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Summary

Hair loss is a widespread concern in dermatology clinics, affect-
ing both men’s and women’s quality of life. Hair loss can have
many different causes, which are critical to identify in order to
provide appropriate treatment. Hair loss can happen due to many
variables, such as genetic factors or predisposition, vitamin and
mineral deficiencies, skin problems, hair growth disorders, poor
diet, hormonal problems, certain internal diseases, drug use,
stress and depression, cosmetic factors, childbirth, and the che-
motherapy process. Treatment for hair loss varies depending on
the type of alopecia, deficiency, or excess of structures such as
vitamins and minerals, and also on hair and skin structure.

The Mediterranean diet is characterized by low amounts of
saturated fat, animal protein, and high amounts of unsatu-

Introduction

Hair loss or alopecia, a clinical condition that is fre-
quently seen in dermatology clinics, can be caused by
many etiological factors and it significantly affects the
patients’ quality of life [1]. This group of diseases is ba-
sically divided in two subgroups: cicatricial alopecias
and non-cicatricial alopecias. While cicatricial alopecia
may progress with loss of follicles, thus causing irre-
versible hair loss, this condition is usually reversible in
non-cicatricial ones. Many causes are known to have a
role in non-cicatricial alopecia, including emotional is-
sues, chronic disorders, dietary inadequacies, trace ele-
ments, and vitamin deficiencies [2]. Other factors can be
stress, drug use, immune system, endocrine disorders,
and genetic and epigenetic changes [3].

A balanced and regular diet is very important for healthy
hair: sudden weight loss, low-caloric diets, unbalanced
diet, obesity, and excessive intake of vitamin and mineral
supplements can cause hair loss. Micronutrients, which
are the main elements of the hair follicle cycle, are very
important in alopecia, which is why dietary supplements
(mostly vitamin and mineral) are among the preferred
methods to prevent hair loss. Given the frequency of hair
loss in current times and its impact on the patients’ so-

rated fat, fiber, polyphenols, and antioxidants. The main nutri-
ents found in the Mediterranean Diet are rich in antioxidant,
anti-inflammatory components. It also has an important place
in hair loss treatment, since recently treatment strategies have
included polyphenols and unsaturated oils more and more fre-
quently. The goal of this work was to review published articles
examining alopecia and its types, the many micronutrients that
affect alopecia, and the role of the Mediterranean diet in alo-
pecia. The literature shows that little is known about hair loss,
nutritional factors, and diet, and that the data collected are
conflicting. Given these differences, research into the function
of diet and nutrition in the treatment of baldness is a dynamic
and growing topic.

cial lives, finding effective alopecia treatments impacts a
huge portion of the population [2].

The role of diet in the development and treatment of al-
opecia has recently been a hot topic of research. It has
been found that plant-rich diets — such as the Mediterra-
nean Diet (MD), whose main nutrients are rich in anti-
oxidants, anti-inflammatory, and estrogenic components
— include chemicals that stimulate hair growth and re-
duce hair loss. These diets contain phytochemicals that
promote hair development by lowering the generation of
reactive oxygen species in the dermal papilla cells, caus-
ing growth hormones to be secreted [4].

This is why dietary practices characterized by a large
intake of anti-inflammatory, antioxidant and estrogenic
activities are emphasized as additional treatments for
alopecia. This review aims to explain the general back-
ground of alopecia, to emphasize the role of nutritional
and dietary supplements in the treatment of alopecia,
and to consider the effects of herbal treatment methods
on alopecia patients.

Alopecia and types of alopecia
Alopecia is the partial or complete loss of hair, which

can be caused by a disruption in the hair development
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cycle or by damage to the hair follicles as a result of
systemic or local factors such as genetics, hormone im-
balances, and infection [5-7].

The hair growth cycle consists of four stages: the anagen
phase (the growth phase, which is also the longest, last-
ing 2-7 years); the catagen phase (the transitional phase,
lasting up to 2 weeks, which includes hair follicle invo-
lution due to apoptosis); the telogen phase (the resting
phase, lasting up to 12 weeks); and the exogenous phase
(the release phase of telogen hair) [8].

The fact that alopecia is affected by many factors caus-
es the existence of a wide number of types of alopecia.
Androgenic alopecia, alopecia areata, chemotherapy-in-
duced alopecia, anagen effluvium, telogen effluvium,
traction alopecia, and trichotillomania are some of the
most common kinds. The clinical classification system
of Rook and Dawber divides all types of alopecia into
two categories: cicatricial alopecia and non-cicatricial
alopecia [6, 7].

CICATRICIAL ALOPECIAS

Cicatricial alopecias (CAs) are clinical pathological
conditions that describe permanent hair loss caused by
the replacement of damaged hair follicles with fibrotic
scar tissue. They are classified into two groups, primary
cicatricial alopecia (PCA) and secondary cicatricial alo-
pecia (SCA) [9, 10].

