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ABSTRACT
Background: Maternal intake of vitamin D in pregnancy is a po-
tentially modifiable but understudied risk factor for the development
of asthma in children.
Objective: We investigated whether maternal vitamin D intake in
pregnancy is associated with decreased risks of wheezing symptoms
in young children.
Design: Subjects were from a birth cohort recruited in utero with the
primary objective of identifying associations between maternal diet
during pregnancy and asthma and allergies in children. A random
sample of 2000 healthy pregnant women was recruited while attend-
ing antenatal clinics at the Aberdeen Maternity Hospital, Scotland, at
�12 wk gestation. Maternal vitamin D intake was ascertained from
a food-frequency questionnaire completed at 32 wk of gestation. The
main outcome measures were wheezing symptoms, spirometry,
bronchodilator response, atopic sensitization, and exhaled nitric ox-
ide at 5 y.
Results: Respiratory details through 5 y and maternal food-
frequency-questionnaire data were available for 1212 children. In
models adjusted for potential confounders, including the children’s
vitamin D intake, a comparison of the highest and lowest quintiles of
maternal total vitamin D intake conferred lower risks for ever
wheeze [odds ratio (OR): 0.48; 95% CI: 0.25, 0.91], wheeze in the
previous year (OR: 0.35; 95% CI: 0.15, 0.83), and persistent wheeze
(OR: 0.33; 95% CI: 0.11, 0.98) in 5-y-old children. In addition, lower
maternal total vitamin D intakes in pregnancy were also associated
with decreased bronchodilator response (P � 0.04). No associations
were observed between maternal vitamin D intakes and spirometry
or exhaled nitric oxide concentrations.
Conclusion: Increasing maternal vitamin D intakes during preg-
nancy may decrease the risk of wheeze symptoms in early
childhood. Am J Clin Nutr 2007;85:853–9.
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INTRODUCTION

Antenatal and early life exposures are increasingly being rec-
ognized as determinants of a range of disorders throughout life
(1). Although many early postnatal exposures have been studied
for their association with asthma, maternal smoking during preg-
nancy is the only known antenatal modifiable risk factor for
reduced lung function (2, 3), wheezing illnesses (3–5), and
asthma (5, 6). Maternal diet during pregnancy is a modifiable
exposure with the potential to influence the development of

asthma and allergies. In 1994, Seaton et al (7) proposed that the
recent increases in asthma prevalence could be explained by
changes in diet. We subsequently showed, in 2 birth cohorts, that
higher maternal dietary vitamin E and zinc intakes in pregnancy
are associated with decreased risks of wheezing illnesses and
asthma in young children (8–10), which highlights maternal diet
as an exposure worth further study.

Vitamin D is both a nutrient and a hormone, and blood con-
centrations are dependent on dietary intakes and exposure to
sunlight. Vitamin D deficiency is well-documented, not only in
the elderly but in general populations around the world (11), and
current recommended intakes may be inadequate for the main-
tenance of health (12), particularly in pregnant and lactating
women (13, 14). This deficiency may contribute to the increased
prevalence of both atopic and autoimmune disorders. Vitamin D
and its receptor are important in immune function and develop-
ment (15) and, therefore, could potentially have a role in the
development of asthma and allergies. Initial direct evidence im-
plicating vitamin D in asthma comes from studies showing that
vitamin D receptor (VDR) gene polymorphisms are associated
with asthma (16, 17) in 2 North American family-based studies.
Additionally, recentcross-sectionalstudieshaveshownthatvitamin
D concentrations and vitamin D intakes are associated with lung
function level in adults (18) and adolescents (19), respectively.

A separate analysis in a North American birth cohort showed
that maternal intakes of vitamin D during pregnancy were in-
versely associated with wheezing illnesses in 3-y-old children
(20). We therefore analyzed data from our Aberdeen cohort to
investigate whether this relation is present in addition to those
with vitamin E and minerals already reported. Thus, the aim of
our study was to investigate the association between maternal
vitamin D intake during pregnancy and asthma and wheezing
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illnesses in 5-y-old children in a cohort with distinct demo-
graphic and dietary intakes from the North American birth co-
hort. We also investigated associations between maternal vita-
min D intake in pregnancy and lung function, bronchodilator
response (BDR), and exhaled nitric oxide in a subset of these
children.

