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ABSTRACT

Background: To understand the scientific mechanism of hair loss caused by non-androgenic factors and the importance of nutrients in
prevention, reversal of damage and restoration of hair growth, without the use of anti-androgens.

Methodology: A total of 100 patients, 62 male and 38 female, who presented with Androgenetic Alopecia (AGA), Male Pattern Hair
Loss (MPHL) and Female Pattern Hair Loss (FPHL), were included in the study. Early hair loss grades and patients with associated medical
conditions were excluded. All patients were evaluated for DHT, DHEAS, SHBG, free testosterone, scalp trichoscopy, global photography and
hair fall. The cause for initiation of hair fall was inquired and noted. All patients were treated with a low dose once in three days nutritional
supplement combinations of Antioxidant, Calcium, vitamin D3 on day 1. Iron, folic acid, vitamin C, vitamin E on day 2 and amino acids with
B-complex, biotin and omega 3 on day 3. The cycle repeated every 3 days for 4 months. Clinical progress was recorded every 2 months, hair
fall was recorded every month.

Results: Levels of DHT, DHEAS, SHBG, free testosterone, in all the men and women were within normal limits. Hair loss commenced due
to restricted eating, stress, lack of sleep, pollution, smoking, alcohol, late nights, circadian rhythm, poor scalp hygiene etc. but was now
presenting as AGA or pattern hair loss. Peri pilar trichoscopic signs were seen only in the early months of commencement of hair loss and
not after 3-4 months of progress. Focal atrichia was more common than expected. With the nutritional supplements, hair fall was controlled
within 4 weeks—6 weeks. The average improvement in density in women at 4 months was 20% and the improvement in caliber was 25%.
While in men the average improvement in density at 4 months was 24% and improvement in caliber was 18%, without use of minoxidil or
finasteride.

Conclusion: All alopecias commence with simple hair fall triggered by non-androgenic factors. These factors act by generation of ROS
leading to cellular dysfunction from damage to DNA and metabollism.The ROS also sensatize androgen receptors and pathways making the
cells sensitive to normal androgens. The ROS can be neutralized, deranged metabolism and DNA damage can be repaired with restoration of
cellular function, with combinations of nutritional supplements resulting in hair growth without the use of anti-androgens.

Key Words: Non androgenic, DHT, ROS, nutrition, hair loss, supplements, androgen receptors, anti-androgens.

Introduction

Clinical studies by Knussmann in 1992 and
European Consensus Group, S1 guideline have
concluded that AGA can present without family
history and without raised androgens [1, 2].
Sreekumar et.al. (1999) and Cranwell (2016)
have also found no correlation between genetics,
androgen levels and AGA [3, 4]. Kondrakhina
etal. 2019 suggested AGA may be caused by
hormone independent disorders affecting the
hair follicle functions [5].

While Katzer etal. (2019) pointed out that
altered response of the follicles rather than raised
androgens was responsible for hair loss [6].

The attention to testosterone was brought about
by social observations and testosterone injection
induced hair loss reported by Hamilton in 1942
[7]. Presentresearch confirms that not testosterone
but its conversion to Dihydrotestosterone
(DHT) affects the hair follicles. DHT acts
through release of Transforming Growth Factor
Beta (TGFB) and the release of TGFf itself is
mediated by the Reactive Oxygen Species (ROS)
[8, 9]. Experiments have revealed that using
free radical scavenger to neutralize the ROS can
block the release of TGFf, thus countering the
action of DHT [9]. In the past, factors like stress,
environment, lifestyle, diet, nutrition, sleep, loss
of circadian rhythm, which were secondary are
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now on the rise and have assumed a primary
role. These factors are known to generate ROS
and alter cellular metabolism. Ten years prior to
Hamilton, in 1932 Sabauroud reported acute
reversible or chronic diffuse hair loss, which
was a recognition of non-androgenic hair loss.
Later these factors were addressed by Kligman
as Telogen Effluvium (TE), which commonly
presents as chronic TE, often associated with and

difficult to distinguish from AGA [10].

Methodology

The prospective study includes 100 patients,
62 male and 38 female, presenting with
Androgenetic Alopecia (AGA), Male Pattern
Hair Loss (MPHL) and Female Pattern Hair
Loss (FPHL). Patients on medication for thyroid,
polycystic ovarian syndrome, obesity, diabetes,
hypertension or history of COVID, were
excluded. Men with early hair loss, Norwood
Hamilton grade 1 and 2 were excluded, whereas
women with all grades of Ludwig’s hair loss were
included. All the participants were evaluated
for DHT, DHEAS (Dechydroepiandrosterone
Sulfate), SHBG (Sex Hormone Binding
Globulin), free testosterone, trichoscopy with
computerized LeedsM Folliscope recording hair
caliber and hair density with tagging for spot and
global photography, which were repeated after 4
months. Hair fall was compared every month.
The initial cause for hair loss was inquired and
noted. All patients were treated with a low dose
once in three days combination of Antioxidant,
calcium and vitamin D on day 1. Iron, folic acid,
vitamin C, vitamin E on day 2 and amino acids
with B-complex, biotin and omega 3 on day 3.
The cycle repeated every 3 days for 4 months. A
controlled clinical on cyclical nutrition therapy
has been published earlier [11].

m Observations

The age group varied from 23 years to 54 years
in men and 17 years to 42 years in women.
The average duration of hair loss varied from 3
months to 10 months. It was noted that hair
loss in all patients started as TE and gradually
progressed to present as MPHL, FPHL, or AGA.
Watching calories, restricted eating, exercising to
burn out and control weight, meal replacements,
skipping meals, stress, smoking and alcohol, sleep
disturbances, night shifts, staying awake beyond
mid night for work or net surfing, exposure to
pollution, UV rays, oily scalp, dandruff, scalp
hygiene, itching, trichodynia, redness were the initial
causes for hair loss reported by men and women as

described in table 1. Genetic history of hair loss was
positive in 26% women and 38% men.

