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ABSTRACT

Cutaneous,sun exposure is an important determinant of circulating vitamin D. Both
sun exposure and vitamin D have bearemsely associated with risk afitoimmune
diseasglnjuvenile idiopathic arthritis (JIA), low circulating vitamin &@ppears
common, bitdiseaseelated behavioural changes may have influescedexposure.
We therefore aimed to determine whetpee-disease sun exposure is asseclavith
JIA. Using validated questionnaseveretrospectivelymeasuregun exposuréor
202 Caucasian JIA caseontrol pairsbornin Victoria Australig matched fobirth
yearangd.time of recruitment. Measuriesluded maternaun exposurat 12 weeks
of preghancy, and child sun exposaogoss the lifecourse prediagnosis. We
convertedexposureto UVR dose, antboked forcasecontroldifferencesusing
logistic regression, adjusting for potential confounders. Higher cumulative pre-
diagnosidUVR exposure was associdteith reduced risk of JIAyith a cleardose
responseealationship(trendp=0.04). UVR exposure at 12 weeks of pregnamay
similarly inversely associated witHA (trend p=0.011). Asociatios were robust to
sensitivity analyses f@re-diagnosis behavioural changes, disease duration, and
knowledge of the hypothesi®ur datandicatethatlower UVR exposurenay
increasellA risk. This may be through decreased circulating vitamin D, but
prospective studiesre required to confirm this

INTRODUCTION

Juvenile~idiopathic arthritis (JIA) is an autoimmune rheumatic disease affecting

around 1%in,1000 children of European descent. It is defined as joint pain and swelling
of unknown caus#hat persists for at least 6 weeks in a child 16 years of age or under
(2). JIA is considered a complex disease, in which both genetics and environment

contribute to susceptibilitf2). While the genetic variants associated with JIA are
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beginning tdbe uncovered3), far less is known abotite environmental components

of disease risk4).

Exposure to sunlight (ultraviolet radiation, UYRasbeen examined as potential
environmental risk factofor a variety of autoimmune diseasés). Cutaneous
exposureo UVR leads to increased production of vitamip @5(OH)Ds) (6). It is
circulatingvitamin D that is often presumed to be the relevant mechanism through
which WVR exposure leads to a change in autoimmune diseaséuiskjs not the

only possible pathway(7). Vitamin D has establishe@ntiinflammatory and
immunomodulatory propertie€8, 9), includingsuppres®n of immune esponses

mediated by T cellgentral to the development of autoimmune dis¢@se

Both UVR exposure and levels of circulating vitamin D have been robustly asdociate
with the_autoimmune diseaseuttiple sclerosis (MS)Seminal studies in Atimlia

(10), followed later bymetaanalysis of global datél1), demonstrata clearincrease

in MS incidencewith higherlatitudinal gradient. Lower circulating vitamin [12),

and polymorphism# vitamin D pathwaygeneg13, 14) have also been associated
withiMS. There are also multiple lines of evidence linking UVR and vitamin D to
rheumatoid-arthritis (RA), with which JIA shows phenotypic and genetic ovéirtap

16). Cumulative ultraviolet B exposure has begrospectively inverselyassociated
with RA risk (17). There is also some evidence of association of RA with latitudinal
gradient(18), of increasedRA disease activity with lower circulating vitamD (19-

21), and of vitamin D supplementation with reduced RA recurrence (22).

Several, studiebave examinedirculating vitamin D in children withJIA. A meta
analysis.of 529 individuals across 14 studies, reportedvitzamin D deficiency(as
defined*for-adult populations50 nmol/) is prevalent in JIA23). However, this is
not unexpected, since JIA is a physically disabling disease that is likegdice
behavieurs related to outdoor activity and thus exposursuto Therefore, it is
difficult “tow,determine whether vitamin Rieficienyy in JIA is a @use, or a
consequence, afiseaseProspectivestudies that measure vitamin D prior to disease
onset areneededto determine causality; however, the relative rarity of JIA in the
population makes such an approach difficult. As an altermat@ recent study

measured vitamin D in neonatal dried blood spots, but found no association between
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vitamin D at birth and later onset of JI&4). No studies to date have been able to
examine the association of JIA with vitamin D at othergiseasdife-course time

points.

