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ABSTRACT

Background:Coexistenceofchildhoodasthma,eczemaandallergicrhinitisishigherthancanbeexpectedbychan

ce,suggestingacommonmechanism.Dataonallergicmultimorbidityfromapan-European,population-

basedbirthcohortstudyhasbeenlacking. This study compares the prevalence and early-life risk factors of 

these diseases in European primary school children.

Methods:IntheprospectivemulticentreobservationalEuroPrevall/iFAAMbirthcohortstudyweusedstandardi

zedquestionnairesonsocio-

demographics,medicalhistory,parentalallergiesandlifestyle,andenvironmentalexposuresatbirth,12and24m

onths.Atprimaryschoolage,parentsansweredISAAC-

basedquestionsoncurrentasthma,rhinitisandeczema.Allergicmultimorbiditywasdefinedasthecoexistenceof

atleasttwoofthese.

Results:From10,563childrenrecruitedatbirthin8studycentres,weincludeddatafrom5,572children(meanage

8.2years;51.8%boys).Prevalenceestimateswere:asthma8.1%,allergicrhinitis13.3%,eczema12.0%.Allergicm

ultimorbiditywasseenin7.0%ofthewholecohort,rangingfrom1.2%(Athens,Greece)to10.9%(Madrid,Spain). 

Riskfactorsforallergicmultimorbidity, identified with AICc,includedfamily-allergy-score, oddsratio(OR)1.50 

(95% CI 1.32–1.70)perstandarddeviation;early-lifeallergysymptoms, OR2.72 (2.34–

3.16)foreachsymptom;andcaesareanbirth, OR1.35 (1.04–1.76).Femalegender, OR0.72 (0.58–

0.90);oldersiblings,OR0.79 (0.63–0.99);andday-care, OR0.81 (0.63–1.06)wereprotectivefactors.

Conclusion:AllergicmultimorbidityshouldberegardedasanimportantchronicchildhooddiseaseinEurope.Som

eoftheassociatedearly-lifefactorsaremodifiableandmaybeconsideredforpreventionstrategies.

Key words: allergic multimorbidity, asthma, eczema, allergic rhinitis, children
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1.INTRODUCTION

Interestinmultiplecoexistingallergicdiseases(allergicmultimorbidity)hasbeenincreasing,andseveralrecentst

udiesaddressprevalenceandriskfactorsfocusingonchildhoodandadolescence.Allergicmultimorbidityisoften

definedastwoormoreallergicdiseases:asthma,allergicrhinitisandeczema.TheGermanbirthcohortMulticentr

eAllergyStudy(MAS)foundanallergicmultimorbidityprevalenceof2%atage9inthosewithnofamilyhistory,com

paredto11%ofthosewithatleastoneallergicparent.(1)TheMechanismsoftheDevelopmentofALLergy(MeDAL

L)meta-

analysisshowedarelativelyhighoccurrenceofcoexistingasthma,allergicrhinitisandeczemain4and8yearoldchil

dreninmanyEuropeancohortssuggestingacommonmechanism.(2)Intheircombineddataanalysis,aswellasint

heSwedishBAMSEbirthcohort,(3)allergicmultimorbidityprevalenceincreasedwithageuptoadolescence.

TheiFAAMstudyisacontinuationoftheEuroPrevallbirthcohortstudythatrecruitednew-bornsin2005–2010(4, 

5)andcompleteditslastfollow-upassessmentat6–

10yearsineightEuropeancities.(6)Itgivesauniqueopportunitytoestimatetheinfluenceofprenatalandpostnata

lenvironmental,lifestyle,andsociodemographicearly-lifefactorsontheprevalenceofasthma(allergicandnon-

allergic),allergicrhinitis,eczemaandallergicmultimorbidityatprimaryschoolageinEurope,whichisindeedtheai

mofcurrentanalysis.

2.METHODS

2.1Studydesign,settingandpopulation

Thestudydesignandbaselinecharacteristicofthestudypopulationhavebeendescribedindetailpreviously.(4-

7)Insummary,theprospectivemulticentrebirthcohortstudy(fundedbytheEuropeanCommission)recruited12,

049new-bornsin2005–2010in9Europeancentres (Figure 

1).Afteraperinatalbaselineinterview,regularstandardizedparentaltelephoneinterviewswereconductedat12

and24monthsofage.Socio-

demographics,medicalhistory,parentalallergies,parentallifestyle,dietaryhabits,environmentalexposures,an

dotherpotentiallyinfluentialfactorsfordevelopingallergieswereassessed.Excludedwerechildrenbornbefore3

4weeks,witha5-minuteAPGARscore<7,andparentswithinsufficientskillsofthelocallanguage.(4)

Duringtheyears2014–2017,atprimaryschoolage,allthestudycentresexceptMilanparticipatedinafollow-

upassessment,iFAAM(alsofundedbytheEuropeanCommission).Parentsansweredquestionsonline,including

questionsonsymptomsofcurrentallergicdiseases.Afewparentsthatwereunableorunwillingtoaccess/complet

ethequestionnairebythemselveswereinvitedtothestudycentreorquestionedviatelephoneinterviews.A
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Ethicalapprovalwasobtainedindividuallyforbothstudyperiodsfromthelocalethicscommitteeineachparticipat

ingcountry.Informedparentalconsentwasalsoobtainedforeachassessment,inwrittenformfortheearlychildh

oodperiod,andonlineatschoolage.