Grade of hair loss in men was recorded as per
Norwood Hamilton scale. Grade 3 hair loss was
noted in 37% men, grade 4 in 46% men and
grade 5 in 17% on the male patients. Female hair
loss was recorded as per Ludwig’s scale. Grade 1
thinning was seen in 28% women, Grade 2 in
64% women and grade 3 in 8% of the women.

DHT levels in men varied from 32 ng/dl -72
ng/dl, the mean being 52 ng/dl (normal 30 ng/
dl-85 ng/dl). In women the DHT levels varied
from 4 ng/dl-16 ng/dl, the mean being 10 ng/dl
(normal 4 ng/dl-22 ng/dl). The levels of DHEAS
in men were reported between 100 ng/dl-390
ng/dl, the mean being 245 ng/dl (normal 95 ng/
dl-530 ng/dl). In women the levels of DHEAS
were reported between 40 ng/dl-180 mg/dl,
the mean being 100 ng/dl (normal 32 ng/dl-
280 ng/dl). The values of SHBG were tested to
be between 10 nmol/l -36 nmol/l in men, the
mean being 23 nmol/l (normal 10 nmol/l -57
nmol/l). In women the values of SHBG were
tested to be between 20 nmol/l-110 nmol/I the
mean being 65 nmol/l (normal 18 nmol/l-144
nmol/l). Free testosterone in men varied from
300 ng/dl-700 ng/dl, the mean being 500 ng/
dl (normal 300 ng/dl-1000 ng/dl). In women
the free testosterone varied from 15 ng/dl-50 ng/
dl, the mean being 32.5 ng/dl (normal 15 ng/
dl-70 ng/dl). All hormonal parameters DHT,
DHEAS, SHBG and free testosterone were
within normal limits for the men and women in
the study. Trichoscopy revealed peri pilar halo,
scaling, redness, yellow spots only in 7% cases of
men and 16% of women who presented within
3 months-4 months history of hair loss. Focal
atrichia was seen in 23% men and 41% women.
Presence of individual villus hair, villus hair with
a terminal hair in the unit, single hair units, hair
diameter diversity and empty follicles were the
most common trichoscopic findings in all the
men and women. Trichoscopy counts were done
at a fixed point of intersection of the sagittal
plane with the coronal plane at the level of the
tragus. Average hair density in men varied from
136 hair per square centimeter to 194 hair per
square centimeter, while hair caliber was between
42 microns to 88 microns. Average density
in women varied from 148 hair per square
centimeter to 206 hair per square centimeter,
while the hair caliber was between 36 microns to
82 microns. Patients were asked to refrain from
shampoo for four days and hair loss was counted
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Table 1: Non Androgenic causes for initiation of hair loss.

Causes Men Women
Ll\tl’a:‘ttcrl;nfln‘g eci:;l;‘:otries, restricted eating, exercising to burn out and 64% 72%
Skipping meals and meal replacements 44% 44%
Stress 72% 63%
Smoking 52% 11%
Alcohol 68% 19%
Sleep disturbances 32% 48%
|Late night work or net surfing to well beyond mid night 64% 64%
|Night shifts 35% 35%
[Pollution 46% 46%
IOin scalp 54% 62%
|Dandruff 28% 12%
Iltching of the scalp, trichodynia, redness 9% 9%

Figure 1a: Male Pattern Hair Loss Pre without Anti androgens.

Figure 1b: Male Pattern Hair Loss 4 months post without anti androgens.
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by brushing on the fifth day. Hair loss in men
varied between 58 strands —102 strands while
hair loss in women varied from 76 strands—124
strands.

Results

Hair loss was controlled by 40% -50% in the first
month and another 16%-20% by the 2™ and 3
month but some hair loss always remained as a
complaint. There was 21% rise in density and
16% improvement of hair caliber in men at 2
months which progressed to 24% rise in density
and 18% improvement in caliber at 4 months

(Figure la and 1b). Women showed 17%
improvement in density and 22% improvement
in hair caliber at 2 months which progressed to
20% improved density and 25% better caliber at
4 months (Figure 2a and 2b).

Discussion

Hair loss in all men and women was initiated as
simple TE from various non androgenic causes
like calorie restriction, weight control, irregular
meals, stress, smoking, alcohol, sleep, late nights,
night shifts, circadian rhythm, pollution, scalp
hygiene etc. in variable proportion. Women were

Figure 2a: Female Pattern Hair Loss Pre without Anti androgens.

Figure 2b: Female pattern hair loss 4 months post without anti androgens.
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affected at an earlier age than men. Trichoscopic
signs of inflammation were active initially and
later the pathology appears to progress at a
subclinical level appropriately termed as micro
inflammation. A large number of men (62%)
and women (74%) had no genetic history of
hair loss. The levels of DHT, DHEAS, SHBG
and free testosterone were normal in all men and
women.

