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Abstract
Maternal thyroid dysfunction during pregnancy is common and has been associated with
pregnancy complications and adverse perinatal outcomes. The aim of this epidemiological study
was to investigate the associations between maternal thyroid disease and adverse pregnancy and
perinatal outcomes as well as the trends in the use of thyroid medication during pregnancy.
The source population for this study was drawn from the Finnish Medical Birth Register
(MBR) between 2004 and 2013/2016 and was supplemented with data from the Prescription
Register, the Special Refund Entitlement Register, the Care Register for Health Care (HILMO),
and the Register on Congenital Malformations. Hypothyroid and hyperthyroid mothers with and
without thyroid medication were identified from the MBR and compared to mothers without any
thyroid disease.
The overall prevalence of hypothyroidism in pregnancy was 3%. Most hypothyroid women
used levothyroxine during pregnancy, and the rate of levothyroxine use during pregnancy
increased more than five-fold during the study period. Maternal hypothyroidism was associated
with increased risk of several adverse pregnancy outcomes, such as gestational hypertensive
disorders, gestational diabetes, and preterm births. The risks of hypertensive disorders and preterm
births were lower in women who used levothyroxine throughout pregnancy. However, the
increased risk of gestational diabetes and caesarean section remained despite continuous
levothyroxine use.
The prevalence of hyperthyroidism in pregnancy was 0.4%. Women with active
hyperthyroidism, as well as those with a history of hyperthyroidism, were at risk of developing
pregnancy complications, such as gestational hypertensive disorders. They also had an increased
risk of caesarean section and preterm birth. In addition, newborns of mothers with thyroid disease
had a higher risk of neonatal intensive care unit treatment.
In conclusion, both maternal hypothyroidism and hyperthyroidism were associated with
adverse pregnancy and perinatal outcomes. One novel finding was that not just women with active
hyperthyroidism but also women with a history of hyperthyroidism had increased odds of adverse
pregnancy and perinatal outcomes and therefore should be considered at risk of developing
pregnancy complications. The observed increase in the rate of thyroid hormone use suggests that
awareness of the effects of thyroid disorders on pregnancy outcome has increased and that the
threshold to treat thyroid dysfunction has declined in Finland.

Keywords: antithyroid drugs, hyperthyroidism, hypothyroidism, neonatal intensive care,
perinatal morbidity, pregnancy, thyroid, thyroid hormones
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vaikutus raskaustuloksiin.
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta; Medical Research
Center Oulu; Oulun yliopistollinen sairaala; Terveyden ja hyvinvoinnin laitos
Acta Univ. Oul. D 1633, 2021
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä
Kilpirauhasen toimintahäiriöt raskausaikana ovat tavallisia ja ne voivat lisätä raskauskomplikaatioiden ja vastasyntyneisyyskauden ongelmien riskiä. Tämän epidemiologisen tutkimuksen tarkoitus oli selvittää äidin kilpirauhassairauksien vaikutusta raskaustuloksiin ja lisäksi kartoittaa
kilpirauhassairauksiin käytettävien lääkkeiden käyttöä raskausaikana.
Tutkimuksen lähdeaineistona käytettiin kansallista Syntyneiden lasten rekisteriä vuosilta
2004─2013/2016. Syntymärekisteri sisältää käytännössä kaikki Suomessa tapahtuneet synnytykset. Syntymärekisterin tietoja täydennettiin Kansaneläkelaitoksen (Kelan) ylläpitämistä reseptija lääkkeiden erityiskorvausoikeuksien tiedostoista, Hoitoilmoitusjärjestelmästä (HILMO) ja
Epämuodostumarekisteristä. Rekisteritietojen mukaan kilpirauhasen vajaatoimintaa ja kilpirauhasen liikatoimintaa sairastavia raskaana olevia naisia verrattiin kilpirauhasen suhteen terveisiin
naisiin.
Äidin kilpirauhasen vajaatoiminnan esiintyvyys tutkimuksessa oli 3 %. Suurin osa kilpirauhasen vajaatoimintaa sairastavista raskaana olevista naisista käytti tyroksiinilääkitystä, ja raskaudenaikaisen tyroksiinilääkityksen käytön todettiin viisinkertaistuneen tällä vuosituhannella. Kilpirauhasen vajaatoiminnalla todettiin olevan yhteys useisiin raskauskomplikaatioihin, kuten raskaudenaikaisiin verenpaineongelmiin, raskausdiabetekseen ja ennenaikaiseen synnytykseen. Kilpirauhasen vajaatoimintaan liittyvä riski raskaudenaikaisiin verenpaineongelmiin ja ennenaikaiseen synnytykseen oli kuitenkin pienempi niillä naisilla, jotka käyttivät tyroksiinilääkitystä koko
raskauden ajan. Riski raskausdiabetekseen ja keisarileikkauksiin säilyi huolimatta läpi raskauden
käytetystä tyroksiinilääkityksestä.
Kilpirauhasen liikatoiminnan esiintyvyys tässä tutkimuksessa oli 0,4 %. Äidin raskaudenaikaisella kilpirauhasen liikatoiminnalla ja myös aikaisemmin sairastetulla kilpirauhasen liikatoiminnalla todettiin olevan yhteys raskauskomplikaatioihin, kuten raskaudenaikaisiin verenpaineongelmiin sekä keisarileikkauksiin ja ennenaikaisiin synnytyksiin. Vastasyntyneillä oli myös
lisääntynyt riski joutua tehohoitoon, jos äidillä oli todettu kilpirauhassairaus.
Sekä kilpirauhasen vajaa- että liikatoiminta näyttävät lisäävän raskauskomplikaatioiden riskiä ja vastasyntyneisyyskauden ongelmia. Lisäksi aikaisemmin sairastettuun kilpirauhasen liikatoimintaan näyttää liittyvän raskauskomplikaatioiden riski, ei pelkästään aktiiviseen liikatoimintaan raskausaikana. Kilpirauhashormonien käytön merkittävä lisääntyminen viittaa siihen, että
raskauden aikaiset kilpirauhasongelmat tunnistetaan ja diagnosoidaan aikaisempaa paremmin ja
hoidetaan herkemmin.

Asiasanat: hypertyreoosi, hypotyreoosi, kilpirauhanen, kilpirauhashormonit, raskaus,
tyreostaatit, vastasyntyneen tehohoito, vastasyntyneisyyskauden ongelmat
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1

Introduction

The thyroid gland is located in front of the trachea and utilizes iodine to produce
thyroid hormones. Thyroid hormones are essential for normal development and
growth and play a critical role in the regulation of metabolism. Untreated thyroid
diseases may threaten fertility, pregnancy, and fetal development. The developing
fetus is dependent on maternal thyroid hormones, especially during the first
trimester of pregnancy (Sterret, 2019).
Thyroid dysfunction in pregnancy is a common clinical problem and affects
approximately 5–7% of all pregnancies (Stagnaro-Green, 2011). Both overt
hypothyroidism and hyperthyroidism as well as thyroid autoimmunity and
subclinical hypothyroidism have been associated with pregnancy complications
and adverse perinatal outcome, such as fetal loss, gestational hypertensive disorders,
and preterm birth. It is important to diagnose and treat thyroid disorders before and
during pregnancy since the benefits of treatment outweigh the potential harms
(Alexander et al., 2017). One of the most alarming observations in the literature is
that maternal untreated overt hypothyroidism may decrease the intelligence
quotient of the offspring (Haddow et al., 1999; Pop et al., 2003).
Whereas there is a clear consensus on the impact of untreated overt thyroid
diseases on pregnancy outcome, studies on subclinical hypothyroidism have been
controversial (Cleary-Goldman et al., 2008; Männistö et al., 2010; Chan & Boelaert,
2015; Maraka et al., 2016). Results from different studies may be conflicting due
to differences in populations and iodine supplementation or because of missing
medication or laboratory data.
The aim of this study was to investigate, in a large population-based dataset,
the impact of maternal thyroid diseases, with and without thyroid medication, on
pregnancy and perinatal outcomes. Another aim of the study was to evaluate the
use of thyroid medication during pregnancy and to assess secular trends in the rate
of their use.
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2

Review of the literature

2.1

Anatomy and physiology of the thyroid gland

The thyroid gland is located in the front of the trachea and weights 6–20 grams
depending on body size and iodine supply. The gland consists of two lobes, and its
shape resembles that of a butterfly as seen from the front. A normal thyroid gland
can usually be outlined by palpation. The thyroid gland is composed of follicles,
which are its main functional units. Homogenous colloid in these follicles includes
thyroglobulin (TG), which stores thyroxin (T4) and triiodothyronine (T3)
(Maenhaut et al., 2015).
2.1.1 Thyroid hormone production and metabolism
Thyroid hormones play a critical role in the development and growth of a child as
well as in cellular metabolism. In humans, approximately 80% of the amount of
thyroid hormone secreted by the thyroid gland is in the form of prohormone T4,
while 20% is in the active form T3. T4 is synthesized through iodination of tyrosine
residues in the glycoprotein TG and must be peripherally converted to T3, as T3 is
the only form that binds the thyroid hormone receptor. The thyroid gland utilizes
and conserves iodine, which is an integral part of T3 and T4. Iodine is converted to
iodide and transported to the thyroid gland. In the thyroid, the enzyme thyroid
peroxidase (TPO) incorporates iodide into TG, which leads to the production of
thyroid hormones (Mullur, Liu, & Brent, 2014; van der Spek, Fliers, & Boelen,
2017).
Thyroid-stimulating hormone (TSH) produced by the anterior pituitary is the
main regulator of thyroid function. TSH is a glycoprotein hormone and comprises
two subunits: one alpha-subunit common with luteinizing hormone, folliclestimulating hormone, and human chorionic gonadotropin (hCG), and one specific
beta-subunit. The hypothalamic-pituitary axis regulates TSH release as neurons in
the hypothalamus release thyrotropin-releasing hormone (TRH), which stimulates
the pituitary to secrete TSH. TSH then stimulates thyroid follicular cells to release
T3 and T4. TSH secretion peaks around midnight and declines during the day.
While TRH accelerates the production of TSH, dopamine and somatostatin hinder
it. In addition, T3 and T4 exert negative feedback on TSH levels: high levels of
T3/T4 decrease TSH release and low levels of T3/T4 increase TSH release. TSH
19

secretion is very sensitive to minor changes in thyroid hormones through this
negative feedback loop (Brent, 2012; Maenhaut et al., 2015; Pirahanchi, Toro, &
Jialal, 2020).
When thyroid hormones are released from the thyroid, they are primarily in a
bound form with thyroid-binding globulin (TBG), thyroxine-binding prealbumin,
and albumin. Only 0.02% of T4 and 0.2% of T3 are free, biologically active
hormones (free thyroxine [fT4] and free triiodothyronine [fT3]). Pregnancy,
estrogen treatment, and familial conditions may affect the concentrations of the
binding proteins, leading to alterations in thyroid hormone fractions (Glinoer, 1997).
In order to become active, fT4 must be peripherally converted into fT3. This
conversion is regulated by three deiodinase enzymes, which are differentially
expressed between various tissues (Gereben et al., 2008). The amount of fT3
production depends on the deiodinase enzyme activity. Deiodinase type 1 (D1) is
present in the kidney, liver, thyroid, and pituitary and is primarily responsible for
fT3 formation. Fetal D1 activity is low. Deiodinase type 2 (D2) is expressed in
many brain areas and plays a major role in local fT3 production in the brain.
Deiodinase type 3 (D3) is found in the brain and in reproductive tissues and is
viewed as the thyroid hormone inactivating enzyme. D3 expression levels in
healthy adult tissues are generally very low (van der Spek et al., 2017).

