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The Link between Serum Vitamin D Level, Sensitization to Food Allergens,
and the Severity of Atopic Dermatitis in Infancy

Ji Hyeon Baek, MD', Youn Ho Shin, MD', In Hyuk Chung, MD', Hae Jung Kim, MD', Eun-Gyong Yoo, MD, PhD',
Jung Won Yoon, MD?, Hye Mi Jee, MD', Young Eun Chang, MS®, and Man Yong Han, MD'

Objective To investigate the association between serum vitamin D levels, sensitization to food allergens, and the
severity of atopic dermatitis in infants.

Study design We investigated serum 25-hydroxyvitamin D (25[OH]D) and specific immunoglobulin E levels to
common or suspected food allergens in 226 infants with atopic dermatitis or food allergy. The severity of atopic
dermatitis by the Scoring Atopic Dermatitis index and amount of vitamin D intake was measured in subcohort chil-
dren. Sensitization to food allergen was categorized by the number (non-, mono-, and poly-) of sensitized allergens
and the degree (undetected-, low-, and high-level) of sensitization.

Results Significant differences in 25(0H)D levels were found between groups on number (P = .006) and degree
(P = .005) of food sensitization. The polysensitization group had significantly lower levels of 25(OH)D than the non-
sensitization (P = .001) and monosensitization (P = .023) group. High-level sensitization group had significantly lower
25(0OH)D levels compared with undetected (P = .005) and low-level (P = .009) sensitization group. Vitamin D defi-
ciency increased the risk of sensitization to food allergens (OR 5.0; 95% CI 1.8-14.1), especially to milk (OR
10.4; 95% ClI 3.3-32.7) and wheat (OR 4.2; 95% CI 1.1-15.8). In addition, the Scoring Atopic Dermatitis index
was independently related to 25(OH)D levels after adjusting for the level of sensitization (adjusted R® = 0.112,
P =.031).

Conclusions Our results suggest that vitamin D deficiency increases the risk of sensitization to food allergens and
that atopic dermatitis may be more severe in infants with vitamin D deficiency. (J Pediatr 2014;165:849-54).

ensitization to food allergen is a precursor and a risk factor for the development of allergic diseases later in life"**; there-
fore, early detection and modification of risk indicators for food allergen sensitization might prevent the development of
allergic diseases.’

Vitamin D is a hormone with multiple physiologic actions and has been reported to influence the regulation of the immune
system.”"” It has been reported that the vitamin D status is linked with the development of allergic disease including asthma in
children® and that vitamin D deficiency is associated with the severity of atopic dermatitis.” Vitamin D deficiency is considered
an important risk factor for food allergy,” and increased maternal vitamin D intake reduced allergic sensitizations in the
offspring.”

The symptoms of atopic dermatitis do not always coincide with the levels of sensitization, and factors influencing the skin
barrier function, such as filaggrin mutations” and local antimicrobial defense,'”'" also are related with the severity of atopic
dermatitis. To date, the detailed mechanism of how the vitamin D status is related with the development of atopic dermatitis
remains unclear. The aim of this study was to investigate whether the vitamin D status is related with sensitization to food al-
lergens, and whether the severity of atopic dermatitis is influenced by the vitamin D status in infants.

This is a cross-sectional study in which subjects were recruited consecutively between January 2011 and December 2012 at the
CHA Bundang Hospital, Korea (located at latitude 37 26’N). The inclusion criteria were children aged 3-24 months with atopic
dermatitis or suspected food allergy, who had not been on vitamin supplementation for at least 1 month prior to the study.
Exclusion criteria were children with suspected chronic diseases or congenital anomaly, those with previous history of hospital
admissions, and those treated with systemic corticosteroid for 7 days or more in
the preceding month. Two hundred twenty-six infants (168 infants with atopic
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dermatitis [74.3%] and 58 with suspected food allergy
without atopic dermatitis [25.7%]) were enrolled.

The parents answered structured questionnaires regarding
the family history of allergy, housing, and environmental
conditions such as secondhand smoking and pet owner-
ships. Participation in the study was voluntary, and
informed consent was obtained from all participants. The
study was approved by the Ethics Committees of the CHA
University.