An approach that does not require prospectitemin D measuremens to casider

UVR exposure across the ht®urse. Sun exposure is the mariver of circulating
vitamin D (6), epecially in countries such as Australia where fortification of foods
with vitamin Dis notcommonplace (25)The relationship between sun exposure and
circulating vitanin D isinfluenced by ambient UVR levels (determined by latitude,
altitude,season antime of day) time in the sun, and sun protecti@ctors(6). In a
recentgstudy of healthy children in Melbourne Australia, we reported that
environmental factors (such as UVR exposure six weeks prior to interview) and
phenotypic factors (such as skin colour) explained 28&% 241% of the variance in
circulating 25(OH)DR respectively(26). Therefore surexposure can be used as a

measure of child circulating 25(OH3}In our setting.

To understand the relationship between exposureand JIA risk, we used validated
guestionnaire instrumeni®6-29) to retrospectivelycollect information about sun
exposureand associated factoexross thdife-coursein childrenwith and without
JIA born in Victorig Australia. Wecompared reportefre-disease UVR exposure
between cases and controls both durspecific age periodgincluding mother’'s

exposure during pregnancy) and cumulatively.

MATERIALS AND METHODS

Participant. population. Participants were drawn from the ChiLdhood Arthritis Risk
factor Identification sTudY (CLARITY)30). CLARITY is a collection of clinical
epidemiological andenvironmental data and biospecimdr@em children with JIA
(cases)andfrom healthy children (controls)llIA cases were recruited at the Royal
Children'syHospital (RCH), Melbourne, Victoria, Australia. All cases were aged
between 618 years at recruitmentith paediatric rheumatologisiagnosed onset of

JIA by 16 years, usg the ILAR criteria(31). Cases were defined as incideit
recruited within six months of diagnosis, and prevalent if diagnosed more than six

months prior to recruitent. Victorian-born controls aged -Ql8 years were recruited
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from the day surgery unit at the RCH while attending for minor surgical procedures.
All cases and controls were asked to provide a blood sample, and their parents were
asked to complete an extensive questionnaire capturing epidemiological and
environmentainformation includingonskin type and sun exposui&0). The Human
Research=Ethics Committee of tR&€H approved the study. All study participants

provided written consent.

Inclusien criteria. To minimise ethnicityrelated differences in skin type, vitamin D
synthesisand bioavailability(32), we seleted only CLARITY cases and curols of
self-reperted Caucasianancestry.Ancestry of the child’s four graparents was
collected by questionnaire. Participants were considerdxt t©aucasianf all four
grandparents were reported @aucasianlf one or more grandparents were reported
as nonCaucasianor if data were missing for any grandparent, participardee

excluded from the study.

To minimise’latitudeelated variability in UVR exposure, we restrictedrticipant
selection ‘tochildren born in Victoria. To minimise discrepancies in recaknd
temporalcommunity behavioural changes, and sun exposurelominwe useda
matched_easeontrol designwhere eacheligible casewas matchedo oneeligible
control on year of birth and closest possible recruitment daje. matching also
served.to remove differences in cumulative sun/UVR exposure between gnatips

reflected differences in age.

Measurement of sun exposure. Components of thparticipantquestionnaire regarding
past sun exposure argkin reactionto sun were used to analyse the relationship
between past sun exposure and JIA. Thastuments has demonstrated validity
and reliability in both adults anchildren where they show strong correlation with
objectivesmeasures of sun exposure and circulating vitam(6E29, 33) Maternal
sun exposure at 12 weeks of pregnancy alssrecorded because we have previously

related thide autoimmune diseas@4).

Parents were asked about the amount of time ¢héd would normally have spent in
the sun during weekends and holidays in winter and suratreege0-2, 3-5, 6-10,

and 1+15 years, as well as the summer and winter preceding interview. Time in sun
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measures were categorised as <2, P-3, 3-4, and 4+ hrs per daWhere an answer
of <1 hr per day was given, parents were askgutovide further detail as to whether

this constituted no time in the sun, some, but less than ¥ hour, or ¥2 to 1 hour.

Based onvour expectation of a delay in the impact of sun exposure on the immune
system(35), we considered only the sun exposure measures that preceded disease

diagnosidy at least one year.

Cumulative,sun exposure was determined by number of hours spent in the sun per day
during 'summer owinter weekends and holidays acregges 62, 3-5, 6-10 and 1-

15 years. /@tegories were converted into timenmnutes as follows: None 0 min;

some, but less than fian hour— 15 min; halfto 1 hr— 45 min; <1 hr— 30 min (if

parents failed t@rovide further deta)j 1 to 2 hrs- 90 min; 23 hrs— 150 min; 34

hrs —210 min and4 hrs per day — 270 min. Time in the sun in each category was
multiplied by the number of years in the specific age category, and then added for

each age.group to get the total number of hours spent in the sun oifertberse.