Fig. 1. The hypothalamus-pituitary-thyroid axis. TRH = thyrotropin-releasing hormone,
TSH = thyrotropin, fT4 = free thyroxine, fT3 = free triiodothyronine.
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2.1.2 Effects of thyroid hormones
Thyroid hormones bind to the nuclear thyroid hormone receptors (TRs), which
positively and negatively regulate transcription of their target genes. T3 binds to
TRs with 10-fold higher affinity than T4. Humans have two TR genes (alpha and
beta) that code several different active and inactive receptors. Different tissues
express different genes. Thyroid hormones are essential for normal growth, and
they maintain basal metabolic rate, facilitate adaptive thermogenesis, modulate
appetite, and regulate body weight. High concentrations of thyroid hormones
increase oxygen consumption, the rate of gluconeogenesis, glycolysis, and lipolysis,
leading to catabolic effects. High concentrations of thyroid hormones can also
elevate body temperature as they increase cellular metabolism (Oetting & Yen,
2007; Mullur et al., 2014). In addition, thyroid hormones affect cardiovascular
hemodynamics as they decrease systemic vascular resistance and increase resting
heart rate, left ventricular contractility, and blood volume. Decreased resistance in
peripheral arterioles activates the renin-angiotensin-aldosterone system, which
leads to an increase in blood pressure. T3 also increases erythropoietin synthesis.
These combined effects increase cardiac output in hyperthyroidism and likewise
may decrease cardiac output in hypothyroidism (Klein & Danzi, 2007).
2.2

Thyroid dysfunction

2.2.1 Hypothyroidism
Hypothyroidism is defined as an insufficient amount of circulating thyroid
hormones, and it is the most common chronic thyroid disease. The prevalence of
overt hypothyroidism varies between 0.1–5% (Garmendia Madagiara, Palacios,
Guillén-Grima, & Galofré, 2014), depending on the definition used, and it occurs
more frequently in women and in older people. In Finland, nearly 6% of the adult
population (n = 300 000) uses thyroid hormones (Mustajoki, 2020).
Hypothyroidism is also more common in patients with autoimmune diseases, such
as type 1 diabetes and celiac disease.
The definition of hypothyroidism is biochemical. Overt primary
hypothyroidism is defined as TSH concentrations above the reference range and
fT4 concentrations below the reference range. Subclinical hypothyroidism is
defined as TSH concentrations above the reference range and fT4 concentrations
within the normal range. Hypothyroidism is classified as primary (due to thyroid
21

hormone deficiency), secondary (due to TSH deficiency), tertiary (due to TRH
deficiency), and peripheral (extra-thyroidal) (Chaker, Bianco, Jonklaas, & Peeters,
2017). Hypothyroidism is usually primary (thyroidal) as central hypothyroidism
(secondary and tertiary) and peripheral hypothyroidism are very rare and account
for less than 1% of cases (Persani, 2012). Hypothyroidism can present with
different symptoms, from life-threatening symptoms such as extreme lethargy,
respiratory depression, bradycardia, and renal impairment to very mild or even
absent symptoms, and clinical presentation can differ with age and sex. The most
common symptoms in adults are fatigue, weight gain, cold intolerance, constipation,
and dry skin—and in women, menstrual abnormalities and infertility as well
(Chaker et al., 2017). Thyroid hormone replacement with levothyroxine (LT4) is
the standard treatment for hypothyroidism. TSH levels are monitored to optimize
the dose of LT4 with 1–2 mU/L being the target level of TSH. The rate of thyroid
hormone use has substantially increased worldwide as well as in Finland in recent
years (http://raportit.kela.fi/ibi_apps/WFServlet?IBIF_ex=NIT137AL).
Chronic autoimmune thyroiditis
The most common cause of hypothyroidism in iodine-sufficient areas is chronic
autoimmune thyroiditis, also known as Hashimoto’s thyroiditis. The incidence of
chronic autoimmune thyroiditis is about 3.5–5/1000 in women and 0.6–1/1000 in
men, although current data have shown higher incidence rates (Tunbridge et al.,
1977; McLeod & Cooper, 2012). Increased concentrations of thyroid peroxidase
antibodies (TPOAbs) or thyroglobulin antibodies (TGAbs) are present in most
patients with autoimmune thyroiditis (Ragusa et al., 2019). Raised concentrations
of TPOAbs can also be detected without changes in TSH and fT4 concentrations
and in patients with subclinical hypothyroidism, TPOAb measurements help to
predict progression to overt hypothyroidism. In Finland, the prevalence of TPOAbpositivity is 14% in the healthy non-pregnant population (Schalin-Jäntti, Tanner,
Välimäki & Hämäläinen, 2011), and the prevalence of positive thyroid antibodies
increases with age (Hollowell et al., 2002). The exact mechanism underlying
chronic autoimmune thyroiditis is not known, but a combination of genetic
susceptibility and environmental factors are thought to lead to the loss of
immunological tolerance and an autoimmune attack to the thyroid. In autoimmune
thyroiditis, the thyroid may be enlarged to goiter or atrophied and replaced with
connective tissue. Patients with autoimmune thyroiditis also have a higher risk of
other autoimmune disorders (Chaker et al., 2017).
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2.2.2 Iodine deficiency
Iodine is a substantial element for thyroid hormone synthesis. Iodine deficiency is
still a worldwide problem as it impairs growth and cognition early in life and is also
a key determinant of thyroid dysfunction in adults (Zimmermann & Boelaert, 2015).
Lack of iodine has been thought to be a concern mostly in developing countries,
but recent epidemiological data suggest that it is an emerging issue in industrialized
countries as well (Vanderpump, 2017). Women of childbearing age should have an
average iodine intake of 150 µg/day; and during pregnancy and breastfeeding, the
intake should be 200–300 µg/day to maintain adequate thyroid hormone production
(Delshad & Azizi, 2020).
In the 1980s, iodine intake in Finland was the highest in Europe due to an
iodine prophylaxis program (Lamberg, 1986), and Finland has been one of the few
countries with sufficient iodine intake for decades (Nyström et al., 2016). However,
in this millennium, nutritional iodine uptake has slightly decreased in the general
population in Finland (Hélldan et al., 2012). Therefore, a working group was
initiated to find new solutions that could be implemented especially by mass
catering services and the food industry. In 2015, the National Nutritional Council
of Finland gave a new recommendation to use iodized salt in institutional catering
services and in the bakery industry (https://www.ruokavirasto.fi/globalassets
/teemat/terveytta-edistava-ruokavalio/vrn/vrn_jodi_toimenpidesuositus_10.2.2015
_suomi.pdf). These new recommendations have been effective, and the national
FinDiet 2017 study reported that iodine intake is sufficient in Finnish adults (Valsta,
Kaartinen, Tapanainen, Männistö, & Sääksjärvi, 2017).
2.2.3 Hyperthyroidism
The prevalence of hyperthyroidism is approximately 1%, and it is more frequent in
women (Hollowell et al., 2002; Garmendia Madariaga et al., 2014; De Leo, Lee, &
Braverman, 2016). Hyperthyroidism is characterized by thyroid hormone
overproduction and secretion from the thyroid gland. Thyrotoxicosis refers to the
clinical syndrome of increased amounts of circulating thyroid hormones,
irrespective of the cause (De Leo et al., 2016). Overt hyperthyroidism is defined as
TSH concentrations below the reference range and fT4 or fT3 concentrations above
the reference range. Subclinical hyperthyroidism is defined as TSH concentrations
below the reference range and thyroid hormone concentrations within the normal
range. The symptoms of hyperthyroidism may vary between patients, and excess
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thyroid hormone affects many different organ systems. Common symptoms of
hyperthyroidism include palpitations, anxiety, fatigue, tremor, weight loss,
sweating, and skin changes. Hyperthyroidism may cause atrial fibrillation, leading
to severe complications, such as embolic stroke or congestive heart failure
(Devereaux & Tewelde, 2014; Goichot, Caron, Landron, & Bouée, 2015). Longstanding, untreated hyperthyroidism may also cause osteoporosis (Abe et al., 2003)
as well as decreased fertility and menstrual irregularities in women (Krassas et al.,
2010).
The most common cause of hyperthyroidism (approximately 70% of cases) in
iodine-sufficient areas (as in Finland) is Graves’ (Basedow’s) disease. The cause of
Graves’ disease is multifactorial, arising from the development of thyroidstimulating antibodies that bind to TSH receptors (TSHRAbs) and mimic the
actions of TSH. Graves’ disease usually affects people aged 30–40 and is more
common in women than in men. Graves’ disease causes symptoms directly related
to hyperthyroidism but also extrathyroidal symptoms like Graves’ ophthalmopathy
(De Leo et al., 2016). Other common reasons for hyperthyroidism are toxic
multinodular goiter and toxic adenoma, which can account for 50% of all cases of
hyperthyroidism in iodine-deficient areas but are rare in iodine-sufficient areas
(Laurberg et al., 2010). Hyperthyroidism can be treated with antithyroid drugs
(ATDs), radioactive iodine ablation, and surgery. In addition, beta-adrenergic
blockade is recommended in patients with symptomatic hyperthyroidism (Ross et
al., 2016).
2.3

Thyroid function during pregnancy

Maternal thyroid function changes significantly during pregnancy due to hormonal
changes and metabolic demands. This results in notable alterations in the
biochemical parameters of thyroid function and, consequently, the laboratory
reference ranges for non-pregnant subjects do not apply. The maternal thyroid
produces up to 50% more thyroid hormones during normal pregnancy, and
pregnancy can thus be seen as a physiological stress test for maternal thyroid
function (Pearce, 2015). In the first trimester, hCG directly stimulates thyroidal
TSH receptors, increasing T4 production. Due to this stimulation, TSH
concentrations are low during high hCG concentrations. After 10–12 weeks of
gestation, hCG levels fall and TSH levels start to increase (Hershman, 2004). These
changes are presented in Figure 2. In addition, rising maternal estradiol levels in
early pregnancy result in increased synthesis of TBG from the liver, while the
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peripheral metabolism and clearance of TBG decrease. These changes lead to a
sustained rise in serum TBG levels, thereby increasing the need for T4 and T3
production throughout pregnancy in order to maintain euthyroidism. Also, the
increase in maternal plasma volume and the supply of maternal thyroid hormone to
the fetus via the placenta contribute to the increased need of thyroid hormones
(Glinoer, 1997).

Fig. 2. Schematic image of concentrations of serum TBG, TSH, and hCG during normal
pregnancy.

The levels of serum total T4 increase in the first trimester and reach a peak at 20
weeks of gestation. High levels of total T4 are maintained through the second and
third trimesters (Glinoer, 1997). Also, the levels of serum fT4 concentrations
increase in the first trimester, and measurement of serum fT4 concentrations can be
combined with measurements of serum TSH to assess thyroid function. However,
fT4 levels measured during pregnancy may be unreliable because changes in serum
protein concentrations interact with automated immunoassays (Sapin, D’Herbomez,
& Schlienger, 2004). Other methods, such as measurement by equilibrium dialysis
or ultrafiltration, are less influenced by changes in serum proteins but are less
widely available and more expensive. Consequently, TSH measurement is thought
to be the best method for evaluating maternal thyroid status during pregnancy
(Alexander et al., 2017). Table 1 presents a summary of physiological changes in
pregnancy that influence thyroid function tests.
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Table 1. Physiological changes in pregnancy and their influence on thyroid function
tests. This table has been modified from Brent (1997).
Physiological change

Thyroid function test change

↑Thyroid-binding globulin (TBG)

↑Serum total thyroid hormone concentration

hCG elevation in first trimester

↑Free thyroxine (fT4) and ↓thyroid-stimulating hormone (TSH)

↑Plasma volume

↑Thyroid hormone pool size

↑Deoidinase type 3

↑Thyroid hormone degradation

Thyroid enlargement (in some women)

↓Serum thyroglobulin (TG)

