doi: 10.1111/cea. 12172

O RNCIR\ YN AR (G M= Epidemiology of Allergic Disease

Clinical & Experimental Allergy, 43, 1180-1188
© 2013 John Wiley & Sons Ltd

Maternal 25-hydroxyvitamin D and its association with childhood atopic

outcomes and lung function

A. K. Wills'?, S. 0. Shaheen®, R. Granell?, A. J. Henderson?, W. D. Fraser* and D. A. Lawlor'*
"MRC Centre for Causal Analyses in Translational Epidemiology, University of Bristol, Bristol, UK, School of Social and Community Medicine, University

of Bristol, Bristol, UK, *Centre for Primary Care and Public Health, Blizard Institute, Barts and The London School of Medicine and Dentistry, Queen Mary

University of London, London, UK and *Norwich Medical School, University of East Anglia, UK

Clinical

&t
Experimental
Allergy

Correspondence:

Dr Andrew Wills, MRC CAITE Centre,
School of Social and Community
Medicine, University of Bristol,
Oakfield House, Oakfield Grove, Bristol
BS8 2BN, UK.

E-mail: a.k.wills@bristol.ac.uk

Cite this as: A. K. Wills, S. O. Shaheen,
R. Granell, A. J. Henderson,

W. D. Fraser and D. A. Lawlor,
Clinical & Experimental Allergy, 2013
(43) 1180-1188.

Summary

Background It has been suggested that maternal vitamin D status in pregnancy influences
the risk of asthma and atopy in the offspring. The epidemiological evidence to support
these claims is conflicting and may reflect chance findings and differences in how vitamin
D was assessed.

Objective To examine the association between blood total maternal 25-hydroxy vitamin D
(25(0H)D) concentrations in pregnancy and offspring asthma, atopy and lung function in
the largest birth cohort study to date.

Methods Participants were largely of white European origin and resident in the South
West of England. We examined the associations of maternal 25(0H)D concentrations in
pregnancy with the following outcomes in the offspring: wheeze, asthma, atopy, eczema,
hayfever, at mean age 7.5 years (n = 3652-4696 depending on outcome), IgE at 7 years
(n = 2915) and lung function and bronchial responsiveness at mean age 8.7 years

(n = 3728-3784).

Results Sixty-eight per cent of mothers had sufficient (> 50 nmol/L) concentrations of 25
(OH)D, 27% were insufficient (27.5-49.99 nmol/L) and 5% were deficient (< 27.5 nmol/L).
There was no evidence to suggest that maternal 25(0H)D concentration in pregnancy was
associated with any respiratory or atopic outcome in the offspring. These findings
remained after adjustment for season of measurement and for potential confounders.
There was also no evidence that these relationships followed a non-linear form and no
evidence that either deficient or high concentrations of maternal 25(0H)D were associated
with atopic or respiratory outcomes.

Conclusions We found no evidence that maternal blood 25(0H)D concentration in preg-
nancy is associated with childhood atopic or respiratory outcomes.
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Introduction

of asthma and atopy may be partly a consequence of
the fortification of childhood foods with vitamin D and

Vitamin D may play an important role in normal fetal
lung and immune system development [1] and there is
increasing speculation that maternal vitamin D status in
pregnancy might be causally linked to the development
of asthma and atopy in the offspring. It has been
argued that maternal vitamin D deficiency might, at
least in part, explain the rising prevalence of asthma
and allergic disease in some countries [2]. However, an
opposing argument holds that the increasing prevalence

hence high vitamin D status in early childhood [3-7].
Studies of maternal dietary intake have mostly
reported inverse relationships between maternal vitamin
D intake in pregnancy and early childhood wheeze,
asthma, allergic rhinitis and eczema [8-10]. However, a
major limitation of these studies is that diet makes a
relatively minor contribution to total vitamin D status,
which is derived largely from photosynthesis in the
skin. Hence, the value of analysing dietary vitamin D
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intake alone as a means of effectively establishing the
influence of vitamin D on outcomes has been ques-
tioned as it leads to considerable misclassification of
total exposure. The gold standard measure of vitamin D
status is the blood concentration of 25-hydroxyvitamin
D (25(0H)D) [11]. Findings from studies using maternal
[5, 12, 13] or cord blood [14, 15] concentrations of 25
(OH)D have been conflicting. Three recent studies from
the United Kingdom, United States and Spain that
examined its association with childhood asthma were
null [12, 13, 15], though one reported a U-shaped asso-
ciation between cord blood 25(0H)D and IgE and aero-
allergens [15]. One study from New Zealand reported a
negative association with asthma [14], but another UK
study reported a positive association — a higher risk of
childhood asthma and wheeze among offspring born to
mothers with the highest 25(0H)D concentrations
(> 75 nmol/L) [5]. Factors such as residual confounding,
chance results attributable to small sample sizes and
differences in how vitamin D exposure and childhood
outcomes were measured (i.e. whether by dietary intake
estimation or blood concentrations), may explain some
of this between study heterogeneity.

Given these inconsistent findings, we have investi-
gated whether maternal 25(0H)D concentrations during
pregnancy are associated with atopic and respiratory
outcomes in the offspring in a large population-based
birth cohort study. Ours will be the largest and most
comprehensive (in terms of the range of related out-
comes assessed) study to date of these associations.

Materials and methods

Participants

The Avon Longitudinal Study of Parents and Children
(ALSPAC) is a prospective population-based study that
recruited a cohort of 14 541 pregnancies resident in the
South West of England with expected dates of delivery
from 1st April 1991 to 31st December 1992 (http://
www.alspac.bris.ac.uk.) [16, 17]. A total 13 678 single-
ton live born infants resulted from these pregnancies.
Figure 1 shows the flow of participant through the
study to the eligible sample for this study. Only single-
ton live born offspring whose mother had a valid preg-
nancy 25(0H)D concentration and who had data on at
least one outcome were considered eligible (N = 5515).
Ethical approval for this study was obtained from the
ALSPAC Law and Ethics Committee and the Local
Research Ethics Committee.

Outcomes

When the children were 7.5 years old, the mothers were
asked: ‘Has your child had any of the following in the
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Of which 674
Recruited pregnancy cohort excluded:
N=14541 69 unknown outcomes
T 604 no live birth
v 1 live birth only from a
Included pregnancy cohort twin pregnancy
N=13,867

Further 250 excluded
189 Multiple pregnancies
61 died in first 12 months

Mother-offspring pairs with
live, singleton infant
surviving to 12 months
N=13.617

5,903 with no
pregnancy 25(OH)D
excluded

N=17,714

Total mother-offspring pairs
included in analysis: 5513

n of which had following outcomes:
Wheeze: n = 4696

Asthma: n = 4648

Atopy: n =3652

Eczema: n = 4686

Hayfever: n = 4673

IgE: n=2915

FVC: n=3784
FEV:n=3728

FEF,5.75: n=3784

BHR: n = 2409

Fig. 1. Flow chart of participants used in these analyses.

past 12 months: wheezing; asthma; eczema; hayfever?’
Children were defined as having current doctor-diag-
nosed asthma (primary outcome of interest) if mothers
responded positively to the question: ‘Has a doctor ever
actually said that your study child has asthma?’ and
positively to one or both of the questions on wheezing
and asthma in the past 12 months. Forty-four per cent
of children fulfilling this definition of asthma demon-
strated bronchial hyperresponsiveness as defined by a
fall in forced expiratory volume in 1 s (FEV1) of 20%
or more following methacholine challenge up to and
including the maximum dose PD20 (1.2 mg) and 52%
were atopic.

