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1. Introduction

Thyroid disorders are known to involve all the organ systems of the body and the skin is no
exception. Some dermatological skin findings and diseases may be the first symptoms of
thyroid disease [1]. Available data suggest that thyroid hormone plays a pivotal role in
embryonic development of mammalian skin as well as in maintenance of normal cutaneous
function an adult skin. Thyroid hormone stimulates epidermal oxygen consumption, protein
synthesis, mitosis, and determination of epidermal thickness [2]. Thyroid hormone is an
important regulator of epidermal homeostasis. In tissue culture studies using surrogates for
DNA expression, T 3 has been shown to stimulate growth of both epidermal keratinocytes
and dermal fibroblastes [3, 4]. In addition, thyroid hormone appears to be necessary for both
the initiation and maintenance of hair growth and normal secretion of sebum.

Both hypothyroidism and hyperthyroidism are known to cause skin change.
Hypothyroidism may result from either inadequate circulating levels of thyroid hormone or
target cell resistance to hormonal action. Primary hypothyroidism is as a result of glandular
failure is the most common cause and most frequently result from autoimmune disease [5].
In hypothyroidism, the skin is cold, xerotic and pale. The coldness is due to reduced core
temperature and cutaneous vasoconstriction. The decreased skin perfusion has been
documented with nail fold capillaroscopy [6]. It has been suggested that the diminished skin
perfusion is reflex vasoconstriction compensatory to diminished core temperature. The
diminished core temperature itself may be secondary to reduced thermogenesis [7].
Occasionally, purpura may be noted in hypothyroid patients as a result of diminished levels
of clothing factors and the loss of vascular support secondary to the dermal mucin [8]. The
dryness of hypothyroid skin results from decreased eccrine gland secretion. The mechanism
for decreased sweating is not clear although the hypothyroid glands are atrophic on
histologic examination [9]. Hypohidrosis, possibly accompanied by diminished epidermal
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sterol biosynthesis, may lead to acquired palmoplantar keratoderma. Xerosis is due to a
change in skin texture and poor hydratation of the stratum corneum. The skin is rough and
covered with fine scales. Palms and soles may be quite dry. The epidermis is thin and
hyperkeratotic, and there is follicular plugging. Because the changes are generalized, they
can be differentiated from similar alterations in the skin of atopic individuals and keratosis
pilaris, where the findings are more prominent on the extremities [10]. Hypothyroidism also
may affect the development of the lamellar granules (Odland bodies), which are vital in the
establishment of a normal stratum corneum [11]. In hypothyroidism, the skin tends to be
pale both because of the dermal mucopolysaccharides and dermal water content which alter
the refraction of light. The name myxedema refers to the associated skin condition caused by
increased glycosaminoglycan deposition in the skin. Generalized myxedema is still the
classic cutaneous sign of hypothyroidism. The mucopolysaccharides that accumulate in the
dermis are hyaluronic acid and chondriotin sulfate. They appear first in the papillary dermis
and are most prominent around hair follicles and vassels. They separate the collagen
bundles and there may be some secondary degeneration of collagen [10]. Generally,
myxedema is diffuse, but focal mucinous papules have been describes. Skin may appear
swollen, dry, pale, waxy, and firm to the touch. In addition, increased dermal carotene may
appear as a prominent yellowish discoloration on the palms, soles and nasolabial folds.
Hypothyroid patients may sometimes suffer Candida folliculitis. It has been theorized that
because the sebaceous glands of hypothyroid patients secrete decreased sebum relative to
those of euthyroid persons, the hair follicles may develop a flora with lipophilic organisms,
which are replaced by Candida albicans (12). The hypothyroid skin heals slowly, and this
tendency is proportional to the degree of hormone deficiency. In hypothyroidism, hair can
be dry, coarse, brittle and slow growing. There is both patchy and diffuse loss of scalp hair,
a very characteristic loss of the outer third of the eyebrow (madarosis), and diminished body
hair. Pubic and axillary hair may be sparse. The alopecia connected to hypothyroidism may
be mediated by hormone effects on the initiation as well as the duration of hair growth.
Massive telogen effluvium may occur when there is abrupt onset of hypothyroidism, and
the percentage of scalp hairs in telogen is generally increased in hypothyroid states [10].
Using DNA flow cytometry, Schell et al. observed that cell proliferation indices were
reduced in hair bulbs of hypothyroid subjects and increased in hyperthyroidism compared
with normal values [13]. Hypothyroid patients, especially children, frequently develop long,
lanugo-type hair on the back, shoulders, and extremities [10]. Diminished sebum secretion
contributes to the coarse appearance of the hair. Sometimes, hair loss is the only apparent
symptom of hypothyroidism and the dermatologist is the first to diagnose and treat the
condition. Nails grow slowly and tend to be thickened, striated and brittle. Onycholysis is
also associated with hypothyroidism [1].

