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Alopecia areata (AA) is a common, inflammatory, nonscarring type of hair loss. Significant variations in the
clinical presentation of AA have been observed, ranging from small, well-circumscribed patches of hair loss
to a complete absence of body and scalp hair. Patients affected by AA encompass all age groups, sexes, and
ethnicities, and may experience frustration with the unpredictable nature of their disease for which there is
currently no definitive treatment. The cause of AA remains incompletely understood, though it is believed
to resultdat least in partdfrom a loss of immune privilege in the hair follicle, autoimmune-mediated hair
follicle destruction, and the upregulation of inflammatory pathways. Patients with AA frequently
experience marked impairment in psychological well-being, self-esteem, and may be more likely to suffer
from psychiatric comorbidities. Part one of this two-part continuing medical education series describes the
epidemiology, clinical evaluation, prognosis, and recent advancements in the understanding of the
pathogenesis of AA. ( J Am Acad Dermatol 2018;78:1-12.)

Key words: alopecia areata; alopecia totalis; alopecia universalis; pathogenesis; prognosis; subtype.
EPIDEMIOLOGY approximately 0.1% to 0.2% of the general
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d Alopecia areata affects both sexes equally,
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Among the US population, the cumulative lifetime
incidence of alopecia areata (AA) is estimated at 2%,
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Abbreviations used:

AA: alopecia areata
AT: alopecia totalis
AU: alopecia universalis
CTL: cytotoxic T lymphocyte
CTLA-4: cytotoxic T lymphocyte-associated

protein 4
GWAS: genome-wide association study
HF: hair follicle
HLA: human leukocyte antigen
IFN: interferon
IL: interleukin
JAK: Janus kinase
MCH: melanin-concentrating hormone
MCHR2: melanin-concentrating hormone

factor 2
MCHR2-AS1: MCHR2 antisense RNA 1
MHC: major histocompatibility complex
NKG2D: natural killer group 2D
PRDX5: peroxiredoxin-5
SALT: Severity of Alopecia Tool
STX17: syntaxin-17
Treg: T regulatory cell
ULBP: UL16-binding protein
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while the prevalence is approximately 0.1% to
0.2%.1,2 While AA affects both sexes equally, data
from the Rochester Epidemiology Project revealed
that men tended to be diagnosed earlier compared
with women (mean age at diagnosis, 31.5 vs
36.2 years).2 While some have suggested that the
prevalence of AA may be greatest among pediatric
populations and declines with each subsequent
decade,3,4 others found the peak incidence to be in
the second and third decades of life.5,6
CLINICAL EVALUATION
Key points
d Alopecia areata presents most commonly as
well-demarcated patches of nonscarring,
inflammatory hair loss that can progress to
include all scalp or body hairs

d Exclamation point hairs, dystrophic hairs,
andyellowdots are features of alopecia areata
that can be identified with trichoscopy

d Nail abnormalities, such as regular pitting,
brittleness, or striations, are seen in 10% to
20% of patients

AA most commonly presents as a sudden onset of
focal well-circumscribed patches of hair loss on the
scalp without signs of significant inflammation or
scarring (Fig 1).7 In patients with active disease, a
pull test may be positive, especially at the periphery
of the lesion.8 Generally, patients are asymptomatic,
though tingling, itching, and dysesthesia are
occasionally reported prior to hair loss. In severely
affected individuals, AA may progress to include all
scalp hairs (alopecia totalis [AT ]), or all scalp
and body hairs (alopecia universalis [AU]).9 Men
may be more likely to initially present with beard
involvement as opposed to scalp alopecia (50.5% vs
39.3%; Fig 2).6

Evaluation of the patient should include
trichoscopy to allow for closer evaluation of the
follicle, hair shaft, and surrounding skin, and to help
determine the best area from which to obtain a
biopsy specimen.10 Clinicians should look for
exclamation point hairs, which are considered a
common, pathognomonic indicator of AA and
describe a broken hair that is thicker at the distal
end relative to the base. Dystrophic, broken hairs are
also frequently present, and although not specific to
AA, occur when mitotic activity in anagen follicles is
interrupted. Yellow dots may be observed on tricho-
scopy but do not correlate well with clinical disease
type or severity, and can be seen in other types of hair
loss, such as androgenetic alopecia.11 A Severity of
Alopecia Tool (SALT) score can be determined by
visually assessing the amount of terminal hair loss in 4
views of the scalp, and can be used to track treatment
response.12 A more recent scoring system, the SALT
II, is now also available and divides the scalp into
smaller increments for estimating hair density.13 Nail
changes are found in approximately 10% to 20% of
patients and may occur more commonly in those
with severe disease. Regular pitting, longitudinal
ridging, trachyonchia, and red lunula are among
the changes that may be seen (Fig 3).14,15
DIFFERENTIAL DIAGNOSIS
Key point
d Trichotillomania, temporal triangular alope-
cia, and telogen effluvium are the most
important alternative diagnoses to consider

Trichotillomania can be challenging to differen-
tiate from AA, and in some cases the two conditions
may coexist. However, in trichotillomania, incom-
plete hair loss and a significant number of broken
hairs will be observed on trichoscopy.16 Temporal
triangular alopecia causes a circumscribed triangular-
like area of nonscarring hair loss in the frontotempo-
ral area. Patches are usually single, persistent, unilat-
eral, do not enlarge in size like in AA, and tend to be
unresponsive to treatment.17 A biopsy specimen can
also be used to distinguish this condition from AA,
because temporal triangular alopecia tends to be
noninflammatory, though chronic AA lesions may
also lack significant inflammation.18,19 Diffuse AA
may be difficult to differentiate from telogen efflu-
vium, and this distinction frequently requires obtain-
ing a biopsy specimen or identifying a triggering
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Fig 1. A-D, Well-demarcated patchy alopecia areata. No epidermal changes were observed in
the affected areas.

