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Abstract

Introduction and objective. Atopic dermatitis is a chronic
inflammatory disease that significantly reduces the quality of
life of the affecte patients. The disease is characterized by the
occurrence of eczema, increased pruritus and lichenization.
Diagnosis is based on the diagnostic criteria of Hanifin and
Rajka, which take into account the clinical picture of the
disease. Atopic dermatitis often co-occurs with sleep and
mood disorders. Recently, there have been scientific studies
to clarify the association of atopic dermatitis with the level
of zinc in the body. This review resents the importance of
zinc in the proper functioning of human skin and its possible
links to the pathogenesis and clinical advancement of atopic
dermatitis. 
Materials and method. Articles from PubMed, Scopus and
article references from 1990–2020 were analyzed. Articles were
selected on the topic of zinc supplementation in patients with
atopic dermatitis and articles on the level of zinc in the serum,
erythrocytes and hair in patients with atopic dermatitis.
Brief description of the state of knowledge. The review
refers to scientific studies conducted on animals, in which the
effect of a low supply of zinc on the course of the disease was
determined. The review also refers to clinical trials determining
the effect of zinc supplementation on the course of atopic
dermatitis in patients, and describes the relationship between
zinc levels in serum, hair and erythrocytes, and the severity
of the disease.
Conclusions. The review indicates that zinc may have
a significant impact on the course of inflammatory dermatoses,
including atopic dermatitis. It is worth exploring this topic and
conducting larger clinical trials because the results of currently
available scientific research are promising.
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Streszczenie

Wprowadzenie i cel pracy. Atopowe zapalenie skóry to
przewlekła choroba zapalna, która znacznie obniża jakość
życia dotkniętych nią pacjentów. Atopowe zapalenie skóry
charakteryzuje się występowaniem zmian wypryskowych,
nasilonym świądem oraz lichenizacją. Rozpoznanie stawiane
jest na podstawie kryteriów diagnostycznych Hanifina i Rajki,
które biorą pod uwagę obraz kliniczny choroby. Atopowe
zapalenie skóry często współwystępuje z zaburzeniami snu
oraz zaburzeniami nastroju. W ostatnim czasie pojawiły się
badania naukowe mające na celu wyjaśnienie związku atopowego zapalenia skóry z poziomem cynku w organizmie.
Niniejsza praca przedstawia znaczenie cynku w prawidłowym
funkcjonowaniu skóry człowieka oraz jego możliwe powiązania z patogenezą i zaawansowaniem klinicznym atopowego
zapalenia skóry.
Metody przeglądu. Przeanalizowano artykuły z PubMed,
Scopus oraz odniesienia do tekstów. Wybrano artykuły na
temat suplementacji cynkiem u pacjentów z atopowym zapaleniem skóry oraz te dotyczące poziomu cynku w surowicy,
erytrocytach i włosach u pacjentów z atopowym zapaleniem
skóry. Przeanalizowano artykuły z lat 1990–2020.
Opis stanu wiedzy. Praca odnosi się do badań naukowych
przeprowadzonych na zwierzętach, w których określono wpływ
niskiej podaży cynku na przebieg choroby. Co więcej, praca ta
nawiązuje do badań klinicznych ukazujących wpływ suplementacji cynku na przebieg atopowego zapalenia skóry u pacjentów
oraz opisuje związek między poziomem cynku w surowicy,
włosach i erytrocytach a zaawansowaniem choroby.
Podsumowanie. Przedstawione badania wskazują, że cynk
może mieć istotny wpływ na przebieg dermatoz zapalnych,
w tym atopowego zapalenia skóry. Warto zgłębić ten temat
i przeprowadzić większe badania kliniczne w tym zakresie,
ponieważ wyniki obecnie dostępnych badań naukowych są
obiecujące.
