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Parietal and occipital hair loss patterns in initial stages
of androgenetic alopecia in men
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Background. The initial stages of androgenetic alopecia in men are characterized by a variety of clinical
manifestations in the parietal or occipital scalp regions. However, the differences in the pathogenesis of
hair loss patterns are not well understood; no selective treatment has been developed.

Objectives. To assess the trichological characteristics of patients with initial stages of androgenetic
alopecia, identify the genetic and non-genetic factors being responsible for hair loss in different scalp
regions, and assess patients’ response to conservative therapy.

Materials and Methods. Trichograms were photodocumented using an AramoSG microcamera (Republic
of Korea). The genetic factor was analyzed by minisequencing of single nucleotide polymorphisms
rs929626, rs5919324, rs1998076, rs12565727, and rs756853. The study of non-genetic factors involved
assessment of the hormonal status (total and free testosterone, dihydrotestosterone, 170OH-progesterone,
dehydroepiandrostenone, and SHBG) and blood contents of trace elements (Mg, Ca, Zn, Cu, Se, Fe) and
vitamins (B12, D, E, folic acid). Conservative treatment consisted of topical application of 5% minoxidil
(twice daily, 4 months) and personalized correction of micronutrient deficiencies.

Results. The study involved 47 males with initial stages of androgenetic alopecia. Their trichological
examination showed two patterns consisting in a predominant decrease in hair density and diameter in the
parietal and occipital scalp regions, which were the criteria for patient allocation into subgroups. Intergroup
comparison revealed similar genetic risk, while hormonal parameters (increased dihydrotestosterone
levels and decreased free testosterone) characterized the subgroup with the parietal hair loss pattern.
Multiple deficiency of Zn, Cu, Se and vitamins B12, D, and folic acid was also detected in all the patients.
Subsequent conservative treatment had a positive effect in patients with the parietal hair loss pattern, while
no significant response was observed in patients with the occipital pattern.

Conclusions. The study develops ideas about differences between the androgen-dependent parietal and
androgen-independent occipital hair loss patterns in the initial stages of androgenetic alopecia, requiring
different approaches to their conservative therapy.
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apHeTaAbelfI U OKITUIINTAABHBI HATTEPHBI YTPATHI BOAOC
IIPU PAHHUX CTAAUAX AHAPOTEHHOM AAOIEINH Y MYKINH

© Konpapaxua W.H.™, Bepberko [.A.", 3atesanos A.M.2, depsoun 1.

' TocynapCTBEHHbIA HAy4HbIN LIEHTP AEPMATOBEHEPONOrM 1 KocMeTonorin, Mocksa, Poccus
2 MOCKOBCKIIA HAY4YHO-VICCNIE0BATENbCKIUI MHCTUTYT anuaemmnonorun i Mukpobuonorum um. T H. Tabpuyesckoro, Mocksa, Poceus

0O60cHoBaHue. PaHHVe cTagmnm aHOPOreHHOM anoneumm xapakTepuayloTcs pa3Hoo6pa3nemM BapnaHToB TeYEHWS,
HepaBHOMEPHO 3aTparvBaroLLmMX NapueTanbHy0 UK OKLMNUTaNbHY 0611acTy Koxu ronoebl. OgHako pasnuyus B na-
TOreHe3e AaHHbIX COCTOAHUIN N3y4eHbl HELOCTATOYHO, a NPOTOKOMbI UX Tepanun He 060CHOBAHbI.

Llenb nuccnepoBaHunsa. AHann3 TpUXonorMyecknx XxapakTepmMCcTuK NauMeHTOB C paHHUMK CTaansaMU aHaPOreHHON
anoneuun ¢ ngeHTUdMKaLumen reHeTUYeCKNX N HereHeTUYeCcKuX hakTopos, onpeaensaoLmnx yTpaTy Bonoc B napue-
TanbHOM M OKUMNUTANBbHOM 30HaX CKanbmna, a TakXe BbIPaXXEHHOCTb OTKIINKA HA KOHCEPBATUBHYIO Tepanuio aHHOro
3aboneBaHus.

MeTopabl. XapakTepuUCTUKM TpUXOrpamm npoaHannanpoBaHbl ¢ UCMoNb3oBaHMEM MUKpokamepbl Aramo SG (Pecny6-
nvka Kopest). Ponb reHeTnyeckoro akropa oueHeHa Ha OCHOBE OHOHYKNEOTUAHbIX NONMMOP(M3MOB rs929626,
rs5919324, rs1998076, rs12565727, rs756853. ViccnenoBaHne HereHeTMYeCcKmx (bakTopoB BKJOHAIO nokasaTtenm
ropMoHarnbHoro choHa (6L 1 CBOBOAHbIM TECTOCTEPOH, AnrnapoTectocTepoH, 170H-nporectepoH, oernapoanu-
aHgpocTteHoH, 'CIIN), a Takxe cofepxaHue B Nna3me Kpou Mukpoanementos (Mg, Ca, Zn, Cu, Se, Fe) n BuTammHoB
(B12, D, E, chonuesoin kncnotbl). icnonb3oBaHHbIN BApraHT KOHCEPBATMBHOM Tepanuu npegycMmaTpmsan MecTHoe
npumMeHeHne 5% pactesopa MUHOKCMAuNa (2 pasa B AeHb B TeYeHue 4 MecsLeB), JONOMHAEMOe NepcoHann3npoBaH-
HOW KOPPEKLMEN BbIABMEHHBIX MUKPOHYTPUEHTHbIX edULNTOB.