SUBJECTS AND METHODS

Study subjects and protocol

Procedures concerning the recruitment of pregnant women
and the follow-up of their children were described previously (8,
9). Briefly, 2000 healthy pregnant women were recruited over 19
mo during 1997 and 1999 while attending a hospital antenatal
clinic at �12 wk (median) of gestation [interquartile range
(IQR): 11–13 wk). The women were recruited irrespective of
their asthma or atopic status and, other than expected slight
biases, were representative of the local obstetric population (8).
The women were characterized by an interviewer-administered
questionnaire, and atopic status was ascertained by skin-prick
testing.

At 32 wk of gestation, dietary intake over the preceding 3 mo
was assessed by using version 5.4 of the Scottish Collaborative
Group Food Frequency Questionnaire (FFQ). Vitamin D intake
was expressed as International Units (IU), with 1 IU equating to
0.025 �g cholecalciferol. In 40 women of childbearing age, the
Spearman rank correlation coefficients for intakes of vitamin D
and calcium derived from this questionnaire and 4-d weighed
records were 0.37 (P � 0.05) and 0.75 (P � 0.001) (21).

Assessment of children

Singletons born to the cohort of women were followed up at 2
and 5 y. Six weeks before the children’s second and fifth birth-
days, a questionnaire based on the format of the International
Study of Asthma and Allergies in Childhood (8, 9) was mailed to
all participating families; no more than 2 reminders were sent.
Wheeze was defined by an affirmative response to the question,
“Has your child had wheezing or whistling in the chest in the last
12 mo? ” Similar questions inquired about whether the children
had ever wheezed, had ever been asthmatic, and had ever had
doctor-diagnosed asthma.

Parents responding to the 5-y questionnaire were invited to
participate in assessments of the children’s diet, ventilatory func-
tion, and atopic status. Version C1 of the Scottish Collaborative
Group FFQ was used to assess the study children’s dietary intake.
This FFQ is based on the questionnaire used for the mothers, but
was modified for use in children aged 3–5 y by simplifying the
response choices and changing the food list and portion sizes to
be appropriate for preschool children. In 74 children aged 3–5 y
who were recruited from local nurseries, the rank correlation
coefficients for intakes of vitamin D and calcium derived from
this FFQ and from 4-d nonweighed food diaries were 0.31 (P �
0.007) and 0.38 (P � 0.001) (9).

At 5 y, the responding parents were invited to bring their
children to the hospital for an assessment of spirometry, atopic
status, and exhaled nitric oxide (FENO). The methods used were
described previously (9) Briefly, spirometry was measured with
a pneumotachograph (Spirotrac IV version 4.22; Vitalograph,
Maids Moreton, United Kingdom) with onscreen incentive soft-
ware. The spirometric values presented were the best from �2

technically acceptable expiratory maneuvers (22). BDR was ex-
pressed as the percentage change in forced expiratory volume in
1 s (FEV1) 15 min after inhalation of 400 �g albuterol. BDR was
not included in the original study protocol but was introduced for
the last 510 children. A NIOX analyzer (Aerocrine, Solna, Swe-
den) was used to measure FENO in accordance with international
guidelines (23). Measurements of FENO were not included in the
original study protocol but were included in the last 262 assess-
ments after a methodologic study showed that FENO measure-
ments could be obtained in 65% of children aged 5 y with good
reproducibility (24). Atopy was defined as at least one positive
skin-prick response (mean weal diameter �3 mm larger than the
negative control) to the allergens cat, timothy grass, egg, and
house dust mite (ALK, Hungerford, United Kingdom). The
Grampian Research Ethics Committee approved the study, and
written parental consent was obtained.