The specific pathophysiology linking hyperthyroidism to classic cutaneous findings remains
to be well explained (5). In hyperthyroidism, the skin is warm, soft, moist and smooth. The
epidermis is thin but not atrophic, and the stratum corneum is well hydrated. While the
smooth skin is an epidermal finding, the warmth is caused by increased cutaneous blood
flow and the moisture is a reflection of the underlying metabolic state [10]. The warmth is
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often accompanied by a persistent flush of the face, redness of the elbows, and palmar
erythema. Hyperhydrosis, especially on palms and soles may be observed. Scalp hair may be
fine and soft, and may be accompanied by a diffuse nonscarring alopecia. In vitro studies
suggest increased hair growth rate in thyrotoxicosis. L-Triiodothyronine was shown to
stimulate proliferation of outer root sheath keratinocytes and dermal papilla cells [14].
Hypertrichosis is can be observed in cases of thyroid dermatopathy and may be related to
alterations in the proteoglycans associated with dermal papilla [15]. Sometimes an early
symptom of hyperthyroidism is loss of pigment and early gray hair development. Nail
changes may also occur, characterized by a concave contour accompanied by distal
onycholysis (Plummer's nails). Hyperpigmentation has been described in thyrotoxic patients
in both localized and generalized distribution. There is speculation that the hyperpigmentation
is due to increased release of pituitary adrenocorticotropic hormone compensating for
accelerated cortisol degradation [16]. Hyperthyroidism may also induce pruritus with or
without urticaria [17]. Patients with autoimmune mediated thyrotoxicosis may also have
distinct cutaneous manifestations such as pretibial myxedema and acropachy. Pretibial
myxedema is the localized thickening of the pretibial skin due to accumulation of acid
mukopolysaccharides. It usually present with firm nodules and plaques varying in colour
from pink to purple-brown, and sometimes accompanied by woody induration on extensor
surfaces. A diffuse brawny edema may be present without nodules. Localized hyperhydrosis
has been reported in cases of pretibial myxedema. Less common is an elephantiasis nostras
variant in which the extremity becomes enlarged and covered with verrucous nodules [10].
Thickening of the skin of the extensor surface of the forearm (preradial myxedema) has been
reported [18]. Excessive amounts of hyaluronic acid and chondriotin are present in lesions as
well as in clinically normal skin [19]. The precise pathogenesis of pretibial myxedema remains
to be defined. One leading theory is that pretibial fibroblasts are the target for antithyroid
antibodies. After stimulation by thyroid autoantibodies, fibroblasts may produce excess
glukosaminglycans [5]. Other theories have implicated T cells as the primary effector of
dermopathy. T-cells may interact with an autoantigen that is either identical or cross-reactive
with a thyroid autoantigen in the dermis. In turn, this may induce secretion of cytokines such
as glycosaminoglycan-stimulatory lymphokine, interleukinl, tumor necrosis factor, and
gamma interferon, which activate fibroblasts to secrete hyaluronic acid and chondriotin sulfate
[20]. Thyroid acropachy consist of the triad of digital clubbing, soft-tissue swelling of the
hands and feet, and characteristic periostal reactions. The vast majority of cases are associated
with Graves' disease, although it has been reported to occur in Hashimoto's thyroiditis.
Scleromyxedema has been reported in the setting of hyperthyroidism. This rare entity is
comprised of numerous firm, white, yellow, or pink papules scattered on the face, trunk, and
extremitates. Cutaneous lesions are the result of accumulation of acid mucopolysaccharides,
mostly hyaluronic acid, in the dermis, accompanied by large fibrocytes [5].