2.2Keyoutcomes

TheiFAAMquestionnairewasbasedonstringentepidemiologicaldefinitionsaswellasvalidatedandwidelyusedq

uestionsinpopulation-basedcross-

sectionalchildhoodandteenagestudiesliketheInternationalStudyofAsthmaandAllergiesinChildhood(ISAACp

roject).(8-11)

Currentasthmaatschoolagewasdefinedaspresentifatleastthreeofthefollowingfiveparent-

reportedcriteriawerefulfilled:(a1)wheezingorwhistling,(a2)breathingdifficulties,(a3)drycoughatnight,(a4)as

thmamedication,allinthepast12months,and(a5)doctordiagnosedasthmaever.Asthmawasalsoconsideredto

bepresentifcriteria(a4)and(a5)werebothfulfilledwithoutanyofthethreesymptoms(a1–a3),indicatingawell-

manageddisease.

Currentallergicrhinitisatschoolagewasdefinedaspresentifatleasttwoofthefollowingthreecriteriawerefulfille

d:(r1)sneezing,orarunnyorblockednose,withouthavingacold,(r2)nasalallergy/hayfevermedication,bothinth

epast12months,and(r3)doctordiagnosedallergicrhinitisorhayfeverever.

Currenteczemaatschoolagewasdefinedaspresentifbothofthefollowingcriteriawerefulfilled:(e1)anitchyrash

whichwasintermittentlycomingandgoing,and(e2)doctordiagnosedeczema/atopicdermatitisever.

Currentallergicmultimorbidityatschoolagewasdefinedaspresentifatleasttwoofcurrentasthma,allergicrhiniti

s,andeczemawerecoexisting.

2.3Definitionofcovariates

Manyoftheearly-agecovariatesweresimpleyes-noquestions:sex,caesarean-birth,child’s and 

mother'santibiotics-at-birth, cows-milk-in-first-week, pets-at-home(cats/dogs),live-on-a-

farmandmouldinthehouse.Otherearly-agecovariatesrequiremoreexplanation.Mothers-age is a simple 

continuous variable, Parent-

educationisalsocontinuous,sumofmother’sandfather'seducationcodes,eachoftheseintherange1–

4accordingtoeducationlevel.Family-allergy-

scoreatbaselineisalsoacontinuousvariableandcomputedaspreviouslydescribed (Appendix 

S1).(12)Breastfeeding is true if the child was breastfed for ≥6 months (possibly along with other feeding). 

Breastfeeding for ≥4 months was also evaluated. Vitamin-D was true if the child received daily vitamin D A
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supplementation starting within the first 2 months. Older-

siblings(dichotomous),istrueifotherchildren,≤10yearsolder,werelivinginthehousehold.Day-

careistrueifthechildattendedday-

carebeforetheageof18monthsfor≥8hours/weekwith≥2otherchildren.Pregnancy-

smokingistrueifthemotherreportedsmoking≥5cigarettes/dayduringpregnancy.Smoking-at-home 

(dichotomous variable), is true if ≥10 cigarettes/day were smoked at home.

ThecontinuousvariableEarly-age-

symptomswasdefinedasthesumofthreedichotomousvariables:symptomsassociatedwithasthma,allergicrhin

itisandeczema.Thefirstoftheseis1ifthechildhadwheezingorwhistlinginthechestbetween12and24monthsofa

ge,otherwiseitis0.Thesecondis1ifthechildhadatleast2ofthefollowing3criteriabeforeage2:(1)sneezing,oraru

nnyorblockednose,withouthavingacold,(2)itchy,wateryeyes,and(3)doctordiagnosedhayfever.Thethirdis1ift

hechildhadanitchyrashoreczemathatlastedforatleast7days,inthefoldoftheelbows,behindtheknees,infronto

ftheankles,onthecheeksoraroundtheneck,earsoreyes,beforeage2.

Acrucialvariableconsideredwasthestudycentre.Thisvariablewastreatedasgivingamultiplicativecentreeffect,

asdescribedinmoredetailinthestatisticssectionbelow.

Finally,theiFAAMstudyincludedaquestiononcurrentheavytraffic,whichwastheonlyschool-

agecovariateconsidered.

2.4Dataprocessingandstatisticalanalysis

DatawereprocessedwithUnixandMatlab(version9.3;MathworksInc.).Toassessthesignificanceofcovariates,a

logisticregressionmodelwasconstructed,wherecentreeffectwasincludedasamultiplicativefactor:

Odds=centre-effecteffect-of-covariate-1effect-of-covariate-2...

