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Endocrine diseases such as obesity, diabetes mellitus, Cushing’s syndrome, hypothyroidism and hyperthyroidism, acromegaly 
and hyperandrogenism in children and adolescents are often manifested by changes in the skin. Moreover, skin symptoms 
can be a marker of systemic, in this case, endocrine and metabolic diseases. Obesity and diabetes are chronic diseases 
that affect people all over the world, and their incidence is increasing in both children and adults. Clinically, they affect 
a number of organs, including the skin. The cutaneous manifestations caused or aggravated by obesity and diabetes are 
varied and usually bear some relation to the time that has elapsed since the onset of the disease. They include acro-
chordons, acanthosis nigricans, striae, xerosis, keratosis pilaris, plantar hyperkeratosis, fungal and bacterial skin infections, 
granuloma annulare, necrobiosis lipoidica. In obese patients, psoriasis and atopic dermatitis are more common than in 
the control group. With the pathology of the thyroid gland, diseases such as alopecia, pretibial myxedema, urticaria, and 
some others develop. Hyperandrogenism (polycystic ovary syndrome) is accompanied by skin lesions such as acne vulgaris, 
hirsutism, androgenic alopecia, acanthosis nigricans. This literature review focuses on the main skin syndromes accom-
panying endocrine pathology in children and adolescents. Information about such clinical associations can make it easier 
for pediatricians and endocrinologists to diagnose and treat endocrine diseases in a timely manner and, thereby, prevent 
long-term adverse consequences.
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Эндокринные заболевания, такие как ожирение, сахарный диабет, синдром Кушинга, гипотиреоз и гипертиреоз, 
акромегалия и гиперандрогения, у детей и подростков нередко проявляются и изменениями со стороны кожи. 
Более того, кожные симптомы могут быть маркером системных, в данном случае эндокринных и метаболических, 
болезней. Ожирение и диабет — это хронические заболевания, которые распространены по всему миру и поража-
ют несколько органов, включая кожу. Хотя оба заболевания чаще встречаются у взрослых, их распространенность 
среди детей возрастает. По данным Всемирной организации здравоохранения, 20 % детей и подростков в Европе 
имеют избыточный вес, а треть из них страдают ожирением. Кожные проявления, вызванные или усугубляемые 
ожирением и диабетом, разнообразны и обычно имеют некоторую связь со временем, прошедшим с начала забо-
левания. К дерматозам, ассоциированным с сахарным диабетом и ожирением, относятся мягкие фибромы, черный 
акантоз, стрии, ксероз, фолликулярный гиперкератоз, подошвенный гиперкератоз, грибковые и бактериальные 
инфекции кожи, кольцевидная гранулема, липоидный некробиоз. У больных ожирением чаще, чем в контрольной 
группе, встречается псориаз и атопический дерматит. При патологии щитовидной железы развиваются такие за-
болевания, как алопеция, претибиальная микседема, крапивница и некоторые другие. Гиперандрогения (синдром 
поликистозных яичников) сопровождается такими поражениями кожи, как вульгарные угри, гирсутизм, андрогенная 
алопеция, черный акантоз (acanthosis nigricans). Этот литературный обзор посвящен основным кожным синдромам, 
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сопровождающим эндокринную патологию у детей и подростков. Информация о подобных клинических ассоци-
ациях может облегчить педиатрам и эндокринологам своевременную диагностику и лечение при эндокринных 
заболеваниях и тем самым предотвратить отдаленные неблагоприятные последствия.

Ключевые слова: ожирение; сахарный диабет; гипотиреоз; гипертиреоз; синдром Кушинга; гирсутизм; кожные 
проявления.

Table / Таблица
Cutaneous manifestations in children with diabetes
Кожные проявления у детей с диабетом