To determine total UVR exposure, datere obtaineddr the monthly average of
daily total«JVR dose in standard erythemal doses for Melbourne, latitude 37.5°S,
from the Australian Radiation Protection and Nuclear Safety AgeABPANSA,
personal communication). To accouot @lifferences in UVRstrength in summer and
winter, cumulative sun exposure for each time point was multiplied by the mid
summer or mievinter averageambientUVR index over the years 1992011, for
summer_ad winter respectively, anthese values were added together. Total UVR

dosewas dvided into quartiles for analysis.

The amountof time the mother would normally have spent in the sun during
weekdays=and weekends at 12 weeks of pregnancy witpattieipatingchild was
also collected. Time in sun measures were categorised a2<2;3, 34, and 4+ hrs

per day.

We calculatedhe date when the mother was 12 weeks pregnant by subtracting the
gestational age from the child’s date of birth. We tdetermined the UVR index

specific to the mnth and year of the pregnanasing ARPANSA data and
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multiplied this by time in the sun at 12 weeks of pregnancy for weekdays or weekends
(5/7 and 2/7of average dailyexposurerespectively) PregnancyJVR was divided
into quartiles for analysis. To account for latitude relatdterénces,pregnancy

measures were only determingberepregnancy occurred iNictoria.

Measurement of skin phenotype. Parents were asked about how their child’s skin
reacts 'to the suitendency to burn, summer tan, lifetime sunburn, freckling; see
SupportingInformation file for details). The skin type of the participant wadso
objectivelyrecorded as dark, olive, olive/medium, medium/fair, or fair, by the nurse
during ‘recruitment to the study, using a validated colour ¢B&itfor two-thirds of

the sample.

Satistical analysis. We modelled the risk of JIA for the different measures of sun
exposure. Pearson’s correlation was used as a measure of linear association. ORs and
95% Cls were calculated using multivariate logistic regression. Tests for trend of
categorical-variables wenendertaken by using a single predictor, taking category
rank scores: Where exposure categories had no or low numbers, categories were

merged.

All analyses were adjusted for age at recruitment and sex. For the childhood UVR
multivariate model, mother'sga d birth, mother's completion ohigh school
education(as a measure of socioeconomic status used in this sample pre{@)sly

and mather’s current smoking status were included in the madditional potential
confounders were assesdgdadjustingthe analysis byhte variable of interest and if

the change in estimate was greater than 10% it was included in the multivariate
analysis.. Théollowing covariates were assesdaut were rot included in the final
model:*number siblings within sixyearsof age (37), gestational age at birth;
mother=married at interview; mother hours in paid work; father smoked during
pregnancy; parent had any autoimmune disease; parent had rheumatoids;arthriti
number of.days breastfed; tan at end of summer; reaction of skin to suiietme

sunburns.

For the pregnancy UVR exposure multivariate model, mother’s ageildts birth,

mother’s completion ofigh school educatioand mother smoked during pregnancy
This article is protected by copyright. All rights reserved



were included in the model. The following covariates were test@tbove butwvere

not included in the final model: number of siblings within six yeafrage (37),
gestational age at birth; mother married at interview; mother hours in paid work;
mother had any autoimmune disease; mother had rheumatoid arthritis; number of days
breastfed;*mother tan at end afmmer; mother reactioof skin to sun; and mother

lifetime sunburns.

Whereymatched analyses were possivke performedconditional logistic regression.
Where missing covariates removed samples and consequently reduced available pairs
we instead perfored a frequencynatched analysis, and accounted for matching

factorsdy/adjusting for bintyear and recruitment year

Previoudy, we constructed two vitamin D genetic allele scof28). The ‘Synscore’
included two SNB at genes inveed invitamin D synthesis CYP2R1 rs10741657,
DHCR7.rs12785878and the'Metscore’ included two SNPs involved in vitamibD
metabolism. CYP24A1 rs6013897,GC rs2282679). h our setting Metscore and
Synscore ‘combinedontribute to 11% of Z®H)D3 variation.We examined whether
either of these scores moddieur finding byassessing multiplicative interaction in
a logisticregression model, and additive interaction using the Synergy Index (38).

