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Purpose: In addition to regulating calcium and phosphorus homeostasis and bone metabolism,
vitamin D is known as an immune modulator. Recently, there has been increased worldwide interest in
the association between low levels of vitamin D and allergic diseases. The purpose of this study was
to assess the relationship between serum vitamin D levels and allergic/vasomotor rhinitis (AR/VR) in
children.

Methods: This study included 164 patients. The sample included 59 patients with AR, 42
patients with VR, and 63 controls. Their ages ranged from O to 16 years. We examined the levels of
25-hydroxyvitamin D, Immunoglobulin E, specific IgE, and eosinophil cationic protein; peripheral blood
eosinophil count; and the results of a skin prick test.

Results: Serum 25-hydroxyvitamin D levels were 19.0+8.5 ng/mL in the AR group, 25.5+10.9 ng/
mL in the VR group, and 26.9+10.7 ng/mL in the control group. After adjustment for body mass index
and season at the time of blood sampling, vitamin D levels in the AR group were lower than those of
the VR group (P=0.003) and control group (P<0.001). Vitamin D levels were inversely correlated with
Immunoglobulin E levels (r=—0.317, P<0.001). AR patients with food allergy or atopic dermatitis did
not have lower levels of 25-hydroxyvitamin D than AR patients without these diseases.

Conclusion: This study demonstrates a possible relationship between vitamin D levels and allergic
rhinitis in Korean children.
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Introduction

In recent years, the prevalence of allergic diseases has continued to rise. Allergic rhinitis
(AR) is one of the most common allergic conditions. Although, AR is not a life-threatening
condition, it affects the quality of life, academic achievement, and work performance. Also,
it imposes a substantial economic burden on the society".

In addition to the role of vitamin D in calcium homeostasis and bone mineralization,
many published reports suggest the role of vitamin D as an immune modulator”. Since the
last five decades, medical experts have investigated the relationship between vitamin D
deficiency and occurrence of allergic disease, but the studies have shown inconsistent
results. Therefore, the current study aimed to assess the relation between serum vitamin D
level and AR in Korean children.
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Materials and methods

1. Subjects

This study included 164 patients (106 males and 58 females)
who were visiting the outpatient Department of Pediatrics in the
Kyungpook National University Children’s Hospital from March
2013 to May 2014. The subjects included 59 AR patients, 42
vasomotor rhinitis (VR) patients, and 63 controls.

Diagnosis of AR was made according to the Allergic Rhinitis
and its Impact on Asthma 2008 criteria”. AR patients reported
one or more typical symptoms of chronic rhinitis (rhinorrhea,
nasal obstruction, sneezing, and nasal itching), and showed
positive result to at least one aeroallergen in the multiple allergen
simultaneous test, or uniCAP or allergy skin test. VR patients
were defined as those who reported typical symptoms of chronic
rhinitis, and had negative allergy tests for aeroallergens. Control
group were composed of subjects who did blood tests including
serum 25-hydroxyvitamin D level in outpatient department and
did not show chronic rhinitis symptoms and history. Patients with
asthma and acute infectious disease were excluded in all groups.

We measured patients’ height and weight, and calculated body
mass index (BMI). Blood sampling date was also classified into
season.

2. Laboratory tests and allergy skin tests

Blood samples were collected and serum levels of 25-hydroxy-
vitamin D were assessed using Vitamin D Total Assay (Roche
Diagnostics, Basel, Switzerland). Peripheral blood total eosinophil
counts (TEC) were checked by using an automated system. Eosi-
nophil cationic protein (ECP) and Immunoglobulin E (CAP sys-

tem, Pharmacia-Upjohn, Uppsala, Sweden) were measured in
accordance with the manufacturer’s instructions.

The multiple allergen simultaneous test (AdvanSureAlloscan,
LG Life Sciences, Daejeon, Korea) was performed in 83 subjects.
The inhalant panel contains 41 kinds of allergens, and results
were interpreted as class 0-6. Class =2 was interpreted as positive.