Skin changes caused 
by diabetes /

Изменения кожи, вызванные 
диабетом

Skin conditions associated 
with diabetes /

Кожные заболевания, связанные 
с диабетом

Skin changes associated 
with insulin resistance /

Изменения кожи, связан-
ные с резистентностью 

к инсулину

Complications 
of insulin therapy/

Осложнения инсулино-
терапии 

• Xerosis / Ксероз
• Follicular hyperkeratosis / 

Фолликулярный гиперкератоз
• Fungal and bacterial infections / 

Инфекции грибковые и бак-
териальные

• Microangiopathies and neu-
ropathies / Микроангиопатии 
и нейропатии

• Granuloma annulare / 
Кольцевидная гранулема

• Necrobiosis lipoidica / 
Липоидный некробиоз

• Diabetic dermopathy / 
Диабетическая стопа

• Onychodystrophy / 
Ониходистрофия

• Vitiligo / Витилиго

• Acanthosis nigricans / 
Черный акантоз

• Akrochordone / 
Акрохордоны

• Acne, seborrhea / 
Угри, себорея

• Lipoatrophy and lipo-
hypertrophy / Липоа-
трофия и липогипер-
трофия

• Scarring / Рубцы
• Blisters / Пузыри

INTRODUCTION
Dermatologists often observe various skin 

changes that are characteristic of certain endocrine 
diseases. The identification of endocrinopathy is 
very important because patients will be able to re-
ceive pathogenetic rather than symptomatic treat-
ment. Metabolism and endocrine gland disorders 
accompanied by skin lesions include obesity, dia-
betes mellitus (DM), hyperthyroidism, hypothyroid-
ism, Cushing syndrome, acromegaly, and hyperan-
drogenism.

Cutaneous manifestations of DM and obesity are 
directly related to the onset age and duration and 
severity of the underlying disease.

Diabetes mellitus
DM represents a heterogeneous group of disor-

ders characterized by high blood sugar levels and 
impaired lipid and carbohydrate metabolism. DM 
is classified according to pathogenesis as type 1 
(T1DM) or type 2 (T2DM), and each type has par-
ticular clinical characteristics. Complications associ-
ated with DM are multifactorial in origin and result 
from biochemical, structural, and functional disor-
ders. Approximately 30% of adult patients with DM 
will have cutaneous manifestations at some point 
in their lives; the timing varies depending on the 
DM type, patient’s age, and disease duration. Chil-

dren are not exempted. In the pediatric population, 
T1DM occurs predominantly with an average onset 
age of 8 years. Owing to the increasing prevalence 
of obesity and insulin resistance, the detection rate 
of T2DM has also increased, mainly in children 
aged >10 years [6, 7, 10, 26].

In 1985, a classification was proposed that dis-
tinguishes between skin diseases caused by DM, 
associated with DM or insulin therapy, and skin 
manifestations of insulin resistance [10] (Table 1).

Skin changes caused by DM. High blood glu-
cose levels and damage to the vascular and nerve 
structures characteristic of DM cause skin changes 
and diseases such as xerosis, follicular hyperkera-
tosis, rubeosis, infections, limited joint mobility, 
microangiopathy, and neuropathy.

Xerosis, or dry skin, is one of the earliest and 
most common symptoms of DM and occurs in 22% 
of patients with type 1 DM [6, 44]. Interestingly, 
even in the absence of clinically evident xerosis, 
the skin of patients with DM exhibits abnormal 
desquamation and decreased elasticity, as well as 
an increase in thickness, which may contribute to 
a decrease in its elasticity.

Skin thickening is clinically divided into three 
categories, namely benign skin thickening, sclero-
derma-like syndrome, and Buschke scleredema. 
Thickening of the skin in DM is considered caused 
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by abnormal collagen glycation during episodes of 
hyperglycemia or collagen proliferation caused by 
excess insulin. The limbs appear to be the most 
vulnerable to benign skin thickening in patients 
with DM, which is closely related to the subsequent 
limitation of joint mobility. Even in the absence of 
visible changes, an increase in skin thickness can 
be confirmed by ultrasonography [10].

Hyperkeratosis follicularis (keratosis pilaris) is 
a common (11.7%) condition in patients with T1DM 
aged >10 years. Clinical manifestations include 
coarse follicular papules and erythema, located pre-
dominantly on the extensor surfaces of the arms and 
legs, sometimes on the face, buttocks, and trunk. 
Keratosis pilaris tends to be aggravated in winter 
and less severe in the summer months.

The so-called face redness in patients with DM 
(Rubeosis faciei diabeticorum) is a characteristic rash 
on the face noted in some patients, which is caused 
by dilatation of small vessels on the cheeks, prob-
ably as a result of diabetic microangiopathy [41]. 
The prevalence of this condition increases with the 
disease duration and is more common in patients 
with T2DM (51%) than in pediatric patients with 
T1DM (7%) [44].