All analyses were undertaken using StataMP V14 (StataCorp, College Statxas, T

USA). Pvalues< 0.05 were considered significant (39).

Sensitivity analyses. Sensitivity analyses were undertaken to eatd potential bias

To assess bias introdutdy diseaseelatedbehaviouralchanges, wexcludedsun
exposurefor/the 12 months preceding diagnosis. To assess recall bias due to
knowledge=of the hypothesis, wemovedparticipants whaeported belief that sun

exposuresissrelevant to disease risk.
To assessybias due either to disdasgthrelated changes in recall of past sun

exposure or in sun exposure behaviome assessed incident and prevaleases

separately
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RESULTS

Participant characteristics
Overall, we included 202 cases (72% female) and 202 controls (41% female) in the
studyAllparticipants were born in the state of Victdr&ween 1993 and 2011, and

reportedCaucasiamncestryCharacteristics of the participants are shown in Table 1

Skin type characteristiomere very similar between cases and controlSupporting
Information,TableS1). We used thesubsample of children witlskin typemeasured
by a nursg36) to further confirmethnicity in elation to skin pigment. 0.5%ases
and 0%'controls were reportedb have ‘dark’ skin. Furthermore, in owverall
CLARITY hospital control population, 0.8% dfelf-reportedCaucasias had nurse-
reporteddark skin, compared to 23% of n@aucasias Therefore, restriction to

Caucasiarethnicity did appear to standardise for skin type.

Cumulative,sun exposure over théife-course

An inverse.association betweemotal cumulative UVR exposure and JlAwas
observed(Table 2) There was a clear desesponse relationship, with greater total
UVR exposure showing an increasingptectiveassociation with JIA (test for trend
p=0.09. The magnitude of thassociation was strengthenad the multivariate
model, We did not observe an association between cumulativeolifse time in sun

for either summer or winter specificallgnd JIA

Total UVR accountdor the effect of differential sun behaviour between the seaso
Therefore theapparent inverse association of JIA with total UVR, butmiotutes in
sun per.season, suggests that it is not outdoor time in itself, but actual UVR dose from

the outdootime, that is driving the association

Sun exposure during specific age periods

We tested to. see if the inversssociation of total UVR exposuvégth JIA could be
attributed to aspecific age periadrhere was no evidence of significant association
JIA with sun timeor cumulative UVR exposure fahe age periods-2 years (able
S2), 3-b years (able S3), or 6-10 years Table S4) specifically, although trends
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towards lower JIA risk with higher sun/UVR exposure emerged for each age group.

Due tosmall numbersve did not analyse the age period 13years.

Our datasuggested that the association between sun exposure and JIA was dependent
on accounting for cumulative lifeourse UVR.We therefore proceeded to further

investigate this relationship.

Sensitivity analyses

Based on the assumption that behavioural changekl have had an impact on
outdoor,time for cases up to 12 months before diagnosis, we calculasst@ed
life-course cumulative UVR exposure up until 12 months before diagndsiss
excluded cases diagnosed<at year of age, and their matched coht(Table S5).

The patterns of association between JIA and cumulative UVR expasree not
materially altered in this analysi&ssociations were of borderé significance (trend
p=0.058),likely due to reduced sample sigesulting inwider confidencentervals.
Therefore;-béhavioural change in the 12 months prior to diagnosis is unlikely to be

explainthe JIA-cumulative UVR association

We thentestedwhether knowledge of the hypothesis afézl the association outcome
by removng nineindividuals whose parents had indicated a belief that vitamin D

was a possible causédA. The significantnverse association remain€able S6).

Time between diagnosis and recruitmenfdisease duration)

We considered whether a longer disease duratigmewalent cases might bias self
reported UVR exposure. Aonger disease duration correlatedith lower average
UVR per.year (Figurésl) Whencases weratratified as incidenor prevalentthe
correlation'was restricted to incident casszen mainly byindividuals with disease
duration=of-Q0 months (recruited at gresis).There was no significant correlation for
prevalent’ casesThus, there was no evidence that the longer disease duration in
prevalent ecaseprior to interview altered study findings, tba recall bias associated

with incident casesould not be fully excluded.

We thereforestratified the association analysis betweamulative UVR exposure

and JIA by incident or prevalent cases. The invassmciation wasrpsent forboth
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strata with ORs of a sintar magnitude to théull sample although associations did
not reab statistical significancélableS7). This is likelydue toreduced ample size
The consistent direction of effect between incident and prevalent cases suggjests t

diseasaluration(longer or shorterlloes not affect the association substantially.

