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Abstract

Background

Ecological evidenceuggest vitamin D insufficiencyVDI) due to lover ambient itraviolet
radiation(UVR).exposure mabpe a risk factor for Ignediated food allergy. However there
are ro studiesrelatingdirectly measure®DI during early infancyo subsequent challenge-
proven food-allergy.

Objective

To prospectivelyinvestigate the association betwd4nl during infancy anahallenge

proven foochllergyat 1 year
M ethods

In a birth ¢cohort (n=1074yye used a cassohort design to compare 25-hydroxgamin-D3
(25(OH)D3) levels among infants with food allergy versus a random subcohort (n32i&4
primary exposuregereVDI (25(0OH)D3;<50 nmol/L)at birthand 6 months of age. Ambient
UVR andtime in thesun were combined to estimate UVR exposure dosemgtiatedood
allergy statuss«at year was determined by formal challenge. Binomggtession was used to
examines@ssociations betweébDIl, UVR exposure dosandfood allergy, and investigate

potential confounding.

Results

Within the random subcohovtDI was present id5% (105/233) of newborns and 24%
(55/227% ofinfants at 6 months. Food allergy prevalence at 1 year was 7.7% (61/786) and
6.5% (53/808) were egg allergicThere washo evidence of aassociation betweeviDI at

either birth(aRR1.25,95% CI10.70-2.22 or 6 months§RR0.93, 95% CI 0.41-2.34nd

food allergy at 1 year.

Conclusions

This article is protected by copyright. All rights reserved
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There was no evidence that VDI during the first 6 months of infancy is a risk factootl
allergyat 1 year of agélhese findings primarily relate to egg allergy and larger studies are

required.

Key words: cohart; eczemdpod allergy;paediatricsvitamin D,

Abbreviations:

UVR: Ultraviolet Radiation

VDI: vitamin-Dinsufficiency

25(0OH)Bs25-hydroxyvitamin-D3

25(0OH)D: 25-hydroxyvitamin-D

BIS: Barwon Infant Study

C3-epi-25(0OH)D3: C3epimeric25-hydroxyvitamin D3

2D LC-MSIMS=two-dimensional ultra-performance liquid chromatography separation

coupled tandem ,mass spectrometry

SCORAD:;_Scoring Atopic Dermatitis Scale

RR: Risk Ratio

aRR: adjusted Risk Ratio
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I ntroduction

A concordant increase in allergic disegsevalencg1-6) and decrease ivitamin D status
(7) has been reported in both developed and developing couittiisorrelatiorhasled to
the hypaothesis thdow vitamin D statusmay influencethe development adllergic disease
including food allergy and eczen(8). Consistent with thisobservational studidsave found
associations,.between proxy markers of ultraviolet radiation (UVR) exposaemajor
source of vitamin 09), and allergic diseaséatitudes further from the equatappear to be
associatedwith™higher rates offood allergy and eczemfl0-12); and less consistently,
autumn and winter birth(periodsof low UVR exposurg13)) may bemore common among
infants and.children witfood allergy (14-16). There isa substantial literatureescribingthe
biological ‘mechanismby which vitamin D may influence the risk of developing alierg
diseaseg(8) including dfects on regulatory Tcells (17) and bowel epitélial integrity (18).
Moreover,"abient UVR haslsobeen shown to affect immune modulation via-wdamin

D pathways (19) and may independently protect against allergic disease development (20)

A previous study reported a cross-sectional association betitasrin D; insufficiency

(VDI; 25(0OH)Ds <50 nmol/L)and challenggroven IgEmediatedood allergy among one-
yearold infants of Australiasborn parentswith evidence of a doseesponse relationship

(21). However the findings from prospective studies regarding directly measured maternal
and infant vitamin D (25(OH)D) (22-26) or 25(OH)IR7, 28) and subsequent allergic
outcomes'are conflicting, and limited by incomplete measurement of potential confounding
factors and.suboptimal casefidégion (22-28). Further, there has beamimal investigation

of thepotential role olUVR exposure in reducing risk of allergic disease independent of
25(0OH)D pathways (29)andthe hypothesi that theassociatiorbetween VDI and food

allergy may'bermodified by microbial exposure has not been adequately(&sted

The primaryebjective of this study was utilisea population-derived birth cohort with
detailed measurement of relevant covariatggospectivelyevaluate the relationship
betweerivDlduring the first 6 months of infancy and challenge-provenrgttliatedood
allergyat 1'year of age. In addition, we evaluated the relationship between UVR exposure

and food allergy; as well as the relationship between VDI, UVR expasdreczema.