Skin manifestations of thyroid dysfunction may be divided into two main categories: (I)
direct action of thyroid hormone on skin tissues, and (II) autoimmune skin disease
associated with thyroid dysfunction of autoimmune etiology. Direct thyroid hormone action
on skin is mediated through thyroid hormone receptor (TR). All three widely recognized
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thyroid hormone binding isoforms of TR have been identified in skin tissues [14, 21]. TRs
have been detected in epidermal keratinocytes, skin fibroblasts, hair arrector pili muscle
cells, sebaceous gland cells, vascular endothelial cells, and a number of cells types that make
up the hair follicle [9]. The demonstration of TR expression in hair follicle cells indicates that
thyroid hormone can affect hair growth directly, rather than through an intermediate
mechanism such as a general metabolic status [22]. In addition, several thyroid hormone
responsive genes have been identified in skin.

When thyroid disease is of autoimmune etiology, additional skin findings may be evident
which reflect associated autoimmune disease [9]. Patients with autoimmune thyroid disease
are at increased risk for other autoimmune diseases, both tissue-specific and generalized. In
autoimmune disease such as Graves' disease and Hashimoto's thyroiditis the skin
manifestations may be related to either thyroid hormone levels themselves or to associated
T and/or B cell abnormalities [23]. A list of autoimmune conditions apparent when
examining the skin includes alopecia areata, vitiligo, chronic urticaria, bullous disorders,
connective tissue diseases and palmoplantar pustulosis.

There is convincing evidence of a significant association between thyroid autoimmunity and
skin disorders. Most commonly reported cutaneous disorder related with thyroid diseases is
alopecia areata, which have especially autoimmune etiology.

2. Thyroid autoimmunity in patients with alopecia areata
2.1. Introduction

Alopecia areata (AA) is a clinical condition characterized by well circumscribed, round, or oval
patches of hair loss on the scalp or other parts of the body. Sometimes, alopecia totalis (AT),
loss of all scalp hair, or alopacia universalis (AU), loss of all body hair, may develop. This
disorder affects both sexes equally and occurs at all ages, although children and young adults
are affected most often. The etiopathogenesis of AA is still unclear, but there is evidence that
autoimmunity and endocrine dysfunction may be involved [24-26]. The autoimmune etiology
has been proposed on the basis of its association with various autoimmune diseases, the
presence of autoantibodies and various underlying immune abnormalities in the affected sites
of these patients [27, 28]. One of the main associations is with thyroid abnormalities. This
association was further supported by an increased incidence of abnormal thyroid structure,
function tests and/or presence of thyroid autoantibodies found in many studies [29-32].

The aim of this study was to determine the prevalence of thyroid autoimmunity in patients
with AA.

2.2. Patients and methods

The study included 70 patients with AA (40 female and 30 male). A detailed history and
examination were taken in all study subjects, including patients age, age at onset, duration
of disease, associated diseases, history of thyroid disorders and the extent and severity of
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disease. The diagnosis of AA was made on clinical grounds. Skin biopsy was performed in
selected cases. No patient was diagnosed before this study as having any type of thyroid
dysfunction. The control group consisted of 70 volunteers (40 female and 30 male) who had
skin diseases other then AA or autoimmune disorders. Blood samples were taken and a
physical examination and thyroid sonography was performed. All subjects gave their
informed consent in accordance with the requirements of the institutional Ethichs
Committee. Thyroid autoantibodies (thyroglobulin antibody, anti-Tg, and thyroid
peroxidase antibody, anti-TPO) and thyroid hormones (thyroxine (T4), triiodthyronine (T3)
and thyroid stimulating hormone (TSH) were measured in all subjects. Total T4 (normal
range: 70-180 nmol/L) and total T3 (normal range: 1.3-3.3 nmol/L) were measured by use of
radioimmunoassay (RIA); TSH (normal range: 0.3-4.2 mlU/L) was determined by use of
immunoradiometric assay (IRMA) (BRAHMS Aktiengesellshaft, Hennigsdorf, Germany).
Serum levels of anti-Tg (threshold value: 115 IU/mL) and anti-TPO (borderline value: 34
IU/mL) were measured by use of electrochemiluminiscence immunoassay (ECLIA)
according to standard protocols (COBAS, Roche Diagnostics GmbH, Mannheim, Germany).

