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The association between vitamin D and wheezing in early childhood is unclear. The primary objective of this study was to evaluate the association
between vitaminD exposure, during both pregnancy and childhood, and early childhood wheezing. Secondary objectives were to evaluate the associations
between vitamin D exposures and asthma and wheezing severity. We conducted a cohort study of children (0–5 years) recruited from 2008 to 2013
through the TARGet Kids! primary-care research network. Vitamin D exposures included maternal vitamin D supplement use during pregnancy, child
vitamin D supplementation and children’s 25-hydroxyvitamin D (25(OH)D) concentrations. The outcomes measured were parent-reported childhood
wheezing, diagnosed asthma and wheezing severity. Vitamin D supplement and wheezing data were available for 2478 children, and blood samples were
available for 1275 children. Adjusted odds ratios (aOR) were estimated using logistic regression adjusted for age, sex, ethnicity, body mass index, birth
weight, outdoor play, breastfeeding duration, daycare status, parental smoking and family history of asthma. Vitamin D supplementation during
pregnancy was associated with lower odds of childhood wheezing (aOR = 0.65; 95% CI: 0.46–0.93). In early childhood, neither 25(OH)D (aOR per
10 nmol/l = 1.01; 95% CI: 0.96–1.06) nor vitamin D supplementation (aOR = 1.00; 95% CI: 0.81–1.23) was associated with wheezing. No
significant associations were observed with diagnosed asthma or wheezing severity. Vitamin D supplementation during pregnancy was associated with
reduced odds of wheezing, but child vitamin D supplementation and childhood 25(OH)D were not associated with reduced wheezing. The timing of
exposure may be important in understanding the association between vitamin D and childhood wheezing.
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Introduction
Wheezing and asthma are among the most common health
problems in young children and are major causes of emergency
department visits and hospitalization in early childhood with

significant health services costs.1,2 Prevalence estimates for early
childhood wheezing in Ontario are 22%, and range from 10 to
19% for asthma.3,4 Established risk factors for childhood
wheezing include family history of asthma, male gender and
exposure to tobacco smoke and environmental allergens.5

Emerging evidence suggests that vitamin D may be associated
with reduced risk of childhood wheezing and asthma.6–9 It is
hypothesized that vitamin Dmay play a protective role through
improved immune functions including better response to
respiratory infections, decreased airway inflammation and
optimal smooth muscle proliferation contributing to improved
lung development.7

A growing body of literature suggests that vitamin D
exposure in utero may be important for lung development and
programming the immune system.10–12 Several studies have
identified an inverse association between vitamin D intake,
from foods or supplements, during pregnancy and childhood
wheezing and asthma in the offspring.13–17 Some of the studies
regarding the association between maternal 25-hydroxyvitamin
D (25(OH)D) concentrations (the preferred vitamin
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D biomarker) during pregnancy and wheezing or asthma in early
childhood have reported an inverse association,18 but not all.19–22

Two studies of cord blood 25(OH)D concentrations both found
evidence of an inverse association with wheezing in young
children but no association with asthma in later childhood.23,24

The relationship between early childhood 25(OH)D
concentration and wheezing or asthma is less clear. Two large
studies found no association between 25(OH)D and adoles-
cent asthma25 or wheezing26, whereas another study found that
low 25(OH)D at 6 years of age was associated with increased
risk for asthma at 14 years of age.27 Other studies have
suggested that lower 25(OH)D may be associated with
wheezing severity, including increased medication use, hospi-
talization and emergency department visits, among children
with asthma older than 5 years of age.28,29

The primary objective of this study was to evaluate whether
vitamin D exposures, including maternal vitamin D supple-
mentation during pregnancy, child vitamin D supplementation
or child 25(OH)D, were associated with the risk for wheezing
in early childhood. The secondary objectives were to evaluate
whether the aforementioned vitamin D exposures were
associated with diagnosed asthma or wheezing severity.