Atopy at 7 years was defined as a positive reaction
(defined as a weal diameter > 2 mm) to Dermatophago-
ides pteronyssinus, cat or grass (after subtracting saline
reactions from histamine and allergen weals and
excluding children unreactive to 1% histamine). Serum
total IgE was measured by fluoroimmunoassay using
the Pharmacia UNICAP system (Pharmacia & Upjohn
Diagnostics AB, Uppsala, Sweden).

Pulmonary function was measured at the 8-year
clinic at mean age 8.7 years (SD: 0.27) using a Vitalo-
graph 2120 electronic spirometer with a computer-
based on-screen incentive (Vitalograph, Maids Moreton,
UK). The tests adhered to American Thoracic Society
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criteria for standardization and reproducibility of flow-
volume measurement, with the exception of ATS rec-
ommendations for duration of expiration [18] as many
children did not fulfil the forced expiratory time > 6 s
end of test criteria, a minimal volume change over the
final second was used. Outcomes included FEV,, FVC,
FEF,5 ;5 adjusted for gender, age and height and
expressed as standard deviation score (SDS). Following
baseline spirometry, children whose FEV; was > 70%
predicted for height had a bronchial challenge test with
methacholine using the method of Yan et al. [19]. Dou-
bling doses of methcholine were administered at 1 min
intervals to a maximum cumulative dose of 1.2 mg and
expressed for each subject as the dose-response slope
of FEV, (percentage decline from baseline). Bronchial
hyperresponsiveness (BHR) was defined as being in the
highest tertile of the dose-response slope.

Assessment of maternal and offspring 25(0H)
D concentrations

Maternal non-fasting blood samples taken as part of
routine antenatal care were collected and stored ini-
tially at —20°C and then at —80°C, with no further
freeze—thaw cycles to the time of 25(0H)D assessment.
Serum used to assess 25(0H)D could be from any stage
in pregnancy and hence we have participants with sam-
ples from the first, second or third trimester, and a
small number with repeat measurements of 25 (OH)D
concentration (4.8%). For those with a repeat sample,
we took the last available measure because the majority
of mothers had samples taken in the final trimester
(52%). The date of sampling was recorded and this was
used, together with the date of birth and gestational
age to determine gestational length at the time of 25
(OH)D assessment and also to adjust for seasonality of
measurement. Offspring serum 25(0H)D concentration
was assessed from samples obtained at mean age
9.8 years (standard deviation: SD 1.11). As detailed pre-
viously [20], 25(0H)D concentrations in both mothers
and offspring were measured in the same laboratory
using high-performance liquid chromatography—tandem
mass spectrometry with internal standard in a labora-
tory meeting the performance target set by the Vitamin
D External Quality Assessment Scheme Advisory Panel.
For these analyses, we use total 25(0H)D, further details
of this method are provided in the Online Repository.

Potential confounders and mediators

We considered the following as potential confounders
because of their known or potential plausible associa-
tion with both maternal concentrations of vitamin D
and with childhood atopic and lung function outcomes
[21, 22]: maternal factors during pregnancy [smoking,

infections, anxiety score, antibiotic use, paracetamol
use, body mass index (BMI) and alcohol intake], other
maternal factors (educational level, housing tenure,
financial difficulties, ethnicity, age, parity, history of
asthma, eczema, rhinoconjunctivitis, migraine) and
postnatal factors that may reflect a background socio-
economic confounding pathway originating prior to
birth (breastfeeding, day care, pets, exposure to damp/
mould in home, environmental tobacco smoke expo-
sure and number of younger siblings). The following
were considered as potential mediators of the relation-
ship of outcomes with maternal 25(0H)D: gestational
age, birth weight, head circumference, birth length,
BMI at age 7 years and offspring serum 25(0H)D. Gen-
der and offspring age was also adjusted for in all anal-
ysis because of their association with the outcomes in
this study. More details on how these covariables were
measured and classified are in Table S1 of the Online
Repository.

Statistical analysis

Derivation of 25(0H)D exposures. The main source of
25(0H)D5 [and hence total 25(0H)D] is synthesis in the
skin in response to UVB exposure, which means there is
a strong sinusoidal pattern of 25(0H)D with date of
blood collection (see Figure S1 in the Online Reposi-
tory). As bloods were sampled at random gestational
lengths during pregnancy, to make the measures more
comparable across mothers, we adjusted each woman'’s
measure of 25(0H)D to the date corresponding to their
respective 3rd trimester midpoint (34 weeks) using a
sine—cosine regression model. We chose the 3rd trimes-
ter because the majority of mothers were sampled in
this trimester. This variable incorporates the seasonal
influence on 25(0H)D. To remove this seasonal influ-
ence in an attempt to obtain a marker of habitual vita-
min D concentrations for each mother, we used the
residuals from the sine—cosine regression model. Similar
trigonometric models were fitted in the offspring to
adjust for season as just described. More details on the
derivation of these variables are provided in the Online
Repository.

Main analyses. Logistic regression was used for binary
outcomes and linear regression for continuous out-
comes. IgE was log transformed to reduce positive
skewness. Three main sets of regression models were
considered: first a minimally adjusted model, adjusting
for maternal age and offspring sex; second a con-
founder-adjusted model, adjusting for socio-economic
variables, housing conditions, lifestyle behaviours,
illnesses during pregnancy, ethnicity, and several other
maternal characteristics; and third a model adjusting
for these confounders plus additional adjustment for

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1180-1188
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the seasonal pattern of maternal 25(0H)D. This last
model was fitted in two steps, first the seasonal trend in
maternal 25(0H)D was removed (as explained above),
and this resulting variable was then used as the expo-
sure in regression models. Where we found a suggestive
association (suggestive in terms of a dose-response
trend across quintiles of exposure) with 25(0H)D and
an outcome, we fitted additional models with further
adjustment for potential mediators, first, adjusting for
gestational age and size at birth (birth weight, birth
length, head circumference) and size at 7 years (BMI),
and second, additionally adjusting for the offspring’s
seasonally adjusted 25(0H)D levels. Online Repository
Table S1 details the variables in each of these models.
Maternal 25(0H)D was modelled using quintiles to
allow us to explore non-linearity, as suggested by
others [15]. Wald tests were used to perform tests
of general association vs. the null hypothesis of no
association.