Limited joint mobility, also called diabetic ar-
thropathy, is the most clinically evident long-term 
complication of childhood T1DM [30]. It is charac-
terized by asymptomatic bilateral contracture of the 
finger joints (chaeropathy) associated with waxy 
thickening of the skin. In more severe cases, the 
process involves the cervical spine, large joints of 
the limbs, and feet. This appears to be the result of 
non-enzymatic glycation of collagen, which leads 
to the formation of insoluble cross-linked collagen 
causing rigidity in the dermis and joints. The in-
cidence rate of this complication (2.3%–30%) 
[10, 44] increases with the T1DM duration 
(>5 years), age (usually develops in prepubertal 
and pubertal age), and decreases due to improved 
glycemic control [5, 6]. Following the first mani-
festations, the disease progresses over several 
months or years, after which the pathological pro-
cess is stabilized [41].

Patients with limited joint mobility are at in-
creased risk of other microvascular complications 
of DM, especially retinopathy and neuropathy.

Infections. Patients with DM are prone to se-
vere, recurrent, and atypical infections. DM causes 
changes in the immune system such as a decrease 
in the chemotaxis of leukocytes and phagocytosis, 
a significant deficit of the immune response due 
to impairment of the vascular reaction which con-
tributes to the occurrence of infections and a delay 

in their resolution [36]. In children with DM, can-
didiasis is most common, and dermatophytosis is 
less often reported. Moreover, no association with 
viral skin diseases was noted. Candidal infection in 
the form of vulvovaginitis, balanitis, and angular 
cheilitis is reported more often in patients with DM 
than in the general population [6, 44]. Candidal 
vulvovaginitis accounts for up to 56% of infection 
cases of the external genital organs in girls with DM 
aged 2–15 years [10]. Among bacterial infections, 
staphyloderma and streptoderma infections are pre-
dominant, whereas staphylococcal infections occur 
more often in patients with T1DM than in those 
with T2DM [37, 38]. Folliculitis and impetigo are 
the most common infections in carriers of Staphy-
lococcus aureus.

Microangiopathy and neuropathy. DM gradually 
affects the vascular and nervous system because it 
is associated with structural changes in tissues due 
to chronic hyperglycemia as well as ischemia. Mi-
croangiopathies are found more often in the second 
decade of life and associated with reduced elastic-
ity and impaired endothelial function of peripheral 
arteries [6]. Lesions of the lower extremities include 
hypothermia, nail dystrophy, patchy skin color, and 
hair loss on the legs. Other manifestations are an-
hidrosis, which is a result of severe vascular or 
autonomic dysfunction, and poor wound healing due 
to vascular insufficiency and neuropathy. The most 
severe lesion of the lower extremities in DM, the 
so-called diabetic foot, is usually registered in older 
patients; however, in adolescents and young peo-
ple, there can be changes that predispose to the 
development of a diabetic foot, namely helomas, 
ingrown nails, blisters, dryness, hypothermia, and 
skin dystrophy. These predisposing factors must be 
necessarily identified and preventive measures must 
be taken [30].

Skin diseases that are more common in pa-
tients with DM. There is a group of disorders of 
unknown etiology that are associated with DM or 
are more common in patients with DM. These are 
necrobiosis lipoidica, granuloma annulare, and dia-
betic dermopathy.

Necrobiosis lipoidica is a rare disease even 
among patients with DM, which is more common 
in women than in men and adults than in children 
(0.3% and 0.06%, respectively) [10].

Meanwhile, in 2007, M.D. Pavlović reported 
that necrobiosis lipoidica occurs in 2.3% of pa-
tients with T1DM and did not confirm a signifi-
cant relationship among skin lesions, age, disease 
duration, and metabolic control [44]. Clinically, 
necrobiosis lipoidica manifests itself as bilateral, 
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asymptomatic, and yellow-orange or red-brown 
plaques located symmetrically on the lower extremi-
ties (often on the front of the lower leg) or in some 
cases on the upper extremities. Typical histologi-
cal signs include neutrophilic necrotizing vasculitis 
in the early stages, amorphous degeneration, and 
hyalinization of cutaneous collagen (necrobiosis) in 
later stages. Treatment includes good blood glucose 
control.

Granuloma annulare is a benign inflammatory 
disease characterized by the degeneration of con-
nective tissue and predominantly histiocytic in-
flammatory infiltration. Although the origin of this 
condition remains poorly understood, in adults, this 
condition is associated with several systemic diseas-
es, especially rheumatic diseases and DM. In chil-
dren, such associations were not noted, but the 
literature presents data on individual cases of granu-
loma annulare in children with DM [36]. Granuloma 
annulare can occur at any age, but it is generally 
more common in children and adolescents. In chil-
dren, the most common clinical variants are local-
ized and subcutaneous forms. Localized granuloma 
annulare appears as dense and smooth pale pink 
papules. Papules coalesce into one or more annular 
plaques around a slightly depressed pallid center 
[10, 36].

