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Abstract

Background: Vitamin D has several immunological func-
tions. Data on the relation of vitamin D status and allergy are
controversial. Methods: We investigated the association be-
tween serum concentrations of 25-hydroxyvitamin D (25-
OHD) and allergy in childhood. The study population (n =
819) was part of a randomized, double-blind, placebo-con-
trolled trial where the mothers of offspring with a high risk
for allergy received a mixture of probiotics (or placebo) for
the last 4 weeks of pregnancy, and the child received this
from birth to 6 months. Study subjects were followed for the
emergence of sensitization and allergic symptoms for a pe-
riod of 5 years, with medical examinations at the ages of 3
and 6 months, 2 and 5 years and also in the event of allergic
symptoms. Levels of 25-OHD were measured in umbilical
cord blood (UCB) samples (n = 724) and serum samples
drawn at the age of 2 years (n = 369); the data were catego-
rized into tertiles (T1-T3) and quartiles (Q1-Q4). The relation
between 25-OHD levels and sensitization and allergy was
analyzed with multivariable logistic regression analysis. Re-

sults: 25-OHD levels in T2 in UCB were associated with a
higher risk for sensitization by the age of 2 years and allergic
disorders by the age of 5 years. In the serum samples, at the
age of 2 years, 25-OHD levels in Q3 were associated with a
higherrisk of sensitization and IgE-mediated allergies by the
age of 5 years. Conclusions: The 25-OHD levels in early
childhood are associated with the emergence of allergy, but
the association appears to be nonlinear.

© 2016 S. Karger AG, Basel

Introduction

The rapid increase in allergy prevalence in developed
countries has coincided with lifestyle and dietary changes
that affect vitamin D status, namely decreased sunlight
exposure and increased nutritional vitamin D supple-
mentation. Several studies have suggested that the inci-
dence and prevalence of allergy are inversely associated
with the amount of sunlight exposure and thus possibly
cutaneous vitamin D; synthesis [1-3], but this association
may be independent of serum 25-hydroxyvitamin D (25-
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OHD) levels [4]. Vitamin D supplementation in infancy,
on the other hand, has been found to be associated with a
higher prevalence of sensitization and allergic rhinitis in
adulthood [5].

The accumulating evidence on the multiple immuno-
logical functions of vitamin D [6] has further spurred in-
terest in the hypothesis that vitamin D status influences
the emergence of allergy. Several studies have investigat-
ed the association between vitamin D status, most accu-
rately estimated by measuring the 25-OHD levels in se-
rum, at birth and the emergence of allergy in the child.
They have found either no association with allergic disor-
ders [7-9] or rather an association between low 25-OHD
levels and an increased prevalence of eczema [10, 11]. A
randomized controlled trial (n = 180) found that vitamin
D supplementation during late pregnancy had no effect
on the occurrence of wheezing, atopy, eczema or food al-
lergy in the child by the age of 3 years [12]. Cross-section-
al studies on children have either reported inverse asso-
ciations with 25-OHD serum levels and atopic dermatitis
[13] or food allergy [14], or no association [15].

Since prospective studies on the association between
serum 25-OHD levels in early life and emergency of al-
lergy in childhood are still scarce and conflicting, we in-
vestigated, in a prospectively followed cohort of 819
healthy, full-term infants with atopic heredity, whether
serum 25-OHD levels at birth or at the age of 2 years was
associated with the emergence of sensitization and aller-
gic disorders during the first 5 years of life.

Material and Methods

Our study was based on a randomized, double-blind, allergy
prevention trial on pro- and prebiotics. The trial included 1,223
pregnant women who carried fetuses with a high risk for allergy,
i.e. one or both parents had doctor-diagnosed allergic disease (flow
chart in the suppl. material, for all online suppl. material, see www.
karger.com/doi/10.1159/000447636). The protocol and the main
clinical findings have been published [16, 17]. The main results
were that probiotic treatment was associated with reduced inci-
dence of eczema and especially IgE-mediated (atopic) eczema at
the age of 0-2 years [16] whereas by the age of 5 years, the treat-
ment was associated with less frequent IgE-mediated allergy only
in children delivered by caesarean section [17]. We also published
the associations of environmental and hereditary factors and the
development of allergic diseases by the ages of 2 and 5 years in the
whole study group [18].

The ethics committee of the Hospital for Children and Adoles-
cents of Helsinki University gave its approval for the study proto-
col. Mothers signed a written informed consent.