↑Iodine clearance

↓Hormone production in iodine-deficient areas

Gestational age-specific reference intervals of thyroid function tests
The healthy thyroid adapts to alterations associated with normal pregnancy through
changes in iodine uptake, in thyroid hormone metabolism, and the regulation of the
hypothalamic-pituitary-thyroid axis. Therefore, the thyroid function tests of healthy
pregnant women differ from those of non-pregnant subjects and the reference
intervals of both fT4 and TSH based on the non-pregnant population cannot be
directly implicated in relation to pregnant women. The international guidelines of
the European Thyroid Association (ETA), the American Thyroid Association
(ATA), and the Endocrine Society recommend using population-based and
trimester-specific reference ranges for serum TSH and fT4 for evaluating thyroid
function in pregnant women (Lazarus et al., 2014; Alexander et al., 2017; De Groot
et al., 2012). The ATA and the Endocrine Society recommend TSH reference
intervals of 0.1–2.5 mU/L for the first trimester, 0.2–3.0 mU/L for the second
trimester, and 0.3–3.0 mU/L for the third trimester if population-based reference
intervals are not available (Alexander et al., 2017; De Groot et al., 2012). In ETA
guidelines, the reference intervals are the same except for the third trimester, in
which a slightly higher TSH upper reference limit (3.5 mU/L) is recommended
(Lazarus et al., 2014). These reference intervals are in line with a Finnish study that
rendered an upper reference interval of 2.7–3.1 mU/L in the first trimester and 2.8–
3.5 mU/L in the early second trimester (Männistö et al., 2011).
2.3.1 Fetal thyroid gland development
Thyroid hormones have a marked effect on brain development as they regulate the
genes of several fundamental neurobiological processes, such as neurogenesis.
Lack of thyroid hormones during development due to iodine deficiency leads to
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cretinism (Chen & Hetzel, 2010). Fetal thyroid function begins relatively slowly,
and thus the fetus is dependent on maternal thyroid hormone production, especially
in the first trimester of pregnancy. The development of the thyroid gland starts early
in gestation (at approximately day 24 of gestation), when thyroid follicular cells
form a thickening in the midline of the primitive pharynx. The bilobed structure of
the thyroid is formed by 7 weeks of gestation as the follicular thickening buds
proliferate ventrally and expand laterally. Most of the critical events in thyroid
development occur within the first 60 days of gestation. Fetal TG synthesis can be
detected by 4 to 6 weeks of gestation, TRH synthesis by 6 to 8 weeks, iodine
trapping by 8 to 10 weeks, and finally TSH release with T4 synthesis by 12 weeks.
Fetal T4 synthesis gradually rises from mid-gestation to term, and the maturation
of the hypothalamic-pituitary-thyroid axis feedback is completed after birth (Sterret,
2019).
2.3.2 Hypothyroidism in pregnancy
Hypothyroidism is the most common thyroid disorder in pregnancy, affecting up to
3–5% of all pregnant women. The most common cause of maternal hypothyroidism
has changed over the last century as severe iodine deficiency is no longer common.
Currently, the principal cause of hypothyroidism during pregnancy is mild maternal
Hashimoto’s disease. Serum TSH concentrations are generally lower (and fT4
levels higher in early pregnancy) in pregnant women than in the general population
and the reference intervals calculated for the general population cannot be directly
implemented in the pregnant population. Therefore, hypothyroidism in pregnancy
is defined as TSH concentrations above the trimester-specific reference range.
Overt hypothyroidism is diagnosed by decreased fT4, while patients with normal
fT4 are referred to as having subclinical hypothyroidism. Overt hypothyroidism is
often diagnosed and treated before pregnancy since it causes infertility/subfertility
and miscarriages (Poppe et al., 2007). The prevalence of overt hypothyroidism first
detected during pregnancy is low, ranging from 0.2% to 1.0% (Stagnaro-Green,
2011). The prevalence of undiagnosed subclinical hypothyroidism in pregnant
women ranges widely, from 3% to 15% (Negro & Stagnaro-Green, 2014). Isolated
hypothyroxinemia has been described in approximately 2% of pregnant woman. It
is defined as a normal serum TSH concentration and a low fT4 concentration. The
clinical significance of hypothyroxinemia is not clear (Krassas, Poppe, & Glinoer,
2010). Hypothyroxinemia has been associated with iodine deficiency since lack of
iodine makes the thyroid produce more T3 instead of T4 (Lazarus et al., 2014).
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LT4 is the treatment of choice in pregnant women with hypothyroidism. The
safety and effectiveness of LT4 monotherapy in preventing adverse pregnancy and
perinatal events in pregnant women with overt hypothyroidism is supported by all
current guidelines (Lazarus et al., 2014; Alexander et al., 2017). Most women with
overt hypothyroidism need to increase their LT4 dosage to maintain euthyroidism,
because the need for thyroid hormones increases up to 50% during pregnancy. The
LT4 adjustment should be made as soon as possible after conception to reduce the
risk of poorly controlled hypothyroidism, and the LT4 treatment should be adjusted
so that TSH levels remain within trimester-specific reference ranges (Abalovich et
al., 2007). ATA guidelines recommend that TSH concentrations should be measured
every month through midpregnancy and at least once at approximately 30
gestational weeks (Alexander et al., 2017). In 2008, the Finnish Endocrinology
Society stated that the dose of LT4 should be increased by 25 µg as soon as the
pregnancy test is positive. Furthermore, it is recommended that LT4 should be
started if the level of thyroid TSH in blood exceeds 2.5–3.0 mU/L
(https://www.endo.fi/@Bin/179635/Hypotyreoosilausunto_051114_final.pdf).
According to ATA guidelines, the LT4 treatment is strongly recommended in
subclinical hypothyroidism in TPOAb-negative women with TSH > 10 mU/L and
should be considered in TPOAb-positive women with a TSH greater than the
pregnancy-specific reference range (Alexander et al., 2017).
Women with hypothyroidism after radioiodine ablation therapy or
thyroidectomy require more LT4 than those with hypothyroidism due to thyroiditis.
Combination therapy of LT4 and liothyronine (T3) is not recommended, since the
safety of combination therapy during pregnancy has not been studied thoroughly
(Alexander et al., 2007, Foeller & Silver, 2015).
2.3.3 Hyperthyroidism in pregnancy
Autoimmune Graves’ disease is the most common cause of hyperthyroidism in
women of childbearing age, with a reported prevalence of 0.5–1.0% (Dong &
Stagnaro-Green, 2019). In Graves’ disease, circulating thyroid-stimulating
hormone receptor antibodies (TSHRAb) stimulate the thyroid gland, causing
elevated thyroid hormone concentrations with low or suppressed TSH
concentrations (Yalamanchi & Cooper, 2015). In overt hyperthyroidism, women
are advised to postpone pregnancy until the euthyroid state is reached in order to
minimize the risks of pregnancy complications (Alexander et al., 2017). On the
contrary, subclinical hyperthyroidism has not been associated with adverse
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pregnancy outcomes, and therefore the identification of subclinical
hyperthyroidism and treatment in pregnancy is unwarranted (Casey et al., 2006).
Diagnosis of hyperthyroidism during pregnancy may be challenging because
symptoms of hyperthyroidism may overlap with normal pregnancy-related
symptoms. The laboratory diagnosis of hyperthyroidism may be difficult as well
because hCG-mediated subnormal TSH levels can be seen in normal pregnancy.
Graves’ disease needs to be differentiated from gestational transient
thyrotoxicosis/hyperthyroidism, which is a physical condition induced by elevated
hCG concentrations with a prevalence of approximately 1–3%. In normal
pregnancy, hCG levels peak at 12 weeks of gestation, resulting in elevated thyroid
hormone concentrations and subnormal TSH concentrations. This is more common
in twin pregnancies due to higher hCG concentrations (Yalamanchi & Cooper,
2015). Gestational thyrotoxicosis is a self-limited condition and is often associated
with hyperemesis gravidarum. Biochemically, it resembles Graves’ disease
(elevated fT4 and suppressed TSH) but does not exhibit TSH receptor antibodies.
This condition typically resolves during the first trimester in parallel with the
decline in hCG. TSHRAb levels are elevated only in Graves’ disease and are helpful
in differential diagnosis. In addition, fT4 is not usually elevated in gestational
transient thyrotoxicosis. ATD treatment should be considered only for Graves’
disease, not for gestational transient thyrotoxicosis (Negro & Stagnaro-Green,
2014).
The thionamide ATDs used in pregnancy are propylthiouracil (PTU) and
methimazole (MMZ) with its prodrug carbimazole (CMZ), all of which block the
synthesis of thyroid hormones in the thyroid gland. Both PTU and MMI/CMZ cross
the placenta and have been associated with congenital anomalies (Andersen, Olsen,
& Laurberg, 2016). However, birth defects associated with PTU use are reportedly
less severe or even absent compared to those linked to MMI/CMZ (Li, Liu, Ma, &
Zhou, 2015; Song, Lin, Chen, Zhang, & Feng, 2017). Severe congenital anomalies
associated with MMI use in the first trimester include aplasia cutis congenita and
intestine anomalies (Yoshihara et al., 2012). Moreover, a specific syndrome called
“MMI embryopathy,” which consists of esophageal and choanal atresia, scalp
defects, minor facial anomalies, and psychomotor delay, has been described
(Clementi et al., 1999). In turn, PTU administration in pregnancy and during
lactation has been associated with an increased risk of severe liver toxicity in both
the mother and child (Clementi et al., 2010). Therefore, current guidelines
recommend the use of PTU in the first trimester and MMI in the second and third
trimesters (De Groot et al., 2012; Alexander et al., 2017). Because of teratogenicity,
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the lowest possible dose of ATD should be used, with a consideration of
discontinuing the drug in early pregnancy. ATD dose reduction or withdrawal can
be considered in later pregnancy as well because many patients with Graves’
disease enter remission during the second half of pregnancy. In addition, the lowest
maternal dose of ATDs decreases the risk of fetal/neonatal hypothyroidism. TSH
concentrations should be measured regularly throughout pregnancy. Nevertheless,
the treatment of Graves’ disease is mandatory as the risk of adverse pregnancy
outcome in untreated hyperthyroid pregnant women is more frequent and serious
than the potential risks associated with the use of ATDs (Negro & Stagnaro-Green,
2014).
While ATDs are the treatment of choice for hyperthyroidism in pregnancy,
preconception surgical intervention (thyroidectomy) or treatment with radioactive
iodine can also be considered well before pregnancy. Radioactive iodine treatment
is contraindicated in pregnancy because it crosses the placenta and may cause fetal
hypothyroidism. Conception should be postponed until at least six months after
radioactive iodine treatment. In addition, women who have been treated with
surgery or radioactive iodine may continue to have increased levels of TSHRAbs
that can affect the fetus’ thyroid (Ross et al., 2016; Kahaly et al., 2018; Kim, Lee,
Lee, & Seo, 2019).
2.3.4 Thyroid antibodies in pregnancy
Thyroid autoimmunity is frequent in women of childbearing age as thyroid
autoantibodies (TPOAb and/or TGAb) are present in 5% to 17% of pregnant
woman (Hollowell et al., 2002; Unuane et al., 2013). The presence of thyroid
autoantibodies increases the risk of developing hypothyroidism during pregnancy
because the ability of the thyroid to increase hormone production is compromised
(Glinoer, 1997). Consequently, the ATA recommends that euthyroid women with
thyroid autoantibodies should have the measurement of serum TSH concentration
performed at the beginning of pregnancy and every month through midpregnancy.
Interventional studies of LT4 therapy for the prevention of adverse pregnancy
outcome among TPOAb-positive euthyroid women are sparse. Negro et al. (2016)
performed a randomized controlled trial that showed a lower rate of miscarriages
and preterm births in the LT4-treated group, but this finding has not been replicated.
LT4 treatment of euthyroid pregnant women who are thyroid autoantibody-positive
is not currently recommended since evidence of the benefit of LT4 treatment in
these cases is insufficient (Alexander et al., 2017).
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In Graves’ disease, maternal TSHRAbs freely cross the placenta and may cause
overstimulation or blocking of the fetal thyroid gland (Zakira & McKenzie, 1983).
Fetal TSH receptors become responsive to TSHRAbs after gestational week 18.
Therefore, in cases with high TSHRAb titers after 18–20 gestational weeks, fetal
ultrasound needs to be assessed for goiter and other fetal problems, such as
intrauterine growth restriction (IUGR) and fetal tachycardia (Yalamanhi et al.,
2015). In cases with TSHRAb concentrations more than three times the upper limit
of normal, close fetal monitoring, including weekly fetal heartbeat monitoring, is
warranted. In cases of fetal thyrotoxicosis, the mother is treated with ATDs. The
risk of neonatal thyrotoxicosis is 1–5% in infants of pregnant women with Graves’
disease (Nguyen & Mestman, 2019).
TPOAb-positive women are also at risk of postpartum thyroiditis, which is
defined as isolated thyrotoxicosis, isolated hypothyroidism, or thyrotoxicosis
followed by hypothyroidism in the postpartum period and in the first year
postpartum. Postpartum thyroiditis is an autoimmune process that is characterized
by thyroidal inflammation and the release of thyroid hormones into circulation. It
occurs more frequently in women with known positive thyroid autoantibodies early
in pregnancy (Yalamanchi et al., 2015).
2.4