Statistical analysis

The primary outcome variables of interest were the prevalence
of wheeze and asthma. In addition to the wheeze outcomes at 2
and 5 y of age, wheezing data for the children at these ages were
combined to classify children into wheezing phenotypes analo-
gous to those used in other birth cohorts, namely, never wheezed,
early-transient (wheezing at 0–2 y but not at 5 y of age), late-
onset (no wheezing at 0–2 and at 5 y of age), and early persistent
wheezers (wheezing at 0–2 and at 5 y of age) (25, 26). At 5 y, the
secondary outcome variables were FEV1, BDR, FENO, and
atopic status. The primary exposure of interest was maternal
vitamin D intake. Maternal and children’s dietary and supple-
mental vitamin D intakes were summed to give a total intake,
logarithmically transformed, energy adjusted, and divided into
fifths (27). To aid the extrapolation of results to the general
population, the quintiles of vitamin D intake were derived from
the data for all of the women who completed the FFQ and not
merely from those who responded at 2 or 5 y. Univariate asso-
ciations between outcome variables and explanatory variables
were assessed with Mantel-Haenszel odds ratios (OR); multivar-
iate analysis was carried out by using appropriate multivariate
regression with adjustment for potentially confounding covari-
ates. Similar analyses related children’s vitamin D intake to re-
spiratory outcomes. Analyses were performed with the use of
SPSS version 13.0 (SPSS Inc, Chicago, IL).

RESULTS

Characteristics of mother-infant pairs

Of the 2000 pregnant women recruited, 1751 (87.6%) com-
pleted the FFQ. The questionnaire response rates at 2 and 5 y
were 1374 (71.4%) and 1253 (65.1%); estimates of maternal
vitamin D intake from the FFQ were available for 1335 (97.2%)
and 1212 (96.7%) of these groups, respectively, and 1924 sin-
gletons were born to the cohort.

Of the 1253 children with symptom questionnaire data at 5 y,
dietary data were available for 1120 (89%) and 797 (64%) chil-
dren who had attended the hospital for assessment. All of the
children attempted to perform spirometry; 639 were successful
and 478 were able to provide a prebronchodilator FEV1 mea-
surement. Five hundred two children attempted postbronchodi-
lator spirometry; 383 were successful and 238 were able to pro-
vide a postbronchodilator measurement. Skin-prick reactivity
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and FENO were determined in 700 (56%) and 167 (7%) children,
respectively.

The characteristics of the mothers and children responding at
2 and 5 y were described previously (8, 9). Mothers responding
to the 2- and 5-y questionnaire were less likely to smoke, were
older, were of higher socioeconomic status (SES), were less
likely to have wheezed or to have had asthma, and had slightly
higher vitamin D intakes than did the women who failed to
respond (Table 1) (8, 9). The participating children were slightly
larger at birth, were more likely to have had a cesarean delivery,
were more likely to have been breastfed (8, 9). The mothers and
children who attended the hospital for the assessment of spirom-
etry, FENO, and atopic status were representative of those re-
sponding to the questionnaire (9).

The characteristics of the mothers and children at recruitment
and delivery and at the follow-up of the children at 2 and 5 y are
outlined in Table 2. For more details of the cohort characteris-
tics, see Table A under “Supplemental data” in the current online

issue at www.ajcn.org. Maternal total vitamin D intake was neg-
atively associated with smoking and was positively associated
with age, SES, breastfeeding of child, other children in the home
at 5 y, use of vitamin D supplements, and intakes of vitamin E,
zinc, and calcium. Total vitamin D intake by the children was
positively associated with maternal total vitamin D intake (rank
correlation coefficient � 0.16, P � 0.001). No independent sig-
nificant associations were observed between maternal vitamin D
intake and wheezing symptoms in the children at 2 y of age.

