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Abstract
Background—Studies suggest that prenatal vitamin D status may be inversely associated with
lower respiratory tract infections (LRTIs) early in life. Studies of prenatal vitamin D status and
development of asthma have inconsistent findings.

Methods—We examined associations of maternal mid-pregnancy 25-hydroxyvitamin D
(25(OH)D) level with frequency of LRTIs by 36 months and with current asthma at 36 months
using the Norwegian Mother and Child Cohort Study. Maternal plasma 25(OH)D level was
measured using liquid chromatography-tandem mass spectrometry. Respiratory disorders were
evaluated by maternal report through questionnaires. LRTIs were analyzed in a random sample of
1,248 children. Asthma was analyzed using a case-control design, including 489 cases and 1,183
controls. Multivariable generalized linear models calculated adjusted measures of association.

Results—The median gestational week of sample collection was 18 weeks (range 9, 35). The
mean 25(OH)D level was 73.7 nmol/L (standard deviation 23.7). Higher maternal mid-pregnancy
25(OH)D level was associated with reduced risk of 3 or more LRTIs by 36 months versus none,
adjusted risk ratio (RR) 0.74 [95% confidence interval (CI): 0.58, 0.93] per 20 nmol/L increase.
Associations were similar when examining frequency of LRTIs by 18 months and frequency of
LRTIs between 18 and 36 months. Maternal mid-pregnancy 25(OH)D level was not significantly
associated with current asthma at 36 months, adjusted odds ratio (OR) 0.91 [95% CI: 0.81, 1.02]
per 20 nmol/L increase.

Conclusions—Higher maternal mid-pregnancy 25(OH)D level was associated with a modestly
reduced risk of recurrent LRTIs by 36 months, but was not associated with current asthma at 36
months.
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Lower maternal vitamin D status during pregnancy is associated with increased risk of some
adverse pregnancy outcomes and childhood diseases.1, 2 Controversy remains about whether
maternal vitamin D status during pregnancy may influence lower respiratory tract infections
(LRTIs) and/or asthma in the offspring. LRTIs are important health problems during early
childhood, leading to substantial health related costs, and positively associated with asthma.3

Because asthma before school age is an uncertain diagnosis, and often reflects repeated
wheezing episodes due to LRTIs, it is important to consider these different early childhood
respiratory symptoms when evaluating early asthma phenotypes.4, 5

Vitamin D2 and D3 are the two forms of vitamin D. Vitamin D3 is primarily gained through
skin exposure to UVB-light, while both forms are obtained through diet and supplements.
25-hydroxyvitamin D (25(OH)D) is the major circulating metabolite, and the most common
measure of vitamin D status, while 1,25-dihydroxyvitamin D (1,25(OH)2D) is the
biologically active form.6 1,25(OH)2D may influence innate and adaptive immune system
responses.7 Maternal 25(OH)D level during pregnancy is an important determinant of the
fetal 25(OH)D level, which subsequently influences the fetal 1,25(OH)2D level.2, 8

Five previous studies evaluated prenatal 25(OH)D levels, measured in either the mother
during pregnancy or cord blood, and LRTIs in the offspring, four of which indicated an
inverse association.9–13 Studies of prenatal 25(OH)D level and development of wheezing or
asthma report conflicting findings.10–12, 14 Most previous studies evaluated cord blood
25(OH)D levels or maternal 25(OH)D late in pregnancy.9–11, 13, 14 Only one study
examined maternal 25(OH)D early in pregnancy.12 Early pregnancy may be particularly
important for both fetal immune system and lung development.15, 16 In addition, the
previously conducted studies of prenatal 25(OH)D level and childhood LRTIs focused on
disease development during the first 12 months of life, while one study examined disease
development up to 24 months of age, but this study did not distinguish between LRTIs that
occurred before and after 12 months of age.13

We examined associations of maternal mid-pregnancy 25(OH)D level with frequency of
LRTIs during the first 36 months of life and with current asthma at 36 months.

Methods
Study subjects

Study subjects included participants in the Norwegian Mother and Child Cohort Study
(MoBa), administered by the Norwegian Institute of Public Health (NIPH).17, 18 MoBa
recruited pregnant women between 1999 and 2008, at approximately 18 weeks gestation.
The participation rate was 38.5%, resulting in 90,680 mothers and 108,859 children.
Participants gave a written informed consent. The current study used follow-up
questionnaires at 18-, 22-, and 30- gestational weeks, and when the child was 6-, 18-, and
36- months.19 Data from MoBa was linked to the Medical Birth Registry of Norway using
11-digit person identification numbers. The Norwegian Data Inspectorate and the Regional
Ethics Committee for Medical Research approved this study.

