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Context: Antithyroid drug (ATD) therapy in early pregnansydassociated with birth defects, but
more data are needed to substantiate the riskias=tevith different types of ATD.

Furthermore, the role of abnormal maternal thyfartttion per se remains unclarified.

Objective: To evaluate the risk of birth defects associateti tie use of ATD in an extended
nationwide cohort and the role of abnormal matetimaloid function in birth cohorts including
stored maternal blood samples from the early pregna

Participants: Danish pregnant women and their live-born childrexhuding 1,242,353 children
from a Nationwide Register-Based Cohort (NRBC),7:2916; 8,803 children from the Danish
National Birth Cohort (DNBC), 1997-2003; and 14,488ldren from the North Denmark

Region Pregnancy Cohort (NDRPC), 2011-2015.

Main outcome measuresBirth defects diagnosed before two years of age.

Results: In the NRBC altogether 2,718 (0.2%) children had been expaséd D in early
pregnancy. The overall frequency of birth defecés \#.7% (95% confidence interval (Cl): 6.7-
6.8%) in non-exposed children, and higher afteiosype to Methimazole/Carbimazole (9.6%
(95% CI. 8.2-11.2%)) and Propylthiouracil (8.3%7@.0.3%). On the other hand, the frequency
of maternal thyroid dysfunction in early pregnames similar in the random cohort and in cases
of birth defect in the DNBC (12.4 vs. 12.6%, p=0a8)j the NDRPC (15.1 vs. 15.4%, p=0.8).
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Conclusions:Results corroborate an increased risk of birthatefassociated with the use of
ATD in early pregnancy, and suggest that abnornaémal thyroid function is not a major risk
factor for birth defects.

The risk of birth defects after early pregnancy exposure to antithyroid drugs and abnormal maternal
thyroid function was evaluated in a Danish nationwide register-based cohort and in birth cohorts. .

Introduction

Antithyroid drug (ATD) is preferred for the treatmteof hyperthyroidism in pregnancy (1,2).
The hyperthyroidism of Graves’ disease (GD) in pgeg women should be treated to prevent
maternal and fetal complications, but raises a eoncegarding the risk of birth defects
associated with the use of ATD (3). An embryopathgpecific, severe birth defects associated
with the use of Methimazole (MMI) and CarbimazdBMZ) has been known for years, but
analytical observational studies were not repoutetil a decade ago (4). These findings have
challenged and re-phrased the clinical guidancéhtmmanagement of hyperthyroidism in
pregnant women, because birth defects have beeniatesl with MMI/CMZ, and also with

PTU (5). Thus, a clinical focus on balancing thedéor treatment against the potential
teratogenic side effects has been introduced iised\wlinical guidance, although the evidence
regarding ATD withdrawal in early pregnancy is eggent inadequate (1,2). An increased risk
of birth defects associated with the use of MMI/CKi&s been consistently described (6—8). On
the other hand, human observational as well asremeetal animal studies have shown
divergent results considering the risk of birthed#$ after exposure to PTU (6-11). Uncertainty
remains regarding the risk of birth defects assediavith the different types of ATD, and more
data are needed.

We previously evaluated the risk of birth defeatsiinationwide study of all children in
Denmark born from 1996 to 2008 (7). We now exterittedcohort and included children born
during the 20-year period from 1997 to 2016. Furti@e, we measured maternal thyroid
function in stored blood samples from pregnant worvbo were part of different birth cohorts
in Denmark in the years 1997-2003 and 2011-201k dllowed for the evaluation of the
unresolved role of maternal thyroid functiper se in the development of birth defects.

Materials and methods

Study population

The study included a Nationwide Register-Based @diNRBC), participants from the Danish
National Birth Cohort (DNBC) and participants frahe North Denmark Region Pregnancy
Cohort (NDRPC). The NRBC included all children liwern in Denmark from January 1, 1997
to December 31, 2016 who were identified in theiBfaMedical Birth Register (MBR) (12) and
had available information on gestational age dhlfifigure 1). The registration procedure in the
MBR was changed from January 1, 1997 and only @nldborn from 1997 and onwards were
included in the present study to ensure similaistesgions throughout the study period. The
NRBC was used to evaluate the association betwegernal use of ATD and birth defects, but
no information on biochemical measurements werdabla in the register-based cohort.