Additional analyses. To test whether associations were
driven by a threshold effect of greater risk in those
whose mothers had insufficient levels of vitamin D, we
examined associations of categories of 25(0H)D levels
(> 50 nmol/L; 27.5-49.99 nmol/L and < 27.5 nmol/L)
with outcomes, we also repeated analyses using
75 nmol/L as a higher threshold for sufficiency as rec-
ommended in a more recent review [23]. As a sensitiv-
ity analysis we also estimated the association between
maternal 25(0H) D and longitudinal wheeze phenotypes
from birth to 7 years. These phenotypes were extracted
using latent class models and distinguish between types
of wheeze based on persistence of symptoms [24] (see
Online Repository). Lastly, as airway development
occurs in the first trimester, we tested the interactions
between maternal 25(0H)D concentration and the tri-
mester of blood sample (categorized as a binary vari-
able indicating 1st trimester) in models of pulmonary
function. Here, each mother’s 25(0H)D concentration
was adjusted to the midpoint of their respective trimes-
ter of measurement (using the models described above).
If the effect of maternal 25(0H)D was stronger in the
first trimester, then this would provide some evidence
of a causal effect around a sensitive developmental per-
iod because we would expect maternal 25(0H)D to be
similarly confounded across trimesters.

Dealing with missing data. To increase efficiency and
minimize selection bias, we used multivariate multiple
imputation [25] to impute missing values of covariables
for eligible participants (see also Online Repository). We
also repeated analyses including only those with com-
plete data on all each outcome and covariables. Gener-
ally, the results were qualitatively similar, with slightly
larger standard errors and less power (see Figures S11
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and S12 in the Online Repository where sample sizes
are also provided).

Results

Sample description and dataset

Of the 5513 maternal—offspring pairs included in this
study (Fig. 1) 1397 (25%), 1223 (22%) and 2893 (52%)
of the mothers had 25(0H)D assessed in the first, second
and third trimester, respectively, and 2884 (52%) of the
offspring were male. The majority of the mothers had
sufficient levels of 25(0H)D (> 50 nmol/L: 68%) and
only a small proportion were deficient (< 27.5 nmol/L:
5%) (Table 1 and Figure S3). Similarly, among offspring
at mean age 9 years, few had deficient (1.3%) or insuf-
ficient levels of 25(0H)D (21.0%). The prevalence of
reported wheeze and asthma in this cohort at 7 years
was approximately 10% (Table 1).

Table 1 compares the main outcomes and exposures
in the eligible sample included in the main analyses
presented here and in those who were excluded because
they did not have both an outcome measure and a mea-
sure of maternal 25(0H)D. Mothers of offspring with
missing outcome data tended to have lower concentra-
tions of 25(0H)D compared with those with available
data, while there was no difference in the prevalence of
any of the atopic outcomes between offspring of moth-
ers with an exposure measure and those without. Moth-
ers of offspring with missing data tended to be younger,
of higher parity, from non-white ethnic groups, more
likely to smoke and consume alcohol during pregnancy,
from lower socio-economic groups, have higher levels
of obesity, be less likely to be exposed to damp and
mould in the home, have higher exposure to antibiotics
and paracetamol during pregnancy and slightly lower
reports of eczema, rhinoconjunctivitis, cold and flu and
other infections. Eligible offspring with missing out-
come data were less likely to be born at term and on
average had a lower birth weight and a smaller head
circumference (results not shown).

Association between maternal 25(0H)D and covariables

Online Repository Table S2 shows the unadjusted asso-
ciations of maternal characteristics with their 25(0H)D
concentrations. Older and multiparous mothers had
higher 25(0H)D concentrations. Mothers who were
obese or underweight, exposed to tobacco smoke, and
of non-white ethnicity had lower mean 25(0H)D con-
centrations. Home ownership, higher education levels
and alcohol intake during pregnancy were associated
with higher 25(0OH)D concentrations. Slightly higher
concentrations of 25(0H)D were seen among mothers
that took antibiotics during pregnancy while there was
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Table 1. Distributions of main outcomes and exposures among those included in analysis (observed data) and others available from the eligible
cohort (singletons surviving beyond 1 year, but who did not have both a maternal 25(0H)D measure and an outcome measure)

Included in analysis sample
(observed) Others from eligible cohort
N n (%) or median (IQR) N n (%) or median (IQR) P*
Serum 25(0H)D (nmol/L)"
Mother*
<275 257 (4.7%) 41 (6.4)
27.5 to 49.9 1489 (27.0%) 815 (32.3)
> 50 5513 3767 (68.3%) 2203 3018 (61.3) < 0.001
Median (IQR) 61.5 (46.0, 80.7) 57.7 (41.8, 77.6) <0.001
Offspring atopic outcomes
Wheeze(~ 7.5 years) 4696 499 (10.6%) 3331 361 (10.8%) 0.8
Asthma (~ 7.5 years) 4648 576 (12.4%) 3290 393 (12.0%) 0.5
Eczema (~ 7.5 years) 4686 772 (16.5%) 3328 535 (16.1%) 0.6
Hayfever (~ 7.5 years) 4673 416 (8.9%) 3320 284 (8.6%) 0.6
Atopy (~ 7 years) 3652 784 (21.5%) 2703 583 (21.6%) 0.9
Serum IgE (~ 7 years) (ku/L) 2915 55.2 (18.5, 198) 2100 57.9 (20.3, 179) 0.39

*A test of the difference between those included in the analysis vs. others from the eligible cohort. y* test for categorical variables and t-test of

log transformed variables for continuous variables.

"This n varies for each of our models because the n with each outcome is different and so here we report those with a maternal 25(0H) measure
and at least one recorded outcome vs. those without any of the outcome measures.

‘Adjusted for season.

no evidence of an association between maternal atopic
history and 25(0H)D concentration. There was a modest
correlation between season adjusted serum concentra-
tions of 25(0H)D of pregnant mothers and those of their
offspring (r = 0.16) Seasonally adjusted maternal 25
(OH)D concentrations were strongly correlated with the
predicted third trimester concentrations that were not
adjusted for season (r = 0.88).

Maternal 25(0H)D and asthma and atopic outcomes

Figure 2 shows the associations of maternal 25(0OH)D
with each of the asthma and atopic outcomes (these are
also tabulated in Online Repository Table S3). Maternal
25(0H)D was not associated with any of the asthma/
atopic outcomes. These null associations remained after
adjustment for potential confounders and for season of
measurement and there was no suggestion that off-
spring of mothers with very low (27.5 nmol/L) or high
levels of circulating 25(0H)D were at an altered risk for
atopic outcomes (see Figures S4 €& S6 in Online Reposi-
tory). In analyses using the longitudinal wheeze pheno-
types, there was also little evidence to suggest any
association with maternal 25(0H)D even when compar-
ing persistent wheezers to infrequent or no wheezers
(see Figure S9 in Online Repository).