The PCA group includes multiple inflammatory diseas-
es with distinct clinical and histopathological features
and unknown and irreversible causes, primarily affect-
ing and destroying hair follicles. It is responsible for 7%
of all hair loss cases. PCA is subdivided into lympho-
cytic, neutrophilic, or mixed subtypes [11, 12]. Chron-
ic cutaneous lupus erythematosus, lichen planopilaris,
classic Brocq pseudopelade, folliculitis decalvans, and
dissection folliculitis are some of the diseases with clin-
ical conditions [13].

The SCA group includes inflammatory and neoplas-
tic conditions and physical traumas that usually affect
primarily the dermis and cause secondary follicular de-
struction [9]. While in PCAs the disease directly affects
hair follicles, in SCAs they disappear due to secondary
reasons. Factors affecting SCA formation include geno-
dermatoses, permanent alopecia due to developmental
defects, physical and chemical injuries, infections, in-
flammatory dermatoses, drug uses, and neoplastic con-
ditions [14]. The classification of cicatricial alopecias is
summarized in Table I.

NON-CICATRICIAL ALOPECIAS

Non-cicatricial alopecia is reversible alopecia, charac-
terized by an altered hair cycle and by the fact that hair
follicles are preserved [5].

Non-cicatricial alopecias are divided in local alopecias
and diffuse alopecias [17]. Local alopecias include alo-
pecia areata, tinea capitis, and trichotillomania. Diffuse
alopecias include alopecia totalis or universalis, telogen
or anagen effluvium. The classification of non-cicatri-
cial alopecias is summarized in Table II. The most com-
mon alopecia in this group is androgenic alopecia.

AN OVERVIEW OF THE GENETIC ASPECTS OF HAIR LOSS AND ITS CONNECTION
WITH NUTRITION

Androgenic alopecia, caused by the miniaturization of
hair follicles, is the most common type of progressive
hair loss, affecting 30-50% of men and approximately
30% of middle-aged women. Alopecia areata, the sec-
ond most common type of non-cicatricial alopecia, is
known to be associated with autoimmune problems [5].

Common causes of hair loss

As previously stated, the hair growth cycle consists of
four phases: anagen, catagen, telogen, and exogen. Hair
loss differs according to the affected stage. Although
there are many different reasons for hair loss, androgen
and stress-related causes are usually underlying. Other
systemic causes of hair loss include telogen effluvium,
nutrition, endocrine imbalances, drugs, infections, spe-
cial diseases, malignancies, problems with the immune
system, environmental factors, age, and genetic fac-
tors [3].

ANDROGEN-RELATED ALOPECIA

The most common type of hair loss is androgenetic al-
opecia, which affects 80% of men and 50% of women.
In this kind of alopecia, genetic factors and age-relat-
ed causes affect the androgen mechanism, which is the
one allowing vellus hair to turn into longer, thicker, and
darker terminal hair: the defect in this mechanism makes
it function differently by stimulating the regression of
hair follicles to turn into vellus hairs. Androgenetic al-
opecia is a dynamic and continuous hair loss problem,
in which mast cells and lymphocytes are defined around
the miniaturized follicle, rich in stem cells [18-20].
Although androgens play an important role in androge-
netic alopecia, genetic predisposition is also important:
genetic background plays an important role, with a rate
of 0.81 in twin studies, thus showing familial cluster-
ing. Having a polygenic feature, its genetic background
is complex. However, changes in the androgen receptor
(AR) gene and 5-alpha reductase gene were found to
be effective in androgenetic alopecia. In addition, triple
repeat polymorphisms have been associated with single
nucleotide polymorphisms. It has been stated that the
AR gene on the X chromosome and the ectodysplasin
A2 receptor (EDAR?2) gene are related and that poly-
morphisms in this gene are associated with androgenic
alopecia, but its exact role has not been fully defined. An-
drogenetic alopecia is associated with genetic alterations
in the WNT signaling pathway, which regulates dermal
papilla cells and androgen metabolism. Expression stud-
ies and epigenetic studies are limited, as scalp biopsy is
difficult to obtain. Overexpression of prostaglandin syn-
thase (PGDS) and the PGDS product prostaglandin D2
(PGD2) restrict hair development by generating an early
catagen phase, according to the limited study [8, 21].

STRESS-INDUCED ALOPECIA

Stress is one of the most common reasons of hair growth
disorders and hair loss, since it leads to an increase in the
level of cortisol released into the body. It has been proven
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Tab. 1. Classification of cicatricial alopecias [9, 14-16.