Study design
Among MoBa children born between July 1st 2002 and December 31st 2003 with
information from questionnaires at 18 and 22 gestational weeks (n=17,005 eligible children)
we measured maternal mid-pregnancy 25(OH)D level in a simple random sample of 2,473
MoBa children. This time period within the MoBa recruitment period was selected because
of the large number of participants that were recruited during this period and because their
biological specimens had been processed at the time the list of samples to be pulled from the
MoBa biobank was generated. Table S1 shows characteristics of the eligible children based
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on these criteria and of the random sample with 25(OH)D measurements. Overall, the
distribution of maternal characteristics was similar among the eligible and randomly
sampled individuals, with the exception of a modest difference in season of delivery. Among
the random sample with 25(OH)D measurements, a total of 1,248 singletons with
information from all follow-up questionnaires up to 36 months were included in an
evaluation of frequency of LRTIs by 36 months (Figure 1). From the random sample,
mothers of 1,246 singletons with complete follow-up information at 36 months had
responded to questions classifying current asthma at 36 months, of which 63 were asthmatic
(Figure 1).

Furthermore, we measured maternal mid-pregnancy 25(OH)D level in an additional 426
singletons out of the 608 MoBa children with current asthma at 36 months, born between
July 1st 2002 and June 30th 2004, with information from all follow-up questionnaires up to
36 months who had not already been selected into the random sample. Combining children
from the random sample with the necessary follow-up information with these additional
asthma cases, 489 children with current asthma at 36 months and 1,183 non-asthmatic
controls were included in a case-control evaluation (Figure 1). The difference between the
children from the random sample and the additional asthma cases included in this case-
control evaluations is that the extra asthma cases were born over a 24 month period, instead
of over the 18 month period that the random sample were born.

Exposure
MoBa collected venous blood samples from mothers during the routine ultrasound screening
at approximately 18 gestational weeks. Plasma was mailed by regular mail to the biobank at
the NIPH, and subsequently stored at −80ºC until analysis.20 The current study measured
maternal plasma 25-hydroxyvitamin D2 and D3 levels using liquid chromatography-tandem
mass spectrometry at BEVITAL laboratory. BEVITAL is approved by the Vitamin D
External Quality Assurance Scheme. The within and between day coefficients of variance
for 25-hydroxyvitamin D2 in this assay are 4.3%–4.5% and 4.6%–7.7%, respectively.21 The
within and between day coefficients of variance for 25-hydroxyvitamin D3 are 4.4%–5.3%
and 7.3%–8.2%, respectively.21 Only 2.7% of mothers in this study had 25-hydroxyvitamin
D2 levels above the limit of detection. The exposure was therefore the sum of 25-
hydroxyvitamin D2 and D3, subsequently referred to as 25(OH)D. 25(OH)D levels <=50
nmol/L has been considered deficient, 51–75 nmol/L insufficient and >75 nmol/L
sufficient.22

Outcomes
The outcomes of interest included frequency of LRTIs by 36 months and current asthma at
36 months. LRTIs included the mother responding yes to whether the child had experienced
“pneumonia/bronchitis, and/or respiratory syncytial virus” at 6 and 18 months, all queried in
the same question, and the mother responding yes to whether the child had experienced
“pneumonia” and/or “bronchitis” at 36 months, queried as two separate questions. The
mother reported frequency of LRTIs during the following periods of the child’s life: up to 6
months on the 6 month questionnaire, between 6 and 18 months on the 18 month
questionnaire, and between 18 and 36 months on the 36 month questionnaire. We
categorized frequency of LRTIs by 36 months into none, 1–2 infections and 3 or more.
Using 3 or more LRTIs as a cut off was selected a priori based on an association of 3 or
more LRTIs with asthma exacerbations.23 To evaluate any indication of a dose response
association of maternal 25-hydroxyvitamin D with frequency of LRTIs, children
experiencing 1–2 LRTIs were included in a separate category, instead of being included in
the comparison group. Current asthma at 36 months was classified based on meeting both
criteria (i) the mother responding “yes, has now” to whether the child had asthma on the 36
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month questionnaire; and (ii) the mother reporting names of inhaled asthma medications in
response to which medications the child had taken the last 12 months on the 36 month
questionnaire. Inhaled asthma medications included maternal report of inhaled
glucocorticoids and/or beta-2 agonist.