M ethods

This article is protected by copyright. All rights reserved
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Study design

The aims and methodology for the Barwon Infant Study (BIS) have been described
previously (30). Briefly, a birth cohort of 1074 mothefant pairs was assembledthe
southeast of Australiasing an unsektted antenatal sampling franféne Barwon region
population_characteristics are similar to those of the Australian populationl olatavitha
smaller proportion of families from ndénglish-speaking backgrounds (30). Mother-infant
pairs werereviewedat regular intervalduring pregnancy and the first year of lileczema
symptoms-andssigns werecorded at each review aolallenge-provefood allergy status
was determined at 1 yea&mong the infants who completed thedayreview, 31%
(274/894 wererandomlyselectedo comprisehe ‘random subcohort25(OH)Ds; was
measured among infants indlsubcohortas well asn thosewho had apositivefood skin
prick test(SPT)and/or hactlinically proven food allergyTo minimise selection bigs
analysis ofitherdistribution and determinant ®fOH)D;, and analysis of thesaociation
between 25(0OH)D3 and eczemmaasrestricted tanfantswithin the random subcohort
Relationshig between UVR exposure dose and food allerggczemavereinvestigated in
thefull BIS cahort

Exposureimeasur es
Vitamin/D-status

Blood samples were collected fourtime points:maternal at 282 weeks gestatiomfant at

birth (cord bleed), 6 months aridyear(mean 13.03 months + S.D. 0.88he 25(0OH)Ds
metabolites (serum or plasjrendepimeric form,C3-epi25-hydroxyvitamin B3 (C3-epi-
25(0OH)Ds)were"measured usingo-dimensionalltra-performance liquid chromatography
separation coupled tandem mass spectrometry det¢2iohC-MS/MS) (31). VDI was

defined a25(0OH)D; <50 nmol/L and vitamin D deficiency @5(OH)D; <25 nmol/L, levels
which are based predominantly on markers of bone health (32, 33). An appropriate definition

of VDI in relation to immune health remains uncertain.

UVR exposure

Questionnaire data quantifyimgxposure to direct sunligdaily wererecorded during
trimestes 1 and 2of pregnancy, andt4 weeks, 6nonths and 1 yeafhe ambient UVR was

estimated usingnonthly averages of daily total ambié¥ R in standard erythemal doses

This article is protected by copyright. All rights reserved



175  (34) for Melbourne from 2010 to 2014, provided by the Australian Radiation Protection and
176  Nuclear Safety Agencyl.otal UVR exposure dose waalculated ashe product ofime in

177  direct sun and thaverage of the dailgmbient UVR exposurd total cumulativepostnatal

178  UVR exposure dosever the first year of life wasstimatedoy dividing UVR exposurat4

179  weeks six months and twelve monthdo tertiles andassigningeach tertile a score

180 (O=lowest{ 1= moderate and 2=highe$these scores were then summed to generate a

181  cumulative postnatal UVR exposure desere(lowest=0, highest=6)35). A categorical

182  score wasycreated describing the parental report of sunscreen use duringiméxpucsure.

183  The score waincluded in a secondary analysis to test for the modifying effect sunscreen may

184  have on actual personal UVR exposure (35).

185  Outcome measures

186  Food allergy status

187 At the lyear reviewinfants underwerd SPTto five foods: cow’s milkegg, peanut, cashew
188  and sesam@kK=Abello, Madrid, Spainywith a positive (1ang/ml histamine) and negative
189  (saline)control..Quintip®ancetsHollister-Stier Laboratories, Spokane, Wigre used to

190 performSPTs on infant’s backs. lelinical practice food sensitisation at 1 year of age is

191 defined as a.SPT wheal size 3mm or greater than the negative control in the presence of a
192  positive histamine contr@gB6), however recent studies have used a definition of 2mm or
193  greater than the negative control in infaf@$). A foodallergenSPTwheal size oat least2

194 mm greater than the negative tohin the presence of a positive histamine control was

