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Abstract

Introduction: There has been a lot of talk lately about the importance of reduced serum vitamin D levels and their supplementation for
patients with inflammatory skin diseases such as atopic dermatitis (AD) and other allergic diseases. Serum vitamin D values are associ-
ated with a number of factors such as limited sunlight exposure (modern lifestyle, extended indoor stay, enhanced sun protection, etc.)
which can affect different diseases.

Aim: To evaluate serum vitamin D values in patients with inflammatory skin diseases, comparing them on the basis of other parameters
(age, gender/sex, residential areas, total serum IgE), and establishing whether vitamin D supplementation would affect the improvement
of the clinical picture of the disease.

Patients and methods: A total of 157 patients participated in this prospective study: 51 patients with AD, 55 with chronic urticaria
(CU) and 51 with contact dermatitis (CD): 38 with irritant CD (ICD) and 13 with allergic CD (ACD). In all patients, the values of serum
vitamin D were determined by chemiluminescence microparticle immunoassay (CMIA) and compared by diagnosis, age, sex, living en-
vironment, values of total IgE. In patients with reduced values of vitamin D, its supplementation for 3 months was recommended, after
which the second evaluation of D vitamin values and disease status were determined and compared with an untreated/unsupplemented
group with normal vitamin D values.

Results: Vitamin D deficiency was often observed in patients with AD, CU and CD, most frequently in the ICD group, and least fre-
quently in the ACD group. No significant differences were found in terms of age, gender or living environment, nor was any correlation
with total IgE found. In the subjects supplemented with vitamin D, their levels increased significantly and, after its supplementation,
improvement of the clinical condition was more common than in the untreated group; however, the differences were not statistically
significant (69.8 vs. 58.1, p=0.428).

Conclusions: Although serum vitamin D levels of the groups did not differ significantly, the supplementation of vitamin D in patients
with prominent vitamin D deficiency may be useful and crucial for improving the prognosis of the disease.
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INTRODUCTION

In the past years, many studies and ample research have
addressed the importance of vitamin D deficiency in cer-
tain diseases and their treatment, including inflammatory
skin diseases such as atopic dermatitis (AD) and vulgar
psoriasis.[?l As we know, people obtain vitamin D pre-
dominantly by its synthesis in the skin under the influence
of sunlight and by means of food. The reduction of the se-
rum vitamin D values is associated with a number of fac-
tors such as limited exposure to sunlight (modern lifestyle,
increased indoor staying, enhanced sun protection, etc.).!!]

The impact of vitamin D status on health problems/
outcomes is discussed in many branches of medicine and
in many diseases, including allergic skin diseases.’>-¢/ The
higher incidence of allergic diseases observed on higher
latitudes (with more frequent vitamin D deficiency) sug-
gested that there may be a connection between the devel-
opment of allergic diseases and vitamin D deficiency (“the
vitamin D hypothesis”).[!) Other factors, such as the bone
health/condition of the patient, are also important and
potentially related to it, especially given the frequent use
of corticosteroids (topical and systemic), the existence of
chronic inflammation and the like.

Concerning AD, the occurrence of eczema within AD is
often the first manifestation of allergic disease in early child-
hood, usually followed by allergic rhinitis and asthma.[!) An
increased incidence of eczema has been observed in persons
with lower serum vitamin D levels, especially in children,
which is even more pronounced in adults. Various find-
ings have been observed regarding the correlation between
vitamin D levels and eczema severity. While some studies
established that lower levels of vitamin D were associat-
ed with increased disease severity, others did not find any
correlation with disease severity. A negative association be-
tween eczema severity and vitamin D levels (which was not
observed in the patients without allergic sensitization) was
also observed in the patients with proved allergic sensitiza-
tion.”8] To understand this correlation, it is important to
know that eczema phenotypes are also associated with mul-
tiple vitamin D gene pathways, which suggests that vitamin
D deficiency predisposes to eczema. As an endogenously
produced hormone, vitamin D has effect on the regulation
of more than 200 genes in different cell types. Aside the skin
as the source of vitamin D for the body, it is incapable of
responding to active metabolite of vitamin D [1,25(0H),D]
and also express receptor for D vitamin and metabolizes it
to a hormonally active form. Vitamin D regulates epidermal
differentiation and hair follicle cycling (thus promoting bar-
rier function, wound healing, hair growth, etc.). In addition,
vitamin D participates in cellular and humoral immunity
and in the formation and maintenance of the epithelial and
endothelial barriers; it also participates in the metabolic
pathways. In this respect, another important matter is the
correlation between the beneficial effects of vitamin D and
several biological pathways of the disease. In eczema, for
example, the regulation of the immune system and the skin

barrier are disturbed under the influence of vitamin D.[!
Also, a lower vitamin D value can, for example, increase
the skin’s sensitivity to bacterial and viral infections (inade-
quate antimicrobial defense), and it changes and modulates
the outcomes of allergic conditions by its multiple effects on
altered epidermal barrier function, impaired immune regu-
lation, and others.[]

