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Abstract

Background:There is increasing interesttime possibldink betweemmaternal hypothyroidism in the
perinatal periocnd childhood asthnrésk. We exploredthis in the present studyhile accounting for
the timing of hypothyroidism diagnosisutther, we evaluated whethehe risk was moderated by
thyroid hormone treatment during pregnancy.

Methods:Wereonducted aopulation-based cohort study using Danish national registérs/eborn
singletonan Denmarkfrom 1998 to 200Were identified Maternal lypothyroidismand asthman the
childrenweredefinedby data fromthe Patient Regist@ndPrescription RegistryWe estimated
incidence rate ratgXIRRs) of asthmaamong children born to hypothyroid mothers versus children
born to mothers with no recorded thyroid dysfunction using Porggyessiormodels.
Results:0f:595;669 children, 3,52¢hildrenwere born to mothers with hypothyroidism diagnosed
beforedelivery and'4,664 diagnosedter delivery Overall 48,990 children received treatment for
asthmaThe IRRsof asthmavas1.16 (95%confidence interval@l): 1.03-1.30) and 1.12 (95% CI:
1.02-1.24) for children born to mothers with hypothyroidism diagnosed befoedtandelivery,
comparedo children born to mothers with no thyroid dysfunction. The highestwaskobserved
among children barn to mothers with hypothyroidism diagnosed before dekterglid not receive
thyroid hormeneéreatmenturing pregnancfiRR=1.37, 95% CI: 1.04-1.80).
Conclusion:Qurfindings suggeghatmaternalhypothyroidism especially wheit is urtreated
increass childhood asthmask. Early detection andppropriate treatment of hypothyroidism in
pregnant womemay be an area for possilgeevention of childhood asthma.

Keywords. Asthma, childhood, cohort study, hypothyroidigrarinatal

Introduction

Hypothyroidism is a common endocrine disorder characterized by thyroid hormone deficiency,
affecting2—-5% of pregnancies (1, 2)/hile iodine deficiency is the most commpreventable cause

of hypothyroidism worldwide (3), in iodinesfficiency regions, thyroid autoimmunity plays a
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dominant role in itpathogenesis (4T he clinical manifestation of hypothyroidism sgaabroad
spectrum of symptoms including tiredness, dry skin,srmiitness of breathwhich are unspecific and
may go unnoticed (5). Hypothyroidism often develops or worsens as gestation progressest(é)
demands ofthyroid hormone is increased during pregnancynédedjuately treated hypothyroidism
hasbeen linkedo multiple adverse health outcomes, suclpeegnancy losqremature delivery
autism spectrum disordeand reduced intelligence quotiesabresn the offspring(8-11) Although
various international guidelineecommendppropriate treatment to maintanthyroidismn
pregnancy (12-14)ot all pregnantivomenwith known hypothyroidismeceive sufficienthyroid
hormonetreatment15).

Empiricalevidencamplicates thatinadequately treatesaternal hypothyroidisrm the
perinatal perioanay be associatedith increagd asthma risk in the offspring. Transfemnudternal
thyroid hormoness essentiafor a developing fetus (163jnce thdetal thyroid is not functional until
midgestation(17). Incaseof maternahypothyroidismthe transfer othyroid hormone$rom the
mother tathefetusmay becompromised7). This in turn maympair thefetal lung development (18),
and increasasthma risk in the childrgrd9). Furthermore, women with chronic autoimmune
hypothyroidismehave elevated titer of autoantibodies, whioks the placen{@0),and mayact
directly onfetallung development (21Nonethelessgpidemiological evidence on the association
between maternal hypothyroidism and childhood asthrieksrg. Additionally, i remains unresolved
whether thyreid hormone treatmanbderate any potential adverse effect of hypothyroidism during

pregnancy.