195 defined as food sensitis@dthis study All participants withSPTwhealsl mmor more

196  greater than the negative contwareoffered anin-hospital open food challenge (4). Those
197  regularly ingesting the senseid foodat the time of SPWeredefinedas sensitisetblerant

198  without formal.challenge (n=12). If, arlinical review the participant had a clinical history
199  and reaction‘eonsistent with a diagnosis of igédiatedood allergy within 2 months of the
200 1lyearreviewsand a positive SPT, they were defined as food allergic without proceeding to
201 food challenge (n=3) (4Dpen bod challengeéncluding raw eggyvere performed under

202 clinical supervision using validated protocols from the HealthNuts study (4). A positive

203 challenge comprised one or more of the following criteria occurringmitinours of

204 ingesting a dose of challenge food (4) :

205 e threeor more concurrent nocentact urticaria for fiveninutes or longer

This article is protected by copyright. All rights reserved
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206 e vomiting or diarrhoea
207 e angioedema
208 e anaphylaxis (circulatory or respiratory compromise).

209 Thesecriteria.were also used to define E-mediatedreaction occurring durinthe

210 subsequentreeklong home-based introduction if they had not reacted during the clinic
211 challenggn=%)(4)=A negative challenge was defined by the full ingestion of the highest
212  dose of the challenge food with no reaction and completion of the subsequeridsade-
213 introduction without reaction. The refusal of the child to eat the challenge food ptetem

214  all doses in the challenge protoesds deemed an inconclusive challefge5).

215 Eczema status

216  Data on eczema were collectedduestionnaire administereat1, 3, 6, 9 months and 1

217  year, andclinical.assessmentgere conductedt 1 month,6 months and 1 yedtczema was
218  defined aceording to thmodified UK working party criterig37, 38). All infants had to have
219  a history ofvitehy skin plus at least three of the following: a history of dry skimisyfa

220 history of allergy, a history of skin rash affecting the flexures or outer suidhties limbs or
221  affecting the head or cheeks,visibledermatitis assessefliring a study visit at either 1

222 month, 6 menths or 1 year (39he Scoring Atopic Dermatitis Scale (SCORAD) was used
223 to quantify eczema severi{¢0, 41).

224
225
226  Statistical analysis

227  Our primary hypothesis was that VDI in the first 6 months of infancy would be asgbcia

228  with food allergy at 1 year of age. Infants with an inconclusive hospital food challenge result
229  or indeterminate;food allergy statwere excludedrom the food allergy analysis (n=30).

230 For the food allergy casashort amlysis we applied inverse probability weighting where the
231  probability of selection fonon-cases irtherandomsubcohort wasstimated by th&action

232 of infants includedn the subcohort frorthe totalcohort reviewed at 12 monthsthe BIS

233 study (274/894). The probability of selection for food allergy casssl (42).

This article is protected by copyright. All rights reserved
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234  Categorical variables weseimmarigd using proportion#\ propensity weighting approach

235 was used to adjust the eczema prevalence to account for loss teupllover the first year

236  of the study and provide astimated eczema prevalence over the first year for the inception
237  cohot (43). T-tests were used to compdhe mean 25(OH)bPlevels between food allergic

238 infants andthesrandom subcohort, and between infants within the random subcohort with and
239  without eczema (Supplemental Tables EI and Ell). Binomigilession modslverefitted to

240 estimateiskratios RR) for associatiombetweerexposures\(DI andUVR exposure dose)

241 and food allergy at 1 year of ageemzemaA further analysis examined the associations

242 between VDI and food sensitisation. 25(OH)as also divided into quintiles to assess

243  potential nen-linear associations and thresholds other than 50 nmol/L (Beppé Figures

244 E3 & E4)

245  Ethnicity, familyzhistory of allergy number of siblings, formula feedirmagdpet ownership

246  were selectedpriori to be includeds covariates) the model as they haeachbeen

247  related to botl25(OH)D; andallergic diseaseéSmoking, livestock ownership, socioeconomic
248  status (SES)irth weight gender, season of birth, egg avoidancetane of solid

249 introductionin infancy, naternal and infantitamin D supplementatioi3-epi-25(0OH)D;

250  (31) concentration and mode of delivery at bwreretainedn the model if they masla

251  greater than10% change to tiek ratiopoint estimate

252  Therelationship between change2&(OH)D; status over the firdd months of life and food
253 allergyat Lyeanf agewas investigated bfjtting a multivariablebinomialregression model,
254  using 25(OH)D at birth as a baseline variabéd change 25(0OH)D; statusfrom birthto
255 6 months of agas an explanatory varialb{é4). An interaction term was specified to

256  investigate.effeet modification by pet ownership (8).