As for chronic urticaria (CU), it is characterized by hives
that can persist for more than 6 weeks, often associated
with angioedema; according to etiology, the urticaria can
be either induced or spontaneous (chronic spontaneous
urticaria, CSU).[1%11] As for the vitamin D levels in patients
with urticaria, numerous studies in CSU patients have
shown significantly lower serum levels of 25-(OH)-D than
in the control group.!'?) However, there are differences be-
tween studies concerning the importance of vitamin D for
CU. Some authors showed a negative association between
the severity of CU and the serum 25-(OH)-D levels.!!314]
Other authors did not report a significant correlation be-
tween CU duration/severity and correlation between CU
duration/severity and vitamin D levels.!!>16]

Contact dermatitis (CD) is an inflammation of the skin
that occurs after skin contact with specific substances and
has two main subtypes - allergic CD (ACD) and irritant
CD (ICD).["% Studies on animals with ACD (mice) that
examined the importance of vitamin D showed that the
male mice with normal vitamin D levels had a better
response in repairing ACD than the mice that lacked
such levels, which was not observed in female mice (the
mechanisms of different responses remain unknown).!!"’
Although studies on the levels of vitamin D and the effects
of its supplementation in CD patients are scarce, this ani-
mal study suggests that vitamin D supplementation may be
beneficial to patients with ACD.

AIM

Due to insufficient scientific and clinical knowledge about
this topic, we decided to examine the values of serum vita-
min D in patients with AD, CU and CD (ICD, ACD) and
the effects of its supplementation in the patients with low
vitamin D levels.

PATIENTS AND METHODS

In this study, we determined the values of serum vita-
min D in patients with AD, CU and CD (ICD, ACD) and
compared them within each disease; we also compared
the vitamin D values among different patients grouped
by such variables as age, gender, living environment, and
total serum IgE levels (normal/elevated). In patients with
established low vitamin D plasma concentration, its sup-
plementation was recommended and, after compensation,
a second evaluation of D vitamin blood concentration was
done in the patients who were able to undergo such evalua-
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tion. In the patients who received supplementation, the dis-
ease status was also determined on the basis of the clinical
disease condition established during visits after the vitamin
D therapy (improvement, worsening, stable/unchanged
manifestations). Finally, we aimed to determine whether
vitamin D supplementation affected the improvement of
clinical picture of the disease in comparison with patients
with normal vitamin D levels who were not supplemented.

Patients

This prospective study was conducted in the Unit for
Allergology and Clinical Immunology in Dermatology at
the Clinical Department of Dermatovenereology of Sestre
milosrdnice University Hospital Center, which included
adult patients with diagnoses of AD, CU, and CD (over
18 years of age) who were examined and treated during
an 18-month period (January 1, 2019 to June 30, 2020).
The research was conducted according to the rules of the
Ethics Committee of Sestre milosrdnice University Hospi-
tal Center and in accordance with the Declaration of Hel-
sinki, and the study was registered under the code of 003-
06/20-03/019. Initially, the patients were informed in detail
about the study and were also asked to sign their informed
consents.

The inclusion criteria were: adult patients (over 18 years)
with AD, CU, and CD (ICD, ACD), treated under derma-
tologically and clinically verified diagnoses. All patients re-
ceived appropriate treatments according to their diagnoses.
The diagnosis of AD was made according to the Hanifin
and Rajka criteria.'”) In CU, only patients with CSU were
considered, while inducible urticaria and drug-induced
urticaria were excluded. In patients with CD, a patch test
was performed with a standard series of allergens (and if
necessary with an additional series of allergens as well) to
differentiate ACD and ICD. ACD was verified by clinical
monitoring of the effect of allergens on the disease. All
patients received a standard background treatment accord-
ing to the specific disease.

Ultimately, a total of 157 patients participated in the
study: 51 patients with AD, 55 with CU, and 51 with CD
(ICD 38, ACD 13), aged between 18 and 78 years; there
were 118 women and 39 men.

Methods

Initial parameters (T1)

At baseline, patients’ serum values of vitamin D were deter-
mined and their additional parameters were also taken. The
following instruments were used: examination by a der-
matovenereologist, medical documentation that provided
basic data about the subject (age, sex, and living environ-
ment) and the findings of total serum IgE and skin tests for
allergens (inhalant, food, contact).

Vitamin D in Patients with Skin Diseases

The serum vitamin D values were determined in each
patient by chemiluminescence microparticle immunoassay
(CMIA). Based on the division of values into several lev-
els of vitamin D, the values thus obtained were verified as
three categories (increased, decreased, normal), as well as
the division into additional 4 categories and 5 categories.
So, the vitamin D values above 75 nmol/L were considered
as normal; borderline values 50-75 nmol/L; mild deficien-
cy 25-50 nmol/l; moderate deficiency 12.5-25 nmol/L, and
severe deficiency <12.5 nmol/L. These 5 categories com-
prised normal values, borderline values, mild deficiency,
moderate deficiency, and severe deficiency. In addition, for
statistical analysis, their values were also analysed as 4 cat-
egories: normal values, borderline values, mild deficiency,
and moderate/severe deficiency.

