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Introduction

Vitamin D plays an important role in bone and mineral
metabolism”. Recent evidence suggests that vitamin D deficiency
is associated with obesityzl, insulin resistance”, cardiovascular
diseases”, autoimmune diseases”, asthma®, recurrent wheezing”, and
infection®®. Tt is estimated that 40% of pregnant women and
50% of newborns and infants in Western countries suffer from
vitamin D insufficiency or deficiency’™. A recent study based
on the Fourth Korea National Health and Nutrition Examination
Surveys, which involved 3,047 males and 3,878 females aged
10 years and older, showed that vitamin D insufficiency or defi-
ciency is very common in Korea, particularly in the younger ge-
neration'.

The results of epidemiologic studies implementing cross-
sectional designs suggest that vitamin D may protect against
respiratory tract infections (RTI)""”. However, few birth
cohort studies have examined the role of cord blood vitamin D
concentrations in the susceptibility of infants to RTI*”. These
associations have not been adequately examined in Asian
populations. Such research is important, since Koreans, parti-
cularly the younger generation, have low vitamin D levels'*'".

The present healthy birth cohort study aimed to examine the
association between cord blood 25(0H)D concentrations and the
subsequent risk of RTI in infants during the first 6 months of life.
The primary hypothesis was that cord blood 25(0H)D concentra-
tions are inversely associated with the risk of RTI in infants.

Materials and methods

1. Study design, study population, data sources, and management

The COhort for Childhood Origin of Asthma and allergic diseases
(COCOA) is an ongoing prospective hospital-based birth cohort
study. Its aim is to examine the relationship between maternal
lifestyle and the subsequent development of allergic diseases in
Korean children. The present study investigated 1,545 unselected
pregnant women from this cohort. The women received ante-
natal care at four different hospitals and seven different Public
Health Centers between December 2007 and November 2011.
Subjects with diabetes, preeclampsia, anemia, and severe infections
during pregnancy, which might have an effect on the development
of allergic disease, were excluded. The study was approved by the
Institutional Review Boards of the Asan Medical Center (IRB No.
2008-0616), the Samsung Medical Center (IRB No. 2009-02-021),
the Severance Hospital (IRB No. 4-2008-0588), and the Gangnam
CHA Medical Center (IRB No. 2010-010). Written informed consent
was obtained from the parents of each infant and confirmed by each
IRB. Of the 1,545 pregnant women initially enrolled, 188 withdrew
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from the study, 64 failed to fulfill the inclusion criteria, and 5 were
lost to follow-up at delivery. Thus, 1,288 subjects were included
in the analysis. Cord blood was obtained from 688 infants. A
total of 882 children were followed-up at 6 months of age. The
primary outcome variable of interest was the prevalence of
RTI at 6-month follow-up, as diagnosed by pediatricians and
pediatric allergy and pulmonology specialists. RTI was classified
as acute nasopharyngitis, rhinosinusitis, otitis media, croup,
tracheobronchitis, bronchiolitis, or pneumonia. Finally, the as-
sociation between cord blood vitamin D concentrations and the
occurrence of RTI during the first 6 months of age was analyzed in
525 infants (Fig. 1).

2. Measurement of cord blood 25(0H) vitamin D levels

Cord blood was collected immediately after delivery and
anticoagulated with sodium heparin. Plasma was prepared by
centrifugation (10 minutes at 500xg) and stored at -80°C. Plasma
25(0H)D concentrations [nmol/L (converted to ng/mL by dividing
by 2.496)] were measured in a chemiluminescence immunoassay
(Roche, Indianapolis, IN, USA). The interassay variability for the
pooled plasma analyses was 19% at 33 nmol/L 25(0H)D, 12% at
62 nmol/L, and 10% at 99 nmol/L. The plasma concentrations
of 25(0H)D were analyzed both as a continuous variable and
by division into tertiles™'”. The following definition was used to
classify cord blood 25(0H)D concentrations: deficiency, <25.0
nmol/L; insufficiency, 25.0-74.9 nmol/L; and sufficiency, >75.0

nmol/L>",

3. Statistical analysis

Cord blood plasma 25(0H)D concentrations showed a normal
distribution. Values were expressed as the mean or as a percentage
according to the tertile of cord blood 25(0H)D concentrations.

Pregnant women recruited
(n=1,545)

l—.

Infants born
(n=1,288)

l—' No cord blood collected=600

Cord blood collected at birth
(n=688)

|

Infants followed at 6 months
with cord blood collected at birth
(n=525)

Withdrawn=188,
Dropped-out=64,
Follow-up loss=5

Fig. 1. Flow chart showing the study population.