257  To adjust for seasonal variation2%(OH)D;s levels, we fitted a sinusoidal curve with a

258  period of 12 months to 25(OH}Rlatausing linear regressipand added the residuals from
259  this model to the population avera?fs(OH)D; levels(45). For theC3-epi25(OH)Ds

260  sensitivity analysis, C3-e[@5(OH)D; and25(OH)Ds; were summed as a new variable

261  representing total vitamin D exposure for the binary regression.
262  Analyses were performed using Statarsion 14.1College StationJexas.

263  Ethics

This article is protected by copyright. All rights reserved
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The studywasapproved byBarwon Health Human Research and Ethics Committee (HREC
10/24). Parents or guardians provided written informed consent for this study.

Results

Study population

The majority of participants were full teril@aucasaninfants with Australian born parents
(Table 1).The majority of mothers took vitamin D supplements during pregnancy and up to

one third of infants were exposed to formula feediFaple 1)

Vitamin D/ levels within the random subcohort

Within thegrandam subcohoritamin D; levels were measured amo2g3infants at birth
and 227 infantsat six months. (SuppéntalFigure E1). Fortyive percent(105233) of
infants had.\VDI at birth an84% (55/227xt 6 monthsMore than 8% of mothers reported
taking a supplement containing vitamin D during pregnancynaateérnal VDI was
uncommon (%), (Tablel and Figure 1). The average ratio of birth 25(OKl}® maternal
25(0OH)D; was 0.61. The mean change in 25(Oki$atus from birth t& months was +15.0
nmolL + S.D.34.0nmol/L.

Deter minants of vitamin D status

At eachtime“point, ambient UVR 6 weeks prior to blood draw was associated with

25(0OH)D; status(Supplemental Table\R). VDI in the first 6 months of lifevas less

common among infants who were formula fed and who had no siblings (Supplemental Table
EVI).

Food aller gy"and eczema prevalence

Of the 1074 eligible infants in the inception cohort, 83.2% (88#)pletedthel yearreview.
91.6% (819/894) of these had a valid skin prick test;824d (92/114 infants with a skin

prick reaction to a food at leastmm larger than the negative control subsequently attended a

This article is protected by copyright. All rights reserved
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formal inrhospital food challengé total of 58 had positive food challenges and 3 had
previous clinical reactions meeting the criteriadtimically proven IgEmediatedood
allergy. The prevalence of challenge-proven fatbergy among infants completing the 1
year review with valid outcome measuvess7.7% (95%CI, 6.0-9.8), with egg allergy the
most common;6.5%9©5%CI,5.0-8.4)(Tablell).

Eczemapoint prevalenceatesin the cohorivere:0% at 1 monthl1.2% (12/973pt 3 months
8.5% (78p23at’6 months; 13.6% (120/388a) 9 monthsand 8% (71/884) atylear The
estimated eczema prevalence over the first year of life for the ionaqthort was 24.2%
(95% CI 21.2%-27.3%)he average SCORAD in infants with eczema at 6 months was 9.9
(S.D. 11.4) with 69% (54/78) having a score consistent with mild disease (41) Attheear
average SCORAD was 6.6 (S.D. 8.4) with 86% (61/71) havingra sonsistent with mild

disease.

Vitamin D status and | gE-mediated food aller gy

There was no evidence afhassociation betweeviDI at either birth(aRR1.25, 95% CI
0.70-2.22) or 6 months (aRR 0.93, 95% CI 0.41-2.14) and food al¢year of age

(Figure 2).Anmalysesusing deseasonalis@®(OH)Ds (Supplemental Figure E& TableEl)
showed similarpattesof associationso the primary analysidhe mean 25(OH)Plevel

was similar at birtifMean Difference2.10 nmol/L, 95%CI -3.70-7.91) and 6 month&eén
Difference-2.16nmol/L, 95%CI -10.2-5.9) among infants with and without food allergy at 1
year of age (Supplemental Table Hipere was no evidence of an association between
25(0OH)Ds < 25 nmol/L at birth and food allergy at 1 year of age (p=0.94). At each timepoint,
there was some ndmearity between 25(OH)Plevels and food allergy risk (Supplemental
Figures'E3 & E4) but there was no evidence to support the use of a threshold other than 50

nmol/L.