In some patients, granuloma annulare may co-
exist with necrobiosis lipoidica. Their histologi-
cal similarity makes some researchers believe that 
granuloma annulare is an early phase of necrobiosis 
lipoidica. Treatment is often not required, as most 
rashes resolve spontaneously within 2 years.

Diabetic dermopathy is the most common cu-
taneous manifestation of DM in adults (9%–55%) 
and is relatively rare in children. It presents as 
clearly defined, slightly indented, light-brown 
atrophic spots, usually <1 cm in diameter. Le-
sions are usually localized on the anterior surface 
of the lower legs and lateral sides of the ankles 
and are less often on the thighs and arms. These 
lesions are usually bilateral or asymmetric. Al-
though the etiology and pathogenesis of this condi-
tion are poorly understood, clinical manifestations 
are caused by hemosiderin and melanin deposits 
in the dermis. The histological pattern in the epi-
dermis includes atrophy, moderate hyperkerato-
sis, and varying degrees of basal pigmentation. 
In the papillary dermis, telangiectasis, fibroblast 
proliferation, edema, hyaline microangiopathy, ex-
travasated erythrocytes, hemosiderin deposits, and 
moderate perivascular infiltrate consisting of lym-
phocytes, histiocytes, and plasma cells are detected 
[10, 36].

Such dermopathy requires ruling out DM be-
cause it is closely related to DM and specific to it. 
The presence of dermopathy in patients with DM 
is an indicator that the disease is poorly con-
trolled [37].

Vitiligo. According to the literature, vitiligo is 
registered in 1%–7% of patients with DM (and only 
in 0.2%–1% of the general population), and DM is 
diagnosed in 0.6% of patients with vitiligo [30, 35]. 
Vitiligo associated with DM often occurs in a gen-
eralized form that is resistant to treatment [30].

Cutaneous manifestations of insulin resistance 
syndrome. In recent years, the growing prevalence 
of insulin resistance syndrome and the worldwide 
increase in the incidence of T2DM are concern-
ing. Insulin resistance is a condition when a certain 
amount of insulin does not elicit the expected bio-
logical response, followed by compensatory hyper-
insulinemia to maintain normal glucose levels and 
lipid homeostasis [45]. Insulin resistance is a risk 
factor for DM and heart and central nervous system 
diseases. The most common cutaneous manifesta-
tions of insulin resistance are acrochordons and 
acanthosis nigricans. These disorders are reported 
in one-third of patients.

Acanthosis nigricans is the most common ear-
ly sign of obesity and/or insulin resistance syn-
drome in children [10, 51, 53]. The etiology and 
pathogenesis of acanthosis nigricans have not been 
completely elucidated; however, data indicate the 
involvement of insulin in this process. Increased 
proliferation of epidermal cells in acanthosis ni-
gricans is clearly associated with hyperinsulinemia 
and insulin resistance; an increased plasma insulin 
level was recorded in 74% of patients with obesity 
and acanthosis nigricans [25]. Acanthosis nigricans 
can develop under the influence of insulin-like 
growth factor-1 (IGF-1), which is overproduced by 
the liver due to hyperinsulinemia. IGF-1 receptors 
are expressed on basal keratinocytes and fibroblasts 
and are stimulated in similar proliferative condi-
tions [36]. In the beginning, hyperpigmentation 
usually appears, later accompanied by hypertrophy 
of the skin, with a further intensification of its 
color, and papillomatosis. Most often, the process 
is localized in the armpits, on the rear and lateral 
surfaces of the neck, in the area of the external 
genital organs, and the inner surface of the thighs 
(Fig. 1).

Acrochordons (soft fibroma and fibroepithelial 
polyp) manifest as benign proliferative formations 
on the skin. They are represented by soft papules 
on pedicles of brownish or skin color, most often 
located in the armpits, groin areas, and neck. Me-
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chanical friction, endocrine disorders, and human 
papillomavirus (HPV) are considered contributing 
factors. HPV infection begins with the inocula-
tion of the virus into the viable epidermis at the 
sites of its damage, and infection further spreads 
because of autoinoculation [53].