Whatraised the curiosity was to know how the hair
loss that was initiated as TE by non-androgenic
factors later presented as AGA, MPHL or FPHL
without raised androgens and without family
history or genetic predisposition? When we
focus on blocking conversion of testosterone to
DHT, we neglect the accumulation of ROS from
internal and external factors. These free radicals
with an unstable electron combine with proteins,
lipids, and other substrates leading to metabolic
dysfunction and hair loss through multiple other
mechanisms. In the past, factors like stress,
environment, lifestyle, diet, nutrition, sleep, loss
of circadian rhythm, which were secondary are
now on the rise and have assumed a primary role.
These factors are known to generate ROS which
are secondary mediators for hair phenotypes
created from cellular dysfunction due to
metabolic slow down, inflammation, immunity,
oxidative stress, aging and epigenetics. There is
scientific evidence on the role of various non-
androgenic factors.

m Senescence inflammation immunity
oxidative stress phenotypes and
psychological stress

Inflammation, immunity, oxidative stress
and mediators of psychological stress are
common non androgenic factors that cause
cellular dysfunction and interruption of the
hair growth cycle. Lattanand et.al. (1975) and
Jaworsky et.al (1992), studied histopathology
and inflammatory infiltrates in male pattern
alopecia [12, 13]. Young etal (1991) and
Margo et.al. (2011) have established the role of
cutaneous immunopathology, inflammation and
immunity in androgenetic alopecia [14, 15]. The
oxidative stress hair loss phenotype leading to
senescence of the hair follicles, has been reported
by Trueb (2009) and Upton [16, 17]. Lee et.al
in 2021 have described the cellular senescence
and inflammaging phenotype [18]. The aging
phenotype involving stem cells has been
confirmed by Ji J [19]. Piccini et.al. recorded the
metabolic quiescent phenotype [20]. Whereas
Wang etal. have documented how oxidative

stress, in combination with psychological stress
and substance B, induces autophagy leading to
the arrest of hair growth [21]. The brain hair
follicle axis, the effects of stress on keratinocyte
proliferation, apoptosis and immunomodulatory
effects of substance P have been described
by Arck and Siebenhaar [22, 23]. Vitamin C
attenuates raised cortisol and adrenaline in stress.
DHA is a serotonin secretion activator. Tyrosine
is precursor to nor-adrenaline, tryptophan to
serotonin and phenylalanine to dopamine [24].
B-complex vitamins are essential for all cellular
functions. Vitamin B5 pantothenic acid supports
adrenal function making it an anti-stress vitamin.
Requirements of all nutrients and minerals are
raised in stress. A clinical trial on biomarkers
of stress and benefits with nutrients has been
published earlier [24]. The cellular changes in all
the phenotypes resemble senescence, mediated
through ROS and are amiable to reversal with
nutrients [25]. Multiple pathologies may be
active simultaneously creating various clinical
presentation, distribution and combinations of
hair loss.

= Pollution and UV rays

Rinaldi in 2008 described hair loss and sensitive
scalp syndrome from exposure to environmental
pollution [26]. Kalkan suggested that ROS from
pollution, bind with intracellular proteins to
change the immune signature of these molecules,
making them recognized as antigens and
triggering autoimmune reactions [27]. While
Jun et.al established that Trans follicular and
transdermal penetration of pollutants, caused
increased production of ROS and inflammatory
cytokines, leading to apoptosis of follicular
keratinocytes [28]. Hruza et.al. and Sebeti¢ have
studied the mechanism of UV inflammation,
generation of ROS, Nitric Oxide (NO), and hair
damage [29]. These non-androgenic pathologies
leading to hair loss are mediated through
generation of free radicals or ROS which makes
them accessible to neutralization and repair with
nutrients. A study of hair loss due to pollution
and management with nutrients has been

published earlier [30].

m Sleep seasonal variation and circadian
rhythm

Yi Y et.al and Liamsombut et.al have studied
the correlation between poor sleeping habits
and androgenectic alopecia with reference to
changes in cortisol levels, growth hormone and
inhibition of the Hypothalamus Pituitary Axis
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(HPA) [30, 31]. Vitamin C regulates raised
cortisol [24]. Sejbuk 2022 reported benefits
of macro and micronutrients, vitamin C, zinc,
B-complex, natural precursors of tryptophan,
melatonin and serotonin to improve sleep
quality and help in hair growth [32]. Randal
and Ebling proposed seasonal changes in
the hair growth cycle [33]. Deshayes et.al.
demonstrated that prolonged deregulation
of circadian rhythm alters the regenerative
properties of skin and hair precursor cells [34].

= Smoking alcohol

Su et. al. 2007 reported higher incidence of hair
loss in smokers [35]. While Kavadya et.al. 2022
proposed that smoking could cause androgenetic
alopecia from nicotine induced vasoconstriction,
ROS induced nuclear damage, mitochondrial
DNA damage, oxidative stress, phospholipid cell
membrane damage, apoptosis, and senescence
due to smoking and also rise in testosterone
levels [36]. Gather wright et.al. 2013 found
alcohol consumption to be one of the factors
responsible for balding in twins [37]. While
Galan et.al detected common deficiencies of
beta carotene, vitamin C, vitamin E, zinc and
selenium influenced by alcohol consumption
and smoking which could lead to hair loss [38].

m Lifestyle and epigenetic factors

Lifestyle and epigenetic factors may include
stress, physical activity, sleep, obesity, smoking,
alcohol, tobacco, food habits, night shifts,
exposure to pollution, UV rays etc. [39].
Gatherwright and Koyama in 2013 reported that
biological twins do not bald the same due to the

influence of lifestyle and epigenetic factors [37,
40]. Epigenetic mechanisms create an acquired
phenotype different than the genetic genotype
by influencing gene expression through DNA
methylation and histone modification [41].
DNA methylation is a measure for biological
aging, detected during major surgery, pregnancy,
COVID-19, stress, lifestyle, environmental
exposure etc. and noted to be reversible with
anti-aging nutrients [25]. ROS are involved in
the mechanism of senescence and altered gene
expression which can be prevented and reversed
with antioxidants and micronutrients [42].