Maternal 25(0H)D and lung function

Figure 3 shows the associations of maternal 25(0H)D
with each of the lung function outcomes (these are also

tabulated in Online Repository Table S3). In unadjusted
models, there was a weak suggestion of a threshold
association between maternal 25(0H)D and FVC, FEV,
and BHR - offspring of mothers in the lowest quintile of
25(0H)D (< 38 nmol/L) tended to have poorer lung
function and a higher odds of BHR compared with those
from mothers in the higher quintiles. This pattern was
attenuated after adjusting for potential maternal con-
founders and in particular for seasonality and the poten-
tial mediating effect of offspring growth. Furthermore,
while this appeared to a be a qualitative dose-response
relationship, there was actually no statistical evidence to
support this overall relationship, and reanalysing 25(0H)
D as categories of deficient, insufficient and sufficient
[23] and using a threshold of 75 nmol/L also showed
null results for a test of overall association (see
Figures S5, S7 & S8 in online repository). As a post hoc
analysis to further examine the suggestive trends in
Fig. 3, we fitted equivalent models using age, height
and sex standardized lung function outcomes at
15 years and there was no evidence that the patterns
described above existed at this later age (see Figure S10
in Online Repository). There was a suggestion of an
overall association between seasonally adjusted mater-
nal 25(0H)D and FEV; and FEF,5 ;5 at 15 years
although the pattern across quintiles was inconsistent,
for example, compared with quintile 1, quintiles 2 and 4
had positive associations with FEV, and FEF,5_ss,
whereas quintiles 3 and 5 showed no association.

Our tests of an interaction between trimester of
measurement and maternal 25(0H)D, did not provide

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1180-1188
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Fig. 2. Minimally adjusted and adjusted odds ratios (OR) for offspring atopic outcomes comparing across quintiles of maternal 25(0H)D (min to
38 nmol/L (reference class); 38 to 52; 52 to 67; 67 to 89; 89 to max). For IgE the association is the mean% difference in IgE vs. the lowest (refer-
ence) quintile of maternal 25(0H)D. The P-values are a test of general association against the null of no effect. See Table S1 in the Online Reposi-

tory for a description of the covariables included in each model.

evidence that associations differed depending upon
which trimester of pregnancy 25(0H)D was assessed in
(P > 0.4 for all interaction tests).

Discussion

Summary of main findings

In the largest study to date to examine the association
of maternal 25(0H)D concentrations in pregnancy with
offspring asthma, atopy and lung function, we found
no evidence of a relationship between maternal 25(0H)
D concentration and childhood wheeze, asthma, atopy,
eczema, hayfever, IgE or pulmonary function, and no
suggestion that either high or low concentrations of
maternal 25(0H)D were associated with an increased
risk of these outcomes. These findings were consistent
regardless of adjustment for a range of potential con-
founding factors, including the seasonal influence on
25(0OH)D.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1180-1188

Strengths and limitations

The main strengths of this study are the large sample
size, consideration of multiple atopic and respiratory
outcomes, control for multiple potential confounders,
incorporation of statistical methodology to account for
missing data, use of several derivations of the maternal
25(0H)D exposure to check the robustness and sensitiv-
ity of our findings and to check the nature (e.g. linear-
ity) of the association with each outcome.

Although we acknowledge the possibility of bias aris-
ing from loss to follow-up and missing data, we cannot
conceive of a mechanism by which the association of
maternal 25(0H)D and atopy or lung function would
differ in the incomplete cases. Furthermore, our imputa-
tion model was relatively comprehensive in terms of
the number of factors that predict the missing data and
so would give unbiased results under an assumption
that the data are missing at random. Serum 25(0H)D
was assessed at only one time-point during pregnancy,
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Fig. 3. Minimally adjusted and adjusted mean difference in pulmonary function outcomes at 8 years (SD units) between quintiles of maternal 25
(OH)D (min to 38 nmol/L (reference class); 38 to 52; 52 to 67; 67 to 89; 89 to max). The P-values are a test of general association against the null
of no effect. See Table S1 in the Online Repository for a description of the covariables included in each model.

this is unlikely to be representative of a mothers circu-
lating levels over the whole of pregnancy and may
have biased our results towards the null. Nonetheless,
this single time-point assessment is the same as in other
studies of this association and we would still have
expected to find evidence of an association, if one
existed, given the large sample size. Only a small pro-
portion of mothers and offspring had deficient levels of
25(0H)D and the majority of mothers had levels below
75 nmol/L, so it is possible that we were unable to
detect true associations operating at these levels. How-
ever, given the large sample size, and the range of vita-
min D values, we would have expected to see some
evidence of qualitative trends if this were the case and
none was present. Furthermore, from a public health
perspective maternal pregnancy vitamin D as a risk fac-
tor for future offspring atopy or respiratory health
would only be of major importance if it was relevant to
most of the population and not only those members at
the extremes. Although we used carefully constructed
models to derive each mother’s exposure to 25(0H)D,
these models were based on only one measure of 25
(OH)D per mother taken at a random date during preg-
nancy. It is possible that this is a poor marker of vita-
min D levels over pregnancy. However, we have
examined this exposure in several ways and find no
evidence that associations differ by trimester in which
25(0H)D was assessed and consistent null associations
were found for all methods of 25(0OH)D assessment.
Serum 25(0H)D has been criticized as a proxy for vita-
min D associations. For instance, it has been suggested

that there is a need to distinguish between serum 25
(OH)D and effects of vitamin D supplementation, the
former being a prohormone representing a physiologi-
cal state that is only relevant at extremely high or low
levels, and the latter representing the non-physiological
action of interest [4]. Thus, the null findings here do
not necessarily preclude important effects from supple-
mentation, although trials have shown a positive and
strong association between supplementation and 25(0H)
D levels [26, 27].

Comparison with other studies

The null findings seen in our study agree well with a
recent analysis of maternal 25(0H)D measured in the
3rd trimester in a smaller UK cohort (Southampton
Women’s Study) which bears close resemblance to
ALSPAC in terms of population and geographic location
[13]. Likewise, similar null associations have been
reported from studies of maternal 25(0H)D and cord
blood 25(0H)D in the United States [15] and Spain [12].
Only one study reported a negative association with
cumulative wheeze to 5 years, but that study also found
no association with asthma [14]. We could find no
association with persistent wheeze to 6 years, even
when examining those with and without atopy (results
not shown). Although we could not directly investigate
the association of maternal 25(0H)D with early life
respiratory infections, the lack of association with tran-
sient early wheezing phenotype argues against a protec-
tive effect of prenatal vitamin D on respiratory viral

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 1180-1188
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infections in early childhood. It is possible that the only
reported positive association of high maternal 25(0H)D
with a higher risk of asthma in a UK cohort was a
chance finding given the small sample size (< 500) [5].