There was no evidence that chang85(0OH)D; statusfrom birthto 6 monthof age was
associated with food allergy at layeof aggaRR0.99, 95%CI 0.96-1.02). Adjusting f@3-
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epi-25(0OH)D; in maternal samplest birth or 6 months by adding to th&(OH)D; level did
not changehelack of association between 25(OH)Bnd food allergy (Supplementahfle
Elll).

There was no evidendkatthelack of associatiobetween VDIduring the first 6 months of
infancyand.foed allergyat 1 year of age was modified by pet ownerstgpusas a marker of

microbial experiencé=0.99.

There was'also no associatievidentbetween maternal VDI and offspring food allergy at 1
year of aggaRR0.4595%CI0.06-3.47) (Supplement&hble EI) and only aveak
indicationofia.erosssectionalkssociation between VDI arfood allergy atl year of age
(aRR,1.89'95%CI 0.86-4.13) (Figure 2).

Vitamin D status and eczema

Within the sandom subcohditiere was nevidence ofinassociation between Vit either

birth (aRR0:88;95%CI 0.54-1.43)r 6 months (aRR 0.84, 95%CI 0.33-2.14) and subsequent
eczemgFigure 3). Adjustment for potential confoundarade<10% difference to the
estimated risk ratiofAnalysis using deseasonalisg®s(OH)D; alsoindicated nassociation

between VBl,and eczen{&upplemental dbleEll & Figure ES.

Ambient UVR exposure dose and | gE-mediated food aller gy

In thefull cohort analys there was no evidenceaprospective associatibetween UVR
exposuraloseat individual timepoints, and food allerggt 1 yearof age(Figure 4&
Supplemental Table EIVEimilarly, there was no evidence of a prospective association
between maternal or infant UVR exposure dose and eczema in the first year of life
(SupplementalsFigure E& Table EV). There was no evidence that the relationship between
UVR exposuresand food allergy was modified by any level of sunscreen use (p=0.32 for

moderate UVR exposure, p=0.92 for high UVR exposure).

Vitamin D status and food sensitisation

This article is protected by copyright. All rights reserved
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Food sensitisation atear 1 defined as a SPT wheal size 3mm or greater than the negative
control: There was no evidence that VDI at any time point was associated with food
sensitisation (Supplemental Table EVFpod sensitisation at year 1 defined as a SPT wheal
size 2mm or greater than the negative conffdlere was no evidence of an association
between®VDIrduring pregnancy or at birth and food sensitisation. There was however weak
evidence of associations faeten VDI at six (p=0.04) and twelve months (p=0.04) and food
sensitisatiordefined using this more inclusive threshat@rfim) (Supplemental Table

EVIII).

Discussion

This is theirstsstudy to investigate 25(OH)Measurediuring the first 6 months of infancy
in relation tochallenge-proven food allergy 1 year of agdn a predominantlyCaucasian
cohort, amongvhomraw egg was the most commdwod allergy, there was no evidence of
anassociation'between infa¥DI during the first 6 months of infancy and Igkediated
food allergy.at 1 year of age eczemaThere was alsao evidence cdnassociation

betweerestimatedJVR exposuredoseand either food allerggr eczema

VDI was presenin almost halif the infants at birttanda quarter ofnfants at 6 months of
age. Egg avoidance, the absence of formula feeding gneatenumber of siblings were
each associated with increased risk of VDI during infaRiopyvever a large proportion of the
variation in vitamin D statusemaired unexplained and unmeasurmgehetic factors are likely
to be important (35). Food allergy prevalenatilst less common thasbservedn the
AustralianiHealthNuts studyt), was stillsubstantially higher than recent reports from

Europewithssimilar outcome$46, 47).