Covariates
Potential confounders included maternal age at delivery (<25, 25–29, 30–34, ≥35), maternal
parity (Primipara, 1, 2, 3 or more), maternal education (<12, 12, 13–16, ≥17 years), region
of delivery (south/east, west, north, mid-country), maternal multivitamin intake during
pregnancy (yes and no), maternal mid-pregnancy plasma folate level (≤ 6.18, 6.19–9.10,
9.11–15.36, ≥15.37 nmol/L), maternal pre-pregnancy body mass index (<18.5, 18.5–24.9,
25.0–29.9, ≥30), smoking during pregnancy (yes and no), maternal frequency of leisure time
physical activity per week during pregnancy (None, 1–3, 4–5 and 6 or more), maternal
history of asthma (yes and no), season of sample collection (winter, spring, summer and fall)
and gestational week of sample collection (≤16, 17, 18, 19 and ≥20). Season of sample
collection was adjusted for to accounted for natural variations in 25(OH)D level.24

Statistical analyses
In order to evaluate non-linear associations of maternal mid-pregnancy 25(OH)D level with
frequency of LRTIs and/or asthma, the risk of LRTIs and log odds of asthma was plotted by
maternal 25(OH)D level using fractional polynomial smoothed regression. As there were no
indications of non-linear associations, the primary analyses evaluated maternal 25(OH)D
level continuously, scaled to reflect the associations per 20 nmol/L increase in 25(OH)D
level, approximately one standard deviation. We examined associations of maternal mid-
pregnancy 25(OH)D level with frequency of LRTIs by 36 months using generalized linear
models with a log-link function (i.e. log binomial regression), from which the risk ratio (RR)
and 95% confidence interval (CI) were derived. Two separate models were run, first
comparing children with 1–2 LRTIs against those who had experienced none, and second
comparing children with 3 or more LRTIs against those who had experienced none. We did
not examine the association of the clinical cut off values for 25(OH)D levels with frequency
of LRTIs by 36 months because of the few number of cases and reduced statistical power.
As a sensitivity analysis, frequency of LRTIs by 36 months was separated into frequency of
LRTIs by 18 months (examined among 1,769 children with the necessary follow-up
information at 18 months) and frequency of LRTIs between 18 and 36 months (examined
among 1,248 children with the necessary follow-up information at 36 months) (Figure 1).

We examined the association of maternal mid-pregnancy 25(OH)D level with current
asthma at 36 months using generalized linear models with a logit function (i.e. logistic
regression), from which the odds ratios (OR) and 95% CI were derived. In addition, we
evaluated the association of predefined clinical cut off values indicating maternal 25(OH)D
deficiency, insufficiency and sufficiency with current asthma and 36 months. A sensitivity
analysis was performed excluding the extra asthma cases born in 2004, because of the slight
difference in the sampling strategy between the random sample and the extra asthma cases,
meaning that we did not have any non-asthmatic controls born in 2004 with maternal
25(OH)D levels measured.

Multivariable models adjusted for all potential confounders identified, categorized as
described and entered using dummy variables. Maternal age at delivery and pre-pregnancy
BMI were adjusted for as continuous variables. Adjustment for season of sample collection
is commonly done to evaluate the association of an “averaged” 25(OH)D level across the
year.24 This might be less valuable if one is interested 25(OH)D levels during a specific
exposure window such as a period during pregnancy. We therefore show adjusted
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associations with and without adjustment for season of sample collection. The amount of
missing information on individual covariates was generally low (<3%), but approximately
8% of observations had missing information on one or more covariates in the multivariable
analyses. We therefore imputed missing covariate information using chained equations,
generating 10 imputed datasets.25 STATA version 12 was used for all analyses (Stata
Corporation, College Station, Texas).

Results
The median gestational week of sample collection was 18 weeks (range 9, 35) and the mean
25(OH)D level was 73.7 nmol/L (standard deviation 23.7). A total of 16.8% of mothers had
25(OH)D levels <=50 nmol/L and 34.0% had 25(OH)D levels between 51–75 nmol/L.
Maternal mid-pregnancy 25(OH)D level increased with age, education, folate level,
frequency of physical activity, multivitamin use and gestational week of sample collection
(Table 1). There was a non-linear variation in 25(OH)D level by pre-pregnancy body mass
index. Furthermore, mothers who gave birth in the South/East region of Norway had the
highest 25(OH)D levels compared to other regions (Table 1).