Total serum IgE was determined by the fluorimetric en-
zyme-linked immunoassay method (FEIA). The IgE values
below 114 kIU/L were considered normal.

In patients with established low vitamin D values, sup-
plementation with vitamin D (D3 vitamin, cholecalciferol)
in the forms of 5 oral drops (i.e. 1.000 IU daily for mild) or
7 oral drops for a more severe deficiency (i.e. 1.400 IU dai-
ly) was administered during a period of three months.$]

Second evaluation of vitamin D values (T2)

After supplementation with vitamin D, the effect of this
therapy on the condition of each disease was determined
both in the patient group receiving vitamin D and in the
untreated group. The second examination of the condition
of patients’ disease compared to the initial condition was
also clinically recorded/determined by dermatovenereolo-
gist’s assessment during the second examination of the pa-
tient, based on clinical manifestations (disease condition:
stable, improved, worsened).

Since some of supplemented patients were not able to
come for the second evaluation of their vitamin D values,
we took into account only the reliable data/values of the
patients for whom these data/values had been determined.

In patients with initially established normal values of
vitamin D, only a dermatologist’s examination was per-
formed and the condition of the disease was recorded. They
were considered as an non-treated group.

Statistical analysis

Non-parametric statistical methods (Kruskal-Wallis,
Mann-Whitney, and Spearman correlation tests) were used
to compare the vitamin D and IgE levels between the cate-
gories of the subjects. The ¥? test was used to compare the
frequencies. The vitamin D levels before and after vitamin
D therapy were compared using the Wilcoxon test. Since
for some analysis of parameters we did not have a healthy
group for comparison of their vitamin D values with our
patient values, they were only done according to the po-
tentially expected ratio 50:50. All analyses were performed
using SPSS 22 (IBM Corp., Armonk, USA).
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RESULTS

Results of the initial parameter analysis (T1)

The sample consisted of 157 patients aged 18-78 (median:
48; interquartile range: 29-59 years). Of these, there were
118 (75%) females and 39 (25%) males. Concerning the
proven allergy (in medical documentation), an analysis
of all patients showed that those without proven allergies
dominated (73.2% of the patients) over those with allergies
(26.8%). Among the accompanying allergies, 13.4% of the
patients had allergic rhinitis, 9.6% had food allergy and
6.4% had asthma. The initially measured values of D vita-
min and total IgE in whole sample are shown in Table 1.
There was a mild deficiency of vitamin D in 41.4% of the
patients, borderline deficiency in 27.4%, normal status in
15.9%, moderate deficiency in 12.7%, and severe vitamin
D deficiency in 2.5% of the subjects (at time T1).

The statistical analysis showed that if vitamin D cate-
gories were dichotomized into two categories (0=normal
or borderline and 1=mild, moderate or severe) (Table 2),
vitamin deficiency was the most common in ICD and
the least common in ACD. However, no statistically sig-
nificant differences were observed between the categories
(p=0.539). Also, if a 50:50 ratio is expected for each of the
diagnoses, then the differences are not significant for any
of the diagnoses.

An additional statistical analysis with a different di-
chotomization (0=normal, borderline or mild and 1=mod-
erate or severe) also did not show any statistically signif-
icant differences between the groups (p=0.717) (Table 2).

However, if a 50:50 ratio is expected, then moderate or se-
vere deficiencies are significantly more common in all di-
agnoses than the normal, borderline or mild ones (p<0.05)
(Figs 1, 2).

Comparison of the initially measured vitamin
D in the whole sample (T1) and patient
group before (T1) and after vitamin D
supplementation (T2)

Vitamin D supplementation (due to low vitamin D values)
was received by 80.3% of the subjects, and improvement in
the disease manifestations was observed in 69.8% of them,
stable manifestations in 28.6%, and worsening of the dis-
ease in 1.6% of the subjects.

In the untreated/non-supplemented patients (those with
normal vitamin D values), improvement was observed in
58.1%, stable manifestations in 38.7%, and worsening in
3.2% of them. Differences between the treated and untreat-
ed/unsupplemented patients were not significant. Mea-
surement of vitamin D was also performed in the patient
group after supplementation (T2 time). After vitamin D
treatment, there were no cases of severe vitamin D deficien-
cy; moderate deficiency was found in 7.5%, mild deficiency
in 22.5%, borderline deficiency in 37.5%, and normal find-
ings were found in 32.5% of the subjects. A total of 51% of
subjects had elevated total IgE (i.e., atopic tendency). Of
the total number of the subjects (treated and untreated),
improvement of the disease was found in 67.5% of them;
manifestations were stable in 30.6%, and worsened in 1.9%
of the cases.