Maternal vitamin D intake and symptoms in children
aged 5 y

Maternal total vitamin D intake from the diet and supplements
was negatively associated with the symptoms “ever wheeze”,
“wheeze in the previous year,” and “persistent wheeze” at 2 and
5 y of age (Table 3) but not with asthma in children aged 5 y (OR
per quintile of maternal energy-adjusted vitamin D intake 0.99,
95% CI: 0.83, 1.17, P � 0.98). We previously reported in this
cohort that maternal vitamin E and zinc intakes are associated
with 5-y outcomes; however, the associations with maternal total
vitamin D intake remained significant even after adjustment for
maternal vitamin E and zinc intakes. Separate analyses in which
maternal smoking status during pregnancy was replaced with
parental smoking status or with the number of smokers in the
5-y-old child’s house (24.5% of 5-y-olds were from a smoking
household) did not change the nature or the strength of the asso-
ciations with vitamin D. The associations between maternal total
vitamin D intake and 5-y outcomes were independent of total
vitamin D intake by the children.

Associations similar to those seen for total intakes were seen
for maternal dietary vitamin D intake during pregnancy. No
associations between children’s symptoms at 5 y and maternal
calcium intake were observed.

Maternal vitamin D intake and atopy and FENO in
children aged 5 y

Maternal total and dietary vitamin D intakes were not associ-
ated with atopic sensitization (700 children) or with FENO (167
children).

Maternal vitamin D intake and spirometry in children
aged 5 y

Maternal total and dietary vitamin D intake were not associ-
ated with prebronchodilator FEV0.5, FEV0.75, FEV1, FEF25–75,
FEF50, PEF, and FVC in univariate or multivariate analyses. The
median BDR in 238 children was 4.4% (interquartile range:
0-8.4). The distribution of BDR was normal for this population.
In a univariate analysis, BDR was 3.6% in the 39 children whose

TABLE 1
Energy-adjusted total vitamin D intakes of mothers by response status of children at 2 and 5 y

Vitamin D
32 wk gestation

(n � 1751)

Response at 2 y Response at 5 y

Responder
(n � 1335)

Nonresponder
(n � 416)

Responder
(n � 1212)

Nonresponder
(n � 539)

Median intake (IU/d)1 128 (99–170) 1312 (101–175) 1182 (92–158) 131 (102–173) 1222 (92–167)
5th–95th Centiles (IU/d) 67–445 68–468 60–389 70–486 61–364

1 North American Adequate Intake for pregnant women � 200 IU/d. Interquartile range in parentheses.
2 P � 0.001 (Mann-Whitney U test).

TABLE 2
Characteristics of mother-infant pairs at recruitment and delivery and of
the children responding at 5 y1

Mothers (n � 1751)
Median energy-adjusted intake (IU/d)2 128
Interquartile range (IU/d) 103–165
5th–95th percentile (IU/d) 67–445
Use of vitamin D supplements (%) 10.5
Use of any vitamin supplements (%) 45
Geometric mean calcium intake, (mg/d) 1232 (1209, 1255)
Maternal age at enrollment (y) 29.2 (28.9, 29.4)
Partner of nonmanual social class (%) 57.9
Maternal smoking during pregnancy (%) 26.7
Ever asthma (%) 16.1
Atopic sensitisation (%) 35.8
LMP during winter or a spring vs summer or

autumn (%)
41.2

Children (n � 1751)
Boys (%) 51.2
Mean birth weight (g) 3099 (2974, 3233)
Ever breastfed (%) 72.0

Children at 5 y (n � 1253)
Smoker in home (%) 24.5
One adult smoker in home (%) 16.2
�2 Smokers in home (%) 8.3
Median energy-adjusted vitamin D intake (IU/d) 47
Interquartile range (IU/d) 35–88
5th–95th percentile (IU/d) 22–242
Use of vitamin D supplements (%) 24.1

1 95% CI in parentheses.
2 North American Adequate intake for pregnant women � 200 IU/d.
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mothers had the lowest quintile of total vitamin D intake, 2.5%
for the 57 children in the second quintile, 3.2% for the 34 children
in the third quintile, 5.0% for the 50 children in the fourth quin-
tile, and 6.1% for the 50 children in the highest tertile (P � 0.115,
analysis of variance). After the adjustment for confounders (in-
cluding sex, atopy, baseline prebronchodilator FEV1, and ma-
ternal vitamin E intake), lower maternal vitamin D intake was
associated with a decreased BDR (P � 0.036; Table 4).