Sun exposure at 12 weeks of pregnancy and JIA risk

To determine whethesun exposure during pregnancy relevant to JIA risk, &
tested forassociation between JIA and matemakkday and weekerslin andJVR
exposure at 12 weeks of pregnancy. maximise sample sizeye performeda
frequencymatched analysiadjusting for year of birth and year of recruitment for all

pregnancy sun exposure measures.

We found evidence ahverse association betweematernal weekday time in sun at

12 weeks of pregnancy adtA risk (Table3), with aclear doseesponse relationship
(test for trend p=0.011). There were no significant aatons for weekend time in

sun howeverthe direction ofeffect wasconsistently protectiveFor UVR exposure

at 12 weeks.of pregnandfere was also evidenoéinverse associationith JIA risk
(testfor trentp=0.031). Toconsiderthe effectof season, wincludedseason of birth

in the multivariatemodesk, and thisdid not materidy alter the findings(although a
significant dose response trend emerged for weekend time in sun, p = (J.aBlk)

S8). Additionally, there was no evidence of association between season of birth and
JA in our sample Table S9). These datasuggestthat prenath sun behaviour

differences are more important thegason of birth itself.

Vitamin,D allele scores
We examined the vitamin D allet&zoreqSynscore, Metscore) in cases and controls
Neitherofthenmodifiedthe UVR and JIA associatioii§ables S10-S18

DISCUSSION

Our study provides noVvevidence that increasing cumulatiJ&R exposure over the
pre-diagnosigife-course andmaternalUVR at 12 weeks gestation, is associated with
reduced risk ofleveloping JIA Life-course and maternal UVR exposure exhibited a

doseresponse relationship with JIA, with increasing amounts of UVR exposure being
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increasingly protective for the disea®¢e usedore-diagnosidife-coursemeasures of
sun exposure, as opposed to phagnosis measures of circulating vitaminidan

effort to establish @ossiblecausal role fosun exposurgitamin D in JIA risk

We did net-observe a significaassociation betweetime in the sun and JIA when

we did not take into acomt UVR dose. This illustrates that the increased UVR
exposure in summer relative to winter is important in the relationship between sun
exposure and JIA. Also, it provides reassurance that UVR exposure, not outdoor time,
is of importance. We did not find significantassociatiorof JIA with time in sun or
cumulative UVR for anyarticularpostnatalage period, thougbonsistently inverse
directiors /of \effect wereapparent. This suggests that it is temulative UVR
exposure prior to disease onset tisaimportant in JIA Consistent with thistudy,

higher cumulative sun exposure prior to disease onset has been associated with
decreased risk of M@0)and RA(17).

We alsg.obsérved a significanterseassociabn betweenllA andbothweekday sun
exposureand UVR dose at 12 weeks of pregnaricyerestingly,and in contrast to
previous work(41), there was no association betweBA andseaon of birth, and
when adjusted for season of birth, the association betlNéeandUVR at 12 weeks

of pregnancy remaine®@ur data areonsistenwith evidence that low maternfist
trimester UVRexposure is associatedth MS, independent of season of bift34).

Of note, for MS, there is temporal specificity in the prendR exposurgwith the
as®ciation being restricted tdirst trimester. We did not measure maternal sun
exposure _outside dirst trimester so could noffurtherexamine temporal specificity

in JIA. However, a previous study that analysed se26(0H)D; levels at birth from
newborn._screening cards found no association Wit (24), suggesting some
temporalspecifiaty. Future studies should determine whether first trimester sun
exposuresisia window of risloif JIA, or if it is a marker obverall pre and postatal

sun exposure.

