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ABSTRACT

Aims: The aim of this study was two-fold: i) to describe factors associated with antithyroid drug (ATD) treat-
ment during gestation among women with hyperthyroidism in pregnancy, ii) to investigate the impact of ATD
treatment during gestation on pregnancy outcomes.

Methods: Women with hyperthyroidism in pregnancy and ATD treatments were identified through linkage of
three national registries (2008-2018): The Medical Birth Registry of Norway, the Norwegian Prescription
Registry and the Norwegian Patient Registry. Pregnancies were categorized as ATD treated or untreated based
on filled prescriptions indicating ATD exposure during pregnancy. ATD treatment was examined by trimester
(T1, T2/T3) and by substance carbimazole (CMZ), propylthiouracil (PTU) and by both CMZ/PTU. Generalized
estimating equations analysis with a robust variance estimator was used to estimate adjusted odds ratio (aOR)
and adjusted standardized mean difference (aSMD) with 95% confidence interval (CI).

Results: We identified 1699 pregnancies with hyperthyroidism during gestation. Hyperthyroidism was treated
with ATD in 44.4% of the pregnancies, while 55.6% were untreated. Pregnant women treated with ATD had
more often asthma compared to untreated women. Prenatal exposure to CMZ was associated with increased risk
of preterm birth (aOR 1.8, 95% CI 1.1-2.8) whereas PTU exposure in the first trimester was associated with an
increased risk of cardiac malformations (aOR 9.0, 95% CI 1.8-44.7). There was no association between ATD
treatment in pregnancy and maternal preeclampsia (aOR 0.8, 95% CI 0.4-1.3) and gestational hypertension (aOR
0.9, 95% CI 0.5-1.8).

Conclusion: This nationwide registry study found an association between treatment with carbimazole and in-
creased risk of preterm birth. Exposure to propylthiouracil in the first trimester was associated with an increased
risk of cardiac malformations. These findings should be interpreted in light of international findings on the risk
of untreated hyperthyroidism and the potential risk of ATD treatment for the mother and child.

This is an open access article distributed under the Creative Commons Attribution Licence, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

INTRODUCTION

Hyperthyroidism is a condition with increased produc-
tion of thyroid hormones in the thyroid gland. Common
symptoms include unexplained weight loss, rapid
heartbeat, unusual sweating, and swelling at the base of
the neck as well as sleep, mood and appetite changes
[1]. Prevalence estimates for hyperthyroidism in preg-
nancy range between 0.1% and 1.0% depending on
whether overt or subclinical hyperthyroidism is included
[1,2]. Graves' disease (GD) is the most common cause
of hyperthyroidism in women of reproductive age, and
the main type of overt hyperthyroidism during
pregnancy. Another major cause of hyperthyroidism in
pregnancy is gestational transient thyrotoxicosis (GTT),
which occurs due to the stimulating action of human
chorionic gonadotropin (HCG) on thyroid stimulating
hormone (TSH) [3-5].

Untreated overt hyperthyroidism may have severe
negative consequences for both the pregnant woman

and her unborn child. Several international studies have
shown an association between maternal hyper-
thyroidism and increased risk of preterm birth and low
birth weight [6-9]. Maternal complications, such as
pregnancy-induced hypertension and preeclampsia are
also more common in pregnancies with hyper-
thyroidism [8-10].

In a retrospective study over a period of 28 years, it
was found that women with uncontrolled hyper-
thyroidism during pregnancy had significantly higher
rates of preterm birth (49% vs. 23%) and higher odds
for stillbirth (OR 8.42, 95% CI 2.0-35.2) compared to
women with well-controlled hyperthyroidism [11]. An
inverse relationship between the degree of control of
maternal hyperthyroidism and risk for low birth weight
was reported [12]. Subclinical and GTT were not asso-
ciated with adverse pregnancy outcomes [13,14].

International and Norwegian national guidelines
recommend pharmacological treatment of overt hyper-
thyroidism during pregnancy to maintain mild maternal
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hyperthyroidism while avoiding fetal hypothyroidism.
For subclinical hyperthyroidism and GTT, however,
pharmacological treatment is generally not recommen-
ded [15-17]. The treatment of choice for women with
overt hyperthyroidism is antithyroid drugs (ATDs),
which includes propylthiouracil (PTU), methimazole
(MMI) and its prodrug carbimazole (CMZ). Use of
ATDs during pregnancy poses specific challenges, as
both MMI/CMZ and PTU have been associated with
different adverse pregnancy outcomes including con-
genital malformations [18,19] preterm birth, low birth
weight and infant mortality [20]. In addition, MMI/
CMZ has been associated with a pattern of embryopathy
including choanal atresia, esophageal atresia, omphalo-
cele, omphalomesenteric duct anomalies, congenital
heart disease, renal system malformations and aplasia
cutis [21]. Due to safety concerns regarding possible
teratogenic effects of MMI/CMZ, PTU has been the
preferred ATD during the first trimester of pregnancy
[22,23]. However, PTU has also been associated with
increased risk of hepatoxicity [24,25]. Consequently,
Norwegian and European guidelines recommend using
PTU when planning pregnancy and during the first
trimester, then switching to MMI/CMZ thereafter in
order to minimize the risk of PTU-related hepato-
toxicity [16,17].

In 2018, the European Medicines Agency (EMA)
reviewed the evidence and published updated warnings
about the potential risks of MMI/CMZ and PTU during
pregnancy [26,27]. At the same time, they recommended
to avoid switching between MMI/CMZ and PTU as
risks seemed highest in pregnancies exposed to several
ATDs. This was also confirmed in the recent systematic
literature review and meta-analyses where the excess
risk of any and major birth defects per 1000 respectively
was reported to be 10.2 and 1.3 for PTU; 17.8 and 2.3
for MMI/CMZ; 32.5 and 4.1 for both MMI/CMZ and
PTU; and 9.6 and 1.2 for untreated hyperthyroidism
[28]. Authors highlighted that few studies have been
able to account for the untreated underlying illness, and
that larger studies including different treatment groups
are needed to determine the impact of hyperthyroidism
and ATD treatment on pregnancy outcomes [28].