Pe3ynbTtatbl. B uccnegosaHune BkntoYeHbl 47 NaUMEHTOB C paHHUMUK CTagusaMu aHaporeHHon anoneuun. Nx Tpmxo-
nornyeckoe ob6crnefoBaHne Nokasano Asa BapuaHTa Te4eHns JaHHOro 3a6ofeBaHns, 3aknio4aroLLmecs B HepaBHoO-
MEPHOM YMEHbLLEHUN NIOTHOCTU 1 AMamMeTpa BOSOC B NapueTanbHOW U OKUMAUTASIbHOM 30HaX CKanbna, 4To ABUIOCh
060CHOBaHWEM A1 (DOPMMPOBAHNA COOTBETCTBYHOLLMX Noarpynn. CpaBHUTENbHBIA aHanna B noarpynnax nokasar
CXO[HbIN YPOBEHb FEHETMYECKOrO pUCKa, B TO BPEMSA Kak napameTpbl FOPMOHANbLHOIO (hoHa (NMOBbILLEHHbINA YPOBEHb
OVrnapoTecTocTePOHA NP CHMXXEHUN CBOBOOHOIO TECTOCTEPOHA) CTATUCTUYECKM 3HAYNMO BbIAENANN NaLUeHToB

C napuveTanbHbIM NaTTEPHOM yTpaTbl Bonoc. Ha aToM hoHe MHOXeCTBEHHbIE AedmunTbl Zn, Cu, Se n BUTaMUHOB
B12, D, ponmeBoin KUCNOTbI ObINN XapakTepHbl 418 BCEX MaUVEHTOB C paHHUMKU CTagusaMn aHaPOreHHon anoneuuu.
MocnepytoLan KoHcepBaTBHaA Tepanusa No3BoNmnna QOCTUYb BbIPAXKEHHOMO KIIMHWMYECKOro adidhekTa y naumeHToB

C napveTanbHbIM NaTTEPHOM yTpaTbl BOMOC, B TO BPEMS Kak NauneHTbl C OKUMNUTasIbHbIM NATTEPHOM HE AEMOHCTPU-
poBanu 3Ha4MMOro ynyyLleHus napaMmeTpoB TPUXOrpamMm.

3akntoyeHue. Pe3ynbrathbl NPOBEAEHHOIO MCCNeaoBaHNa (DOPMUPYIOT NPeACcTaBleHNs 06 aHApPOreH-3aBUCMMOM Na-
pueTanbHOM 1M aHAPOreH-He3aBNUCUMOM OKLMNUTaNbHOM NaTTepHax yTpaTbl BOMOC NPU PAHHUX CTaausaxX aHaporeHHoM
anoneuun, TpebyoLmUX pasHbIX TepaneBTUYECKMX NOOAXOA0B.

Knto4eBble cnosa: aHAporeHHas anoneuus; NnaTTepHbl yTpaTbl BONIOC; NaToreHe3; KOHcepBaTUBHasA Tepanusa
KOHd)J‘IVIKT MHTEPEeCOB: aBTOPbI JAHHOW CTaTby NOATBEPAUIIN OTCYTCTBME KOHMIIMKTA HTEPECOB, O KOTOPOM
HEeob6XxoaMMO COOBLLMUTD.

MNcToYHUK CbI/IHaHCI/IpOBaHWiI: PYyKONUCb MOAroTOBNEHA U ONy6fMKOBaHa 3a CHET (PMHAHCMPOBAHMA MO MECTY
paboTbl aBTOPOB.

Bblpa)KeHl/Ie NPU3HaTENbHOCTW: aBTOPbI BbIpaXatoT UCKPEHHIO 61aroqapHoCTb nauneHTamM 1 30opoBbiM
006pOoBOsbLAM, MPUHABLLMM yYacTue B NMPOBEAEHWUM UCCNeN0BaHUS.