Other skin manifestations include keratosis pila-
ris, hirsutism, and signs of hyperandrogenism such 
as acne and seborrhea, which are aggravated by 
obesity.

Skin disorders associated with insulin therapy. 
Information on the prevalence of skin complications 
caused by insulin injection varies; in one study, li-
pohypertrophy was detected in 1.8% of cases, but 
two other studies reported lipoatrophy and lipohy-
pertrophy in 29% and 48% of the patients, respec-
tively [10, 30]. Refusal to rotate injection sites is 
considered an independent risk factor for the de-
velopment of lipohypertrophy [6].

Other post-injection skin changes can be red-
ness, vesicular rashes, and local infection. In the 
literature, the most common complications of con-
stant subcutaneous insulin infusion (insulin pump 
therapy) in children are scars (<3 mm), erythema, 
subcutaneous nodules, and lipohypertrophy.

Obesity
Obesity is a heterogeneous group of hereditary 

and acquired diseases associated with excessive ac-
cumulation of adipose tissues in the body. A study 
reported that the number of patients with obesity 
has increased in recent years [47]. Obesity is as-
sociated not only with an increased risk of such 
diseases serious as DM, atherosclerosis, and hy-
pertension but also participates in the development 

of various dermatological diseases, in both adults 
and children [1, 2, 47, 49, 53]. Since the amount 
of adipose tissue is difficult to calculate, to di-
agnose obesity, body mass index (BMI) is used, 
which is the ratio of body weight in kilograms to 
the square of height in meters. BMI correlates with 
the amount of adipose tissue in the body in both 
adults and children (assessment in children should 
consider gender and age). A patient with BMI 
over the 95th percentile, or 2 standard deviation 
score (SDS), is diagnosed with obesity, and over-
weight is established with BMI corresponding to the 
85–95th percentile, or 1–2 SDS [6]. Although the 
exact prevalence of cutaneous manifestations of 
obesity is unknown, they are directly related to the 
severity and duration of metabolic disorders. In ad-
dition, the combination of obesity with DM and/or 
insulin resistance syndrome increases the probability 
of dermatological diseases [10, 53].

Obesity affects the physiological processes in 
the skin, including the effect on its barrier func-
tion, functioning of the sebaceous and sweat glands, 
lymphatic and collagen structure of the skin, wound 
healing, microcirculation, and subcutaneous fat 
[33, 42].

Yosipovitch et al. [53] classified the skin changes 
in obesity (adapted for children).

Diseases associated with insulin resistance are 
as follows:
• Insulin resistance syndrome.
• Acanthosis nigricans.
• Acrochordons.
• Keratosis pilaris.
• Acne.
• Hirsutism.

Fig. 1. Acanthosis nigricans in an obese patient
Рис. 1. Acanthosis nigricans (черный акантоз) у пациента с ожирением
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Fig. 2. Striae in a 14-year-old obese girl
Рис. 2. Стрии у девочки 14 лет с ожирением

Diseases associated with mechanical action on 
the skin:
• Plantar hyperkeratosis.
• Striae.

Infectious diseases
• Intertrigo.
• Candidiasis.
• Dermatophytosis.
• Folliculitis.

Inflammatory diseases:
• Psoriasis.
• Hydradenitis.

In recent studies, the majority of patients with 
obesity have plantar hyperkeratosis (47%), striae 
(68%), acrochordons (48%), intertrigo (44%), and 
less often acanthosis nigricans [12, 18]. Psoriasis 
in patients with obesity is detected five times more 
often than that in the control group [12, 21].

A recent study involved 40 patients with over-
weight and 25 with obesity aged 7–15 years; the 
control group consisted of 30 children with normal 
body weight. Acrochordons were detected in 40% of 
patients with obesity and in 2.5% patients with over-
weight, striae were registered in 32% and 22.5% 
patients, respectively, while plantar hyperkeratosis 
was noted only in patients with obesity (20%).

Horseshoe-shaped plantar hyperkeratosis, locat-
ed on the posterior part of the sole, was the most 
frequent cutaneous manifestation in patients whose 
weight was excessive by more than 176%, and it 
can be considered a physiological response to me-
chanical trauma [11, 18].

Striae (stretch marks) are a particular form of 
skin atrophy, mainly in the places of its greatest 
stretching. Usually, striae are located symmetrically 
on the thighs (73%), shoulders (42%), and abdomen 

(30%) and less often on the chest and buttocks [24]. 
They have a length of 1–1.5 to 8–10 cm and a width 
of 1–2 to 5–6 mm, located flush with the skin, or 
have a retracted relief (Fig. 2).