Specific IgE testing for Dermatophagoides farina, Dermato-
phagoides pteronyssinus, cat epithelia, dog epithelia, Alternaria,
and Aspergillus was performed in 52 patients using UniCAP
(Pharmacia, Uppsala, Sweden). A specific IgE level >0.35 IU/mL
was considered as positive. Allergy skin test for 17 common
allergens (Der f, Der p, Acarussiro, Tyrophagus putrescentiae, cat
epithelia, dog epithelia, Alfernaria, Aspergillus, birch, alder, hazel,
pine, bermuda, timothy, orchard, ragweed, and mugwort) was
performed in 57 subjects. Saline and 0.5% histamine HCl were
used as a negative and positive control, respectively. After 15
minutes, wheal diameter greater than 3 mm was considered posi-
tive.

3. Statistical analysis

Analysis of variance was used for comparing the AR, VR, and
control groups and an adjusted analysis of covariance was used
for BMI adjustment. Pearson correlation test was used for assess-
ing the relationship between variables. A P value <0.05 was con-
sidered statistically significant. All data were analysed with
PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA).

Table 1. Demographics compared between allergic rhinitis, vasomotor rhinitis, and control subjects

Variable AR (n=59) VR (n=42) Control (n=63) Pvalue* Pvalue’
Sex

Male:female 4217 2517 39:24 NS NS
Age (yr) 8.5+3.2 5.3+3.3 3.9+3.3 <0.001 <0.001
Atopy, n (%) 59 (100) 0(0) 19 (30.2) <0.001 <0.001
Serum 25-hydroxyvitaminD (ng/mL) 19.0+8.5 25.5+10.9 26.9+10.7 0.003 <0.001
IgE (IU/mL) 466.2+609.9 63.3+86.3 158.2+330.6 <0.001 0.001
ECP (ug/L) 27.2+32.5 22.0+21.9 23.5+28.3 <0.001 NS
TEC (/pL) 322.9+222.4 217.7£132.8 318.7+401.1 0.007 NS
Body mass index (kg/m?) 18.4+3.3 16.2+1.9 17.0+2.3 <0.001 0.015
Season at blood sampling (n) NS NS

Spring 14 7 14

Summer 13 13 13

Autumn 5 8 14

Winter 27 14 22

Values are presented as mean=standard deviation unless otherwise indicated.

AR, allergic rhinitis; VR, vasomotor rhinitis; ECP, eosinophil cationic protein; TEC, peripheral blood total eosinophil count; BMI, body mass index; NS, nonspecific.
*Comparison between AR and VR groups. 'Comparison between AR and control groups.
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Results

1. Demographics

Of the 164 patients, 106 (65%) were males and 58 (35%) were
females. The age of subjects ranged from O to 16 years (mean age,
5.943.8 years). Mean serum 25-hydroxyvitamin D level was
19.0£8.5 ng/mL in the AR group, 25.5+10.9 ng/mL in the VR
group, and 26.9+10.7 ng/mL in the control group. Immunoglo-
bulin E level was 466.2+609.9 IU/mL in the AR group, 63.3+86.3
IU/mL in the VR group, and 158.2+330.6 IU/mL in the control
group (Table1).

2. Serum 25-hydroxyvitamin D levels
After adjustment for BMI and season at blood sampling, the
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Fig. 1. Comparison of vitamin D levels between the allergic rhinitis (AR),
vasomotor rhinitis (VR), and control groups. The vitamin D level in the
AR group was significantly lower than that in the VR group (P=0.003)
and control group (P<0.001) after adjustment for body mass index and
season at the time of blood sampling.
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Fig. 2. Correlation between serum IgE and vitamin D levels. Vitamin D
level was negatively correlated with IgE levels (r=—0.317, P<0.001).
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AR group showed lower serum 25-hydroxyvitamin D level
(19.0+8.5 ng/mL) than the VR group (25.5+10.9 ng/mL, P=0.003)
and the control group (26.9+10.7 ng/mL, P<0.001) (Fig. 1).

3. Correlation with other parameters

The 25-hydroxyvitamin D level had a negative correlation with
Immunoglobulin E level in total subjects (r=-0.317, P<0.001) (Fig.
2). ECP, TEC, number of sensitized allergens, and specific IgE
levels to Der. fand Der. p did not show any correlation with the
25-hydroxyvitamin D level (data not shown).

4. Comorbidity

AR patients with food allergy, and AR patients with atopic
dermatitis did not show lower levels of 25-hydroxyvitamin D
than AR patients without these diseases (data not shown).