Our primaryaim was toevaluate the association between maternal hypothyroidism and the risk

of childhoodasthmanhile taking into consideration the timing of hypothyroidism diagndsis.
hypothesizedhatmaternal hypothyroidism increases the risk of asthma in the offsg@mgothers
with hypothyroidism diagnosed aftéeliverymay have abnormal thyroid hormotevelsand/or
antoantibodies during pregnancy already, it is likely that children born to mothers withyrgpaism
diagnosedfter delivery as well as before delivery will be afrmareased risk of childhood asthnidne
secondary-objective was to assess whether thiaithone treatmernih pregnancynoderateshe

association between maternal hypothyroidism and childhood asthma.

Methods
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Study population

We conducted a populatidrased cohorstudy using datirom natioral registeran Denmark, where
al liveborn and newesidentsn Denmarkare assigned a uniqpersonal identificatiomumber, which
enablesndividuaHevel linkageacrosgegistersWe obtained our study cohort from the Danish
Medical Birth Registe(22), which holdslata on all live births and their mothesiace 1968We
identified 626,393ive-born singletons born between 1998 and 200&excluded 3,794hildren with
missing orikely errors ingestational age (< 154 or > 315 days). Follgwstartedrom 5 years of age
to comply withouriasthma definitiorandwe furtherexcluded 9,800 children who emigrated and 2,828
children who died before theif"®irthday. We excluded 14,3@ildren whose mothelsadrecords of
hyperthyroidism in the study period, i.e. those who dhdspitaltreatment fohyperthyroidism
(242.00-242w2%ithe International Classification of DiseaseRevision (CD)-8 codes and EO5 in
10" Revisions{(€D<10) code}or receivedany antihyroid drugs Anatomical Therapeutic Chemical
Classification System (ATC) cod403B) (Figure 1). After exclusion, 595,669 children to 398,200

mothers werencluded in the final analyses.

Identificationrofsmaternal hypothyroidism

The identificationof maternalhypothyroidismwas based ohospital {(npatient or outpatiehtreatment
for hypothyroidism angpharmaceuticareatment with thyroid hormone&utoimmune hypothyroidism
persistgduring,pregnancy even if it is diagnosed before pregnainyilarly, hypothyroidism
symptomsmaygo unnoticed for prolongettime periods 23). To capture mateat hypothyrodism and
to acknowledesaspossible delay in tinte diagnosis, we definadaternahypothyroidism requiring
treatmentbased orthe following two criterial) one hospital treatment for hypothyroidism and at least
oneredeemegbrescription of thyroid hormones at atiiye before 5 years after delivery; or 2) two or
more redeemed.prescriptions of thyroid hormateanytime before 5 years after delivery.
Hospital.treatment for hypothyroidism. We retrieved information ohospitaltreatmenfor
hypothyroidismffom the Danish National Patient Regis(24). Theregisterholds information on all
inpatient treatment during 1977-1994 and also contacts in outpainecd and emergency rooms
from 1995 onwardsThe ICD-8 codeswvere usedo encode the diseasastil 1994whenthe ICD-10
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codeswere introducedThe following ICD codes were used to identify the maiawodiliary diagnosis
of hypothyroidism (243.99-244.09 in ICD-8 codes; or EO3 and EBITD-10 codes)(25).

Pharmaceutical treatment with thyroid hormones. Information onredeemedgbrescriptions of
thyroid hormonesvas retrieved fronthe DanisiNational Prescription Regist(26). The registry
includesall prescriptiongedeemedrom the community pharmacies since 1995 alstholds data on
the ATC codes of the drug, redemption date, and the number of packages dispensed. The ATC code for
thyroid hormoness HO3A.

The timing'ef hypothyroidism diagnosigas definedasthe day of the first prescription of
thyroid hormonéesedeemeadr first hospitatreatmenfor hypothyroidism, whicheverame first.
We categorizedrdldreninto threeexclusivegroups according to theesence antiming of maternal
hypahyroidismdiagnosigelating tothe delivery 1) nomaternakecorded thyroid dysfunction) 2
matenral lypothyroidismdiagnosed beforéelivery, and 3) naternal lypothyroidism diagnosedithin
5 yearsafter delivery.