The majority of positive findings come from studies
of maternal dietary intake of vitamin D in pregnancy
[8-10, 28]. However, given that vitamin D intake is a
poor proxy for total vitamin D status [11], apparent
associations with dietary vitamin D may have been
confounded by other dietary or non-dietary factors
which had not been controlled for in those birth cohort
studies. By way of analogy, in a study of vitamin D
and adult lung function we found that, whilst there
were apparent associations with dietary vitamin D
intake, there was no evidence for an association with
blood 25(0H)D concentrations [29]. Alternatively previ-
ous positive dietary findings may have arisen through
chance or represent publication bias. In support of this,
it is notable that analysis of the association of maternal
dietary vitamin D with offspring asthma, wheeze and
atopy in both the Southampton Women’s Survey [13]
and ALSPAC [30] failed to demonstrate an association.

Although animal studies have shown that vitamin D
is involved in normal fetal lung development [31], our
study is in general agreement with other epidemiologi-
cal studies that have considered later offspring lung
function in the general population — two studies have
reported null associations of maternal 25(0H)D [13, 32]
or dietary vitamin D intake [32] with offspring lung
function.

Conclusion and implications

Our results, from the largest study to date, suggest the
absence of a clinically important association between
maternal 25(0H)D and offspring respiratory health or
atopy. In particular, we have not found evidence to
suggest that higher prenatal vitamin D status in preg-
nancy protects against the development of early child-
hood wheezing or later asthma. Whilst definitive
evidence will only come from randomized trials of vita-
min D supplementation during pregnancy, which are
currently underway (e.g. see ISRCTN68645785) our
results suggest that these interventions are unlikely to
be beneficial for these outcomes. Reassuringly, our data
also suggest that higher maternal vitamin D status in
pregnancy is unlikely to increase the risk of atopy in
the offspring.
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1. Supplementary methodological details
1.1 Measurement of 25(OH)D in mothers and offspring

Serum 25(OH)D in both mothers and offspring were measured in the same laboratory and
using identical methods and protocols. 25(0OH)D3 and 25(OH)D, were measured with high
performance liquid chromatography tandem mass spectrometry using internal standard in a
|aboratory meeting the performance target set by the Vitamin D External Quality Assessment
Scheme (DEQAS) Advisory Panel for 25(OH)D assays. Inter-assay coefficients of variation
for the assay were <10% across a working range of 1-250 ng/mL for both 25(OH)D3 and
25(OH)D,. The lower limit of detection was 0.5 ng/ml and the vast majority of mothers
(74%), and 33% of offspring, had undetectable 25(OH)D,. Because so few pregnant mothers
had detectable 25(OH)D,, and because previous studies have reported the associations of
total 25(OH)D with offspring atopy, we calculated total 25(OH)D as the sum of 25(OH)D3
and 25(OH)D;, (allocating a value of 0.25ng/ml for 25(OH)D,, for those with levels below the

detection limit) and used thisin al analyses.

1.2 Derivation of seasonal and gestational age adjusted 25(OH)D exposures.
The following function was used to describe mean maternal total serum 25(OH)D over the

period of data collection.

flt) =+ Z By, sin(2hmt) + Z 05, cos(2hmt)
h=1 h=1

Where a, B, & 6, are estimated regression parameters and t is the date of blood sample
(scaled to unit length covering the period of vitamin D assessment but ensuring seasonal

periodicity at the ends). The number of terms 3, & 6, was selected based on Wald tests and



plotsto check for over fitting at the ends of data. Figure S1 shows the predicted mean and the

raw data

Thismodel and its residuals were used to (i) adjust total serum 25(OH)D to the midpoint of
trimester 3 (34 weeks) for each individual, and (ii) to remove the seasonal pattern of
25(0OH)D (the residuals from the model represents each mother’s level of 25(OH)D
uncorrelated to their season of measurement). We adjusted to the midpoint of trimester 3

because the majority of mothers had blood taken in this trimester (52%).
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Figure E1. Plot of trigonometric function to adjust maternal vitamin D for season.

25 (OH) D (nmol/l) was modelled on a natural logarithmic scale. Residuals were taken after

back transformation of the predicted mean.
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Figure E2. lllustrative plot showing the derivation of the maternal 25(OH)D exposures. A
raw data point X; is shown, X, uses the predicted population mean and residual (r) to adjust x;
to the trimester midpoint x,. The season adjusted value the distance from the trigonometric
(sinusoidal) regression line, as represented by r.
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Figure E3. Distribution of 25(OH)D in the mother.

1.3 Covariables

Weight and height of mothers and children were measured in light clothing and without
shoes. Weight was measured to the nearest 0.1kg using Tanita scales. Height was measured
to the nearest 0.1cm using a Harpenden stadiometer. Birth weight was based on the routine

clinical record, other neonatal anthropometric variables were measured within 1 day of birth



by trained researchers. Gestationa age was based on the last menstrual cycle provided it was
not contradicted by results of an early ultrasound (<20weeks). All other variables were

ascertained by questionnaires completed by the mothers.

1.4 Additional details on the multiple imputation model

All exposure, outcome and covariable variables that were included in any analysis model
were included in the multiple imputation models. However, we did not impute any of the
exposures or outcomes. Linear regression was use to impute for all continuous variables and
multinomial and logit models were used for all categorical and binary variables, respectively.
To ensure acceptable Monte Carlo error from imputation we created fifty imputed datasets.
The figuresin the appendix at the end of this file summarise the covariables, proportion of
missing values and display the distribution of observed data and imputed data (from 10 of the

imputed datasets).