Fig 2. A and B, Patchy alopecia areata of the beard.
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factor in the patient’s history. Other disorders to
consider include an early scarring alopecia, second-
ary syphilis (which may look histologically identical
to AA), and systemic lupus erythematous.
CLINICAL SUBTYPES
Key point
d Severalsubtypesofalopeciaareatahavedistinct
presentations, including ophiasis, sisaipho,
sudden graying type, and diffuse forms

Patients with the ophiasis subtype of AA (Fig 4)
have band-like alopecia usually at the occipital
hairline extending toward the temples, or rarely at
the frontal hairline, that can be confused with frontal
fibrosing alopecia.9 The sisaipho subtype occurs in
the opposite distribution, causing hair loss centrally
but sparing hairs at the margin of the scalp, and
appearing similar to androgenetic alopecia.20 In
addition, a ‘‘sudden graying’’ or ‘‘white overnight’’
variant of AA results in loss of pigmented hairs.21

Perinevoid AA refers to hair loss occurring around
pigmented nevi, and of note removal of the nevi
does not change the hair loss.22

Acute diffuse and total alopecia is a more recently
described variant that presents as diffuse and sudden
hair loss most commonly in women, and lasting
approximately 3 months followed by rapid re-
growth, though recurrence may occur.23 AA incog-
nita is also characterized by acute diffuse shedding of
telogen hairs in the areas commonly affected by
androgenetic alopecia and can be confused with



Fig 3. Characteristic nail findings in patients with alopecia areata. A, Brittle nails with splitting.
B, Red lunula, the convex margin of the distal matrix.

Fig 4. Different clinical presentations of alopecia areata, including (A and B) the ophiasis
subtype with hair loss at the occipital scalp, (C) hair loss in an androgenetic distribution, and
(D) diffuse type.
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telogen effluvium; obtaining a biopsy specimen is
often required for a definitive diagnosis.24 Women
are also more frequently affected by this subtype.10

PROGNOSIS
Key points
d Younger age at initial presentation and
severity at onset are the most important
prognostic indicators

d Risk of progression from limited alopecia
areata to alopecia totalis or alopecia
universalis is approximately 5%

d The ophiasis subtype has a poorer prognosis
and the acute diffuse and total alopecia
subtype has a more favorable prognosis
Factors that may contribute to prognosis include
AA subtype, extent of hair loss, duration of hair loss,
age at onset, and family history.14 Approximately 5%
of cases of patchy AA will progress to AT or AU
(Fig 5).25 Extensive involvement portends a more
severe prognosis.4 For example, Tosti et al26 showed
that among adult patients withmild disease (\25% of
hair loss), 67% showed complete regrowth while
those with more severe ATor AU forms of the disease
tended to either remain stable or worsen overtime
(mean follow-up time, 17.74 years). The patients
from this study were treated with various therapies,
including topical immunotherapy, which conferred a
better overall prognosis to responders. Some
patients in the study did not receive any treatment,
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Fig 5. Progression of (A) patchy alopecia areata to (B) alopecia totalis.
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and among those with 51% to 75% hair loss who
were untreated 34.6% recovered or developed
milder disease.26 Younger age at onset is also
regarded as a less favorable prognostic
indicator.27,28 The ophiasis subtype can have a
poorer prognosis and may be less responsive to
treatment, while the acute diffuse and total alopecia
subtype generally has a favorable prognosis.23,29
PATHOGENESIS
Key points
d The anagen hair follicle is normally an
immune privileged site, but this is disrupted
in alopecia areata

d Inflammatory immunecells lead todystrophic
hair follicle cycling with premature entry into
the telogen phase

The proximal portion of the anagen hair follicle
(HF) constitutes an immune privileged site similar to
the anterior chamber of the eyes, the pregnant
uterus, and the testes.30,31 This immune privilege
appears to be disrupted in AA where an increase in
major histocompatibility complex (MHC) I and II
molecules, along with adhesion molecules, correlate
with increased leukocyte trafficking into the
dermis.32 These changes enhance the presentation
of antigens by HF cells and migration of T cells to
close proximity of HFs in AA lesions.

Normally, the HF cycles between 3 distinct stages;
active growth (anagen), followed by apoptosis of
epithelial cells (catagen), and finally a resting phase
(telogen).33 In AA, this cycling becomes disrupted,
leading to a dystrophic anagen phase. Also, during
the catagen phase there is an infiltration of immune
cells, leading to the hypothesis that the controlled
apoptosis that occurs during catagen might expose
the immune cells to more antigens from HF cells.34,35

Eventually, with increased inflammation, the anagen
phase follicles prematurely enter the telogen phase;
this is likely in response to an immune-mediated
stimulus.36

Autoimmune hypothesis
Key points
d Autoreactive T cells infiltrate the hair
follicle, sparing the stem cell compartment

d CD81 T cell density and disease severity
correlate

d Hair follicleederived autoantigens may be
involved

The first evidence of autoimmunity in AA against
hair follicles involved the observation of a ‘‘swarm of
bees’’ clustering of inflammatory cells (mostly
T cells) toward the bulb region of hair follicles.37

CD81 (cytotoxic T lymphocytes [CTLs]) and CD41

T cells comprise a significant portion of the infiltrate,
along with an increased presence of antigen-
presenting cells, such as Langerhans cells.38,39 Of
note, the lymphocyte attack in AA spares the stem
cell compartment, preventing permanent organ
destruction and allowing future regrowth to remain
possible in most cases.40 The clinical importance of
lymphocytes in AA is highlighted by the observation
that CD81 T cell density and disease severity appear
to correlate.41 Recently, the presence of mast cells in
AA lesions in close association with CTLs has been
identified in both AA-affected C3H/HeJ mice and
humans, suggesting potential cross-communication
between mast cells and CTLs during AA
pathogenesis.42,43