Incident asthma in'the offspring—outcomeof interest

Since a clinical-diagnosis of asthma can be made with cerfasitipy age 5 year@7), we defined
childhood asthma assthma treatment aftéryears of age, i.@t least one hospit&deatmentor

asthma or'twar more redeemeprescriptions of an asthnmaedication within one yeafAsthma
hospital treatment was defined as havah¢gast onénpatient, outpatient, or emergency room visit for
asthma (ICB10 codes J45 and J46), retrieved from the Danish NatRatant Registef24).
Information an therescriptions for aasthmamedicationwasobtained from the Danish National
Prescription Registr{26). The ATC codes for inhaled asthma drugs were: inhaled f2-agonists
(RO3AC02-04 =12y and -13), inhaled glucocorticoids (RO3BAO01, -02 and -05), fixed-dose combination
of inhaled B2-agonists and glucocorticoids (RO3AK06 and -07), leukotriene receptor antagonists
(RO3DCO03), and anti-IgE therapies (RO3DX05)(28).

Statistical analysis
Statistical analysesereperformedwith Stata 13.1 (StataCorp, College Station, TX, USA). Each child
wasfollowed fromage 5 yearsp to 14 years until the ermd 2012, emigration, death, or tdate of

first asthma diagnosisvhichever came firsiVe estimatedhcidence rate rat®(IRRs)of childhood
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asthma and their 95% diatence intervals (CIs) using Poisson regressimalels. Children born to
mothers with hypothyroidism were compared to children whose mothers had no recorded thyro
dysfunction. To account for the dependence between siblings, we used robust sandwicé varian
estimator for correction of standard errgkg-value of less than 0.05 §&ded) was judged statistically
significant.Adjustment was made for the following covariatesiternalage at delivery<25, 25-34,

or >35 years), primiparity (yes/no), smoking during pregnancy (yeg/ highest educatiolevel
attainedat delivery(elementary schoodlbove elementarychool), annual incomat delivery(lowest
guartilgdabovelowest quartijecalendar year at delivery (1892000, 2001-2003, or 2004—-2007),
maternal asthm@/es/no) maternal diabete249 and 250n ICD-8 codes oE10-E14, H36.0, and 024
in ICD-10 codes; yes/no), apditernal asthmat delivery (yes/no). We definedaternal or paternal
asthmaat deliveryasone ormorehospital contactor asthmeor at least twasthmamedication
prescriptiongedeemed within one yebefore deliveryof the index childData oncovariatesvere
extractedrom theregisteramentioned abovas well as from Statistics Denmarkégisterson

education level and annual income (29). About 5.1% of the values were missing for smoking during
pregnancy, raternal highestducatiorlevelandannualincomestatus at deliveryand we consequently
applied 20imputations using the Markov Chain Monte Carlo technique for imputing miskiag va
(30).

To examine whethdhe associatiambetween maternal hypothyroidism and childhood asthma
weremoderatedy thyroid hormondéreatmenturing pregnancy, we classified children born to
mothers with hypothyroidism diagnosed before delivery into two groups according to thyroiohieor
treatment during pregnancy, whialas definedy at least oneedeemed prescription of thyroid
hormones in thesperiod from 6 months before pregnancy until delivery. Pregmasicpuntedrom
the first day-ofithdéast menstrual periodntil delivery.To further examine whether the association
between maternal hypothyroidism and childhood asthma depended on the timing of diagnosis, we
categorized maternalypothyroidism diagnosed after delivery into hypothyroidism diagnosed within 2

years after delivery and-8 yearsafter delivery

Sensitivity analysis

Five sensitivity analyses were doteevalidate our findinggFirst,asthma is highlyeritable(31), and

the associatiobetween maternal hypatioidism and childhood asthnmaay differ betweerchildren
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born to mothers with and without asthma. We, therefergeated our analysbky stratifiation on
maternal asthma diagnosecondto test whether there wgenderspecific difference in the
vulnerability to maternal hypothyroidiswe repeated the analyses by stratifying on the sex of the
child. Third; o further address the possible secular trends in diagnostic prastaegpeated our
analysestratifiedon the calendar year of birth (1998-2000, 2001-2003, or 2004—-2007). Fesurth,
maternalelevated body mass index (BMI) increases the risk of hypothyroxinemia and asthma in the
offspring (32,.33)we further investigated threle of maternal hypothyroidism on childhood asthma by
inclusion of aff interaction tertretween maternarepregnancy BMI (<18.5, 18.5-29.9 610 kg/m?)