Primary Cicatricial Alopecia
(working classification of PCA by L .
North American Hair Research Secondary Cicatricial Alopecia
Society)
Burns,
Chronic cutaneous lupus Physical or chemical Toxic/cprrosive sybstances
erythematosus, Lichen tra\L/Jma (e.g. acid or alkali burns),
planopilaris, Ischemia/pressure, Traction/
Frontal fibrosing alopecia, trichotillomania (end stage)
Lymphocytic Graham Little syndrome, Classic | lonizing radiation Radlatllon. .
pseudopelade (Broca), Bacterial infections,
Central centrifugal cicatricial Viral infections,
alopecia, Alopecia mucinosa, foct Fungal infections (tinea
Keratosis follicularis spinulosa | Infections capitis, in particular, deep
decalvans trichophytosis caused by
zoophilic pathogens)
Primary tumors,
Malignant and benign Metastases,
tumors Lymphoproliferative diseases,
Epidermal and organoid nevi
Aplasia cutis congenita,
Neutrophilic Folliculitis decalvans, Eﬁ%%%rsrgal dysplasia,
Dissecting cellulitis/folliculitis ) Lo
Genodermatoses Epidermolysis bullosa,
Darier’s disease,
Incontinentia pigmenti,
Hyalinosis cutis et mucosae
) Sarcoidosis,
Granulomatous diseases Necrobiosis lipoidica
Graft-versus-host disease,
Folliculitis (acne) keloidalis, g;:lsrreo)derma en coup de
Mixed Folliculitis (acne) necrotica, Autoimmune diseases ) '
Erosive pustular dermatosis L|;henl sclerosus,
Blistering dermatoses
(cicatricial pemphigoid)
Idiopathic scarring alopecia
with inconclusive clinical and o
Non-Specific histopathological findings, “Deposition” dermatoses ’/\\ArSZilr?gds%ss,
End stage of various
inflammatory scarring alopecias
. Psoriasis,
Inflammatory diseases Pityriasis amiantacea

that cortisol has a negative effect on the formation mech-
anism of the hair follicle by breaking down hyaluronan
and proteoglycans, which are integrating substances in
the extracellular matrix and skin. Acute and chronic stress
is known as the main cause of telogen effluvium. Stress
also can aggravate the types of alopecia that are primarily
caused by endocrine imbalances, immunological respons-
es, and toxic causes. In addition, the stress that occurs
in response to hair loss causes hair loss to continue. In
animal studies, chronic stress has been associated with
hair growth arrest, increased granulation of mast cells,
and perifollicular inflammation. Further studies have also
shown that certain stress mediators, such as substance P,
adrenocorticotropic hormone, prolactin, and cortisol, in-
hibit hair growth [22].

TELOGEN EFFLUVIUM

Telogen effluvium is a scarless hair loss condition
caused by physiological stress (such as delivery, rapid

weight loss, mental stress, long-term drug usage), med-
ical conditions like hypo/hyperthyroidism, post-diet
effects, and prolonged fasting. Although it is generally
reversible, it affects the psychosocial status of the pa-
tients, and its mechanism has not been discovered yet.
Telogen effluvium is difficult to diagnose and treat be-
cause there are many factors at play in the etiology of the
disease [23, 24].

ENDOCRINE IMBALANCES

The formation of hair follicles occurs as a result of a
molecular genetic process regulated before birth. Many
hormones and their receptors play important roles in the
healthy progression of this process: thyroid hormones,
glucocorticoids, insulin-like growth factor-I, and pro-
lactin are all hormones that influence hair development,
although androgens are the most important ones. In ad-
dition, vitamin D receptors and retinoid X receptors are
also effective in postpartum hair growth [21, 25].
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IMMUNE SYSTEM

Alopecia areata and primary cicatricial alopecia are
two common forms of immune-mediated alopecia. Al-
opecia areata is a T-cell-mediated autoimmune illness
that affects hair follicles in the anagen stage. The JAK-
STAT (Janus kinase-signal converter and transcription
activator) signaling pathway is involved in its develop-
ment [26].

The concept of immune privilege is the phenomenon of
protection of organs or tissues that can be seen in the
corneal tissue, testis, placenta, liver, intestine, brain, hair
follicle, and mucosal tissues from autoimmune threats
developed by the host’s immune system [27].

Hair follicles in the anagen stage are protected from
unwanted immune responses by exhibiting immune
privilege from the protrusion level to the bulb. The key
mechanisms are the lack or reduction of MHC class I
and MHC class II expression, signaling that there is no
risk with the CD200 signal, and the absence of antigen
presentation. In the development of alopecia areata, col-
lapse is observed in the anagen hair bulb. While NK-
G2D+ T cells and natural killer (NK) cells rapidly in-
crease in the medium, perifollicular mast cells exhibit
proinflammatory properties and interact with CD8+ T
cells that recognize autoantigens [26-28].