Over the lastidecade there has bie&mse interest in the potential relationship between VDI
and food allergy, given a range of ecological findiagd a wealth of mechanistic studies
regarding the influence of 25(OH)D3 on gut epitheliaggnity (18, 48, 49) and immune
function(17). However the data from studies relating directly measured 25(OH)D or
25(0OH)Ds during early infancy to various markers of allergic disease are confli&anty.
papers reported positive associations between low cord blood 25(OH)D and subsequent
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allergic sensitisatio(b0, 51)and eczem&2). Another study using cord blo@8(OH)D;

also reported similar associations with ecz€@¥g. More recent studies have been unable to
replicate these positive associations using either 25(@G2BP53) or 25(0OH)R (28) as the
exposure. The current paper extends the body of evidence against a prospective association
between'VDlrand allergy by measuring 25(OHMD two timepoints during early infancy

and including the more robust and clinically relevant measure of challenge-proven food

allergy status.

Birth 25(0OH)Ds.was generally arounsixty percenpf the maternal levetonsistent with
previous studiegs4). Thus relatively lower 25(OH)Plevels in cord blood may be
physiologicalfand it is uncertain whether a cfftef 50 nmol/L to define VDI in cord blood

is appropriate, particularly as this threshold is based predominantly on markers ofditmne he
in adults(32) and an appropriate immune related level remains uncertain. Accordingly, we
explored a range of threshold levels including 25(OfR25 nmol/L as well as 25(OH)D
quintiles, but remained unable to identify a relationship between cord 25¢&Dfood

allergy at 1.year/of age.

It has been"proposed tH2E(OH)D; statusmay be particularly important during the period of
introduction ofdietarysolids (8, 55). A small study has previously suggested 25(@ iy
promote immune tolerance during initial exposure to solids (56), but our study is the first
relate 25(0OH)D around the time of weaning to the clinically relevant outcome of challenge-
proven food allergy. fiere was no evidence of an association betweena¥/BImonths and

food allergy at 1 year of age.

Whilst there iconsistent evidence ah association betwedatitudesfurther from the

equator andarious proxymarkers ofood allergy prevalence (10, 11, 14, S&ewere

unable tademonstrate an association between UVR exposure measured at the individual level
and allergic outcoes Our measurewhich combine@mbient UVRandparenireported time

in the sun(35)was associated with gBH)D3 at each timgoint, ands likely to provide a

more accurate estimate than latitude alovidch may be a proxy for a wide range of factors
including ethnicity, genetics and microbial environment. Our finditfysreforesuggest that

the relationship between latitude and allergic dise@grelate to factors other than

25(0OH)D; status
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The drengths of the study include the usea@bpulationderived cohort wittadequate

retention ratesmeasuremeraf infant25(OH)D; at both birth and during the introduction of
solids; delineation of food allergy status by formal food challeagé;detailed measurement
of relevant covariates, including UVR exposure at the individual Igvelwere also able to
conduct relevant sensitivity analyses and tests of effect modificatimhshowhatthesedid

not substantiallyalter thefindings. The predominantly Caucasian cohort limits the
generalisability of the findings, and this may be important in the context of growing exidenc
that the relationship between either 25(OH3¥B) or 25(OH)3 (45) and food allergy may be
modified by.genetic factors. On the other hand, the relative homogeneity of the BIS cohor
assists internalvalidity. We did not measure free 25(OH)D and vitamin D bindinghprote
which limited ©our ability to investigate the role of bioavailable 25(OH)be statistical
powerwaslimited by the number of food allergy cases amslimportantto recognise that

the 95% confidence intervals around our point estimates did not exclude potentisl &fte
relative risk up to about-ld. It is alsonoteworthythat therevereonly 12cases of peanut
allergy; andhe aRR regardingcrosssectional associatidmetweenvDI and food allergy at

1 year isnotineonsistent withthe positive association observed among infants of Australian
parents in‘the HealthNuts stu(®1). We were unable to conduct a meaningful analysis of the
relationship betweed5(OH)D; status and severe eczema as there were very few children

with severe eezema in the current study.