Baseline clinical characteristics for the two groups were compared with the use of Student’s
t-test for continuous variables, the chi-square test or Fisher s exact test (two-sided) for
categorical variables, as appropriate. Data were considered statistically significant at P <0.05.

Statistical analyses were performed using MedCale for Windows, version 11.4.1.0 (MedCale
Software, Mariakerke, Belgium).

2.3. Results

We performed a cross-sectional study in 70 consecutive patients with alopecia areata and 70
age- and sex-matched controls. Demographic data of patients and controls are shown in
Table 1. The mean (SD) age of the patient and control groups was 40.39 (+14.39) and 40.71
(£15.30), respectively (P = 0.896). The onset of AA occurred in 14 (20%) of the patients before
16 years of age, 3 (4.28%) patients had AA more than 10 years. The duration of alopecia
areata ranged from 1 to 150 months. A family history of the same disease was present in 7
(10%) patients. According to the clinical type of AA, 13 patients had unilocular lesion, 37
patients had multilocular lesions, 12 alopecia totalis and 8 alopecia universalis (Table 2).

Thyroid functional abnormalities were found in 8 (11,43%) patients. In the control group
only one patient had abnormalities in hormonal status.

Hypoechogenic thyroid tissue was seen in 7 (10%) patients who all had elevated levels of
thyroid autoatibodies. The thyroid gland was enlarged in 5 (7.14%) patients. Goitre was
diagnosed in 4 (5.71%) cases. The ultrasound examination of the thyroid gland in control
group was interpreted as normal in 64 (91.42%), and 6 (5.45%) volunteers had small simple
goiter. Thyroid volume did not differ significantly between the study patients and the
controls (p>0.05).

In patients with alopecia areata anti-Tg titers were ranging from 11.10 to 915.30 IU/mL and
anti-TPO antibody titers from 5.10 to 714.40 IU/mL. In control group anti-Tg titers were
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ranging from 10.00 to 153.00 IU/mL, and anti-TPO antibody titers from 4.40 to 129.00 IU/mL.
Anti-Tg antibody in 16 (23%) patients, anti-TPO antibody in 21 (30%) and both anti-Tg and
anti-TPO antibodies in 13 (19%) were higher than the normal antibody titres. In the control
group, one subject (1%) had positive anti-Tg and one volunteer (1%) had positive anti-TPO.
The frequency of thyroid autoantibodies was significantly higher in alopecia areata patients
than in control group (Table 3).

A Chi-square test for independence (with Yates Continuity Correction) indicated significant
association between higher values of anti-Tg (values more than 115 IU/ml) and alopecia
areata, x? (1, n=140)= 13.123, P=0.0003.

A Chi-square test for independence (with Yates Continuity Correction) indicated significant
association between higher values of anti-TPO (values more than 34 IU/ml) and alopecia
areata, x? (1, n=140)=19.468, P<0.0001.

Alopecia areata group n Control group n P
(%) (%)
Men, n (%) 30 (43) 30 (43)
Women, n (%) 40 (57) 40 (57)
Age range, years 17-66 16-66
Age, mean years (SD) 40.39 (14.39) 40.71 (15.30) 0.896

Table 1. Demographic data of patients (Alopecia areata group) and volunteers (Control group)

Mean age of onset (SD) (year) 38.14 (14.61)
Age of onset range (year) 14-65
Mean duration (SD) (month) 21.93 (30.69)
Duration Range (month) 1-150
Type of alopecia areata n, (%)

Unilocularis 13 (19)

Multiloculares 37 (53)

Universalis 8 (11)
Totalis 12 (17)