Assessment and Definition of Allergic Disease
Infants were defined as having atopic dermatitis if they have
ever had a doctor’s diagnosis of atopic dermatitis or evidence
of typical skin lesions. Subjects were considered to have sus-
pected food allergy if there was a history of acute allergic re-
action to known food allergen, combined with food specific
immunoglobulin E (IgE) = 0.35 kU/L to the relevant food,
or if any food specific IgE > 95% predictive decision points,
regardless of symptom provocation to the relevant food.'” Of
the patients with atopic dermatitis 88 infants were evaluated
for the severity of atopic dermatitis by one physician based on
the scoring atopic dermatitis (SCORAD) index.

Specific IgE Test and Total IgE
Total IgE, as well as specific IgE to food allergens, were
measured by using ImmunoCAP (Phadia AB, Uppsala, Swe-
den). We chose the most prevalent food allergens such as
milk, egg, wheat, soybean, and peanut.g’m Also, suspected
food allergens were selected based on the parents’ report.
Sensitization to food allergens was defined as at least 1
specific IgE > 0.35 kKU/L."” Sensitization was categorized
into 3 groups based on the number of sensitized food
allergens (non-sensitization, mono-sensitization, or poly-
sensitization [=2 food allergens]), and based on the degree
of sensitization (undetected- [highest specific IgE level < 0.2
KU/L],"* low-level [IgE level 0.2-2 KU/L], or high-level [1 or
more IgE level > 2 kU/L]).

Levels of Vitamin D

The serum 25-hydroxyvitamin D (25[OH]D) levels were
measured by a chemiluminescence immunoassay Liaison
(DiaSorin, Stillwater, Minnesota) with sensitivity of
4 ng/ml, linearity 150 ng/mL, and intra-assay coefficient of
variation £ 10%. The participants were categorized into 3
groups by their serum 25(OH)D levels: <20.0 ng/mL (defi-
ciency), 20.0-29.0 ng/mL (insufficiency), and =30.0 ng/mL
(sufficiency). 15

Nutritional Assessment

A nutritionist evaluated the nutritional intake of 28 patients
with atopic dermatitis who had removed the suspected foods
from their diet. During the hospital visit, the nutrient intakes
of the infants were assessed using a 24-hour recall method
and a validated quantitative food frequency questionnaire
by food record. This record was evaluated as the mean values
of a 3-day food record using Computer Aided Nutritional
Analysis Program for Professionals v 2.0 (CAN-Pro 2.0;
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Korean Nutrition Society, Seoul, Korea). Based on these
data, the daily intake of energy, protein, calcium, phos-
phorus, iron, zing, folate, and vitamin D was estimated and
compared with dietary intake file of the 8th Dietary Reference
Intakes for Koreans.'®

Statistical Analyses

Total and specific IgE levels and 25(OH)D levels were not
normally distributed; therefore, means were compared by
using the Mann-Whitney U test or Kruskal-Wallis 1-way
ANOVA and are presented as medians with IQR, and these
variables were log;o-transformed before they underwent
regression analysis.

Bivariate relationships between 2 variables were assessed
using the Spearman rank correlation. Furthermore, post-
hoc analyses (the least significant difference test) for
Kruskal-Wallis rank sum test were used after transformation
of the serum 25(OH)D levels into mean rank. The association
between categories of vitamin D concentrations and clinical
characteristics were evaluated using the x” test, Fisher exact
test, and Kruskal-Wallis rank sum test, as appropriate. Multi-
variable logistic regression was performed to estimate the fac-
tors independently related with SCORAD index. The
variables were entered into the model to adjust for potential
confounding variables such as age, sex, month of the test, sea-
son of birth (spring-winter/summer-fall), season of the test,
weight gain ([current weight-birth weight]/age [month]),
current dietary restriction (yes/no), exclusive breast-feeding
during the first 3 months of life (yes/no), pet ownership,
exposure to secondhand smoke, and parental history of
asthma.