Maternal thyroid disease and the risk of adverse pregnancy
outcomes

2.4.1 Thyroid dysfunction and reproductive health
Adequate thyroid hormone availability is necessary for normal female reproduction.
Thyroid hormones are involved in maintaining normal ovarian function and in
control of the menstrual cycle. Overt hypothyroidism may cause blunting of
luteinizing hormone pulsatility, hyperprolactinemia, ovulation disturbances, and
reduced overall fertility. Fortunately, treatment of thyroid dysfunction usually
normalizes ovarian function and enables conception. In addition, the prevalence of
subclinical hypothyroidism or thyroid autoimmunity is reportedly higher in
infertile women (Krassas et al., 2010). Although it is not known whether LT4
therapy improves fertility in women with subclinical hypothyroidism,
administration of LT4 may be considered to prevent progression to more significant
hypothyroidism once pregnancy is achieved (Alexander et al., 2017).
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Untreated or undertreated thyroid diseases are associated with an increased risk
of miscarriages (Abalovich et al., 2002; Taylor et al., 2014). Pregnancy loss is a
difficult study endpoint because the majority of miscarriages occur even before
pregnancy is clinically recognized. Even so, many studies have reported a
relationship between higher levels of maternal TSH and miscarriages. Studies have
reported miscarriage rates as high as 60% in inadequately treated hypothyroid
women (Abalovich et al., 2002), and subclinical hypothyroidism is also reported to
be a risk factor for miscarriage (Zhang, Wang, Pan, Teng, & Shan, 2017). In
addition, poor control of hyperthyroidism is associated with a risk of miscarriages.
An increased risk of miscarriages in the presence of thyroid autoantibodies has been
established as well (Stagnaro-Green et al., 1990; van den Boogaard et al., 2011;
Thangratinam et al., 2011), and the rate of miscarriages has been reported to be
lower in TPOAb-positive LT4-treated patients (Negro et al., 2006). However, a
recent double-blinded, placebo-controlled trial did not show any increase in livebirth rates among euthyroid women who had TPOAbs and a history of miscarriage
or infertility, irrespective of whether or not they had used LT4 during pregnancy
(Dhillon-Smith et al., 2019).
2.4.2 Maternal hypothyroidism and the risk of adverse pregnancy
outcomes
Risk of pregnancy complications
Poorly controlled maternal hypothyroidism is associated with an increased risk of
pregnancy complications as well as detrimental effects upon fetal neurocognitive
development. Untreated maternal hypothyroidism has been associated with
gestational hypertension (Leung, Millar, Koonings, Montoro, & Mestmant, 1993),
preeclampsia (Ashoor, Maiz, Rotas, Kametas, & Nicolaides, 2010; Shinohara et al.,
2018), gestational diabetes mellitus (GDM) (Gong, Liu, & Liu, 2016), placental
abruption, postpartum hemorrhage, and cardiac dysfunction (Davis, Leveno, &
Cunninham, 1988). The number of studies that have evaluated the impact of severe,
overt hypothyroidism on pregnancy outcome is limited, probably because initial
studies clearly demonstrated that maternal hypothyroidism causes cretinism and
therefore needs to be adequately treated (Stagnaro-Green, 2011). In addition,
women with severe hypothyroidism have difficulties in achieving pregnancy.
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Whereas untreated maternal hypothyroidism has constantly been associated
with many adverse pregnancy outcomes, studies on LT4-treated hypothyroidism
have been controversial. LT4-treated maternal hypothyroidism has been associated
with increased risk for preeclampsia, GDM, and caesarean section (CS) in some
studies (Wikner, Sparre, Stiller, Källén, & Asker, 2008; Männistö et al., 2013a),
whereas other studies have reported less adverse outcomes if treated with LT4
(Negro et al., 2010). Matalon et al. (2006) found that adequately treated maternal
hypothyroidism was an independent risk factor for CS (Matalon, Sheiner, Levy,
Mazor, & Wiznitzer, 2006). The association between maternal hypothyroidism and
gestational hypertensive disorders described in some previous studies might be
partly explained by the importance of thyroid hormones on placentation and
regulation of early pregnancy. The association between GDM and hypothyroidism
has been described in previous studies (Wikner et al., 2008; Karakosta et al., 2012)
and also in a recent meta-analysis (Gong et al., 2016). This association might be
explained by underlying changes in metabolism and insulin resistance, or shared,
common risk factors (obesity, age, general autoimmunity).
Subclinical hypothyroidism is also variably associated with an increased risk
of adverse pregnancy outcome in some (Chan & Boelaert, 2015; Maraka et al.,
2016), but not all (Cleary-Goldman et al., 2008; Männistö et al., 2010) studies.
These conflicting results may be ascribed at least in part to different cutoffs used to
define an elevated TSH concentration and possible differences in the adequacy and
timing of LT4 treatment. In addition, many studies do not include TPOAb status,
which has been presented as an independent risk factor for adverse outcomes
(Männistö et al., 2009). Although trials of LT4 replacement for mild/subclinical
hypothyroidism in pregnancy have not indicated clear evidence of improvement of
pregnancy outcomes, LT4 treatment is often recommended, especially in women
with thyroid autoantibodies (Alexander et al., 2017). This approach has, however,
been contested in a recent systematic review and meta-analysis of randomized
controlled trials of LT4 treatment in women with subclinical hypothyroidism who
demonstrated no evidence of benefit form LT4 treatment across pregnancy and
perinatal outcomes (Yamamoto, Benham, Nerenberg, & Donovan, 2018). Overall,
data examining the association between subclinical hypothyroidism and pregnancy
outcome are conflicting and fail to show a consistent association between them
(Negro & Stagnaro-Green, 2014).
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Perinatal outcome
Untreated overt maternal hypothyroidism is known to have adverse effects on
several perinatal outcomes, such as preterm birth, neonatal respiratory distress
syndrome (RDS), and a high frequency of fetal death (Davis et al., 1988). Maternal
hypothyroidism is also found to be associated with a risk of low birth weight
(Leung et al., 1993; Idris, Srinivasan, Simm, & Page, 2005) and an increased need
for neonatal care in the neonatal intensive care unit (NICU) (Männistö, Mendola,
Reddy, & Laughon, 2013b). In addition, maternal hypothyroidism has been
associated with large-for-gestational-age (LGA) infants in non-Hispanic white
women (Männistö et al., 2013b), explained at least in part by the observed
association between maternal hypothyroidism and GDM. Although there is
consensus that overt maternal hypothyroidism increases the risk of adverse
perinatal outcomes, the effects of adequately treated hypothyroidism or subclinical
hypothyroidism are less clear. Some studies have reported increased risk of preterm
birth (Abalovich et al., 2002; Casey et al., 2006; Korevaar et al., 2013) and neonatal
death (Maraka et al., 2016) associated with maternal subclinical hypothyroidism.
In contrast, many other studies have reported no associations between maternal
subclinical hypothyroidism and adverse perinatal outcomes (Cleary-Goldman et al.,
2008; Sheehan, Nankervis, Araujo Junior, & Da Silva Costa, 2015). In addition,
Matalon et al. (2006) reported that the rates of perinatal adverse events were not
increased in hypothyroid mothers with well-controlled disease with mean TSH
levels in the reference range.
Also, positive maternal thyroid autoantibodies in euthyroid women have been
associated with preterm birth and perinatal morbidity (van den Boogaard et al.,
2011; Korevaar et al., 2013). However, in euthyroid women with thyroid
autoantibodies, studies have not shown any benefit of LT4 treatment for preterm
delivery rates (Negro, Schwartz, & Stagnaro-Green, 2016). The literature on
maternal hypothyroidism and/or thyroid autoimmunity and the risk of adverse
pregnancy and perinatal outcomes is summarized in Table 2.
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Year

2016

2014

2014

2013

2013

2012

2012

2010

2010

First author

Negro

Medici

Taylor

Korevaar

Männistö

Karakosta

Wilson

Ashoor

Männistö

Prospective population-based cohort

Case-control study

Prospective population-based study

Prospective mother-child cohort

Nationwide cohort study

Prospective population-based cohort

Historical cohort analysis

Prospective population-based cohort

Prospective randomized study

Setting and population

5 805

4 420

24 883

1 170

223 512

5 622

55 501

5 153

8 530

n

Miscarriage

diabetes, preterm birth, induction of labor,

between 5th and 95th percentile

Reference ranges: TSH and fT4

fT4 0.9 – 2.0 ng/dL

TSH 0.03 – 4.13 mIU/L,

Reference ranges:

TPOAb-positive

trimester

None

complicated with preeclampsia

Higher TSH and lower fT4 in pregnancies

Subclinical hypothyroidism: preeclampsia

diabetes, low birthweight

TSH 0.05 – 2.53 mIU/L,
fT4 12.23 – 19.69 pmol/L in first

High TSH and TPOAb-positivity: gestational

Reference ranges:

unit treatment

caesarean section, neonatal intensive care

Hypothyroidism: preeclampsia, gestational

ICD codes

Preterm birth

Medical history of thyroid diseases,

TPOAb-positive

Hypothyroxinemia: low fT4

TSH > 2.5 mIU/L

fT4 10.4 mIU/L – 21.9 pmol/L

TSH 0.03 – 4.03 mIU/L,

Hypothyroidism: no hypertensive disorders

the rate of miscarriage and preterm delivery

Reference ranges:

Levothyroxine intervention had no impact on

(euthyroid-, antibody-positive women)

Adverse outcome

TPOAb-positive, TSH 0.5 – 2.5 mIU/L

Definition of thyroid dysfunction

Table 2. Studies of maternal hypothyroidism and the risk of adverse pregnancy and perinatal outcomes.
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2008

Negro

Cleary-

2006

2006

2005

2000

1990

Matalon

Negro

Idris

Allan

Stagnaro-

Green

2008

Wikner

Goldman

Year

2010

First author

practice

Unselected cohort from obstetric

Prospective population-based cohort

patients

Retrospective cohort on hospital

patients

Randomized study on hospital

study

Retrospective population-based

Register study

Prospective population-based cohort

Randomized controlled trial

Setting and population

n

Definition of thyroid dysfunction

TPOAb-negative

TPOAb-positive, untreated

TPOAb-positive, treated

552

9 403
TPOAb-positive

or TSH > 10 mIU/L

Hypothyroidism: TSH 6 – 9.99 mIU/L

TSH level between 0.1 – 2.0 mIU/L

Miscarriages

Fetal death

section

Hypothyroidism: low birthweight, caesarean

treatment

Fewer miscarriages and preterm births with

miscarriages, diabetes, caesarean sections

Hypothyroidism defined by ICD-codes More previous fertility treatments, recurrent

preterm birth, congenital anomalies

induction of labour, caesarean section,

of membranes

pregnancy

TPOAb-positive: preterm premature rupture

TPOAb-positive

Preeclampsia, gestational diabetes,

preterm birth

fT4 < 9.13 pmol/L
Use of thyroid hormones during

Hypothyroxinemia: gestational diabetes,

Hypothyroxinemia:

Subclinical hypothyroidism: none

Less adverse outcomes if treated

Adverse outcome

TSH > 4.29 mIU/L

Subclinical hypothyroidism:

TSH > 2.5 mIU/L, TPOAb-positive

Subclinical hypothyroidism:

167 Treated hypothyroidism with optimal

984

139 168

848 468

10 990

4 562

2.4.3 Maternal hyperthyroidism and the risk of adverse pregnancy
outcomes
Risk of pregnancy complications
Untreated or undertreated maternal overt hyperthyroidism is associated with
pregnancy complications, including gestational hypertension, preeclampsia,
placental abruption, and maternal emergencies, such as thyrotoxic crisis and
maternal congestive heart failure (Davis et al., 1989; Negro & Stagnaro-Green,
2014; Medici et al., 2014). PTU and MMI are reportedly effective in
hyperthyroidism and thus in preventing pregnancy complications (Vissenberg et al.,
2012). The risk of adverse pregnancy outcome is higher in women with
uncontrolled hyperthyroidism than in those with an adequately controlled disease
(Davis et al., 1989), although there remains an increased risk of pregnancy
complications even if maternal hyperthyroidism is treated with ATDs. In one
retrospective analysis, the rate of preeclampsia was clearly greater in those
thyrotoxic women whose disease was not adequately controlled, as compared to
hyperthyroid women with adequate control of their disease (Millar et al., 1994). In
another retrospective analysis reporting an association between Graves’ disease and
heart failure in pregnancy, none of the women who developed heart failure had
received ATDs (Sheffield & Cunningham, 2004). As adequate management reduces
many of the aforementioned risks, thyroid hormone excess might be the underlying
cause of adverse pregnancy outcomes. In turn, subclinical hyperthyroidism has not
been associated with any pregnancy complications (Alexander et al., 2017).
Perinatal outcome
Inadequately controlled maternal hyperthyroidism is associated with increased
risks of IUGR, low birth weight, preterm birth, and perinatal mortality (Davis et al.,
1989; Millar et al., 1994). In Graves’ disease, passage of the TSHRAbs through the
placenta may cause fetal hypothyroidism or hyperthyroidism, depending on
whether these antibodies are thyroid-blocking or -stimulating (Quadbeck et al.,
2005). In addition, maternal hypertension in pregnancy and preterm birth, both
associated with maternal hyperthyroidism, may at least in part explain the increased
risk of IUGR and low birth weight (Alexander et al., 2017). Women with
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pregestational hyperthyroidism have better outcomes than those diagnosed as
hyperthyroid during pregnancy (Aggarawal et al., 2014), and some studies have
suggested that adequately treated maternal hyperthyroidism is not associated with
any adverse perinatal outcome (Pillar, Levy, Holcberg, & Sheiner, 2009). However,
the results of different studies are conflicting. Luewan, Chakkabut & Tongsong
(2011) reported an increased risk of fetal growth restriction, preterm birth, and low
birth weight among hyperthyroid mothers whose disease was controlled to be in a
euthryroid state in most cases. Subclinical hyperthyroidism is usually physiological
or transient, and there are no data showing an association between maternal
subclinical hyperthyroidism and adverse perinatal outcome (Alexander et al., 2017).
This physiological condition typically resolves within 2–3 months in early
pregnancy (Yalamanchi et al., 2015). The literature on maternal hyperthyroidism
and the risk of adverse pregnancy and perinatal outcomes is summarized in Table
3.
2.4.4 Maternal thyroid dysfunction and neonatal morbidities
Maternal thyroid dysfunction is associated with an increased risk of obstetrical and
neonatal events (Negro & Stagnaro-Green, 2014; Dong & Stagnaro-Green, 2019).
Both maternal hypothyroidism and hyperthyroidism have also been associated with
an increased risk for neonatal care in the NICU (Männistö et al., 2013a; Lo et al.,
2015). Low birth weight and preterm birth may partly explain this. In addition to
the increased risk of NICU care, Männistö et al. (2013b) reported increased risk of
several specific neonatal morbidities (RDS, transient tachypnea, apnea, sepsis, and
anemia) among infants of women with thyroid diseases. However, the indications
for NICU care among neonates born to mothers with thyroid disease have not been
examined in detail.
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Year

2015

2014

2014

2013

2013

2012

First author

Lo

Aggarawal

Medici

Männistö

Männistö

Wilson

Prospective population-based study

Nationwide cohort study

Nationwide cohort study

Prospective population-based cohort

Case-control study

Prospective population-based cohort

Setting and population

Definition of thyroid dysfunction

Adverse outcome

fT4 0.9 – 2.0 ng/dL

TSH 0.03 – 4.13 mIU/L,

24 883 Reference ranges:

ICD codes

223 512 Medical history of thyroid diseases,

ICD codes

223 512 Medical history of thyroid diseases,

fT4 10.4 mIU/L – 21.9 pmol/L

TSH 0.03 – 4.03 mIU/L,

5 153 Reference ranges:

hyperthyroidism

611 Well-controlled or uncontrolled

and/or antithyroid medication

Subclinical hyperthyroidism: none

sepsis, anemia

respiratory distress syndrome, apnea,

Neonatal intensive care unit treatment,

care unit treatment

birth, induction of labor, neonatal intensive

Hyperthyroidism: preeclampsia, preterm

Hyperthyroidism: hypertensive disorders

low birth weight

Uncontrolled hyperthyroidism: still birth and

caesarean section

preterm birth, gestational diabetes,

Preeclampsia, intrauterine growth restriction,

Well-controlled hyperthyroidism:

admission

453 586 Hyperthyroidism defined by ICD codes Preterm birth, neonatal intensive care unit

n

Table 3. Studies of maternal hyperthyroidism and the risk of adverse pregnancy and perinatal outcomes.
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Year