Table 2. Clinical characteristics of alopecia areata patients

anti-Tg (threshold valuel15 IU/ml) | anti-TPO (threshold value 34 IU/ml)
Group Negative n(%) Positive n(%) | Negative n(%) Positive n(%)
Alopecia areata 54 (77) 16 (23) 49 (70) 21(30)
Control 69 (99) 1(1) 69 (99) 1(1)
Total 123 (88) 17 (12) 118 (84) 22 (16)
Difference n (%) 15 (22) 20 (29)
X2 P x?=13.123, P=0.0003 x2=19.468, P<0.0001

Table 3. The frequencies of positive detectable thyroid autoantibody (anti-Tg and anti-TPO)
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Differences of frequencies positive/negative values of
anti-Tg (threshold value115 IU/ml) between groups
80
69
70
60
54
50
40 4 O Negative
30 1 W Positive
20 16
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1
0
Alopecia areata Control

Scheme 1. Differences of frequencies positive/negative values of anti-Tg (threshold valuell5 IU/ml)

between groups

Differences of frequencies positive/negative values of
anti-TPO (threshold value 34 IU/ml) between groups
80
69
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Scheme 2. Differences of frequencies positive/negative values of anti-TPO (threshold value 34 IU/ml)

between groups
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anti-Tg

(threshold valuel15 IU/ml) Types of alopecia areata (P)
Type of
alopecia areata |Negative n |Positiven |Total |Multiloculares |Totalis | Universalis
Unilocularis 12 1 13 0.662246 0.160248 | 0.047472*
Multiloculares 30 7 37 N/A 0.426673 | 0.085080
Totalis 8 4 12 N/A N/A 0.647916
Universalis 4 8 N/A N/A N/A
Total 54 16 70

Table 4. The frequencies of positive detectable thyroid autoantibody (anti-Tg) and differences between
types of alopecia areata

A Fisher’s exact indicated significant association between higher values of anti-Tg (values
more than 115 IU/ml) and some types of alopecia areata, Universalis vs Unilocularis
(P=0.047472) (Table 4.)

Types of alopecia areata and frequencies positive/negative values of
anti-Tg (threshold value115 IU/ml)

35

30

30 A

25

ONegative
20 4
W Positive
15
12
10
8
5 4 4 4
. . —-
0 || ‘
Unilocularis Multiloculares Totalis Universalis

Scheme 3. Types of alopecia areata and frequencies positive/negative values of anti-Tg (threshold
valuel15 IU/ml)

A Fisher’s exact indicated significant association between higher values of anti-TPO (values
more than 34 IU/ml) and some types of alopecia areata: Unilocularis vs Totalis (P=0.005217),
Unilocularis vs Universalis (P=0.000069) and Multiloculares vs Universalis (P=0.000925)
(Table 5).
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anti-TPO
(threshold value 34 IU/ml) Types of alopecia areata (P)
Type of
alopecia areata |Negative n |Positiven |Total |Multiloculares |Totalis | Universalis
Unilocularis 13 0 13| 0.092788 |0.005217*| 0.000069*
Multiloculares 29 8 37 N/A 0.075803 | 0.000925*
Totalis 6 12 N/A N/A 0.157688
Universalis 1 7 8 N/A N/A N/A
Total 49 21 70

Table 5. The frequencies of positive detectable thyroid autoantibody (anti-TPO) and differences
between types of alopecia areata

Types of alopecia areata and frequencies positive/negative
values of anti-TPO (threshold value 34 1U/ml)
35
30 29
25
ONegative
20 4
W Positive
1
° 3
10
6
5
1
0
0
Unilocularis Multiloculares Totalis Universalis

Scheme 4. Types of alopecia areata and frequencies positive/negative values of anti-TPO (threshold
value 34 IU/ml)

2.4. Discusion

Alopecia areata is an ancient disease that was known to Egyptians even in the pre-Christian
time [33]. Despite its long history, our knowledge is actually limited. Today, AA is
hypothezed to be an autoimmune, organ specific T-cell mediated reaction directed against
an unknown autoantigen of the hair follicle. T lymphocytes that have been shown to be
oligoclonal and autoreactive are predominantly present in the peribulbous inflammatory
infiltrate [34]. Although the skin is the primary location of the clinical phenotype, the
determination of disease expression involves a complex interplay between different
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inflammatory cell subsets in the skin, skin draining lymphonodes, and spleen of the affected
individuals [35].