m Acquired androgen sensitivity from
continued exposure to non-androgenic
factors

We propose the hypothesis of acquired androgen
sensitivity. Lack of genetic history or normal
androgen levels cannot rule out androgenetic
alopecia [2]. Clinical incidence and progress
of hair loss could never be linked to raised
androgens or DHT [3, 43]. Clinically, every
alopecia begins as simple hair fall or telogen
effluvium, arising from non-androgenic causes
like fever, stress, lifestyle, pollution, epigenetic,
environmental factors, sleep, alcohol, smoking,
diet etc. Continued exposure to these non-
androgenic factors, promotes gradual cellular
dysfunction and accumulation of ROS. The ROS
are known to activate and lower the threshold of
Androgen Receptors (AR) making the receptors
sensitive to normal circulating androgens [44].
ROS also induces the release of inflammatory
cytokines which further activate various AR
sensitive pathways, despite normal androgen

Figure 3: Progressive effect of androgenic factor leading to androgen sensitivity.
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levels creating clinical presentation of AGA [44].
The hair loss phenotypes resemble changes of
senescence and AR activation has been proven to
accelerate premature senescence [45]. Thus, the
follicles have now become sensitive to normal
androgens and DHT from continuous insult and
relentless exposure to non-androgenic factors.
The predisposition to androgen sensitivity, if
not genetic, is now acquired (Figure 3). The
hypothesis explains common clinical presentation
of hair loss with normal DHT and without any
family history. Early intervention is called for to
neutralize the ROS with antioxidants, repair
and restore cellular functions with nutrients,
correct the vulnerability of these cells and
prevent hair loss.

= Nutrients provide protection, repair,
and continuation of cellular function

The clinical improvement hair density and
caliber observed within 2 months-4 months
with the use of nutrients is from conversion
to resting follicles to active growth. Geyfman
in 2015 describe hair follicles to prefer a phase
of metabolic and proliferative quiescence,
to reactivate growth on favorable changes
in the intracellular micro environment and
extracellular macro environment [46]. Non
androgenic factors cause cellular dysfunction
and DNA damage. Pro vitamin A, carotenoids,
carotenes, P-cryptoxanthin and non-vitamin
A, carotenoids, lycopene, lutein, astaxanthin and
zeaxanthin protect against DNA damage [47].
Selenium is involved in cell growth, apoptosis,
and cell signaling and transcription factors [48].
Biotin and biotin metabolites affect transcription
of genes encoding cytokines, oncogenes, glucose
metabolism and cellular homeostasis [49].
Hair follicles grow when the internal cellular
environment has been corrected to achieve redox
balance, energy generation, and repair of cellular
damage and regulation of cellular function to
meet the high metabolic demand [50]. Nutrients
with one carbon metabolism, vitamins, B12,
B6, folate, riboflavin, methionine, choline,
betaine and bioactive compounds like retinoic
acid, resveratrol, curcumin, sulforaphane and
tea polyphenols modulate epigenetic patterns by

regulating universal methyl donor and enzymes
that catalyze DNA methylation and histone
modifications [39,25].

m Benefits from nutritional management
of hair loss

Several clinical trials have reported benefits from
nutritional management of hair loss similar to
our observations in this study. These reports
support our hypothesis of neutralizing ROS,
preventing release of TGFf and restoring the
cellular dysfunction induced from relentless
exposure to non androgenic factors. A controlled,
randomized, double blind, clinical trial with
histological diagnosis of AGA in males by
Lassus in 1992 showed 38% raise in non-villus
hair counts with nutritional supplements for 6
months [51]. Thom in 2001, in randomized,
placebo-controlled, double-blind, clinical trial
reported 32.4% improvement in hair growth
from various etiologies with 6 months of
nutritional supplements [52]. Ablon (2016)
reported improved quality of life and hair
growth in 180 days (6 months) with the use of
nutritional supplements in male pattern hair
loss [53]. Our study concluded at 4 months,
but clinical improvement was recorded as early
as 2 months due to synergistic use of nutrients
and a combination of antioxidants, vitamins,
minerals, amino acids, omega 3 which provided
a more comprehensive support to the repair
and restoration of cellular function. Longer
duration of nutritional supplements would have
continued to deliver further improvement.

Conclusion

Androgenic actions are mediated through ROS.
Multiple lifestyle, environmental and epigenetic
factors promote generation of ROS and create
cellular dysfunction interrupting the hair growth
cycle. The ROS sensitize androgen receptors
and upregulate androgen pathways resulting in
acquired androgen sensitivity. The ROS can be
neutralized and cellular function can be restored
with nutritional supplements to achieve hair
growth without the use of anti-androgens.

112



Rajput.

1. Rainer K, Christiansen, K
Kannmacher J. Relations between
sex hormone level and characters
of hair and skin in healthy young
men. Am. J. Phys. Anthropol. 88,
59-67(1992).

2. Blume-Peytavi U, Blumeyer A, Tosti
A, etal.S1 guideline for diagnostic
evaluation in androgenetic
alopecia in men, women and
adolescents. Br. J. Dermatol. 164.1
(2011): 5-15.

3. Sreekumar GP, Pardinas J, Wong
CQ, et al. Serum androgens and
genetic linkage analysis in early
onset androgenetic alopecia.
J. Investig. Dermatol. 113, 277-
279(1999).

4. Cranwell, William, and Rodney
Sinclair.  Male  androgenetic
alopecia. (2016).

5. Kondrakhina IN, Verbenko DA,
Zatevalov AM, et al. SNP variation
in male pattern hairloss in Russians
with different dihydrotestosterone
levels. Meta Gene. 19, 219-224
(2019).