ThecovariatesenteringthemodelwereselectedusingtheAICccriterion(Akaikeinformationcriterionwithcorrec

tion).OneadvantageofusingAICcisthatitisindependentof(arbitrary)statisticalsignificancelevels:itselectsthem

odelwiththesmallestexpectedmean-squared-

error.(13)Forestplotswereusedtoshow95%confidenceintervals.

Note that in the model all individuals weight equally, and therefore the centers are effectively weighted 

by the participant count in each one, as in inverse probability weighting.(14)

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

3.RESULTS

Of10,563recruitedchildrenintheeightparticipatingcentres,5,572(52.8%)fulfilledtheeligibilitycriterialistedinS

ection2.1(Figure1).TableS1showsabreakdownofthedrop-

outbystudycentre.TheparticipationinindividualcentresisshowninFigure2.Thechildrenwereagedbetween6a

nd10yearswhenthelastparentalquestionnairewasanswered.Theallergicoutcomesatschoolagewereasfollow

s:asthma8.1%,allergicrhinitis13.3%,eczema12.0%,allergicmultimorbidity7.0%,and1.3%hadallthreediseases

(Table1).

Thedifferencebetweenthecentreswasconsiderable,withonly1.2%allergicmultimorbidityinAthensand4.0%in

Vilnius,reaching9.4-10.9%inAmsterdam,Southampton,LodzandMadrid,withReykjavikandBerlinfallingin-

between.AsthmahadthelargestprevalenceinSouthampton,allergicrhinitisinLodz,andeczemainMadrid(Table

1).

3.2Differencesbetweennon-participatingandparticipatingschoolagechildren

Tables2andS3showasummaryofthecovariatesforthetwogroups:the3,212childrendroppingoutinthelaststepi

nFigure1andthefinalstudypopulationforthecurrentanalysis.Therewerefewerday-carechildreninthedrop-

outgroup(two-tailed 

p<0.01),andthatgroupalsohadfewerchildrenwithearlyagesymptomsofallergicdiseases(p=0.04).Therewasm

oresmokingathome,morepregnancysmoking,lessbreastfeeding,moredogs,morechildrenbutfewermothersr

eceivingantibioticsatbirth,parenteducationlevelwaslower(p<0.01forall),andtherewaslessvitamin-

Dsupplementationinthenon-participatinggroup(p=0.03).

3.3Riskfactors

Thelogisticregressionmodelincludedsixcovariatesforallergicmultimorbidity,selectedaccordingtoAICc:family

-allergy-score,early-age-symptoms,sex,caesarean-birth,older-siblings,andday-

carebefore18monthsofage(Table2,Figure3).Femalesex,older-siblings,andday-

carewereindependentlyprotectiveformultimorbidity,whereasthefamily-allergy-score,caesarean-

birth,andearly-age-

symptomsposedarisk.ThelowoccurrenceofcaesareanbirthinMadridisexplainedbytherecruitmentinthemate

rnitywardwherescheduledc-

sectionswereabsent(Table2).Notethatthisdeviationdoesnotchangethemodellingresult:InamodelwithoutM

adrid,AICcselectsthesamesixcovariatesasthefulldatamodel,withverysimilarestimatedoddsratios(S5).
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TheAICc-procedureselectsmanyofthesamecovariatesforindividualdiseases(Figure4).Day-

careprovidesaprotectiveeffectagainstasthmaandallergicrhinitisandthesameappliestohavingoldersiblings.F

emalesexlowerstheriskforbothasthmaandallergicrhinitisbutinterestinglyitincreasedtheriskforeczema.Caes

areanbirthincreasedtheriskonlyforasthma,butnotfortheothertwoallergicdiseases.Smokingduringpregnanc

ywasincludedintheasthmamodelaccordingtotheAICcvalueasariskfactor.Finally,bothhighfamily-allergy-

scoreandmanyearly-age-symptomsarepositivelyrelatedtoallthreeindividualdiseases.

AlltheothercovariateslistedinSection2.3,mothers-age, parent-education, antibiotics-at-birth,cows-milk-in-

first-week,breastfeeding,vitamin-D supplementation,pets-at-home,smoking-at-home, live-on-a-farm, 

andmouldinthehouse,werenot selected into the 

models,neitherformultimorbiditynorforanyoftheindividualdiseases. Of these variables, live-on-a-farm had 

thelargest estimated effect, but the statistical power is low as indicated by a wide confidence interval 

(OR=0.67, 95% CI 0.26–1.71).

Modelsincludingonlyspecificearlyagesymptomswerealsoconsidered.AICc selected earlysymptomsof 

bothallergicrhinitisandeczema as predictorsofschool-ageallergicmultimorbiditybythemselves,but not 

wheezing.However,whencombinedwithoneorbothoftheothertwosymptoms,wheezing 

increasedtheestimatedrisk,anditwasalsoselected as apredictorofschoolageasthma(TableS7).