To demonstrate the compound relationship between the
serum 25(OH)D levels, degree of sensitization, and the
severity of atopic dermatitis, we used the online repository
of open source software Scatterplot3d package on the R pro-
gramming language (R v 3.0.1. http://www.r-project.org/)
for the 3-dimensional plot. All statistical analyses were per-
formed by using SPSS software (v 19 for IBM; SPSS Inc, Chi-
cago, Illinois), and P values of <.05 were considered to be
significant.

The characteristics of the study population are shown in the
Table. The prevalence of exclusively breast-fed infants until 3
and 6 months of age was 61.5% and 48.9%, respectively. The
median serum 25(OH)D level was 18.1 ng/mL (IQR 4.7-
28.9 ng/mL).

Factors Related with Vitamin D Levels

The serum 25(OH)D levels were lower in winter (5.3 ng/mL,
IQR 4.0-20.4) and spring (17.1 ng/mL, IQR 4.0-28.9), than in
summer (23.2 ng/mL, IQR 11.1-31.2) and fall (22.2 ng/mL,
IQR 13.4-36.2), respectively (all P < .001) (Figure 1;
available at www.jpeds.com). The infants who were born in
summer and fall had higher serum 25(OH)D levels
compared with those born in spring and winter (P = .022);
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Table. Clinical characteristics of the participants (n = 226) and comparison of the subcohort of atopic dermatitis

Atopic dermatitis (n = 168) Suspected food allergy (n = 58)

-
(n = 168) and those with suspected food allergy (n = 58)
Characteristics Total (n = 226)

25(0H)D* 18.1 (4.7-28.9)
Age (mo) evaluated' 8.44 (7.8-9.0)
Sex, male (%) 149 (65.9)
Season of birth, n (%)

Winter-spring 95 (42.0)

Summer-fall 131 (58.0)
Birth weight (kg)" 3.36 (3.3-3.4)
Body weight (kg)" 8.93 (8.7-9.2)
Weight gain (kg)/mo’ 0.78 (0.74-0.81)
Exclusively breast milk feeding >3 mo 139 (61.5)
Parental history

Asthma (%) 8 (3.5

Allergic rhinitis (%) 104 (46.0)

Atopic dermatitis (%) 33 (14.6)
Prematurity or LBW, n (%) 3(1.3
Wheezing episode, n (%) 27 (12.0)
Secondary smoking, n (%) 109 (48.4)
Pet in house, n (%) 8 (3.5
Current diet restriction, n (%) 109 (48.2)
Hematologic profile*

Eosinophils 6.0

IgE 113.4

Alkaline phosphatase 722.5

Iron 47.2

\

18.3 (4.1-28.8) 20.0 (7.6-30.8)

7.96 (7.3-8.7) 9.83 (8.7-11.0)°
114 (67.9) 35 (60.3)

63 (37.5) 32 (55.2)'
105 (62.5) 26 (44.8)"

3.37 (3.28-3.45)
8.74 (8.51-8.96)
0.80 (0.75-0.84)

3.33(3.22-343)
9.50 (9.00-10.00)"
0.70 (0.64-0.76)°

99 (59.3) 40 (69.0)

6(3.6) 2 (3.4)

72 (42.9) 32 (55.2)

25 (14.9) 7(13.8)
3(1.8) 0(0.0)

14 (8.4) 13 (22.4)

79 (47.3) 30 (51.7)
7(4.2) 1(1.7)

75 (44.6) 34 (58.6)

6.3 (3.0-8.0) 5.3 (2.0-6.5)
96.6 (9.3-65.3) 160.8 (10.5-125.6)
729.4 (568.0-803.0) 702.5 (542.0-867.0)
48.0 (33.0-62.0) 44.6 (25.5-62.8)

LBW, low birth weight.

Bold means P < .05.

Current dietary restriction was only applied to the foods that were not necessary to growth.
*Median (IQR) was expressed.

tMean (95% Cl) was expressed.

1P < .05 vs atopic dermatitis.

however, these association did not remain significant after
adjusting for the season of the test (P = .150).

The serum 25(OH)D level showed a significant association
with the amount of vitamin D intake (r = 0.490, P = .008)
(Figure 2; available at www.jpeds.com) and iron intake
(r = 0.420, P = .026), but not with total calorie intake or
other nutritional contents (data not shown).