Children came to the outpatient clinic for examination at the
ages of 3 and 6 months and then at 2 and 5 years and also if par-
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ents reported that their child showed allergic symptoms. Primary
outcome measures were the cumulative incidence of any allergic
disease and any IgE-mediated (atopic) allergic disease until the
age of 2 or 5 years. Secondary outcome measures were eczema,
food allergy and asthma with and without IgE sensitization, al-
lergic rhinitis with sensitization and IgE sensitization alone. Ec-
zema diagnosis was based on the UK Working Party’s criteria
[19], and eczema was designated to be IgE-associated when it was
associated with sensitization. Food allergy diagnosis was based
on an open food challenge [20], except in the case of doctor-di-
agnosed anaphylaxis. Diagnostic criteria for asthma were >2
doctor-diagnosed wheezy episodes coinciding with persistent
cough or exercise-induced symptoms between episodes, or with
bronchial hyper-responsiveness on oscillometry. Allergic rhinitis
was diagnosed in the case of >2 recurrent symptoms (nasal dis-
charge, blockage and sneeze/itch) during contact with a specific
antigen to which the patient was sensitized [21]. Children under-
went skin prick tests of a panel of food and inhalant allergens ap-
plied with a standard technique [22]. We measured in sera aller-
gen-specific IgE sensitization to cow’s milk, egg white, birch,
Timothy grass, dog and cat dander and at 5 years also sensitiza-
tion to wheat, fish, peanut, mugwort and Dermatophagoides pter-
onyssinus with an immunoassay (ImmunoCAP® system, Phar-
macia Diagnostics, Uppsala, Sweden). Sensitization was defined
as 21 positive skin prick test results (=3 mm larger than the neg-
ative control) and/or a serum antigen-specific IgE level >0.7 kU/I
to the allergens tested. In cases where allergic symptoms coin-
cided with sensitization, the child was considered to have IgE-
mediated allergy.

At each visit, the height and weight of the participants were
measured. We also asked about the occurrence of infections and
medications; the same information was collected by questionnaire
at the ages of 1, 2, 3, 4 and 5 years.

Umbilical cord blood (UCB) samples were collected at the ma-
ternity hospitals and serum samples at the scheduled appointment
when the children were 2 years old. Samples were kept frozen in
-80°C until analysis. We included all available samples from the
819 individuals. UCB samples were available for 724 children and
serum samples at the age of 2 years (2-year serum samples) were
available for 369 children. Both UCB and 2-year serum samples
were available for 275 individuals, only UCB was available for 450
individuals and only 2-year serum samples for 94 individuals (flow
chart in suppl. material).

25-OHD Measurement

25-OHD was measured in UCB and serum samples with an
automated IDS-iSYS analyzer (IDS Ltd., Boldon, UK). The mea-
surements were performed in the Pediatric Research Centre Labo-
ratory in Biomedicum (Helsinki, Finland); the intra-assay coeffi-
cient of variation was <7% and the interassay coefficient of varia-
tion was <9% for serum 25-OHD. A concentration below the
detection limit (13 nmol/l) was recorded as 6 nmol/l and was in-
cluded in the data analysis.

Reproducibility was ensured by adhering to the Vitamin D Ex-
ternal Quality Assessment Scheme. Vitamin D status was defined
as deficient when serum 25-OHD was <37.5 nmol/l, insufficient
when serum 25-OHD was between 37.5 and 50 nmol/l and suffi-
cient when serum 25-OHD was >50 nmol/l, according to the refer-
ence values for the pediatric population [23].
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Table 1. The incidence of sensitization and allergic disorders in relation to potential confounding factors in the study population (n =