Discussion

In our study, AR patients showed lower serum vitamin D levels
than VR patients and controls. Jung et al.” reported that there
was potential relation between vitamin D deficiency and AR
prevalence in Korean adults. A study performed in 2012 reported
that vitamin D deficiency occurs more often in AR patients than
in the normal population”. A cohort study reported by Mai et al.”
in Norwegian adults showed that lower vitamin D levels were
related to increased prevalence of AR among men. They also
showed that lower vitamin D levels were related with reduction in
the prevalence of AR in premenopausal women. However in our
study, there was no difference in the serum vitamin D level and
incidence of AR between male and female. That is because may
be subjects on our study are mostly comprised of preadolescent
age.

In contrast, some studies reported that a high vitamin D level is
a risk factor for occurrence of allergic diseases. A prospective
study showed that excessive vitamin D intake during infancy was
significantly related to atopic signs, like atopic dermatitis, allergy
thinitis, or asthma, up to six years of age”. Other studies have
proposed that both high and low 25-hydroxyvitamin D levels
were associated with morbidity and mortality of thedisease®”.
However, it is still not confirmed that a U-shaped relationship
existed between overdose and under-dose of vitamin D.

Vitamin D modulates innate immunity and adaptive immu-
nity”". Most of the cells belonging to the innate immune system,
such as macrophages and dendritic cells (DCs), have receptors for
vitamin D. In macrophages and DCs of the innate immune
system, 25-hydroxyvitamin D undergoes hydroxylation by
CYP27B1. The active form of vitamin D, 1,25-hydroxyvitamin D,
induces inhibition of DC maturation and suppression of antigen
presentation. Also, activated vitamin D modulates helper T-cell
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action.

Vitamin D interferes with T-cell proliferation by suppressing
Th1 cytokine secretion. The effect of vitamin D on Th2 cells is still
under debate. However, there is one study which demonstrates
that vitamin D leads to an increase in interleukin (IL)- 10 expres-
sion and a decrease in IL-2 expression followed by hypoergia in
regulatory T cells, which is associated with a harmful immune
response’™"”. Also, vitamin D decreases IL-12 production; thus it
can reduce the differentiation of Th1 cells and increase the differ-
entiation Th2 cells, which are responsible for allergic reactions.
Vitamin D also modulates the secretion of IgE by interrupting the
proliferation of B-lymphocytes''?.

Human being can obtain vitamin D by consuming fish, cod
liver oil, egg yolk, and fortified foods, and exposing their skin to
sunlight. Through a series of processes, the active form of vitamin
D is biosynthesized"”. There are many variables that can affect
the vitamin D level. Important factors are outdoor physical acti-
vities, intake of calcium and fortified foods, and applying sun-
screen. Reduction in the exposure to sunlight can induce low
vitamin D levels. Therefore, it can be difficult to identify the
causal relationship between vitamin D level and development of
disease. Also, because vitamin D is a group of fat-soluble vita-
mins and is stored in the adipose tissue'”. Therefore, BMI can
affect as a concerned factor for vitamin D deficiency'. Neverthe-
less, after adjustment for BMI and season at blood sampling, the
difference in the serum 25-hydroxyvitamin D level was still
statistically significant.

In this study, mean age for groups were not concordant. How-
ever, reference range of 25-hydroxyvitamin D is not differ by
age'” and some studies that reported different vitamin D levels by
age also showed conflict data. Mansbach et al." reported children
ages 6-11 years had lower levels of 25-hydroxyvitamin D com-
pared to children ages 1-5 years. Flores et al.'” reported 25-
hydroxyvitamin D were lower in preschool children than in
school-aged children. Therefore, it’s hard to say definite relation-
ship between age and vitamin D.

This study showed a reverse relationship between Immuno-
globulin E and serum vitamin D levels in all of the patients. A
study on asthma demonstrated that the serum IgE level and the
serum 25-hydroxyvitamin D level are negatively correlated in
children, but not in adults®”. Hartmann et al.*” indicated that
targeting the vitamin D receptor (VDR) hinders the B cell-
dependent allergic immune reaction. In VDR knockout mice, the
serum IgE levels are elevated. In vitro,1, 25-dihydroxyvitamin D,
as a natural VDR agonist, directly interferes with the IgE produc-
tion of educated B-lymphocytes.

In conclusion, the effect of vitamin D on allergic diseases re-
mains in conclusive despite performing many systematic studies.
The present study suggests a possible correlation between vitamin
D deficiency and AR in Korean children. Further studies are
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required to confirm the relationship between AR and vitamin D
level, and to explore the underlying mechanisms.
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