2011

2009

2006

1994

First author

Luewan

Pillar

Casey

Millar
patients

Prospective cohort on hospital

patients

Prospective cohort on hospital

cohort

Retrospective population-based

Case-control study

Setting and population

Definition of thyroid dysfunction
endocrinologist

540 Diagnosis of hyperthyroidism by

fT4 > 13.2 mIU/L

TSH < 0.4 mIU/L,

181 Hyperthyroidism:

fT4 < 22.52 pmol/L

TSH < 0.008 – 0.668 mIU/L,

25 765 Subclinical hyperthyroidism:

extracted from registers

185 636 Medical history of hyperthyroidism

n

weight, preeclampsia

Lack of control of hyperthyroidism: low birth

None

Independent risk factor for caesarean section

Treated hyperthyroidism: none

hypertension

preterm birth, low birth weight, gestational

Hyperthyroidism: fetal growth restriction,

Adverse outcome

2.4.5 Effects of maternal thyroid disease on child development
Adequate maternal thyroid hormone concentrations, especially during early
pregnancy, are essential for fetal brain development, and lack of thyroid hormones
during development may lead to severe mental retardation. In several studies, overt
maternal hypothyroidism has been associated with a lower child intelligence
quotient (Haddow et al., 1999; Pop et al., 2003; Korevaar et al., 2016). In addition,
a low maternal fT4 concentration has been associated with a greater risk of
impaired psychomotor function (Pop et al., 1999), a greater risk of autistic traits
(Pop et al., 2003), and schizophrenia (Gyllenberg et al., 2016). The children of
mothers with thyroid autoimmunity also have a higher risk of metabolic syndrome,
higher body mass index (BMI) and greater waist circumference (Heikkinen et al.,
2017). Symptoms of attention deficit hyperactivity disorder in children have been
associated with high maternal TSH concentrations (Päkkilä et al., 2014). Also,
slightly poorer scholastic performance has been observed in children born to
mothers with thyroid dysfunction (Päkkilä et al., 2015). However, the effect of LT4
treatment in women with subclinical hypothyroidism or hypothyroxinemia on child
intelligence quotient has not been proven (Lazarus et al., 2012; Casey et al., 2017).
The association of maternal hyperthyroidism with child neurodevelopment has
been less thoroughly studied. In a recent study, Korevaar et al. (2016) observed a
lower intelligence quotient in children born to mothers with high fT4
concentrations (Korevaar et al., 2016). In addition, Rotem et al. (2020) reported an
association between maternal hyperthyroidism and autism spectrum disorders,
although the association was less consistent among children born to hyperthyroid
mothers than among children born to hypothyroid mothers (Rotem et al., 2020).
2.5

Thyroid screening in pregnancy

The debate regarding universal screening for thyroid disease has emerged as
maternal thyroid dysfunction has been associated with adverse pregnancy and
perinatal outcomes. For universal screening to be recommended, specific criteria
for screening must be applicable. The condition should be an important, welldefined health problem, there should be a treatment for the condition, and facilities
for diagnosis and treatment should be available. Furthermore, there should be a
simple and safe test for the condition with established cutoff values that are
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acceptable to the population, and an effective and practical therapy must exist. In
addition, screening should be cost-effective (Wilson & Junger, 1968).
Screening for thyroid disorders in pregnancy fulfills many of these criteria.
Thyroid dysfunction during pregnancy is common, and untreated overt thyroid
diseases are associated with adverse pregnancy and perinatal outcomes. However,
data regarding the effects of subclinical hypothyroidism and thyroid autoimmunity
on pregnancy outcome are still conflicting, and universal screening would lead to
identification of a large proportion of patients with subclinical hypothyroidism
(Alexander et al., 2017). As thyroid status can be easily and accurately assessed
with widely available and relatively inexpensive blood tests, the most important
question seems to be whether treatment is effective, especially in pregnant women
with subclinical hypothyroidism. Nevertheless, universal screening for thyroid
diseases in the first trimester has been shown to be cost-effective (Thung, Funai, &
Grobman, 2009; Dosiou et al., 2012).
As the effectiveness of LT4 therapy in subclinical hypothyroidism,
hypothyroxinemia, and thyroid autoimmunity has not been conclusively
demonstrated, even the international guidelines on screening for thyroid
dysfunction in pregnancy remain conflicted. In the 2014 ETA guidelines, the
majority of authors recommended universal screening because of the beneficial
effects of LT4 treatment on unknown overt hypothyroidism. They also stated that
targeted approach would miss many women with subclinical hypothyroidism.
(Lazarus et al., 2014). In turn, the authors in the 2017 ATA guidelines stated that
there was insufficient evidence to recommend for or against universal screening
(Alexander et al., 2017). However, the ATA guidelines recommend that all pregnant
women should undergo clinical evaluation to detect any risk factors of thyroid
diseases and consequently to test serum TSH if risk factors are detected (Alexander
et al., 2017). In Finland, there is no national universal screening program for thyroid
disorders in pregnancy. However, local and national recommendations given at
maternity health clinics recommend testing for serum TSH in women with a history
or a familial disposition of thyroid dysfunction or symptoms related to thyroid
dysfunction.
2.6

Thyroid diseases in pregnancy and the clinical practice in
Finland

Ideally, thyroid disorders should be either ruled out or treated before pregnancy.
Pregnancies of women with diagnosed hypothyroidism are usually followed up at
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maternity health clinics by general practitioners. In contrast, women with
hyperthyroidism are referred to maternity clinics and their pregnancies are
monitored closely by obstetricians and endocrinologists in cooperation.
In hypothyroid women, TSH should be less than 2.5 mU/L before pregnancy
and the dose of LT4 should be increased by 25 µg immediately when the pregnancy
test is positive. TSH and fT4 levels are monitored every month until midpregnancy
and at least once in every trimester. TSH reference ranges are < 2.5 mU/L in the
first trimester, < 3.0 mU/L in the second trimester, and < 3.5 mU/L in the third
trimester (Schalin-Jäntti, 2008). TPOAb concentrations are measured with newly
diagnosed hypothyroidism. In addition, TSHRAb concentrations are measured if a
hypothyroid woman has a history of Graves’ disease. Combination therapy with
liothyronine is not recommended (Salmela, 2019). In the postpartum period, the
LT4 dose is lowered back to prepregnancy levels.
Maternal hyperthyroidism is treated with PTU until 16 gestational weeks and
with CMZ thereafter if antithyroid medication is needed. TSHRAb concentrations
are measured in early pregnancy and, in TSHRAb-positive mothers, fetal
ultrasound is assessed for fetal goiter, IUGR and tachycardia. Weekly fetal
heartbeat monitoring is also recommended. Intensive monitoring of the fetus and
the newborn is recommended if TSHRAb levels are more than three times the upper
reference for the assay in the second trimester. Propranolol can be used for maternal
tachycardia if needed. Combination therapy with both ATD and LT4 is not
recommended during pregnancy (Schalin-Jäntti, 2008).
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3

Purpose of the present study

Thyroid dysfunction may threaten fertility, pregnancy, and the development of the
fetus/child. Thyroid hormone requirements increase in pregnancy, which partly
increases the risk for thyroid disorders. In women with pre-existing hypothyroidism
or in those with thyroid autoantibodies, a low thyroidal reserve may aggravate
deficiency of thyroid hormones. Several pregnancy complications and perinatal
problems are associated with maternal hypo- and hyperthyroidism. Results from
different previous studies have at least in part been conflicting, possibly due to
differences in the studied populations’ iodine supplementation or lack of
medication data. Admission to the NICU among neonates of mothers with thyroid
diseases has also been reported earlier, but the indications for increased admission
to NICU care have not been studied in detail. Therefore, the impact of maternal
thyroid dysfunction and thyroid medication on adverse pregnancy and perinatal
outcomes need to be thoroughly studied in large, population-based studies with data
allowing for appropriate adjustment for confounding factors. Combining
comprehensive and unique Finnish registers yielded a valuable dataset for this
research.
The specific aims of the study were as follows:
1.
2.
3.
4.

To study whether maternal hypothyroidism is associated with pregnancy or
perinatal complications and how LT4 use impacts these associations.
To investigate the association of maternal hyperthyroidism with and without
ATD use with pregnancy and perinatal outcomes.
To study the use of LT4 and ATDs during pregnancy in Finland and to assess
secular trends in their rate of use.
To evaluate indications for increased admission to the NICU among neonates
of hypothyroid and hyperthyroid mothers.
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4

Materials and methods

4.1

Finnish health registers

All studies included in this thesis were based on comprehensive nationwide Finnish
health registers. The Finnish Medical Birth Register (MBR), the Prescription
Register, the Special Refund Entitlement Register and the Care Register for Health
Care (HILMO) were used in all four studies. The Register on Congenital
Malformations was used in Studies I and II. Linkage of data from these registers
was performed using the personal identification code assigned to every Finnish
citizen and permanent resident. A detailed description of the registers used is
presented below.
4.1.1 The Finnish Medical Birth Register (MBR)
The MBR was established in 1987 and is maintained by the Finnish Institute for
Health and Welfare (THL). The MBR includes data on all pregnancies leading to
live birth or stillbirth of fetuses with a birth weight of at least 500 grams or with a
gestational age of at least 22 gestational weeks. The structured MBR form is
completed over the course of seven days after the delivery by the personnel at the
delivery hospital. The MBR covers all births in Finland since, in addition to
deliveries in hospitals, information on unplanned out-of-hospital births and rare
planned home births are collected separately. The maternal MBR data include, e.g.,
age, BMI before pregnancy, smoking status, pregnancy history (previous
miscarriages and parity), socioeconomic and marital status, place of residence,
mode of delivery, and possible diagnoses and hospitalization during pregnancy. The
data on the newborn include date of birth, sex, weight and height at birth, head
circumference, Apgar scores, pH of umbilical blood, and diagnoses, treatment, and
hospitalization by the age of seven days.
4.1.2 The Register of Congenital Malformations
The Register of Congenital Malformations contains nationwide data on congenital
chromosomal and structural anomalies. Registration of anomaly case data began in
1963, and the THL maintains the register. The register includes information on
every newborn in Finland with at least one detected major congenital malformation
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classified and coded according to extended International Classification of Diseases
version 9 (ICD-9). Congenital malformations are reported to the register until the
age of one year. According to the practices of the European Surveillance of
Congenital Anomalies, minor anomalies are excluded (EUROCAT 2005). The
register data are disclosed to researchers for scientific purposes but are not
disclosed regularly.
4.1.3 The Prescription Register and the Special Refund Entitlement
Register
The Statistics on Reimbursement for Medical Expenses, maintained by the Social
Insurance Institution of Finland (Kela), includes the Prescription Register and the
Special Refund Entitlement Register. Statistics on reimbursements for medical
expenses have been compiled since 1964. These registers collect data from all
Finnish pharmacies on prescription-only medication purchases and specific
information related to the medicine (the time and number of medication purchases
and the International Anatomic Therapeutic Chemical classification code [ATCcode]). In addition to ATC codes, the register contains information on the
reimbursement category of medicines (reimbursement codes) and diseases
conferring an entitlement to a special rate of reimbursement or to medicines with
limited reimbursability. Consequently, the register also contains information on
chronic diseases.
4.1.4 The Care Register for Health Care (HILMO)
Hospitals in Finland are obliged to provide information on all specialized outpatient
visits and on all inpatient treatments to the HILMO, which is maintained by the
THL. This register contains data on diagnoses based on ICD codes, treatment
procedures, and dates of visits. The data from the HILMO are available from 1987.
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4.2

Study population, data collection, and study design

4.2.1 Identification of women with thyroid diseases and thyroid
medication (Studies I, II, III, and IV)
All four studies were population-based cohort studies. The data in Studies I and II
included all births in Finland between 2004 and 2013, and the data in Studies III
and IV included births between 2004 and 2016. In all studies, information on
maternal thyroid diseases any time before and during pregnancy was collected from
the MBR, the Special Refund Entitlement Register, and the HILMO by using the
ICD codes. The ICD-8/ICD-9 code 244, ICD-10 code E03, and special
reimbursement code 104 denoted hypothyroidism. Likewise, ICD-8/ICD-9 code
242 and ICD-10 code E05 denoted hyperthyroidism (there is no special
reimbursement code for hyperthyroidism). The data on medication three months
prior to and during pregnancy were collected from the Statistic on Reimbursements
for Medical Expenses. Use of thyroid medication was defined as purchase of LT4
(ATC-code H03AA01), PTU (ATC-code H03BA02), or CMZ (ATC-code
H03BB01). Use of T3 (liothyronine) was very rare during the study period and was
therefore excluded from the analyses. The studies did not include information on
dosage or treatment duration. Women were classified as hypothyroid if they had a
recorded diagnosis of hypothyroidism in any of the used registers and/or had LT4
purchases three months prior to and/or during pregnancy. Likewise, women were
classified as hyperthyroid if they had a diagnosis of hyperthyroidism in any of the
registers and/or ATD medication purchases three months prior to and/or during
pregnancy. In addition, women with an ICD-code O99.2 (endocrine, nutritional,
and metabolic diseases complicating pregnancy, childbirth, and puerperium) during
pregnancy with LT4 purchases were classified as having a diagnosis of
hypothyroidism, and those with ATD purchases were classified as having a
diagnosis of hyperthyroidism.
4.2.2 Studies I and II
The data in Studies I and II included all births in Finland between 2004 and 2013
obtained from the MBR. The categorization of the pregnancies in Studies I and II
are presented in Figure 3. Studies I and II comprised 357 293 women with 571 785
pregnancies. Repeated pregnancies of the same mother were analyzed as separate
pregnancies, and multiple pregnancies were excluded. The study period was chosen
49

based on data consistency (regarding changes in the MBR form in 2004) and
availability. In Study I, hyperthyroid women and women with other thyroid
diseases (thyroiditis, iodine deficiency-related disorders, benign and malignant
neoplasms of thyroid gland) were excluded. Likewise, in Study II, hypothyroid
women and women with other thyroid diseases were excluded. In Study I,
hypothyroid women (n = 16 364), and in Study II, hyperthyroid women (n = 2 144),
were compared to women without any thyroid disease. Information on the
demographic characteristics of women, such as maternal age, BMI, smoking status,
and previous pregnancies, was retrieved from the MBR.