and maternal hypothyragm in a subcohort of children born during 2004—-2007 when information on
BMI was available in the registerFifth, to evaluate whether the agations were influenced by the
definition of ehildhood asthma and&ocount for the fact that some children may receive asthma
diagnosis beforerage 5 yeange alsoinvestigated the association between maternal hypothyroidism
and childhood asthma usingld@ferentasthmadefinition according to asthma treatment during 0-3
years and 46 yeardased on the schema from Martirgeal., i.e., earlyenset transient, eargnset

persistent, and latenset asthmés4).

Ethics

The study was approved by the Danish Data Protection Agency (No. 2015-57-0002) and identity of the
individuals wasblinded to the investigators. The stiidynotneed approval from the ethics committee

according to/Danish legislation.

Results

During the peried-from 1998 to 2007, we included 595,669 liveborn singletons, of whom, 3,524
children were born to mothers with a hypothyroidism diagabeforedeliveryand 4,664 diagnosed
after delivery. Table $ummarizeshe characteristics of the stughppulation Motherswith
hypothyroidism tended to be oldatrdelivery to smoke lessto have dowerincome, tchave diabetes
and asthma before delivery, and to have a preterm delivery, compared to mothers vaitrdezre
thyroid dysfunctionTherewereno differencedetween thgegroupsregardingpaternabsthma before

delivery, low birth weightor sex of the child.
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Overall 48,990 childremeceived treatment for asthrdaring follow-up in the entire cohort.
Table 2 showshe IRRs of asthma according to theesence and theming of maternal
hypothyroidism diagnosigfter adjusting fopotential confounders, children baomothers with
hypothyroidism™had alightly increasd risk of childhood asthma (IRR=1.14, 95% CI: 1.06-1.23),
compared to/children botn mothers with no recorded thyroid dysfunction. The IRRs were 1.16 (95%
Cl: 1.03-1.30) for children born to mothers with hypothyroidism diagnosed before delivery and 1.12
(95% CI: 1.02-1.24) diagnosedter delivery

Of the3,524 children born to mothers with hypothyroidism diagnosed before delivery, 515
(14.6%) were born to mothers who received no thyroid hormone treatment, and 3,009 (85.4%) to
mothers with ateast one redeemegulescriptionfor thyroid hormones in a periddom 6 monthsprior
to pregnancy-untilidelivery. In comparison to children born to mothers with no thyroid dysfyractio
slightly higherriskwas observedmong children whose motheeseivedno thyroid hormone
treatmenin the pregnancy (IRR=1.37, 95% CI: 1.04-1.80) versus children born to mothers with
thyroid treatment (IRR=1.12, 95% CI: 0.99-1.27).

The assaciations between maternal hypothyroidism and childhood asthma were btampara
betweenchildrensborn to mothers with amdthout asthmaindicating that genetisusceptibility to
asthma did not mofii the association between maternal hypothyroidism and childhood a$tlguee
2). Similar'associations were observed in girls and falyg-values for interactioof timing of
maternal hyperthyroidism and sex of the cloiftdthe multiplicative scaleeregreater than 0.13lbeit
that themagnitude of the associationasnonstatistically higher in girls than in boyBigure Slin the
supplement)There was no strong evidence that the associations \wr&ddy period (Figure S2 in
the Supplemengwith all p-values for thenteractionof timing of maternal hypothyroidism diagsis
and calendaryear=of birtireater than 0.2. Mernal prepregnancy BMI did not modify the estimated
effect ofmaternal hyperthyroidism on childhood asthma (all p-valoemteraction were greater than
0.2).The associations remained identical when we used different adégifmiion. Moreover the
associations did net differ among different phenotypes of childhood astlanhadgnset transient,
early-onset persistengnd late-onset asthm@)ableS1in the supplement).