6. Katzer T, Leite Junior A, Beck R, d,
et al. Physiopathology and current
treatments  of  androgenetic
alopecia: Goingbeyond androgens
and anti-androgens. Dermatol.
ther. 13059, 32(2019).

7. Hamilton, James B. Male hormone
stimulation is prerequisite and an
incitant in common baldness. Am.
J. Anat. 71,451-480 (1942).

8. Inui S, Fukuzato Y, Nakajima T,
et.al. Identification of androgen-
inducible TGF-B1 derived
from dermal papilla cells as a
key mediator in androgenetic
alopecia. Journal of Investigative
Dermatology Symposium
Proceedings. 8(2003).

9. Shin H, Yoo HG, Inui S, et al.
Induction of transforming growth
factor-beta 1 by androgen is
mediated by reactive oxygen
species in hair follicle dermal
papilla cells. BMB reports 46,
460(2013).

10. Triieb, Ralph M. Telogen effluvium:
is there a need for a new

113

11.

12.

13.

14.

15.

16.

17.

18

19.

20.

classification. Skin
Disord. 2, 39-44(2016).

Rajput, Rajendrasingh, Jalamsingh.
Controlled  clinical  trial  for
evaluation of hair growth with low
dose cyclical nutrition therapy in
men and women without the use
of finasteride. Plast Aesthet Res. 4,
161-173(2017).

Lattanand, Anand, Waine C.
Johnson. Male pattern alopecia a
histopathologic and histochemical
study. J. cutan. pathol. 2, 58-
70(1975).

Jaworsky  C, Kligman AM,
Murphy GF. Characterization of
inflammatory infiltrates in male
pattern alopecia. Implications for
pathogenesis. Br J Dermatol. 127,
239-246 (1992).

Magro CM, Rossi A, Poe J, Manhas-
Bhutani S, Sadick N. The role of
inflammation and immunity in
the pathogenesis of androgenetic
alopecia. J. drugs dermatol. 1404-
1411(2010).

Young JW, Conte ET, Leavitt ML, et
al. Cutaneous immunopathology
of androgenetic alopecia. J
Am Osteopath Assoc. 91, 765-
71(1991).

Triieb RM. Oxidative stress in

ageing of hair. Int J Trichology. 1,
6-14(2009).

Upton JH, Hannen RF, Bahta
AW, et al. Philpott MP Oxidative
stress-associated senescence in
dermal papilla cells of men with
androgenetic alopecia. J Invest
Dermatol. 135, 1244-1252 (2015).

Appendage

.LeeYl, ChoiS, Roh WS, et al. Cellular

senescence and inflammaging in
the skin microenvironment. Int. j.
mol. sci. 22, 3849(2021).

JiJ, Ho BS, Qian G, Xie XM, Bigliardi
PL, Bigliardi-Qi M. Aging in hair
follicle stem cells and niche
microenvironment. J Dermatol.
44,1097-1104(2017).

Piccini I, Sousa M, Altendorf S, et
al. Intermediate Hair Follicles from
Patients with Female Pattern Hair
Loss Are Associated with Nutrient
Insufficiency and a Quiescent
Metabolic Phenotype. Nutrients.

International Journal of Clinical Skills (2023) 17(7)

21.

22.

23.

24,

25.

26.

27

28.

29.

30.

31.

14,3357(2022).

Wang, L, Guo, LL, et al. Oxidative
stress and substance P mediate
psychological stress-induced
autophagy and delay of hair
growth in mice. Archives of
dermatological research 307: 171-
181(2015).

Arck PC,HandjiskiB,HagenE,ET AL.
Indications for a brain-hair follicle
axis: inhibition of keratinocyte
proliferation and up-regulation
of keratinocyte apoptosis in
telogen hair follicles by stress and
substance P. The FASEB Journal.
15,2536-2538(2001).

Siebenhaar F, Sharov AA, Peters
EM, et al. Substance P as an
immunomodulatoryneuropeptide
in a mouse model for autoimmune
hair loss (alopecia areata). J Invest
Dermatol.127,1489-97(2007).

Rajput RJ. Evaluation of Stress in
Hair Loss Through Biomarkers
of Allostatic Load. Hair Transpl.
Forum Int. 32, 44-46(2022).

Jesse R. Poganik, Bohan Zhang,
Gurpreet S. Baht, et al. Biological
age is increased by stress and

restored upon recovery. Cell
Metab. (2023).
Rinaldi, Fabio. Pollution, scalp,

and hair transplants. Hair Transpl.
Forum Int.18(2008).

.Kalkan G, Seckin HY, Benli |,

et al. Relationship between
manganese superoxide dismutase
(MnSODAIla-9Val) and glutathione
peroxidase (GPx1 Pro 197 Leu)
gene polymorphisms and alopecia
areata. Int J Clin Exp Med. 8,21533-
21540(2015).

Pentland. Mechanisms of UV-
induced inflammation. J. Investig.
Dermatol. 100, S35-S41 (1993).

Sebeti¢ K, Sjerobabski Masnec |,
Cavka V, et al. UV damage of the
hair. Collegium antropologicum.
32.2 (2008): 163-165.

Rajput R. Understanding Hair
Loss due to Air Pollution and the
Approach to Management. Hair
Ther Transpl. 5, 133(2015).