The involvement of autoreactive T cells gave rise
to the hypothesis of HF-derived autoantigens. The
identity of the exact antigen is still being debated, but
melanogenesis-associated antigens are likely
involved, and this may account for the clinical
observation that pigmented hairs tend to be
preferentially affected by AA, and after resolution
of an episode of AA, the nonpigmented hairs are
typically the first to demonstrate regrowth.9 HF
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keratinocyte-derived antigens, such as trichohyalin,
have also been identified as possible autoantigens
for T cells44 and autoantibodies.37,45
Fig 6. Hair matrical epithelial cells show disorganization
and lymphocytic inflammation. (Original magnification:
3400.)
Animal models
Key points
d The C3H/HeJ mouse model is widely used for
alopecia areata research

d Studies in animal models support the role of
autoreactive T cells in alopecia areata and
the upregulation of inflammatory pathways

While animal models cannot represent human
disease completely, the C3H/HeJ mouse model is
one of the most well defined and widely used for AA
research, along with DEBR rats and humanized
severe combined immunodeficiency mice.46-49 The
high mechanistic similarities between C3H/HeJ mice
and human AA have made it an attractive model for
preclinical drug testing. Evidence from these models
strongly supports the hypothesis that T cells drive the
pathogenesis of AA, consistent with changes in
the interferon-gamma and inflammatory gene
expression signatures in AA. For example, transfer
of T cells (but not B cells) can cause AA in C3H/HeJ
mice,50 while depletion of CD41 and CD81 T cell
subsets using monoclonal antibodies in AA-affected
mice causes hair regrowth.51,52 Upregulation of
interleukin-6 (IL-6), tumor necrosis factorealpha,
IL-12, and interferon-gamma is observed among
mice that develop localized or multiple patches of
AA. Similar changes in interferon and inflammatory
signatures were also observed in humans with
AA.41,50 These observations led to rational
development of experimental therapies either via
targeting specific cytokines or cell populations.53,54
Histologic findings
Key points
d In active phase alopecia areata there is peri-
bulbar lymphocytic inflammation comprised
of CD81 and CD41 T cells, a shift to catagen
and telogen follicles, and miniaturization

d In the chronic phase, the majority of
follicles are miniaturized, and in catagen or
telogen there is minimal to sometimes no
peribulbar inflammation

The histologic features of AAvary according to the
disease stage. In acute, active disease there is
peribulbar infiltration of CD81 and CD41 T lympho-
cytes surrounding anagen follicles, with extension
into the hair matrix keratinocytes (Fig 6).55 These
lymphocytes cause disorganization and apoptosis of
hair matrix cells. Degeneration results in melanin
incontinence and pigment deposition within the
follicular epithelium, the dermal papilla, and the
follicular stela (fibrovascular tracts).56 The
inflammatory infiltrate causes anagen arrest and
abrupt cessation of hair shaft formation, causing a
tapered and weakened hair shaft, manifesting
clinically as the so-called ‘‘pencil/exclamation point
hair.’’ As the disease progresses, anagen follicles shift
to catagen and telogen and also miniaturize,
although the total number follicles remains the
same (Fig 7).55 Peribulbar inflammation subsides as
the number of anagen follicles is reduced. Residual
inflammatory cells, including lymphocytes and
eosinophils, may be present in follicular stelae
(Fig 8). In chronic disease, the majority of follicles
are in telogen phase and there is marked
miniaturization (Figs 9 and 10). The recovery stage
is characterized by a reduction in the inflammation,
an increase in the proportion of anagen hairs, and a
decrease in telogen hairs.57

While a vertical section may be sufficient to
diagnose AA in the active phase, in chronic disease,
when inflammation may be less prominent,
horizontal sectioning technique aids in accurate
diagnosis by allowing the pathologist to visualize
every follicle in the specimen, at different levels,
from the subcutaneous fat to the epidermis, thereby
assessing hair follicle density, diameters, and the
distribution of follicles in different phases of the hair
cycle.57
Genetic studies
Key point
d Human leukocyte antigen I and II loci, genes
involved in innate and adaptive immune
pathways, and oxidative stress are impli-
cated in AA

Initial candidate gene studies revealed the
involvement of human leukocyte antigen (HLA)



Fig 7. Peribulbar lymphocytic inflammation involving
terminal and miniaturized follicles with marked shift to
catagen and telogen. (Original magnification: 340.)

Fig 10. Miniaturized follicles in chronic disease. (Original
magnification: 3100.)

Fig 8. Lymphocytes, a few eosinophils, and melanin in a
follicular stela. (Original magnification: 3400.)

Fig 9. Horizontal sections showing a marked increase in
the number of catagen and telogen follicles. (Original
magnification: 3100.)
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genes, which are important for antigen presentation
in the pathogenesis of AA, as reviewed by Gilhar
et al.40 With the establishment of the National
Alopecia Areata Foundation Registry, an extensive
patient cohort became available for large-scale
family-based genomewide linkage studies which
further confirmed the involvement of HLA genes in
20 families with AA.58

Genome-wide association studies (GWASs) have
greatly facilitated our understanding of the immune
pathways involved in AA. The first GWAS for AA
compared allele frequencies from 1054 unrelated
patients with AA from the National Alopecia Areata
Foundation Registry to 3278 control subjects.59 The
results from this study implicated both innate and
adaptive arms of the immune system, including
genes encoding the natural killer cell receptor
(NKG2D, [natural-killer group 2, member D]) ligands
UL16-binding proteins (ULBP) 3/6, cytotoxic T
lymphocyteeassociated protein 4 (CTLA-4), IL-2/IL-
21 locus, IL-2 receptor A, and Eos in addition to
previously identified HLA class II loci. The latest
metaanalysis of GWASs for AA (now with 3253 cases
and 7543 controls) further strengthened the initial
GWAS findings and increased the number of risk loci
from 8 to 16.60 This study revealed the association of
ACOXL/BCL2L11, GARP, and SH2B3(LNK)/ATXN2.
These genes are related to autophagy/apoptosis,
regulatory T cells (Tregs), and Janus kinase (JAK)
signaling.60