Table 1. Description of the age, vitamin D level and total IgE of the sample

N MeantSD  95%CI ?fg;i;‘“ 1:::;;““
Age (years) 157 45.7+16.7 43.0-48.3 48 (29-59) 17-78
Initial vitamin D (T1) (nmol/L) 157 48.7+23.5 45.0-52.4 47 (32.5-60)  3-142
IgE (T1) (KIU/L) 157  454.04951.5  304.0-604.0 100 (34-333)  4-5000
Vitamin D after 3-month supplementation (T2) (nmol/L) 39 61.5+22.8 54.1-68.9 58 (45-77) 14-116

* SD: standard deviation; CI: confidence interval; IQR: interquartile range

Table 2. Comparison of the distribution of vitamin D level categories, with two cut-offs (mild deficiency and moderate deficiency), by

individual diagnoses

Vitamin D T1 Vitamin D T1
Categorisation I Categorisation II

Group Total

Normal or bor- Mild, moderate ~ Normal, border- Moderate or

derline or severe line or mild severe
Irritant CD, n (%) 13 (34.2%) 25 (65.8%) 30 (78.9%) 8 (21.1%) 38 (100%)
Allergic CD, n (%) 7 (53.8%) 6 (46.2%) 11 (84.6%) 2 (15.4%) 13 (100%)
Atopic dermatitis, n (%) 24 (47.1%) 27 (52.9%) 44 (86.3%) 7 (13.7%) 51 (100%)
Chronic urticaria, n (%) 24 (43.6%) 31 (56.4%) 48 (87.3%) 7 (12.7%) 55 (100%)
Total, n (%) n (%) 89 (56.7%) 133 (84.7%) 24 (15.3%) 157 (100%)
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Figure 1. Four categories of the initially measured vitamin D de-
ficiencies in the total sample by individual diagnoses (T1).

Figure 2. Five categories of the initially measured vitamin D
deficiencies in the total sample by individual diagnoses (T1).

Vitamin D in Patients with Skin Diseases

Initial vitamin D values and their values after
vitamin D treatment (at time T1 and T2) in
different diagnoses

Concerning each individual diagnosis, the vitamin D levels
did not significantly differ between diagnoses, either in the
whole sample of untreated patients (T1), or in the patient
groups before or after vitamin D treatment (T2) (Table 3).
The categories of vitamin D deficiency levels did not reveal
any significant statistical difference in the mean serum val-
ues of vitamin D among different allergic conditions, nei-
ther when the moderate and severe categories were com-
bined, nor when they were separated at time T1 (p=0.753
and 0.856) (Figs 1, 2). Also, the measured values of vitamin
D did not differ significantly in the patient group after the
vitamin D treatment (T2) (p=0.597) (Fig. 3).

Figure 3. Categories of the values of vitamin D deficiency after
3 months supplementation by individual diagnoses (at time T2).

Table 3. Vitamin D values in different diagnoses in the total sample and in patient groups before and after treatment/supplementation

Median in nmol/L

Time Diagnosis n X . P
(interquartile range)

Irritant CD 38 37 (27.8-57)
T1 Allergic CD 13 50 (26.5-56) 0244
Total sample Atopic dermatitis 51 48 (35-63)

Chronic urticaria 55 49 (35-60)

Irritant CD 9 35 (21-53.5)
T1 Allergic CD 3 40 (27-40) 0.749
Patient group before Atopic dermatitis 11 45 (39-56)

Chronic urticaria 16 34 (26.5-53.5)

Irritant CD 9 50 (38-71)
T2 Allergic CD 3 53 (53-70.5)

0.543

Patient group after Atopic dermatitis

Chronic urticaria

11 69 (54-77)
16 59 (45.3-89.3)
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Correlation of the initial vitamin D
values and their values after 3 months
supplementation by age

Vitamin D values at T1 and T2 were not linearly correlat-
ed with age (Spearman correlations r=—0.154 and 0.066;
p>0.05).

Comparison between the initial vitamin
D values and their values after 3 months
supplementation by sex

The vitamin D level did not significantly differ between men
and women, either in the whole sample at T1 (median 50
nmol/L (IQR 35-66) vs. 46.5 (IQR 32-58.3)) or in the treat-
ed patient groups at T1 (52 nmol/L (IQR 40.5-63.5) vs. 39

Table 4. Comparison of vitamin D values by living environments

(IQR 27-54)) or T2 (78.5 (IQR 71.8-86) vs. 56 (IQR 43-75)).

Comparison of vitamin D values by living
environments

Vitamin D levels did not differ significantly by the patients’
living environments, either in the total sample (T1) or in
the patient groups before (T1) and after the treatment (T2)
(Table 4).