A total of 19.5% of children experienced 1 or 2 LRTIs and 5.7% experienced 3 or more
LRTIs by 36 months. Maternal mid-pregnancy 25(OH)D level was not associated with 1 or
2 LRTIs versus none the first 36 months of life, adjusted RR 0.98 [95% CI: 0.87, 1.12]
(Table 2). In contrast, higher maternal mid-pregnancy 25(OH)D level was associated with a
modest reduced risk of 3 or more LRTIs versus none by 36 months, adjusted RR 0.74 [95%
CI: 0.58, 0.93] per 20 nmol/L increase (Table 2). Multivariable adjustment caused only
modest changes of the crude associations. In the sensitivity analysis, the associations of
maternal mid-pregnancy 25(OH)D level with risk of 3 or more LRTIs versus none by 18
months, adjusted RR 0.75 [95% CI: 0.51, 1.10] per 20 nmol/L increase, and with risk of 3 or
more LRTIs versus none between 18 and 36 months, adjusted RR 0.73 [95% CI: 0.51, 1.05]
per 20 nmol/L increase, were similar (Table 3).

Among children from the random sample, 5.1% had current asthma at 36 months, reflecting
the distribution of asthma in MoBa. Maternal mid-pregnancy 25(OH)D level was not
significantly associated with asthma, adjusted OR 0.91 [95% CI: 0.81, 1.02] per 20 nmol/L
increase (Table 4). Adjusting for potential confounding factors did not change the observed
association, while additional adjustment for season of sample collection attenuated the
observed association towards the null. Examining the commonly used cut off values for
25(OH)D levels, children of mothers who had 25(OH)D levels >75 had a decreased odds of
current asthma compared to children of mothers with 25(OH)D levels >=50, adjusted OR
0.67 [95% CI: 0.48, 0.95] (Table 4). Notably, this inverse association was not seen after
excluding the extra asthma cases born in 2004.

Comments
In this population based study, higher maternal mid-pregnancy 25(OH)D level was
associated with a reduced risk of 3 or more LRTIs by 36 months. Similar associations of
maternal mid-pregnancy 25(OH)D level with risk of 3 or more LRTIs by 18 months and
with risk of 3 or more LRTIs between 18 and 36 months were observed, although they did
not reach statistical significance, likely due to the fewer number of cases within these
specific age periods. Maternal mid-pregnancy 25(OH)D level showed a borderline non-
significant inverse association with current asthma at 36 months, which was further
attenuated towards the null in sensitivity analyses.

A limited number of previous studies have examined associations of prenatal 25(OH)D
levels with risk of LRTIs (Table S2).9–12 Inverse associations of cord blood 25(OH)D levels
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with 1: respiratory syncytial virus the first year of life, 2: experiencing a cold, cough,
whooping cough, chest infections and/or ear infections by 3 months, and 3: bronchiolitis
and/or pneumonia the first 24 months of life have been identified.9, 10, 13 Two previous
studies evaluated maternal 25(OH)D levels during pregnancy. One study found that
maternal 25(OH)D level around 33 gestational weeks was positively associated with LRTIs
before 9 months.11 Another study reported an inverse association between maternal
25(OH)D level around 13 gestational weeks and LRTIs by 12 months.12

The current study supports the previous four studies indicating that higher prenatal 25(OH)D
level is associated with reduced risk of LRTIs in the offspring.9, 10, 12 Notably, only two of
the previous studies had a sample size of more than 500.10, 12 No previous study has to our
knowledge examined frequency of LRTIs. We were therefore able to show that maternal
mid-pregnancy 25(OH)D level was inversely associated with recurrent LRTIs. Furthermore,
most of the previous studies focused on disease developed within the first 12 months, while
one study examined 25(OH)D levels during pregnancy and development of LRTIs by 24
months, but this study did not distinguish between LRTIs occurring before 12 months and
after.13 The current study therefore contributes information that the previously observed
inverse association of prenatal 25(OH)D levels with LRTIs may extend beyond the first 12
months of life.