An association was also demonstrated in the
GWAS for the ULBP gene cluster on chromosome
6q25.1 that encodes activating ligands of NKG2D
and notably ULBP3/6, which are novel risk genes
that have not been identified in other autoimmune
diseases.59 These NKG2D ligands are stress-induced
molecules that function as danger signals to alert
immune cells via interaction with the NKG2D
receptor. The majority of NKG2D1 cells are CD81

T cells, which supports a role for CD81NKG2D1

cytotoxic T cells in AA.59 Additional insight from
C3H/HeJ mice suggests that CD81NKG2D1 T cells
are in fact the dominant cell type in AA.61

Several of the genes identified in the GWASs
are involved in directing Tregs, which exert
immunoregulatory capacity on a broad range of
effector cell types including T-helper 1, T-helper 2,
and antigen-presenting cells to prevent immune
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response against self-antigens.62 Treg differentiation
is dependent on IL-2 receptor A (CD25), IL-2, and a
lineage determining factor Foxp3 that is regulated by
Eos, a zinc finger transcription factor,63 while CTLA-4
is a major determinant of Treg-suppressible capa-
bility.64 Finally, IL-21 is a proinflammatory mediator
that promotes the differentiation of TH17 effector
cells while limiting Treg differentiation.65

Genome-wide analysis of copy number variants of
candidate genes have also identified duplications in
melanin-concentrating hormone receptor 2
(MCHR2) and MCHR2 antisense RNA 1 (MCHR2-
AS1), which are both implicated in MCH signaling
and further supports the hypothesis that genes
affecting pigmentation are involved in AA.54

Variants in syntaxin-17 (STX17), a SNARE protein,
which plays a role both in autophagy and possibly
pigmentation have been implicated in AA as
well.59,66 This gene is expressed in the follicle itself
alongwith another gene,which alsomay be involved
in AA, peroxiredoxin-5 (PRDX5). Dysregulation of
PRDX5 may allow aberrant cells (potentially in
response to oxidative stress) to survive which could
result in the presentation of damaged self-antigens to
the immune system promoting autoimmunity.67

Identification of STX17 and PRDX5 suggested ab-
normalities other than immune response pathways
and potential involvement of oxidative stress in the
pathogenesis of AA.
The Janus kinase/signal transducers and
activators of transcription signaling pathway
Key point
d The Janus kinase/signal transducers and
activators of transcription pathway is
upregulated in alopecia areata but not in
normal hair follicles

Human skin biopsy specimens from patients with
AA show the overexpression of JAK3 and, to a
lesser extent, JAK1 and JAK2 signaling.68 Interferon-
gamma (IFN-g) signals through JAK1/2 while IL-15
signals via JAK1/3 (Fig 11). Several studies have
shown that IFN-g is prominently expressed in lesional
skin from patients with AA and is believed to
contribute to the collapse of immune privilege
through increased follicular expression of MHC class
I and II molecules.46,50,69-72 Blocking IFN-g with
neutralizing antibodies at the time of grafting
prevents AA development in mice, while reducing
MHC upregulation and infiltration of CD81NKG2D
cells.61 The IL-15 pathway is also upregulated in AA.61

Both the IFN-g and IL-15 pathways are targeted by
JAK inhibitors, including tofacitinib, ruxolitinib, and
baricitinib (see the second article in this series for
more information). In addition, blockade of CXCR3
inhibits the downstream signaling of IFN-g and was
found to prevent the development of AA in C3H/HeJ
mice via inhibiting the recruitment of pathogenic
T cells.73 Blockade of CXCR3 may be a potential
target of future therapeutics.

Comorbidities
Key point
d Patients with atopy (including atopic derma-
titis, asthma, and allergic rhinitis) and other
autoimmune conditions may be more likely
to develop alopecia areata

Increased risk of AA development in patients with
atopy, including atopic dermatitis, asthma, and
allergic rhinitis has been reported in various
epidemiologic studies.74,75 Multiple autoimmune
diseases (including thyroid disease, psoriasis, and
vitiligo) have been shown to have a high association
with AA.76 Co-occurrence of these diseases may be a
result of shared genetic risk loci, immune cell
populations, and cytokine profiles as identified by
the GWASs.59,60 Of note, GWASs have also revealed
shared risk loci between AA and rheumatoid arthritis,
celiac disease, and type I diabetes.

The development of AA could also have systemic
effects on the body other than the skin. Cardiac
hypertrophy has been identified in C3H/HeJ mice
with AA in conjunction with higher levels of the
serum heart disease marker cardiac troponin I.77

While no differences in cardiovascular risk in human
patients with AA have been found,78 subclinical
forms of heart damage may occur in patients with
AA. Although not currently substantiated in AA, the
circulating inflammatory cytokines certainly have the
potential to adversely affect other organs, as seen in
other autoimmune diseases like psoriasis, systemic
lupus erythematosus, and rheumatoid arthritis.79-81

OTHER FACTORS CONTRIBUTING TO
ALOPECIA AREATA
Key points
d Epigenetic mechanisms may affect suscepti-
bility to alopecia areata

d Stress and diet may contribute to the
development of alopecia areata

Epigenetics. While there is a strong genetic
component in AA with a 10-fold increased risk in
first-degree relatives, there is only a 55%
concordance rate in monozygotic twins, highlighting
that there is missing heritability in AA.82 Epigenetic
mechanisms may therefore contribute to the
susceptibility and rate of onset for AA. Many
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Fig 11. In alopecia areata, CD81 T cells produce interferon-gamma (IFN-g), which signals via
Janus kinases 1 (JAK1) and JAK2 to enhance production of interleukin-15 (IL-15). In
combination with the IL-15 receptor-a (chaperone protein), IL-15 binds to the surface of
CD81 T cells leading to signaling through JAK1 and JAK3 to produce more IFN-g. The effect of
the JAK inhibitorsdtofacitinib, ruxolitinib, and baricitinibdare noted on this pathway.
(Adapted with permission from Macmillan Publishers Ltd from Divito SJ, Kupper TS. Inhibiting
Janus kinases to treat alopecia areata. Nat Med 2014;20:989-90. Copyright 2014.)
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epigenetic mechanisms, such as histone modifica-
tion, and microRNAs have recently been studied in
AA, and increased methylation of genomic DNA and
histone acetylation have been described in AA
peripheral blood mononuclear cells.83,84