The DNBC and the NDRPC included the measurememadérnal thyroid function in a
stored blood sample from the early pregnancy, hese cohorts were used to evaluate the
association between abnormal maternal thyroid fanand birth defects. The DNBC was
established from 1997-2003 and included 77,67 dadmil live-born in Denmark (Figure 1). For
the present case-cohort study, pregnant women sedeeted as part of a 12% random sub-
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cohort (n=7,624) and/or because their child wagrthaed with birth defects within two years of
follow-up (n=1,383). The NDRPC was established fiz®i1-2015. It included all pregnant
women in the North Denmark Region who had a blad@e drawn in early pregnancy as part
of prenatal screening for chromosomal anomaliesvastden who gave birth to a singleton live-
born children were included in the study (Figure 1)

The study and the data handling were approveddptnish data protection Agency (J.nr.
2008-58-0028). Furthermore, the biochemical measendgs in stored blood samples was
approved i the North Denmark Region Committer Health Researdithics(N-20130054 and
N-20150015).

Exposure definitions

In the NRBC, the exposure of main interest wasudeeof ATD in early pregnancy, which was
assessed from redeemed prescriptions of the dnuge iperiod ranging from six months prior to
pregnancy start up to and including the 10th wagk@gnancy, as described previously in detail
(7). The Danish National Prescription Register (BIPL3) includes information on redeemed
prescriptions of drugs coded according to the Amatal Therapeutical Classification (ATC)
system, and drugs used for the treatment of thydisiease are included in the ATC group: HO3.
The latest redeemed prescription prior to pregnateny (or the first in pregnancy if no previous
treatment) was used to determine the exposuresstathe early pregnancy, and women who
redeemed both MMI/CMZ and PTU after pregnancyt stare grouped separately and
considered ‘double’ exposed. CMZ is a prodrug to Mid was combined with MMI and
described as MMI exposure in the present study.nbmeexposed group was defined as children
whose mother had no diagnosis of hyperthyroidisomegistration of thyroid surgery and no
redeemed prescription of ATD or Levothyroxine befaturing or after the pregnancy under
study and up to December 31, 2017.

In the DNBC and NDRPC, the exposure of interest aasormal maternal thyroid function,
which was assessed from the measurement of TSHemad4 (fT4) in a stored blood sample
from the early pregnancy (median week 9-10), asrde=d previously in detail (14,15). Thyroid
function parameters were measured using a Dimen&gia (Siemens Healthineers, Germany)
immunoassay in the DNBC and an Advia Centaur (Smentéealthineers, Germany)
immunoassay in the NDRPC. In both cohorts, pregnareek specific reference ranges had
been established (14,15) and were used for thsifitagion of maternal thyroid function as
normal (euthyroid) or abnormal (overt and subchhityper- and hypothyroidism as well as
isolated low and high fT4).

Outcome assessment

Information on birth defects in the child was assésfrom in- and outpatient hospital diagnoses
in the Danish National Hospital Register (DNHR))X&6ded according to the 10th International
Classification of Disease (ICD-10). All diagnosédth defects (ICD-10: Q00-Q99) diagnosed
before the child was two years old were assesst#tkiNNRBC and grouped in accordance with
our previous report (7). In the DNBC, children weedected for the study if they had a
diagnoses within the eight groups of birth defé@$0-15 (eyes), Q18 (face and neck, others),
Q20-28 (circulatory), Q30-38 (respiratory), Q39{digestive), Q60-64 (urinary), Q79
(musculoskeletal, others), Q80-84 (integumentasgesy) previously associated with the use of
ATD (7), and these groups of birth defects wereuilse assessed in the NDRPC.