Four previous studies evaluated prenatal 25(OH)D level and development of wheezing and/
or asthma (Table S3).10–12, 14 One study indicated that higher cord blood 25(OH)D level
was associated with reduced risk of early childhood wheezing, another reported a positive
association of maternal 25(OH)D level around 33 gestational weeks with asthma at age 9,
while three other studies found no statistically significant associations of prenatal 25(OH)D
levels with asthma at ages 4–6 years.10–12, 14 Furthermore, higher maternal vitamin D intake
during pregnancy has been associated with reduced risk of wheezing and/or asthma in the
offspring.26–29

The discrepancy between these previous studies may be due to differences in time point of
25(OH)D measurement and/or evaluating different wheezing/asthma phenotypes.4, 5 In
contrast to the British study, our study provided no indication of a positive association of
maternal mid-pregnancy 25(OH)D levels with current asthma at 36 months. With our study,
there are now three studies indicating no association of prenatal 25(OH)D levels with early
asthma phenotypes.12, 14 The current study had twice the number of asthma cases compared
to the previous studies, providing better statistical power to examine the association.
Furthermore, only one study has previously examined maternal 25-hydroxyvitamin D levels
early in pregnancy, around 13 gestational weeks, and development of asthma, while the
other studies measured 25(OH)D levels in cord blood or in the mother during late
pregnancy.12 Finally, the differences in associations identified in studies evaluating vitamin
D intake during pregnancy versus prenatal 25(OH)D levels and it’s association with asthma
phenotypes might be due to differences in confounding factors that were accounted for.

An inverse association of prenatal 25(OH)D levels with childhood respiratory disorders has
at least three potential explanations. First, maternal 25(OH)D levels during pregnancy may
directly influence the fetal 1,25(OH)2D level.2, 8 1,25(OH)2D binds to vitamin D response
elements (VDRE) on DNA, and several immune regulatory genes contain VDRE.7, 30

Higher 1,25(OH)2D increases antimicrobial peptides, inhibits dendritic cell maturation and
increases Treg cells, while its influence on Th1/Th2 balance remains unclear. 7, 31

Pregnancy trimester specific differences in these mechanisms cannot be excluded. We
measured 25(OH)D around 18 gestational weeks, the canalicular stage of lung development,
characterized by formation of the capillary network and differentiation of alveolar cells.15, 32
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Secondly, the association of higher prenatal 25(OH)D level with reduced risk of recurrent
LRTIs the first 36 months of life may be due to lasting epigenetic changes, such as DNA
methylation, histone modifications, and/or expression of micro RNAs.33 An animal study
identified that vitamin D deficiency in utero resulted in changes in invariant natural killer T
cells in the offspring, hypothesized to be due to epigenetic mechanisms.34 To our
knowledge, there are no published studies of maternal 25(OH)D level during pregnancy and
epigenetic changes in the offspring among humans.

Third, maternal 25(OH)D during pregnancy may simply be an imperfect marker of the
child’s own vitamin D status the first years of life. Maternal and cord blood 25(OH)D have a
strong correlation at delivery, with a correlation coefficient of 0.79.35 This strong correlation
at delivery is expected to decrease over time. Case-control studies found lower 25(OH)D
levels among children suffering from LRTIs and among children suffering from
asthma.36–39 No prospective study identified has measured both maternal 25(OH)D level
during pregnancy and the child’s 25(OH)D during the first years of life, and it therefore
remains to properly distinguish prenatal and postnatal influences of 25(OH)D on respiratory
health.

Strengths of this study include the large population based sample, prospective data
collection, and adjustment for a wide range of potential confounders. This study also has
limitations. We only measured maternal 25(OH)D level at one point during pregnancy.
25(OH)D has a half-life of about 20 days, indicating the time period that our one
measurement might reflect.40 Mothers reported childhood respiratory disorders through
questionnaires, which may have caused misclassification. Due to the prospective data
collection, any outcome misclassification is unlikely to be influenced by the exposure of
interest. Furthermore, asthma at 36 months likely contains a large proportion of wheezing
due to LRTIs.4 Furthermore, using maternal report of LRTIs has a degree of uncertainty. As
only a portion of children with LRTIs are admitted to a hospital, using hospital discharge
registries would only cover a small portion of cases, and using maternal report through
questionnaires allowed us to cover a larger spectrum of disease severity. The child’s vitamin
D status the first 36 months of life was also not available. However, adjustment for child
characteristics that may influence their vitamin D status the first 36 months of life, such as
gender, duration of breast feeding and vitamin D supplement intake when the child was 6
and 18 months of age, did not change the associations. A selection bias may also be present
due to low participation rate of invited pregnant women or because mothers of children with
respiratory disorders might have lower response rate. Mothers of children with complete
follow-up information at 36 months were more educated and less likely to smoke (Table
S4). Notably, there was no difference in maternal history of asthma or maternal mid-
pregnancy 25(OH)D level by follow-up information available (Table S4).