P values for trends were determined using the general linear
model for continuous variables. The chi-square test was used
to assess the association between categorical variables. Logistic
regression analysis was performed to determine the effect of
cord blood 25(0H)D concentrations on the risk of subsequent
RTI, and was adjusted for potential confounders. Multivitamin
use during pregnancy, season of birth (spring, summer, autumn,
or winter), and passive smoking during pregnancy showed the
highest association with cord blood 25(0H)D concentrations in
the single variable analyses, and were therefore included in the
regression models. Analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC, USA). A two-tailed P value of <0.05 was
considered statistically significant.

Results

1. Population characteristics

Among the 525 newborns in whom cord blood 25(0H)D con-
centrations were measured and were followed-up at 6 months
of age, 171 (32.6%) were recruited at Asan Medical Center, 246
(46.9%) at Samsung Medical Center, 77 (14.7%) at Severance
Medical Center, and 31 (5.9%) at Gangnam CHA Medical Center.
The median gestational age was 39" weeks (interquartile range
[IQR], 38"-40"), and the mean birth weight, height, and head
circumference were 3.2+0.4 kg, 49.5+1.8 cm, and 34.4+1.3 cm,
respectively. The mean maternal age at birth was 32.2+3.4 years.
Approximately half of the newborns were male (n=284, 54.1%).
There was no difference in the baseline characteristics of the
participating and non-participating subjects.

2. Cumulative incidence of respiratory tract infections during
the first 6 months of life
Table 1 shows the cumulative incidence of various RTI within
the first 6 months of life. Among the 525 infants analyzed, the
incidence of acute nasopharyngitis, rhinosinusitis, otitis media,
croup, tracheobronchitis, bronchiolitis, and pneumonia was 148

Table 1. Cumulative incidence of respiratory tract infections during the
first 6 months of life

No. (%)

Respiratory tract infections 172 (32.8)

Acute nasopharyngitis 148 (28.2)
Rhinosinusitis 2(0.4)
Otitis media 29 (5.9)
Croup 2(0.4)
Tracheobronchitis 5(1.0)
Bronchiolitis 29 (5.9)
Pneumonia 1(0.2)
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(28.2%), 2 (0.4%), 29 (5.5%), 2 (0.4%), 5 (1.0%), 29 (5.5%), and 1
(0.2%), respectively. The total incidence of RTI was 172 (32.8%).
Cases of rhinosinusitis (n=2), croup (n=2), tracheobronchitis (n=
5), and pneumonia (n=1) were excluded from the analysis due to
low incidence.

3. High prevalence of vitamin D insufficiency or deficiency in

healthy newborns

The mean cord blood plasma 25(0H)D concentration among
healthy newborns was 32.0 nmol/L (IQR, 21.4 to 53.2). As shown
in Table 2, low vitamin D concentrations were more common
among neonates born in spring and winter, whereas high vitamin
D concentrations were more common among those born in
autumn (P for trend<0.0001). Higher concentrations of 25(0H)D
were found among mothers who had taken multivitamins during
pregnancy (P for trend=0.0008). Overall, 180 neonates (34.3 %)
showed 25(0H)D concentrations of less than 25.0 nmol/L, 292
(55.6%) showed 25(0H)D concentrations of 25.0-74.9 nmol/L,
and 53 (10.1%) showed concentrations of 75.0 nmol/L or higher.

4. Prevalence of respiratory tract infections in infants within the
first 6 months of life according to cord blood concentrations
of 25(0H)D

Table 3 shows the prevalence of RTI during the first 6 months
of life according to cord blood concentrations of 25(0H)D.

Infants with 25(0H)D concentrations less than 25.0 nmol/

L were more likely to develop acute nasopharyngitis (P for

trend=0.0004). There was no difference in the prevalence of

otitis media or bronchiolitis according to cord blood 25(0H)

D concentrations (P for trend=0.4554 and P for trend=0.3718,

respectively). Extending the outcome to include the risk of any

RTI, infants born with a 25(0H)D concentration of less than 25.0

nmol/L were more likely to develop RTI (P for trend=0.0021).