The color of striae gradually, over several 
months, changes from bright pink, sometimes even 
purple, to whitish, with a pearlescent tint. Striae oc-
cur not only in obesity but also in conditions such 
as pregnancy and Cushing syndrome, and during 
treatment with topical corticosteroids. In the litera-
ture, striae in obese individuals are not as wide and 
atrophic as in patients with Cushing syndrome [8]. 
The exact pathogenesis of striae has not been eluci-
dated; however, mechanical, hormonal, and genetic 
factors may play a role in their development [18].

Keratosis pilaris (hyperkeratosis follicularis) 
presents as small follicular papules (pinhead-sized, 
with vellus hair on the surface), usually localized 
on the extensor surfaces of the shoulders and hips. 
There may be a hyperemic corolla around the pap-
ules. When stroking the keratosis area, there is a 
symptom of “grater” or “sandpaper” [52]. In addi-
tion to obesity, follicular hyperkeratosis is noted in 
Cushing syndrome, DM, and hypothyroidism. Insu-
lin resistance may play a role in the development 
of keratosis pilaris [53].

Additionally, hyperinsulinemia (as a consequence 
of insulin resistance) increases the production of 
androgens and decreases the production of sex 
hormone-binding globulin by the liver, which, in 
turn, may contribute to the development of acne, 
hirsutism, and androgenic alopecia [17, 47].

Obesity increases the incidence of skin infections 
such as candidiasis, dermatophytosis, and bacterial 
infections. Although infectious dermatoses are not 
specific to obesity, the incidence of skin infections 
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Fig. 3. Psoriasis in a 14-year-old obese girl
Рис. 3. Псориаз у девочки 14 лет с ожирением

in patients with overweight is higher than in those 
with normal body weight [18].

Skin folds become a preferable site of infec-
tions, where trivial intertrigo first occurs. Features 
of the skin of patients with obesity such as deep 
folds, hyperhidrosis, and mechanical friction, create 
a favorable environment for increasing maceration 
and subsequent infection [18].

Recent studies have presented a significantly 
higher prevalence of obesity in patients with pso-
riasis than in the general population [9, 13, 20, 32]. 
Moreover, the question of whether psoriasis or obe-
sity is a precursor is still relevant. A study reported 
follow-up data of 557 patients with psoriasis and 
showed that the risk of developing psoriasis is not 
higher in patients with obesity aged <18 years than 
in patients without obesity, but obesity later appears 
in patients with psoriasis (Fig. 3) [22].

Studies have shown that the BMI value is di-
rectly related to the duration of psoriasis [46]. 
The lack of physical activity in patients with pso-
riasis, associated with a cosmetic defect or arthropa-
thy, probably predisposes them to obesity. Studies 
have indicated that obesity, hyperlipidemia, hyper-
tension, DM, metabolic syndrome, and polycystic 
ovary syndrome were more common in the families 
of patients with psoriasis than in the control group 
[34, 35, 50, 52]. A study showed that patients with 
psoriasis were more likely to be overweight than 
children in the control group (37.9 and 20.5%, re-
spectively) [43]. Moreover, the onset of childhood 
obesity especially predisposes the patients to the 
development of psoriasis and psoriatic arthropathy, 
which probably reflects the influence of genetic fac-
tors [43]. Among children with obesity, the blood 
levels of cholesterol, low-density lipoproteins, and 
triglycerides were significantly higher in patients 
with psoriasis than in those without it [29]. Clini-
cal cases confirm the presence of common signs in 
the pathogenesis of obesity and psoriasis. Macro-
phages in adipose tissue produce tumor necrosis fac-
tor (TNF)-α, as well as other cytokines (interleukin 
[IL]-1, IL-6, IL-17, and interferon-γ) involved in the 
development of psoriasis [3, 13, 19]. Adipocytes 
produce adipokines (adipocytokines), namely leptin, 
resistin, and adiponectin [4]. Cytokines and leptin 
accumulate in case of obesity and can have auto-
crine and paracrine effects on nearby skin. Leptin 
affects T-cell regulation and stimulates the release 
of pro-inflammatory cytokines [3]. The blood con-
centration of leptin correlates with the severity of 
psoriasis [14, 19]. The hormone resistin leads to 
insulin resistance and promotes the activation of 
inflammatory processes in the skin. The level of 

resistin is increased in patients with psoriasis (di-
rectly dependent on the disease severity) and cor-
relates with the BMI [24]. The level of the anti-
inflammatory mediator adiponectin in patients with 
psoriasis and obesity is lower than that in patients 
with psoriasis and normal body weight [16]. Thus, 
immunological and metabolic disorders associated 
with obesity may be associated with the pathogen-
esis of psoriasis [14, 16, 19, 27]. The so-called in-
verse psoriasis (psoriasis in the folds) was recorded 
more often in the obese group than in the control 
group (11% and 5%, respectively) [22].