To increase knowledge about treatment of hyper-
thyroidism in pregnancy, our aim was to i) characterize
factors associated with ATD treatment during gestation
among women with hyperthyroidism in pregnancy, and
ii) assess the association between ATD treatment and
adverse pregnancy outcomes.

MATERIAL AND METHODS

Data collection

Data were retrieved from the Medical Birth Registry of
Norway (MBRN), the Norwegian Prescription Database
(NorPD) and the Norwegian Patient Registry (NPR).
These databases were linked based on the personal
identification number assigned to everyone residing in
Norway.
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The Medical Birth Registry of Norway

MBRN is a nationwide birth registry with stored data
on all Norwegian births after pregnancy week 12 since
1967. The MBRN contains sociodemographic informa-
tion about the mother and her health before, during and
after pregnancy, as well as pregnancy and birth related
complications and pregnancy outcomes [29]. Previous
studies have found a relative high validity of recorded
information in MBRN, but inaccurate disease registra-
tion may occur [30-32].

The Norwegian Prescription Database

Established in 2004, NorPD is a nationwide registry
which includes information about all redeemed prescrip-
tions from pharmacies in Norway. NorPD classifies
drugs according to the Anatomical Therapeutic Chemi-
cal (ATC) classification system. Information about
drugs includes the name, dosage, package size and the
date drug was redeemed [33].

The Norwegian Patient Registry (NPR)

NPR is a national administrative health registry that was
established in 2008 and contains data on all activities in
secondary and tertiary health care setting since 1997.
Diagnostic codes in NPR follow the World Health
Organization’s International Classification of Diseases,
version 10 (ICD-10). Several studies have reported a
high quality and validity of the data in NPR [34,35].

Study population

We included singleton pregnancies with a pregnancy
outcome registered in MBRN from 2008 to 2018. The
flow chart to obtain the final population is shown in
Figure 1. To make inferences about hyperthyroidism in
pregnancy, the study population was restricted to
pregnancies among women with a hyperthyroidism
diagnosis during gestation. Multiple pregnancies were
excluded as they have additional risks of pregnancy
complications and adverse outcomes.

Pregnancies among women with hyperthyroidism
were categorized depending on ATD treatment status.
Two mutually exclusive groups were defined:

e Pregnancies among women who were treated with
ATDs during pregnancy (ATD treated pregnancies).

e Pregnancies among women with no treatment with
ATDs during pregnancy (Untreated disease
comparison group).

Measures

Exposure to ATD
Information about medication use was obtained from
dispensed prescriptions from NorPD. Antithyroid drugs
were defined as drugs having an ATC code HO3B:
HO03BAO2 for propylthiouracil (PTU) and HO3BBO01 for
carbimazole (CMZ). In Norway, the prodrug carbi-
mazole is the treatment choice of patients with
hyperthyroidism. There is no marketed product with
methimazole (MMI) in Norway.

We defined exposure to ATD at any time in gestation
as any filled ATD prescription within the last menstrual
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Figure 1. Flowchart of the total study sample.

period (LMP) date and delivery. Exposure to ATD du-
ring pregnancy was additionally categorized according
to timing: in the first (gestational weeks 1-12), second
(gestational weeks 13-26) and third trimester (from
gestational week 27 to the end of pregnancy). Timing of
ATD exposure was calculated based on the date of the
filled prescription and the number of Defined Daily
Doses (DDDs) dispensed, which overlapped with the
trimester exposure windows. Pregnancies within
women who filled ATD prescriptions up to the three
months period before pregnancy and with dispensed
DDDs overlapping with the first trimester window,
were defined as ATD exposed in the first trimester.

We categorized ATD exposure into three mutually
exclusive subgroups: CMZ alone, PTU alone, and both
CMZ and PTU. The latter consisted of women with
dispensed prescriptions of both of CMZ and PTU in the
exposure period. Each of these was compared to the
untreated disease comparison group.

Maternal disease

Diagnoses of maternal hyperthyroidism were obtained
from NPR, along with the date of the diagnosis in the
time period 2008 to 2018. Hyperthyroidism was defined
by ICD-10 codes E05.0-E05.9. We calculated the timing
of onset based on LMP data, gestational length and date
of the diagnosis. Pregnancies were defined as having a
diagnosis of hyperthyroidism if they had a hyperthy-
roidism diagnosis registered in NPR. We distinguished
between women with a new-onset hyperthyroidism in

Untreated disease comparison group
Pregnancies among women with untreated
hyperthyroidism

n=945

pregnancy and women with a prior history, by taking
into account timing of the first diagnosis of hyper-
thyroidism within the study period.

Sociodemographic, lifestyle and health related
characteristics

MBRN covered information on sociodemographic and
lifestyle factors, reproductive history, comorbidities and
medication use. Sociodemographic and lifestyle factors
were as follows: maternal age, marital status, parity and
smoking habits. Periconceptional folic acid use and
multivitamin use were classified as yes or no depending
on whether the women used them before and during
pregnancy. Reproductive history included previous
pregnancy loss and was defined as early miscarriage
and/or stillbirth. Maternal somatic comorbidities before
pregnancy included asthma, chronic renal disease,
diabetes and chronic hypertension. Use of other medi-
cations prior to pregnancy (three months before
gestation) included analgesics (ATC NO02), antianemic
preparations (ATC B03) and psychoanaleptics (ATC
NO06). These baseline factors were considered as
potential confounders.