5. Cord blood 25(0H) vitamin D concentrations were associated
with acute nasopharynagitis during the first 6 months of life
Binary logistic regression analysis showed that newborns
showing 25(0H)D concentrations less than 25.0 nmol/L were
4.64 times more likely to develop acute nasopharyngitis than those
showing concentrations of 75.0 nmol/L or higher (unadjusted
odds ratio [OR], 4.64) (Table 4), and that newborns showing
25(0H)D concentrations of 25.0-74.9 nmol/L were 2.71 times
more likely to develop acute nasopharyngitis than those showing
concentrations of 75.0 nmol/L or higher (unadjusted OR, 2.71)
(Table 4). Cord blood 25(0H)D concentrations had no effect on the
development of otitis media or bronchiolitis (P for trend=0.3625
and P for trend=0.4819, respectively) (Table 4). The multivariate
logistic model, adjusted for multivitamin use during pregnancy
and the season of birth, showed that neonates showing cord
blood 25(0H)D concentrations less than 25.0 nmol/L were 5.34
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times more likely to develop acute nasopharyngitis within = concentrations of 75.0 nmol/L or higher (P for trend=0.0003)
the first 6 months of life, and that newborns showing 25(0H) (Table 5). Cord blood 25(0H)D concentrations had no effect on
D concentrations of 25.0-74.9 nmol/L were 3.17 times more the development of otitis media or bronchiolitis (P for trend=
likely to develop acute nasopharyngitis than those showing 0.5031 and P for trend=0.4590, respectively) (Table 5). The mul-

Table 2. Potential confounders according to cord blood levels of 25(0H)D
Cord blood 25(0H)D concentrations (nmol/L)

Variable P for trend
>75.0 (n=53) 25.0-74.9 (n=292) <25.0 (n=180)

Serum 25(0H)D concentrations 90.6 (75.0-1,200.0) 40.8 (25.1-73.8) 18.6 (11.9-24.9)
Season of birth (%)

Spring (March—May) 151 24.3 31.1

Summer (June—August) 18.9 21.6 18.3

Autumn (September—November) 45.3 32.5 18.9

Winter (December—February) 20.8 21.6 31.7 <0.0001
Study site (%)

Asan Medical Center 12.3 56.7 31.0

Samsung Medical Center 10.6 50.0 394

Severance Medical Center 6.5 70.1 23.4

Gangnam CHA Medical Center 3.2 58.1 38.7 0.0434
Maternal age at birth (yr) 32.0+£3.5 32.2+34 32134 0.9280
Maternal characteristics (%)

Passive smoking during pregnancy 49.0 61.1 66.5 0.0874

Multivitamin use during pregnancy 36.7 24.5 13.3 0.0008
Gestational age at birth (wk) 39* (397-40"% 39" (387-40") 39" (387-40"" 0.4750
Male (%) 56.6 55.5 51.1 0.3454
Birth weight 3.2+0.4 3.2+0.4 3.2+0.4 0.3882
Birth height 49.5+1.7 49.6+1.8 49.4+1.9 0.5127
Birth head circumference 34.9+1.3 34.4+1.3 34.4+1.3 0.1655

Values are presented as median (range), number (%), or mean=standard deviation. P-values for trends were determined using the Chi-square test (for passive smoking and
multivitamin use) and by linear regression analysis (season of birth) using dummy variables. 25(0H)D, 25-hydroxyvitamin D.

Table 3. Prevalence of respiratory tract infections within the first 6 months of age according to cord blood concentrations of 25(0H)D
Cord blood 25(0H)D concentrations (nmol/L)

P for trend
>75.0 (n=53) 25.0-74.9 (n=292) <25.0 (n=180)

Respiratory tract infections (%) 17.0 30.5 411 0.0021
Acute nasopharyngitis 1.3 25.7 37.2 0.0004
Otitis media 1.9 6.2 5.6 0.4554
Bronchiolitis 1.9 6.5 5.0 0.3718

25(0H)D, 25-hydroxyvitamin D.

Table 4. Association between respiratory tract infections within the first 6 months of age and cord blood concentrations of 25(0H)D according to the
binary logistic regression model

Cord blood 25(0H)D concentrations, OR (95% Cl)

P for trend
>75.0 nmol/L 25.0-74.9 nmol/L <25.0 nmol/L
Respiratory tract infections 1.00 (reference) 2.14 (1.00-4.58) 3.41 (1.57-7.42) 0.0008
Acute nasopharyngitis 1.00 (reference) 2.71 (1.11-6.59) 4.64 (1.88-11.44) 0.0002
Otitis media 1.00 (reference) 3.42 (0.45-26.15) 3.06 (0.38—24.46) 0.3625
Bronchiolitis 1.00 (reference) 3.62 (0.47-27.63) 2.74 (0.34-22.11) 0.4819