Methods

Participants

Healthy children from 0 to 5 years (up to 72 months) of age
attending scheduled primary-care health supervision visits
through TARGet Kids! (The Applied Research Group) were
recruited to the study between 2008 and 2012 and were offered
annual follow-up (www.clinicaltrials.gov; NCT01869530).
TARGet Kids! is a primary-care practice-based research
network (www.targetkids.ca) and has been described
previously.30 Children were recruited from nine paediatric or
family practice primary-care clinics in Toronto, Canada.
Children who had severe developmental delay or chronic illness
(except for asthma) and if they were born before 32 weeks of
gestational were excluded from the study.

Study design

A prospective cohort study was conducted. Baseline was
defined as the first visit with questionnaire data on vitamin D
supplement intake for all the children participating in TARGet
Kids! and follow-up was defined as the last visit with wheezing
data. Blood testing at baseline with 25(OH)D measurement
was available for a subset of these children. Informed consent
was obtained from parents of all participating children and
ethical approval was obtained from the Research Ethics Board
of The Hospital for Sick Children and St. Michael’s Hospital.

Exposure variables

Three measures of vitamin D exposure were evaluated
(hereafter referred to as ‘vitamin D exposures’): (1) maternal

vitamin D supplementation in pregnancy, (2) child vitamin D
supplementation and (3) child serum 25(OH)D concentration.
Maternal vitamin D supplementation in pregnancy was
measured at baseline through a parent-completed standardized
data collection from using the question ‘Did your child’s
biological mother take any vitamins or supplements during her
pregnancy?’. Two separate supplement variables were derived
during pregnancy: single product vitamin D supplement use
and multivitamin use. Data on vitamin D dose was not
available for this analysis, but standard prenatal multivitamins
contain 400 IU of vitamin D, whereas adult vitamin D
supplements typically contain 1000 IU; thus, these two sources
were evaluated separately. The Canadian Pediatric Society
recommends prenatal vitamin D supplementation of 2000
IU/day.31

Vitamin D supplementation during childhood was
measured at baseline using the question ‘Does your child take
any vitamins or supplements regularly?’. One summary variable
‘child vitamin D supplementation’ was derived that included
single product vitamin D supplements, multivitamin or
multivitamin with iron. In Canada, both children’s over-
the-counter multivitamins and single product vitamin D
supplements usually contain a vitamin D dose of 400 IU.
Child serum 25(OH)D was measured from blood

samples collected at baseline by a trained phlebotomist and sent
daily to the Mount Sinai Services Laboratory in Toronto
(www.mountsinaservices.ca). Serum 25(OH)D was measured
using a competitive two-step chemiluminescence assay
(Diasorin LIAISON). This assay was regularly calibrated
according to the internationally recognized Vitamin D External
Quality Assessment Scheme.32 Extensive testing and validation
of this assay have been performed and demonstrated an
intra-assay imprecision of 7.2% at a concentration of 213
nmol/l and an inter-assay imprecision of 4.9% at 32 nmol/l,
8.9% at 77 nmol/l and 17.4% at 213 nmol/l, values which are
well within acceptable limits for biochemical measure-
ments.33,34 For all the analyses, serum 25(OH)D was
considered as both a continuous variable and categorized as
<50 nmol/l v. ⩾50 nmol/l based on the Institute of Medicine’s
reference cut-off point.35

Outcome variables

Three parent-reported outcome measures were evaluated at
follow-up. Our primary outcome was parent-reported
wheezing. Secondary outcomes included parent-reported
diagnosed asthma and wheezing severity. Wheezing was
measured using the International Study for Asthma and Allergy
in Childhood (ISAAC) questionnaire by response to the ques-
tion ‘Has your child ever had wheezing or whistling in the chest
at any time in the past?’.36 Wheezing severity was measured by
response to the ISAAC questions ‘Does your child use asthma
medication such as inhalers?’ and ‘During the past 12 months,
how many times has your child gone to a hospital emergency
room for a wheezing episode?’. Hospitalization and medication
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use were both categorized as yes or no. Asthma diagnosis was
measured by response to the question ‘Has your child been
diagnosed with asthma?’.