The intense presence of CD8+CD3+ cytotoxic T cells in
anagen stage hair follicles and the more targeting of pig-
mented hair suggest that the targets of cytotoxic T cells
are melanocytes and melanogenesis-related autoanti-
gens. The fact that over 100 single nucleotide polymor-
phisms are associated in studies indicates the importance
of the genetic background [26, 28].

Studies have shown that in primary cicatricial alopecia
there is a loss of immune privilege in the protrusion re-
gion. Although it is not exactly known what causes the
loss of immune privilege, it is thought that among the
causes might be perifollicular/intrafollicular increase
in skin microtrauma, infectious or psycho-emotional
stressors, bacterial superantigens, mast cell degranula-
tion, and ectopic interferon o (IFN-y) secretion [26].

OTHER CAUSES OF ALOPECIA

Drug-induced alopecia is a type of non-scarring alopecia
involving the scalp, which occurs when one of the two
main mechanisms of the normal hair growth cycle, an-
agen effluvium or telogen effluvium, is stopped. When
the drug is stopped, the hair loss improves. Other body
hairs are rarely affected by drugs [29]. Anti-hyperten-
sives, anti-arrhythmics, statins, anti-metabolites, psy-
chotropic agents, anti-convulsants, anti-coagulants, an-
tiretrovirals, and H2 blockers are among the drugs that
cause hair loss [3].

Hair loss is also known to be caused by agents such as
bacterial infection Treponema pallidum, viral infection
Epstein-Barr virus, HIV, hepatitis C, varicella-zoster vi-
rus, and cytomegalovirus [3].

Hair loss and subsequent alopecia are seen as a result of
diseases such as liver and kidney failure, rheumatolog-
ical disorders, discoid lupus erythematosus, connective
tissue disorders, amyloidosis, cutaneous sarcoidosis,
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systemic sarcoidosis [3]. Alopecia can also be seen in
systemic and cutaneous hematological malignancies.
Although it is usually associated with mycosis fungoi-
des, hair loss is common in cutaneous T-Cell lympho-
ma [3, 30].

Nutrition and hair loss

The integrity of the normal function of healthy skin and
hair depends largely on an adequate and balanced diet.
Whether a nutritional imbalance is a general or specif-
ic deficiency, an excessiveness of one component over
another can compromise the organism’s balance. When
looking at the studies published in the literature, it is ap-
parent that the nutritional elements that cause hair loss
in healthy adults are still to be thoroughly determined.
In the first published reports in this domain, that are ani-
mal studies carried out in the first half of the XX century
to explain the relationship between nutritional factors
and hair loss, Cunningham identified iron deficiency
in rats in 1932, Sullivan and Nicholls found riboflavin
deficiency in 1941, and Day studies reported that zinc
deficiency causes hair loss in both rats and mice [31-35].
The discovery and identification of vitamins related to
dietary deficits have had a profound impact on the evo-
lution of nutrient medicine since the first clinical trials.
People frequently look for information on vitamin and
mineral supplements and diets to prevent or treat many
skin disorders, including hair loss. Hair loss greatly af-
fects a person’s appearance and personality in physical
and social aspects. As a result, hair loss has a negative
impact on the standard of living of men and women alike,
therefore making the treatment of alopecia essential [36,
37]. Among the about 100,000 hair follicles on the hu-
man scalp, 90% of them are in the anagen phase without
alopecia, requiring critical nutrients including proteins,
vitamins, and minerals to create healthy hair [38]. As a
result, trace elements, such as vitamins, are crucial di-
etary components [39]. Vitamins and trace elements are
micronutrients that are critical elements of the diet, even
though they are only required in minute amounts. The
normal cycle of hair follicles is dependent on micronu-
trients as they play a role in cell renewal, which is com-
mon in rapidly dividing hair follicles [40]. Furthermore,
several micronutrients are suggested to minimize oxida-
tive stress because they play a role in alopecia patho-
genesis [41]. As a result, a detailed understanding of the
significance of these micronutrients could aid research
into alopecia prevention and therapy [40].

MICRONUTRIENTS

Vitamin A, which is made up of a set of unsaturated
chemical compounds such as retinol, retinal, and retino-
ic acid, is an essential nutrient that humans cannot gen-
erate and thus it must be taken from diet [42]. Vitamin
A and its compounds are required for a variety of func-
tions throughout life, including immune function, cell
differentiation and proliferation, reproduction, growth,
maintenance of epithelial cell integrity, vision, and em-
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bryogenesis [43, 44]. Generally, excessive vitamin A
consumption can lead to hair loss in most people [45].
In one study, dietary vitamin A activates follicle stem cells
by activating the hair cycle developmental and growth
phases in a dose-dependent manner (anagen) [46, 47].
For healthy hair, it is important to maintain homeostasis
and, accordingly, to maintain an appropriate concentra-
tion of the active metabolite [48]. A sufficient level of
vitamin A may usually be obtained via a well-balanced
diet. One case reported of a 60-year-old man who took
too much vitamin A and had non-scarring fronto-central
alopecia and a decrease in pubic and axillary hair. These
changes were accompanied by drug toxicity associated
with excessive intake of vitamin A by the patient [49]. In
conclusion, these studies show that there are some opti-
mal levels of vitamin A that are suitable, but very little or
too much of this molecule contributes to the formation,
maintenance, or advancement of alopecia [40].