25(0H)D, 25-hydroxyvitamin D; OR, odds ratio; Cl, confidence interval.
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tivariate logistic model adjusted for multivitamin use during
pregnancy, season of birth, and exposure to passive smoking
during pregnancy also demonstrated that infants showing cord
blood 25(0H)D concentrations less than 25.0 nmol/L were 5.21
times more likely to develop acute nasopharyngitis within the
first 6 months of life, and that newborns showing 25(0H)D
concentrations of 25.0-74.9 nmol/L were 2.99 times more likely
to develop acute nasopharyngitis than those with concentrations
of 75.0 nmol/L or higher (P for trend=0.0004) (Table 5). Cord
blood 25(0H)D concentrations had no effect on the development
of otitis media or bronchiolitis (P for trend=0.3745 and P for
trend=0.4485, respectively) (Table 5). When acute nasopharyngitis,
otitis media, and bronchiolitis were analyzed together as RTI, the
multivariate logistic model adjusted for multivitamin use during
pregnancy, season of birth, and exposure to passive smoking
during pregnancy showed that infants showing cord blood
25(0H)D concentrations less than 25.0 nmol/L were 3.56 times
more likely to develop any RTI within the first 6 months of life,
and that newborns showing 25(0H)D concentrations of 25.0-
74.9 nmol/L were 2.06 times more likely to develop any RTI than
those with concentrations of 75.0 nmol/L or higher (P for trend=
0.0015) (Table 5).

6. There was no association between respiratory tract infections
during the first 6 months of life and season of birth, birth
weight, vitamin supplementation after birth, feeding methods,
and monthly household income
Binary logistic regression analyses showed that there was

no association between RTI during the first 6 months of life
and clinical factors such as the season of birth, birth weight,
vitamin supplementation after birth, feeding methods such as
breast feeding, bottle feeding, and mixed feeding, and monthly
household income (data not shown).

Discussion

The results of this prospective birth cohort study of 525 ap-
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parently healthy Korean children show that 89.9% of healthy
newborns in Korea are born with vitamin D insufficiency or
deficiency (55.6% and 34.3%, respectively). Overall, 34.3% of
the children showed vitamin D concentrations less than 25.0 nmol/
L and 55.6% showed vitamin D concentrations between 25.0 and
74.9 nmol/L. Only 10.1% of children showed optimal concen-
trations of 25(0H)D. Low cord blood vitamin D concentrations
were associated with a higher risk of developing acute nasopha-
ryngitis during the first 6 months of life. By contrast, vitamin D
status at birth was not associated with otitis media and bronchiolitis.
This association seems to be robust, and shows a clinically and
statistically significant association when controlling for potential
confounders such as multivitamin use during pregnancy, season
of birth, and exposure to passive smoking during pregnancy. To
the best of our knowledge, this is the first longitudinal study to
identify a relationship between cord blood 25(0H)D concentrations
and the subsequent risk of RTI in an Asian population.

The prevalence of vitamin D insufficiency or deficiency in this
birth cohort was much higher than that previously reported for
Western countries™®”'*"®, This finding may be due to ethnic
differences'”, greater skin pigmentation”, and a different
geographical latitude”. A recent study showed that vitamin
D insufficiency or deficiency was highly prevalent in Korean
adolescents, particularly girls'’. This may be due to reduced
consumption of dairy products and less time spent doing outdoor
activities'”. Although we did not measure maternal vitamin D
concentrations, we can speculate that the low vitamin D status of
adolescent girls may persist into adulthood, ultimately affecting
the vitamin D status of their offspring.

The present study is the first to identify an inverse association
between cord blood 25(0H)D concentrations and RTI, particularly
acute nasopharyngitis, during infancy in an Asian population.
There is no clear explanation as to how a single cord blood con-
centration can predict the risk of developing acute nasopharyngitis
during early infancy; however, there are two theories to rationalize
this finding. Firstly, vitamin D is important for maintaining immune
homeostasis, and there might be certain time windows during
pregnancy in which exposure to adequate levels of vitamin D is

Table 5. Association between respiratory tract infections within the first 6 months of age and cord blood concentrations of 25(0H)D according to the

multivariate logistic regression analysis models

Multivariate logistic regression model 1

Multivariate logistic regression model 2

Cord blood 25(0H)D concentrations, OR (95% Cl)

Cord blood 25(0H)D concentrations, OR (95% Cl)