819)
Sensitization ~ Sensitization  Allergic IgE-mediated  IgE-mediated
at0-2years at0-5years disorder allergic disorder eczema
at0-5years at0-5 years at 0-5 years
Treatment group placebo 31.6% 42.0% 56.2% 33.8% 25.3%
probiotic 27.5% 40.9% 53.3% 33.2% 23.7%
Sex female 28.2% 38.9% 53.8% 31.4% 24.0%
male 30.9% 44.1% 55.8% 35.6% 25.1%
Both parents allergic no 25.7% 37.7% 48.5% 28.3% 20.1%
yes 35.5% 47.3% 64.2% 41.3% 31.2%
Mode of delivery vaginal 30.1% 42.2% 53.9% 33.8% 24.8%
C-section 26.8% 37.3% 59.8% 31.7% 22.9%
Season of birth dark® 31.1% 42.4% 56.8% 34.6% 24.9%
sunny® 28.1% 40.6% 52.9% 32.4% 24.1%
Season when 2-year dark® 31.7% 43.7% 58.6% 36.5% 28.1%
serum sample taken sunny® 27.6% 39.6% 51.1% 30.8% 21.5%
Has siblings no 27.3% 40.7% 51.1% 31.4% 23.8%
yes 32.7% 42.6% 59.9% 36.5% 25.5%
Time exclusively breastfed, 0-2.99 28.7% 41.4% 50.9% 32.5% 22.5%
months >3.0 30.8% 41.2% 58.9% 34.1% 26.1%
Total time breastfed, 0-7.99 27.0% 39.9% 52.9% 29.9% 20.0%
months >8.0-24.0 32.4% 42.8% 56.6% 36.7% 28.2%
Smoking in the household no 29.7% 42.0% 54.2% 33.9% 25.4%
(at age 0-2 years) yes 29.3% 40.2% 56.3% 32.6% 22.6%
Cat or dog in the household no 31.1% 42.5% 55.8% 34.7% 25.0%
(at age 0-2 years) yes 22.9% 37.2% 50.3% 28.4% 22.3%

Figures in bold type denote p < 0.1, Pearson’s independent ¥ test.

@ November to April; > May to October.

Statistical Analyses

The distribution of 25-OHD levels was skewed to the right, and
therefore logarithmic transformation was used when the data were
analyzed as a continuous variable. Since previous studies have re-
ported several different patterns of association between 25-OHD
levels and allergy, we tested the associations using 25-OHD level as
a continuous variable and as categorized into tertiles (T1-T3) and
quartiles (Q1-Q4), or <28 nmol/l or 228 nmol/l for UCB samples,
or <50 nmol/l or 250 nmol/l for 2-year samples. The change in 25-
OHD from birth to 2 years was analyzed as an absolute and as a
proportional change and as a continuous and as a categorized
change. Out of the ample data gathered in the original clinical trial,
18 clinical outcomes and 11 potential confounding factors (table 1)
were chosen for statistical testing, based on previous research data.
The clinical main outcomes were cumulative frequencies of sensi-
tization, any allergic disorder and any IgE-mediated allergic disor-
der (allergic disorder with sensitization) as well as eczema, atopic
eczema (eczema with sensitization), asthma, atopic asthma, food
allergy, IgE-mediated food allergy at 0-2 and 0-5 years and, for the
main outcomes, also at 2-5 years. The associations between the cu-
mulative frequencies of clinical outcomes at the age of 0-2-5 and
2-5 years between the different 25-OHD categories as well as be-
tween the potential confounding factors were first screened with
univariate analysis (Pearson’s independent ¥ test). If the univariate
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test resulted in a p value <0.1, the variable was included in the mul-
tivariable logistic regression analysis. Since the population was de-
rived from a clinical trial concerning the use of probiotics, the treat-
ment group was forced into all multivariate analyses. The results
are given as adjusted ORs with 95% Cls.

We also compared the trajectory of 25-OHD levels with the
ANOVA test for repeated measures. The association between 25-
OHD levels and the following general health indicators were also
tested: height (as standard deviation) and weight (as % for height)
at the ages of 6 months, 2 years and 5 years, and the number of re-
spiratory infections and the number of antibiotics regimens at 0-2
years. Analyses were performed with IBM SPSS Statistics for Win-
dows (v22.0,IBM Corp., Armonk, N.Y., USA). For the final results,
p < 0.05 was considered significant.

Results

The distributions of 25-OHD levels in UCB and in se-
rum at the age of 2 years are shown in figure 1. The median
was 25.0 nmol/lin the UCB samples and 51.6 nmol/l in sera
drawn at 2 years. At birth, 83% of the 25-OHD levels were
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Fig. 1. Distribution (n) of 25-OHD levels in UCB (a) and serum
(b) at the age of 2 years.

consistent with vitamin D deficiency (<37.5 nmol/l) and
12% with vitamin D insufficiency (37.5-50.0 nmol/l), while
the corresponding proportions at 2 years were 8 and 37%.
Levels were >80 nmol/lin 0.1% at birth and in 7% at 2 years.