Other variables

Data on covariates, including potential confounding variables
and predictors of the outcome measures, were collected using a
parent-completed, standardized questionnaire and physical
measurements. Covariates were defined a priori using a causal
model, and all adjusted models were fully adjusted for all
variables. Covariates included child factors such as age, sex,
body mass index (BMI), outdoor play, daycare attendance,
birth weight and breastfeeding duration. Additional parental or
household factors included median neighbourhood household
income, maternal ethnicity, family history of asthma and
parental smoking. Median after tax neighbourhood household
income was calculated based on the postal code using the
Statistics Canada Postal Code Conversion File and data from
the 2006 Canadian Census.37 Outdoor play was defined as
hours per week spent outside playing. Parental asthma was
defined as the mother or father diagnosed with asthma, and
parental smoking was defined as smoking by any household
member. Child’s birth weight and duration of breastfeeding
were based on parent recall. Trained research assistants
obtained the child’s current physical measurements including
each child’s weight and standing height (or length for children
under 2 years old). BMI was calculated as weight in kilograms
divided by the square of height in metres.38 BMI Z-scores
were calculated using WHO growth standards.39 All covariates
were measured at baseline, except family history of asthma and
parental smoking, which were derived from across all visits.

Statistical analysis

Multivariable logistic regression was used to evaluate whether
each baseline vitamin D exposure was associated with our
primary outcome (wheezing), and both secondary outcomes,
(diagnosed asthma and wheezing severity) at follow-up.
Adjusted odds ratios (aOR) and 95% confidence intervals (CI)
were reported for all models. Adjusted models included all of
the a priori specified, clinically relevant covariates specified
above. For the 25(OH)D models, we also evaluated multi-
variate models with the month of blood draw included.
We tested for multicollinearity using the generalized variance
inflation factor test. The multiplicative interactions between all
vitamin D exposures and both child sex and family history of
asthma were evaluated in all models and P< 0.05 was
considered statistically significant.

All potential confounders had <15% missing data, with the
exception of outdoor free play, which had 24% missing data.
To avoid bias, which can be introduced from missing data,
multiple imputation was conducted using aregImpute in the
R package Hmisc (http://biostat.mc.vanderbilt.edu/wiki/
Main/Hmisc). Models were run on 50 imputed datasets using
the lrm fitter for logistic regression, and the results of the

individual analysis were combined to obtain the final
estimates.40 Data were only imputed for the covariates.
Statistical analysis was conducted using SAS statistical software
version 9.3 (SAS Institute Inc., Cary, NC, USA) and the R
project for statistical computing (http://www.R-project.org).

Results

A total of 5161 eligible children were recruited into the TAR-
Get Kids! cohort between July 2008 and February 2013.
Baseline maternal and child vitamin D supplementation data
were available for 5044 children aged 0–5 years (<72 months),
and wheezing data were available from follow-up visits for 2478
children. Baseline 25(OH)D data were available for 2421
children and wheezing data were available at follow-up for
1275 children (Fig. 1). The mean time of follow-up for all
children was 2.3 ± 1.2years.
The baseline characteristics of children with serum 25(OH)

D measures were similar to children without blood measures
(Table 1). Among all, wheezing was reported in 20% of
children and 6% were diagnosed with asthma. Among the
cohort of children with blood testing, the mean 25(OH)
D concentration was 85.9 ± 28.9 nmol/l, and 6% of the chil-
dren had concentrations <50 nmol/l.
In our primary analysis, a statistically significant inverse

association was observed between vitamin D supplement use by
mothers during pregnancy and child wheezing (aOR = 0.65;
95% CI: 0.46–0.93) (Table 2). Maternal multivitamin intake
during pregnancy was not associated with wheezing (aOR =
0.97; 95% CI: 0.69–1.35). Child vitamin D supplement use