The only vitamin B produced by the body is B7 (bio-
tin). The recommended daily amounts of the vitamin B
complex, which are pantothenic acid, riboflavin, thia-
mine, niacin, B6, B12, and folate, can be taken through
a balanced diet. Lack of biotin is extremely uncommon
in people who eat a healthy, well-balanced diet, and bi-
otin supplements are not necessary [50]. Hair loss has
only been linked to B2 (riboflavin), B7 (biotin), B12,
and folate deficits. Biotin (vitamin H or B7) is a vita-
min B complex with five carboxylases (acetyl-CoA car-
boxylase, 3-methylcrotonyl-CoA carboxylase, pyruvate
carboxylase, and propionyl-CoA carboxylase) [50]. In
addition, biotin is effective in cell signaling, histone
modifications, and gene regulation [51]. Biotin lack is
a condition that can be inherited or acquired; the inher-
itance pattern is autosomal recessive and there can be
neonatal and infantile forms. It is caused by a lack of the
enzyme holocarboxylase synthetase and appears from
the first six weeks of life; it can be a potentially fatal
disease in newborns. Diffuse dermatitis and alopecia are
common among survivors. The scalp may be devoid of
vellus and terminal follicles, and may also lack lanugo
hairs, eyebrows, and eyelashes. Hair on the scalp, eye-
brows, and eyelashes may be present but sparse or com-
pletely lost [52, 53].

Despite the popularity of biotin, there is still insufficient
evidence in randomized controlled trials to support that
supplementing this micronutrient prevents or treats hair
loss. There are no clinical studies showing that biotin
supplements are effective in treating hair loss unless
people are deficient [54]. Hair loss, rashes on the skin,
and fragile nails are all signs of biotin deficiency. In one
study, 38% of women suffering from hair loss had low
levels of biotin [55].

Humans cannot produce folate. Folate is essential for cell
division and maintenance, and for synthesis of the nu-
cleotide (thymidine), which is required for DNA repair.
Folate also plays an important role in the ‘site-specif-
ic’ methylation of the cytosine base in gene expression.
Remethylation of plasma homocysteine to methionine
is another action of folate/folic acid. This water-soluble
vitamin’s demand is satisfied in part by dietary folate

and in part with the use of synthetic folic acid [56]. Hair,
skin, and nail changes may indicate a lack of folate [38].
Vitamin B12 (also known as cobalamin) is needed to
activate folate, which is essential for DNA synthesis. In-
adequate nutrition causes impaired nerve transmission
and insufficient erythrocyte and other hematological cell
production. B12 is an essential nutrient in the transfer
of a methyl group in a reaction that requires methionine
synthase, which converts homocysteine to methionine.
This reaction activates folate, which can be used in DNA
synthesis. Myelin production, and thus the preservation
and repair of nerve axons, both require B12. In addition,
B12 is required for energy synthesis in mitochondria and
erythropoiesis in the bone marrow [57].

Due to the effect of B12 and folate on nucleic acid, it has
been highlighted that they could play a role in the pro-
liferation of hair follicles [38]. Additionally, a case-con-
trol review of dietary research on alopecia areata found
no changes in vitamin B12 values in patients with and
without alopecia areata. Although vitamin B12 appears
to not affect hair growth and repair, research on the sub-
ject is scarce [53].

Ascorbic acid, often known as vitamin C, is a water-sol-
uble vitamin produced as a product of glucose metabo-
lism. Vitamin C has a chelating and reducing effect. This
effect helps intestinal absorption and mobilization of iron
[58, 59]. Accordingly, vitamin C supplementation is crit-
ical for patients suffering from hair loss due to iron defi-
ciency [38]. The enzyme I-gulonolactone oxidase, which
is necessary for the production of vitamin C, is evolu-
tionarily deficient in humans, which is why vitamin C
must be received from diet [60]. The pathophysiological
role of vitamin C in the hair cycle is poorly known [53].
Citrus juices contain large amounts of vitamin C, and
patients with iron deficiency are recommended to take
oral supplements such as orange juice [61]. While vi-
tamin C insufficiency has been linked to anomalies in
body hair [59], there’s still no evidence of a link between
vitamin C values and hair loss.