Ona yntuposaHus: KongpaxuHa U.H., Bep6erko . A., 3ateBanos A. M., Jepsi6ux O.T. MapuetansHbiit

M OKLMNUTaSIbHbIA NaTTepHbI yTpaThl BOIOC NPY PaHHUX CTaausaX aHAPOreHHON anoneuum y Myxu4mH. BecTHuK

AepmaTtonorum n seHeponorun. 2023;99(3):33—43. doi: https://doi.org/10.25208/vdv1409
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Il Background

Androgenetic alopecia (ICD-10 code L64) is the
most common type of pathological hair loss [1], whereas
alopecia areata, cicatricial alopecia, and other types of
alopecia are much rarer in modern clinical practice. This
disease is characterized by well-discernible stages of
progressive hair loss, which is represented in most of the
proposed classification systems, the Hamilton—Norwood
scale being the most popular one [2]. Early stages (I-1V) of
androgenetic alopecia are characterized by a broad variety
of hair loss patterns in different scalp regions, which should
be regarded as specific types of the disease preferentially
affecting the parietal or occipital regions [3]. The current
position on importance of biophysical and physiological
parameters in these scalp regions, which are considered
to be androgen-dependent and androgen-independent,
are another argument in favor of analyzing these patterns
individually [4].

The contemporary views on the mechanisms of the
onset and development of androgenetic alopecia indicate
that this disease has a multifactorial pathogenesis, which
is determined by combined action of a number of genetic
and non-genetic factors [5]. Thus, the modern DNA analysis
techniqgues have made it possible to identify genetic
polymorphisms associated with the risk of developing
androgenetic alopecia [6] and predominantly related to loci
encoding cellular development and cytodifferentiation. In
turn, elevated levels of male sex hormones (androgens),
and dihydrotestosterone (whose effect consists in reduction
of the phase of active hair growth (anagen), lengthening
of the regression phase (telogen), miniaturization and
fewer total number of hair follicles) in particular, have
conventionally been regarded as the key non-genetic factor
responsible for the development of androgenetic alopecia
[7]. Individual vitamins and micronutrients whose deficiency
presumably has a negative effect on the trophism of skin
appendages have been identified as other non-genetic
factors [8]. Integral consideration of these factors within
a unified multi-parametric model has made it possible to
elaborate a theoretically substantiated system for predicting
the onset and development of androgenetic alopecia in
men [9], whereas their role in identification of different hair
loss patterns at early disease stages has remained beyond
the scope of the conducted analysis.

Due to the progress in understanding the pathogenesis
of androgenetic alopecia, there has been interest in
developing conservative therapy modalities for this disease,
which aim to restore the structure and function of hair follicles.
A very extensive range of tools has currently been proposed
for this purpose [10], including finasteride (an inhibitor of
5a-reductase catalyzing testosterone to dihydrotestosterone
conversion), minoxidil (a vasodilator acting as an agonist
of nitric oxide receptors and an adenosin-5'-triphosphate-
sensitive potassium channel opener), as well as various
nutraceuticals and folk remedies [11]. Meanwhile, the gold
standard of therapy for early-stage androgenetic alopecia
still needs to be elaborated; there are no Russian clinical
guidelines for this problem, while the existing international
guidelines do not involve information on restoration of hair
growth in individual scalp regions.

Objective: To assess the pattern of hair loss in the
parietal and occipital scalp regions in patients with early-
stage androgenetic alopecia, analyze the key pathogenetic
factors responsible for the preferential hair loss in the
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investigated scalp regions, and assessing the effectiveness
of conservative treatment of this disease.

Methods

Study design

The study was conducted in compliance with the
principles of evidence-based medicine. Case—control study
was performed for the part where genetic and non-genetic
factors responsible for different hair loss patterns were
identified, while prospective cohort study design was used
to analyze effectiveness of conservative therapy of early-
stage androgenetic alopecia.

Eligibility criteria

Examination of patients in the study and control groups,
as well as treatment in study subgroups, were conducted in
compliance with the standards of primary medical care for
patients with androgenetic alopecia (approved by the Order
of the Ministry of Health of the Russian Federation dated
March 25, 2013; registration number 27867).

The inclusion criteria for the study group were
as follows: males with verified clinical diagnosis of
androgenetic alopecia (ICD-10 code L64), hair loss
corresponding to stages |-IV according to the Hamilton—
Norwood scale. Other types of alopecia, as well as cases
when hair loss was a complication of another disease,
were the non-inclusion criteria. The criteria for including
patients in the control group were normal parameters of
scalp trichogram and no signs of alopecia in subject’s
parents or close relatives.

Study conduct

Clinical examination and analysis of the parameters
of trichograms and phototrichograms were conducted
at the Consultative and Diagnostic Department of the
State Research Center for Dermatovenereology and
Cosmetology of the Ministry of Health of the Russian
Federation. The genetic markers of the risk of developing
androgenetic alopecia were studied at the Department of
Laboratory Diagnosis of Sexually Transmitted Infections and
Dermatosis; the non-genetic markers were analyzed at the
laboratory center of the same medical institution.

Study duration

Allocation of patients into the study and control groups
was performed during the period between January 2017
and December 2018. Conservative treatment of patients in
subgroups and instrumented assessment of its effectiveness
was carried out during the period between July 2017 and
June 2019.