Vitamin D values depending on allergies and
allergic diseases

Vitamin D levels did not differ significantly depending on
the presence and type of allergy either in the total sample
(T1) or in the patient groups before the treatment (T1) or
after the treatment/supplementation (T2) (Table 5).

. .. . Median nmol/L
Time Living environment n . . p
(interquartile range)
T1 Zagreb 97 45 (32-61)
Hinterland 51 49 (35-60) 0.783
Whole sample ) .
Mediterranean region 9 40 (16.5-68)
T1 Zagreb 25 39 (26-51) 0.276
Patient group before treatment Hinterland 14 47 (30-59.3) '
T2 Zagreb 25 56 (42.5-76.5) 0.392
Patient group after treatment Hinterland 14 63 (52.3-81) '

Table 5. Vitamin D values depending on presence and type of allergy

Time Allergy n 1\.'Iedlan nm.ol/L P
(interquartile range)
Present allergy 42 47 (32.8-56.8)
No allergy 115 46 (32-61) 0.506
No asthma 147 45 (32-60)
T1 Present asthma 10 50.5 (45-62.5) 0.281
Whole sample No food allergy 142 45 (32-60.3)
Present food allergy 15 49 (41-56) 0.707
No allergic rhinitis 136 48.5 (35-60)
Present allergic rhinitis 21 36 (25.5-51.5) 0.05
Present allergy 8 37 (23.3-52)
No allergy 31 40 (31-55) 0.542
No asthma 37 40 (29-54.5)
T1 Present asthma 2 30.5 (22) 0.293
Patient group before treatment No food allergy 36 39.5 (27-54)
Present food allergy 3 49 (35) 0.329
No allergic rhinitis 35 40 (32-55)
Present allergic rhinitis 24.5 (16.8-46.5) 0.110
Present allergy 8 64 (45.5-75)
No allergy 31 56 (45-80) 0.781
No asthma 37 56 (44-78)
T2 Present asthma 2 73 (69) 0.324
Patient group after treatment No food allergy 36 56 (43.5-76.8)
Present food allergy 3 69 (59) 0.178
No allergic rhinitis 35 59 (46-80)
Present allergic rhinitis 4 48 (32.5-65) 0.211
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Correlation between the initial values of
vitamin D and the IgE valuves

The vitamin D levels in the total sample in the initial group
(T1) and in the patient group after treatment (T2) were not
linearly correlated with the IgE values (Spearman correla-
tions r=—0.088 and —0.014; p>0.05). The vitamin D values
did not differ significantly between the subjects with nor-
mal and elevated total IgE (median 49 nmol/L (IQR 35-63)
vs. 42.5 (32-60); p=0.293).

Comparison of vitamin D between the skin
conditions in the patient group after the
treatment

The comparison of vitamin D levels in the patient group
after supplementation/treatment (time T2) between the ex-
amined diagnoses is shown in Table 5.

Comparison of disease status between
patients supplemented with vitamin D and
non-supplemented patients

In the group treated with vitamin D, improvement in the
clinical condition was somewhat more frequent than in the
untreated group with normal vitamin D values, but the dif-
ferences were not statistically significant (69.8% vs. 58.1%;
p=0.428) (Fig. 4).

Figure 4. Comparison of conditions between the treated and un-
treated groups.

Vitamin D in Patients with Skin Diseases

Comparison of vitamin D within the patient
group after treatment/supplementation by
disease outcome (improvement, exacerba-
tion, same)

Control serum vitamin D levels did not differ statistically
by disease outcome (Table 6); improvement was recorded
in most of the subjects after vitamin D therapy and worsen-
ing was recorded in none of them.

Comparison of vitamin levels before and af-
ter vitamin D therapy in the patients treated
with vitamin D

The vitamin D levels increased significantly in the treated
group with large effect size (from 40.4+16.2 to 62.0+22.89;
p<0.001, r=0.780) (Fig. 5).

Figure 5. Comparison of vitamin D levels before and after the
therapy.

DISCUSSION

According to the results for vitamin D values in our pa-
tients with AD, CU, and CD, their levels did not differ
significantly by age, sex, or residential area. Also, vitamin
D levels did not differ significantly between AD, CU and
CD with regard to the presence and type of allergy either.
According to additional statistical analysis of the sample,
vitamin deficiency was most common in ICD patients and
least common in ACD, although these differences between
diagnoses were not statistically significant. So, although

Table 6. Comparison of vitamin D values within the patient group after treatment/supplementation by disease outcome