Our study had a number of strengths. Firstly, our restriction to individuals born in the
state of Victoriaavoided confounding due to latitude. Secondly, our ability to
examinepre-disease sun exposure allowed us to avoidshge ofreverse causation

in which diseaseelated behavioural changes such as less time outdoors may lead to
This article is protected by copyright. All rights reserved



reduced circulating vitamin D in children with JIA, as reported by prior stdi®s

This seems particularly likely for a debilitating disease such asBjAnatching a
control to each case by exposure window, we controlled for differences in cumulative
sun exposure due to different ages of ugnrent to the study. We also performed a
number~of=sensitivity analyses to ensure the reliability and robustness of the
association in the overall sampia relation to participant knowledge of the
hypothesis, diseagelated behavioural changes, atisease durationThesefactors

have net been dealt with in pristudies of vitamin D and JIA

Limitations_includedthat we were unable to directly measure circulating vitamin D
across/the prdiseaselife-course Although we collectedoarticipant blood post-
diagnosis, measuring podiseasevitamin D is not a feasible way to gauge pre
disease vitamin [Due toissues ofeverse causaticas discussed abovie our overall
CLARITY sample, there is an average delay of seven months between- parent
reported symptom onset and JIA diagnosis (unpublished data), so even thosalrecruite
at diagnesis‘are unlikely to reflect true qaisease behaviour. We used sun exposure
and vitamin/Dpathway gene allelscores agproxy measurg of vitamin D status.
Using such proxs introduceghe possibility of missing a true association of an
alternativesfactor that contributes to vitamin D status, or finding a false positive
association due to confounding/hile our sensitivity analyses served nonimise
possible confounding,dalitional factorslikely to be associated witlpast or current
circulating vitamin D(for example vitamin D supplementatisunscreen ujevere

not assessed/Ve did test for a number of potential confounders in this study, such as
sibling exposure, which has previously been shown to be associated with risk of JIA
in our 'sample(37). Nonetheless, it is important to recognise that epidemiological
associations’might reflect narausal explanations and therefore further work should
be done=te" confirm thadentified associatioa In addition, genenvironment
interactionanalysesshould be reconducted in larger stiesto ensure that our null

findingssare not reflective of sample size.

We hypothesise that the mechanism through which sun exposggine attenuatdIA
risk is through influence on circulating levels of active vitamin D (1,25¢Dk)) and
its subsequent effect on tlokild immune system. 1,25(Ok)3; has many and varied

effecs on almost all immunecell types, with antinflammatory and
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immunomodulatory consequences (42,. 9f particular releance to JIA
1,25(0OH)}D3 signalling represses the transcriptionTdfl cytokine genedriving T
helper responses towards armeegulatory Th2 phenotyp#us suppressing Thl
driven autoimmune respons€8). Feasibly then lower 125(OH)%,D3, through
reduced"UVR exposure, coutdducesuppraeson of autoimmune responses in JIA.
However, t 1s impatant to acknowledge that UVR might impact Jiak through
vitamin D-independent pathway#&nimal studies have demonstrated that UVR can
inducegimmunosuppression in the absence of vitamin D receptarhamges to
circulating vitamin D(7). In humans, there is evidence that sun exposure and serum
vitamin,D act independently onisk of central nervous system demyelinat{d®).

Such alternative pathways are yet to be elucidated.

This study has considered the associatiohf@fcourseUVR exposure with overall
JIA risk, that is, all JIA subtypes together. Our efforts to miningeafounding
through, careful participant selection and eesetrol matching limited theotal
numbe of cases available for analysi)d thusour ability tosubdivide our sample by
subype., It is possible thasubtypes maydifferentially associatewith life-course

UVR, andthis should be considered in future studies.

In conclusion,we have demonstrategin inverse association betwel@r-coursesun
exposure and JlAisk. Our dhta suggestshat increased vitamin D via maternal
cutaneousUVR exposure during pregnancy, amttreased childcutaneous UVR
exposureprior to diagnosis, protectgainst JIA. These findingsequire replication

using other study designs including those with prospdgto@lectedvitamin D and

sun exposure measures. However, they do provide the first body of evidence that
circulating..vitamin Dprior to disease onsehay contribute to JIA risk. Ifthese
associationsare confirmethey will point to an environmental factor amenable to
interventionsthat has potential to redutsk of developing this debilitating childhood

diseases
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Table L.Characteristics of CLARITY cases and controls selected for analysis

Case Control
Female; N (%) 145 (72) 83 (41)
Male; N.(%) 57 (28) 119 (59)
Female to male ratio 2.6:1 1:1.4
Mean age; years (SD) 7.38 (4.29) 7.46 (4.21)
Born in=Vieteria; N (%) 202 (100) 202 (100)
Pregnancy‘in Victoria; N (%) 188 (94) 197 (98)
Caucasian; N (%) 202 (100) 202 (100)
Case Characteristics
Case type; N (%)

Incident 112 (55) -
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Prevalent 90 (45) -

JIA subtype; N (%)

Oligoarticular 112 (55) -
Polyarticular RFve 42 (21) -
Polyarticular RF +ve 5(2) -
ERA 4 (2) -
Psoriatie 6 (3) -
Systemic 12 (6) -
Undifferentiated 11 (5) -
Missing 10 (5) -

Age at diagnosis; mean years (SD) 5.11 (3.92) -
Duration ofdisease; mean months (SD) 27 (38) -
Minimum months 0 -

Maximum/months 157 -

RF =rheumatoidactor; Duration of disease = time between disease diagnosis and

recruitment
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Table 2 Conditional logistic regression analysis for the association of cumulative surusxpoth JIA.