Vitamin D Levels and Allergen Sensitization
IgE-mediated sensitization to food allergens was detected in
130 infants; 94/168 (56.0%) in atopic dermatitis group and
36/58 (62.1%) in suspected food allergy group, respectively
(P = .417). Egg was the most common allergen affecting
45.9% (60/130) of infants tested, followed by milk, wheat,
peanut, and soybean affecting 36.8%, 19.4%, 15.6% and
12.7% of infants, respectively (Figure 3; available at www.
jpeds.com).

We found a significant difference in serum 25(OH)D levels
among the nonsensitization (median 26.2 ng/mL, IQR 17.8-
34.2), monosensitization (median 22.7 ng/mL, IQR 8.6-30.7)
and polysensitization groups (median 14.5 ng/mL, IQR 5.5-
26.2, P = .001 vs nonsensitization group and P = .023 vs
monosensitization group) (P = .002; Figure 4, A).

Furthermore, there was a significant difference in serum
25(OH)D levels in the 3 groups classified by the degree of
allergen sensitization (P = .005). The infants in the high level
sensitization group had lower serum 25(OH)D levels (me-
dian 14.5 ng/mL, IQR 5.5-28.2) than those in the low level
sensitization (median 24.0 ng/mL, IQR 10.4-29.8, P = .009

vs high-level group) and the undetected group (median
25.7 ng/mL, IQR 18.1-33.8, P = .005 vs high-level group)
(Figure 4, B).

Multivariate regression analyses adjusted for known risks
and possible confounding factors showed that the low serum
25(OH)D level (OR 5.0, 95% CI 1.8-14.1, P=.002) was inde-
pendently associated with an increased risk for food allergen
sensitization. The low 25(OH)D levels were associated with
sensitization to milk (OR 10.4, 95% CI 3.3-32.7, P < .001)
and wheat (OR 4.2, 95% CI 1.1-15.8, P = .034), but not to
egg, soybean, or peanut. Neither total IgE nor total eosino-
phils showed a significant association with serum 25(OH)D
levels.

Link between the Severity of Atopic Dermatitis,
Allergen Sensitization, and Vitamin D Levels

The median SCORAD index was 27.9 (IQR, 16.5-37.7). The
SCORAD index was significantly correlated with the total
eosinophil count (r = 0.407, P < .001). The correlation be-
tween the SCORAD index and log;, transformed total IgE
was of borderline significance (r = 0.201, P = .053) possibly
because of fewer children for whom the SCORAD index
was measured.

In the overlaying plots of 25(OH)D levels, the sensitization
levels (expressed as the log10-transformed specific IgE levels)
correlated with the SCORAD index (r = 0.268, P =.009), and
the serum 25(OH)D levels were inversely related with the
sensitization levels (r = —0.181, P < .007) and with the
SCORAD index (r = —0.196, P = .043) (Figure 5).

The Link between Serum Vitamin D Level, Sensitization to Food Allergens, and the Severity of Atopic Dermatitis in Infancy 851
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Figure 4. Serum vitamin D levels in the groups classified by A, the number of sensitized food allergens and B, the degree of
sensitization. A, The serum 25(0OH)D level was significantly lower in the polysensitization group than that in the monosensitization
group and that in the nonsensitization group. B, The serum 25(0OH)D level was significantly lower in the high-level sensitization
group than that in the low-level sensitization group and that in the undetected group.

The linear regression analyses revealed that the serum
25(OH)D (P = .031), and the sensitization levels (P = .008)
were independently associated with the SCORAD index
(adjusted R* = 0.112).

This study suggests that low 25(OH)D levels increase the risk
of food allergen sensitization and are associated with the
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Figure 5. How the serum 25(0OH)D levels and the degree of
sensitization to food allergens affect the SCORAD index.
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severity of atopic dermatitis. The severity of atopic dermatitis
was independently influenced by the serum 25(OH)D levels
and by food allergen sensitization. This report indicates the
relationship between the vitamin D status in infancy (not
cord blood levels), the degree of sensitization, and the
severity of atopic dermatitis.