The incidences of sensitization and allergic disorders
(%) in relation to potential confounding factors in the
study population are shown in table 1.

Children in the study population were evenly born in
the sunny (May until October; n =419; 51%) and dark (No-
vember until April; n = 400; 49%) seasons. Seasonal varia-
tion was significant (p < 0.001, in the t test of independent
samples) in the UCB samples: 25-OHD levels were higher
in the sunny season (geometric mean 29.7 nmol/l, SD 12.3;
n = 366) than in the dark season (geometric mean 22.0
nmol/l, SD 7.5; n = 358). Samples drawn at the age of 2
years were also evenly distributed across the 2 seasons, and
showed a statistically nonsignificant (p = 0.09, in the t test
of independent samples) seasonal difference in 25-OHD
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Fig. 2. a Cumulative frequency (%) of sensitization at the age of
0-2 years and any allergic disorder (allergy) at the age of 0-5 years
in groups categorized as tertiles of 25-OHD levels in UCB. b Cu-
mulative frequency (%) of sensitization, any IgE-associated (IgE+)
allergic disorder (allergy) and IgE-associated eczema at the age of
0-5 years in groups categorized as quartiles of 25-OHD levels in
serum at the age of 2 years. * p < 0.05, denotes a significant differ-
ence (X’ test).

levels: in the sunny season, the geometric mean was 53.7
nmol/l (SD 13.6; n = 199) and in the dark season, the geo-
metric mean was 51.3 nmol/1 (SD 15.6; n = 171). At the age
of 2 years, 97% of the children used vitamin D supplemen-
tation according to their parents’ reporting.

25-OHD levels in UCB and in serum at the age of 2 years
were nonlinearly associated with sensitization and allergy
in childhood. Figure 2 shows the associations that were
statistically significant in multivariate analyses. Levels of
25-OHD in UCB were categorized as T1: 6.0-21.4 nmol/l
(n=232),T2:21.5-29.5nmol/l (n=233) and T3: 29.6-84.8
nmol/l (n = 234; fig. 2a). Levels of 25-OHD in serum at the
age of 2 years were categorized as Q1: 26.0-43.4 nmol/l
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Table 2. Multivariable logistic regression analysis for allergy outcomes

Allergy outcome Explanatory variables® OR 95% CI p
Sensitization at 0-2 years 25-OHD in UCBP 0.08
T2 (21.5-29.5 nmol/l) 1.59 1.06-2.39 0.03
T3 (29.6-84.8 nmol/l) 1.36 0.90-2.06 0.14
probiotic treatment group 0.89 0.64-1.24 0.50
both parents allergic 1.59 1.14-2.22 0.01
has siblings 1.30 0.94-1.82 0.12
total breastfeeding >8 months 1.19 0.85-1.66 0.31
cat or dog ownership at 0-2 years 0.79 0.50-1.25 0.31
Allergic disorder at 0-5 years 25-OHD in UCBP 0.01
T2 (21.5-29.5 nmol/l) 1.85 1.25-2.73 0.002
T3 (29.6-84.8 nmol/l) 1.30 0.87-1.94 0.20
probiotic treatment group 0.98 0.71-1.34 0.88
both parents allergic 1.94 1.40-2.67 <0.001
has siblings 1.50 1.09-2.06 0.01
exclusive breastfeeding >3 months 1.32 0.96-1.82 0.08
sample taken at age 2 years? 0.70 0.51-0.98 0.03
Sensitization at 0-5 years 25-OHD at 2 years® 0.04
Q2 (43.6-51.5 nmol/l) 1.31 0.70-2.46 0.39
Q3 (51.7-62.6 nmol/l) 2.23 1.21-4.12 0.01
Q4 (62.8-106.8 nmol/l) 1.07 0.56-2.01 0.84
both parents allergic 1.82 1.16-2.84 0.01
probiotic treatment group 0.91 0.59-1.41 0.68
IgE-associated allergic 25-OHD at 2 years® 0.02
disorder at 0-5 years Q2 (43.6-51.5 nmol/l) 1.29 0.65-2.56 0.46
Q3 (51.7-62.6 nmol/l) 2.35 1.22-4.52 0.01
Q4 (62.8-106.8 nmol/l) 0.96 0.48-1.93 0.91
both parents allergic 2.32 1.44-3.75 0.001
probiotic treatment group 1.01 0.63-1.62 0.96
total breastfeeding >8 months 1.18 0.73-1.90 0.50
sample taken at age 2 years? 0.53 0.33-0.86 0.01
IgE-associated eczema 25-OHD at 2 years© 0.06
at 0-5 years Q2 (43.6-51.5 nmol/l) 0.99 0.46-2.13 0.98
Q3 (51.7-62.6 nmol/l) 2.06 1.02-4.17 0.04
Q4 (62.8-106.8 nmol/l) 0.90 0.42-1.94 0.78
both parents allergic 2.51 1.49-4.24 0.001
probiotic treatment group 0.84 0.50-1.42 0.52
total breastfeeding >8 months 1.41 0.83-2.40 0.21
sample taken at age 2 years? 0.47 0.28-0.80 0.01