Statistical analyses
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In the NRBC, the frequency of birth defects by A&kposure was compared using Chi-square
test. Furthermore, we reported the results of aj@ogortional hazards model (hazard ratio
(HR) with 95% confidence interval (95% CI) adjustifor multiple birth, maternal age, parity,
and smoking (from the MBR), origin (from Statistibenmark), and diabetes (from the DNHR
and DNPR). Information on maternal pre-pregnanajytmass index (BMI) was only available
in the MBR from 2004 and onwards and was includea $ub-analyses. In the DNBC and
NDRPC, the association between abnormal matergadithfunction and birth defects was
evaluated using a Cox proportional hazards modakiwwas a weighted model in the DNBC to
account for the sampling procedure and the ovdréyveen cases and the random sub-cohort, as
previously described (17). The adjusted model atalg these associations included
information on maternal age, parity, origin, smakiBMI, and diabetes.

Results

Study populations

The extended NRBC cohort included 1,242,353 pregjear(Figure 1 and Table 1)
corresponding to the birth year period of the prasicohort (1997-2008) and the later cohort
(2009-2016). The DNBC included a total of 8,803gmancies and 14,483 pregnancies were
included in the NDRPC (Figure 1 and Table 1).

The cohorts were established during a 20-year gewbich introduced some differences in
maternal characteristics (Table 1). Notably, matkeage increased over time, but was lower in
the NDRPC compared with the national cohort araimedsame time, which is compatible with
known regional differences in Denmark. The freqyensicmaternal smoking in pregnancy
decreased over time, whereas the frequency of matdiabetes and non-Danish origin
increased. As expected, the frequency of non-Daorigin was lower in the DNBC (Table 1)
since one of the selection criteria in this colvaas the ability to speak Danish well enough to
participate in a sequence of telephone interviews.

ATD and birth defects

Altogether 2,718 children (0.2%) had been exposeaddternal use of ATD in early pregnancy
in the extended NRBC cohort. MMI was the most fesgly used ATD both in the extended and
in the previous cohort, and the ratio of MMI to P&kbosure was 2.0 in the previous and 1.8 in
the extended cohort (Table 2).

A total of 83,875 children (6.8%) were diagnosethva birth defect before two years of age
in the extended NRPC cohort. An increasing trenithénfrequency of birth defects according to
birth year of the child was observed throughoutstuely period (Figure 2), which was less
pronounced for the specific subtypes of birth disf@ceviously associated with the use of ATD.

Exposure to MMI was associated with a significahilyher prevalence of birth defects, both
when evaluating all birth defects and the defemsipusly associated with the use of ATD
(Table 2). For exposure to PTU, a higher frequesfdyirth defects was observed in the extended
and in the previous cohort compared with non-exgolset the association was weakened in the
extended cohort. Looking at subgroups of birth disfen the extended cohort (Table 3), MMI
exposure was associated with birth defects in sevgan systems, whereas PTU revealed an
association with face and neck defects and urisgstem malformations only.

Exposure to MMI was associated with a high riskysited hazard ratio 20 (95% confidence
interval: 12-34)) of the group of specific malfortieas considered part of an MMI embryopathy
(aplasia cutis, esophageal atresia, choanal ateesiaomphalocele). A small group of children
(n=255) were exposed to both MMI and PTU in eargmancy, because the mother shifted
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from MMI to PTU after pregnancy start (n=240) avrfr PTU to MMI (n=15). The frequency of
the subgroups of birth defects previously assodiati¢h the use of ATD was 5.0% when the
mother shifted to PTU after pregnancy start veB%o in non-exposed (p=0.09).

The associations between the use of ATD and befbats were similar when the period for
evaluation of exposure was narrowed to three mamtls to pregnancy start or to the early
pregnancy weeks. Furthermore, results did not aharigen the follow-up period for assessment
of birth defects in the child was reduced to onenthpone year, or extended to five year or
complete follow-up (median to age 11 years (rah@d years)).