Description of medical intervention

Quantitative characteristics of hair (separately in the
parietal and occipital scalp regions) were assessed by
analyzing trichograms and phototrichograms recorded using
an Aramo SG (Aram HUVIS Co. Ltd., Republic of Korea)
and processing the resulting images using the professional
hair and scalp diagnostic software Trichoscience PRO v.1.4.
The following parameters were assessed: hair density (HD)
characterized by number of hairs per cm?; hair diameter (D)
expressed in ym; and the proportion of anagen and telogen
hair expressed as a percentage with respect to the total
number of pigmented hair shafts. Details of the method were
described earlier [9].
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During the same period, venous blood samples (5-
10 mL) were collected from each study subject into Vacuette
K3 tubes containing EDTA (Greiner Bio-One, Austria)
and subsequently separated into the cellular and plasma
fractions by centrifugation in an Allegra X-14 centrifuge
(Beckman Coulter, USA) at 3000 g during 10 min.

The cellular fraction was used to isolate total DNA,
which was analyzed by minisequencing to identify A/G
single-nucleotide polymorphisms (SNPs) at rs5919324,
rs1998076, rs929626, rs12565727, and rs756853 loci
according to the procedure described previously [9].

Blood plasma was separated into aliquots; some of them
were used to analyze the hormonal status (total and free
testosterone, dihydrotestosterone, 17-OH-progesterone,
dehydroepiandrostenone, and SHBG levels) by enzyme-
linked immunosorbent assay (ELISA) using test kits (DRG
Instruments GMbH, Germany) on a Multiscan Ascent
microplate photometer (Thermo Scientific, USA).

The remaining aliquots were provided for measuring
concentrations of trace elements and vitamins. The
contents of Mg, Ca, Zn, Cu, Se, and Fe were analyzed
by direct colorimetry on a KONELAB 20XTi biochemistry
analyzer (Thermo Scientific, USA) or by atomic absorption
spectrometry on the AA-7000 platform (Shimadzu, Japan).
Concentrations of vitamins B12, D, E and folic acid were
determined by ELISA, luminescence immunoassay, and
high-performance liquid chromatography coupled with mass
spectrometry on the EVOQ TQ MS platform (Bruker Daltonik
GmbH, Germany).

Once examination had been completed, all the study
group patients received basic conservative treatment with
5% minoxidil solution (applied topically, twice daily) during
four months; personalized correction of the revealed
micronutrient and vitamin deficiencies was also performed
within the first two months. This correction included
administration of one or more available dosage forms of
magnesium orotate dihydrate (500 mg twice daily), zinc
sulfate (124 mg twice daily), copper chelate (400 mg once
daily), selenium (50 pg twice daily), iron (lll)-hydroxide
polymaltose complex (357 mg once daily), vitamin B12
(1 mg IM every other day N = 10), vitamin D3 (5000 IU once
daily), vitamin E (400 mg once daily), and folic acid (5 mg
once daily).

Study outcomes

Primary outcome: The effectiveness of conservative
therapy of early-stage androgenetic alopecia was assessed
according to the direct objective criterion: changes in
quantitative characteristics of hair with calculated difference
(A) of each analyzed parameter in each individual patient
before and after completion of therapy course.

Subgroup analysis

Subgroups of patients with preferential hair loss in the
parietal and occipital scalp regions were formed from the
overall study group of patients with early-stage androgenetic
alopecia based on comprehensive consideration of
trichogram and phototrichogram data documented during
initial examination. Association of each patient with a certain
hair loss pattern was determined using the highest value of
the respective score calculated by factor analysis (see below).
During further subgroup analysis, patients were compared to
the control group according to the genetic risk of developing
androgenetic alopecia, hormonal characteristics, as well
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as the micronutrient and vitamin status. Subgroup analysis
was also conducted when assessing the effectiveness of
conservative treatment.

Ethical expertise

The study conduct was approved by the Local
Ethics Committee of the State Research Center for
Dermatovenereology and Cosmetology, Ministry of Health
of the Russian Federation (Protocol No. 7 dated October 31,
2017) and was found to comply with the standards of Good
Clinical Practice and evidence-based medicine.

Statistical analysis

Principles of sample size calculation:

Sample size calculation was not preliminarily calculated.

Statistical analysis methods:

The data were analyzed using the STATISTICA 13.0
software package (StatSoft Inc., USA). The threshold values
p < 0.05, p < 0.01, and p < 0.001 were statistical criteria
used to prove differences between groups and subgroups.
Algorithms of multiple correlation and factor analysis were
employed for analyzing trichogram parameters significant
for identifying the parietal and occipital hair loss patterns.

Results

Study participants (subjects)

A total of 47 patients with early manifestations of
androgenetic alopecia (ICD-10 code L64) corresponding
to stages |-IV of the disease according to the Hamilton—
Norwood scale were included in the study. Their baseline
trichological examination provided a thorough quantitative
description of hair in the parietal and occipital scalp regions;
further statistical analysis of the resulting data gave an idea
about the key relationships and factors characterizing the
hair loss patterns in the scalp regions being compared.