In conclusion, in @redominantly Caucasian cohart which egg was the commestfood
allergy,thereswas no evidence of a longitudinal association between either VDI during the
first 6 months ofiinfancy, or UVR exposure, and challenge-proven food adedgyear of
ageor eczemacur findings require replication in larger observasibstudies and/or clinical
trials, including a sufficient number of children with peanut allergy, andmgldirectly
measurd 25(0OH)D; to robust measures of clinically relevdobodallergy status. Until such
studies are completedhe balance of current evidence does not support the widespread
implementation of routine vitamin D supplementatituming early infancyor the purpose of

preventing allergic outcomes.
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Tables and Figures:

Tablel: Participant basaline char acteristics

Characteristic

Inception birth
cohort (n =1074)

Random subcohort
(n=274)

Food allergic
(n=61)

Sex of child
-  Male

—  Female

557 (51.9%)
517 (48.1%)

153 (55.8%)
121 (44.2%)

34 (55.7%)
27 (44.3%)

Maternal country of birth
— Australia
—  Other

— unknown

946 (88%)
107 (10%)
21 (2%)

235 (85.8%)
32 (11.7%)
7 (2.5%)

56 (91.8%)
5 (8.2%)
0 (0.0%)

Paternal country.of birth
— Australia
— other

— unknown

923 (85.9%)
109 (10.2%)
42 (3.9%)

233 (85.0%)
25 (9.1%)
16 (5.8%)

49 (80.3%)
8 (13.1%)
4 (6.6%)

Participant Caucasian ethnicity
- yes
- no

— unknown

772 (71.9%)
299 (27.8%)
3 (0.3%)

206 (75.2%)
67 (24.4%)
1 (0.4%)

43 (70.5%).
17 (27.9%)
1 (1.6%)

Number of siblings
- 0
-1
- 2

— 3 or mere

453 (42.2%)
383 (35.7%)
183 (17.0%)
55 (5.1%)

98 (35.8%)
112 (40.9%)
52 (18.9%)
12 (4.4%)

22 (36.07%)
28 (45.9%)
10 (16.3%)
1 (1.6%)

Pet ownership

~ yes 815 (75.9%) 215 (78.5%) 35 (55.7%)

~ o 197 (18.3%) 55 (20.0%) 25 (44.3%)

_  unknown 62 (5.8%) 4 (1.5%) 1(0.0%)
Livestock ownership

- yes 73 (6.8%) 16 (5.9%) 1 (1.6%)

— o 985 (91.7%) 253 (92.3%) 59 (96.7%)

_  unknown 16 (1.5%) 5 (1.8%) 1 (1.6%)
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Family history in a first degree

relative of

asthma
hay fever
eczema

food"allergy

542 (50.5%)
674 (62.8%)
480 (44.7%)
265 (24.7%)

144 (52.5%)
183 (66.8%)
135 (49.3%)
65 (23.7%)

43 (70.5%)
47 (77.1%)
40 (65.6%)
16 (26.2%)

Delivery via caesareanisection

332 (30.9%)

93 (33.9%)

20 (32.8%)
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Gestational age at birth

— 32 to 36 completed weeks| 47 (4.4%) 11 (4.0%) 0(0.0%)

— 3710 42 completed weeks| 1,027 (95.6%) 263 (96.0%) 61 (100%)

— > 42 completed weeks 0 (0.0%) 0 (0.0%) 0(0.0%)
Birth weight(kg), mean (SD) 3.53 (0.525) 3.56 (0.556) 3.51 (0.459)
Smoking

~ yes 165 (15.4%) 30 (11.0%) 9 (14.8%)

— no 891 (83.0%) 242 (88.3%) 52 (85.2%)
*SEIFA

- low 268 (25.0%) 66 (24.1%) 15 (24.6%)

—  middle 204 (19%) 59 (21.5%) 9 (14.8%)

—  high 582 (54.2%) 146 (53.3%) 35 (57.4%)

Season of birth
— autumn
— winter
— spring

— summer

274 (25.5%)
275 (25.6%)
309 (28.8%)
216 (20.1%)

66 (24.1%)
77 (28.1%)
52 (19.0%)
79 (28.8%)

10 (16.4%)
19 (31.2%)
17 (27.9%)
15 (24.6%)

Infant feeding (at six months)
— breastfed exclusively
— formulafed exclusively
— mixed breast/formula

— unknown

429 (39.9%)
320 (29.8%)
171 (15.9%)
154 (14.4%)

113 (41.2%)
104 (38.0%)
46 (16.8%)
11 (4.0%)

29 (47.5%)
15 (24.6%)
14 (22.9%)
3 (5.0%)

infant feeding (at twelve months)
— breastfed exclusively
— formulafed exclusively
— mixedsbreast/formula