Maternal thyroid function and birth defects

The association between maternal thyroid functiopregnancy and birth defects was evaluated
in the DNBC and in the NDRPC (Table 4). The ovdraltjuency of abnormal thyroid function
was 12.5% in the DNBC and 15.1% in the NDRPC. lthlmmhorts, the overall frequency of
abnormal thyroid function did not differ betweem tiandomly sampled cohort and cases of birth
defects (Table 4). For subtypes of maternal thydysfunction, no associations with birth
defects were observed, except for an associatithavert hypothyroidism in the DNBC.

When considering subtypes of birth defects in chitdexposed to overt hypothyroidism in
the DNBC, it appeared that this association wasidat®d by malformations of the eye and of
the circulatory system, but numbers were too sparperform stratified adjusted analyses.
Results were similar when analyses were restrictguiegnancies in which the blood sample
was drawn prior to pregnancy week 11 (n=6,715&DNBC; n=10,343 in the NDRPC), or to
pregnancies in which the mother received no cutreatment with ATD or Levothyroxine at
the time of blood sampling (n=8,791 in DNBC; n=1802n NDRPC).

Discussion

In a large extended nationwide cohort of more thag million children live-born in Denmark
during a 20-year period, an increased risk of ligfects associated with the use of ATD in
early pregnancy was corroborated. The sub-typésthf defects associated with the use of MMI
and PTU differed, and MMI exposure revealed théésg risk and associations with severe birth
defects in several organ systems. On the other, ik defects observed after early pregnancy
exposure to PTU were mostly located in the urirsysstem and in the face and neck. The role of
maternal thyroid function was addressed in indepenbirth cohorts, and results did not indicate
that abnormalities in maternal thyroid functioregxly pregnancper seis a major risk factor for
birth defects.

The use of ATD for the treatment of hyperthyroidigms discovered in the 1940s and still
play a dominant role in the management of pati€ky. A main concern about the use of ATD
in non-pregnant and pregnant individuals is thie oissevere side effects, and treatment of
pregnant women is specific for the risk of birtHestes (4). Severe birth defects after the use of
MMI in early pregnancy were described in the 19{®), but it was not until 2011 that the first
observational case-control study was published. @i@e then, a series of observational studies
have been conducted (6—8,21-24), and evidence stsggeisk of birth defects associated with
the use of MMI, and more recently also with PTUvBIgheless, the findings differ between
studies and many methodological considerationgfiraportance when studying relatively rare
outcomes that need to survive until birth. A notatlisparity between the studies that reported an
association and those that found no associatitreisumber of exposed children. Thus, the
studies that found an association with the use i M early pregnancy included more than
1000 MMI-exposed children (5). Another disparityhe type and timing of outcome assessment
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in the child. Birth defects are by definition presat birth, but the defects may not be detected
clinically at birth, and less severe malformatiomsy be diagnosed at a later age (4).

The present study is an extension of our previepsnt published in 2013, in which we
reported that both MMI and PTU were associated Witth defects diagnosed before the child
was two years old in a nationwide cohort of childo®rn in Denmark from 1996-2008 (7). The
finding of an MMI embryopathy was consistent witkse reports (25,26) and a large
observational study from Japan published in 20} 2@t the finding of a risk of birth defects
associated with PTU was new and merited furthegstigation (27). We now had data to extend
the cohort to include children born in Denmark dgra 20-year period from 1997-2016. We
strictly applied the same methodology regardingddfnition of exposure and outcome and
evaluated the overall prevalence of birth defestwell as subgroups of birth defects. Overall,
results corroborated an association with MMI, It &ssociation between maternal use of PTU
in early pregnancy and birth defects was attenuateldat the border of statistical significance in
the extended cohort. This disparity in the assmriatbserved in the previous and the extended
cohort call into question the accuracy of the pyasifinding and supports a focus on this
association to settle if it was coincidental. ThHugyas an important finding that MMI and PTU
revealed associations with the same specific selstgp birth defects in the extended cohort as in
the previous cohort, and the disparity between Mkt PTU for subgroups of birth defects
prevailed. This consistency in the associationgesl supports an association. For PTU, an
association with malformations in the face and rmegjkon and in the urinary system was
observed both in the previous and in the extendédrt although no new cases of PTU
associated malformations of the face and neck negire identified in the extended cohort,
while two new cases of malformation of the uringygtem were seen. It is important to notice
that subtypes of malformations are rare and fadenack malformations occurred in 0.08% of
non-exposed children. Thus, even though we extetitedohort with eight more years, the lack
of new cases may reflect the low prevalence ofemealformations. This emphasizes the
importance of future extended follow-up. Anothensialeration is the registrations of birth
defects. If any, we would expect an increasedriatic activity, which was apparent from the
increase in the overall prevalence of birth defecthe extended cohort. However, for the sub-
types of birth defects previously associated withuse of ATD, the prevalence did not show a
similar change. In addition, the clinical focussade effects to the use of ATD brought forward
by publications in 2012-2013 (6,7) may have inflceshthe awareness and the registration
although international clinical guidance was redise2016-2017 (1,2), which overlaps the end
of the study period in the extended cohort. Furttege, only a slight change in the ratio of MMI
to PTU exposure was observed between the previmligha extended cohort indicating no
major change in clinical practice.