The strongest inverse correlations were observed for the
proportion of telogen (T) and anagen (A) hair in the parietal
(r =-1.00; p < 0.001) and occipital (r = =0.91; p < 0.001)
regions, which was supplemented by existence of
statistically significant positive coefficients of correlation
between the proportion of hair that were in the anagen
(r = 0.66; p <0.001) or telogen phases simultaneously in
both scalp regions. The integral consideration of these
parameters in accordance with the factor analysis algorithm
demonstrated that the proportion of anagen and telogen hair
played a crucial role in the development of androgenetic
alopecia (factor F1 = 3.65; explained variance 45.6%), which
was consistent with the views on the universal mechanisms
of the pathogenesis of this disease consisting in shortening
of the active growth phase and lengthening of the resting
phase followed by hair loss [12].

On the other hand, the second (F2) and third (F3) most
important factors revealed by multiparametric analysis of
trichograms perfectly correlated with hair density (HD) and
diameter (D) in individual scalp regions (Fig. 1a). Thus,
the structure of factor F2 (value 1.47; explained variance
18.4%) was composed of the high factor loading of the
variables hair diameter (0.827) and density (0.787) in the
parietal region, which was typical of 27 out of 47 subjects in
the analyzed sample. In turn, the remaining 20 patients were
associated with factor F3 (value 1.22; explained variance
15.2%); its feature depended on the high factor loading for
the variable hair diameter (0.804) in the occipital region,
supplemented by a somewhat less significant value (0.554)
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Fig. 1. Trichogram parameters characteristic of the parietal (F2) and occipital (F3) hair loss patterns in early-stage androgenetic alopecia in men; (a) the structure F2 and F3 factors
including significance of trichogram parameters (from +1.0 to —1.0); (b) the distribution of hair diameter (D) and hair density (HD) ratios in the parietal and occipital zones in

patients associated with F2 and F3 factors

Puc. 1. lapameTpbl Tpuxorpamm, audhepeHLMpyoLLve napueTanbHbii (F2) v okumnuTanbHbIi (F3) naTTepHbl yTpatkl BOAOC MPW PaHHUX CTAANsX aHApOreHHoN anoneuun: a —
CTPyKTYpa thakTopos F2 u F3 ¢ onpeaenstoLmin ux akTopHbIMU Harpy3kamu 0TAeNbHbIX NapamMeTpoB Tpuxorpammbl (0T +1,0 4o —1,0); b — pacnpefieneHine CoOTHOLLIEHNI
nvameTpa (D) 1 nnotHocTv Bonoc (HD) B napueTanbHoii v OKUMNUTANbHO 30HaX Y NaLMeHTOB, aCCOLMNPOBAHHbIX ¢ hakTopamm F2 1 F3

of factor loading for the variable hair density in the same
scalp region.

Calculation of secondary variables proposed by Vecchio
et al. [13; 14], which showed the relationship between hair
diameter and density in the parietal and occipital regions in
individual patients with their representation in the respective
coordinate system (x = HDp/HDo; y = Dp/Do), proved that
two alternative hair loss patterns detected in subgroups
consisting of 27 and 20 patients do objectively exist (Fig. 1b).

Hence, the results obtained gave grounds for continuing
the in-depth study of our sample aiming to identify genetic
and non-genetic factors responsible for preferential hair loss
in the parietal and occipital scalp areas at early stages of
androgenetic alopecia in men.

Primary findings

Further analysis in subgroups consisting of 27 and
20 patients was supplemented by comparison with the
control group consisting of 25 age- and sex-matched
volunteers who had no objective signs of hair loss when the
study was conducted.

Genetic risk factors were analyzed by studying five
single nucleotide polymorphisms (SNPs): rs929626,
rs5919324, rs1998076, rs12565727, and rs756853, whose
role in the development of androgenetic alopecia has been
previously proved [15]. For individual SNPs, statistically
significant differences in frequencies were demonstrated
for homozygous carriers of the high-risk GG alleles in
the rs12565727, rs756853, and rs929626 loci (Table 1).
Thus, in the rs12565727 locus residing in the TARDBP
gene (encoding the DNA-binding protein, transcription
suppressor TDP-43), no homozygous GG genotype was
found in subgroup F2, which was important for ensuring its
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difference with the control group (p < 0.05); contrariwise, it
was most frequently observed in subgroup F3 (p < 0.001).
Another case of the homozygous GG genotype responsible
for differences in subgroups F2 and F3 was related to the
rs756853 locus in the HDAC9 gene (encoding histone
deacetylase 9): its frequency in patients with the occipital
hair loss pattern was 2.5-fold higher than that in patients
with the parietal hair loss pattern and 3.25-fold higher than
that in the control group (p < 0.01). The third observation
was the high frequency of the GG allele in the rs929626
locus in intron of the EBF1 gene (encoding early B-cell
factor 1) that was typical of subgroups F2 and F3, which
made these patients differ qualitatively from the control
group in terms of this SNP. Therefore, these data suggested
that significance of the genetic factor was somewhat higher
in the subgroup of patients with the occipital hair loss pattern
(F3) compared to the other subgroup having the parietal
hair loss pattern (F2); however, calculation of the integral
parameter in accordance with the previously elaborated
algorithm [9] demonstrated that proportions of patients with
a high genetic risk of developing alopecia were nearly equal
in subgroups F2 (66%) and F3 (61%).