— unknown

271 (25.2%)
354 (33.0%)
260 (24.2%)
189 (17.6%)

83 (30.3%)
111 (40.5%)
89 (28.1%)
3 (1.1%)

18 (29.5%)
23 (37.7%)
18 (29.5%)
2 (3.3%)

Introduction of solids in infancy by
six months of age

- yes

896 (83.4%)

256 (93.4%)

55 (90.2%)
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- no

— unknown

24 (2.2%)
154 (14.4%)

7 (2.6%)
11 (4.0%)

3 (4.9%)
3 (4.9%)

Maternal antenatal vitamin D
supplementation

- yes

- no

— unknown

917 (85.4%)
10 (0.9%)
147 (13.7%)

226 (82.5%)
1 (0.4%)
47 (17.1%)

54 (88.5%)
1 (1.6%)
6 (9.8%)

*SEIFA, Socie“Economic Indexes for Areas (tertiles)
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Tablell: Food Aller gy prevalence

Food *Sensitised | *Sensitised Prevalence Challengeproven | Food allergy
tested (nN)>1mm | (n)>2mm sensitised>2mm | food allergy (n) prevalence

% 95% Cl % 95% CI
All 114/805 93/804 11.6 (9.5-13.9) 61/786 7.7 (6.0-9.8)
Foods
Raw 83/818 70/818 8.6 (6.8-10.6) 53/808 6.5 (5.0-8.4)
Egg
Peanut 41/817 28/817 3.4 (2.3-4.9) 12/812 15 (0.82.6)
Cashew 21/818 15/818 1.8 (1.1-3.0) 4/816 0.4 (0.1-1.3)
Cow’s 11/818 10/818 1.2 (0.6-2.2) 4/815 04 (0.1-1.3)
Milk
Sesame 3/802 2/802 0.2 (0.0-0.9) 1/801 0.1 (0.0-0.8)

"All foeds.L.mm sensitisednfants with a SPT 1 mm or more to one or more of the five foods were

compared to infants with negative SPT’s to all five foods.

#All foods 2 mm sensitisednfants with a SPT 2 mm or more to one of more of the five foods were

compared to infants with negative SPT to all five foods. (A single infant had a 1 mm SPT to a single
food but hadsmissing data on other SPT’s so had an incomplete SPT and was excluded from the 2 mm

sensitisation analysis).
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Figure 1: Prevalence of 25(0OH)D; insufficiency and sufficiency in participantsin the

ernal Vit D Birth Vit D 6 month Vit D 12 month Vit D
TIMEPOINT
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Figure 2: Association between vitamin D insufficiency and challenge proven food
allerqy at 1 year

Birth VDI

L 2

L

6-menth VDI -

12-month VDI

L 2

T T
1 2

Risk Ratio (log scale)

¢ Unadjusted = Adjusted

Adjusted forfamily history of allergyethnicity, number of siblingslomestic pets, formula feeding at
six and twelve months. Whiskers represent 95% CRIR estimates.
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Figure 3: Association between vitamin D insufficiency and eczema

~Birth VDI

*6-month. VDI

5 1 15 2
Risk Ratio (log scale)

4 Unadjusted = Adjusted

~Eczema identified during the first year of life in infantsnpared to infants without eczema in the random
subcohort (h=274):

* Eczema identified between six and twelve months compaitbdnfants whodid not develop eczema within

the random Subcohort (n=274). Infants with eczema identifistk anonths of age or earlier were excluded
(n=19).

Adjusted forifamily/history of allergy, ethnicity, number of 8ilgls, domestic petsndformula feeding at six
months. Whiskers represent 95% ClI for RR estimates.
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Figure 4: Adjusted association between UVR exposur e dose and challenge
proven food allerqy at 1 year in the whole cohort
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Y axis: VR exposure divided into quintiles at Trimester 1, Trigre®, 6 and 12 months and lowest
quintile'used as baseline comigan group.

At 4 weeks 40% of infants were reported to have minimal or posexe to direct sunlight so UVR
exposure dose.at 4 weeks is divided into quartiles and lowesiieuaed as baseline comparison
group.

Adjusted for family history of allergyethnicity, number of siblings and domestic pets. Whiskers
represent 95% CI for RR estimates.
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