In line with previous studies, the dietary vitamin D intake
also was related with the serum vitamin D levels. Of note, the
serum vitamin D level did not correlate with total calorie
intake, suggesting that the composition, not the amount, of
food is important for the vitamin D status in infants. The ma-
jor source of vitamin D in infancy is a dietary supplement
with vitamin D.”'” This may be ascribed to the fact that in-
fants spend greater time indoors, and parents tend to keep
their children away from direct sunlight exposure,'® resulting
in a low cutaneous vitamin D pmduction.5 However, there
was a seasonal variation in vitamin D levels in the present
study, suggesting that sunlight exposure also might be related
with serum vitamin D levels in infants. It is also possible that
seasonal variations may present in the vitamin D concentra-
tions in the breast milk, which can be influenced by maternal
sunlight exposure.

The present study found that the 25(OH)D levels have a
significant impact on allergen sensitizations in infancy and
that the serum 25(OH)D levels correlate well with the num-
ber and the degree of allergen sensitization. Previous studies
suggested that the cord blood vitamin D levels may predict
the later development of allergen sensitization,' ™'’ whereas
others did not.'”***' The cord blood vitamin D levels, which
strongly correlate with maternal vitamin D levels,"” do not
correlate with the mononuclear cells cytokines in responses
to various stimuli,>* and the cord blood IgE was not a useful
tool in predicting allergen sensitization at 6 months of age.”
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Sensitization to food allergens, as measured by specific IgE,
fluctuates greatly in infancy'* and the vitamin D levels during
this critical period, rather than antenatal vitamin D status,
may be more directly related with the development of
allergen sensitization. This interpretation is supported by
the observation that infants born in the fall, whose cord
blood vitamin D levels tend to be higher and experience
the winter season during early infancy, have an increased
risk for food allergy”*** and atopic dermatitis.”

There are a few previous reports focusing on the relation-
ship between vitamin D levels and the severity of atopic
dermatitis. The cord blood vitamin D levels,'” maternal
vitamin D levels,”” and season of birth, a surrogate marker
for sunlight exposure,”*® were suggested to be related with
the risk of atopic dermatitis. The serum vitamin D levels
inversely correlated with the severity of atopic dermatitis’
and eczema®’ in children. The present study reports on the
relationship between the vitamin D status and the severity
of atopic dermatitis as assessed by the SCORAD index in in-
fants. The finding that low serum vitamin D levels are asso-
ciated with higher SCORAD index corresponds well with
previous studies in older children.”""

There are 2 pathophysiologic mechanisms in the develop-
ment of atopic dermatitis: (1) the immunologic mechanism
that modulate the regulatory T cell (Treg) capacity”’ and
Th1/Th2 adaptive immune responses’; and (2) disruption
of the skin barrier function that is influenced by the local
antimicrobial defense mechanism, such as cathelicidin.'®!!
It can be hypothesized that vitamin D can influence both
pathways. Vitamin D seems to have a protective role against
the development of IgE-mediated food allergen sensitiza-
tion. The degree and prevalence of food allergen sensitiza-
tion increased in infants with vitamin D deficiency in the
present study. Vitamin D also is important in maintaining
skin barrier function, and vitamin D deficiency can directly
aggravate atopic dermatitis by impairing the local antimi-
crobial defense mechanism. It was reported that vitamin
D deficiency is associated with decreased -cathelicidin
expression, an important local defense mechanism in the
skin barrier.'”""

Some investigators reported that serum vitamin D level is
not related with the development of IgE-mediated allergic
diseases such as allergic rhinitis and bronchial asthma,”® sug-
gesting that non IgE-mediated direct mechanism might be
more important in the link between vitamin D deficiency
and atopic dermatitis. Our results imply that a low vitamin
D level may lead to a higher degree of allergen sensitization,
as well as directly influencing the severity of atopic derma-
titis, regardless of the degree of sensitization.