P for trend P for trend
>75.0 nmol/L 25.0-74.9 nmol/L  <25.0 nmol/L >75.0 nmol/L  25.0-74.9 nmol/L  <25.0 nmol/L
Respiratory tract infections 1.00 (reference) 2.23 (1.00-5.01)  3.70 (1.59-8.60) 0.0011  1.00 (reference) 2.06 (0.91-4.64) 3.56 (1.52-8.34) 0.0015
Acute nasopharyngitis ~ 1.00 (reference) 3.17 (1.20-8.36) 5.34 (1.97-14.50)  0.0003  1.00 (reference) 2.99 (1.13-7.93) 5.21(1.91-14.27)  0.0004
Otitis media 1.00 (reference) 2.54 (0.33-19.88) 2.36 (0.28-19.61)  0.5031  1.00 (reference) 2.79 (0.35-22.05) 2.83(0.33-23.91)  0.3745
Bronchiolitis 1.00 (reference) 3.24 (0.42-25.01) 2.69 (0.32—22.36)  0.4590  1.00 (reference) 2.98 (0.38-23.16) 2.65(0.32—22.20)  0.4485

Multivariate logistic model 1 was adjusted for multivitamin use during pregnancy (yes/no) and season of birth (spring, summer, autumn, or winter); multivariate logistic model
2 was adjusted for multivitamin use during pregnancy (yes/no), season of birth (spring, summer, autumn, or winter), and exposure to passive smoking during preg-
nancy (yes/no). 25(QH)D, 25-hydroxyvitamin D; OR, odds ratio; Cl, confidence interval.
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critical. Therefore, the vitamin D status of the pregnant woman
may influence the development of the fetal and neonatal immune
system” to a much greater extent than that of older children.
Furthermore, a recent birth cohort study showed that cord blood
25(0H)D concentrations protected against the development of
RTI and wheezing, even in children at 5 years of age”. Secondly,
human studies show that 1,25-dihydroxyvitamin D promotes
surfactant production®”, and downstream effectors of vitamin
D have been identified in fetal lungs as early as at 14 weeks of
gestation””; thus, it can be inferred that vitamin D may expedite
fetal lung development”™®, thereby protecting against RTI.

A growing body of research into the role of vitamin D in
innate immunity suggests that it plays an important role in
regulating innate immune responses in the upper respiratory
tract" ™. For example, vitamin D induces the lung epithelial cells
to produce cathelicidin and B-defensin-2, peptides that have
antimicrobial activity'"””. Indeed, the vitamin D receptor genes are
located adjacent to the genes that encode these two antimicrobial
peptides”. Recently, a study that measured serum 25(0H)D levels
in 84 children with recurrent tonsillitis and 71 controls between
the ages of 2 and 10 years found that serum 25(0H)D levels in the
recurrent tonsillitis group were significantly lower than those in the
controls'”. This suggests that high serum 25(0H)D concentrations
may protect children against recurrent tonsillitis'”. In addition,
previous studies incorporating a cross-sectional design show an
association between low serum vitamin D concentrations and
increased severity of RTI during childhood”*™”. This finding is
supported by in vitro studies reporting that vitamin D induces
epithelial cells, macrophages, monocytes, and granulocytes to
produce antimicrobial peptides such as cathelicidin and defensin
" and also decreases chemokine and interferon release by virus-
infected epithelial cells, thereby inhibiting the inflammatory
response’””. Other studies suggest that vitamin D concentrations
of up to 100 nmol/L (40 ng/mL)’”, or supplementation with
vitamin D*”, may expedite cathelicidin production.

The present study has some limitations. First, we did not ask the
women how much sunlight they were exposed to. We included
the season of birth in the analysis as a surrogate marker of sun
exposure, which indicated that cord blood 25(0H)D levels are an
independent predictor for the occurrence of acute nasopharyngitis in
neonates. Second, we did not obtain any data regarding behavioral
factors that may affect the cutaneous synthesis of vitamin D,
such as the degree of skin pigmentation, sunscreen use, or co-
verage of the skin by clothing. Third, no detailed information
about dietary habits was available. Finally, we did not measure
maternal vitamin D concentrations, which are known to have a
significant impact on cord blood vitamin D concentrations in the
offspring.

In conclusion, we found that vitamin D insufficiency or defi-
ciency is highly prevalent in healthy Korean newborns, and that
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low cord blood 25(0H)D concentrations are associated with an
increased risk of developing acute nasopharyngitis during early
infancy. The results suggest that more time spent outdoors and
increased vitamin D supplementation may be necessary to increase
vitamin D concentrations in pregnant women in order to protect
their offspring from acute nasopharyngitis during early infancy.
Randomized trials are warranted to address this question further.
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