An analysis of the hormonal status of patients with
androgenetic alopecia (Table 2) revealed oppositely directed
changes in total testosterone and dihydrotestosterone levels
in subgroup F2. Whereas plasma level of dihydrotestosterone
in subgroup F2 subjects was elevated to 1132.2 + 664 pg/mL
vs 627.6 + 192.8 pg/mL in the control group (p < 0.001), the
total testosterone level was decreased: 19.9 + 11.9 nmol/L
vs 27.1 = 13.9 nmol/L in the control group (p < 0.05).
Therefore, this finding was consistent with the long-held
views on the role of increased activity of 5a-reductase, which
has conventionally been considered one of the mechanisms
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Table 1. Expression of markers depending on the type of EPD during immunohistochemical examination
Tabnuua 1. kenpeccust Mapkepos B 3asvcumocTy oT Tvna P npu MMMYHOTMCTOXMMINYECKOM MCCNIE[0BaHNN

Analyzed SNP and its position in the T Control group Subgroup F2 Subgroup F3
genome L (n = 25) (n=27) (n=20)
AA 64 58 63
rs12565727,
the TARDBP gene 4G 32 42 26
GG 4 0* 11xx
AA 36 31.5 33
rs756853,
the HDAC9 gene AG 56 58 41
GG 8 105 26+
AA 32 26 22
rs929626,
the EBF1 gene 4G 64 53 44
GG 4 21> 33***
AA 24 15.8 14.9
rs1998076,
located between the PAXT AG 40 52.6 444
and FOXA2 genes
GG 36 31.6 40.7
rs5919324, A 88 84.2 89
located upstream of the androgen
receptor gene G 12 15.8 1

The differences are significant: * p < 0.05; ** p < 0.01; *** p < 0.001.
Pasnuuus poctoBepHsbl: * p < 0,05; ** p < 0,01; *** p < 0,001.

Table 2. The blood levels of hormones, trace elements and vitamins in patients with early-stage androgenetic alopecia (F2 and F3 subgroups) vs the control group
Tabnuua 2. Coepxaine ropMOHOB, MIKDO3NEMEHTOB 1 BUTAMIHOB B M1a3Me KPOBY NALNEHTOB C PaHHUMM CTaAUSMI aHAPOreHHo anoneuyin (moarpynnbl F2 u F3) oTHocuTensHo
KOHTPOMBHOI FpynMbl

Parameters analyzed sz:'rglzgsr;wp s"?f?;“;.';)n Su(b”gLo;g)F:i
Total testosterone (nmol/L) 271 £13.9 19.9+ 11.9* 25.8+16.5
Free testosterone (pg/mL) 20.0£10.0 211 £12.6 17.2+9.2
Dihydrotestosterone (pg/mL) 627.6 +192.8 1132.2 £ 664*** 828.9 +551.6

17-0OH-progesterone (ng/mL) 1.2+0.5 14+0.6 1.7 £0.9*"
Androstenedione (ng/mL) 19+0.8 23+12 21+£1.6
SHBG (nmol/mL) 38.4+20 31.7+123 40.6 +21.5
Mg (mmol/L) 0.9+0.1 0.9+0.1 0.8+0.2***
Ca (mmol/L) 24+0.1 24+0.1 2.3+0.1
Zn (pumol/L) 13.5+2 11.6 £3.2* 11.3£3.4*
Cu (umol/L) 181+£27 12.2£3.9** 12.7 £ 4.7%**
Se (pg/L) 1.0+0.1 0.8+0.3** 0.7+0.2"**
Fe (umol/L) 244+49 21.0£6.7* 24.0+7.3
Vitamin B12 (pg/mL) 501.0 + 2731 366.7 £ 194.6* 331.7 £ 247.9*
Vitamin D (ng/mL) 47.2 +14.5 29.2 £12.2*** 24.6 £13.4***
Vitamin E (ug/mL) 10.8+3.9 6.8 +4* 8.8+4.4
Folic acid (ng/mL) 10.8 +2.6 5.3+3.0%** 7.8+£4.9*

The differences are significant: * p < 0.05; ** p < 0.01; *** p < 0.001.
Pasnuuus poctoBepHbl: * p < 0,05; ** p < 0,01; *** p < 0,001.
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of developing androgenetic alopecia [16]; as a result,
testosterone is actively converted to dihydrotestosterone
that strongly binds to androgen receptor and triggers
transcription of target genes when migrating to the nucleus
of hair follicle cells. Meanwhile, these hormonal shifts were
not observed in subgroup F3 subjects; the only finding was
the elevated level of 17-OH-progesterone (1.7 + 0.9 ng/mL
vs 1.2 + 0.5 ng/mL in the control group; p < 0.01), which is a
precursor for cortisol and regulates the catabolic processes,
blood pressure, and activity of the immune system through
it. Nonetheless, our findings prove the canonical androgen-
dependent mechanism of the development of androgenetic
alopecia in the parietal scalp region, thus indicating that
there are other reasons for occipital hair loss, which may
be partially related to altered adrenal function and metabolic
disorders caused by it.