Studies have presented numerous data on the 
relationship between obesity and atopic dermatitis 
(AD) [15, 48, 52], and researchers revealed that the 
incidence of AD is significantly higher in patients 
with obesity, especially with manifestation at the 
age of up to 2 years, than in the control group. 
The duration of obesity (more than 2.5 years) also 
increased the probability of AD [39]. The associa-
tion of AD with obesity is possibly due to various 
immune disorders detected in obesity, especially 
with the production of TNF-α and IL-6 by adipo-
cytes. Leptin, which is produced by adipocytes, has a 
pro-inflammatory effect on the immune system, caus-
ing the proliferation and activation of monocytes 
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and CD4 and CD8 lymphocytes, and polarizing the 
T-cell response toward TH1 [17, 40].

Cushing syndrome
Cushing syndrome represents a combination of 

clinical symptoms caused by a chronic increase in 
the levels of cortisol or related corticosteroids in the 
blood. Although Cushing syndrome is predominant 
in female adolescents and adults, in the prepuber-
tal period, boys are affected by it more often than 
girls. Most of the children with Cushing syndrome 
are obese in the trunk and have growth retardation 
[6]. Excessive glucocorticoid levels are believed to 
decrease the proliferation of keratinocytes and der-
mal fibroblasts, which in turn leads to decrease in 
the formation of collagen and other components of 
the extracellular matrix and ultimately contributes 
to skin atrophy and fragility. The catabolic effect 
of glucocorticoids extends to subcutaneous connec-
tive tissues. Cutaneous manifestations of Cushing 
syndrome are as follows [31]:
• Moonlike face.
• Striae.
• Cigarette paper atrophy of the skin on the elbows 

and dorsum of the hands.
• Slow wound healing.
• Steroid acne.
• Hyperpigmentation.
• Acanthosis nigricans.

Fatty tissue is often deposited on the face in the 
cheeks (moonlike face), on the posterior surface of 
the neck with the transition to the back (dorsocervi-
cal fat), above the collarbones (thick, short neck), 
and behind the orbit (exophthalmos). Cigarette pa-
per skin on the elbows and the dorsal side of the 
hands is a result of epidermal and cutaneous atro-
phy. As body weight is redistributed and increased, 
the fragile skin stretches and subcutaneous blood 
vessels become more visible, looking like purple 
striae. In Cushing syndrome, the flaccid and wide 
(>1 cm in diameter) striae can be distinguished 
from the pinkish-silver thin striae seen in growth 
spurt, obesity, and pregnancy. Additional changes 
in the skin may appear in the form of acanthosis 
nigricans. An excess in the levels of endogenous 
or exogenous glucocorticoids can lead to steroid 
acne localized on the upper back, proximal upper 
limbs, neck, and face. Excess glucocorticoids can 
also lead to superficial dermatophytosis and malas-
sezia infection.

Polycystic ovary syndrome
Polycystic ovary syndrome is characterized by 

the excessive production of androgens, which can 

manifest in adolescent girls as menstrual irregulari-
ties, android type obesity, and skin changes, such 
as acne and/or hirsutism [28, 31]. Initial screening 
for suspected androgen-associated disease is usually 
serum dehydroepiandrosterone sulfate, testosterone, 
and prolactin tests [31]. Cutaneous manifestations in 
hyperandrogenemia are as follows [28, 31]:
• Acne.
• Hirsutism.
• Androgenic alopecia.
• • Acanthosis nigricans.