Pregnancy outcomes

Information on maternal and infant outcomes were
obtained from MBRN. Birth year was categorized into
three time periods as presented in Table 1. Maternal
complications included: i) any preeclampsia, by any
severity or timing of onset, defined as new-onset hyper-
tension (systolic blood pressure of >140/90 mmHg)
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Table 1. Maternal sociodemographic and medical characteristics among women with hyperthyroidism in pregnancy.

Untreated disease

ATD treated pregnancies  comparison group

n=754 n=945
n (%) n (%)

New-onset hyperthyroidism in pregnancy 272 (36.1) 589 (62.3)
First hyperthyroidism diagnosis prior to pregnancy 482 (63.9) 356 (37.7)
Year of delivery

2008 —2010 160 (21.2) 235 (24.9)

2011 -2014 279 (37.0) 323 (34.2)

2015-2018 315 (41.8) 387 (41.0)
Maternal age at delivery (years)

<24 62 (8.2) 88 (9.3)

25-29 211 (28.0) 276 (29.2)

30-34 259 (34.4) 333 (35.2)

>35 222 (29.4) 248 (26.2)
Marital status

Married/cohabiting 690 (91.5) 884 (93.5)

Other 64 (8.5) 61 (6.5)
Number of previous births

0 260 (34.5) 319 (33.8)

1 314 (41.6) 403 (42.6)

>2 180 (23.9) 223 (23.6)
Smoking during pregnancy

Yes 38 (5.0) 39 (4.1)

No 609 (80.8) 807 (85.4)

Missing 107 (14.2) 99 (10.5)
Periconceptional folic acid use 193 (25.6) 279 (29.5)
Multivitamin intake before and during pregnancy 119 (15.8) 174 (18.4)
Previous pregnancy loss

Yes 184 (24.4) 251 (26.6)

No 521 (69.1) 655 (69.3)

Missing 49 (6.5) 39 (4.1)
Comorbidities

Asthma 49 (6.5) 41 (4.3)

Chronic renal disease <5 14 (1.5)

Diabetes 11 (1.5) 17 (1.8)

Chronic hypertension 4(0.5) 7(0.7)
Medications prior to pregnancy

Analgesics 57 (7.6) 76 (8.0)

Antianemic preparations 16 (2.1) 34 (3.6)

Psychoanaleptics 24 (3.2) 37(3.9)

Bold: p-value < 0.05 Pearson’s chi square test or Fisher’s Exact test if expected cell count <5. Variables were
dichotomized into yes or no categories, unless otherwise stated.

after gestation week 20 combined with proteinuria (>
+1 dipstick on at least 2 occasions); ii) gestational
hypertension, defined as hypertension occurring after
20 weeks of gestation (systolic blood pressure >140 mm
Hg and/or diastolic 290 mm Hg, or an increase >15 mm
Hg from blood pressure measured before gestational
week 20).

Other pregnancy outcomes included preterm birth,
defined as delivery before 37 weeks of gestation, birth
weight and congenital malformations. Birth weight was
examined as standardized mean (i.e., z-score as conti-
nuous variable) which indicates how many standard
deviations the birth weight for a child is different from
the Norwegian population mean given gestational age
at delivery and sex.

Congenital malformations in the offspring were
grouped as "any malformation" and "cardiac mal-
formations". Any malformation in MBRN is defined as
diagnoses within the ICD-10 class Q (i.e. congenital
malformations, deformations, and chromosomal abnor-
malities) together with ICD-10 code P83.5 (congenital
hydrocele). Chromosomal abnormalities were excluded.
Cardiac malformations included any diagnosis with
ICD-10 codes Q20-Q26 [36]. Due to limited study
power, we could not examine individual congenital
malformations.

The outcome variables were all binary (yes/no),
except for birth weight (continuous variable). Specific
time window for ATD exposure was defined as the first
trimester for analyses involving gestational hyper-
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tension, preeclampsia and congenital malformations,
and anytime during pregnancy for analyses involving
preterm birth and birth weight.

Statistical analysis

Pregnancy was the unit of analysis for all statistical
testing. Descriptive statistics were utilized as appro-
priate. Pearson chi-square test was used to compare
categorical data for values in each cell more than or
equal to five. The Fisher’s exact test was used for all
other cases. Two-sample t-Test was used for the con-
tinuous variable (birth weight in grams and as z-score).
The number of pregnancies was reported as <5 if there
were less than five cases in the category of interest.

The associations between maternal factors and ATD
treatment were calculated using generalized estimating
equations (GEE) with a robust variance estimator. This
method was used in preference to binary logistic regres-
sion analysis to take into account clustering of multiple
pregnancies (309 pregnancies, 18.2%) within the same
women).

All baseline co-variates were included in the adjusted
model. Results were presented as crude and adjusted
odds ratios (ORs) and 95% confidence interval (95%
CD.

Analysis on the association of ATD treatment with
pregnancy outcomes

The associations between ATD treatment and maternal
and pregnancy outcomes were estimated using GEE
with a robust variance estimator. The association
measures are presented as adjusted OR with 95% CI for
binary outcomes (e.g., preeclampsia, congenital mal-
formations), and as adjusted standardized mean
difference (aSMD), with 95% CI for birth weight.

In the multivariable analyses, we selected a potential
confounder set for pregnancy outcomes based on
substance and clinical knowledge, and prior literature
[28]. This confounder set included: year of delivery,
age, marital status, parity, smoking during pregnancy,
previous pregnancy loss, periconceptional folic acid use
and multivitamin use before and during pregnancy, use
of psychoanaleptics and/or analgesics prior to preg-
nancy and maternal comorbidities.