Table E1. Description of potential confounders and mediators and models

Model Confounder Values
B C Male child No, Yes
A B C Mother’s age (y) <20, 20-24, 25-29, 30-34, 235
A B |cC Prengtal topacco exposure Not exposed, Passive only, Mother 1-9/d, Mother 10-19/d,
(maximum in pregnancy) Mother >20/d
A B |C Mother’s education level <Ordinary level, Ordinary level, Advanced level/Higher degree
A |5 e | Howsngtenue e, erted bl o). Rerte (on
A B |C Parity 0,1,22
A B C Maternal anxiety score 0-4, 5-9, 210
A B C Mother’s ethnic origin White, Nonwhite
A B C Maternal BMI (kg/m2) <18.5, 18.5-24.99, 25-29.99, =230
A B | C Antibiotics at 20-32 wk gestation | Not reported, Reported
A |B|cC QL‘;‘EQEC',E””S’ wkoverlast2mo | \over <1k, >Liwk
A B c vl\c:éi;nglezgggﬁtomol use at 20 No. Yes
A B |cC Cvﬂséirsnglers)gsgre]tomol use at 32 No, Yes
A B | C Financial difficulties None, Some, Many
A B | C Maternal asthma history No, Yes
A B C Maternal eczema history No, Yes
A B | C m;tgrr;al rhinoconjunctivitis No. Yes
A B | C Maternal migraine history No, Yes
A B C Maternal cold/flu history No, Yes
A B |C Maternal urinary infection history | No, Yes
A B C Maternal other infections history No, Yes
A B | C Younger siblings at 7 y None, 1,22
A B | C Pets in first year None, Cat or dog, Other pet
A B |C Breast-fed in first 6 mo No, Yes
A B C Child in day care at 8 mo No, Yes
A B C Damp, condensation, and mold No, Yes
A B |cC gth\:\l/i gﬁ(g:;ed to tobacco smoke No, Yes
B |C Gestational age (wk) <37, 37-40, 241
B C Birth weight (g) <2500, 2500-2999, 3000-3499, 3500-3999, 24001
B C Birth length (cm) <48, 48-50.99, 51-53.99, =54
B | C Head circumference (cm) <33, 33-34.99, 35-36.99, =37
B C Child BMl at 7 y <15.00, 15.00-17.49, 17.50-20.49, =20.5
C

Child 25(OH)D (age and season
adjusted)

Nmol/l




2. Additional results

2.1. Association between maternal 25(OH)D and potential confounders

Table E2. Unadjusted associations of maternal characteristicswith 25(OH)D in
pregnancy. N=5513%

25(0OH)D (nmol/l):

Season adjusted 25(OH)D
(nmol/l):

Potential Mean difference (95%
confounder level Cl) Mean difference (95% ClI)
Age <20 -8.3 (-14.2, -2.4) -8.0 (-13.3, -2.6)
20to 24 -5.3 (-7.8, -2.7) -5.7 (-8.0, -3.3)
251t0 30 reference reference
30to 34 2.2(0.2,4.2) 1.9 (0.0, 3.7)
35+ 42(1.4,7.1) 4.0 (1.4, 6.6)
BMI <18.5 -4.7 (-8.9, -0.5) -6.8 (-10.6, -3.0)
18.5to0 25 reference reference
25 to 29.99 -1.0(-3.5,1.5) -1.7 (-4.0, 0.5)
30+ -5.6 (-9.7, -1.5) -4.4 (-8.1, -0.7)
Parity 0 reference reference
1 3.8(1.9,5.7) 4.2 (2.4,5.9)
2+ 4.4 (2.0,6.7) 4.1 (2.0, 6.3)
Anxiety 5t09 -0.1 (-2.0, 1.8) -0.1(-1.8, 1.6)
10+ -1.4 (-4.4, 1.6) -2.2 (-4.9, 0.5)
Ethnicity White reference reference
Non-white -18.5 (-25.1, -11.9) -19.4 (-25.4, -13.5)
Education < Ordinary reference reference
Ordinary 3.3(1.0,5.5) 3.0(1.0,5.1)
Advanced/Higher 4.1 (1.9, 6.3) 3.9(1.9,5.8)
Housing tenure Owned/ mortgage reference reference
Rented (public) -4.9 (-7.7, -2.0) -5.8 (-8.4, -3.2)
Rented (non-public) -3.5(-7.1,0.1) -4.6 (-7.9, -1.4)
Other -2.0(-5.8,1.9) -3.7 (-7.2,-0.3)
Tobacco
exposure None reference reference
Passive only -1.4 (-3.4, 0.5) -1.4 (-3.1,0.4)
Mother 1-9/d -6.2 (-9.3, -3.0) -5.4 (-8.3, -2.6)
Mother 10-19/d -9.2 (-12.3, -6.1) -9.4 (-12.2, -6.7)
Mother 20+ -9.0 (-13.4, -4.7) -9.6 (-13.6, -5.7)
Alcohol None reference reference
1/wk 3.8(1.9,5.7) 3.8 (2.0, 5.5)
>1/wk 6.2 (3.8,8.7) 6.1 (3.9, 8.3)




Table E2 (cont). Association of maternal characteristicswith 25(OH)D in pregnancy.

N=5513
Season adjusted 25(0OH)D
25(0OH)D (nmol/l): (nmol/l):
Potential Mean difference (95%
confounder level Cl) Mean difference (95% CI)
Antibiotic use No reference reference
Yes 1.3 (-0.0, 2.7) 1.3(0.1, 2.5)
Asthma No reference reference
Yes 3.4 (-0.2,7.1) 2.4 (-0.9,5.7)
Eczema No reference reference
Yes 0.6 (-2.1,3.2) -0.2 (-2.6, 2.2)
Rhinitis No reference reference
Yes 0.9(-1.4,3.1) -0.3(-2.3,1.7)

& All analyses have had data missing on maternal characteristics imputed using multiple
imputation.

2.2 Analyses using recommended thresholds for maternal 25(OH)D:

Wheeze Asthma Atopy
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Figure E4. Crude and adjusted odds ratios (OR) for offspring atopic outcomes comparing
across thresholds of maternal 25(0OH)D (<50nmol/I; 50 to 74.99nmol/I (reference class);
>75nmol/l). For IgE the association is the mean % difference in IgE across thresholds of
maternal 25(OH)D. The p-values are atest of general association against the null of no effect.
The covariables included in each model are described in supplementary Table S1.
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Figure E5. Crude and adjusted mean difference in pulmonary function outcomes (SD units)
between thresholds of maternal 25(OH)D (<50nmol/l; 50 to 74.99nmol/| (reference class);
>75nmol/l). The p-values are atest of general association against the null of no effect. The
covariables included in each model are described in supplementary Table E1.
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class); 275nmol/l). The p-values are atest of general association against the null of no effect.