The 25-OHD levels and background characteristics were considered as explanatory variables. The 25-OHD
level in UCB was divided into 3 categories (T1-T3, each containing a third of the population) and the 2-year se-
rum levels into 4 categories (Q1-Q4, each containing a quarter of the population). Figures in bold type denote

statistically significant differences.

2 Variables with a p value <0.10 in the univariate analysis were included in the model.
®The lowest-concentration category T1 (6.0-21.4 nmol/l) is the reference group with an OR of 1.00.
¢ The lowest-concentration category Q1 (26.0-43.4 nmol/l) is the reference group with an OR of 1.00.

d1n the sunny season, i.e. May to October.

(n = 87), Q2: 43.6-51.5 nmol/l (n = 88), Q3: 51.7-62.6
nmol/l (n =92) and Q4: 62.8-106.8 nmol/l (n = 86; fig. 2b).

In the UCB samples, T2 was associated with a higher
risk of sensitization by the age of 2 years and of allergic
disorder by the age of 5 years (table 2). Moreover, 25-

Vitamin D in Early Childhood and
Allergy

OHD levels >28 nmol/l were associated with a higher risk
for IgE-associated allergic disorder by the age of 2 years
(OR 1.68,95% CI 1.12-2.51; p = 0.012).

Q3 at 2 years was associated with a higher risk for sen-
sitization as well as IgE-mediated allergic disorders and
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also IgE-mediated (atopic) eczema alone by the age of 5
years (table 2).

25-OHD levels at birth and at 2 years were not associ-
ated with height or weight at the ages of 6 months, 2 years
and 5 years (data not shown). Nor were they associated
with the number of respiratory infections or of antibiotic
regimens at 0-2 years (data not shown).

Both UCB and 2-year serum samples were available for
275 children. Pearson’s correlation between 25-OHD lev-
els at these 2 time points was 0.14 (p < 0.02). Data on the
emergence of allergy by the age of 5 years were available
for 263 of these children. A change in 25-OHD levels be-
tween birth and 2 years was not significantly associated
with any of the clinical outcomes and nor was the trajec-
tory (data not shown).

Discussion

This prospective study shows that 25-OHD levels at
birth and at the age of 2 years were nonlinearly associated
with the incidence of sensitization and allergic disorders
up to the age of 5 years, even when potential confounding
factors were taken into consideration. The highest risk for
allergy was associated with T2 and Q3 in the 2-year sam-
ples.

Our study has an advantage over previous studies of
not only a considerable size but, notably, 25-OHD mea-
surements at 2 time points. Furthermore, diagnostics
were based not only on a questionnaire and laboratory
tests but on a doctor’s examination at the ages of 3 and 6
months and 2 and 5 years. Since all the participants en-
rolled in the trial had at least 1 allergic parent, the inci-
dence of sensitization and allergic disorders was relative-
ly high, thus yielding high statistical power. This may, on
the other hand, limit the application of our results to the
general population. We were able to take into account
numerous potential confounding factors that had mostly
been recorded with little or no delay. A limitation of the
study is that detailed information on the vitamin D intake
of the mother and child was not available. On the other
hand, maternal concentration of 25-OHD at delivery cor-
relates strongly with 25-OHD in UCB [24]. The seasonal
variation and low 25-OHD levels in UCB suggests that
vitamin D supplementation was not widely used by the
mothers during pregnancy. Their children were more fre-
quently supplemented, as reported by their parents, and
going by the improved 25-OHD levels and lack of clear
seasonal variation in serum 25-OHD in the 2-year-old
study participants. The Finnish national guidelines at the
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time recommended daily supplementation with 10 pg er-
gocalciferol orally to all children from the age of 2 weeks
to 2 years. According to a Finnish study that took place in
the same period as our data was collected, 86% of the chil-
dren followed the national recommendation at the age of
1 year and 70% at the age of 2 years, with an average dai-
ly vitamin D intake of 12.2 and 8.8 pg, respectively [25].
At the time, there was no general recommendation of vi-
tamin D supplementation for pregnant women.