A strength of the present study was the large ele@rstudy population, which enabled us to
study a relatively rare exposure and outcomes. Weraegister-based study using Korean
National Health Insurance databases was publish281i8 and included more than two million
live-born children (8). Similar to our findings, thoMMI and PTU exposure was associated with
birth defects in this study, and the authors furgi®wed a dose-dependent association with
MMI. We did not have information on the dose of ATrbthe Danish nationwide registers, and
we do not know if the women actually took the prdsed drug, but a strength of our study was
the detailed assessment of ATD exposure. We camesiaddl prescriptions of ATD in the period
before and in early pregnancy and the last redegmesttription prior to pregnancy start defined
the type of ATD exposure in the first pregnancy kged his methodological aspect is important
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when using indirect measures of exposure from redeeprescriptions of drugs (28). A clinical
focus is on the timing of a shift in therapy fronMMto PTU around pregnancy start and the
possibility of ATD withdrawal (1,2). In our previgiand extended cohort and in the study from
Korea (8), a higher risk of birth defects was ofsedrin women who shifted from MMI to PTU
treatment after pregnancy start. We previouslyweatad these cases in detail and although the
number of exposed cases was limited, this evaluatimwed that the timing of a shift in therapy
may be important to reduce MMI exposure (29). Fergtudies are needed to evaluate the
outcomes of birth defects in women who shifted fidiMI to PTU before or during the early
pregnancy period as well as the outcomes of ATDdvawal in early pregnancy, and large
study populations are required to obtain a sufficrmumber of exposed cases.

The role of maternal thyroid functigeer sein early pregnancy for the risk of birth defects
remains unclarified. A study by Momotani et al. fisiired in 1984 concluded that uncontrolled
maternal hyperthyroidism may cause congenital mal&ions and that the beneficial role of
MMI treatment outweighs its teratogenic risks (3Dhly few studies addressed this role of
maternal hyperthyroidism since then (6,31). We hawa the opportunity to investigate the role
of maternal thyroid function in two independentlbicohorts. The assessment was based on a
single measurement of TSH and fT4 in a blood sarinpia early pregnancy, and we
acknowledge that repeated testing would have besfarped. The overall findings did not
indicate that abnormal maternal thyroid functiorsva@arisk factor for birth defects. This
observation is in line with the study from Japanifewhich the authors had access to the review
of medical records and thereby results of thyraiaction testing from women with GD, who
became pregnant. We observed that maternal ovpotiyroidism was a risk factor for birth
defects in one cohort, and the exposed cases predotty had malformations of the circulatory
system. This finding extends a previous case-cbstualy in which maternal hypothyroidism
was associated with congenital heart disease inftepring (32). These observations encourage
further investigations and it may be speculatdty/gothyroidism secondary to overtreatment of
maternal hyperthyroidism with ATD could be a risictor for birth defects. However, we
observed similar findings when women who receivadent treatment for thyroid disease at the
time of blood sampling were excluded from the asedy The mechanisms by which ATD
exposure increases the risk of birth defects iknotvn, and the role of thyroid autoimmunity
per seis intriguing and unclarified. However, in the Dsin(7) and Swedish (24) nationwide
studies we did not see a higher risk of birth disfat women who were diagnosed with
hyperthyroidism and received no ATD treatment i pinegnancy.