Children’s vitamin D intake and symptoms at 5 y of age

No significant associations were observed between the total
and dietary vitamin D intakes of children and respiratory symp-
toms, atopic sensitization, spirometry, or FENO.

DISCUSSION

Our analyses showed that low maternal dietary and total vita-
min D intakes during pregnancy are associated with increased
wheezing symptoms in children at the age of 5 y. These associ-
ations were independent of maternal smoking status and mater-
nal intakes of vitamin E, zinc, calcium, and vitamin D by the
5-y-old children.

Vitamin D is important for the regulation of calcium ho-
meostasis, bone formation, and resorption. However, VDRs (28,
29) and vitamin D metabolic enzymes (11, 30) have been iden-
tified in many tissues other than bone and the intestine, which
suggests involvement in the metabolism and function of many
cell types. Specifically, VDRs are expressed in cells of the im-
mune system, such as T cells (31), activated B cells (32), and
dendritic cells (33). Indeed, vitamin D has been linked with a
diverse group of disorders characterized by immunologically
mediated inflammation, such as type 1 diabetes mellitus (34, 35),
multiple sclerosis (36), and rheumatoid arthritis (37). Addition-
ally, vitamin D has been implicated in the susceptibility to my-
cobacterial (38, 39) and HIV (40) disease and with antimicrobial
innate immune responses (41). With regard to the development
of asthma and allergies, experimental models of asthma have
shown that vitamin D may alter the balance between T helper
subset 1 cell and T helper subset 2 cell cytokine secretion (42,
43). Reduced secretion of the T helper subset 1 cell cytokines
interleukin (IL) 2 and interferon (IFN) � (43, 44) and an increase
in the T helper subset 2 cell cytokine IL-4 (45, 46) have been
observed after treatment with 1,24-dihydroxyvitamin D. In con-
trast, Pichler et al (47) showed that in human CD4� and CD8�

cord blood cells, vitamin D inhibits not only IL-12–generated

TABLE 3
Univariate and multivariate analyses of total maternal vitamin D intake and likelihood of wheezing symptoms in children aged 5 y1

Quintile of energy-adjusted maternal vitamin D intake

P for
trend2

1
(n � 213)

2
(n � 246)

3
(n � 237)

4
(n � 261)

5
(n � 255)

Median energy-adjusted intake (IU/d)3 77 104 128 157 275
5th–95th percentile (IU/d) 46–92 94–115 117–139 142–182 189–751 —

Ever wheeze (n � 20.1%)
Unadjusted 1 0.85 (0.55, 1.31)4 0.85 (0.55, 1.32) 0.65 (0.42, 1.01) 0.53 (0.34, 0.85) 0.004
Multivariate model 15 1 0.84 (0.51, 1.37) 0.77 (0.46, 1.27) 0.65 (0.39, 1.11) 0.56 (0.31, 1.01) 0.04
Multivariate model 26 1 0.86 (0.51, 1.47) 0.70 (0.41, 1.20) 0.57 (0.32, 1.01) 0.48 (0.25, 0.91) 0.01

Wheeze in previous year (n � 12.8%)
Unadjusted 1 1.033 (0.62, 1.72) 0.98 (0.58, 1.65) 0.82 (0.49, 1.38) 0.40 (0.22, 0.75) 0.004
Multivariate model 15 1 1.09 (0.61, 1.95) 0.98 (0.54, 1.80) 0.80 (0.42, 1.52) 0.45 (0.21, 0.97) 0.04
Multivariate model 26 1 1.27 (0.68, 2.37) 0.95 (0.49, 1.82) 0.70 (0.35, 1.41) 0.35 (0.15, 0.83) 0.009