Discussion
To the best of our knowledge, our study is the first to investigate the associatioarbeaternal

hypothyroidism and childhood asthma. In this populabased cohort studye found thatnaternal
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hypothyroidismwas associatedith amodest but statistically significantigcreased risk ofhildhood
asthmaNotably, theassociation was observedth when maternal hypothyroidissas diagnosed
beforedeliveryand also when the disordeasfirst diagnosed and treatafter delivery The highest
risk was observedmong children whose mothers had hypothyroidism diagnosed before dblivery
receivedno thyroid hormonéreatmenduring pregnancy.

Maternal hypethyroidism and childhood asthma

Although theginderlying mechanisms linking hypothyroidism during pregnancy and offspring asthma
remain to be determined, existing knowledge provimekgicaly plausible explanationfer our

findings. Overall, maternal hypothyroidism may increase the risk of childhood astlwaways.

Firstlyyintthepresencef hypothyroidism, mothers may be unablgtoduce sufficienthyroid
hormones tormeet the needs of both the mother and the fetus (7). Insufficient thyroid hanntomes
intra-uterineperiodmay subsequently result Bnabnormal structural development of lungs with larger
air spacesind less alveolar septaghichpredisposschildren to the development of asthiater in
life (19). This mechanism has beehserved in mic€l8).

Secondlyy-autoimmunitis a common cause of hypothyroidism among women of reproductive
age (4). Women.with chronic autoimmune hypothyroidism have elevated titer of antibddas, w
cross the placen{@0). Another possiblexplanation for the association between maternal
hypothyroidism and childhood asthma is that maternal autoantibiothes betaadrenergic
responsivenesand bronchial epitheliuraf the fetuscontributing to the pathogens®f asthmg21).
Further studiesre needethat morepreciselyexamine potential mechanisms underlying the
association.

Ourfinding-on the increased risk of asthma among children born to mothers with
hypothyroidism diagnosed both before and after the delivery questions the hypothesis onfthityspeci
of the intrauterine effecHowever, given symptoms of hypothyroidism may be unspecific, and
hypothyroidism may persist for a period before the diagnesimde(23), both findings support an
intrauterineweffectlt is possible that women diagnosed with hypothyroidism in the years after delivery

may have already suffered from hypothyroidism in the pregnancy which was undetettedraated.

Thyroid hormone treatmenof hypothyroidism during pregnancy and childhood asthma
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We observed a higher risk of asthma in children whose mothers were diagvittsgipothyroidism
before delivery but did not receive current treatment during pregnemypared to those who were
treated Current guidelines advocate thateot and subclinicahypothyroidism arising before or during
pregnancy 'should be treated with levothyroxine, buatii’emanagement of smaller aberrations in
thyroid function is less evident (12). Given thyroid hormones are considered safedariage
pregnancy,fireplicated our findings add to the literature on a potential beneficial effect of thyroid

hormone treatment among pregnant women with hypothyroidism (35-37).

Strengths and limitations

The wse ofnatioral registerswith complete coverage enables to includéhe whole populationVe
have almostomplete follow-up and thusiminatel attrition bias.Information on hypothyroigmand
childhood asthma'were collected independently, which ruledifbetentialreporting bias. The large
sample sizallowed for detailed analyses in subgroups.