Vitamin D is a steroid hormone that is fat-soluble. Vi-
tamin D plays a regulatory role in various pathways,
such as calcium absorption, bone mineralization, im-
mune system, and DNA transcription [62, 63]. Vitamin
D, whether obtained from diet or through the skin, is
inactive and must be activated by enzymes [38]. Vita-
min D insufficiency is a typical occurrence [64]. It was
observed that vitamin D has an effect on the hair cycle
in animal research. By attaching to the nuclear vitamin
D receptor (VDR), vitamin D regulates keratinocyte de-
velopment and differentiation. VDR immunoreactivity

Tab. Il. Classification of Non-Cicatricial Alopecias [171.

Diffuse Alopecia

Female pattern hair loss
Male pattern hair loss
Diffuse alopecia areata
Alopecia totalis or universalis
Telogen effluvium

Anagen effluvium

Local Alopecia
Alopecia areata
Tinea capitis
Traction alopecia
Trichotillomania




is highest in the anagen phase in murine hair follicle ke-
ratinocytes [38, 53]. Vitamin D thus plays a function in
alopecia and may be the cause of hair loss in vitamin
D-deficient rickets patients [65]. Alopecia, hypocalce-
mia, rickets, hyperparathyroidism, and osteomalacia
develop in mice lacking the vitamin D receptor (VDR).
Normalizing mineral ion homeostasis prevents all these
abnormalities, except alopecia. Hair regeneration exper-
iments in athymic nude mice demonstrate that the lack
of VDR in keratinocytes results in a defect in anagen
initiation, similar to the one observed in mice without
VDR. Although these studies show that expression of
the VDR in keratinocytes is necessary, they do not prove
that it is sufficient to maintain the normal hair cycle [66].
Patients with VDR mutations who develop vitamin D
resistance also suffer from severe alopecia of the body
and scalp [53, 65]. In two patients with inherited vitamin
D-resistant rickets and baldness, Forghani et al. discov-
ered novel nonsense mutations in the VDR gene [67, 68].
Daroach et al. compared patients with alopecia areata to
healthy controls in a prospective study to correlate VDR
expression in alopecia areata patients, finding higher vi-
tamin D deficiency levels in the alopecia group [69]. To
better understand the effects of vitamin D in alopecia,
more large-scale research is required [68].

Iron is vital for all cellular functions because of its role
in electron transport, oxygen delivery, and enzyme activ-
ity. It includes a wide range of enzymes, from hydrox-
ylases — regulating cellular metabolism — to demethy-
lases — changing DNA chromatin and consequently
gene expression [70]. Iron is vital in rapidly prolif-
erating cells, such as those in the hair follicle matrix,
since it is a cofactor for ribonucleotide reductase, the
rate-limiting enzyme in DNA synthesis. Some studies
have demonstrated that various genes in the hair follicle
are regulated by iron [71]. Iron deficiency, which also
causes telogen effluvium, is the most frequent dietary
deficiency worldwide [72, 73]. The level of serum ferri-
tin, also known as iron-binding protein, is an important
correlate of total body iron stores and is utilized in hair
loss research as an indicator. Iron deficiency is frequent
in women who are experiencing hair loss [31]. A mu-
tation in the TMPRSS6 gene caused the “mask mouse”
to lose body hair and develop iron deficiency anemia,
according to a study conducted by Du et al. A mutation
in TMPRSS6 was linked to an inability to downregulate
HAMP expression in mice, and elevated hepcidin levels
were linked to reduced dietary iron absorption and, as
a result, iron insufficiency. Iron treatment, interestingly,
corrected iron deficiency and stimulated hair growth in
these animals [74]. Further research is needed to develop
iron supplementation guidelines, therapy markers, and
cures for patients suffering from hair loss due to iron
deficiency.

Selenium (Se) is primarily involved in thyroid hormone
metabolism, redox homeostasis, and enzymatic activi-
ty like glutathione peroxidases (GPx) as an important
microelement. The antioxidant potential of other sele-
noproteins is thought to have a significant impact on
human health [75]. Hair loss has been observed in sele-
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nium-deficient rats [76] and in knock-out mice lacking a
selenium cofactor protein [77]. Although these findings
suggest a link between selenium deficiency and hair
loss, the role of selenium in human hair follicles is still
not fully understood. Hair loss can be caused by seleni-
um toxicity [53]. Among people who have been diag-
nosed with selenium toxicity, 72 percent was affected
by hair loss affected, losing 10 percent to 100 percent
of their hair [78]. After starting daily selenium therapy
in 6 infants with pseudoalbinism alopecia-like findings,
alopecia and pseudoalbinism improved when serum se-
lenium levels reverted to normal [79]. Another clinical
study showed that there was a significant reduction in
hair loss and other gastrointestinal symptoms in ovari-
an cancer patients who received selenium supplements
during chemotherapy as compared to controls. This re-
sult shows that selenium has a beneficial effect during
chemotherapy [80]. Selenium is thought to play a role
in the hair cycle, and healthy people can obtain enough
through their diet. Supplementation is not suggested un-
less there are known deficits, particularly given the risk
of hair loss due to toxicity.