Because smoking and previous pregnancy loss had
missing values in respectively 12.1% and 5.2% of the
study population, we created a missing value category
for these variables, as these were considered important
confounders. To better understand the impact of missing
data and confounding by smoking and reproductive
history in our analyses, we performed a subanalysis
where smoking and previous pregnancy loss were not
included in the multivariable model. Because use of
folate and multivitamins was measured before and
during pregnancy, and not solely at baseline, we
conducted a sensitivity analysis excluding this variable
from the set of confounders.

Moreover, because pregnancies in our sample could
have either a new-onset hyperthyroidism in pregnancy
or a pre-existing hyperthyroidism continuing into

pregnancy, we performed a sensitivity analysis further
adjusting for having a first diagnosis of hyperthyroid-
ism prior to pregnancy (yes/no).

We also calculated the estimated excess number of
preterm birth and birth defect by subtracting rates of
preterm birth and birth among women with ATD
treated/non-treated hyperthyroidism in pregnancy from
the rates of preterm birth and birth defect in the general
birthing population (per 1000 births) in Norway. The
general birthing population consisted of all singleton
pregnancies in our linked data file used as initial popu-
lation, excluding pregnancies with hyperthyroidism.
The rate per 1000 births of preterm birth, any malforma-
tion and cardiac malformations was 57.5, 46.0 and 7.6,
respectively.

All statistical analyses were performed with the
Statistical Package for the Social Sciences (SPSS)
version 27.

Ethical aspects

This study was approved by the Regional Committee
for Research Ethics — South East Norway (approval
number 2018/140/REK ser @st) and by the Data
Protection Officer at the University of Oslo (approval
number 58033).

RESULTS

Population characteristics

The study population consisted of 1699 singleton preg-
nancies among women with hyperthyroidism during
gestation (Figure 1). Among these, 754 (44.4%) were
treated with ATD and 945 (55.6%) were untreated
(untreated disease comparison group).

Out of 1699 pregnancies, 838 (49.3%) were among
women who had a first diagnosis of hyperthyroidism
before pregnancy, while 861 (50.7%) pregnancies were
among women with new-onset hyperthyroidism (first
diagnosis was registered during pregnancy). Among 838
pregnancies with a previous hyperthyroidism diagnosis,
482 (57.5%) received treatment with ATD during
gestation, while 356 (42.5%) had untreated disease.

Out of 861 pregnancies with new-onset hyperthy-
roidism, 272 (31.6%) received ATD treatment during
gestation, while 589 (68.4%) had untreated disease.

There were no important differences in the type of
diagnostic codes registered between pregnant women
with a previous hyperthyroidism diagnosis and preg-
nant women with a new-onset disease (Supplemental
table 1).

Pattern of ATD use in pregnancy

Antithyroid drug treatment was most frequent in the
first trimester of pregnancy (Table 2). PTU was the
most used ATD in all trimesters of pregnancy. Out of
754 ATD treated pregnancies, 251 received treatment
with CMZ alone (T1: n=200), 323 with PTU alone (T1:
n=285), and 180 with both of CMZ and PTU (T1:
n=130). A smaller proportion of pregnancies redeemed
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Figure 2. Time trends of use of different antithyroid drugs during pregnancy.

Table 2. Use of antithyroid drugs during gestation among women with hyperthyroidism in pregnancy in

Norway between 2008 and 2018, N = 1699.

Total in pregnancy  First trimester ~ Second trimester ~ Third trimester
n (%) n (%) n (%) n (%)
Any antithyroid drug 754 (44.4) 659 (38.8) 541 (31.8) 326 (19.2)
% among ATD users 100.0 100.0 100.0 100.0
CMZ alone 251 (14.7) 208 (12.2) 121 (7.1) 103 (6.1)
% among ATD users 33.3 31.6 22.4 31.6
PTU alone 323 (19.0) 321 (18.9) 322 (19.0) 189 (11.1)
% among ATD users 42.8 48.7 59.5 58.0
CMZ and PTU 180 (10.6) 130 (7.7) 98 (5.8) 34 (2.0)
% among ATD users 23.9 19.7 18.1 104

prescriptions of both PTU and CMZ throughout preg-
nancy, and this was most frequent in the first trimester
(23.9%).

The median sum of DDD and interquartile range
(IQR) during pregnancy was 159 (76-166) for CMZ and
194 DDD (134-304) for PTU, corresponding to 5- and
6-months treatment in pregnancy, respectively.

Treatment trends of hyperthyroidism during preg-
nancy in the period 2008-2018 are shown in Figure 2.
PTU alone was the most commonly used ATD among
pregnant women, but there has been a decreasing trend,
with the proportion decreasing from 55.4% in 2008 to
22.4% in 2018. The proportion of pregnancies treated
with CMZ alone has remained stable throughout preg-
nancy, but with a clear increase from 2015 to 2018.

Factors associated with ATD treatment in pregnancy

Table 1 shows characteristics of the study population
according to ATD treatment. The proportion of preg-
nancies treated with ATD was significantly higher
among women with a first hyperthyroidism diagnosis
prior to gestation compared to pregnant women with a

new-onset hyperthyroidism during gestation.

Compared to pregnant women with untreated hyper-
thyroidism, women who used ATD during pregnancy
had a significantly higher prevalence of asthma. No
difference was detected in the year of delivery between
pregnancies treated with ATD and pregnancies with
untreated hyperthyroidism. Differences in factors
associated with ATD treatment were generally more
profound for women who used CMZ alone during
pregnancy (Supplemental table 2). These women had
higher parity, were more likely to smoke during
pregnancy and not take multivitamins before and during
pregnancy.

Differences in maternal characteristics were less pro-
minent for pregnancies treated with both of CMZ and
PTU (Supplemental table 2).