All children recruited into TARGet Kids! between
July 2008 and Feb 2013

n=5161

Children < 72 months with vitamin D supplementation
(maternal and child) questionnaire dataa

n=5044

Wheezing data available at follow-up
(mean follow-up time was 2.3 ± 1.2 years)

n=2478c

1840 (36%) with no follow-up visit

726 (14%) with no wheezing data at follow-upb

66 (1%) missing questionnaire data

a2421 (48%) children with blood 25(OH)D data; blood was not collected on 2436 (48%)
children and 187 (4%) had no measure of 25(OH)D

bWheezing data were not collected prior to 2011

c1275 (51%) with blood 25(OH)D data

51 (1%) children   72 months of age

Fig. 1. Identification of the study cohort.
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Table 1. TARGet Kids! baseline population characteristics

All children (n = 2478) Children with 25(OH)D (n = 1275)

Mean ± S.D. Mean ± S.D.
Age (months) 29.3 ± 17.9 30.5 ± 18.3
25(OH)D (nmol/l) N/A 85.9 ± 28.9
BMI Z-score 0.10 ± 1.03 0.08 ± 1.03
Outdoor free play (min/day) 56.6 ± 59.4 60.6 ± 56.0
Birth weight (kg) 3.3 ± 0.7 3.3 ± 0.7
Neighbourhood Income (CDN$) 60,686 ± 26,861 59,392 ± 25,450
Breastfeeding duration (months) 10.1 ± 6.7 10.2 ± 6.8

No. (%)a No. (%)a

Sex
Female 1196 (48%) 624 (49%)
Male 1282 (52%) 651 (51%)

Maternal ethnicity
European 1719 (72%) 837 (68%)
East Asian 179 (7%) 94 (8%)
Southeast/South Asian 186 (8%) 114 (9%)
Other 312 (13%) 179 (15%)

Family history of asthma – mother
No 2219 (91%) 1145 (91%)
Yes 224 (9%) 113 (9%)

Family history of asthma – father
No 2251 (92%) 1161(92%)
Yes 193 (8%) 97 (8%)

Attendance at daycare
No 1417 (59%) 745 (60%)
Yes 980 (41%) 495 (40%)

Parental smoking
No 2166 (88%) 1104 (87%)
Yes 309 (12%) 171 (13%)

Serum 25(OH)D
<50 nmol/l N/A 73 (6%)
⩾50 nmol/l 1202 (94%)

Child vitamin D supplementation
No 1272 (51%) 565 (44%)
Yes 1206 (49%) 710 (56%)

Vitamin D supplement use during pregnancy
No 2074 (88%) 1041 (86%)
Yes 280 (12%) 171 (14%)

Multivitamin use during pregnancy
No 261 (11%) 91 (8%)
Yes 2100 (89%) 1122 (93%)

Wheezingb

No 1985 (80%) 1020 (80%)
Yes 493 (20%) 255 (20%)

Diagnosed asthmab

No 2289 (94%) 1186 (95%)
Yes 148 (6%) 66 (5%)

Hospital emergency department visitc

No 404 (83%) 210 (84%)
Yes 80 (17%) 39 (16%)

Use of asthma medication such as inhalersc

No 258 (54%) 138 (56%)
Yes 221 (46%) 110 (44%)

aNumbers may not add to the total due to missing values.
bParent-reported wheezing and diagnosed asthma at follow-up.
cSeverity among children with wheezing at follow-up only; n = 484 for supplements and n = 249 for 25(OH)D.
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was also not associated with wheezing (aOR = 1.00; 95% CI:
0.81–1.23). In the cohort with blood testing, neither 25(OH)
D concentration (aOR per 10 nmol/l 25(OH)D = 1.01; 95%
CI: 0.96–1.06) nor categorized 25(OH)D <50 nmol/l v.
⩾50 nmol/l (aOR = 1.39; 95% CI: 0.78–2.48) was associated
with wheezing. When we added month of blood draw to the
multivariate 25(OH)D models, the aOR did not change.