Zinc is a trace element that is essential for a variety of
cellular functions through proteins, enzymes, and zinc
fingers, and also acts as a multitude of transcription fac-
tors important in gene regulation [81, 82]. Zinc deficien-
cy can cause telogen effluvium, thin white and brittle
hair, as well as many dermatological problems [83].
Superoxide dismutase is one of the zinc-dependent en-
zymes, which is thought to be one of the contributing
factors to alopecia areata [84]. The function of antiox-
idant processes in alopecia areata is a popular issue in
the scientific community. Zinc has also been linked to
the Hedgehog signaling pathway, which has been linked
to hair follicle morphogenesis [53]. Although zinc ho-
meostasis impairment has been linked to a number of
issues, its diabetic effects and function in metabolic syn-
drome are still being researched [85]. Zinc is a cofactor
for enzymes involved in dopamine transport [86], cell
membrane stabilization [87], and prostaglandin metabo-
lism. Data relating zinc levels to telogen effluvium and
androgenetic alopecia are not homogeneous. In another
study comparing 312 people with hair loss with 32 con-
trols, patients with alopecia areata and telogen effluvium
showed low zinc levels [88].

In summary, nutritional supplement can damage the hair,
when taken without a cause: a surplus dosage of micro-
nutrients, including vitamins A and E, as well as seleni-
um, has been linked to hair loss [83]. Hypervitamino-
sis A can cause hair loss, and findings on the effects of
isotretinoin on hair loss back up this theory. Even though
the connection between vitamin D values and telogen
effluvium or androgenetic alopecia is still contested,
most researchers concur that patients having alopecia
and vitamin D insufficiency should take vitamin D sup-
plements. On the other hand, people with iron-deficient
alopecia need vitamin C. There is no evidence that vita-
min E has a function in androgenetic alopecia or telogen
effluvium. Women with hair loss are more likely to be
lacking iron. In individuals with iron insufficiency and/
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or low ferritin, many researchers deem that iron supple-
mentation is necessary. Data on zinc concentrations in
telogen effluvium and androgenetic alopecia are not yet
clear and zinc screening is not advisable. It can be also a
cause of hair loss, selenium toxicity, and riboflavin de-
ficiency. Nevertheless, there are still no comprehensive
studies to make any recommendations about screening
for riboflavin or selenium. Hair loss can be caused by a
lack of biotin. However, there is no proof that biotin sup-
plementation increases hair growth. Exogenous biotin
may also interfere with several laboratory tests, resulting
in erroneous negative or positive results. Although some
research has been carried out on the link between hair
loss and B12 or folate/folic acid, currently there is not
enough data on these dietary supplements.

Mediterranean diet
and hair loss treatment

The Mediterranean Diet (MD), among the healthiest
nutrition models accepted by the whole world, was put
forward by Prof. Ancel Keys and his friends from exam-
ining the typical diet in Southern Italy and Greece. The
MD is characterized by a low intake of saturated fat and
animal protein, by a high intake of unsaturated fats, fiber,
and antioxidants, and by appropriate intake of omega-6/
omega-3 fatty acids. It is generally rich in vegetables,
fruits, legumes, nuts, grains, fish, and unsaturated fats,
with small amounts of meat and dairy products [89-91].
In the Seven Country Study, the MD has been linked to
a lower risk of coronary artery disease. In addition, sev-
eral studies support its effectiveness in preventing diabe-
tes, obesity, and even various types of cancer [89, 91].
This is thought to be related to an adequate intake of
polyphenols, which play a critical role in the MD. Poly-
phenols have genomic effects that play a part in the in-
activation and activation of regulatory genes. They also
exert epigenetic effects by modulating the expression
of microRNAs, regulating mechanisms such as DNA
methylation and histone modification, and chromatin re-
arrangement [91, 92]. The genetic and epigenetic effects
of polyphenols, one of the main components of the MD,
on the genome have recently been the focus of attention
for researchers.

In addition, polyphenols protect the body against harsh
climatic conditions and oxidative stress, which are in-
volved in the defense against ultraviolet radiation and
pathogen attacks in plants. Diets rich in these secondary
metabolites found in fruits, vegetables, fiber foods, ce-
reals, and beverages protect against the development of
chronic and neurodegenerative diseases, diabetes, can-
cer, cardiovascular diseases, aging, and hypertension in
humans [93]. Polyphenols can act as antioxidants, stim-
ulate cell signaling pathways, and reduce inflammation
by blocking gene activity. Studies have proven that the
MD plays an important role in reducing inflammation
[94]. The presence of over 8,000 polyphenols identified
so far and the differences between the regions of the MD
are considered limiting factors in the study of the effects

of this diet. However, the protective effect of polyphe-
nols has been proven by many studies [91, 93]. Plants
containing flavonoids are promising in terms of reduc-
ing hair loss or stimulating hair growth [95].