Hirsutism is defined as excessive growth of ter-
minal hairs in androgen-dependent areas, primar-
ily the face, neck, back, chest, and lower abdomen 
[6, 28]. Hyperandrogenism promotes an increase in 
hair thickness and prolongs the phase of hair growth 
in the beard, armpits, and pubis. Acne vulgaris is 
an additional manifestation of polycystic ovary syn-
drome. The possibility of excess in androgen levels 
in patients with moderate to severe acne should be 
considered, especially acne that is resistant to tra-
ditional treatments or recurrence after the use of 
isotretinoin. Signs of severe hyperandrogenism are 
coarsening of the voice, muscle hypertrophy, breast 
size reduction, and androgenic alopecia. Patients 
with androgenic alopecia often notice a gradual 
thinning of the hair in the parietal region, while 
maintaining the front hair growth line [23, 27].

Hypothyroidism
Hypothyroidism can be congenital or acquired. 

Congenital hypothyroidism occurs in 1 per 2000–
4000 newborns and is most often associated with 
thyroid dysgenesis. In the general population, au-
toimmune thyroiditis (AIT) is the most well-known 
cause of hypothyroidism worldwide. The incidence 
of AIT among schoolchildren reaches 1%–2%, and 
it affects girls 4–7 times more often than boys [6]. 
The clinical symptoms of hypothyroidism are of low 
specificity. Meanwhile, changes in the skin and its 
appendages as well as in the subcutaneous tissue 
require the exclusion of hypothyroidism, for which, 
in most cases, it is sufficient to determine the serum 
level of thyroid-stimulating hormone. Changes in 
the skin, subcutaneous tissue, and dermal append-
ages characteristic of hypothyroidism [6, 31] are 
as follows:
• Pale and subicteric skin.
• Dry, flaky, rough, and cold skin.
• Edematous face and tongue and edema in the area 

of the supraclavicular fossa and dorsum of the 
hands and feet.

• Loss of the lateral surfaces of the eyebrows.
• Dry and brittle hair or alopecia.
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Hyperthyroidism
Hyperthyroidism is an integral sign of diffuse 

toxic goiter (DTG), or Graves’ disease. In the pe-
diatric population, the peak incidence is recorded at 
age 10–15 years, and similar to adults, DTG pre-
vails in females. The main cutaneous manifestations 
of hyperthyroidism are as follows [31]:
• Warm moist thin skin.
• Erythema of the palms.
• Hyperhidrosis.
• Thin hair on the head.
• Onycholysis.
• Pretibial myxedema.
• General pruritus.
• Chronic urticaria.

The most common cutaneous manifestations of 
hyperthyroidism include facial flushing, palmar ery-
thema, and hyperhidrosis of the palms and plan-
tae. The hair on the head is thin and may fall out. 
Nails are thin; in rare cases (atypical for children), 
onycholysis (detachment of the nail plate from soft 
tissues) can be noted, when the proximal part of 
the plate remains pink, and the distal part becomes 
white or opaque (Plummer’s nail). Pretibial myx-
edema is recorded in 4% of patients with Graves’ 
disease (extremely rare in children). Indurations, 
deepened nodules, and plaques appear on the skin 
in the tibial area, with hyperpigmentation and des-
quamation.

Skin changes such as generalized pruritus and 
eczematous dermatitis are less common in hyper-
thyroidism. Chronic urticaria (as well as pretibial 
myxedema) should be considered a possible mani-
festation of autoimmune disease in DTG, not a con-
sequence of hyperthyroidism.

Acromegaly
Excess growth hormone generates a cascade of 

clinical manifestations involving soft tissues and 
bones. Depending on whether hypersomatopin-
emia is registered before or after the fusion of the 
epiphyseal growth zones, the disease is defined as 
gigantism or acromegaly. Pituitary gigantism can 
be manifest by accelerated growth and tall stature 
at any age, and cases have been described from 
month 2 of life. Meanwhile, the incidence of gigan-
tism is extremely low; one major study showed that 
hypersomatopinemia is found in 0.6% of pituitary 
adenomas in children and may be a consequence 
of neurofibromas of the central nervous system. 
Changes in the skin, as well as soft tissues and 
dermal appendages, typical for patients with closed 
growth zones, can also be seen in older adolescents 
with nearly complete growth and/or in controls in 

whom the growth hormone is no longer of the same 
significance [26, 31]:
• Macrocheilia.
• Macroglossia.
• Gingival hyperplasia.
• Coarse facial features.
• Hyperpigmentation.
• Acanthosis nigricans.
• Hyperhidrosis.
• Hypertrichosis.
• Nail changes.

CONCLUSIONS
Skin lesions are quite common in endocrine dis-

eases. This fact must be kept in mind by pediatri-
cians, dermatologists, and endocrinologists.
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