Stress and psychiatric problems. Stress and
psychological disorders are among the most
commonly cited causes of AA by patients, but the
exact association is still debatable. A recent study
reported a high prevalence of anxiety and depres-
sion among patients with AA.74 However, the
involvement of stress is likely at the molecular level
with the secretion of stress hormones that may
facilitate inflammation rather than as a direct cause.85

In animal studies, dysregulation of hypothalamic-
pituitary-adrenal activity was observed.86

AA-affected mice displayed a delayed response to
chronic psychological stress and blunted
hypothalamic-pituitary-adrenal response to acute
physiological stress; the expression of genes related
to stress was also different in the brains of thesemice.

Diet. Food with high dietary soy oil content
seems to increase resistance to AA in C3H/HeJ
mice.87 Mice that received a high soy oilecontaining
diet showed hair regrowth after AA induction via
skin graft compared to those fed with a normal diet.
A high soy diet may modulate estrogen-dependent
mechanisms or inflammatory activity and prevent
AA. In addition, soy oil may modulate the
microbiome niche in mice, which has been shown
to modulate autoimmune disease susceptibility.88,89

In conclusion, AA affects approximately 2% of the
population and has many different clinical presen-
tations, ranging from well-circumscribed patches of
hair loss to diffuse alopecia. The main factors
affecting prognosis include age at onset and disease
extent. Recent evidence further supports an
autoimmune etiology and upregulation of
inflammatory pathways in AA. GWASs have helped
to characterize the pathways involved in AA,
including genes involved in innate and adaptive
immunity, oxidative stress, and the Janus kinase/
signal transducers and activators of transcription
signaling pathway.

REFERENCES

1. Safavi K. Prevalence of alopecia areata in the first National

Health and Nutrition Examination Survey. Arch Dermatol.

1992;128:702.

2. Mirzoyev SA, Schrum AG, Davis MDP, Torgerson RR. Lifetime

incidence risk of alopecia areata estimated at 2.1 percent by

http://refhub.elsevier.com/S0190-9622(17)31873-X/sref1
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref1
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref1
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref2
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref2


J AM ACAD DERMATOL

JANUARY 2018
10 Strazzulla et al
Rochester Epidemiology Project, 1990e2009. J Invest

Dermatol. 2014;134:1141.

3. Shellow WV, Edwards JE, Koo JY. Profile of alopecia areata:

a questionnaire analysis of patient and family. Int J Dermatol.

1992;31:186-189.

4. Muller SA, Winkelmann RK. Alopecia areata: an evaluation of

736 patients. Arch Dermatol. 1963;88:290-297.

5. Tan E, Tay YK, Goh CL, Chin Giam Y. The pattern and

profile of alopecia areata in Singaporeea study of 219 Asians.

Int J Dermatol. 2002;41:748-753.

6. Kyriakis KP, Paltatzidou K, Kosma E, Sofouri E, Tadros A,

Rachioti E. Alopecia areata prevalence by gender and age.

J Eur Acad Dermatol Venereol. 2009;23:572-573.

7. Harries MJ, Sun J, Paus R, King LE Jr. Management of alopecia

areata. BMJ. 2010;341:c3671.

8. Madani S, Shapiro J. Alopecia areata update. J Am Acad

Dermatol. 2000;42:549-566.

9. Finner AM. Alopecia areata: clinical presentation, diagnosis,

and unusual cases. Dermatol Ther. 2011;24:348-354.

10. Tosti A, Whiting D, Iorizzo M, et al. The role of scalp

dermoscopy in the diagnosis of alopecia areata incognita.

J Am Acad Dermatol. 2008;59:64-67.

11. Ross EK, Vincenzi C, Tosti A. Videodermoscopy in the

evaluation of hair and scalp disorders. J Am Acad Dermatol.

2006;55:799-806.

12. Olsen EA, Hordinsky MK, Price VH, et al. Alopecia areata

investigational assessment guidelinesepart II. J Am Acad

Dermatol. 2004;51:440-447.

13. Olsen EA, Canfield D. SALT II: a new take on the Severity of

Alopecia Tool (SALT) for determining percentage scalp hair

loss. J Am Acad Dermatol. 2016;75:1268-1270.

14. MacDonald Hull SP, Wood ML, Hutchinson PE, Sladden M,

Messenger AG. Guidelines for the management of alopecia

areata. Br J Dermatol. 2003;149:692-699.

15. Sharma VK, Dawn G, Kumar B. Profile of alopecia areata in

Northern India. Int J Dermatol. 1996;35:22-27.

16. Messenger AG, McKillop J, Farrant P, McDonagh AJ,

Sladden M. British Association of Dermatologists’ guidelines

for the management of alopecia areata 2012. Br J Dermatol.

2012;166:916-926.

17. Feuerman EJ. Congenital temporal triangular alopecia. Cutis.

1981;28:196-197.

18. Fern�andez-Crehuet P, Va~no-Galv�an S, Martorell-Calatayud A,

Arias-Santiago S, Grimalt R, Camacho-Mart�ınez FM. Clinical

and trichoscopic characteristics of temporal triangular

alopecia: a multicenter study. J Am Acad Dermatol. 2016;75:

634-637.

19. Trakimas C, Sperling LC, Skelton HG, Smith KJ, Buker JL.

Clinical and histologic findings in temporal triangular

alopecia. J Am Acad Dermatol. 1994;31:205-209.

20. Munoz MA, Camacho FM. Sisaipho: a new form of

presentation of alopecia areata. Arch Dermatol. 1996;132:

1255-1256.