Currentheavytrafficexposurewasidentifiedas a risk factor for asthma, but not for the other two diseases 

(TableS8).

3.4Consistencyofthestatisticalmodel

Tochecktheconsistencyofthemodelling,multimorbiditymodelswitheachcovariateastheonlyvariableapartfro

mcentreeffectwereconstructed.TableS2showstheoddsratiosandAICcvaluesforthesemodelsandsomeadditi

onalmodels,includingthefinal6-

variablemodelofFigure3.Theresultswereconsistent.Tofurthercheckthestabilityoftheresultsthefinalmodelw

asfitted8times,eachtimeleavingoutonecentre,andagaintheresultswereconsistent(TablesS4andS5).

Tofurthercheckthesanityofthemodels,andtodemonstratethatthemultiplicativeeffectofthenumberofpredict

iveearly-agesymptomswasrealistic,weanalysedtwoexamples:Therewere176childrenwithtwoearly-

agesymptoms.Accordingtothemodeltheoddsforthesechildrenwasincreasedbyafactorof2.722=7.4.Themode

lcanbeusedtopredicttherateofallergicmultimorbidityatschoolageamongthesechildren(adjustingforalltheot

hervariables).Suchcomputationpredicts46.7children,whiletheactualcountis47.Asimilarinvestigationforallth

reeearly-agesymptomsgives38children,17ofwhicharemultimorbid,whilethemodelpredicts19.3.A
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4.DISCUSSION

4.1Currentstudyprevalenceandcomparisonwithotherstudies

Inourstudywithchildrenaged6–

10years,allergicrhinitisandeczemaweremorecommonthanasthma.Therewasconsiderabledifferencebetwee

nthestudycentreswithallergicmultimorbidityrangingfrom1.2%inAthensto10.9%inMadrid.Oneto11%ofthep

arentsreportedsymptomsofcurrentallergicmultimorbidity,i.e.2ormoreallergic 

diseases.WedidnotseeanycleargeographicalprevalencegradientacrosstheparticipatingEuropeancentres,su

chasfromnorthtosouthorwesttoeast,asfoundinapreviouspopulation-basedcross-

sectionalevaluation.(15)Whileotherstudiesthatweconsidereddefinedmultimorbidityalsoashavingatleasttw

oofasthma,allergicrhinitis,andeczema,theysometimesuseddifferentdefinitionsoftheindividualdiseases,how

everoftenbasedonoriginalISAACquestions.(8)

IntheSwedishBAMSEbirthcohortstudyinStockholm,about12yearsbeforeourstudy,theprevalencesat8yearsw

eresimilarwith7.1%,14.7%,17.0%and5.5%forasthma,allergicrhinitis,eczemaandallergicmultimorbidityrespe

ctively,(3, 

16)howevertheScandinavianmainlandwasnotpartofourstudy.IntheruralIsleofWightstudy(UK),multimorbidi

tyin4and10yearoldchildrenwas7.8%and10.5%,respectively,in1993–

1999(17)ascomparedto9.7%in7.9yearoldchildreninSouthamptoninthecurrentstudy.Inthatstudytheprevale

nceofallergicmultimorbidityincreasedfurtherto15.8%in18-year-olds.ArecentPolishcross-

sectionalmulticentrestudyfound10.7%of6–

7yearoldchildrenhavingallergicmultimorbidity,(18)comparedwiththecurrentstudyprevalenceinLodz,9.8%.I

ntheDutchPIAMAbirthcohort,includingmanyruralareas,thepublishedasthmaprevalencefor8yearoldchildren

in2003–

2004was7.2%,(19)thuslowerthanthe11.4%forthecityofAmsterdaminthecurrentstudy.Studyprevalenceofall

ergicmultimorbidityinBerlinwassimilartotherisk-enrichedpopulation-

basedGermanMASstudy,about20yearsearlier,whencomparedseparatelyforhigh-riskandlow-

riskchildren(TableS6).(1)

In116,863childrenat6–7yearsfrom22affluentandnon-

affluentcountriesthatparticipatedinphaseIIIoftheglobalcross-

sectionalInternationalStudyofAsthmaandAllergiesinChildhood(ISAAC),performed2000–

2003,theprevalenceforasthmawas9.7%,forallergicrhinitis8.9%,foreczema7.3%andforallergicmultimorbidit

y5.0%,(20)somewhatlowerthanourfindingsacrossEurope.A
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Thedifferencesindefinitionsoftheallergicdiseasesbetweenstudiesandstudysettingsmakeithardtodrawconcl

usionsonwhetherallergicmultimorbidityisawaxingprobleminEurope.However,ourprevalenceestimatesrang

ingupto11%inMadridconsideringonlythethreemostcommonallergicdiseases,showsthatallergicmultimorbid

ityisacommonproblemformanyprimaryschoolagedchildreninEurope.