Table 3 presents factors related to ATD treatment
during pregnancy. The odds for receiving treatment
with ATD was increased in pregnant women with
asthma (aOR 1.6, 95% CI 1.1-2.5). No differences in
effect estimates of the association between maternal
factors and ATD treatment were found whether smoking
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Table 3. Association between maternal sociodemographic, medical characteristics and ATD treatment
in pregnancy compared to pregnancies among women with untreated hyperthyroidism.

ATD treated pregnancies

Crude OR (95% CI) Adjusted OR (95% CI) *

Year of delivery

2008 —2010 0.8 (0.6, 1.0) 0.8 (0.6, 1.0)

2011 -2014 Reference Reference

2015-2018 0.9(0.8,1.2) 1.0(0.8,1.2)
Maternal age at delivery (years)

<24 0.9 (0.6, 1.3) 0.8 (0.6, 1.2)

25-29 1.0 (0.8, 1.3) 1.0 (0.8, 1.3)

30-34 Reference Reference

>35 1.2(0.9,1.5) 1.2(0.9,1.5)
Marital status

Married/cohabiting Reference Reference

Other 1.3(0.9,1.9) 1.3(0.9,2.0)
Number of previous births

0 1.0 (0.8, 1.3) 1.0 (0.8, 1.3)

1 Reference Reference

>2 1.0(0.8,1.3) 1.0(0.8,1.3)
Smoking during pregnancy 1.3 (0.8,2.0) 1.2 (0.8,2.0)
Periconceptional folic acid use 0.8 (0.7, 1.0) 0.9 (0.7, 1.1)
Multivitamin intake before and during pregnancy 0.8 (0.6, 1.1) 0.9 (0.7,1.2)
Previous pregnancy loss 0.9 (0.7,1.2) 0.9 (0.7,1.2)
Comorbidities

Asthma 1.5 (1.0, 2.3) 1.6 (1.1, 2.5)

Chronic renal disease 0.3 (0.1, 0.9) 0.3 (0.1, 1.1)

Diabetes 0.8(0.4,1.7) 0.8 (0.4, 1.8)

Chronic hypertension 0.7 (0.2,2.5) 0.7 (0.2,2.3)
Medications prior to pregnancy

Analgesics 0.9 (0.7, 1.3) 0.9 (0.6, 1.4)

Antianemic preparations 0.6 (0.3,1.1) 0.6 (0.3, 1.0)

Psychoanaleptics 0.8 (0.5, 1.4) 0.8 (0.5, 1.3)

Bold: CI not including the null. Odds ratios were calculated using the untreated disease comparison group as the reference group.
*Adjusted for all the other variables in the table. The category no” was used as the reference, unless otherwise stated.

and previous pregnancy loss were included or excluded
as confounding factors in the multivariable analysis.

Pregnancy outcomes associated with ATD treatment
in pregnancy

Tables 4 and 5 present the associations between treat-
ment of hyperthyroidism in pregnancy and different
pregnancy outcomes. Pregnancies treated with any
ATD had increased risk for having infants with cardiac
malformations (aOR 6.3, 95% CI 1.4-28.7) compared to
pregnancies with untreated hyperthyroidism. Children
born to women treated with ATD during pregnancy
weighed less than children born to pregnant women
with untreated hyperthyroidism, albeit the standardized
effect size was clinically negligible. No significant
associations were observed between ATD treatment
during pregnancy and risk of gestational hypertension
and/or preeclampsia.

Children born to women who were treated with CMZ
alone had higher risk of preterm birth (aOR 1.8, 95% CI
1.1-2.8), and low birth weight (aSMD -0.14, 95% CI
—0.27, —0.01) compared to the untreated disease
comparison group. Compared to unexposed women
without hyperthyroidism, the excess number of preterm

births was 58.0 per 1000 births for CMZ and 11.3 per
1000 births exposed for untreated hyperthyroidism.

Children born to women treated with PTU alone in
pregnancy had increased risk of cardiac malformations
(aOR 9.0, 95% CI 1.8-44.7) and low birth weight. The
excess number of cardiac malformations was 13.5 per
1000 births for PTU and —5.5 per 1000 births for un-
treated hyperthyroidism. No differences in pregnancy
outcomes were observed between pregnancies treated
with both of PTU and CMZ and pregnancies with
untreated hyperthyroidism.

Results of sensitivity analyses

No substantial differences in risk of pregnancy
outcomes between ATD treated pregnancies and the
untreated disease comparison group were found in the
sensitivity analysis where smoking and previous
pregnancy loss were excluded from the multivariable
regression model.

Subanalysis adjusted for first time diagnosis of
hyperthyroidism prior to pregnancy revealed the
following results (Supplemental table 3): Treatment
with CMZ alone during pregnancy was associated with
low birth weight and preterm birth (aOR 1.9, 95% CI



78 N. EL KHALIL ET AL.

Table 4. Pregnancy outcomes associated with ATD treatment in pregnancy.

Pregnancies treated Pregnancies treated with specific ATD

Untreated disease with any ATD CMZ PTU CMZ and PTU
comparison group n=754 n=251 n=323 n=180
n=945 n=659 (T1) n=200 (T1) n=285 (T1) n=130 (T1)
n (%) n (%) n (%) n (%) n (%)
Maternal complications
Gestational hypertension' 22 (2.33) 14 (2.12) 6 (3.00) 4 (15.38) <5
Preeclampsia' 39 (4.13) 20 (3.03) 5(2.50) 7 (2.46) 6(4.62)
Infant outcomes
Preterm birth (<37 weeks) 65 (6.88) 64 (8.49) 29 (11.55) 21 (6.50) 14 (7.78)
Birth weight
Mean grams (sd) 3465 (646) 3383 (612) 3354 (597) 3372 (628) 3442 (603)
z-score, mean (sd) -0.04 (1.02) -0.17 (0.94) -0.20 (0.89) -0.20 (0.94) -0.08 (1.01)
Malformations !
Any 46 (4.87) 25(3.79) 5(2.50) 10 (3.51) 9 (6.92)
Cardiac <5 9 (1.37) 0 (0.00) 6 (2.11) <5

! Restricted to ATD treatment in the first trimester of pregnancy (T1). ATD: Antithyroid drugs, CMZ: Carbimazole, PTU: Propylthiouracil.
Bold: p-value < 0.05 Pearson’s chi square test or Fisher’s Exact test if expected cell count <5. Two-sample t-Test was used for birth weight.