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Atopic dermatitis (AD) is a chronic, inflammatory, pruritic
skin disease which affects 15–20% of children and 1–3%
of adults [1]. It is believed that the basis of this disease are
immunological abnormalities and genetic conditions that
lead to damage to the epidermal barrier [2]. Atopic dermatitis
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is characterized by the occurrence of eczema, increased
pruritus and lichenization. AD usually starts in childhood,
and in a half of cases the disease begins between 3 -6 months
of age, has a chronic and recurrent course, in most cases
there is a tendency to self-extinguishing of symptoms. In
adults and older children, eczema lesions typically occur on
elbow and knee bends, face and neck. On the other hand, in
younger children (under 2 years of age), skin lesions more
often affect the face. Diagnosis is based on the diagnostic
criteria of Hanifin and Rajka, which take into account the
clinical picture of the disease [3]. Due to persistent pruritus
and skin lesions, AD is associated with a decrease in the
quality of life of patients. It often co-occurs with sleep and
mood disorders [4, 5]. Scientific research is continuing to
create effective treatment of AD and improve the quality of
life of patients affected by this disease.
In recent years, scientific research appears to have clarified
the role of zinc and its effect on the course of atopic dermatitis.
The aim of this work is to present the role of zinc and its
influence on the proper functioning of the skin, as well as the
presentation of recent scientific studies that attempt to explain
the relationship between zinc and atopic dermatitis. Articles
from PubMed, Scopus and article references were analyzed.
Articles were selected on the topic of zinc supplementation in
patients with atopic dermatitis and articles on the level of zinc
in the serum, erythrocytes and hair in patients with atopic
dermatitis. Articles from 1990–2020 were analyzed. Search
terms included ‘atopic dermatitis’, ‘zinc’, ‘zinc deficiency’,
‘zinc supplementation’, ‘eczema’, and ‘atopic eczema’.
Zinc and its role in the proper functioning of the skin.
Zinc is a very important micronutrient in the human body,
it is a component of many enzymes and determines the
proper course of cellular functions and metabolic reactions
crucial for the body [6]. This microelement determines the
correct structure of proteins, regulates the expression of
many genes and is necessary for the proper functioning
of the immune system [7, 8]. Trace elements are essential
for the proper functioning of the immune system. Due to
its immunomodulatory action, the proportion of zinc is
taken into account in the pathogenesis of inflammatory and
autoimmune diseases. Activation of T lymphocytes, as well
as the differentiation of helper lymphocytes (Th) into their
various subgroups (Th1, Th2, Th17, regulatory T cells) depend
on zinc homeostasis. Zinc deficiency leads to an increase
in the level of IL-10, which in turn leads to an imbalance
between the activity of Th1 and Th2 lymphocytes, in favour
of Th2 lymphocytes. Secondly, zinc deficiency increases the
level of IL-4, which in turn leads to increased activity of B
lymphocytes and IgE antibodies, which affects the course of
allergic diseases. [9, 10].
With regard to the influence of zinc on the immune system,
it is worth being aware that the deficiency of this element may
affect the course of viral diseases, including SARS-CoV-2
infection. As zinc deficiency is a worldwide phenomenon, the
link between zinc deficiency and the COVID-19 pandemic
is currently the subject of several studies that should be
published soon. Moreover, zinc supplementation may
play a role in the treatment of SARS-CoV-2 infection. In
addition, studies show that people suffering from COVID-19
had significantly lower levels of zinc compared to healthy
people. It was associated with a more than 5-fold increased
probability of disease complications [11].
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The symptoms of deficiency of this microelement include,
among others: dry skin, hair loss, impaired wound healing
and acrodermatitis enteropathica [12]. Interesting studies on
zinc and atopic dermatitis have been carried out on mice in
which zinc deficiency exacerbated skin eruptions, increased
serum IgE levels, and increased cytokine production, such
as IL-13 and IFN-gamma [13]. This may indicate that zinc
deficiency may affect the barrier system of the skin and the
immune system. What is more, this study carried out on mice
shows that zinc deficiency may exacerbate atopic dermatitis.
The role of zinc in the proper functioning of the skin
and in the course of atopic dermatitis has not yet been
clearly explained. Zinc is part of the enzymes involved in
the remodeling of the epidermis, and also plays a role in
the expression of filaggrin, a key protein that is necessary to
create a skin barrier, so important in atopic dermatitis [14].