Persistent wheeze at 2 and 5 y
(n � 7.6%) vs never wheeze

Unadjusted 1 0.86 (0.45, 1.66) 0.81 (0.42, 1.56) 0.63 (0.32, 1.24) 0.39 (0.18, 0.84) 0.01
Multivariate model 15 1 0.91 (0.44, 1.88) 0.75 (0.35, 1.61) 0.51 (0.22, 1.20) 0.43 (0.16, 1.12) 0.04
Multivariate model 26 1 1.10 (0.51, 2.35) 0.63 (0.27, 1.45) 0.43 (0.17, 1.11) 0.33 (0.11, 0.98) 0.01

1 n � 1212.
2 The Wald test was used to compute P for trend across the quintiles of vitamin D intake, from logistic regression models.
3 North American Adequate Intake for pregnant woman � 200 IU/d.
4 Odds ratio; 95% CI in parentheses (all such values).
5 Adjusted for maternal atopy, maternal age, maternal smoking, maternal age at termination of full-time education, paternal social class, deprivation index

based on area of residence, breastfeeding, infant sex, infant antibiotic use in first year, birth weight, birth order, season of last menstrual period, and maternal
intakes of vitamin E, zinc, and calcium.

6 Adjusted for model 1 variables plus energy-adjusted children’s vitamin D intake at 5 y.

TABLE 4
Results of linear regression analysis relating bronchodilator response (%)
to maternal daily total vitamin D intake during pregnancy (IU/d)1

Regression coefficient
(95% CI) P

Lowest quintile maternal vitamin D �4.0 (�7.4, �0.7) —
Second quintile maternal vitamin D �4.3 (�7.3, �1.2) —
Third quintile maternal vitamin D �4.4 (�7.9, �1.0) 0.042

Fourth quintile maternal vitamin D �2.2 (�5.3, 0.9) —
Fifth quintile maternal vitamin D 0
Male sex 2.2 (0.2, 4.1) 0.04
Atopy �2.4 (�4.7, �0.1) 0.04
FEV1 (L) �6.2 (�11.8, �0.7) 0.03

1 FEV1, forced expiratory volume in 1 s.
2 For trend across quintiles.

856 DEVEREUX ET AL

 by on D
ecem

ber 11, 2008 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


IFN-� production, but also suppresses T helper subset 2 cell–
related IL-4 and IL-4–induced expression of IL-13. Although
seemingly contradictory, it is possible that the effects of vitamin
D on these cells are dependent on the timing of exposure (ie,
prenatal compared with postnatal); thus, the response to vitamin
D exposure of naı̈ve T cells in the fetus or neonate may differ
from that of mature cells (48). Because vitamin D deficiency has
been documented in populations around the world, we speculate
that this may contribute to the rise in prevalence of both T helper
subset 1 cell and T helper subset 2 cell diseases.

Vitamin D has been linked to fetal lung development in animal
models (49, 50), and higher vitamin D concentrations and intakes
are associated with higher lung function in adults (18) and ado-
lescents (19), respectively. Although we did not find any asso-
ciation between maternal vitamin D intake and lung function at
5 y, we did see a positive association with BDR in a subset of the
children. This association should be interpreted with caution
because, although the children able to achieve a post-BDR were
representative of those attending for clinical evaluation, they
were relatively small in number (n � 238). The positive associ-
ation with BDR appears contradictory to our wheeze findings;
however, a greater BDR in early childhood asthmatics has been
shown to predict higher FEV1 values after 4 y (51), which sug-
gests that a larger BDR in childhood may be a marker of greater
potential lung growth as the child gets older. Further follow-up of
the cohort is needed to clarify this association.

Initial evidence implicating vitamin D in asthma and allergy
development came from studies of genetic associations in hu-
mans. Significant associations between polymorphisms in the
VDR gene with asthma have been reported in 2 family-based
studies of North American subjects (16, 17). However, 2 subse-
quent German studies found no significant associations (52, 53).
In addition to genetics, evidence indicates that vitamin D may
have a therapeutic role in asthma by enhancing responsiveness to
glucocorticoids for induction of IL-10 (54). A birth cohort from
Northern Finland has shown that vitamin D supplementation in
the first year of life increased the risk of asthma and atopy at 31 y
of age (55). However, this study did not assess maternal or child-
hood vitamin D intakes and did not assess childhood asthma and
atopy. The results of the present study are consistent with only
one other study (20) to date that has assessed maternal vitamin D
intakes during pregnancy; both studies indicated that childhood
vitamin D intake is not associated with recurrent wheezing in
childhood and that prenatal mechanisms probably underlie the
effect of vitamin D.