From a clinical perspective, results of the prestéundy corroborates a risk of severe birth
defects associated with the use of MMI in earlygpeency and supports the use of PTU in early
pregnancy as put forward in clinical guidance (1F2ither and large studies are needed to
investigate the risk associated with PTU and tduata outcomes of a shift in therapy. Detailed
assessment of the timing of exposure up to and thiestart of a pregnancy is crucial to inform
this debate.
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Figure 1. Flowchart illustrating the selection loé tstudy populations.

Figure 2. Prevalence of birth defects (all typesbmed as well as the subtypes previously
associated with the use of antithyroid drug inyepregnancy) diagnosed before two years of age
in children live-born in Denmark from 1997 to 2015.
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Table 1 Maternalcharacteristics in the extended, previous and Métionwide Register-Based
Cohort (NRBC), in the Danish National Birth Coh@NBC) and in the North Denmark Region
Pregnancy Cohort (NDRPC)

=
L
O
ﬁ

NRBC (extended) NRBC (previous) NRBC (later) DNBC NDRPC
Pregnancies (n) 1,242,353 771,103 472,250 8,803 14,483
Birth year of the child 1997-2016 1997-2008 200920 1997-2003 2011-2015
Maternal characteristics n % n % n % n % n %
- - Maternal age
LlJ < 30 years 574,412 46.2 368,977 47.8 205,448 43] 4,326 49.0 7,520 51.9
_l > 30 years 668,928 53.8 402,126 52.2 266,802 56) 4,504 51.0 6,963 48.1
Maternal parity
O Nulliparous 550,134 44.8 331,264 43.4 218,870 49 4,415 50.0 6,719 46.4
- Multiparous 678,810 55.2 428,654 56.4 250,156 53 4,415 50.0 7,761 53.6
I— Maternal  smoking in
m pregnancy
No smoking 959,795 84.1 549,024t 81.8 410,7f71 84 6,436 72.9 12,789 88.4
< Smoking 180,816 15.9 126,57 18.1 54,238 11 2,392 27.1 1,678 11.6
Maternal  pre-pregnanc!
Lu BMI®
< 30 kg/ni 668,213 87.7 265,623 88.4 402,590 87) 7.963 91.7 12,156 84.0
O > 30 kg/n 93,563 12.3 34,698 11.6 58,86 124 724 8.3 2,312 16.0
Z Maternal co-morbidity
No diabetes 1,156,217 93.0 723,144 93J8 433,08 7 9] 8,550 96.8 13,183 91.0
< Diabetes 87,141 7.0 47,999 6.2 39,14p 8] 280 3.2 1,300 9.0
> Maternal origifl
Born in Denmark 1,054,494 84.8 669,121 868 385,347381.7 8,644 97.9 12,838 88.6
D Not born in Denmark 188,508 15.2 101,936 13J2 85,5 18.3 183 2.1 1,645 11.4
< Abbreviations: BMI; body mass index

ENDOCRINE =
SOCETY Ema

'Missing information on parity (n=14,409) not inchd

Missing information on maternal smoking in pregnanaly available from 1998 onwards, missing infotima
(n=102,742) not included.

®Information on maternal pre-pregnancy BMI only #afalie from 2004 and onwards, missing information
(n=481,577) not included.

“Missing information on maternal origin (n=351) fiatluded.
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Table 2Frequency of birth defects diagnosed before 2 yafaage and corresponding crude
hazard ratio (cHR) and adjusted hazard ratio (aiiR) 95% confidence intervals (95% CI)
according to maternal use of antithyroid drug (ATiDearly pregnancy.