On the other hand, some researchers suggested that
higher vitamin D levels could be related with the develop-
ment of food allergy or atopic dermatitis. Higher maternal
or cord blood vitamin D levels were related with higher risk
for food allergy during the first 2 years of life.'*" Higher
serum 25(OH)D3 concentrations were associated with
increased risk for flexural dermatitis and wheezing in chil-
dren.”’ The relationship between serum 25(OH)D and
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allergic disease seems to be nonlinear. Both low and high
levels of cord blood 25(OH)D were associated with
increased aeroallergen sensitization in children.'” In a large
British cohort, IgE concentrations were lowest in those with
25(0H)D 100-125 nmol/L,'”** suggesting that both low
and high levels of vitamin D can be related with the devel-
opment of allergic diseases.

Vitamin D receptors are identified on almost all cells of the
immune system. According to in vitro studies, vitamin D in-
duces the development of Tregs whereas it suppresses the
development of Th17 cells.”” Vitamin D also has been re-
ported to promote Thl to Th2 shift by reducing the produc-
tion of Thl cells.” Taken together, it can be hypothesized
that vitamin D can decrease allergic response by promoting
Treg and suppressing Th17 cells, whereas high vitamin D
levels may also be associated with allergic diseases by
inducing allergy-associated Th2 cell proliferation.

The present study is limited by its cross-sectional design,
and the vitamin D deficiency in infants with food allergen
sensitization might be a consequence that is related with sys-
temic inflammatory response,”” not a cause. Although the
variables related to dietary restriction were adjusted as con-
founding factors, there is still a possibility that restricted
diet may have resulted in vitamin D deficiency.

In conclusion, our results suggest that the severity of atopic
dermatitis is independently associated with the serum
vitamin D status and the degree of allergen sensitization,
and that low serum vitamin D levels are associated with
increased food allergen sensitization. Further investigations
are required to verify the possible nonlinear relationship be-
tween vitamin D status and atopic dermatitis. m

Submitted for publication Dec 27, 2013; last revision received May 20, 2014;
accepted Jun 25, 2014.

Reprint requests: Man Yong Han, MD, Department of Pediatrics, CHA
University School of Medicine, 351 Yatap dong, Bundang-gu, Seongnam 463-
759, Korea. E-mail: drmesh@gmail.com

References

1. Dean T, Venter C, Pereira B, Arshad SH, Grundy J, Clayton CB, et al.
Patterns of sensitization to food and aeroallergens in the first 3 years
of life. J Allergy Clin Immunol 2007;120:1166-71.

2. Nwaru BI, Ahonen S, Kaila M, Erkkola M, Haapala AM, Kronberg-
Kippila C, et al. Maternal diet during pregnancy and allergic sensitization
in the offspring by 5 yrs of age: a prospective cohort study. Pediatr Al-
lergy Immunol 2010;21:29-37.

3. Kulig M, Bergmann R, Klettke U, Wahn V, Tacke U, Wahn U. Natural
course of sensitization to food and inhalant allergens during the first 6
years of life. ] Allergy Clin Immunol 1999;103:1173-9.

4. Muehleisen B, Gallo RL. Vitamin D in allergic disease: shedding light on
a complex problem. J Allergy Clin Immunol 2013;131:324-9.

5. Vassallo MF, Camargo CA Jr. Potential mechanisms for the hypothe-
sized link between sunshine, vitamin D, and food allergy in children. J
Allergy Clin Immunol 2010;126:217-22.

6. Bener A, Ehlayel MS, Tulic MK, Hamid Q. Vitamin D deficiency as a
strong predictor of asthma in children. Int Arch Allergy Immunol
2012;157:168-75.

7. Peroni DG, Piacentini GL, Cametti E, Chinellato I, Boner AL. Correla-
tion between serum 25-hydroxyvitamin D levels and severity of atopic
dermatitis in children. Br ] Dermatol 2011;164:1078-82.

The Link between Serum Vitamin D Level, Sensitization to Food Allergens, and the Severity of Atopic Dermatitis in Infancy ~ 853


mailto:drmesh@gmail.com
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref1
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref1
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref1
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref2
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref2
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref2
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref2
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref3
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref3
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref3
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref4
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref4
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref5
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref5
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref5
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref6
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref6
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref6
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref7
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref7
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref7

THE JOURNAL OF PEDIATRICS « www.jpeds.com

Vol. 165, No. 4

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

854

Allen KJ, Koplin JJ, Ponsonby AL, Gurrin LC, Wake M, Vuillermin P,
et al. Vitamin D insufficiency is associated with challenge-proven food
allergy in infants. J Allergy Clin Immunol 2013;131:1109-16. 16.e1-6.