The result that the highest risk for sensitization and al-
lergic disorders was associated with UCB 25-OHD levels
in T2 differs from previous studies. Several studies have
found no association between UCB 25-OHD levels and
sensitization or food allergy in infancy [10], or asthma
[7], eczema [25] or asthma and allergic rhinitis [8, 11]
during the first 5 years of life. Some studies have reported
an association between low UCB 25-OHD levels and ec-
zema during early childhood [10, 11]. One reported a
positive association between UCB 25-OHD levels and
food allergy in infancy [25]. Another reported that high
levels of vitamin D in mothers in late pregnancy were as-
sociated with a higher incidence of eczema and asthma in
children than lower levels [26]. One study found a non-
linear association between UCB 25-OHD levels and de-
tectable inhalant allergen-specific IgE [8].

Our observation that serum 25-OHD levels at the age
of 2 years are nonlinearly associated with the incidence of
sensitization and IgE-mediated allergic disorders by the
age of 5 years is difficult to compare with previous re-
search data since prospective data on serum 25-OHD lev-
els after birth and the emergence of allergy are scarce. A
recent prospective study investigated the association be-
tween food sensitization and serum 25-OHD levels at sev-
eral time points in early childhood and reported no asso-
ciation at any single time point, but persistently low se-
rum 25-OHD levels were associated with an elevated risk
for food sensitization [27]. Cross-sectional studies have
reported variable associations [28-30].

Several factors, such as heterogeneity in the diagnos-
tics, the timing of 25-OHD analysis and variation in the
length of follow-up may explain some of the discrepan-
cies between studies. Genotype can play a decisive role
[27, 30]. Our study population was at a high risk for al-
lergy. This could also explain the finding that having sib-
lings conferred an increased risk for allergic disorder at
the age of 0-5 years, contrary to the findings of studies on
more general populations [31]. The association between
25-OHD levels and allergy may also depend on whether
vitamin D intake is mainly through UVB radiation, diet
or supplementation. Itis also possible that statistical anal-
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yses in some studies have been based on the assumption
of a linear association and may have missed significant
nonlinear associations. The variation in the distribution
of serum 25-OHD levels complicates comparisons be-
tween studies. In our pediatric study population, 25-
OHD levels were low overall compared with the afore-
mentioned studies on allergy and with more recent re-
ports on serum 25-OHD levels in Finnish pediatric
populations [32, 33]. The latter is most likely due to im-
proved maternal vitamin D supplementation during
pregnancy and the fortification of dairy products includ-
ing infant milks with vitamin D since 2003.

The association between serum 25-OHD levels at birth
as well as at the age of 2 years and the incidence of sensi-
tization and allergic disorders by the age of 5 years was
nonlinear: the highest incidence was associated with T2 in
the UCB samples and Q3 in the 2-year serum samples.
This could reflect the fact that vitamin D can promote
tolerogenic processes [34-36], but also induce a shift to
Th2-type reactions [37] and reduce the proliferation of T
regulatory cells [38]. Reports on mouse studies suggest
that topically applied vitamin D at high concentrations
induces atopic eczema [39] but that at lower concentra-
tions it rather inhibits the proinflammatory responses of
mast cells [36]. The vitamin D dose required for the acti-
vation of different immunological functions plausibly var-
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ies, and the balance of these functions could determine
whether an allergic reaction occurs, thus resulting in a
nonlinear association. Different phenotypes’ response to
vitamin D is also a possible explanation. Discrepancies be-
tween studies on the association of vitamin D status and
allergy may, on the other hand, indicate that despite, or
rather because of, the variety in the immunological func-
tions of vitamin D, no direct causal link exists between
vitamin D and the emergence of sensitization and allergy.

Our results infer that serum 25-OHD levels at birth
and in early childhood are associated with the emergence
of sensitization and allergy, and that the association is
nonlinear. The possibility of a nonlinear association be-
tween vitamin D status and allergy should be considered
in further studies.
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