Table 5. Association between pregnancy outcomes and ATD treatment during pregnancy compared to pregnancies among
women with untreated hyperthyroidism.

Pregnancies treated Pregnancies treated with specific ATD

with any ATD CMZ PTU CMZ and PTU
n=754 n=251 n=323 n=180
n=659 (T1) n=200 (T1) n=285 (T1) n=130 (T1)
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)
Maternal complications
Gestational hypertension' 0.9 (0.5, 1.8) 1.3(0.5,3.1) 0.6 (0.2, 2.0) 0.6 (0.1, 2.9)
Preeclampsia’ 0.8(0.4,1.3) 0.6 (0.2, 1.5) 0.6 (0.2,1.3) 1.3 (0.6,3.1)
Infant outcomes
Preterm birth (<37 weeks) 1.3(0.9,1.9) 1.8 (1.1, 2.8) 1.0 (0.6, 1.6) 1.2 (0.6, 2.2)
Birth weight, aSMD (95% CT) -0.12 (-0.21,-0.03)  -0.14 (-0.27,-0.01) -0.14 (-0.27,-0.02) -0.05 (-0.21, 0.11)
Malformations'
Any 0.7(0.4,1.2) 0.5(0.2,1.1) 0.6 (0.3,1.2) 1.4 (0.7, 3.0)
Cardiac 6.3 (1.4,28.7) NA 9.0 (1.8, 44.7) 2.7 (0.3,29.0)

!Restricted to treatment in the first trimester of pregnancy (T1).

ATD: Antithyroid drugs, CMZ: Carbimazole, PTU: Propylthiouracil. NA: Not available (no statistics were performed, because this group did
not include any cases with cardiac malformations). aOR: adjusted odds ratio, CI: confidence interval, aSMD: adjusted standardized mean
difference.

Bold: CI not including the null. The reference group was the untreated disease comparison group. Gestational hypertension, preeclampsia,
preterm birth and birth weight were adjusted for the standard set of confounders. Malformations were adjusted for standard set of confounders,

except for use of psychoanaleptics/analgesics prior to pregnancy.

1.1-3.1). The association between exposure for PTU
alone in the first trimester and cardiac malformations
was attenuated and moved towards the null (aOR 6.1,
95% CI 1.0-39.2).

DISCUSSION

Almost half of the pregnancies among women with
hyperthyroidism were treated with ATD, a finding that
is much higher than reported in other population-based
studies, for example in Finland (27% ATD treated in
pregnancy) [9], and Taiwan (24.8% ATD treated in
pregnancy) [37]. This is probably because our study
population only included pregnant women with an ICD-
10 diagnostic code in NPR covering the secondary
heath care in Norway, and these women were more
likely to have had an active disease which required
treatment during gestation.

Pattern of ATD use in pregnancy

The most commonly used ATD during pregnancy was
PTU, consistent with a prior Swedish population-based
study [38]. This can be explained by the fact that CMZ
has long been associated with a higher risk of terato-
genesis [21], and PTU was therefore preferred in preg-
nancy. However, the proportion of pregnancies treated
with PTU alone has been reduced in recent years, while
the use of CMZ alone has increased. These changes in
the treatment pattern of hyperthyroidism may be related
to recent studies in which PTU has been associated with
an increased risk of hepatoxicity [24,25].

Assuming use of 1 DDD per day, the median PTU
use according to dispensed DDDs covered 6 months of
pregnancy, whereas CMZ covered approximately 5
months. However, the assumption of 1 DDD per day
may not be valid as ATD treatment is tailored to TSH



ANTITHYROID DRUG TREATMENT AND PREGNANCY OUTCOMES AMONG WOMEN WITH HYPERTHYROIDISM 79

and T4 serum levels. Dosage of ATDs is increased or
decreased to maintain the serum free Ts at the very
upper limit of the normal range [17]. Larger doses can
therefore be required in cases of severe disease during
pregnancy. Furthermore, the duration of use varied
greatly between pregnant women. The largest dispensed
DDDs of PTU in pregnancy covered 10 months, which
indicates that some women used higher doses than 1
DDD per day. The difference in dispensed DDD be-
tween PTU and CMZ could therefore possibly be due to
difference in hyperthyroidism severity and/or differ-
ence in accordance with prescribed and dispended DDD
between the two ATDs.

The fact that PTU alone was most used throughout
the pregnancy is not in line with national guidelines,
which recommend switching from PTU to CMZ after
the first trimester of pregnancy [17]. This gives reason
to strengthen knowledge of the guidelines among
clinicians.

Factors associated with ATD treatment in pregnancy

Having asthma was the only factor found to be associ-
ated with ATD treatment among women with hyper-
thyroidism in pregnancy. This could possibly be due to
a closer follow-up in pregnancy, and more possibilities
to detect hyperthyroidism, and/or by a common etiolo-
gical pathway [39].