. Thyssen JP, Thuesen B, Huth C, Standl M, Carson CG, Heinrich J, et al.

Skin barrier abnormality caused by filaggrin (FLG) mutations is associ-
ated with increased serum 25-hydroxyvitamin D concentrations. J Al-
lergy Clin Immunol 2012;130:1204-7.¢2.

Jones AP, Palmer D, Zhang G, Prescott SL. Cord blood 25-
hydroxyvitamin D3 and allergic disease during infancy. Pediatrics
2012;130:e1128-35.

Peroni DG, Boner AL. Food allergy: the perspectives of prevention using
vitamin D. Curr Opin Allergy Clin Immunol 2013;13:287-92.

Sampson HA. Utility of food-specific IgE concentrations in predicting
symptomatic food allergy. J Allergy Clin Immunol 2001;107:891-6.
Weisse K, Winkler S, Hirche F, Herberth G, Hinz D, Bauer M, et al.
Maternal and newborn vitamin D status and its impact on food allergy
development in the German LINA cohort study. Allergy 2013;68:220-8.
Depner M, Ege MJ, Genuneit ], Pekkanen J, Roponen M, Hirvonen MR,
et al. Atopic sensitization in the first year of life. ] Allergy Clin Immunol
2013;131:781-8.

Choi YJ, Kim MK, Jeong SJ. Vitamin D deficiency in infants aged 1 to 6
months. Korean J Pediatr 2013;56:205-10.

Paik HY. Dietary Reference Intakes for Koreans (KDRIs). Asia Pac J Clin
Nutr 2008;17(Suppl 2):416-9.

Hollams EM, Hart PH, Holt BJ, Serralha M, Parsons F, de Klerk NH,
et al. Vitamin D and atopy and asthma phenotypes in children: a longi-
tudinal cohort study. Eur Respir J 2011;38:1320-7.

Heinig MJ. Vitamin D and the breastfed infant: controversies and con-
cerns. ] Hum Lact 2003;19:247-9.

Rothers J, Wright AL, Stern DA, Halonen M, Camargo CA Jr. Cord
blood 25-hydroxyvitamin D levels are associated with aeroallergen sensi-
tization in children from Tucson, Arizona. J Allergy Clin Immunol 2011;
128:1093-9.e1-5.

Liu X, Wang G, Hong X, Wang D, Tsai HJ, Zhang S, et al. Gene-vitamin
D interactions on food sensitization: a prospective birth cohort study.
Allergy 2011;66:1442-8.

Camargo CA Jr, Ingham T, Wickens K, Thadhani R, Silvers KM,
Epton MJ, et al. Cord-blood 25-hydroxyvitamin D levels and risk of res-
piratory infection, wheezing, and asthma. Pediatrics 2011;127:e180-7.
Chi A, Wildfire J, McLoughlin R, Wood RA, Bloomberg GR, Kattan M,
et al. Umbilical cord plasma 25-hydroxyvitamin D concentration and

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

immune function at birth: the Urban Environment and Childhood
Asthma study. Clin Exp Allergy 2011;41:842-50.

Bonnelykke K, Pipper CB, Bisgaard H. Sensitization does not develop in
utero. ] Allergy Clin Immunol 2008;121:646-51.

Keet CA, Matsui EC, Savage JH, Neuman-Sunshine DL, Skripak J,
Peng RD, et al. Potential mechanisms for the association between fall
birth and food allergy. Allergy 2012;67:775-82.

Mullins RJ, Clark S, Katelaris C, Smith V, Solley G, Camargo CA Jr. Sea-
son of birth and childhood food allergy in Australia. Pediatr Allergy Im-
munol 2011;22:583-9.

Kusunoki T, Asai K, Harazaki M, Korematsu S, Hosoi S. Month of birth
and prevalence of atopic dermatitis in schoolchildren: dry skin in early
infancy as a possible etiologic factor. J Allergy Clin Immunol 1999;103:
1148-52.