Fig. 3. Flow chart of the study population (Studies I and II).

The main pregnancy-related outcome measures in Studies I and II were gestational
hypertensive disorders (ICD codes O13-O15), GDM (ICD code O24.4 or O24.9 or
reported abnormal oral glucose tolerance test), delivery mode (vaginal,
instrumental, breech, elective, or acute CS), placenta previa and placental abruption.
The main perinatal outcomes obtained from the MBR were gestational age at birth
(determined on the basis of date of birth and duration on pregnancy), preterm birth
(early: < 34 gestational weeks; late: 34 + 0 to 36 + 6 gestational weeks), major
congenital anomalies, the number of small-for-gestational-age (SGA; defined as a
birth weight less than two standard deviations from the gestational age-adjusted
mean) and LGA (defined as a birth weight more than two standard deviations from
the gestational age-adjusted mean) infants, the need for NICU treatment, the need
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for respiratory treatment, stillbirth, and early neonatal death. SGA and LGA were
constructed from the MBR according to national standards (Sankilampi, Hannila,
Saari, Gissler, & Dunkel, 2013).
4.2.3 Study III
The data used in Study III included all singleton births in Finland (N = 736 873,
with 734 773 live births and 2 100 stillbirths) between 2004 and 2016. The study
period covered three more years than Studies I and II as the data collection started
later and consisted of fewer data points. The demographic characteristics of women
with hypo- and hyperthyroidism and without any thyroid diseases were collected
from the MBR and the HILMO. The rates of LT4, PTU and CMZ purchases were
collected from the Prescription Register and the Special Refund Entitlement
Register. Annual incidences of thyroid medication prescription redemptions were
explored to estimate changes in the rates of thyroid medication in pregnancy.
4.2.4 Study IV
Study IV included all singleton live births (N = 734 773) in Finland between 2004
and 2016, with 25 782 infants born to mothers with hypothyroidism and 2 802
infants born to mothers with hyperthyroidism. As in Study III, the data covered
three more years. The demographic data of mothers with and without thyroid
diseases were collected from the registers. In addition to the newborn data of
Studies I and II, the data collected from the MBR included specific diagnoses,
treatment and hospitalization of the newborn until the age of seven days. Based on
information extracted from the MBR, a total of 75 720 infants were admitted to
NICU during the study period.
The risk of NICU treatment was compared between neonates of hypothyroid
or hyperthyroid mothers and mothers without any thyroid diseases by each of the
specific outcomes and comorbidities. The outcomes investigated in Study IV were
preterm birth (< 37 gestational weeks), low birth weight (< 2500 grams), SGA, and
LGA. The specific perinatal morbidities investigated in this study and collected by
using ICD-10 codes were asphyxia (P21), RDS (P22), meconium aspiration
syndrome (P24.0), pneumothorax (P25.1), cardiovascular problems (P29),
infections (P36 for sepsis and P39.9 for unspecified infections during perinatal
period), jaundice (P59), and hypoglycemia (P70). In Study IV, jaundice denoted
non-hemolytic jaundice that leads to phototherapy or other treatment. It was further
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classified as jaundice in preterm newborns and jaundice in term newborns.
Neonatal hypoglycemia was in turn classified as hypoglycemia related to GDM or
pre-pregnancy diabetes, or as unspecified. The categorization of the newborns is
presented in Figure 4.

Fig. 4. Flow chart of the Study IV population.

4.3

Statistical methods

4.3.1 Studies I and II
The demographic variables of mothers with hypothyroidism (Study I) and
hyperthyroidism (Study II) were compared with those of mothers without thyroid
disease (reference group) using the chi-square test or Fisher’s exact test. Pregnancy
was the unit of analysis in Studies I and II. The odds ratios (ORs) with 95%
confidence intervals (CIs) for adverse pregnancy and perinatal outcomes among
the hypothyroid and hyperthyroid mothers were compared to those of mothers
without any thyroid disease using a logistic regression analysis with generalized
estimating equations (GEEs) with a first-order autoregressive correlation. The GEE
approach accounted for the correlations between repeated pregnancies of the same
mother. In Study I, a subgroup of hypothyroid mothers with consistent LT4
purchases during pregnancy were also compared with the reference group. In Study
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II, hyperthyroid mothers were divided into two subgroups: hyperthyroid mothers
with ATD purchases and hyperthyroid mothers without ATD purchases. The
analyses were adjusted for maternal age at delivery, BMI, parity, smoking status
during pregnancy, socioeconomic status, year of delivery, pre-pregnancy diabetes,
and maternal residence according to the five university hospital districts. Missing
data in categorical covariates were included as a separate category and did not differ
between groups. No missing data for continuous variables were observed. Point
estimates and 95% CIs were reported. Statistical analyses in Study I were
performed using SAS v9.3 and in Study II using SAS Enterprise Guide 7.1 (SAS
Institute Inc., Cay, NC, USA).
4.3.2 Study III
In Study III, joinpoint regression analyses were performed to examine the annual
incidence of LT4 and ATD prescription redemptions and trends over time among
pregnant women in Finland between 2004 and 2016. Joinpoint regression utilizes
permutation tests to identify possible points where linear trends change
significantly. The annual percentage change of LT4 and ATD prescription
redemptions was calculated for every included year in Study III. Analyses were
performed using Joinpoint Regression Program Version 4.7.00.
4.3.3 Study IV
In Study IV, the odds of NICU treatment (with 95% CIs) were compared between
neonates of hypothyroid or hyperthyroid mothers and mothers without any thyroid
diseases by each of the specific comorbidities using logistic regression analysis.
Infants with missing data for birth weight, SGA, and LGA were excluded from the
analyses. In a sensitivity analysis, the newborns of mothers with LT4 medication
without a recorded diagnosis of hypothyroidism were compared with the newborns
of mothers with both LT4 medication and a recorded diagnosis of hypothyroidism.
The rationale for this sensitivity analysis was that women with LT4 medication
without a recoded diagnosis of hypothyroidism may have a milder disease than
those with LT4 and a recorded diagnosis of hypothyroidism. In addition, a
sensitivity analysis on newborns of hyperthyroid mothers with and without ATDs
was performed under the assumption that hyperthyroid mothers with ATDs are
likely to have more severe hyperthyroidism than those without ATDs. Analyses in
Study IV were performed using SAS Enterprise Guide 7.1.
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4.4

Ethical aspects

All four studies were conducted following approval from the ethical board of the
Northern Ostrobothnia Hospital District (no. 80/2014). According to Finnish
legislation, no separate informed consent was needed because we used
administrative registers and did not contact the study subjects. The Finnish Institute
for Health and Welfare (THL/928/5.05.00/2014 and THL/408/5.05.00/2019) and
the Social Insurance Institution (Kela 75/522/2014 and Kela 25/522/2019) gave
permission to use the data from the aforementioned national health registers. The
data were encrypted prior to statistical analyses.
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5

Results

5.1

Maternal characteristics (Studies I, II, III, and IV)

The overall prevalence of hypothyroidism in pregnancy was 3% (16 364
pregnancies). LT4 purchases three months before and/or at some state of pregnancy
were documented in 96% of these pregnancies, and LT4 purchases in every
trimester were documented in almost 40% of pregnancies complicated by maternal
hypothyroidism. The hypothyroid women with LT4 purchases in every trimester
were analyzed as a subgroup. The demographic characteristics of hypothyroid
women and women without any thyroid disease are presented in Table 4. Data on
mothers with hypothyroidism were compared to mothers without thyroid disease
using the chi-square test or Fisher’s exact test. Mothers with hypothyroidism
differed from mothers without any thyroid disease in several characteristics. Those
with hypothyroidism were older and heavier, smoked less, had higher parity, and
had had more miscarriages than mothers without any thyroid disease (reference
group). Differences in socioeconomic status were also observed. All comparisons
were statistically significant with a p-value of < 0.001.
In total, 2 144 (0.4%) of all pregnancies were complicated by maternal
hyperthyroidism in Finland between 2004 and 2013 (Study II). ATD purchases
were documented in 580 pregnancies (27% of pregnancies of hyperthyroid
mothers). Most of the ATD purchases were CMZ purchases (n = 559), and PTU use
was very rare (n = 30). Both ATDs were purchased in nine pregnancies. In addition,
503 women, with a recorded diagnosis of hyperthyroidism, purchased LT4.
Including LT4-treated mothers with diagnosis of hyperthyroidism had no
substantial effect on any of the results. Data on mothers with hyperthyroidism were
compared to mothers without thyroid disease using the chi-square test or Fisher’s
exact test. The mothers with hyperthyroidism were older and heavier, had higher
parity, and had had more miscarriages but smoked more than mothers without any
thyroid disease. Maternal characteristics of women with diagnosed
hyperthyroidism with or without ATD purchases are presented in Table 5.
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Table 4. Demographic characteristics of the mothers with singleton pregnancies with
and without hypothyroidism in Finland between 2004 and 2013.
Characteristics

Mothers with

Mothers with

Mothers without

hypothyroidism

hypothyroidism

any thyroid

(all)

and consistent

disease

levothyroxine
purchases
n

16 364 (2.3)

6 132 (1.1)

550 860 (97.1)

Maternal age
< 20 years
20–34 years
≥ 35 years

111 (0.7)

22 (0.4)

13 669 (2.5)

11 597 (70.9)

4 294 (70.0)

436 181 (79.2)

4 656 (28.5)

1 816 (29.6)

101 010 (18.3)

14 139 (86.4)

Smoking
No smoking
Quit smoking during first trimester
Smoked through pregnancy
Data missing

5 446 (88.8)

453 142 (82.3)

712 (4.4)

232 (3.8)

27 232 (4.9)

1 179 (7.2)

344 (5.6)

334 (2.0)

1 (0.0)

57 147 (10.4)
13 339 (2.4)

Parity
Nulliparous

6 391 (39.1)

2 522 (41.1)

231 523 (42.0)

Multiparous

9 970 (60.9)

3 609 (58.9)

318 858 (57.9)

Data missing

3 (0.0)

1 (0.0)

479 (0.1)

Previous miscarriages
No previous miscarriages
One or more previous miscarriages
Data missing

11 954 (73.1)

4 465 (72.8)

435 207 (79.0)

4 406 (26.9)

1 666 (27.1)

115 042 (20.9)

4 (0.0)

1 (0.0)

611 (0.1)

Body mass index
< 18.5
18.5–24.9

349 (2.1)

128 (2.1)

19 943 (3.6)

8 236 (50.3)

3 229 (52.7)

327 734 (59.5)

25–29.9

3 946 (24.1)

1 460 (23.8)

112 836 (20.5)

≥ 30

3 210 (19.6)

1 145 (18.7)

59 734 (10.8)

623 (3.8)

170 (2.8)

30 613 (5.6)

Data missing
Socioeconomic status
Upper white-collar worker

2 864 (17.5)

1 174 (19.1)

92 011 (16.9)

Lower white-collar worker

5 677 (34.7)

2 084 (34.0)

174 948 (31.8)

Blue-collar worker

1 811 (11.1)

691 (11.3)

67 704 (12.3)

Student

1 273 (7.8)

426 (6.9)

55 107 (10.0)

Other

1 027 (6.3)

323 (5.5)

32 327 (5.87)

Data missing

3 712 (22.7)

1 434 (23.4)

127 878 (23.2)

The data are reported as number of mothers (%) unless stated otherwise. Data on mothers with
hypothyroidism were compared to mothers without thyroid disease using the chi-square test or Fisher’s
exact test. All comparisons were statistically significant with a p-value of < 0.001.
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Table 5. Demographic characteristics of the mothers with singleton pregnancies with
and without hyperthyroidism in Finland between 2004 and 2013.
Characteristics

Hyperthyroid

p-value

mothers (all)

Hyperthyroid

p-value

Mothers

mothers with

without any

antithyroid

thyroid disease

drugs
n

2 144 (0.4)

Maternal age
< 20 years
20–34 years
≥ 35 years

Quit smoking during first trimester
Smoked through pregnancy
Data missing

550 860 (97.1)
0.004

10 (0.5)

3 (0.5)

13 669 (2.5)

1 584 (73.9)

450 (77.8)

436 181 (79.2)

550 (25.7)

Smoking
No smoking

580 (0.1)
< 0.001

127 (21.9)
0.007

101 010 (18.3)
0.008

1 757 (81.9)

456 (78.6)

83 (3.9)

25 (4.3)

27 232 (4.9)

256 (11.9)

80 (13.8)

57 147 (10.4)

48 (2.2)

Parity

453 142 (82.3)

19 (3.3)
< 0.001

13 339 (2.4)
< 0.001

Nulliparous

594 (26.3)

160 (27.6)

231 523 (42.0)

Multiparous

1 549 (72.2)

420 (72.4)

318 858 (57.9)

Data missing

1 (0.0)

Previous miscarriages

0 (0.0)
< 0.001

479 (0.1)
0.115

No previous miscarriages

1 549 (72.2)

442 (76.2)

435 207 (79.0)

≥ 1 previous miscarriages

593 (27.7)

137 (23.6)

115 042 (20.9)

Data missing

2 (0.1)

Body mass index
< 18.5

1 (0.2)
0.014

611 (0.1)
0.047

86 (4.9)

29 (5.0)

19 943 (3.6)

1 221 (56.9)

322 (55.5)

327 734 (59.5)

25–29.9

480 (22.4)

142 (24.5)

112 836 (20.5)

≥ 30

263 (12.3)

66 (11.4)

59 734 (10.8)

94 (4.4)

21 (3.6)

18.5–24.9

Data missing
Socioeconomic status

< 0.001

30 613 (5.6)
0.050

Upper white-collar worker

343 (16.0)

77 (13.3)

92 011 (16.9)

Lower white-collar worker

674 (31.4)

171 (29.5)

174 948 (31.8)

Blue-collar worker

268 (12.5)

85 (14.7)

67 704 (12.3)

Student

187 (8.7)

49 (8.4)

55 107 (10.0)

Other

170 (7.9)

41 (7.1)

32 327 (5.9)

Data missing

502 (23.4)

157 (27.1)

127 878 (23.2)

The data are reported as number of mothers (%) unless stated otherwise.
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The demographic characteristics of all pregnant women in Finland changed
gradually between 2004 and 2016 (Study III). As presented in Figure 5, women
who gave birth in 2016 were heavier (more likely to be overweight or obese) and
older than women who gave birth in 2004 (p < 0.001). Maternal characteristics in
Study IV were similar to those in Studies I and II but are presented in a separate
table as Study IV covered three more years than Studies I and II (Table 6). Those
with hypothyroidism were older and heavier, smoked less and had higher parity
than mothers without any thyroid disease. Those with hyperthyroidism were also
older and heavier and had higher parity than the reference group. Contrary to Study
II, differences in smoking habits were not observed between hyperthyroid mothers
and mothers without thyroid disorders.