Sun exposure N case/ controt OR1% (95%CI) Pvalue AORS (95%Cl) P value

SUmmerseumul ative time in sun (mins)

0-999 149/145 1 (reference) - 1 (reference) -

1000-1999 39/42 0.84 (0.37-1.91) 0.69 0.72 (0.30-1.73) 0.46

2000+ 14/15 1.32 (0.33-5.27) 0.69 0.96 (0.22-4.30) 0.96
Test fortrend 0.90 0.74
Winter cumulative time in sun (mins)

0-999 164/163 1 (reference) - 1 (reference) -

1000—-1999 29/26 1.40 (0.63-1.09) 0.40 1.15(0.47-2.82) 0.76

2000% 9/13 0.83 (0.22-3.10) 0.78 0.53(0.12-2.28) 0.40
Test for trend 0.91 0.57
Total UVR (quartiles)

1 60/41 1 (reference) - 1 (reference) -

2 45/57 0.36 (0.15-0.86) 0.021 0.27 (0.10-0.72) 0.0091

3 49/51 0.33 (0.11-0.96) 0.043 0.25(0.08-0.82) 0.022

4 48/53 0.27 (0.07-1.04) 0.056 0.19 (0.04-0.85) 0.030

Test for trend 0.044 0.025
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Summer and winter time in sun are total minutes in sun until age at diagnasaséaand matched control. Total UVR is clative summer or
winter minutes in sun multiplied by mgummer or mielinter average UVR index over the years X98BL1. Abbreviations: A, adjusted; Cl,
confidenge.interval; N, number; mins, minutes; OR, odds ratio.

T If either matched pair missing for a covariate factor the pair was dropped from analysis

¥ Adjusted for age at recruitment and sex

8 Adjustedfer age at recruitmeisex, maternal age at birth, mother currently smokes and mother completed yeaxy 2ofpBEIFA)

Table 3. Logistic regression analysis of association of sun exposure at 12 weeks of pregnanidy. with J
12 weeks.of pregnancy N case/ control ORT (95%CI) Pvalue N case/ control AORZ (95%CI) P value

Weekday time in sun (hrs)

<1 57140 1 (reference) - 56/40 1 (reference) -

1-2 53/67 0.48 (0.270.86) 0.014 51/66 0.51 (0.280.96) 0.036

2+ 17/36 0.30 (0.140.64) 0.0018 16/36 0.38 (0.170.85) 0.019
Testfortrend 0.001 0.011

Weekend.time in sun (mins)

<1 26/17 1 (reference) - 26/17 1 (reference) -

1=2 58/57 0.55 (0.251.17) 0.12 55/56 0.48 (0.2%1.09) 0.08

2+ 40/49 0.48 (0.2%1.07) 0.074 40/49 0.48 (0.261.14) 0.097
Test for.trend 0.10 0.15

This article is protected by copyright. All rights reserved



UVRS (quartiles)

1 34/24 1 (reference) - 34/24 1 (reference) -

2 24/23 0.46 (0.191.10) 0.083 23/23 0.57 (0.221.47) 0.25

3 29/28 0.53 (0.231.21) 0.13 28/27 0.76 (0.311.87) 0.55

4 16/38 0.24 (0.160.57) 0.0012 16/38 0.32 (0.130.80) 0.014
Test for trend 0.0026 0.031

Abbreviations: A, adjusted; ClI, confidence interval; hrs, hours; N, number; mimsta®j OR, odds ratio.

T Adjusted.for age at recruitment, sex, year of birth and year of recruitment

¥ Adjustedfor age atecruitment, sex, year of birth, year of recruitment, maternal age at birth, mother currently smokethand¢empleted
year 12 (proxy for SEIFA)

§ Combined UVR exposure for weekend and weekday time in sun
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