNA expression of
Agrp and NPY in the hypothalamus.
Specifically, DHT upregulated NPY
expression and downregulated POMC
expression in conjunction with leptin,
while Agrp mRNA levels remained un-
affected. Discrepancies observed be-
tween in vivo and in vitro experiments
may stem from the varied complexities
inherent in experimental conditions.
In summary, excess androgens led to
increased food intake and facilitated
obesity through the downregulation of
leptin and insulin signaling in the hy-
pothalamus, consequently enhancing
the expression of orexigenic genes[28].

CONCLUSIONS
Dihydrotestosterone exerts a sub-
stantial impact on women experienc-
ing androgenetic alopecia, with the
likelihood of developing this condition
escalating with advancing age and in-

creasing body weight.
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