Fig. 5. Maternal characteristics of mothers with singleton pregnancies in Finland
between 2004 and 2016.
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Table 6. Demographic characteristics of the mothers with singleton pregnancies with
and without thyroid diseases in Finland between 2004 and 2016.
Characteristic

Hypothyroid

p-value

Hyperthyroid

p-value

Mothers without

mothers

mothers

any thyroid

25 782 (3.5)

2 802 (0.4)

703 041 (95.7)

disease
n
Maternal age, years
< 20 years
20–34 years
≥ 35 years

< 0.001
14 (0.5)

16 445 (2.3)

18 204 (70.6)

2 045 (73.0)

554 922 (78.9)

7 405 (28.7)

Smoking
No smoking
Smoking during pregnancy
Data missing

< 0.001

173 (0.7)

743 (26.5)
< 0.001

131 674 (18.7)
0.798

22 241 (86.3)

2 302 (82.2)

579 034 (82.4)

2 951 (11.4)

430 (15.3)

106 713 (15.2)

590 (2.3)

Parity

70 (2.5)
< 0.001

17 294 (2.5)
< 0.001

Nulliparous

10 317 (40.0)

775 (27.7)

294 551 (41.9)

Multiparous

15 456 (59.9)

2 027 (72.3)

407 933 (58.0)

Data missing

9 (0.0)

Body mass index
< 18.5
18.5–24.9

< 0.001

557 (0.1)
0.006

571 (2.2)

112 (4.0)

25 308 (3.6)

13 131 (50.9)

1 604 (57.2)

420 969 (59.9)

25–29.9

6 180 (24.0)

620 (22.1)

144 462 (20.5)

≥ 30

5 128 (19.9)

357 (12.7)

79 124 (11.3)

772 (3.0)

109 (3.9)

Data missing
Socioeconomic status

< 0.001

33 178 (4.7)
< 0.001

Upper white-collar

3 658 (14.2)

382 (13.6)

105 425 (15.0)

Lower white-collar

7 193 (27.9)

773 (27.6)

198 954 (28.3)

Blue-collar

2 320 (9.0)

303 (10.8)

77 237 (11.0)

Student

1 752 (6.8)

215 (7.7)

63 642 (9.1)

508 (2.0)

66 (2.4)

12 437 (1.8)

Entrepreneur of freelancer
Other
Data missing

842 (3.3)

132 (4.7)

24 625 (3.5)

9 509 (36.9)

931 (33.2)

220 721 (31.4)

The data are reported as number of mothers (%) unless stated otherwise.

5.2

Pregnancy and perinatal outcome among hypothyroid mothers
(Study I)

The analyses were adjusted for maternal age at delivery, BMI, parity, smoking
status during pregnancy, socioeconomic status, year of delivery, pre-pregnancy
diabetes, and maternal residence according to the five university hospital districts.
The unadjusted and adjusted ORs were similar, thus only the adjusted ORs are
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presented. Maternal hypothyroidism was associated with increased odds of GDM
(OR 1.19, 95% CI 1.13–1.25), CS (OR 1.22, 95% CI 1.17–1.27), and placenta
previa (OR 1.44, 95% CI 1.21–1.72). In addition, maternal hypothyroidism was
associated with an increased risk of gestational hypertension (OR 1.20, 95% CI
1.10–1.30) and severe preeclampsia (OR 1.38, 95% CI 1.15–1.65). These odds
were not statistically significant when the data were restricted to hypothyroid
mothers who had LT4 purchases throughout pregnancy. However, the increased
risk of GDM, CS, and placenta previa remained despite continuous LT4 use.
Hypothyroidism was not associated with instrumental delivery, breech presentation,
or placental abruption.
As regards the perinatal data, adjusted with the confounding factors listed
above, maternal hypothyroidism associated with increased odds of preterm birth
(OR 1.25, 95% CI 1.16–1.34), LGA infants (OR 1.30, 95% CI 1.19–1.42), neonate
admission to the NICU (OR 1.23, 95% CI 1.17–1.29), need for respiratory
treatment of the neonate (OR 1.41, 95% CI 1.24–1.60), and lower five-minute
Apgar scores (OR 1.20, 95% CI 1.09–1.33) when all hypothyroid mothers were
compared to the reference group. In addition, slightly increased odds of congenital
anomalies were observed among infants born to mothers with hypothyroidism (OR
1.14, 95% CI 1.06–1.18). However, maternal hypothyroidism was only associated
with an increased risk of NICU care (OR 1.09, 95% CI 1.01–1.18) and LGA infants
(OR 1.26, 95% CI 1.10–1.45) when restricting the data to hypothyroid mothers who
used LT4 throughout pregnancy. Hypothyroidism was not found to be associated
with SGA infants. The prevalence of stillbirths and neonatal deaths did not differ
between the groups, and altogether stillbirths and neonatal deaths were very rare.
These results are presented in Figures 6 and 7.
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Fig. 6. Pregnancy complications among singleton pregnancies of mothers with and without hypothyroidism between 2004 and 2013.
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Fig. 7. Perinatal outcome among singleton pregnancies of mothers with and without hypothyroidism between 2004 and 2013.

5.3

Pregnancy and perinatal outcome among hyperthyroid mothers
(Study II)

Maternal hyperthyroidism was associated with increased odds of gestational
hypertensive disorders for women with ATD use (OR 1.67, 95% CI 1.18–2.36), but
not in those without ATDs. In addition, maternal hyperthyroidism was associated
with CS (OR 1.26, 95% CI 1.12–1.42) and placental abruptions (OR 1.98, 95% CI
1.15–3.41. These associations, however, were not statistically significant in the
subgroup of mothers with ATD use. Maternal hyperthyroidism was not associated
with GDM, instrumental delivery, or placenta previa.
Maternal hyperthyroidism was also associated with increased odds of several
adverse perinatal outcomes. Maternal hyperthyroidism associated with preterm
births (OR 1.34, 95% CI 1.09–1.64) and with an increased risk of NICU care (OR
1.65, 95% CI 1.46–1.86). Among mothers with ATD use, maternal hyperthyroidism
was also associated with a higher risk of respiratory treatment of the newborn (OR
1.95, 95% CI 1.07–3.56). Maternal hyperthyroidism with or without ATDs was not
found to be associated with LGA or major congenital anomalies. As in Study I, the
prevalence of stillbirth and neonatal deaths was very low and did not differ between
the groups. Also, the prevalence of neonatal thyrotoxicosis in infants of pregnant
women with hyperthyroidism was very low (0.4%). The unadjusted and adjusted
ORs were similar, thus only the adjusted ORs are presented. These results are
summarized in Tables 7 and 8.
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1 561 (0.3)
2 693 (0.5)

Placenta previa

14 (0.7)

13 (0.6)

162 (7.6)

236 (11.0)

178 (8.3)

414 (19.3)

211 (9.8)

114 (5.3)

2 144 (0.4)

n (%)

1.24 (0.74–2.10)

1.98 (1.15–3.41)

1.14 (0.96–1.35)

1.28 (1.10–1.48)

1.23 (1.04–1.45)

1.26 (1.12–1.42)

0.91 (0.77–1.07)

1.32 (1.08–1.63)

OR (95% CI)

All hyperthyroid mothers

4 (0.7)

3 (0.5)

44 (7.6)

52 (9.0)

41 (7.1)

93 (16.0)

62 (10.7)

77 (4.9)

580 (0.1)

1.35 (0.51–3.61)

1.68 (0.54–5 23)

1.14 (0.82–1.58)

1.03 (0.77–1.38)

1.08 (0.79–1.48)

1.05 (0.84–1.31)

0.98 (0.72–1.34)

1.67 (1.18–2.36)

10 (0.6)

10 (0.6)

118 (7.5)

184 (11.8)

137 (8.8)

321 (20.5)

149 (9.5)

42 (2.6)

1 564 (0.3)

n (%)

1.21 (0.65–2.25)

2.11 (1.13–3.92)

1.14 (0.93–1.38)

1.39 (1.17–1.65)

1.27 (1.04–1.54)

1.35 (1.18–1.55)

0.89 (0.73–1.07)

1.19 (0.93–1.53)

OR (95% CI)

antithyroid medication

OR (95% CI)

antithyroid medication
n (%)

Hyperthyroid mothers without

Hyperthyroid mothers with

The data are reported as number of mothers (%) and odds ratios (ORs) with 95% confidence interval (95% CI).

45 121 (8.2)

Placental abruption

Acute caesarean section

Instrumental delivery

34 636 (6.3)
51 814 (9.4)

Elective caesarean section

49 041 (8.9)
86 450 (15.7)

Any caesarean section

24 106 (4.4)

550 860 (97.1)

n (%)

thyroid disease

Mothers without

Gestational diabetes

disorders

Gestational hypertensive

Pregnancies

Pregnancy outcome

hyperthyroidism in Finland between 2004 and 2013.

Table 7. Prevalence and odds of pregnancy complications among singleton pregnancies of mothers with and without
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15 469 (2.8)

Late (34+0–36+6 gestational

642 (0.1)

1.15 (0.95–1.40)

1.11 (0.85–1.44)

1.30 (1.04–1.63)

1.11 (0.85–1.43)

1.87 (1.39–2 53)

1.34 (1.09–1.64)

OR (95% CI)

4 (0.2)

7 (0.3)

30 (1.4)
1.63 (0.60–4.46)

1.14 (0.54–2.40)

1.40 (0.98–2.02)

325 (15.2) 1.65 (1.46–1.86)

109 (5.1)

67 (3.1)

91 (4.2)

67 (3.1)

44 (2.1)

111 (5.2)

2 144 (0.37)

n (%)

All hyperthyroid mothers

0 (0.0)

2 (0.3)

11 (1.9)

108 (18.6)

33 (5.7)

20 (3.4)

34 (5.9)

20 (3.4)

15 (2.6)

35 (6.0)

580 (0.10)

-

1.11 (0.27–4.47)

1.95 (1.07–3.56)

2.10 (1.70–2.61)

1.27 (0.90–1.81)

1.20 (0.72–1.99)

1.76 (1.24–2.48)

1.23 (0.79–1.94)

2.29 (1.36–3.83)

1.56 (1.09–2.22)

OR (95% CI)

1.10 (0.87–1.39)

1.08 (0.79–1.46)

1.11 (0.84–1.48)

1.05 (0.77–1.44)

1.71 (1.18–2.48)

1.24 (0.97–1.59)

OR (95% CI)

4 (0.3)

5 (0.3)

19 (1.2)

2.27 (0.85–6.09)

1.15 (0.47–2.78)

1.20 (0.76–1.91)

217 (13.9) 1.49 (1.28–2.73)

76 (4.9)

47 (3.0)

57 (3.6)

47 (3.0)

29 (2.3)

76 (4.9)

1 564 (0.27)

n (%)

antithyroid medication

antithyroid medication
n (%)

Hyperthyroid mothers without

Hyperthyroid mothers with

The data are reported as number of mothers (%) and odds ratios (ORs) with 95% confidence interval (95% CI).

Early neonatal deaths

1 547 (0.3)

NICU treatment
5 490 (1.0)

55 072 (10.0)

Major congenital anomalies

Stillbirths

22 918 (4.3)

LGA

Respiratory treatment

19 674 (3.6)
13 127 (2.4)

SGA

weeks)

6 160 (1.1)

21 629 (3.9)

All preterm births

Early (< 34 gestational weeks)

550 860 (97.1)

n (%)

thyroid disease

Mothers without

Pregnancies

Perinatal outcome

Finland between 2004 and 2013.

Table 8. Prevalence and odds of perinatal outcome among singleton pregnancies of mothers with and without hyperthyroidism in

5.4

The trend of thyroid medication in pregnancy (Study III)

There were altogether 21 953 pregnancies with LT4 purchases (3% of all
pregnancies) and 714 pregnancies with ATD purchases (0.1% of all pregnancies)
between 2004 and 2016 in Finland. Figure 8 shows that LT4 use among pregnant
women increased more than a five-fold during the study period. More specifically,
in 2004, only 1.1% of pregnant women used LT4; while in 2016, the rate of LT4
use among pregnant women had increased up to 6.2%. The prevalence of diagnosis
of hypothyroidism, conducted from the registers, was 1.2% in 2004 and 3.1% in
2016. This means that approximately one-half of the women who had LT4
purchases during pregnancy had no recorded diagnosis of hypothyroidism.