The third group of parameters analyzed involved
micronutrients: minerals and vitamins playing a crucial
role in the normal hair follicle cycle [8]. The present
study has proved it as it has been demonstrated that
a number of parameters in subgroups F2 and F3 were
statistically significantly changed with respect to the
control group (Table 2). Synchronous decline in the levels
of Zn, Cu, and Se minerals as well as vitamins B12,
D, and folic acid was observed in all the patients with
androgenetic alopecia; patients in subgroup F2 also had
Fe and vitamin E deficiency, while patients in subgroup
F3 had reduced Mg level. In turn, differences between
the subgroups of patients with androgenetic alopecia
preferentially characterized by parietal or occipital hair
loss patterns were much less pronounced and referred
to the parameters mentioned previously: profound folic
acid deficiency in subgroup F2 and reduced Mg level in
subgroup F3. In combination with the data obtained earlier
[16] and demonstrating that hair density and diameter
depend on the plasma level of some minerals and vitamins
in patients with androgenetic alopecia, the results of this
study broaden the views on the multifactorial nature of
this disease and evaluate the prospects of personalized
correction of micronutrient deficiencies as an additional
tool for conservative therapy.
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Secondary findings

Basic conservative therapy of early-stage androgenetic
alopecia involved topical application of 5% minoxidil solution
twice daily during four months in combination with two-month
personalized correction of mineral and vitamin deficiencies
detected at baseline examination. Objective assessment
of the outcomes was based on comparative analysis of
trichograms (calculating A) before and immediately after the
full therapy course had been completed.

The analysis in subgroups F2 and F3 revealed
significant differences in success of the therapy regimen
used, as well as features of response to therapy in the
parietal and occipital scalp regions (Table 3). The statistically
significant progress in hair regeneration was observed
in subgroup F2 (the oppositely directed changes in the
proportion of anagen (A = 10.03%; p < 0.01) and telogen
(A =-9.80%; p < 0.01) hair in the parietal region; increased
hair density (A = 21.50 hairs per cm?; p < 0.05) and diameter
(A = 5.90 pm; p <0.001) in this scalp region. Positive
changes in the ratio between anagen (A = 6.09%; p < 0.01)
and telogen (A = -5.04%; p < 0.05) hair in the occipital
region was documented for the same subgroup; however,
it was insufficient for to statistically significantly increase
hair diameter and density. On the other hand, while the
overall dynamics in trichograms were similar, no statistically
significant changes in analyzed parameters were observed
in subgroup F3, being indicative of insufficient response of
patients preferentially having the occipital hair loss pattern
to the conservative treatment regimen used in this study.

Hence, the results of this study refine the system
of indications for conservative treatment of early-stage
androgenetic alopecia [17], including identifying the types
of treatment course when this approach is most effective.

Adverse events
No adverse events were documented.

Discussion

Summary of the primary outcome of the study

A combination of findings demonstrates that two
alternative hair loss patterns objectively exist in males

Table 3. The dynamics in trichograms and phototrichograms in patients with different hair loss patterns (F2 and F3) after conservative therapy with topical minoxidil in combination

with personalized micronutrient correction

Tabnuua 3. 13meHeHne Tpuxorpamm 11 oToTpuxorpamm y NaLMeHToB ¢ pasninyHbIMIA NaTTepHami yTpaTbl Booc (F2 1 F3) nocne npoBeAeHUs KOHCEPBATUBHOI Tepanuin

Sernenio Parameter analyzed Subgroup F2 Subgroup F3
preg (A before and after completion of the therapy course) (n=27) (n=20)
Hair density [number of hairs per cm2] +21.50* +15.61
Hair diameter [pm] +5.90*** +2.83
Parietal
Proportion of anagen hair, % +10.03** +8.06
Proportion of telogen hair, % -9.80** -7.89
Hair density [number of hairs per cm2] +18.87 +9.56
Hair diameter [pm] +3.00 +0.94
Occipital
Proportion of anagen hair, % +6.09** +1.39
Proportion of telogen hair, % -5.04* -1.33
The differences are significant: * p < 0.05; ** p < 0.01; *** p < 0.001.
Pasznuuus goctoBepHbl: * p < 0,05; ** p < 0,01; *** p < 0,001.
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with early-stage androgenetic alopecia, which differ in
terms of their trichogram characteristics, mechanisms of
pathogenesis, and response to conservative treatment.