Inourassessmentsinchildrenupto2.5-year-

olds,Athens(Greece)hadthesecondlowestwheezingprevalenceandlowestprevalenceofconfirmedfoodallerg

y,(21-

23)andnowhastheloweststudyprevalenceofallthreesinglediseases,aswellasallergicmultimorbidity.Italsohas

,byfar,thelowestestimateforschoolagefoodallergy.(6)However,Madrid,alsoinMediterraneanEurope,hasthe

highestobservedprevalenceofbothallergicmultimorbidityandeczema,andhighpercentagefortheothertwodi

seases.

Theconsiderabledifferencesbetweencities(Section3.1)evidentlycannotbeexplainedbythegeographicallocati

ons.Geneticsusceptibilityand/orenvironmentalfactorssuchasdietmayplayarole.Therelativelylowprevalence

inReykjavikcouldbepartlyduetothewidespreadsupplementationoffishoiltoinfants,(12) or possibly less 

pollution.

4.2Riskfactors

Asexpected,family-allergy-scorehad a large effect notonlyonsingleallergicdiseasesbutalso 

onallergicmultimorbidity.Interestingly,allergicfamilyhistoryappearedtoinfluencetheoccurrenceofeczemale

ssthanrespiratoryallergy.

Also,asexpected,thebestpredictorforallergicmultimorbidityatschoolagewereearly-age-

symptomsofallergicdiseases.Earlyagesymptomsareofcoursenotariskfactor,strictlyspeaking.Multimorbidity

modelswithoutearly-age-

symptoms,giveoddsratiosfortheotherfactorsthatarecomparabletothoseofthefullmodel(Figure3, Table 

S2).Thesameholdsforindividualdiseases(datanotshown).If the aim is to predict school age allergic diseases 

one would use all available data, including the early-age-symptoms, but if the aim is to study the causal 

pathway this variable should be excluded.

Beingagirlisprotectiveagainstallergicmultimorbidity,asthmaandallergicrhinitisatschoolage,butcarriesariskf

oreczema.ThesefindingsconfirmresultsfromMAS,PARISandBAMSE.(1, 10, 16, 

24)InMAS,boyswitheczemahadmoreallergicmultimorbiditythangirlswitheczema.Thiswasconfirmedbyourst
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udy,40%and30%forboysandgirls,respectively(p=0.07;datanotshown).ThePARISstudyalsoshowedboystobea

thigherriskofallergicsensitizationtoaeroandfoodallergens,andatmuchhigherriskofbeingmultisensitised.

Pregnancy-smokingwasnot found to affect allergic multimorbidity;however, according to the AICc 

criterion,it isariskfactorforprimaryschoolageasthma(OR=1.54, 95% CI = 0.99–

2.38).Thisisinagreementwithmultipleotherstudies,wheresmokingduringpregnancyincreasedtheriskforearly

lifewheezingandschoolageasthma,evenmorethanothertobaccosmokeexposure.(25-30)

Figure 4 indicates that pregnancy smoking primarily affects non-atopic asthma,(28, 31)and the same 

applies tocaesarean-birth 

whichisariskfactorformultimorbidityandasthma,butnotforallergicrhinitisoreczema.Theresultforasthmaconf

irmsfindingsofarecentmeta-

analysis,albeitwithconsiderablestatisticalheterogeneity,withmainlyretrospectiveandcross-

sectionalstudies,showinganincreasedasthmariskbycaesareanbirth.(32)Notincludedinthismeta-

analysisweretwoseparateevaluationsoflong-termprospectivepopulation-

basedbirthcohorts,focusingonasthmaandallergy,whichdidnotfindassociationbetweencaesareanbirthandas

thmaatage15(33)and20 years.(30)

Inpreviousstudies,havingoldersiblingsandday-

careattendancewerebothprotectiveforrespiratoryallergicdiseasesatschoolage.(20, 34, 

35)Theprotectiveeffectsofnaturalbirth,oldersiblings,andday-

careattendancehavebeenexplainedbytheincreasedexposuretoprotectivebacteriaininfancy,(36, 

37)whereastheprotectionbyoldersiblingswasalsohypothesizedofbeinganinuteroimmuneprimingeffect.(35)

Thenegativeeffectofcurrenttrafficonasthmaisconsistentwithearlierfindings(TableS7).(19).Wedidnothaveac

cessibleinformationontrafficatearly-age.