Our studyalsohas limitations. Firsiye followed children from 5 years and excluded 2,828
(0.5%) childreniwho died beforeygars whichmay lead to selection bias. However, there was no
statisticaldifferencein the mortality rate before ageyears between children born to mothers with and
without hypothyreidism. Therefore, any bias due to conditioning on the suiviNetly to besmall.
Second, we identified maternal hypothyroidism and childhood adtiemarecords irhospitalsand
prescription registeand misclassification cannot be ruled édtual measurement of maternal
thyroid function in stored biobank sera from Danish pregnant women has shown that 4.5% of the
women had undetected hypothyroidism in the early pregnancy (23). In the present stuctyyrib fac
undetectedchypethyroidism during pregnancy, we included woméao werediagnosed and treated for
hypothyroidismsboth before awdthin 5 years aftedelivery. Still, we may have misclassified some
cases of undetected hypothyroidisdmilarly, we may have misclassified asthma due to
undetreatmenbf asthmatics and overtreatment of transient wha&'eexpect althese
misclassificationgo be nondifferentialandthereforewould have biasd our results toward no
associationThird, redeemed prescriptions$ thyroid hormoneslo not reflect actual use, while women
without prescription redeemed may take medicationwaatredeemedutside of the defined period.
However, studies indicated that adherence to thyroid hormone treatment was good duringpregna
(35, 38), and the bsisnon-differentialand probably biasour finding on thyroid treatment during
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293  pregnancy toward the null. Fourthewid not have information olaboratory testen thyrotropin and
294  thyroid hormondevels We were not able to differentiate the effect®weért and subclinical

295  hypothyroidism. Fifth, we excluded children born to mothers with hyperthyroidism, which imposes
296 constraintson‘thgeneralizatiorof our findings to children born to mothers with hypothyroidism

297  following treatment fohyperthyroidismLast our studyis an observational studipespite careful

298 adjustment for possible confounders, our findings do not prausality Thefindings of the present

299  studyawaitconfirmation in future studies.

300

301  Conclusion

302 The presenstudy investigates the association betweem maternal hypotyroidism and childthooal. ast
303 Ourfindings suggest thataternal lypothyroidism especiallyuntreated mayincreaseherisk of

304 childhood asthma. Potential mechanisms underlying this association need to be explorednistitecha
305  studieslf replicated appropriate treatment of pregnant women with hypothyroidism mawy beea for
306 possible prevention of childho@dthma.
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430

431 Table 1. Characteristicef the study population.

Characterijstics No maternal Mater nal hypothyroidism
thyroid Diagnosed before  Diagnosed after
dystunction  yeiivery (N=3524)  delivery (N=4,664)
(N=587,481)

Maternal age at delivery (years)

<25 78,850 (13.4) 209 (5.9) 420 (9.0)

25-34 413,975 (70.5) 2,363 (67.1) 3,310 (71.0)

>35 94,656 (16.1) 952 (27.0) 934 (20.0)
Parity

1 254,370 (43.3) 1,104 (31.3) 1,983 (42.5)

>2 333,111 (56.7) 2,420 (68.7) 2,681 (57.5)
Mater nal smeking during pregnancy

Yes 112,351 (19.1) 428 (12.1) 614 (13.2)

No 458,071 (78.0) 2,983 (84.7) 3,917 (84.0)

Missing 17,059 (2.9) 113 (3.2) 133 (2.9)
M ater nal.annual.income status at delivery ®

Lowest quartile 125,689 (21.4) 921 (26.1) 1,171 (25.1)

Aboverlowest quartile 461,528 (78.6) 2,603 (73.9) 3,493 (74.9)

Missing 264 0.1 0 (0.0) 0 (0.0)
Maternal highest education level at delivery

Elementary school 117,938 (20.1) 589 (16.7) 847 (18.2)

Above elementary school 456,124 (77.6) 2,862 (81.2) 3,689 (79.1)

Missing 13,419 (2.3) 73 (2.1) 128 (2.7)
Calendar year of birth

1998-2000 181,023 (30.8) 684 (19.4) 1,088 (23.3)

20012003 174,706 (29.7) 952 (27.0) 1,329 (28.5)

2004-2007 231,752 (39.5) 1,888 (53.6) 2,247 (48.2)

Maternal diabetes at delivery 11,557 (2.0) 282 (8.0) 205 (4.4)

M ater nal'asthma at delivery 86,103 (14.7) 623 (17.7) 798 (17.1)

Paternal asthmaat delivery 62,380 (10.6) 419 (11.9) 553 (11.9)

Sex of the child

Boys 301,379 (51.3) 1,807 (51.3) 2,351 (50.4)
Girls 286,102(48.7) 1,717 (48.7) 2,313 (49.6)
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Preterm delivery (<37 weeks) 28,247 (4.8) 213 (6.0) 247 (5.3)