In our secondary analysis, there were no statistically
significant associations between any of the vitamin D
exposures and diagnosed asthma (Table 3). The effect
estimates for both vitamin D supplement use by mothers
during pregnancy (aOR = 0.73; 95% CI 0.40–1.34) and
multivitamin use during pregnancy (aOR = 0.80; 95% CI:
0.47–1.36) and child asthma were <1.0, but were not

Table 2. Logistic regression models for vitamin D exposures and wheezing at follow-up (n = 2478)

Unadjusted analysis Adjusted analysisa

Vitamin D exposure variables at baseline OR (95% CI) OR (95% CI)

Vitamin D supplement use during pregnancy
No 1.00 1.00
Yes 0.72 (0.51–1.00) 0.65 (0.46–0.93)

Multivitamin use during pregnancy
No 1.00 1.00
Yes 1.02 (0.74–1.41) 0.97 (0.69–1.35)

Child vitamin D supplementation
No 1.00 1.00
Yes 1.00 (0.82–1.22) 1.00 (0.81–1.23)

25(OH)D per 10 nmol/l unitsb 1.01 (0.96–1.06) 1.01 (0.96–1.06)
Categorical 25(OH)Db

< 50 nmol/l 1.33 (0.77–2.31) 1.39 (0.78–2.48)
> 50 nmol/l 1.00 1.00

Bold = statistically significant findings at P< 0.05.
aAdjusted for child sex, family income, smoker in household, maternal ethnicity, child in licensed daycare, age in months,

z-BMI, birth weight, hours of outdoor free play, breastfeeding duration and family history of asthma (both mother and
father). All covariates were measured at baseline except family history of asthma and parental smoking, which were derived
from across all visits.
bSerum measured 25(OH)D was available for 1275 children.

Table 3. Logistic regression models for vitamin D exposures and diagnosed asthma at follow-up (n = 2437)

Unadjusted analysis Adjusted analysisa

Vitamin D exposure variables at baseline OR (95% CI) OR (95% CI)

Vitamin D supplement use during pregnancy
No 1.00 1.00
Yes 0.78 (0.43–1.40) 0.73 (0.40–1.34)

Multivitamin use during pregnancy
No 1.00 1.00
Yes 0.83 (0.50–1.38) 0.80 (0.47–1.36)

Child vitamin D supplementation
No 1.00 1.00
Yes 0.89 (0.64–1.24) 0.82 (0.58–1.16)

25(OH)D per 10 nmol/l unitsb 0.94 (0.85–1.03) 0.93 (0.85–1.03)
Categorical 25(OH)D
<50 nmol/l 1.73 (0.72–4.14) 1.75 (0.70–4.40)
>50 nmol/l 1.00 1.00

aAdjusted for child sex, neighbourhood income, smoker in household, maternal ethnicity, child in licensed daycare, child’s
age in months, z-BMI, birth weight, hours of outdoor free play, breastfeeding duration and family history of asthma. All
covariates were measured at baseline, except family history of asthma and parental smoking, which were derived from across all
visits.
bSerum measured 25(OH)D was available for 1252 children.
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statistically significant. No significant associations were
observed for 25(OH)D or vitamin D supplement use in
children and diagnosed asthma.

Among 484 children with parent-reported diagnosis of
wheezing, no statistically significant associations were
observed between any vitamin D exposures and hospital
emergency room visits or asthma medication use (Table 4).
Only 249 of the children with measured 25(OH)D
concentrations had wheezing, and 25(OH)D was also
not associated with hospitalization (aOR per 10 nmol/l
increase = 0.92; 95%CI: 0.80–1.04) or asthma medication
use (aOR per 10 nmol/l increase = 1.02; 95% CI:
0.94–1.11).

No statistically significant interactions (P< 0.05) were
observed between any of the vitamin D exposures and either
child sex or family history of asthma in relation to wheezing or
diagnosed asthma.