4.3Allergicmultimorbidityisadiseaseinitsownright

Several studies show that allergic multimorbidity can be considered as a special disease.(2, 16) This is 

supported by a genetic study.(38)

Inourstudy,asthmaconcurrentwithallergicrhinitisand/oreczemacountedforabouthalfoftheasthmacases,3.9

%(2.9%+1.0%;Table1)outof8.1%,approximatelytwiceasoftenaswouldbeexpectedifthediseaseswereindepen

dent.Iftheywereindependent,theprevalenceofallthreebeingconcurrentwouldbe0.13%(0.081×0.133×0.120

=0.0013)whereastheactualcohortprevalenceofthetriplemultimorbidityistentimeshigher,1.3%(Table1).A
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Weconcentratedonallergicdiseasesattheagearound8years,howeverthecoexistenceofthediseasesmayhaved

evelopedindifferentpatternsfrominfancy.Astudyusingmachinelearningidentified8suchpatterns,leadingtodi

fferentcombinationsofthediseasesatschoolage.(39) A study on atopic endotypes in childhood identified 

four patterns of disease development.(40)

4.4Strengthsandweaknessesofthestudy

ThecurrentstudyinvolvesmultiplecountriesfromallclimaticregionsinEurope,itusesprospectivelycollecteddat

afrombirthtoschoolagebythesamestandardizedmethods,anditistodatethelargestsuchsinglestudy.Ithadsuffi

cientstatisticalpowertoexaminepotentialriskfactorsinasinglemodel.Toacertainextent,someoftheseriskandp

rotectivefactorsaremodifiable(pregnancysmoking,caesareanbirth,day-

careandtrafficexposure).Beingaprospectivestudy,earlyliferiskfactorscanbedeterminedwithoutrelyingonlon

gtermmemoryoftheparents.

However,thegeneralizabilityofthecohorttothewholepopulationshasnotbeenformallyassessedandmaybelim

ited.Furthermore,aconsiderablenumberofchildrenwerelosttofollow-upafter6–

10yearssincebirth,possiblyexaggeratingtheestimatedmultimorbiditypercentage.It is also possible that the 

differences in loss between centres introduces bias in the estimates from the regression, however it is not 

easy to analyse the nature of this bias. 

Also,severalinterestingandprobablyimportantpotentialearlylifefactorsarenotconsidered,forexampleparace

tamolandantibioticsuse,diet,andIgEsensitization.TheBAMSEbirthcohort,theIsleofWightstudyandPARISbirth

cohortshowedfoodandairbornesensitizationininfancytoberiskfactorsforlaterallergicmultimorbidity.(3, 17, 

24)

5.CONCLUSIONS

AllergicmultimorbidityshouldbeconsideredasarelevantchronicchildhoodconditioninEurope,andprobablyar

oundtheglobe.Importantly,someoftheassociatedearly-

lifefactorswhichthisstudyidentifiedaremodifiable,andthuscanbeconsideredforpreventionstrategies.Futurer

esearchonallergicdiseases,shouldfocusonindividualswithmultimorbidity,forbetterunderstandingoftheunde

rlyingmechanisms,withtheultimateaimforimproveddiseasemanagement.Knowledgegapsincludetheagebra

cketfromchildhoodtoadulthood,associationswithotherallergicandnon-

allergiccomorbidities,andeffectsofthediseasesonqualityoflifeinfamilieswithallergicmultimorbidity.Thecurre

ntlyongoingCOVID-
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19pandemicwillfurtherdirectthefocusonthelinkbetweenviralinfectionsandchronicrespiratorydiseasesandal

lergies.
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TABLES

TABLE 1. Prevalence of individual allergic diseases at primary school age according to study centre (%), and breakdown 

according to the number and type of coexisting diseases. The bolded column, headed “2 or 3”, shows the prevalence of 

allergic multimorbidity, i.e. two or more of asthma, allergic rhinitis and eczema. The section headed “Single diseases” 

shows the percentage of children having one specific disease and the section headed “Double diseases” shows the 

percentage having exactly two specific diseases.

Age, yr, Prevalence, % Number of allergic diseases, % Single diseases, % Double diseases, %

Centre n mean (sd) Asthma Rhinitis Eczema 2 or 3 3 2 1 0 Asthma Rhinitis Eczema A & R A & E R & E

Reykjavik 848 8.0 (0.6) 7.1 12.4 12.0 5.8 0.6 5.2 19.3 74.9 3.5 7.3 8.5 2.2 0.7 2.2

Southampton 350 7.9 (0.7) 12.3 12.3 15.1 9.7 2.3 7.4 18.0 72.3 4.6 4.9 8.6 3.1 2.3 2.0

Amsterdam 628 6.7 (0.8) 11.3 11.3 17.5 9.4 1.6 7.8 19.7 70.9 4.3 4.0 11.5 3.3 2.1 2.4

Berlin 970 8.3 (0.9) 7.8 10.9 12.5 6.7 1.4 5.3 16.4 76.9 3.0 5.1 8.4 2.6 0.8 1.9

Lodz 837 8.7 (0.6) 10.0 23.3 9.9 9.8 1.4 8.4 22.2 68.0 2.5 13.9 5.9 5.7 0.4 2.3

Vilnius 833 8.6 (0.5) 4.2 11.4 5.4 4.0 1.3 2.6 11.8 84.3 1.7 7.4 2.6 1.2 0.0 1.4

Madrid 589 8.7 (0.6) 11.0 16.5 20.5 10.9 1.5 9.3 24.8 64.3 2.7 8.1 13.9 4.2 2.5 2.5