The covariables included in each model are described in supplementary Table E1.
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Table E3. Coefficientsfor the results presented in figures 2 and 3 of the main text. The coefficients () are odds ratios compared to the

reference quintile unless stated. See supplementary Table E1 and methods in main text for a description of models

Crude Model A Model A + season
outcome quintile | B (95%Cl) p(overal) | B (95%Cl) p(overal) | B (95%Cl) p(overall)
Wheeze 1% (ref) | 1
2™ | 1.00(0.74, 1.35) 0.985 1.03 (0.76, 1.41) 0.842 0.94 (0.69, 1.27) 0.684
34| 0.93 (0.69, 1.26) 0.639 0.253 | 0.99(0.72, 1.35) 0.943 0.41 | 0.84(0.62,1.14) 0.264 0.447
4" | 0.84(0.62, 1.15) 0.28 0.88 (0.64, 1.21) 0.414 0.84 (0.61, 1.15) 0.271
5M | 1.17 (0.87, 1.56) 0.296 1.18 (0.87, 1.59) 0.292 1.06 (0.78, 1.43) 0.722
Asthma 1% (ref) | 1
2™ | 0.98(0.74, 1.31) 0.91 1.02 (0.76, 1.36) 0.9 0.94 (0.71, 1.26) 0.688
39| 0.92 (0.69, 1.23) 0.576 0.434 | 1.00 (0.75, 1.34) 0.994 0.535 | 0.86 (0.64, 1.14) 0.291 0.696
4" | 0.87(0.65, 1.15) 0.325 0.92 (0.68, 1.23) 0.56 0.86 (0.64, 1.15) 0.314
5M | 1.11(0.85, 1.46) 0.439 1.17 (0.88, 1.55) 0.286 1.00 (0.75, 1.33) 0.992
Atopy 1% (ref) | 1
2" | 0.94(0.73,1.22) 0.657 0.96 (0.73, 1.25) 0.752 1.23(0.94, 1.61) 0.137
3“1 0.94(0.73,1.22) 0.658 0.912 | 0.95(0.73,1.24) 0.725 0.934 | 1.10(0.84,1.44) 0.503 0.67
4" | 0.91(0.70, 1.17) 0.461 0.92 (0.70, 1.19) 0511 1.15 (0.88, 1.50) 0.314
5" | 1.01(0.79, 1.29) 094 1.02 (0.78, 1.32) 0.9 1.10 (0.84, 1.44) 0.472
Eczema 1%(ref) | 1
2™ | 1.01(0.79, 1.30) 094 1.04 (0.80, 1.34) 0.79 0.91 (0.70, 1.19) 0.502
37| 0.86(0.67,1.12) 0.263 0.368 | 0.91(0.70, 1.18) 0.461 0.555 | 0.97 (0.75, 1.25) 0.803 0.45
4" | 0.94(0.73,1.21) 0.629 0.97 (0.75, 1.26) 0.815 1.13(0.88, 1.46) 0.334
5" | 1.10(0.86, 1.40) 0.44 1.11(0.87,1.43) 0.402 1.08 (0.84, 1.40) 0.541
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Table E3 continued:

Crude Modd A Model B
outcome quintile | B (95%Cl) p(overal) | B (95%Cl) p(overal) | B (95%Cl) p(overal) | p(overal)
Hayfever 1% (ref) | 1
2" | 1.02(0.74, 1.42) 0.887 1.10 (0.79, 1.54) 0577 1.07 (0.77, 1.50) 0.681
39118 (0.86, 1.62) 0.317 0.492 | 1.23(0.89, 1.70) 0.216 0.443 | 1.14(0.82, 1.58) 0.435 0.664
4" | 0.91(0.65, 1.27) 0.584 0.95 (0.68, 1.35) 0.787 0.99 (0.70, 1.40) 0.962
5" | 0.93(0.67, 1.29) 0.649 0.95 (0.68, 1.34) 0.776 0.90 (0.63, 1.27) 0.538
IgE* 1%(ref) | O
2™ | -1.93 (-19.76, 19.86) 0.849 -0.05 (-18.23, 22.18) 0.996 14.38 (-6.38, 39.73) 0.189
39| -4.19 (-21.36, 16.72) 0.671 0.626 | -5.47 (-22.41, 15.17) 0.577 0.571 | -4.94 (-22.00, 15.85) 0.616 0.389
4" | -12.12 (-27.69, 6.80) 0.194 -12.31 (-27.93, 6.68) 0.189 6.69 (-12.63, 30.27) 0.525
5" | 0.47 (-17.33,22.11) 0.962 0.16 (-17.65, 21.82) 0.987 2.00 (-16.41, 24.48) 0.845
FVCt 1%(ref) | O
2™ | 0.09 (-0.01, 0.19) 0.082 0.10 (-0.00, 0.20) 0.059 0.04 (-0.06, 0.15) 0.416
3“ | 0.09(-0.01, 0.19) 0.081 0.273 | 0.08 (-0.02, 0.18) 0.12 0.382 | 0.08 (-0.02, 0.18) 0.115 0.463
4" | 0.09 (-0.01, 0.19) 0.077 0.08 (-0.02, 0.18) 0.138 0.08 (-0.02, 0.19) 0.108
5" | 0.10 (0.00, 0.20) 0.048 0.08 (-0.03, 0.18) 0.144 0.04 (-0.06, 0.14) 0.45
FEV,t 1%(ref) | O
2™ | 0.10(0.00, 0.21) 0.05 0.10 (-0.00, 0.20) 0.059 0.04 (-0.06, 0.14) 0.456
34| 0.07 (-0.03, 0.18) 0.164 0.105 | 0.06 (-0.04, 0.16) 0.257 0.212 | 0.09 (-0.01, 0.19) 0.089 0.386
4" | 0.11(0.01, 0.21) 0.028 0.10 (-0.00, 0.20) 0.061 0.09 (-0.01, 0.20) 0.086
5" | 0.13(0.03, 0.23) 0.012 0.11 (0.01, 0.21) 0.036 0.07 (-0.04, 0.17) 0.201
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Table E3 continued:

Crude Modd A Model B
outcome quintile | B (95%Cl) p(overal) | B (95%Cl) p(overal) | B (95%Cl) p(overal) | p(overal)
FEFs 75T 1%(ref) | O
2" | 0.04 (-0.06, 0.14) 0.442 0.03 (-0.07, 0.14) 0.568 0.03 (-0.08, 0.13) 0.588
39| 0.04 (-0.07,0.14) 0.479 0.617 | 0.02 (-0.08, 0.13) 0.645 0.676 | 0.06 (-0.04, 0.16) 0.264 0.679
4" | 0.07 (-0.04, 0.17) 0.2 0.05 (-0.05, 0.16) 0.301 0.06 (-0.04, 0.17) 0.244
5" | 0.08 (-0.02, 0.18) 0.138 0.07 (-0.03, 0.18) 0.164 0.07 (-0.04, 0.17) 0.198
BHR 1% (ref) | 1
2™ | 0.86 (0.64, 1.15) 0.298 0.87 (0.65, 1.17) 0.364 0.94 (0.69, 1.27) 0.67
3“ | 0.78(0.58, 1.05) 0.1 0.147 | 0.79 (0.58, 1.07) 0.12 0.234 | 0.84(0.62, 1.14) 0.267 0.494
4" | 0.69 (0.51, 0.92) 0.011 0.71 (0.52, 0.96) 0.024 0.79 (0.58, 1.07) 0.122
5" | 0.83(0.62, 1.10) 0.191 0.82 (0.61, 1.11) 0.197 0.81 (0.60, 1.10) 0.175

*Mean difference in % versus the reference exposure quintile (lowest)
+ Mean difference in standard deviation scores versus the reference exposure quintile (lowest)
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2.3 Longitudinal latent class wheeze phenotypes

At 6months (m), 1y 6m, 2y 6m, 3y 6m, 4y 9m, 5y 9m and 6y 7m, each mother was asked the
following 2 questions; Did the child wheeze during the last 12 months (6 months at
baseline)?Did the child wheeze and whistle during the last 12 months? A new variable was
created for each ageto indicate wheeze if their mother had responded yes to any of these
guestions. These new variables were entered into a latent class analysis (1) to establish
whether there was any substructure to these responses and hence whether certain phenotypes
could be defined. All individuals with at least 2 responses were included with missing data
treated under amissing at random assumption. A model with 6 classes was deemed the best
fit based on various fit indices and model entropy. Table S4 shows the composition of each

class by the probability of wheeze at each age.