Interestingly, zinc oxide may also have antibacterial activity
against S. aureus [15]. Studies in mice also showed that zinc
may reduce the level of pro-inflammatory cytokinez, such as
IL-6 and IL-1, and at the same time increase the level of antiinflammatory cytokines (IL-10) in mechanically damaged
skin [14, 16].
Bearing in mind the above information on the effect of
zinc on the proper functioning of the skin, it can be assumed
that this microelement may have a significant impact on
the course of dermatological diseases, including atopic
dermatitis.
Zinc and atopic dermatitis – scientific reports. Kim et al.
conducted a clinical study to determine the level of zinc
in the hair of children with atopic dermatitis (AD), and
to investigate the effectiveness of zinc administration in
children with AD. 58 patients with confirmed diagnosis
of AD were included in the study, their average age was
6.2 years. The children included in the study had AD from
mild to moderate intensity (EASI – <26). The control group
consisted of 43 healthy children. Exclusion criteria were the
use of topical calcineurin inhibitors, the topical use of steroids
or antibiotics over the past two weeks, and the systemic use
of anti-inflammatory drugs in the last 4 weeks.
The first stage of the study was to compare the content of
zinc in hair in children with AD and in the control group.
The average level of zinc in the hair was 113.10 ± 33.36 μg/g
in the group of patients with AD and 130.90 ± 36.63 μg/g in
the control group. Forty-one patients with AD (70.7%) had
zinc levels below 130 μg/g, while in the control group this
was reported by 18 people (41.9% of the group, respectively).
It follows that atopic dermatitis was associated with a lower
level of zinc in the hair compared to the control group.
The second stage of the study was to determine the
effectiveness of zinc supplementation in patients with AD,
who in the first stage of the study showed a low level of this
microelement. 41 patients with low levels of zinc and AD
were randomly assigned to 2 groups. The first group (group
A) – included patients who were supplemented with zinc,
while patients from group B constituted a control group and
remained without supplementation. 22 patients were assigned
to group A and 19 patients to group B. Group A received
12 mg of zinc in the form of zinc oxide, and supplementation
with this microelement lasted 8 weeks. Patients in both
groups received standard oral anti-histamines and topical
moisturizers. After 8 weeks, in group A the level of zinc in
hair increased from baseline value of 96.36 ± 21.05 μg/g to
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131.81 ± 27.45 μg. In group B, the level of zinc did not change
significantly. Patients were examined by a dermatologist in
the 2nd, 4th and 8th week of the study. The assessment was
based on the intensity of atopic dermatitis, Eczema Area
and Severity Index, transepidermal water loss (TEWL) and
visual analogue scale (VAS) for pruritus and sleep disorders.
The AD severity scores improved significantly in patients
who received zinc supplementation compared to the control
group. In group A, EASI improved to 1.73 ± 1.23 at 8 weeks
(baseline EASI score – 6.56 ± 3.12). In group B, EASI declined
to 3.29 ± 2.77 at 8 weeks (baseline score – 6.32 ± 2.80). The
results of the EASI scale after 8 weeks varied significantly
between groups A and B (p = 0.013; 0.044).
The above study shows that oral zinc supplementation can
be effective in patients with atopic dermatitis with zinc levels
in the hair. During 8-week oral zinc supplementation, no side
effects of this therapy were reported [17].
Another study on zinc and atopic dermatitis was carried out
by Hinks et al., the aim of which was to determine the level of
zinc in the serum and hair of children with bronchial asthma
and AD, compared to healthy people. 40 children aged 2–12
participated in the study. 22 of them had bronchial asthma
and 18 of them had AD. The control group of this study was 20
healthy children. Average serum and hair zinc concentrations
were 70.3 ± 13.2 micrograms/100 ml and 157.5 ± 23.0
micrograms/gm for asthma and 65.9 ± 11.7 micrograms/100
ml and 164.8, respectively. ± 23.6 micrograms / gm in the
case of atopic dermatitis. The level of zinc in children with
bronchial asthma and AD was significantly lower compared
to the control values (88.4 ± 11.0 micrograms/100 ml and
194.5 ± 18.6 micrograms/gm). This study shows that asthma
and atopic dermatitis were associated with a lower content
of zinc in the body [18].