Gale CR, Robinson SM, Harvey NC, Javaid MK, Jiang B, Martyn CN,
et al. Maternal vitamin D status during pregnancy and child outcomes.
Eur J Clin Nutr 2008;62:68-77.

Oren E, Banerji A, Camargo CA Jr. Vitamin D and atopic disorders in an
obese population screened for vitamin D deficiency. J Allergy Clin Im-
munol 2008;121:533-4.

Gorman S, Judge MA, Hart PH. Topical 1,25-dihydroxyvitamin D3 sub-
verts the priming ability of draining lymph node dendritic cells. Immu-
nology 2010;131:415-25.

Heimbeck I, Wjst M, Apfelbacher CJ. Low vitamin D serum level is
inversely associated with eczema in children and adolescents in Ger-
many. Allergy 2013;68:906-10.

Tolppanen AM, Sayers A, Granell R, Fraser WD, Henderson J,
Lawlor DA. Prospective association of 25-hydroxyvitamin d3 and d2
with childhood lung function, asthma, wheezing, and flexural derma-
titis. Epidemiology 2013;24:310-9.

Hypponen E, Berry DJ, Wjst M, Power C. Serum 25-hydroxyvitamin D
and IgE—a significant but nonlinear relationship. Allergy 2009;64:
613-20.

Benson AA, Toh JA, Vernon N, Jariwala SP. The role of vitamin D in
the immunopathogenesis of allergic skin diseases. Allergy 2012;67:
296-301.

Hewison M. Vitamin D and immune function: an overview. Proc Nutr
Soc 2012;71:50-61.

Gama R, Waldron JL, Ashby HL, Cornes MP, Bechervaise J, Razavi C,
et al. Hypovitaminosis D and disease: consequence rather than cause?
BM]J 2012;345:e5706.

Baek et al


http://refhub.elsevier.com/S0022-3476(14)00603-9/sref8
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref8
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref8
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref9
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref9
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref9
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref9
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref10
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref10
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref10
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref11
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref11
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref12
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref12
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref13
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref13
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref13
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref14
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref14
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref14
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref15
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref15
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref16
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref16
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref17
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref17
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref17
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref18
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref18
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref19
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref19
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref19
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref19
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref20
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref20
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref20
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref21
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref21
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref21
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref22
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref22
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref22
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref22
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref23
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref23
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref24
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref24
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref24
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref25
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref25
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref25
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref26
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref26
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref26
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref26
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref27
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref27
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref27
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref28
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref28
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref28
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref29
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref29
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref29
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref30
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref30
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref30
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref31
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref31
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref31
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref31
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref32
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref32
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref32
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref33
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref33
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref33
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref34
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref34
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref35
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref35
http://refhub.elsevier.com/S0022-3476(14)00603-9/sref35

October 2014 ORIGINAL ARTICLES
&
* 1.6 & o
o
o o
1.4
2 1407 . 9
3 E ¢
E é 1.2 o
~~
= 2 °
S g
120 2 10
2 =)
=1} -
=)
=
oo
8
1.00 o
o
6 o®
T T T T T
V] 100 200 300 400
80- Vitamin D intake (% of recommended daily intake)
T T T T ) .
Spring Summer Fall Winter Figure 2. Correlations between the log4o-transformed

Season of Test

Figure 1. Comparison of the serum 25(0OH)D levels according
to the seasons when the test was performed. There is a dif-

ference in the serum 25(0OH)D levels between spring and

summer (P = .023) and fall (P = .022), and between winter and

summer (P < .001) and fall

(P < .001).

25(0OH)D levels and the vitamin D intake. The X axis shows the
amount of vitamin D intake expressed as a percentage of
vitamin D recommended by the Korean Nutrition Society. The
vitamin D intake correlated with the serum 25(OH)D levels
(r=0.490, P = .008).
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Figure 3. Comparison of A, the food allergen sensitization and of B, the degree of sensitization.
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