Associations between maternal 25(OH)D and each longitudinal wheeze class were then
estimated using multinomial logistic regression. The uncertainty in class assignment was
taken into account by weighting each individual’s class membership by their predicted
probability of class membership. The Never/infrequent class was used as the reference

category.

Table E4 Estimated probability of wheeze at each age by each latent class of wheeze.

Class

Never or Transient

Infrequent early Prolonged Intermediate | Late onset Persistent
Age (61.2% (12.8%) early (9.8%) | onset (2.4%) | (6.3%) 7.5%)
Oy 6m 0.11 0.63 0.49 0.1 0.22 0.65
ly 6m 0.07 0.71 0.63 0 0.24 0.93
2y 6m 0.05 0.33 0.35 0.55 0.2 0.89
3y 6m 0.03 0.03 0.58 0.97 0.19 0.89
4y 9m 0.03 0.07 0.41 1 0.51 0.92
5y 9m 0.02 0.04 0.05 0.9 0.78 0.88
6y 7m 0.02 0.06 0.05 0.84 0.55 0.8
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Model: Crude
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Figure E9. Crude and adjusted associations between maternal 25(OH)D (nmol/l) and
longitudinal wheeze phenotypes. Odds ratios are for respective class membership versus the
reference class of infrequent wheeze and given in quintiles of 25(OH)D (min to 38nmol/I
general association across quintiles versus the reference class. The covariablesincluded in

(reference group); 38 to 52; 52 to 67; 67 to 89; 89 to max). The p-vaues are for atest of
each model are described in supplementary Table EL.



2.4 Post hoc analysis. association with pulmonary function at 15 years

To test whether the associations between maternal 25(OH)D and pulmonary function at 8
yearswere still evident at later ages, we repeated analysis using pulmonary measurements
made at the 15 year clinic (mean age 15.5 (SD 0.29). Measurements were made using a
Vitalograph 2120 spirometer (Maids Moreton, UK) according to ATS/ERS criteria. The
equipment was calibrated at the start of each day with a 3L calibration syringe to ensure
volume accuracy to within +/-3.5% and linearity of the pneumotachometer was checked
weekly at different flow rates using the same accuracy thresholds. M easurements were made
with the child seated and wearing a nose clip. The best measurements from three reproducible
flow-volume curves were used for analyses. Flow-volume curves were reviewed by one
respiratory physician to ensure adherence to standards. Forced expiratory volumein 1s
(FEV ), forced vital capacity (FVC) and mid forced expiratory flow (FEF2s_75) were

converted to gender, age and height adjusted standard deviation units.
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Figure E10. Crude and adjusted associations between maternal 25(OH)D (nmolL) and lung
function at 15y. The mean difference and 95% CI in lung function (SD units) are plotted for
each quintile of maternal 25(OH)D with respect to the 1% quintile (min to 38nmol/l (reference
group); 38 to 52; 52 to 67; 67 to 89; 89 to max). The covariablesincluded in each model are
described in supplementary Table EL.
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2.5 Results from compl ete case analysis
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Figure E11. Complete case analysis:

Crude and adjusted odds ratios (OR) for offspring atopic outcomes comparing across

quintiles of maternal 25(OH)D (min to 38nmol/l (reference class); 38 to 52; 52 to 67; 67 to
89; 89 to max). For IgE the association is the mean % difference in IgE across quintiles of
maternal 25(OH)D. The p-values are atest of general association against the null of no effect.

The covariables included in each model are described in supplementary Table E1. All models

used the same sample, n’s are given within each plot.

20



°
It

©

ey

o | P34 p=0.6 |5 p=0.29 | p=0.43 ! p=0.31
ot B IS B U N
0 tole 1l BRI EESEEEER b
—~— 1 —~~ 1
=23 RE M lel e 11 e 23 11l 'SR 1A
Se | 4iTH R et 52T telh o tert ittt
c — (- + 1 4 —— ! [ _ P ! 1 L '
@-%O‘:.: ':::. -?::: @_goa:ii .ii: .?:i:
OSH ! 1 [ ! o 2 ! ' |
S S : > 2] 1
[ | E ! 1
o N
n=2|527 : : n=2|488 : :
Crude A A+ Crude A A+
season season
p=0.9 p=0.8 p=0.7 - p=0.15 p=0.23 p=0.49
.. o~ , Co ©
i : i ! P =
= T P :I:u ©
S ad 1! P P T i
S A [ [ ! ! A '
oo iii+ Ple Ifo ToSq | i P
;go_ [ [ 1 i |I| VE:_ :i i :': I::
N~ i ! 1 1 ! ! i ! ! . i % gH 1o - | Vo ‘I il
O > [ ! ! m > _.’ ] = [ .|§|
fend 11 N | ol tdid idetiTed
1
N © P : P b
n=2527 < 4 n=1660
T T T T T T
Crude A A+ Crude A A+
season season

Figure E12. Complete case analysis:

Crude and adjusted mean difference in pulmonary function outcomes at 8.5 years between
quintiles of maternal 25(OH)D (min to 38nmol/l (reference class); 38 to 52; 52 to 67; 67 to
89; 89 to max). The p-values are atest of general association against the null of no effect. The
covariables included in each model are described in supplementary Table E1. All models
used the same sample, n’s are given within each plot.
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Appendix. Distributions of observed (obs) and imputed missing data for each of the covariables:
For clarity, the distributions are shown only for the first 10 imputed datasets. Where no data were missing only the observed data are shown. The
n and % of missing values for each variable are reported in the bottom corner of the plot.
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n miss: 0 (0%) n miss: 0 (0%) n miss: 825 (16%) n miss: 404 (8%)
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gestational age group (weeks)
n miss: 0 (0%)
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birthweight group (grams)
n miss: 62 (1%)
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Obsl 2345678910
child bmi group at 7 years
n miss: 959 (18%)
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Obsl 2345678910
birth length group (cm)
n miss: 1162 (22%)

Obsl1 23456780910
head circumference group (cm)
n miss: 1102 (21%)
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