YiY, Qiu J, Jia J, Djakaya GDN, et al.


https://onlinelibrary.wiley.com/doi/abs/10.1002/ajpa.1330880106
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajpa.1330880106
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajpa.1330880106
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajpa.1330880106
https://academic.oup.com/crawlprevention/governor?content=%2fbjd%2farticle-abstract%2f164%2f1%2f5%2f6642944
https://academic.oup.com/crawlprevention/governor?content=%2fbjd%2farticle-abstract%2f164%2f1%2f5%2f6642944
https://academic.oup.com/crawlprevention/governor?content=%2fbjd%2farticle-abstract%2f164%2f1%2f5%2f6642944
https://academic.oup.com/crawlprevention/governor?content=%2fbjd%2farticle-abstract%2f164%2f1%2f5%2f6642944
https://europepmc.org/article/med/10469317
https://europepmc.org/article/med/10469317
https://europepmc.org/article/med/10469317
https://www.ncbi.nlm.nih.gov/books/NBK278957/
https://www.ncbi.nlm.nih.gov/books/NBK278957/
https://www.sciencedirect.com/science/article/pii/S2214540018302263
https://www.sciencedirect.com/science/article/pii/S2214540018302263
https://www.sciencedirect.com/science/article/pii/S2214540018302263
https://www.sciencedirect.com/science/article/pii/S2214540018302263
https://onlinelibrary.wiley.com/doi/abs/10.1111/dth.13059%5d
https://onlinelibrary.wiley.com/doi/abs/10.1111/dth.13059%5d
https://onlinelibrary.wiley.com/doi/abs/10.1111/dth.13059%5d
https://onlinelibrary.wiley.com/doi/abs/10.1111/dth.13059%5d
https://anatomypubs.onlinelibrary.wiley.com/doi/abs/10.1002/aja.1000710306
https://anatomypubs.onlinelibrary.wiley.com/doi/abs/10.1002/aja.1000710306
https://anatomypubs.onlinelibrary.wiley.com/doi/abs/10.1002/aja.1000710306
https://www.sciencedirect.com/science/article/pii/S0022202X15529424
https://www.sciencedirect.com/science/article/pii/S0022202X15529424
https://www.sciencedirect.com/science/article/pii/S0022202X15529424
https://www.sciencedirect.com/science/article/pii/S0022202X15529424
https://www.sciencedirect.com/science/article/pii/S0022202X15529424
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4133876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4133876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4133876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4133876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4133876/
https://karger.com/sad/article/2/1-2/39/291397/Telogen-Effluvium-Is-There-a-Need-for-a-New
https://karger.com/sad/article/2/1-2/39/291397/Telogen-Effluvium-Is-There-a-Need-for-a-New
https://karger.com/sad/article/2/1-2/39/291397/Telogen-Effluvium-Is-There-a-Need-for-a-New
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0560.1975.tb00209.x
https://europepmc.org/article/med/22134564
https://europepmc.org/article/med/22134564
https://europepmc.org/article/med/22134564
https://europepmc.org/article/med/22134564
https://www.degruyter.com/document/doi/10.1515/jom-1991-900813/html
https://www.degruyter.com/document/doi/10.1515/jom-1991-900813/html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929555/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2929555/
https://www.sciencedirect.com/science/article/pii/S0022202X15372316
https://www.sciencedirect.com/science/article/pii/S0022202X15372316
https://www.sciencedirect.com/science/article/pii/S0022202X15372316
https://www.sciencedirect.com/science/article/pii/S0022202X15372316
https://www.mdpi.com/1422-0067/22/8/3849
https://www.mdpi.com/1422-0067/22/8/3849
https://www.mdpi.com/1422-0067/22/8/3849
https://onlinelibrary.wiley.com/doi/abs/10.1111/1346-8138.13897
https://onlinelibrary.wiley.com/doi/abs/10.1111/1346-8138.13897
https://onlinelibrary.wiley.com/doi/abs/10.1111/1346-8138.13897
https://www.mdpi.com/2072-6643/14/16/3357
https://www.mdpi.com/2072-6643/14/16/3357
https://www.mdpi.com/2072-6643/14/16/3357
https://www.mdpi.com/2072-6643/14/16/3357
https://www.mdpi.com/2072-6643/14/16/3357
https://link.springer.com/article/10.1007/s00403-014-1521-3
https://link.springer.com/article/10.1007/s00403-014-1521-3
https://link.springer.com/article/10.1007/s00403-014-1521-3
https://link.springer.com/article/10.1007/s00403-014-1521-3
https://link.springer.com/article/10.1007/s00403-014-1521-3
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.00-0699fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.00-0699fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.00-0699fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.00-0699fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.00-0699fje
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fj.00-0699fje
https://www.sciencedirect.com/science/article/pii/S0022202X15334199
https://www.sciencedirect.com/science/article/pii/S0022202X15334199
https://www.sciencedirect.com/science/article/pii/S0022202X15334199
https://www.sciencedirect.com/science/article/pii/S0022202X15334199
https://www.ishrs-htforum.org/content/32/2/44
https://www.ishrs-htforum.org/content/32/2/44
https://www.ishrs-htforum.org/content/32/2/44
https://www.ishrs-htforum.org/content/32/2/44
https://www.ishrs-htforum.org/content/32/2/44
https://www.ishrs-htforum.org/content/32/2/44
https://www.ishrs-htforum.org/content/htfi/18/6/227.full.pdf
https://www.ishrs-htforum.org/content/htfi/18/6/227.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723947/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4723947/
https://www.sciencedirect.com/science/article/pii/S0022202X15509597
https://www.sciencedirect.com/science/article/pii/S0022202X15509597
https://hrcak.srce.hr/file/54884
https://hrcak.srce.hr/file/54884
https://www.greenmebrasil.com/wp-content/uploads/2019/10/understanding-hair-loss-due-to-air-pollution-and-the-approach-to-management-2167-0951-1000133.pdfhttps:/scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.%09Rajput+R.++Understanding+Hair+Loss+due+to+Air+Pollution+and+the+Approach+to+Management.+Hair+Ther+Transplant.+5%2C+133%282015%29.&btnG=
https://www.greenmebrasil.com/wp-content/uploads/2019/10/understanding-hair-loss-due-to-air-pollution-and-the-approach-to-management-2167-0951-1000133.pdfhttps:/scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.%09Rajput+R.++Understanding+Hair+Loss+due+to+Air+Pollution+and+the+Approach+to+Management.+Hair+Ther+Transplant.+5%2C+133%282015%29.&btnG=
https://www.greenmebrasil.com/wp-content/uploads/2019/10/understanding-hair-loss-due-to-air-pollution-and-the-approach-to-management-2167-0951-1000133.pdfhttps:/scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=30.%09Rajput+R.++Understanding+Hair+Loss+due+to+Air+Pollution+and+the+Approach+to+Management.+Hair+Ther+Transplant.+5%2C+133%282015%29.&btnG=