Discussion

We have used prospectively collected data from a cohort of
healthy urban pre-school children to evaluate whether vitamin
D supplement use, during pregnancy or childhood, or child
25(OH)D concentrations were associated with wheezing,
wheezing severity and asthma diagnosis. Use of vitaminD supple-
ments, but not multivitamins, during pregnancy was asso-
ciated with a 35% reduced risk of wheezing in early childhood.
We found no significant associations between child vitamin D
supplementation or 25(OH)D concentrations and wheezing.
Further, none of the vitamin D exposures were significantly
associated with either diagnosed asthma or wheezing severity.
Our study is consistent with other studies that have identi-

fied that vitamin D intake during pregnancy was associated
with decreased risk of wheezing in the offspring.13–17 In addi-
tion, supporting the hypothesis that vitamin D in early life may

Table 4. Logistic regression models for vitamin D exposures and wheezing severity among children with wheezing (n = 484)

Unadjusted analysis Adjusted analysisa

Vitamin D exposure variables at baseline OR (95% CI) OR (95% CI)

Hospital emergency department visit for a wheezing episode over the past 12 months
Vitamin D supplement use during pregnancy
No 1.00 1.00
Yes 1.29 (0.59–2.80) 0.92 (0.40–2.13)

Multivitamin use during pregnancy
No 1.00 1.00
Yes 1.13 (0.51–2.50) 1.00 (0.42–2.35)

Child vitamin D supplementation
No 1.00 1.00
Yes 0.95 (0.59–1.53) 1.06 (0.63–1.77)

25(OH)D per 10 nmol/l unitsb 0.89 (0.79–1.01) 0.92 (0.80–1.04)
Categorical 25(OH)D
<50 nmol/l 2.23 (0.75–6.65) 1.57 (0.48–5.17)
>50 nmol/l 1.00 1.00

Use of asthma medication such as inhalers
Vitamin D supplement use during pregnancy
No 1.00 1.00
Yes 0.98 (0.52–1.85) 0.91 (0.46–1.79)

Multivitamin use during pregnancy
No 1.00 1.00
Yes 0.82 (0.45–1.50) 0.82 (0.44–1.53)

Vitamin D supplement use in children
No 1.00 1.00
Yes 0.99 (0.69–1.42) 0.94 (0.64–1.37)

25(OH)D per 10 nmol/l unitsb 1.02 (0.94–1.10) 1.02 (0.94–1.11)
Categorical 25(OH)D
<50 nmol/l 1.00 (0.38–2.64) 0.94 (0.33–2.71)
>50 nmol/l 1.00 1.00

aAdjusted for child sex, neighbourhood income, smoker in household, maternal ethnicity, child in licensed daycare, age in
months, z-BMI, birth weight, hours of outdoor free play and breastfeeding duration. All covariates were measured at baseline,
except family history of asthma and parental smoking, which were derived from across all visits.
bSerum measured 25(OH)D was available for 249 children.
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be important, two studies on cord blood 25(OH)D con-
centrations have found evidence of decreased wheezing in
young children but not asthma in later childhood.23,24 One
large prospective cohort study found that maternal 25(OH)D
concentrations <50 nmol/l at 16–20 weeks of gestation were
significantly associated with increased risk of both wheezing
and asthma at 6 years of age.18 In contrast, other studies on
maternal 25(OH)D concentrations during late or mid-
pregnancy have not identified an association with wheezing or
asthma at age 6 or younger20,21, and, elsewhere, high 25(OH)
D concentrations (>75 nmol/l) during late pregnancy were
associated with increased risk of asthma at age 9.19 One small
randomized controlled trial (n = 180), with limited statistical
power, randomized mothers to prenatal vitamin D supple-
mentation at 27 weeks of gestation and found no association
with child wheezing at 3 years of age.41 The ‘relatively deficient’
women in this trial were randomized to 800 IU/day or a single
bolus of 200,000 IU, and both doses were only modestly
associated with cord blood 25(OH)D.41

Few studies have evaluated the association between early
childhood 25(OH)D and wheezing outcomes in children <6
years of age.42–44 One small study of 70 children aged
between 1 and 3 years in Turkey found that 25(OH)D levels
were significantly lower in children with wheezing but did
not adjust for possible confounders.42 Another small study
of 30 infants with wheezing and 45 controls in Turkey found
no association between 25(OH)D and recurrent wheezing at
a mean age of 12 months.43 A case–control study of 103
children with acute wheezing and 101 controls <4 years of
age in Sweden did report a positive association between
25(OH)D <75 nmol/l and acute wheezing.44 None of these
studies used a prospective cohort study design and all of
them recruited cases from emergency departments44 or
hospital outpatient clinics,42,43 which may limit comparison
with our prospective cohort study of children recruited from
primary-care well-child visits.