Median nmol/L
Therapy outcome n . R P
(interquartile range)
Same condition 9 43 (29-93.5)
0.404
Improvement 30 58.5 (50-76.3)
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our results did not confirm significance of vitamin D for
examined diseases, the results by other authors could be
taken into account. Thus, looking at the relationship be-
tween the occurrence and condition of AD/eczema and
the values of vitamin D, the data from previous research
(including in utero studies) provided inconsistent findings.
While some observational studies support the protective
effect of vitamin D (in utero) on the risk of developing ec-
zema, according to other studies, its high level may even be
a risk factor for eczema.!!l As for skin diseases, vitamin D
has so far been primarily investigated in patients with AD.
In adults with AD, different study results (several random-
ized, placebo-controlled, double-blind studies) were found
that examined its values and the significance of vitamin D
supplementation for AD patients. Regarding the status of
vitamin D in relation to the proven hypersensitivity of pa-
tients to allergens and the possible effects of vitamin D on
hypersensitivity, heterogeneous results have been observed
across observational studies.!!! Based on the determination
of vitamin D, it was observed in newborns that their moth-
ers’ higher intake of vitamin D through food during preg-
nancy or newborns’ higher vitamin D levels are associated
with reduced sensitivity to allergens in childhood. On the
other hand, by monitoring pregnant women, Weisse et al.
found that higher levels of 25(OH)D during the third tri-
mester of pregnancy (with an average of 55 nmol/L) were
associated with an increased risk of the child being allergic
to food allergens.!11]

Looking at the effect of vitamin D supplementation re-
corded among our patients with low vitamin D values, im-
provement in their clinical status was observed somewhat
more often than in the untreated/non-supplemented group
(although the differences were not statistically significant).
Clinical improvement was observed in most patients and
none of them experienced any deterioration (in those
treated with vitamin D supplementation vitamin D levels
increased significantly). When looking at other literature
data, particularly significant are the results of monitoring
the effect of vitamin D supplementation on the disease in
patients with AD. Using oral supplementation with vita-
min D (1600 IU daily for 60 days), Amestejani et al. and
Javanbakht et al. found a significant reduction in AD se-
verity (compared to the placebo group), while according to
Hata et al,, a shorter use of a higher dose (4000 IU daily for
only 21 days) did not lower the severity of eczema.[!:20-22]
According to a wide meta-analysis by Kim et al.[3], AD pa-
tients have lower serum 25(OH)D levels than the control
group, with significantly lower levels in children. General-
ly, vitamin D supplementation decreased AD severity and
improved AD condition, although specific mechanisms
are unclear/unknown.[?3! Due to the lack of appropriate/
high-quality randomized controlled trials on the effects of
vitamin D (from food, dietary supplements and/or expo-
sure to sunlight) on eczema development, as well as con-
flicting evidence, further research is needed, for instance,
on the effects of sunlight on eczema incidence and severi-
ty (at different points in early life).l!) Exposure to UV rays

(UVB) is also important and it needs to be investigated, for
example, by measuring UV radiation by UV dosimeters.
Therefore, the use of oral vitamin D supplementation as an
adjunct treatment for AD in children and adults requires
further studies to determine the appropriate dose and du-
ration of treatment, especially in different populations (e.g.,
different races, latitudes and seasons).

While existing analyses of the role of vitamin D in AD
have yielded conflicting results, studies on CU clearly in-
dicate the benefit of assessing vitamin D status in them, al-
though far fewer studies have investigated vitamin D in CU
than in AD.!') Thus, vitamin D supplementation has been
shown to be beneficial for some CU patients. There are also
scientific observations that vitamin D deficiency may be
an additional indicator of autoimmune urticaria. Accord-
ing to the retrospective study by Woo et al. comparing four
different disease groups (72 patients with CU, 26 patients
with acute urticaria, 26 patients with AD and 72 healthy
controls), serum levels of 25(OH)D were significantly re-
duced in CU patients compared to other groups.'* It has
also been observed that vitamin D deficiency may increase
the likelihood of acute urticaria transitioning to CU (based
on monitoring of 10 patients with acute urticaria with ex-
tremely low vitamin D <10 ng/ml, where 5 of these patients
became chronic).!'! Cases of perennial CU have also been
reported in which severe vitamin D deficiency (serum level
25(OH)D 4.7 ng/ml) was identified, and these cases of pe-
rennial urticaria were cured after vitamin D supplementa-
tion (at a dose of 2000 IU daily). Similarly, in a retrospective
study involving 28 patients with urticaria and angioedema
(with vitamin D levels <32 ng/ml), a positive response and
complete resolution of symptoms was observed in 61% of
them after vitamin D supplementation.