Children | All birth defects?* Subtypes of birth defectd
n n % p | cHR| aHR | 95% ClI n % p cHR | aHR | 95% CI
Cohort 1997-
2016
Non-exposed! | 1,159,181| 77,791 6.7 ref. ref] ref] ref. 35,993 1 B. ref. ref. ref. ref.
Methimazole 1,574 151 9.6 <| 146| 141 1.19- 100 6.4 < 2.08| 2.04 1.66-
0.001 1.67 0.001 2.51
Propylthioura 889 74 83| 0.06q 12% 1.1y 0.911 39 44| 0.031| 147 1.34 0.98-
cil 1.49 1.92
Cohort 1997-
2008
Non-exposetl | 713,683 | 41,717 5.9 ref. ref ref ref. 19,067 p.7 ef. r | ref. ref. ref.
Methimazole 1,050 94 9.0 <| 156 | 1.46 1.17- 64 6.1 < 233 | 2.25 1.73-
0.001 1.81 0.001 2.93
Propylthioura 528 47 89| 0.003 15% 1.48 1.08 27 51| 0.001| 194 1.89 1.26-
cil 2.02 2.85

ICD-10 diagnoses: Q00-99.

%|CD-10 diagnoses: Q10-15, Q18, Q20-28, Q30-38, @39960-64, Q79, and Q80-84.

%p-value is the result of comparison with the nopased group using Chi-square test.

“Adjusted for maternal age, parity, multiple birtiigin, diabetes, and smoking.

°No diagnosis of hyperthyroidism, no redeemed pipsion of antithyroid drugs or Levothyroxine, and thyroid
surgery from 1995-2017.
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Table 3Frequency of subgroups of birth defects diagnosfdre 2 years of age in the
combined NRBC cohort of children born 1997-2016oadmng to maternal use of antithyroid
drug (ATD) in early pregnancy.

=
L
9
ﬁ

N

Non-exposed Methimazole Propylthiouracil
n=1,159,181 n=1,574 n = 889
. n n % rf % P n? % P
LIJ Subgroups of birth defects (Q00-99)
Nervous system (Q00-07) 1,180 0.10 <3 <0.3 0.6 <3 <0.3 0.9
- Eye (Q10-15) 2,480 0.21 7 0.44 0.05 0 0.0 0.
O Ear (Q16-17) 773 0.07 <3 <0.3 0.4 3 <0.3 0.0
— Face and neck, others (Q18) 907 0.08 0 0.0p 0.8 B .34 0] 0.006
I_ Circulatory system (Q20-28) 15,194 1.31 39 2.44 080. 16 1.80 0.2
Respiratory system (Q30-38) 9,634 0.89 23 1.46 @.0 12 1.35 0.09
m Digestive system (Q39-45) 3,251 0.28 16 1.0 <0.0p1 <3 <0.3 0.8
< Genital organs (Q50-56) 12,18] 1.05 15 0.99 0.7 g 011 0.9
Urinary system (Q60-64) 4,125 0.36 12 0.76 0.00f7 1 0.79 0.03
LIJ Musculoskeletal system (Q65-78) 29,260 2.5 34 21p 04 26 2.92 0.4
Muscoloskeletal system, others (Q79) 925 0.0B 7 40.4 <0.001 0 0.00 0.4
O Integumentary system (Q80-84) 2,002 0.17 11 0.7p .0640 <3 <0.3 0.7
Z Others (Q85-99) 5,532 0.48 9 0.57 0.6 4 0.41 0
No diagnosis of hyperthyroidism, no redeemed pigtien of antithyroid drugs or Levothyroxine, noythid
<C surgery 1995-2017.
> “Subgroups with less than three cases were repaste8 according to the regulations for the usegister-based
data.
2 3p-value is the result of comparison with the nopesed group using Chi-square test.