The effects of the main components of the foods con-
sumed in the MD are examined in hair loss and in many
other diseases. Studies have shown that the polyphenolic
compounds in tea significantly increase hair growth. In
addition, it has been reported that epigallocatechin-3-gal-
late, the main component of tea polyphenols, can reduce
the risk of androgenetic alopecia by inhibiting Sa.-reduc-
tase, which increases hair growth in humans [96].
Essential fatty acids (linolenic, linoleic, oleic, myris-
toleic, palmitoleic, and stearic acids) found in olive oil,
which has an important place in the MD, have inhibito-
ry effects on Sa-reductase (SAR) that provide hair re-
growth [4, 18, 97]. It has been reported that hair loss and
depigmentation are seen in hair and eyebrows in people
affected by linoleic acid and alpha-linolenic acid defi-
ciency [83]. Mice with testosterone-induced alopecia
showed a significant increase in hair growth after day
16 of topical applications of hydroalcoholic extracts of
rosemary, which is a polyphenol. In vitro tests showed
strong inhibition of the SAR enzyme binding to the dihy-
drotestosterone (DHT) receptor [98, 99]. Although not
fully proven, topical applications of coconut oil for hair
loss treatment continue to be used [100].
Polyunsaturated fatty acids are thought to be absorbed
into mast cell membranes, altering membrane-associat-
ed enzymes such phospholipases, which affect mast cell
exocytosis. In a monkey study, it was shown that sup-
plementing polyunsaturated fatty acids reduced hair loss
in slightly alopecic monkeys; however, the cause of the
hair loss was unknown [101].

A plant nanoparticle of safflower oil body loaded with
human fibroblast growth factor 10 (hFGF10) in mice
with androgenetic alopecia was found to accelerate hair
regeneration by targeting hair follicles and reducing in-
flammation without any toxicity It has also been found
to reduce hair follicle inflammation by inhibiting the
overproduction of TNF-a, IL-13, and IL-6 in macro-
phages and increasing the proliferation of dermal papilla
cells. In this respect, it can be seen as a viable treatment
option in androgenetic alopecia [102]. The standardized
para rubber seed oil has been proven to be a safe and
efficient bio-oil to stimulate hair growth or reduce/sup-
press hair loss [103].

Although there are many products for the treatment of
alopecia, their effectiveness is controversial; research
thus focuses on more effective pharmaceutical product
development. As a result, the bioactivity of oligomeric
procyanidin, a dimeric derivative from apples that can
stimulate hair epithelial cell proliferation and induce an-
agen phase in vitro and in humans, is a popular applica-
tion [104].

In one study, it was observed that resveratrol, an antiox-
idant, anti-inflammatory, and anti-apoptotic agent, when
applied to mice, stimulated the transition of the hair cy-
cle from the telogen phase to the anagen phase, delayed
the transition to the catagen phase, and protected the hair
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follicle from oxidative damage. Resveratrol is consid-
ered to be a potential candidate drug for the treatment of
alopecia [105]. In addition, a topical lotion containing
Redensyl and Sepicontrol AS polyphenols is used as an
alternative treatment for androgenetic alopecia, as it is
very safe and provides patient satisfaction [106]. When
given to rabbits, Ficus benghalensis leaf extracts were
found to be effective in increasing hair follicle develop-
ment by lowering the action of 5-reductase II [107].

As a result, a lack of certain nutrients, such as vitamins,
minerals, vital fatty acids, and proteins, can cause hair
loss, structural anomalies, and color changes, albeit the
exact causes remain unknown [83]. Hair loss is prev-
alently treated by dermatologists, and it has a signifi-
cant psychological and emotional impact on patients.
Micronutrients like vitamins and minerals have a vital,
though not completely understood, role in hair follicle
formation and in immune cell activity. A lack of these
micronutrients could be a modifiable risk factor for the
development, prevention, and treatment of alopecia.

It has been proven by studies that those who follow the
MD have less risk of alopecia. As the use of polyphe-
nol-based phytochemicals — frequently used in the MD—
increases, the effect of polyphenols in the treatment of
alopecia is taken into consideration. In addition, in sev-
eral studies essential oils were used in the treatment of
alopecia, leading to positive results [4, 91].

Considering all the data, more research is needed soon
on the role of nutrients in the hair cycle, its association
with known alopecia diseases, and effective supplemen-
tation regimens. The fact that the incidence of alopecia
is low in those fed the MD is promising for the develop-
ment of the most appropriate preventive and supportive
treatments by further researching the active ingredients
frequently used in the MD.
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