In conclusion, higher maternal mid-pregnancy 25(OH)D level was associated with a modest
reduced risk of recurrent LRTIs by 36 months, but was not significantly associated with
current asthma at 36 months. The current study provides further evidence that the previously
observed inverse association of prenatal 25(OH)D levels with risk of LRTIs may extend
beyond the first year of life. Future studies would benefit from obtaining both repeat
measurements of maternal 25(OH)D levels during pregnancy and child 25(OH)D levels
early in life, in order to properly distinguish between prenatal and postnatal influences.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Illustration of sample size
aA random sample of children born between July 2002 and December 2003 with
information from questionnaires at 18-and 22-gestational weeks.
bChildren with current asthma at 36 months, born between July 2002 and June 2004, with
information from all follow-up questionnaires at 36 months of age and not already selected
into the random sample.
LRTIs: Lower Respiratory Tract Infections, MoBa: Norwegian Mother and Child Cohort
Study

Magnus et al. Page 11

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Magnus et al. Page 12

Table 1

Distribution of maternal mid-pregnancy 25-hydroxyvitamin D by maternal and child characteristics (n=1,248)

Covariate Percent Mean 25(OH)D (Std. Dev) P-valuea

Maternal age at delivery, years

 <25 9.9 67.8 (21.7) 0.009

 25–29 36.2 73.4 (23.8)

 30–34 38.1 74.5 (23.5)

 ≥35 15.7 76.7 (24.5)

Maternal parity

 Primipara 43.9 74.5 (23.0) 0.610

 1 36.1 72.6 (24.1)

 2 14.5 74.4 (25.1)

 3 or more 5.5 74.2 (23.1)

Maternal education, years

 <12 6.4 67.4 (25.7) 0.010

 12 34.5 72.4 (23.5)

 13–16 43.2 74.9 (23.1)

 ≥17 15.9 76.6 (24.0)

Maternal pre-pregnancy BMI

 <18.5 3.1 67.9 (19.8) <0.001

 18.5–24.9 66.1 76.1 (24.1)

 25.0–29.9 20.5 71.9 (21.7)

 ≥30 10.2 67.4 (22.9)

Maternal smoking during pregnancy

 Yes 12.3 71.3 (24.9) 0.153

 No 87.7 74.2 (23.4)

Maternal multivitamin use during pregnancy

 Yes 590 75.2 (24.0) 0.044

 No 658 72.5 (23.3)

Maternal plasma folate level, nmol/L

 ≤6.18 25.0 69.1 (24.1) <0.001

 6.19–9.10 25.0 73.7 (23.7)

 9.11–15.36 24.6 75.8 (22.6)

 ≥15.37 25.4 76.6 (23.6)

Maternal average frequency of leisure time physical activity during pregnancy (per
week)

 None 130 66.9 (24.4) <0.001

 1–3 661 71.6 (22.6)

 4–5 287 79.0 (24.0)
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Covariate Percent Mean 25(OH)D (Std. Dev) P-valuea

 6 or more 170 78.7 (24.1)

Maternal history of asthma

 Yes 6.4 73.2 (23.5) 0.805

 No 93.6 73.8 (23.7)

Region of delivery

 South/East 43.9 76.4 (24.6) 0.003

 West 32.2 72.4 (21.4)

 North 16.5 70.4 (23.5)

 Mid-country 7.5 70.3 (25.0)

Gestational week of sample collection

 ≤16 7.4 70.2 (21.2) 0.010

 17 24.7 71.6 (23.8)

 18 37.2 73.5 (23.2)

 19 22.2 75.5 (24.8)

 ≥20 8.6 79.9 (23.1)

Season of sample collection

 Winter (December, January, February) 6.6 60.3 (18.9) < 0.001

 Spring (March, April, May) 31.6 60.7 (21.8)

 Summer (June, July, August) 40.2 82.6 (20.8)

 Autumn (September, October, November) 21.6 80.5 (22.3)

25(OH)D:25-hydroxyvitamin D, BMI: body mass index

a
P-value from analysis of variance
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