In older children and adolescents, some cross-sectional
studies have reported that low 25(OH)D concentrations are
associated with increased wheezing.45–47 However, our find-
ings of a null association are consistent with previous large
prospective studies.25–27 One of these studies reported a
statistically significant association between 25(OH)D at 6 years
of age and asthma at 14 years of age among males only,27

but we did not find a sex difference in our population of young
children. It is possible that a sex difference may emerge
post-puberty. It is also possible that 25(OH)D levels in our
cohort may have been sufficiently high to negate the effect of
25-hydroxyvitamin D on wheezing; only 6% of children
had 25(OH)D concentrations <50 nmol/l. This is lower than
estimates from the Canadian Health Measures Survey
(CHMS), which found that 15.6% of children had 25(OH)D
concentrations <50 nmol/l; however, the CHMS included
only older children (6–12 years of age) and was conducted from
2007 to 2009.45 There are no national data on young children
limiting direct comparison.

The timing of exposure may be important and it is biologi-
cally plausible that vitamin D exposure during pregnancy but
not early childhood may protect against wheezing. Studies have
suggested that vitamin D exposure during pregnancy may be
important for lung development or programming of the
immune system.10–12 Animal studies have found that the
offspring of vitamin D-deficient mice have impaired lung
function and reduced lung volume.48 Vitamin D has also been
associated with lung cell differentiation and airway branching
in vitro.49,50 We would expect, however, that the inverse
association would be observed for diagnosed asthma as well as
wheezing, although only 25% of children with wheezing were
diagnosed with asthma. We may have had limited power to
detect an association with asthma, given the relatively low
prevalence of exposure (6%); however, established risk factors
for asthma, including family history, were associated with both
wheezing and asthma in the expected direction (data not
shown). Further, we do not know the reason for maternal
vitamin D supplementation during pregnancy.
A strength of our study was the use of a standardized ques-

tionnaire for the measurement of wheezing.36 A ‘gold standard’
test for the diagnosis of asthma in early childhood remains
elusive, as spirometry is inaccessible to young
children.51 Additional strengths included a relatively large
sample size, measured 25(OH)D in young children and
prospective data for the majority of children. Furthermore,
detailed questionnaire data were available on vitamin D
supplement use and multiple other potential confounders,
including established risk factors for childhood wheezing or
asthma, allowing us to adjust our models for the major
established risk factors for wheezing and asthma.
It is a limitation of our study that we were not able to

evaluate incident wheezing, as our questionnaire queried
‘wheezing or whistling in the chest at any time in the past’.
Maternal report of supplement intake during pregnancy
required recall, which may be subject to measurement error and
recall bias, although it would not be expected that recall would
be differential based on the outcome, as wheezing was
measured at a subsequent visit. We did not have access to
maternal 25(OH)D during pregnancy and cannot rule out the
possibility that the inverse association between maternal
vitamin D supplementation during pregnancy and wheezing in
early childhood may be due to residual confounding. We did,
however, adjust for numerous potential confounders and our
fully adjusted models were very similar to the unadjusted
results. Further, we did not observe a similar association with
prenatal multivitamin use, which generally contains less
vitamin D, but may be expected to be associated with wheezing
if the observed association was due to confounding by some
unmeasured characteristic associated with supplement use.
Despite the increasing incidence of asthma and the burden

on the healthcare system, there are relatively few modifiable risk
factors for childhood wheezing. Although we did not find
an association between 25(OH)D in early childhood and
wheezing risk or severity, our results do support the hypothesis
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that vitamin D exposure in utero may protect against early
childhood wheezing. Given that only 12% of mothers reported
taking a vitamin D supplement during pregnancy, this may be
a modifiable factor to reduce childhood wheezing. A well-
designed randomized controlled trial of vitamin D supple-
mentation during pregnancy and wheezing outcomes in
childhood would be helpful to confirm or refute our findings.
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