To our knowledge, there is no study that has evalua-
ted factors associated with ATD treatment among
women with hyperthyroidism in pregnancy. However,
a Swedish and a Danish study that compared ATD
treated pregnant women with women with no ATD use
and no diagnosis of hyperthyroidism reported that
pregnant women with ATD treatment were older and
more often smokers compared to the population com-
parison group [20,38].

Pregnancy outcomes associated with ATD treatment
in pregnancy

Our study results suggest that adverse pregnancy out-
comes as preterm birth and low birth weight are higher
among pregnant women with ATD treated hyper-
thyroidism, but that the risks are different according to
type of ATD treatment. Increased risk of low birth
weight was detected in pregnancies exposed to CMZ
alone or PTU alone, while preterm birth was only
detected in pregnancies exposed to CMZ alone.

The effect size of low birth weight, however, was
very small and in our opinion, not of clinical signifi-
cance. Our findings are not in line with results from an
American study, which revealed that pregnant women
with untreated hyperthyroidism were more likely to
deliver prematurely than women with treated hyper-
thyroidism in pregnancy [12]. On the other hand,
previous studies have shown that even ATD treated
hyperthyroidism was associated with up to 2.3-fold
increased risk of preterm birth [7,9].

Congenital malformations
Our results suggest that infants exposed to ATD/PTU in
the first trimester are at higher risk of cardiac malforma-

tions compared to infants of women with untreated
hyperthyroidism. However, due to the low number of
exposed cases of cardiac malformations, the effect
estimate was imprecise as illustrated by the wide
confidence interval. The effect estimated decreased
considerably when adjusting for a first-time diagnosis
of hyperthyroidism prior to pregnancy. This may be a
chance finding or may point to difference in the
underlying severity or ability to reach adequate ATD
treatment of prior and new-onset hyperthyroidism in
pregnancy. Residual confounding by disease severity
may thus be present.

This finding is inconsistent with previous studies
where no increased risk of cardiac malformations after
PTU exposure have been reported [38,40]. The long
duration of PTU use compared to CMZ as indicated by
dispensed DDDs, however, points to more severe
hyperthyroidism, and as such causal inference of the
finding is difficult to make. Moreover, we cannot
exclude that residual confounding by maternal life-style
behaviors, such as alcohol use and genetics, could
explain our results. Further, due to low study power, we
could not conduct dose-relation analyses to evaluate
whether the risk may increase with greater doses or
longer exposure durations, and this limits inference of
our findings. This finding warrants careful interpretation
and should be seen in light of recent meta-analyses of
untreated hyperthyroidism and ATD treatment [28]
before any recommendation for clinical practice can be
made.

The critical period for each organ system varies
throughout the embryonic stage [41,42]. The exact drug
exposure time is therefore of great importance for the
pattern of congenital malformations. This could contri-
bute to the lack of consistency among studies in terms
of the spectrum of ATD-associated congenital malfor-
mations [6,40,43].

Interestingly, we did not detect any increased risk of
malformations with exposure of CMZ alone in the first
trimester. Due to small sample size, we could not assess
risk for birth defects and malformation patterns pre-
viously found in other studies [28,43]. We can therefore
not rule out such an association.

No significant association was found between expo-
sure to both of CMZ and PTU in the first trimester and
increased risk of congenital malformations as reported
in prior studies [28]. However, the results are based on
only 9 first trimester exposed malformed cases, and less
than 5 first trimester exposed cases with a cardiac mal-
formation. Any association can therefore not be ruled
out.

Strengths and limitations

Our study is based on national health registries with
nationwide coverage covering a time period over ten
years. The population size allowed for analysis on
individual antithyroid drugs. Important information on
maternal characteristics, lifestyle factors and maternal
medical complications enabled us to control for several
important confounding factors. Another important
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strength with our study is being a prospectively
registered nationwide study, which eliminates recall
and selection bias. The validity of information on
several pregnancy outcomes (gestational age, birth
weight, preeclampsia and gestational hypertension) in
MBRN has shown to be very high, which is required to
produce robust results [44,45].

Using a separate category to indicate missing can
potentially introduce bias. However, in subanalysis, no
differences in results in the multivariable analyses were
found whether smoking and previous pregnancy loss
were included or excluded as confounding factors. This
suggests that these factors do not act as important
confounders in the context of this study. As a result, it
is reasonable to assume that missing data did not signi-
ficantly affect the results of this study.

In the sensitivity analysis excluding periconceptional
folic acid use and multivitamin use from the set of
confounders, the effect estimates for pregnancy out-
comes did not change and remained exactly the same.
This suggests that these variables were only weak con-
founders and not intermediates.

The most important limitation of this study is that we
did not have information on the severity of hyper-
thyroidism or the level of control of the disease. Residual
confounding by maternal disease may therefore be
present. Even though we adjusted for pre-existing
hyperthyroidism in one subanalysis, we could not fully
distinguish between new-onset and pre-existing disease
in pregnancies registered in 2008-2009, due to shorter
look-back time available. Yet, because of the transient
nature of hyperthyroidism, this is not considered to add
substantial risk of confounding beyond that of disease
severity. Moreover, a limitation of using NorPD is the
fact that dispensed prescriptions do not reflect actual
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Supplemental table 1. Diagnostic codes among pregnant women with hyperthyroidism diagnosis in pregnancy from NPR.