Athens 517 8.9 (0.6) 3.7 5.8 6.2 1.2 0.2 1.0 13.2 85.7 2.9 4.8 5.4 0.4 0.2 0.4

All children 5572 8.2 (0.9) 8.1 13.3 12.0 7.0 1.3 5.8 18.1 74.9 3.0 7.3 7.8 2.9 1.0 1.9

TABLE 2. Early-life covariates according to study centre. The table shows only covariates that AICc selected into the 

modelfor allergic multimorbidity, orinto a model for one of the individual diseases. Family-allergy-score is standardized to 

have SD = 1. The table also shows a summary for the EuroPrevall children which did not participate in primary school age 

follow-up assessment (iFAAM project). See section 2.3 for detailed definitions and Table S3 for other covariates.There is a 

significant difference (according to a two-tailed test at the 5% level), for day care, pregnancy smoking and all the early age 

allergy-like symptoms (shown in bold red italics).

Avg. family Girls Caesarian Older Day Pregnancy Allergy-like symptoms before age two (%)

Centre n allergy score (%) birth (%) siblings (%) care (%) smoking (%) Wheezing Rhinitis Eczema

Reykjavik 848 1.5 47.9 12.6 54.4 77.6 4.7 15.7 9.4 15.0

Southampton 350 1.7 44.3 31.7 43.7 45.4 1.1 10.3 10.6 16.3

Amsterdam 628 1.5 48.7 11.6 52.7 69.9 5.4 9.6 9.1 21.3

Berlin 970 1.4 47.9 32.1 36.3 66.0 3.3 10.1 6.0 12.7

Lodz 837 0.7 49.0 38.2 27.5 4.9 0.0 0.7 9.6 10.0

Vilnius 833 0.3 48.0 18.8 34.7 10.8 2.5 2.0 0.4 4.0
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Athens 517 0.7 46.8 44.7 40.6 10.4 8.5 2.7 6.8 5.8

Total 5572 1.1 48.0 23.9 40.8 43.9 4.2 6.8 6.6 11.8

Not participating 3212 1.0 48.2 22.9 43.1 35.9 6.0 6.2 5.6 10.2
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FIGURE LEGENDS

FIGURE1.Flowchartofthepopulation-basedpan-EuropeanbirthcohortstudyshowingtheEuroPrevall andiFAAM 

participantsuptoinclusioninthecurrentanalysis. TheEuroPrevallstudycentreMilandidnotparticipateintheiFAAMproject. The 

eight participating cities were: Reykjavík, Iceland; Southampton, UK; Amsterdam, the Netherlands; Berlin, Germany; Lodz, 

Poland; Vilnius, Lithuania; Madrid, Spain; and Athens, Greece.“Not in current study” are children whose parents were not 

reachable, or were not interested in participation at school age.

FIGURE2.Theeightcentresofthepopulation-

basedEuroPrevall/IFAAMbirthcohortstudy,thenumberofchildrenwhoparticipatedineachoneattheschoolagefollow-

upassessment(intotal5572children),andtheproportionofthesewithallergicmultimorbidity(overallproportion7.0%).

FIGURE3.Oddsratiosand95%confidenceintervalsforprotectivefactors(green)andriskfactors(red)ofallergicmultimorbidityatsc

hoolage[ofamodelselectedaccordingtoAICc].Family-allergy-scoreisstandardizedtohaveSD=1.Early-age-

symptomsisintherange1–

3,andcountsthenumberofallergicsymptoms(ofallergicrhinitis,eczema,asthma)observedbeforeage2.Alltheremainingva

riablesaredichotomous.TheORforfamily-allergy-

scoreshowsthemultiplicativeeffectforeachstandarddeviation,andsomewhatsimilarly,theORforearly-

agesymptomsshowsthemultiplicativeeffectofeachsuchsymptomwhichispresent.Thefactorsshownaretheonespresentinamul

tivariatelogisticmodelwhichmaximizestheAICcmodelselectioncriterion.

FIGURE4.Oddsratiosand95%confidenceintervalsforcovariatesthatarepredictorsforoneormoreoftheindividualdiseasesconsid

eredinthestudy(secondaryoutcomes).Covariatesforwhichtheconfidenceintervalsdonotcontain1are coloredgreenifthe factor 

is protectiveandredifit poses 

arisk.Confidenceintervalsofvariableswhicharenotselectedintoacorrespondingmodelareshowninorange.Seealsoexplanations

inthecaptionofFigure3
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SUPPLEMENT – TABLES S1–S8 AND APPENDIX S1 

TABLE S1. EuroPrevall/iFAAM participants included in final cohort of the current study according to centre. 