Clinical association with AA has known for many years. AA frequently occurs in association
with other autoimmune disorders such as vitiligo, lupus erythematosus, pernicious anemia
and others [34, 36-38]. Among endocrine disorders, thyroid diseases are the commonest that
has been described as associated with AA, but the issued values were different. In the
greatest study reported till now, Muller and Winkelmann have found the evidences of
different types of thyroid disease in 8% of 736 patients in compare to less than 2% of the
control population in North America [39]. Broniarczyk-Dyla et al. observed abnormalities of
thyroid structure and function in even 78% of AA patients [40]. Conversely, Puavilai et al.
estimated that the prevalence of thyroid disease is relatively low (7.2%) and was not
statistically different from the control group [41].

In accordance to previous studies, current study reported a high frequency of thyroid
diseases in AA patients. We detected elevated anti-Tg in 16 (23%) and elevated anti-TPO in
21 (30%) of patients with AA. Compared with the control group, the frequency of the both
anti-Tg and anti-TPO antibodies was significantly higher in those with AA. Statistically
significant difference was also found in values of anti-Tg and anti-TPO between patients
with different clinical type of the disease. The highest anti-Tg concentrations were observed
in patients with alopecia universalis. Patients with thyroid diseases were on an average
older and reported longer duration, but the results were not statistically significant. These
results are consistent with a clinical study performed by Seyrafi et al. [32]. They analyzed
serum TgAb level in 123 Iranian patients with AA and found it to be elevated in 29.3% of
study patients. Grandolfo et al. observed the presence of thyroid autoantibodies in even 44%
of AA patients [42]. Goh et al. also confirmed the frequent coexistence of AA and thyroid
abnormalities [43]. They found 19% of probands with thyroid disease including simple
goitre, Grave's disease and Hashomoto’s thyroiditis. Our findings showed that the
frequency of anti-TPO was more significant than anti-Tg. This antibody, historically referred
to as the antimicrosomal antibody, is established as a sensitive tool for the detection of early
subclinical autoimmune thyroid diseases and identification of at-risk cases for autoimmune
thyroid diseases [44]. Nordyke et al. reported that anti-TPO antibody tends to have more
correlation than does the anti-Tg antibody [45].

Alopecia areata offers many benefits as a model for the study of autoimmunity, in that it can
be used to identify the contributing roles of immunogenetics and neuroendocrine factors in
the initiation and propagation of autoimmune disease [24].

The study revealed a significant association between AA and thyroid disease and showed
the tests used to detected thyroid autoantibodies to be relevant in patients with AA. Further
exploration of this relationship in clinical setting and at a molecular level may help in the
understanding of the pathogenesis of both diseases.

3. Conclusions

Thyroid autoimmunity is the most prevalent autoimmune condition in the general
population, and is also associated with various skin diseases. The evidence is strong for the
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association with alopecia areata. Although their etiology is still unclear, the autoimmune
hypothesis is most commonly accepted.

The nature of the relationship between anti-thyroid autoimmunity and the pathogenesis of
autoimmune diseases is presently unknown. Some authors have shown that anti-Tg
antibodies can form immune complexes [46], and anti-microsomal antibodies not only bind
to thyroid peroxidase but also modulate natural killer cell activity in autoimmune
thyroiditis [47]. Possible explanations for the relationship of these autoimmune diseases
include: (1) immunomodulatory effects of antithyroid antibodies, (2) molecular mimicry
between thyroid and disease-specific epitopes, and (3) genetic link between anti-thyroid
autoimmunity and the susceptibility to autoimmune disease [48]. It is a multidisciplinary
problem requiring cooperation of specialists in different fields of medicine. Both
dermatologists and endocrinologists have to inquire their patients about the family history
of autoimmune diseases and to look for associated autoimmune disorders.

This chapter is an attempt to update the current knowledge about the relationship between
the thyroid and the skin diseases. Although cutaneous manifestations of autoimmune
thyroid diseases are well described and thyroid hormone is known to regulate the
development and function of skin, a better understanding of these processes is needed.
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