Table 4 Frequency of subtypes of birth defects diagnoséarée years of age and the
associated crude hazard ratio (cHR) and adjustegrti@atio (aHR) with 95% confidence
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Danish National Birth Cohort (DNBC)
No thyroid dysfunction 6,673 87.5 1,204 87.4 ref. ef.r ref.
Thyroid dysfunction 951 12.5 174 12.6 1.02 1.03 0.86-1.27
Hyperthyroidism
Overt hyperthyroidism 118 1.55 16 1.16 0.75 0.T7 464a..30
Subclinical hyperthyroidism 153 2.01] 26 1.84 0.94 .910 0.60-1.39
Isolated high free T4 149 1.95 25 1.81 0.95 1p1 664.55
Hypothyroidism
Overt hypothyroidism 55 0.72 19 1.37 1.98 1.91 BB
Subclinical hypothyroidism 302 3.96 53 3.83 0.95 950. 0.70-1.29
Isolated low free T4 174 2.28 35 2.53 1.11 1.15 940565
North Denmark Region Pregnancy Cohort (NDRPC)
No thyroid dysfunction 12,300 84.9 490 84.4 ref. f. re ref.
Thyroid dysfunction 2,183 15.1 89 15.4 1.03 1.0 0.82-1.3(
Hyperthyroidism
Overt hyperthyroidism 218 151 12 2.07] 1.39 149 84@.64
Subclinical hyperthyroidism 330 2.28 10 1.73 0.75 790 0.42-1.48
Isolated high free T4 249 1.72 6 1.04 0.59 0.60 74034
Hypothyroidism
Overt hypothyroidism 145 1.00 5 0.86 0.86 0.46 23IH
Subclinical hypothyroidism 752 5.19 33 5.70 1.11 08L. 0.76-1.53
Isolated low free T4 489 3.89 23 3.97] 1.19 1.19 9482

ICD-10 diagnoses: Q10-15, Q18, Q20-28, Q30-38, @R9960-64, Q79, and Q80-84.
Adjusted model included: maternal age, parity, iarigmoking, bmi, and diabetes.
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Figure 1

The Nationwide Register-Based Cohort {NRBC)
Children live-born in Denmark, 1997-2016
n=1,243,353

l

l

Children born, 1997-2008
n=771,103

Children born, 2009-2016
n=472,250

l

l

Children included in the
Danish National Birth Cohort
n=77,671

Children born in the
North Denmark Region
n =40,220

l

l

The Danish National
Birth Cohort (DNBC)
Singletons born 1997-2003
and selected for the study
n=28,830

The North Denmark Region
Pregnancy Cohort (NDRPC)
Singletons born 2011-2015
and selected for the study
n=14,483

6102 1snBny €z uo sasn Aleiqr Ausieaiun Biodiey Ad 61687SS/EE1L0-6102 0l/01ZL 0 1/I0PAYEISqE-5]0IE-20UBAPE/WSO(/WO0"dNO"oIWaPEDE//:SARY WOl papeojumod



Downloaded from https://academic.oup.com/jcem/advance-article-abstract/doi/10.1210/jc.2019-01343/5548919 by Aalborg University Library user on 23 August 2019

a
1% -
° 3 8 =
g I
o
3
» <
2
. 9 . £ F S
R k= I
[} o0
2 ©
[ ] M ® a8 |B
H o
=) >
z e -
2 o
o L 4 2 F o
Q o
=
Q
1) —
Q -
° L 4 an I o
o
=
° . =
o
3
. ° g
o
3
° 'S =]
o
)
. 'S 8
o~
©
) ° - | ©
Q0 =]
@© o~
—
o
P 0
© [ ] * -m
o} I
o
<
v o
5 [ ] * F o
L= o~
9]
Q
B 8
8 [ ] * F o
tnlu o~
o
< o
= . . s
3 ~
(1]
= -
= (=]
g ° . L S
o
-
g g
c L * T ©
) ~
0
o
o
c ° N | &
@ <]
m —
= o0
Q
— L] * |%
o —
~ X
~
v ° ° o)
5 T T T T T L T T *~— T o
._.Wrn = o ) ~ © n < ™ ~ — =)

s N3N 31011V JONVAAY  =avstos