The original study population of 2000 pregnant women was
very similar demographically to the local obstetric population
(8), but there has been some loss to follow-up with time (9). Of
particular concern were the lower response rates of women with
a lower SES, who were more likely to smoke during pregnancy
and to have lower intakes of vitamin D during pregnancy. Ac-
cordingly, several measures of smoking exposure (maternal
smoking status during pregnancy and number of smokers in the
household at age 5 y) and SES status (maternal age of leaving full
time education, paternal social class, ad deprivation score based
on area of residence) were included in the regression analysis;
however, the inclusion of these measures had a minimal effect on
the association between maternal vitamin D intake and wheezing
outcomes. Although the evidence indicated response biases typ-
ical of this type of study, it is unlikely that these biases accounted
for our observations because the nature of the biases would be to

weaken the observed negative associations rather than to aug-
ment them. (See“Supplemental data” in the current online issue
at www.ajcn.org for a full discussion of these potential biases.)

At the time of inception of the study, it was not standard
practice to recommend universal vitamin supplementation dur-
ing pregnancy; thus, only 45% of the women were taking any
vitamin supplements, and 10.5% were taking supplements con-
taining vitamin D. The vitamin D intakes of the women partici-
pating in the study were slightly higher (x�: 137 IU/d) than the
average vitamin D intake by women in the United Kingdom (x�:
112 IU/d) reported by the UK National Diet and Nutrition Survey
(56), which possibly reflects the enrichment of our study sample
by women of a higher SES. These means are still below the
current recommended intakes for pregnant women in North
America (Adequate Intake � 200 IU/d) (57).

The North American study (20) and the present study have
identified similar associations in 2 geographically disparate ar-
eas (Boston, MA, 42 oN; Aberdeen, Scotland, 57 oN) in 2 pop-
ulations that differ demographically. When compared with their
North American counterparts, mothers in the present study had a
lower vitamin D intake (137 compared with 548 IU/d in the North
American study), were younger, were more likely to smoke dur-
ing pregnancy, were less likely to have a degree, and were almost
universally white (98%), which reflected the local population.
Although the demonstration of similar associations in 2 distinct
populations increases confidence in the validity and biological
relevance of the associations, we cannot entirely eliminate the
possibility that the observed associations are a consequence of
residual confounding by factors associated with a higher SES and
a healthy lifestyle.

In the United Kingdom, margarine is fortified with vitamin D
and common sources of dietary vitamin D for UK women are fish
(25%), meat and meat products (22%), cereals and grains (21%),
spreads (17%), and eggs (9%). There is some overlap with the
food groups that are sources of dietary vitamin E intake, spreads
(18%), cereals and grains (17%), potato products (13%), vege-
tables (13%), meat and meat products (11%), fish (5%), and eggs
(3%) (52). It seems unlikely that the associations between ma-
ternal vitamin D intakes and childhood wheezing could be a
consequence of confounding by maternal vitamin E intake, be-
cause the associations with vitamin D persisted after adjustment
for maternal vitamin E intake. Although we did not observe a
statistically significant association between maternal vitamin D
intakes and childhood asthma, we did find an inverse association
with asthma treatment (data not shown). Thus, further follow-up
of this cohort will clarify this association.

In summary, we report an inverse association between mater-
nal vitamin D intake in pregnancy and risk of recurrent wheezing
in 5-y-old children. Our results are of great public health signif-
icance because they could lead to relatively low cost interven-
tions of vitamin D supplementation that would have a large effect
on the future prevalence of asthma in children.
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