21. Goldenhersh MA. Rapid whitening of the hair first reported in

the Talmud. Possible mechanisms of this intriguing

phenomenon. Am J Dermatopathol. 1992;14:367-368.

22. Yesudian P, Thambiah AS. Perinevoid alopecia: an unusual

variety of alopecia areata. Arch Dermatol. 1976;112:

1432-1434.

23. Lew BL, Shin MK, Sim WY. Acute diffuse and total alopecia:

a new subtype of alopecia areata with a favorable prognosis.

J Am Acad Dermatol. 2009;60:85-93.

24. Rebora A. Alopecia areata incognita: a hypothesis.

Dermatology. 1987;174:214-218.
25. Safavi KH, Muller SA, Suman VJ, Moshell AN, Melton LJ.

Incidence of alopecia areata in Olmsted County, Minnesota,

1975 through 1989. Mayo Clin Proc. 1995;70:628-633.

26. Tosti A, Bellavista S, Iorizzo M. Alopecia areata: a long term

follow-up study of 191 patients. J Am Acad Dermatol. 2006;

55:438-441.

27. Walker SA, Rothman S. Alopecia areata: a statistical study and

consideration of endocrine influences. J Invest Dermatol.

1950;14:403-413.

28. De Waard-Van Der Spek FB, Oranje AP, De Raeymaecker MJ,

Peereboom-Wynia JD. Juvenile versus maturity-onset alopecia

areata-a comparative retrospective clinical study. Clin Exp

Dermatol. 1989;14:429-433.

29. Muralidhar S, Sharma VK, Kaur S. Ophiasis inversus: a

rare pattern of alopecia areata. Pediatr Dermatol. 1998;15:

326-327.

30. Westgate GE, Craggs RI, Gibson WT. Immune privilege in hair

growth. J Invest Dermatol. 1991;97:417-420.

31. Paus R, Nickoloff BJ, Ito T. A ‘hairy’privilege. Trends Immunol.

2005;26:32-40.

32. Ghersetich I, Campanile G, Lotti T. Alopecia areata:

immunohistochemistry and ultrastructure of infiltrate and

identification of adhesion molecule receptors. Int J Dermatol.

1996;35:28-33.

33. Alonso L, Fuchs E. The hair cycle. J Cell Sci. 2006;119:391-393.

34. D’Ovidio R. Alopecia areata: news on diagnosis,

pathogenesis and treatment. G Ital Dermatol Venereol.

2014;149:25-45.

35. Eckert J, Church RE, Ebling FJ. The pathogenesis of alopecia

areata. Br J Dermatol. 1968;80:203-210.

36. Messenger AG, Slater DN, Bleehen SS. Alopecia areata:

alterations in the hair growth cycle and correlation with

the follicular pathology. Br J Dermatol. 1986;114:337-347.

37. Messenger AG, Bleehen SS. Alopecia areata: light and

electron microscopic pathology of the regrowing white

hair. Br J Dermatol. 1984;110:155-162.

38. Wiesner-Menzel L, Happle R. Intrabulbar and peribulbar

accumulation of dendritic OKT 6-positive cells in alopecia

areata. Arch Dermatol Res. 1984;276:333-334.

39. Zhang JG, Oliver RF. Immunohistological study of the

development of the cellular infiltrate in the pelage follicles

of the DEBR model for alopecia areata. Br J Dermatol. 1994;

130:405-414.

40. Gilhar A, Paus R, Kalish RS. Lymphocytes, neuropeptides, and

genes involved in alopecia areata. J Clin Invest. 2007;117:

2019-2027.

41. Jabbari A, Cerise JE, Chen JC, et al. Molecular signatures

define alopecia areata subtypes and transcriptional

biomarkers. EBioMedicine. 2016;7:240-247.

42. Zhang X, Zhao Y, Ye Y, et al. Lesional infiltration of mast cells,

Langerhans cells, T cells and local cytokine profiles in

alopecia areata. Arch Dermatol Res. 2015;307:319-331.

43. Bertolini M, Zilio F, Rossi A, et al. Abnormal interactions

between perifollicular mast cells and CD81 T-cells may

contribute to the pathogenesis of alopecia areata. PloS

One. 2014;9:e94260.

44. Wang EHC, Yu M, Breitkopf T, et al. Identification of

autoantigen epitopes in alopecia areata. J Invest Dermatol.

2016;136:1617-1626.

45. Leung MC, Sutton CW, Fenton DA, Tobin DJ. Trichohyalin

is a potential major autoantigen in human alopecia areata.

J Proteome Res. 2010;9:5153-5163.

46. Sundberg JP, Cordy WR, King LE. Alopecia areata in aging

C3H/HeJ mice. J Invest Dermatol. 1994;102:847-856.

http://refhub.elsevier.com/S0190-9622(17)31873-X/sref2
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref2
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref3
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref3
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref3
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref4
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref4
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref5
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref5
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref5
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref6
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref6
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref6
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref7
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref7
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref8
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref8
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref9
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref9
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref10
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref10
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref10
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref11
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref11
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref11
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref12
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref12
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref12
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref13
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref13
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref13
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref14
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref14
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref14
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref15
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref15
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref16
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref16
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref16
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref16
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref17
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref17
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref18
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref19
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref19
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref19
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref20
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref20
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref20
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref21
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref21
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref21
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref22
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref22
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref22
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref23
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref23
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref23
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref24
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref24
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref25
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref25
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref25
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref26
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref26
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref26
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref27
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref27
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref27
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref28
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref28
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref28
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref28
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref29
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref29
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref29
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref30
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref30
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref31
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref31
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref32
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref32
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref32
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref32
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref33
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref34
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref34
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref34
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref35
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref35
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref36
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref36
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref36
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref37
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref37
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref37
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref38
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref38
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref38
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref39
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref39
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref39
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref39
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref40
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref40
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref40
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref41
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref41
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref41
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref42
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref42
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref42
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref43
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref43
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref43
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref43
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref43
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref44
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref44
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref44
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref45
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref45
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref45
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref46
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref46


J AM ACAD DERMATOL

VOLUME 78, NUMBER 1
Strazzulla et al 11
47. Gilhar A, Keren A, Paus R. A new humanized mouse model for

alopecia areata. J Investig Dermatol Symp Proc. 2013;16:

S37-S38.