Discussion of the primary outcome of the study

Analysis of the trichogram and phototrichogram data
recorded during primary examination of patients with early-
stage androgenetic alopecia showed that there are two
variants of this disease consisting in nonuniform changes in
hair density and diameter in the parietal and occipital scalp
regions detected in 57.4% and 42.6% of the analyzed sample,
respectively. Calculation of the relative HDp/HDo [14] and
Dp/Do [13] values is an informative tool for differentiating
these conditions providing additional information to
macroscopic follow-up of the pattern of changes in patient’s
hair that identifies these ratios in partially overlapping ranges
0.61-1.14 and 0.67—1.00 for patients with the parietal hair
loss pattern and 0.46-0.76 and 0.53-0.81 for patients with
the occipital hair loss pattern.

The subsequent analysis of the pathogenetic
mechanisms responsible for hair loss in individual scalp
regions revealed that the hormonal factor plays a key
role. It was most significant in the parietal region, where
the presence of 5a-reductase and androgen receptor in
hair follicles is considered to be most pronounced [18].
In turn, the results of the study demonstrating that the
dihydrotestosterone level is simultaneously accompanied
by a decline in total testosterone level as a result of its
conversion by 5a-reductase in patients with parietal hair loss
pattern strengthen the views on the androgen-dependent
mechanism of this condition, while the occipital pattern
proved to be androgen-independent and was associated
with a slight increase in 17-OH-progesterone level only.
Therefore, our findings make it possible to recommend
measuring the dihydrotestosterone level as a laboratory
test discerning the different types of disease course: when
it exceeds the reference range (250-990 pg/mL), it can be
considered an additional criterion for classifying the patient
as belonging to the subgroup of patients with androgen-
dependent alopecia with preferential involvement of the
parietal scalp region.

In this context, the numerous changes in the
micronutrient and vitamin status were not associated
with isolated variants of androgenetic alopecia course,
but were characteristic of all the observed cases of early-
stage disease, which simultaneously was an indication for
personalized correction of these deficiencies and using 5%
minoxidil in combination with the basic topical treatment.
Our earlier findings suggest that supplements containing
Fe, vitamin E and folic acid, whose normalization in plasma
directly correlates with hair restoration, are the most
effective correction tools [17].

In the context of this study, it is fundamentally important
that response to conservative therapy was significantly
different in patients with the parietal and occipital hair
loss patterns and developed nonuniformly in the scalp
regions being compared. The strongest positive effect
of treatment, which consisted in statistically significant

T. 99, Ne3, 2023
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increase in hair density and diameter, was observed for
the parietal region for patients with the parietal hair loss
pattern at baseline; for them, favorable changes in the
ratio between anagen and telogen hair were also detected
both in the parietal and occipital scalp regions. Hence, our
data attest to the pathogenetic adequacy and well-proved
clinical effectiveness of this approach; at early stages
of androgenetic alopecia in men, indications for its use
include the parietal hair loss pattern with the characteristic
HDp/HDo and Dp/Do values, as well as an elevated
dihydrotestosterone level, in addition to the previously
identified positive predictor of conservation therapy:
plasma level of Zr being > 10 pmol/L [19]. Meanwhile,
the same response in patients with the occipital hair loss
pattern was obviously insufficient, thus necessitating
deeper analysis of the mechanisms of development of this
condition and search for pathogenetically justified tools for
its conservation treatment.

Study limitations

The study into the genetic factors was confined to
five SNPs whose role in the development of androgenetic
alopecia had been proved previously, which did not allow
us to identify their role in identifying the parietal or occipital
hair loss patterns at early stages of this disease. This
problem can be solved by conducting large-scale screening
of SNPs aiming to identify genomic associations that are
characteristic of pathological hair loss in separate scalp
regions and are possibly related to the androgen-dependent
and androgen-independent mechanisms of development
and differentiation of hair follicle cells.

Conclusions

The findings obtained in this study indicate that there
are two variants of the course of early-stage androgenetic
alopecia in men, which consist in preferential hair
loss in the parietal or occipital scalp regions. The
hormonal factor (increased dihydrotestosterone level
and simultaneous decline in total testosterone level as
a result on 5a-reductase activity) was shown to play
a role for patients with the parietal hair loss pattern,
whereas changes in the hormonal status in patients with
the occipital hair loss status were confined to moderate
elevation of 17-OH-progesterone level. Furthermore,
multiple mineral and vitamin deficiencies have been
proved to be important non-genetic factors for the
development of androgenetic alopecia, which justified
their personalized correction in addition to conservative
treatment of this disease. The therapy course (topical
application of minoxidil) in combination with micronutrient
supplementation led to effective hair restoration in
patients with the androgen-dependent parietal hair loss
pattern. Meanwhile, patients with androgen-independent
occipital hair loss pattern were resistant to this treatment,
which makes it necessary to continue research into the
pathogenetic mechanisms of this variant of androgenetic
alopecia as well as search for tools for hair restoration in
the occipital scalp region. |jii
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