Clinical Report of Acquired Androgen Sensitivity from Non Androgenic Factors

Severity of androgenetic alopecia
associated with poor sleeping habits
and carnivorous eating and junk
food consumption-A web-based
investigation of male pattern hair
loss in China. Dermatol. ther. 33,
e13273 (2020).

32.Sejbuk M, Mironczuk-Chodakows-
ka I, Witkowska AM. Sleep Quality:
A Narrative Review on Nutrition,
Stimulants, and Physical Activity
as Important Factors. Nutrients.14,
1912(2022).

33.Liamsombut, Somprasong. Sleep
quality in men with androgenetic
alopecia. Sleep Breath. 27.1 (2023):
371-378.

34. Hibberts, N. A., A. F. Howell, V. A.
Randall. Balding hair follicle dermal
papilla cells contain higher levels of
androgen receptors than those from
non-balding scalp. J. Endocrinol.
156, 59-65(1998).

35.Deshayes N, Genty G, Berthelot
F, Paris M. Human long-term
deregulated circadian rhythm alters
regenerative properties of skin and
hair precursor cells. Eur. J. Dermatol.
28,467-475(2018).

36.Su LH, Chen TH. Association
of androgenetic alopecia with
smoking and its prevalence among
Asian men: a community-based
survey. Arch. Dermatol.143, 1401-
1406 (2007).

37.Kavadya, Yatra, and Venkataram
Mysore. Role of smoking in
androgenetic alopecia: A systematic
review. Int. J. Trichology. 14,
41(2022).

38. Gatherwright J, Liu MT, Amirlak B, et
al. The contribution of endogenous

and exogenous factors to male
alopecia: a study of identical twins.
Plast. reconstr. surg. 131, 794e-801e
(2013).

39.Galan P, Viteri FE, Bertrais S, et
al.  Serum concentrations of
[-carotene, vitamins C and E, zinc
and selenium are influenced by sex,
age, diet, smoking status, alcohol
consumption and corpulence in a
general French adult population.
Eur.j. clin. nutr. 59, 1181-1190(2005).

40. Park LK, Friso S, Choi SW. Nutritional
influences on epigenetics and age-
related disease. Proc Nutr Soc. 71,
75-83(2012).

41.Koyama T, Kobayashi K, Wakisaka N,
et al. Eleven pairs of Japanese male
twins suggest the role of epigenetic
differences in androgenetic
alopecia. Eur. J. Dermatol. 23, 113-
115(2013).

42.Droge, Wulf. Free radicals in the
physiological control of cell function.
Physiological reviews (2002).

43.Vierhapper H, Nowotny P, Maier
H, et al. Production rates of
dihydrotestosterone in healthy men
and women and in men with male
pattern baldness: determination by
stable isotope/dilution and mass
spectrometry. J. Clin. Endocrinol.
Metab. 86, 5762-5764(2001).

44. Mondal D, Narwani D, Notta S, et al.
Oxidative stress and redox signaling
in CRPC progression: therapeutic
potential of clinically-tested Nrf2-
activators. Cancer Drug Resist. 4, 96
124 (2021).

45.Yang YC, Fu HC, Wu CY, et al.
Androgen receptor accelerates
premature senescence of human

dermal papilla cells in association
with DNA damage. PLoS One 8.11,
€79434 (2013).

46. Geyfman M, Plikus MV, Treffeisen E,
et al.. Resting no more: re-defining
telogen, the maintenance stage of
the hair growth cycle. Biol. Rev. 90,
1179-1196 (2015).

47.Azqueta A, Collins AR. Carotenoids
and DNA damage. Mutat. Res./
Fundam. Mol. Mech. Mutagen. 73,
4-13(2012).

48. Beckett GJ, Arthur JR. Selenium and
endocrine systems. J Endocrinol.184,
455-65(2005).

49.Rodriguez-Melendez R, Zempleni
J. Regulation of gene expression
by biotin. The Journal of nutritional
biochemistry. 14, 680-690 (2003).

50.Ruiz-Tagle SA, Figueira MM, Vial V,
et al. Micronutrients in hair loss. Our
Dermatol. 9, 32018).

51.Lassus, A. and E. Eskelinen. A
comparative study of a new
food supplement, Viviscal, with

fish extract for the treatment of
hereditary androgenic alopecia in
young males. J. Int. Med. Res. 20,
445-453(1992).

52.Thom, E. Efficacy and tolerability of
Hairgain® in individuals with hair
loss: a placebo-controlled, double-
blind study. Journal of international
medical research. 29, 2-6 (2001)).

53.Ablon G. A 6-month, randomized,
double-blind, placebo-controlled
study evaluating the ability of a
marine complex supplement to
promote hair growth in men with
thinning hair. J Cosmet Dermatol.15,
358-366 (2016).