Karabacak et al. conducted a study aimed at determining
the level of zinc in the serum and erythrocytes of patients
with AD, and investigating the relationship between the
level of zinc and disease activity. 67 patients (34 women
and 33 men) who had been diagnosed with AD, using the
diagnostic criteria of Hanifin and Rajka, were included in the
study. The control group consisted of 49 healthy people. The
study excluded patients taking zinc, systemic corticosteroid,
antibiotics and systemic anti-inflammatory drugs. In the
group of patients with AD, the level of zinc in erythrocytes
was clearly lower than in the control group (34.4 ± 6.1
μg/g of haemoglobin and 40.4 ± 5.3 μg/g of haemoglobin).
Interestingly, there was no statistical difference between the
serum zinc level in patients with AD and the control group
(89.9 ± 16.8 and 96.1 ± 17.6 μg/dl, respectively). The severity of
the disease was assessed using the AD point index (SCORAD),
in which AD is defined as mild, moderate or severe if the
SCORAD index is <25, 25–50 and> 50, respectively. In the
group of patients with AD, a negative correlation was found
between the result of the SCORAD index and the level of
zinc in erythrocytes. The lowest levels of zinc in erythrocytes
were associated with the highest disease severity (SCORAD>
50). The negative relationship between the severity of the
disease and the level of zinc in erythrocytes may suggest an
immunopathological relationship between AD progression
and intracellular metabolism of this microelement [19].
An interesting study on mice was carried out by Makiura
et al. the aim of which was to study the impact of a diet
with a reduced content of zinc on the course of AD. In
this study, an animal model of the AD was used. Mice fed

with a reduced zinc feed were compared to mice receiving
a standard diet. Mice fed with products with reduced zinc
content showed more advanced dryness of the skin, increased
transepidermal water loss, lower water content in the skin and
elevated levels of immunoglobulin E in the blond, compared
to mice receiving a standard diet. There were no significant
differences in the weight of the animals or the weight of the
main organs between the 2 groups. The haematological tests
performed in both groups were normal, with the exception
of an increased level of IgE immunoglobulin in the mice fed
a diet with a reduced content of zinc [20]. This study shows
that a diet with a reduced content of zinc may adversely affect
the course of atopic dermatitis. The reduced content of zinc
in the body may affect the course of AD.
The next interesting case-control study was described
in an article by Gray et al. 105 children aged 1–12 years
were qualified for the study. The research group consisted of
children suffering from AD (atopic dermatitis, n = 40), and the
control group – healthy children (n = 65). The concentration of
zinc in the hair of the participants was assessed. Interesting
results were obtained, because when assessing the groups as
a whole, without specifying age groups, the concentration
of zinc in the hair of healthy children and children with
AD did not differ significantly. On the other hand, in the
5–12-year-old subgroup, the concentration of zinc in hair
was lower in children with AD (median 175.35 µg/g) than
in healthy children (median 206.4 µg/g) [21].
CONCLUSIONS
Despite many studies, little is known about the role of
trace elements in allergic diseases and the relationship of
these elements with the immune system. The clinical trials
presented in this study allow us to believe that zinc plays an
important role in the proper functioning of the skin, and has
some influence on the course of atopic dermatitis. Many more
scientific studies are needed to determine exactly how zinc
modulates the course of the disease and how it can be used in
supplementation for therapeutic purposes. The concentration
of zinc in the hair differs significantly in the studies cited in
this article. It is worth mentioning that currently there are no
specific standards for the concentration of zinc in hair and
erythrocytes. Moreover, it is still not known how low zinc
levels may worsen the clinical symptoms of AD. Currently,
there is insufficient clinical evidence for the positive effect
of zinc on the course and advancement of AD; therefore,
the guidelines do not recommend supplementation of this
element in patients. It is worth exploring this topic and
conducting larger clinical studies, because the results of
currently available scientific research are promising.
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