L ow birth weight (<2500 g) 20,154 (3.4) 125 (3.5) 161 (3.5)
Fetal growth ®
Small for gestational age 98,606 (16.8) 497 (14.1) 733 (15.7)
Appropriate for gestational age 416,419 (70.9) 2,542 (72.1) 3,221 (69.1)
Large for gestational age 72,456 (12.3) 485 (13.8) 710 (15.2)

432 Figures are numbers (%)
433 #Maternal anntial income status at delivery was categorized bgxttand age?SmaII for gestational age definedas a

434 birth weight below the, fOpercentile of birth weighy the gestational age and sex, and large for gestational agewvas a
435  the 90" percentile.The/pvaluesfor the comparison of differences amdhgsethree groupsvereall less than 0.001sing

436 chi-square tests:
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Table 2. Incidence rate rat®of childhood asthma according to firesence antiming of maternal

hypothyroidism diagnosis

o Per son- Crude Adjusted
Maternal hypothyroidism and treatment N Cases

years IRRs IRRs?(95% ClI)

No mater nal thyreid dysfunction 587,481 48,284 2,741,563 1 1 (reference)
Maternal hypothyroidism 8,188 706 32,235 1.24 1.14(1.06-1.23
Diagnosedbeforerdelivery 3,524 299 13,210 1.29 1.16 (1.03-1.30)
No thyroid hamene, treatment during pregnanc 515 53 1,998 1.51 1.37(1.04-1.80
With thyroiddreatmenduring pregnancy 3,009 246 11,212 1.25 1.12(0.99-1.27
Diagnosedafterdelivery 4,664 407 19,025 1.21 1.12(1.02-1.29
Diagnosed within 2 yeadter delivery 1,975 182 8,104 1.28 1.19 (1.03-1.38)
Diagnosed between-8 years after delivery 2,689 225 10,921 1.17 1.08 (0.94-1.23)

Abbreviation: IRR, incidence ratatio; Cl, confidence interval

@Adjusted for maternal age, primiparity, smoking during pregnagudycation status, income status, calendar year of birth,
maternal diabetesnaternal asthmapaternal asthenatdelivery, andthe index child’sage at observation (each yeduying

the study period® Childrenbornto mothers with no thyroid dysfunction was used as the refereaup fpr estimating the

incidence rateatio of asthma among children born to mothers vaigpothyroidism
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Figure 2. Incidence rate rat®of childhood asthma according to the timing of maternal

hypothyroidism diagnosis stratification amaternal asthma

Maternal asthma and hypothyroidism | Case/N Person-years Crude IRR Adjusted IRR (95% CI) #
]
Mothers with no asthma |
|
No maternal thyroid dysfunction ° + 37,167/501,378 2,398,099 1 1 (Reference)
|
Maternal hypothyroidism | - 519/6,767 27,339 1.22 1.15(1.05-1.25)
|
I
Diagnosed before delivery |—— 218/2,901 11,102 1.27 1.18(1.03-1.35)
I
Diagnosed after delivery :—.— 301/3,866 16,237 1.20 1.13(1.01-1.27)
I
Mothers with asthma |
I
|
No maternal thyroid dysfunction ? * 11,117/86,103 343,464 1 1 (Reference)
I
Maternal hypothyraidism :—.— 187,421 4,896 1.18 1.10(0.95-1.27)
I
Diagnosed before delivery —— 811623 2,108 1.19 1.09 (0.87-1.36)
!
|
Diagnosed afterdelivery —r.— 106/798 2,788 1.17 1.11(0.91-1.34)
|
|
I | [
5 1 2

Incidence rate ratio (log scale)

Abbreviation: IRR, incidence ratatio; Cl, confidence interval

#Adjusted for maternal age, primiparity, smoking during pregnaeducation status, income status, calendar year of birth,
maternal diabetes, paternal asthahdelivery, and the index child’s age at observation (each yeangdiiné study period;
Children born to mothers with no thyroid dysfunction was used agfid@nce group for estimating the incidence rate ratio

of asthma among children born to mothers with hypothyroidism.
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