48. McElwee KJ, Boggess D, Sundberg JP, King LE Jr.

Experimental induction of alopecia areata-like hair loss in

C3H/HeJ mice using full-thickness skin grafts. J Invest

Dermatol. 1998;111:797-803.

49. Oliver RF, Lowe JG. Oral cyclosporin A restores hair growth in

the DEBR rat model for alopecia areata. Clin Exp Dermatol.

1995;20:127-131.

50. McElwee KJ, Freyschmidt-Paul P, Hoffmann R, et al. Transfer

of CD8(1) cells induces localized hair loss whereas

CD4(1)/CD25(-) cells promote systemic alopecia areata and

CD4(1)/CD25(1) cells blockade disease onset in the C3H/HeJ

mouse model. J Invest Dermatol. 2005;124:947-957.

51. McElwee KJ, Spiers EM, Oliver RF. In vivo depletion of CD81
T cells restores hair growth in the DEBR model for alopecia

areata. Br J Dermatol. 1996;135:211-217.

52. McElwee KJ, Spiers EM, Oliver RE. Partial restoration of hair

growth in the DEBR model for alopecia areata after in vivo

depletion of CD41 T cells. Br J Dermatol. 1999;140:432-437.

53. Skurkovich S, Korotky NG, Sharova NM, Skurkovich B.

Treatment of alopecia areata with anti-interferon-g

antibodies. J Invest Dermatol Symp Proc. 2005;10:283-284.

54. Fischer J, Degenhardt F, Hofmann A, et al. Genomewide

analysis of copy number variants in alopecia areata in a

Central European cohort reveals association with MCHR2.

Exp Dermatol. 2017;26:536-541.

55. Whiting DA. Histopathologic features of alopecia areata: a

new look. Arch Dermatol. 2003;139:1555-1559.

56. Whiting DA. Structural abnormalities of the hair shaft. J Am

Acad Dermatol. 1987;16:1-25.

57. Dy LC, Whiting DA. Histopathology of alopecia areata, acute

and chronic: why is it important to the clinician? Dermatol

Ther. 2011;24:369-374.

58. Martinez-Mir A, Zlotogorski A, Gordon D, et al. Genomewide

scan for linkage reveals evidence of several susceptibility loci

for alopecia areata. Am J Hum Genet. 2007;80:316-328.

59. Petukhova L, Duvic M, Hordinsky M, et al. Genome-wide

association study in alopecia areata implicates both innate

and adaptive immunity. Nature. 2010;466:113-117.

60. Betz RC, Petukhova L, Ripke S, et al. Genome-wide

meta-analysis in alopecia areata resolves HLA associations

and reveals two new susceptibility loci. Nat Commun. 2015;6:

5966.

61. Xing L, Dai Z, Jabbari A, et al. Alopecia areata is driven by

cytotoxic T lymphocytes and is reversed by JAK inhibition.

Nat Med. 2014;20:1043-1049.

62. Palomares O, Yaman G, Azkur AK, Akkoc T, Akdis M, Akdis CA.

Role of Treg in immune regulation of allergic diseases. Eur J

Immunol. 2010;40:1232-1240.

63. Pan F, Yu H, Dang EV, et al. Eos mediates Foxp3-dependent

gene silencing in CD41 regulatory T cells. Science. 2009;325:

1142-1146.

64. Wing K, Onishi Y, Prieto-Martin P, et al. CTLA-4 control over

Foxp31 regulatory T cell function. Science. 2008;322:271-275.

65. Monteleone G, Pallone F, Macdonald TT. Interleukin-21 as a

new therapeutic target for immune-mediated diseases.

Trends Pharmacol Sci. 2009;30:441-447.

66. Pielberg GR, Golovko A, Sundstr€om E, et al. A cis-acting

regulatory mutation causes premature hair graying and

susceptibility to melanoma in the horse. Nat Genet. 2008;

40:1004-1009.

67. Petukhova L, Cabral RM, Mackay-Wiggan J, Clynes R,

Christiano AM. The genetics of alopecia areata: what’s new
and how will it help our patients? Dermatol Ther. 2011;24:

326-336.

68. de Medeiros AKA, Speeckaert R, Desmet E, Van Gele M,

De Schepper S, Lambert J. JAK3 as an emerging target for

topical treatment of inflammatory skin diseases. PloS One.

2016;11:e0164080.

69. Paus R, Slominski A, Czarnetzki BM. Is alopecia areata an

autoimmune-response against melanogenesis-related

proteins, exposed by abnormal MHC class I expression in

the anagen hair bulb? Yale J Biol Med. 1993;66:541.

70. R€uckert R, Hofmann U, van der Veen C, Paus R,

Bulfone-Paus S. MHC class I expression in murine skin:

developmentally controlled and strikingly restricted

intraepithelial expression during hair follicle morphogenesis

and cycling, and response to cytokine treatment in vivo.

J Invest Dermatol. 1998;111:25-30.

71. Ito T, Ito N, Saatoff M, et al. Maintenance of hair follicle

immune privilege is linked to prevention of NK cell attack.

J Invest Dermatol. 2008;128:1196-1206.

72. Gilhar A, Kam Y, Assy B, Kalish RS. Alopecia areata induced in

C3H/HeJ mice by interferon-gamma: evidence for loss of

immune privilege. J Invest Dermatol. 2005;124:288-289.