 

 
 
 
TABLE S2. Details of some of the models for multimorbidity that were considered. The centre effect is present in all models. 
The column headed Δ-AICc shows the difference in AICc (Akaike information criterion with correction) between the empty 
model and the actual one. The final selected model maximizes this difference with Δ-AICc = 247.2. The odds ratios shown for 
the 6 variable models are those of the final selected model of Section 3.3. 
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TABLE S3. Early-life covariates according to centre. The table shows covariates that the statistical modelling did not identify 
as affecting multimorbidity or one of the individual diseases. Breakdown of the other covariates is given in Table 2 in the 
main text. The table also shows a summary for the EuroPrevall children which did not participate in iFAAM. There is a 
significant difference (according to a two-tailed test at the 5% level), for breastfeeding, child and mother antibiotics, dogs, 
parent education, smoking at home, and vitamin D supplementation (shown in bold red italics). 

 

 
 
 

TABLE S4. Multimorbidity model consistency check: Odds ratios for models based on data from all centres except one, and 
comparison with the full data model. Variables that are not selected according to the AICc criterion are shown in red italics. 
The most notable discrepancy is that when Lodz is left out, the odds ratio for caesarean birth is considerably reduced. 

 

 

 
 
 

TABLE S5: Asthma model consistency check: Odds ratios for models based on data from all centres except one, and 
comparison with the full data model. Variables that are not selected according to the AICc criterion are shown in red italics. 
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TABLE S6. The German MAS study was enriched with about 19% high-risk children and also uses a wider definition of 
multimorbidity than the current study.(1) To attempt a comparison for the Berlin part of our cohort we compare those with 
a minimal family history (family-allergy-score ≤ 1; 29% of the Berlin children) and the remaining „high-risk“ children 
separately, and use a modified definition of multimorbidity which is approximately equivalent to the MAS definition. About 
64% of the MAS children had „negative family history“ (after correcting for the enrichment) in 6 cities across Germany, and 
among these multimorbidity occurred in 1.9% at 9 years of age, and in 11.2% of those with positive history. In the current 
study 1.8% of the Berlin children with minimal family history were multimorbid using the modified definition, and 8.8% of 
those with non-minimal history. The table shows details of the different definitions of allergic multimorbidity. The 
“modified” definition is intended to agree approximately with the definition of allergic multimorbidity in the MAS study. The 
table also shows the definition used in the current study (unmodified) and the actual definition used in the MAS study. 

 

 
 
 
TABLE S7. Odds ratio for allergic multimorbidity for single and multiple early age allergic symptoms, modelled without 
correcting for other factors. 

 

 
 
TABLE S8. Results of adding heavy traffic to the logistic regression model discussed in section 3.3. The identified risk of 
heavy traffic on asthma is consistent with results from the Dutch PIAMA study which comprehensively investigated the 
association between air pollution and asthma in children up to 20 years. That study found significant association between 
the concentration of five different traffic related air pollutants and asthma development.17 

iFAAM question do you live on a main road where heavy vehicles (trucks, buses) pass by? 
number of yes answers 1708 (30.6%) 
estimated odds ratio for asthma 1.26 (95% CI 1.01–1.56) 
increase in AICc 2.28 
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Appendix S1: Family allergy score 
The family allergy score was computed as follows(12). The birth data questionnaire contained questions on 
history of allergies in first degree relatives. We split the questions into four groups according to the type of 
allergy: (1) food allergy, (2) animal allergy, (3) hay fever/asthma, and (4) other allergies. The possible 
animals listed were dogs, cats, birds, rodents, horses and other animals. Among "other allergies" were 
latex, metals, penicillin, adhesive bandage and soap. Eczema was also placed in group (4). 

For food, the question was "Do you experience or have you experienced allergic reaction to food" and then 
14 common allergenic foods were listed, and space given for three "others". For each food, the 
questionnaire asked for specific reactions that had been experienced, and 21 possible reactions were 
allowed for. A food score was computed by giving, for each food, 0.5 points for 0 or 1 reaction, 1 point for 
2, 1.5 points for 3, and 2 points for ≥ 4 reactions, and then adding all the points for the different foods.  

For groups (2), (3) and (4) the following two questions were asked for each type of allergy causing agent: 
"Do you suffer from or have you suffered from hay fever?" (or "cat allergy", "latex allergy", etc.), and: "Was 
it medically confirmed?". Each yes scored one point and the points for each group were added.  

The score for each group was now standardized to make the mean score for the group = 1.0, and the sum 
of all four group scores gave the score of the relative. Since the sibs are younger than the parents and have 
had less time to develop allergy, their score was multiplied by 1.5. This gave the following mean scores: 
mothers 2.56, sibs 2.10, fathers 1.72. Next the average of all available scores for mother, father and sibs 
was computed for each child in the study, and finally the scores were standardized to have SD = 1. For 
example, if the mother had a score of 1.0, two sibs had scores of 1.0 and 4.0, and no data for the father was 
available, the family allergy score before standardization was calculated to be (1 + 1 + 4)/3 = 2.0. 
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