Although the connection between vitamin D and total
IgE is also mentioned in the literature, according to our re-
sults, vitamin D values did not correlate linearly with total
IgE, nor did they differ significantly between patients with
normal and elevated IgE, so they were not significant for
follow-up. However, earlier research on the relationship be-
tween the values of total IgE and vitamin D gave useful data.
One earlier study found that vitamin D has an effect on IgE
production in patients with CU (total IgE values are usu-
ally increased in CU patients). Thus, after vitamin D sup-
plementation (in vitro), IgE production (from stimulated B
lymphocytes) was significantly reduced, so vitamin D could
act by immunomodulation of IgE-mediated pathways in
urticaria, although other immunological and non-immu-
nological factors should be considered as well.['% Various
prospective studies have shown that high-dose vitamin D3
supplementation in CU patients is safe and beneficial. Par-
ticularly significant is the study randomizing 42 CU patients
to those with high (4000 IU/d) or low (600 IU/d) vitamin
D3 supplementation over 12 weeks, with triple-drug thera-
py (cetirizine, ranitidine, and montelukast), which reduced
the total severity of urticaria. The triple therapy in the first
week reduced the Urticaria Severity Score (USS) by 33%,
and in subjects supplemented with high doses of vitamin
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D3, a further reduction in USS by 40% was observed by 12
weeks. Patients on high doses of vitamin D3 had less fre-
quent occurrence of urticaria (fewer days with it) and a
smaller body surface area affected by it. In one prospective
study (58 patients with CSU and 45 controls), significantly
lower levels of vitamin D were found in CSU patients than
in controls.!'! After CSU patients whose levels of 25(OH)D
were less than 30 ng/ml received 300,000 IU of vitamin D
per month, a significant improvement in urticaria activity
(UAS4) and quality of life (CU-Q20L) was observed after
12 weeks. Furthermore, more extensive clinical trials would
be needed to determine the most favourable dose of vita-
min D supplementation for CU and possible mechanisms of
vitamin D action.

As for other skin diseases, the importance of vitamin
D is mentioned only in some of them, e.g. in patients with
ACD, which would help clarify its role in allergic and other
inflammatory skin diseases.'%! There have been only two
studies assessing the serum values of vitamin D and eval-
uating the effects of its supplementation in ACD. A study
conducted on mice found that mice with higher serum
vitamin D levels may be more likely to experience im-
provement in ACD.'”) Another important study is the
one by Xavier et al.? on patients with ACD following
exposure to Parthenium. In this study, 72 patients were
recruited and randomized to receive either cholecalciferol
tablet (60,000 IU per week) or placebo (for 8 weeks) with
standard background treatment. They measured IL-10 and
serum 25-hydroxyvitamin D levels at baseline and at 8
weeks which showed a significant increase in both groups.
So, cholecalciferol supplementation for 2 months did not
reduce ACD severity. In addition, there are some other
important observations concerning the role of vitamin D
supplementation for skin barrier functions recorded by
other studies.?>2>28] According to one previous in vitro
study, after vitamin D supplementation, antimicrobial
peptides such as cathelicidin and p-defensin increased,
i.e. the supplementation promotes cathelicidin production
and induces cathelicidin LL-37 expression. Since vitamin
D promotes antimicrobial activity, its lower level reduces
antimicrobial activity and external tolerability to patho-
gens, important for AD and CD.?3] Also, 1,25(0H),D and
its receptor regulate the processing of long-chain glyco-
sylceramides, which are crucial for the skin barrier for-
mation and skin defending, and they also induce Toll-like
receptor 2 (TLR2) and its co-receptor CD14, which initiate
the skin innate immune response.?’! Activation of these
receptors leads to the induction of CYP27B1 (the only en-
zyme capable of transferring the inactive form into the
active vitamin D form), which in turn induces cathelici-
din resulting in the killing of invasive organisms. In addi-
tion, according to literature, mice lacking the receptor for
vitamin D (VDR) or the enzyme CYP27B1 show decreased
lipid content of the lamellar bodies, leading to a defective
permeability barrier and a defective response of the innate
immune system to invading infections.”” However, as
to date there have been no studies on the role of vitamin
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D in ICD in humans, our results on ICD could be use-
ful for gaining more knowledge about vitamin D in these
patients. However, for now, vitamin D supplementation
has not been included in the recommendations for ACD
either and requires clinical studies.%! Since UV radiation
contributes to vitamin D stores, the added benefit of UV
rays for patients with inflammatory skin diseases such as
CD and AD should always be borne in mind.

Since our results did not show significance of vita-
min D for our patients, probably due to small number of
patients and a limited number of variables/parameters,
further studies could take into account more patients and
their data: season variations, sun exposure and sun protec-
tion, type and quality of conducted therapy (including the
use of corticosteroids), patients’ lifestyle, their atopic con-
dition (atopic or non-atopic), other diseases, the existence
of chronic inflammation, disease duration, etc. Therefore,
further research on vitamin D supplementation in patients
with CD and related factors involved is needed.