73. Dai Z, Xing L, Cerise J, et al. CXCR3 blockade inhibits T cell

migration into the skin and prevents development of

alopecia areata. J Immunol. 2016;197:1089-1099.

74. Huang KP, Mullangi S, Guo Y, Qureshi AA. Autoimmune,

atopic, and mental health comorbid conditions associated

with alopecia areata in the United States. JAMA Dermatol.

2013;149:789-794.

75. Barahmani N, Schabath MB, Duvic M, Registry NAA. History of

atopy or autoimmunity increases risk of alopecia areata. J Am

Acad Dermatol. 2009;61:581-591.

76. Chu SY, Chen YJ, Tseng WC, et al. Comorbidity profiles

among patients with alopecia areata: the importance of

onset age, a nationwide population-based study. J Am Acad

Dermatol. 2011;65:949-956.

77. Wang E, Chong K, Yu M, et al. Development of autoimmune

hair loss disease alopecia areata is associated with cardiac

dysfunction in C3H/HeJ mice. PloS One. 2013;8:e62935.

78. Huang KP, Joyce CJ, Topaz M, Guo Y, Mostaghimi A.

Cardiovascular risk in patients with alopecia areata (AA): a

propensity-matched retrospective analysis. J Am Acad

Dermatol. 2016;75:151-154.

79. Solomon DH, Karlson EW, Rimm EB, et al. Cardiovascular

morbidity and mortality in women diagnosed with

rheumatoid arthritis. Circulation. 2003;107:1303-1307.

80. Vena GA, Vestita M, Cassano N. Psoriasis and cardiovascular

disease. Dermatol Ther. 2010;23:144-151.

81. Miner JJ, Kim AHJ. Cardiac manifestations of systemic lupus

erythematosus. Rheum Dis Clin North Am. 2014;40:51-60.

82. Rodriguez TA, Fernandes KE, Dresser KL, Duvic M,

Registry NAA. Concordance rate of alopecia areata in

identical twins supports both genetic and environmental

factors. J Am Acad Dermatol. 2010;62:525-527.

83. Zhao M, Liang G, Wu X, et al. Abnormal epigenetic

modifications in peripheral blood mononuclear cells from

patients with alopecia areata. Br J Dermatol. 2012;166:

266-273.

84. Wang EHC, DeStefano GM, Patel AV, et al. Identification of

differentially expressed miRNAs in alopecia areata that target

immune-regulatory pathways. Genes Immun. 2017;18:

100-104.

85. Chu SY, Chen YJ, Tseng WC, et al. Psychiatric comorbidities in

patients with alopecia areata in Taiwan: a caseecontrol
study. Br J Dermatol. 2012;166:525-531.

http://refhub.elsevier.com/S0190-9622(17)31873-X/sref47
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref47
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref47
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref48
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref48
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref48
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref48
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref49
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref49
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref49
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref50
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref51
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref51
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref51
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref52
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref52
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref52
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref52
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref53
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref53
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref53
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref54
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref54
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref54
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref54
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref55
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref55
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref56
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref56
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref57
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref57
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref57
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref58
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref58
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref58
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref59
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref59
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref59
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref60
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref60
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref60
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref60
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref61
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref61
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref61
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref62
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref62
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref62
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref63
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref63
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref63
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref63
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref64
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref64
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref64
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref65
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref65
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref65
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref66
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref66
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref66
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref66
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref66
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref67
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref67
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref67
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref67
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref68
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref68
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref68
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref68
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref69
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref69
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref69
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref69
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref70
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref71
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref71
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref71
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref72
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref72
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref72
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref73
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref73
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref73
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref74
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref74
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref74
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref74
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref75
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref75
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref75
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref76
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref76
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref76
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref76
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref77
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref77
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref77
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref78
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref78
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref78
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref78
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref79
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref79
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref79
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref80
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref80
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref81
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref81
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref82
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref82
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref82
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref82
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref83
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref83
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref83
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref83
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref84
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref84
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref84
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref84
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref85
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref85
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref85


J AM ACAD DERMATOL

JANUARY 2018
12 Strazzulla et al
86. Zhang X, Yu M, Yu W, Weinberg J, Shapiro J, McElwee KJ.

Development of alopecia areata is associated with higher

central and peripheral hypothalamicepituitaryeadrenal tone

in the skin graft induced C3H/HeJ mouse model. J Invest

Dermatol. 2009;129:1527-1538.

87. McElwee KJ, Niiyama S, Freyschmidt-Paul P, et al. Dietary soy

oil content and soy-derived phytoestrogen genistein
increase resistance to alopecia areata onset in C3H/HeJ

mice. Exp Dermatol. 2003;12:30-36.

88. Heiman ML, Greenway FL. A healthy gastrointestinal

microbiome is dependent on dietary diversity. Mol Metabol.

2016;5:317-320.

89. Campbell AW. Autoimmunity and the gut. Autoimmune Dis.

2014;2014:152428.

http://refhub.elsevier.com/S0190-9622(17)31873-X/sref86
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref86
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref86
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref86
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref86
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref87
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref87
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref87
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref87
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref88
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref88
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref88
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref89
http://refhub.elsevier.com/S0190-9622(17)31873-X/sref89

	Alopecia areata
	Disease characteristics, clinical evaluation, and new perspectives on pathogenesis
	Epidemiology
	Clinical evaluation
	Differential diagnosis
	Clinical subtypes
	Prognosis
	Pathogenesis
	Autoimmune hypothesis
	Animal models
	Histologic findings
	Genetic studies
	The Janus kinase/signal transducers and activators of transcription signaling pathway
	Comorbidities

	Other factors contributing to alopecia areata
	References