First diagnosis First diagnosis prior

in pregnancy to pregnancy

n=861" n=838!
Diagnosis Diagnostic code n (%)
Thyrotoxicosis with diffuse goiter ICD-10 E050 396 (46.0) 542 (64.7)
Thyrotoxicosis, unspecified ICD-10 E059 414 (48.1) 247 (29.5)
Other thyrotoxicosis ICD-10 E058 74 (8.6) 30 (3.6)
Thyrotoxicosis with toxic single thyroid nodule ICD-10 EO051 <5 9(1.1)
Thyrotoxicosis with toxic multinodular goiter ICD-10 E052 7 (0.8) 10 (1.2)
Thyrotoxicosis factitia ICD-10 E054 5(0.6) <5
Thyrotoxic crisis ICD-10 E055 0(0.0) <5
Thyrotoxicosis from ectopic thyroid tissue ICD-10 E053 <5 0 (0.0)

! The number of pregnancies cannot be summed up in the table due to multiple diagnostic codes within the same pregnancy.
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Supplemental table 2. Maternal sociodemographic and medical characteristics by type of antithyroid drug used during pregnancy.

Pregnancies with

untreated Pregnancies treated  Pregnancies treated ~ Pregnancies treated
hyperthyroidism with CMZ with PTU with CMZ and PTU
n=945 n=251 n=323 n=180
n (%) n (%) n (%) n (%)

Year of delivery
2008-2010 235 (24.9) 47 (18.7) 90 (27.9) 23 (12.8)
2011-2014 323 (34.2) 81(32.3) 133 (41.2) 65 (36.1)
2015-2018 387 (41.0) 123 (49.0) 100 (31.0) 92 (51.1)
Maternal age at delivery (years)

<24 88 (9.3) 23(9.2) 21 (6.5) 18 (10.0)

25-29 276 (29.2) 69 (27.5) 89 (27.6) 53 (29.4)

30-34 333 (35.2) 83 (33.1) 109 (33.7) 67 (37.2)

>35 248 (26.2) 76 (30.3) 104 (32.2) 42 (23.3)
Marital status

Married/cohabiting 884 (93.5) 230 (91.6) 297 (92.0) 163 (90.6)

Other 61 (6.5) 21 (8.4) 26 (8.0) 17.(9.4)
Number of previous births

0 319 (26.7) 87 (34.7) 114 (35.3) 59 (32.8)

1 403 (42.6) 86 (34.3) 150 (46.4) 78 (43.3)

>2 223 (23.6) 78 (31.1) 59 (18.3) 43 (23.9)
Smoking during pregnancy

Yes 38 (5.0) 19 (7.6) 13 (4.0) 6(3.3)

No 609 (80.8) 203 (80.9) 259 (80.2) 147 (81.7)

Missing 107 (14.2) 29 (11.6) 51(15.8) 27 (15.0)
Periconceptional folic acid use 279 (29.5) 61 (24.3) 89 (27.6) 43 (23.9)
Multivitamin intake before and
during pregnancy 174 (18.4) 32 (12.7) 55(17.0) 32 (17.8)
Previous pregnancy loss

Yes 251 (26.6) 59 (23.5) 87 (26.9) 38 (21.1)

No 655 (69.3) 176 (70.1) 212 (65.6) 133 (73.9)

Missing 39 (4.1 16 (6.4) 24 (74) 9(5.0)
Comorbidities

Asthma 41 (4.3) 18 (7.2) 13 (4.0) 18 (10.0)

Chronic renal disease 14 (1.5) <5 0(0.0) <5

Diabetes 17 (1.8) <5 <5 5(2.8)

Chronic hypertension 7(0.7) <5 <5 0(0.0)
Medications prior to pregnancy

Analgesics 76 (8.0) 20 (8.0) 16 (5.0) 21 (11.7)

Antianemic preparations 34 (3.6) 6(2.4) <5 6(3.3)

Psychoanaleptics 37 (3,9) 6(2.4) 9 (2.8) 9 (5.0)

Bold: p-value < 0.05 Pearson’s chi square test or Fisher’s Exact test if expected cell count <5 was used to compare each treatment group with
untreated hyperthyroidism. CMZ: Carbimazole, PTU: Propylthiouracil.
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Supplemental table 3. Association between pregnancy outcomes and ATD treatment during pregnancy compared to
pregnancies among women with untreated hyperthyroidism adjusted for previous disease.

Pregnancies treated Pregnancies treated with specific ATD
with any ATD CMZ PTU CMZ and PTU
n=754 n=251 n=323 n=180
n=659 (T1) n=200 (T1) n=285 (T1) n=130 (T1)
aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)
Maternal complications
Gestational hypertension' 0.9 (0.4, 1.8) 1.2(04,3.1) 0.6 (0.2,2.2) 0.6 (0.2,2.5)
Preeclampsia’ 0.8(04,1.4) 0.6 (0.2, 1.5) 0.6(0.3,1.4) 1.3 (0.6,3.2)
Infant outcomes
Preterm birth (<37 weeks) 1.4 (0.9,2.1) 1.9 (1.1,3.1) 1.0 (0.6, 1.7) 1.2 (0.6, 2.3)

Birth weight, aSMD (95% CI)  -0.11 (-0.21, -0.02) -0.14 (-0.27, -0.01) -0.13 (-0.26, -0.01) -0.04 (-0.20, 0.12)
Malformations!
Any 0.6 (0.4, 1.0) 0402, 1.1) 0.6(03,1.2) 13(0.6,2.8)
Cardiac 5.0 (0.8, 29.3) NA 6.1 (1.0, 39.2) 2.1 (0.0, 126.8)

!Restricted to treatment in the first trimester of pregnancy (T1).

ATD: Antithyroid drugs, CMZ: Carbimazole, PTU: Propylthiouracil. NA: Not available (no statistics were performed, because this group did
not include any cases with cardiac malformations). aOR: Adjusted odds ratio; CI: Confidence interval. aSMD: Adjusted standardized mean
difference.

Bold: CI not including the null. The reference group was the untreated disease comparison group. Gestational hypertension, preeclampsia,
preterm birth and birth weight were adjusted for the standard set of confounders. Malformations were adjusted for standard set of confounders,
except use of psychoanaleptics/analgesics prior to pregnancy.