114


https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://pubmed.ncbi.nlm.nih.gov/32061036/
https://link.springer.com/article/10.1007/s11325-022-02618-x
https://link.springer.com/article/10.1007/s11325-022-02618-x
https://link.springer.com/article/10.1007/s11325-022-02618-x
https://vipadenievolos.ru/files/2017-10/112/Androgen_receptors.pdf
https://vipadenievolos.ru/files/2017-10/112/Androgen_receptors.pdf
https://vipadenievolos.ru/files/2017-10/112/Androgen_receptors.pdf
https://vipadenievolos.ru/files/2017-10/112/Androgen_receptors.pdf
https://link.springer.com/article/10.1684/ejd.2018.3358
https://link.springer.com/article/10.1684/ejd.2018.3358
https://link.springer.com/article/10.1684/ejd.2018.3358
https://link.springer.com/article/10.1684/ejd.2018.3358
https://jamanetwork.com/journals/jamadermatology/article-abstract/654456
https://jamanetwork.com/journals/jamadermatology/article-abstract/654456
https://jamanetwork.com/journals/jamadermatology/article-abstract/654456
https://jamanetwork.com/journals/jamadermatology/article-abstract/654456
https://jamanetwork.com/journals/jamadermatology/article-abstract/654456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9069908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9069908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9069908/
https://journals.lww.com/plasreconsurg/Abstract/2013/05000/The_Contribution_of_Endogenous_and_Exogenous.41.aspx
https://journals.lww.com/plasreconsurg/Abstract/2013/05000/The_Contribution_of_Endogenous_and_Exogenous.41.aspx
https://journals.lww.com/plasreconsurg/Abstract/2013/05000/The_Contribution_of_Endogenous_and_Exogenous.41.aspx
https://www.nature.com/articles/1602230
https://www.nature.com/articles/1602230
https://www.nature.com/articles/1602230
https://www.nature.com/articles/1602230
https://www.nature.com/articles/1602230
https://www.nature.com/articles/1602230
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/nutritional-influences-on-epigenetics-and-agerelated-disease/06227E56FA40A7D0D7FECA8757C4BBE8
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/nutritional-influences-on-epigenetics-and-agerelated-disease/06227E56FA40A7D0D7FECA8757C4BBE8
https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/nutritional-influences-on-epigenetics-and-agerelated-disease/06227E56FA40A7D0D7FECA8757C4BBE8
https://journals.physiology.org/doi/full/10.1152/physrev.00018.2001?q=*+in+the+free
https://journals.physiology.org/doi/full/10.1152/physrev.00018.2001?q=*+in+the+free
https://academic.oup.com/crawlprevention/governor?content=%2fjcem%2farticle-abstract%2f86%2f12%2f5762%2f2849261
https://academic.oup.com/crawlprevention/governor?content=%2fjcem%2farticle-abstract%2f86%2f12%2f5762%2f2849261
https://academic.oup.com/crawlprevention/governor?content=%2fjcem%2farticle-abstract%2f86%2f12%2f5762%2f2849261
https://academic.oup.com/crawlprevention/governor?content=%2fjcem%2farticle-abstract%2f86%2f12%2f5762%2f2849261
https://academic.oup.com/crawlprevention/governor?content=%2fjcem%2farticle-abstract%2f86%2f12%2f5762%2f2849261
https://academic.oup.com/crawlprevention/governor?content=%2fjcem%2farticle-abstract%2f86%2f12%2f5762%2f2849261
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019181/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9019181/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0079434
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0079434
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0079434
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0079434
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geyfman M%5BAuthor%5D&cauthor=true&cauthor_uid=25410793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plikus MV%5BAuthor%5D&cauthor=true&cauthor_uid=25410793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Treffeisen E%5BAuthor%5D&cauthor=true&cauthor_uid=25410793
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12151
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12151
https://onlinelibrary.wiley.com/doi/abs/10.1111/brv.12151
https://www.sciencedirect.com/science/article/abs/pii/S0027510712000723
https://www.sciencedirect.com/science/article/abs/pii/S0027510712000723
https://pubmed.ncbi.nlm.nih.gov/15749805/
https://pubmed.ncbi.nlm.nih.gov/15749805/
https://www.sciencedirect.com/science/article/pii/S095528630300130X
https://www.sciencedirect.com/science/article/pii/S095528630300130X
https://www.sciencedirect.com/science/article/pii/S095528630300130X
http://www.odermatol.com/odermatology/20183/25.Micronutrients-Ruiz-TagleSA.pdf
https://journals.sagepub.com/doi/abs/10.1177/030006059202000601
https://journals.sagepub.com/doi/abs/10.1177/030006059202000601
https://journals.sagepub.com/doi/abs/10.1177/030006059202000601
https://journals.sagepub.com/doi/abs/10.1177/030006059202000601
https://journals.sagepub.com/doi/abs/10.1177/030006059202000601
https://journals.sagepub.com/doi/abs/10.1177/030006059202000601
https://journals.sagepub.com/doi/abs/10.1177/147323000102900101
https://journals.sagepub.com/doi/abs/10.1177/147323000102900101
https://journals.sagepub.com/doi/abs/10.1177/147323000102900101
https://journals.sagepub.com/doi/abs/10.1177/147323000102900101
https://pubmed.ncbi.nlm.nih.gov/27506633/
https://pubmed.ncbi.nlm.nih.gov/27506633/
https://pubmed.ncbi.nlm.nih.gov/27506633/
https://pubmed.ncbi.nlm.nih.gov/27506633/
https://pubmed.ncbi.nlm.nih.gov/27506633/
https://pubmed.ncbi.nlm.nih.gov/27506633/