CONCLUSIONS

Our results indicate that patients with AD, CU, CD treated
with vitamin D supplementation are slightly more likely to
experience an improvement in clinical condition than the
untreated group, although the differences are not statisti-
cally significant. It is also significant that vitamin D sup-
plementation led to improvement in most subjects and that
none of them experienced any deterioration, indicating the
possibility of a beneficial effect in some patients without
adverse effects. There remains a lot of room to examine the
role of possible nutrition and other lifestyle factors as po-
tential approaches to the prevention of allergic and inflam-
matory skin diseases.
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Pe3tome

BBefieHMe: B nocnenHee BpeMsaA MHOTO TOBOPAT O BaYKHOCTU CHIDKEHMA YPOBHA BUTaMuHAa D B CHIBOPOTKE KPOBM UM €ro IpuéMa
IIpY MAIMEHTaX C BOCIAIUTEIbHBIMY 3a00/IeBaHMAMY KOXKY, TAKMMY KaK aToImdecknit iepMatut (AJl) v ApyruMu ayuieprudeckKuMu
3aboeBaHMAMY. 3Ha4eHNA BUTaMIHA D B CBIBOPOTKe CBA3aHBI C PANOM (AaKTOPOB, TAKVUX KaK OrpaHIYEHHOE BO3JIEIICTBIE COMHEY-
HOTO cBeTa (COBpeMeHHbIiT 06pa3 >KV3HY, JUINTeNIbHOE IIpeObIBaHNe B IOMEIeHNY, HOBbIIIEHHAS 3alMTa OT COMHLA 1 T. Ji.), KOTOpbIe
MOTYT BJIVATD Ha Pa3/IYHbIe 3a00/IeBaHNUA.

Lienb: Ouennts ypoBens ButaMuHa D B CHIBOPOTKe Y IALMEHTOB C BOCIIA/INTEIbHBIMY 3a60/I€BAHIAMI KOXI, CPABHUTD VX II0 APY-
I'MM HapaMeTpaM (BO3pacT, 1071, pailoH NpoxuBaHus, oot IgE B CBIBOPOTKe) U yCTaHOBUTD, IIOB/INAET /Y fOOAB/IEHNE BUTAMIHA
D na yny4inenne KImHMYECKOTO COCTOAHUA.

MauyeHTbl U MeToAbl: Becero B 9TOM IpOCHEKTMBHOM MCCIefOBAaHMM IPUHSIN yyacTue 157 manueHToB: 51 manuent ¢ A]ll, 55 ¢
xponndeckoit kpanusanneit (XK) u 51 ¢ kontaktabiM gepmarutoM (KII): 38 ¢ pasgpaxatomum KJI (PK) u 13 ¢ anneprudecknm K]
(AKH). V Bcex 60/MbHBIX 3HaUeHMs CBIBOPOTOYHOTO BUTaMMHA D oIpefesiii METOROM XeMIIIOMUHECIIEHTHOTO MIMMYHOAHa/IN3a
mukpovactuy (CMIA) 1 cpaBHMBa/IM 1O AMATHO3Y, BO3PACTY, MONY, cpefe obuTaHus, 3HadeHnsM obiuero IgE. ITarentaM co cHM-
JKeHHBIM YPOBHeM BUTaMMHa D 6bII0 peKOMEHIOBAHO ero JobaByIeHNe B TedeHue 3 MecslleB, II0C/e Y4ero Oblla IpoBefieHa BTopast
olleHKa 3HaYeHmIt BuTaMuHa D 1 cTaTyca 3aboneBaHMms, KOTOpbIe CPABHUBAINCH C TPYIIION, He IOJTyJaBlIIell IedeH s/ He IOy YaBIeit
H06aBKY, C HOpPMa/IbHBIMM 3HAYEHNAMY BUTaMyHa D.

Pesynbratbl: Jeduunt Butammua D yame Habmopanca y nanuentos ¢ AJl, XK n K]I, nanbonee gacro B rpynmne PK]I u pexe Bcero B
rpynmne AK]I. 3HauMMBIX pa3/mduii o BO3PACTY, IOy MM YCIOBYAM IPOKMBAHMA He 0OHApYKEHO, a TakKe He 0OHApy»XeHO Koppe-
nsauuu ¢ o6myM IgE. ¥ ucnbITyeMbIX, OMTyYaBLUIMX BUTaMMH D, UX YPOBHU 3HAYMTE/IBHO TTOBBIIIAJIICH, U IIOCTIE €T0 IpUEMa yydlle-
HIe KIMHIYECKOTO COCTOSHMA HabMI0aI0Ch Yallle, YeM B HeJledeHOI IPYIIIe; OMHAKO Pas3nyus He ObUIM CTaTUCTUYEeCKM 3HAYMMBIMU
(69.8 mpoTuB 58.1, p=0.428).

3akntoueHune: Xors ypoBHI BUTaMyHa D B CHIBOPOTKe B IPYIIIAX CYLIECTBEHHO He pasinyaanich, fob6aBieHre BuTaMuHa D marm-
€HTaM C BI)Ipa)KeHHI)IM /Ie(l)I/II_U/ITOM BUTaMHMHa D MOXeT 6I)ITI) II0JIE3HBIM U VIMETH pemalomee 3HaUYCHNE O/1A yTIy‘{IHeHI/IH HpOFH03a
3a00/IeBaHMS.
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