Fig. 8. Pregnancies

with

maternal

hypothyroidism

and/or

levothyroxine

(LT4)

medication by year.

The joinpoint regression analysis showed a highest annual percent change (35%)
between 2004 and 2006 as presented in Figure 9. Otherwise, the observed increase
in LT4 purchases among pregnant women was linear over time.
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Fig. 9. Joinpoint analyses of pregnancies with levothyroxine (LT4) medication by year.

ATD use in pregnancy is infrequent and changed little during the study period, as
presented in Figure 10. A slight increase in ATD use among pregnant women was
observed, although the rates of ATD use fluctuated by year. In 2004, 0.05% of
pregnant women had ATD treatment; but by 2016, the rate of ATD use among
pregnant women was 0.14%. In Finland, CMZ is the treatment of choice in most
cases, whereas PTU use is very rare—indeed, PTU purchases were made in only
37 pregnancies. The joinpoint regression analysis on the use of ATDs between 2004
and 2016 revealed no statistically significant changes (Figure 11). The overall
prevalence of hyperthyroidism before or during pregnancy was 0.26% in 2004 and
0.49% in 2016.
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Fig. 10. Pregnancies

with

maternal

hyperthyroidism

and/or

antithyroid

(ATD)

medication by year.

Fig. 11. Joinpoint analyses of pregnancies with antithyroid (ATD) medication by year.
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5.5

Perinatal morbidities and intensive care unit treatment among
neonates born to mothers with thyroid diseases (Study IV)

Altogether, 25 782 neonates (3.5% of all neonates) were born to mothers with
hypothyroidism and 2 802 neonates (0.4% of all neonates) were born to mothers
with hyperthyroidism in Finland between 2004 and 2016. The neonates of mothers
with thyroid diseases were more likely to be admitted to the NICU compared to the
neonates of mothers without any thyroid disease: 14.4% of neonates of mothers
with hypothyroidism and 16.5% of neonates of mothers with hyperthyroidism
needed NICU care, compared to 10.2% of neonates of mothers without thyroid
diseases. The most common indications for NICU treatment did not differ between
the groups and included preterm birth, low birth weight, infections, RDS, and
neonatal hypoglycemia (Table 9).
Table 9. Neonates with or without maternal thyroid disease admitted to the NICU in
Finland between 2004 and 2016.
Perinatal outcome

All live births

Neonates of

Neonates of

Neonates of

women without

women with

women with

thyroid disease hypothyroidism hyperthyroidism

n
Respiratory distress syndrome

admitted to

admitted to

admitted to

NICU

NICU

NICU

734 773

71 537

3 721

642

21 413 (2.9)

16 755 (23.4)

902 (24.2)

100 (21.6)

Infections including sepsis

21 143 (2.9)

16 076 (22.5)

640 (17.2)

60 (13.0)

Preterm

27 827 (3.8)

15 327 (21.4)

868 (23.3)

104 (22.5)

Low birth weight

22 225 (3.0)

13 695 (19.1)

674 (18.1)

90 (19.5)

SGA

25 883 (3.5)

8 057 (11.3)

370 (9.9)

49 (10.6)

LGA

17 652 (2.4)

3 514 (4.9)

354 (9.5)

37 (8.0)

Hypoglycemia not otherwise specified

14 295 (1.9)

8 030 (11.2)

334 (9.0)

45 (9.7)

Hypoglycemia with maternal GDM

23 146 (3.2)

5 804 (11.2)

354 (9.5)

39 (8.4)

9 113 (1.3)

5 491 (7.7)

217 (5.8)

15 (3.2)

Asphyxia
Jaundice in preterm neonate
Jaundice In term neonate

8 076 (1.1)

5 004 (7.0)

255 (6.9)

25 (5.4)

24 268 (3.3)

4 555 (6.4)

287 (7.7)

34 (7.4)

Hypoglycemia with maternal diabetes

4 764 (0.65)

2 609 (3.6)

533 (14.1)

42 (9.1)

Cardiovascular problems

5 873 (0.8)

1 668 (2.3)

83 (2.2)

7 (1.5)

Pneumothorax

1 925 (0.3)

1 533 (2.1)

76 (2.0)

6 (1.3)

Meconium aspiration syndrome

1 262 (0.2)

1 108 (1.5)

34 (0.9)

3 (0.6)

The data are reported as number of neonates (%) unless stated otherwise.
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Maternal hypothyroidism was associated with increased odds of NICU admission
among neonates with low birth weight (OR 1.18, 95% CI 1.02–1.36), preterm
neonates (OR 1.35, 95% CI 1.20–1.52), and LGA infants (OR 1.92, 95% CI 1.67–
2.20). In addition, increased NICU admission rates were observed among neonates
with cardiovascular problems (OR 1.55, 95% CI 1.12–2.15), hypoglycemia
associated with maternal GDM (OR 1.21, 95% CI 1.06–1.39), or their mother’s
pre-pregnancy diabetes (OR 1.32, 95% CI 1.10–1.58), and jaundice (preterm
neonates: OR 1.36, 95% CI 1.06–1.73; and term neonates: OR 1.34, 95% CI 1.16–
1.54) if their mother had hypothyroidism. Admission to NICU care because of
asphyxia, RDS, pneumothorax, meconium aspiration syndrome, or infection did
not differ between the groups. These results are summarized in Table 10.
Maternal hyperthyroidism was associated with increased odds of NICU
admission among preterm neonates (OR 1.45, 95% CI 1.04–2.02) and LGA
neonates (OR 3.29, 95% CI 2.12–5.13) if their mother was diagnosed as
hyperthyroid. In addition, increased risk of NICU care was observed in term
neonates with jaundice (OR 1.97, 95% CI 1.29–3.00). These results are presented
in Table 11.
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Table 10. Neonates with or without maternal hypothyroidism in Finland between 2004
and 2016.
Perinatal outcome

Neonates of

Neonates of

Neonates of

Neonates of women with

women

women without

women with

hypothyroidism admitted to

without

thyroid disease

hypothyroidism

NICU

thyroid

admitted to

disease

NICU

703 041

71 537

n (%)
Number of neonates

25 782

OR (95% CI)

3 721

Neonatal characteristics
Preterm

26 225

15 327 (58.4)

1 313

868 (66.1)

Low birth weight

21 040

13 695 (65.1)

965

674 (69.8)

1.35 (1.20–1.52)
1.18 (1.02–1.36)

SGA

24 715

8 057 (32.6)

958

370 (38.6)

0.14 (0.99–1.30)

LGA

16 461

3 514 (21.3)

1 016

354 (38.8)

1.92 (1.67–2.20)

Specific perinatal
morbidities
Asphyxia

9 113

5 491 (60.1)

319

217 (68.0)

1.28 (1.00–1.66)

Respiratory distress

20 126

16 755 (83.3)

1 067

902 (84.5)

1.01 (0.85–1.20)

1 220

1 108 (90.8)

38

34 (89.5)

0.96 (0.32–2.87)

syndrome
Meconium
aspiration syndrome
Pneumothorax

1 826

1 533 (84.0)

84

76 (90.5)

1.51 (0.71–3.24)

Cardiovascular

5 643

1 668 (29.6)

192

83 (43.2)

1.55 (1.12–2.15)

20 188

16 076 (79.6)

791

640 (80.9)

1.06 (0.88–1.27)

7 655

5 004 (65.4)

353

255 (72.2)

1.36 (1.06–1.73)

22 941

4 555 (19.9)

1 113

287 (25.8)

1.34 (1.16–1.54)

23 146

5 804 (25.1)

1 228

354 (28.8)

1.21 (1.06–1.39)

3 933

2 609 (66.3)

751

533 (71.0)

1.32 (1.10–1.58)

13 626

8 030 (58.9)

537

334 (62.2)

1.15 (0.95–1.39)

problems
Infections including
sepsis
Jaundice in preterm
neonate
Jaundice in term
neonate
Hypoglycemia with
maternal GDM
Hypoglycemia with
maternal diabetes
Hypoglycemia not
otherwise specified
The data are reported as number of neonates (%) and odds ratios (ORs) with 95% confidence interval
(95% CI).
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Table 11. Neonates with or without maternal hyperthyroidism in Finland between 2004
and 2016.
Perinatal outcome

Neonates of

Neonates of

Neonates of

Neonates of women with

women

women without

women with

hyperthyroidism admitted to

without

thyroid disease hyperthyroidism

thyroid

admitted to

disease

NICU

703 041

71 537

NICU

n (%)
Number of neonates

2 802

OR (95% CI)

462

Neonatal characteristics
Preterm

26 225

15 327 (58.4)

158

104 (65.8)

Low birth weight

21 040

13 695 (65.1)

128

90 (70.3)

1.45 (1.04–2.02)
1.29 (0.88–1.89)

SGA

24 715

8 057 (32.6)

117

49 (41.9)

1.42 (0.97–2.06)

LGA

16 461

3 514 (21.3)

82

37 (45.1)

3.29 (2.12–5.13)

Specific perinatal
morbidities
Asphyxia
Respiratory distress

9 113

5 491 (60.1)

24

15 (62.5)

1.06 (0.46–2.48)

20 126

16 755 (83.3)

114

100 (87.7)

1.49 (0.85–2.65)

1 220

1 108 (90.8)

3

3 (100)

syndrome
Meconium aspiration

-

syndrome
Pneumothorax

1 826

1 533 (84.0)

6

6 (100)

-

Cardiovascular

5 643

1 668 (29.6)

17

7 (41.2)

1.99 (0.69–5.78)

20 188

16 076 (79.6)
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60 (81.1)

1.12 (0.62–2.02)

7 655

5 004 (65.4)

36

25 (69.4)

1.30 (0.63–2.67)

22 941

4 555 (19.9)

102

34 (33.3)

1.97 (1.29–3.00)

23 146

5 804 (25.1)

131

39 (29.8)

1.44 (0.96–2.15)

3 933

2 609 (66.3)

55

42 (76.4)

1.82 (0.95–3.48)

13 626

8 030 (58.9)

69

45 (65.2)

1.48 (0.87–2.51)

problems
Infections including
sepsis
Jaundice in preterm
neonate
Jaundice in term
neonate
Hypoglycemia with
maternal GDM
Hypoglycemia with
maternal diabetes
Hypoglycemia not
otherwise specified
The data are reported as number of neonates (%) and odds ratios (ORs) with 95% confidence interval
(95% CI).
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6

Discussion

6.1

Data quality

The major strength of our epidemiological studies is the large sample size with
comprehensive nationwide data. The data used in this thesis were based on
compulsory administrative Finnish health care registers of high quality. The
usefulness of the employed registers increases when used together (Teperi, 1993;
Sund, 2012; Gissler, Louhiala, & Hemminki, 1997). The MBR covers practically
all births in Finland, and combining accurate medication data from the Kela
registers with the MBR data gave us a valuable database for research purposes. A
notable strength of our study was that the data on thyroid medication use were
based on recorded medication purchases. Recall bias was avoided since the
examined data were extracted from health registers collected and maintained
through law rather than by interviews or questionnaires. In addition, there was
minimal loss to follow-up of study objects. The large data set provided us with the
opportunity to adjust our estimates for a relevant set of pre-identified confounders
and to assess rarer outcomes. However, studying very rare outcomes, such as
neonatal deaths, would require even larger cohorts, as some of the rendered study
groups were quite small. In addition, the data were based on pregnancies that
resulted in deliveries, and therefore those women with miscarriages or infertility
who did not give birth during the study period were not included.
Our data were adjusted for many identified confounders that may affect both
maternal thyroid function and pregnancy outcomes. In detail, the analyses were
adjusted for maternal age at delivery, BMI, parity, smoking status during pregnancy,
socioeconomic status, year of delivery, pre-pregnancy diabetes, and maternal
residence according to the five university hospital districts. Maternal age was one
of the most important confounding factors as it is associated with an increased risk
of stillbirth, fetal growth restriction, GDM and NICU admission (Lean, Derricott,
Jones, & Heazell, 2017). Smoking during pregnancy increases the risk of SGA
infants (Abraham et al., 2017), and obesity increases the risks of GDM, LGA
infants, preeclampsia, and perinatal mortality (Yu, Teoh, & Robinson, 2006). In
turn, iodine deficiency could not be taken into consideration as our data lacked the
laboratory data. However, iodine insufficiency during pregnancy should not
confound our results, as Finland has been one of the few countries with sufficient
iodine intake since the 1950s.
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This study has limitations as it contained only information available on the
registers. Data regarding the exact dates on which the diagnoses of thyroid diseases
were not collected. In addition, the registers on ICD codes may be biased by
underreporting. Our register-based dataset also lacked data on laboratory
examinations to confirm the thyroid hormone concentrations and thyroid antibody
status. Therefore, the severity of thyroid diseases (subclinical or overt disease) or
the efficacy of treatment are not known. However, according to the uniform
national guidelines and clinical practice, laboratory testing is mandatory before
administration of medical treatment, and it is also advised that thyroid hormone
concentrations in women with thyroid diseases are regularly followed during
pregnancy. In addition, LT4 and ATD use was defined as drug purchase, and
information on whether or not the purchased medication was taken cannot be
ensured. Lastly, neither information on LT4 and ADT treatment dosage nor that on
duration was obtained.
6.2

Association between maternal hypothyroidism and adverse
pregnancy and perinatal outcomes (Studies I, III, and IV)

During the study period (2004–2016), the prevalence of diagnosed maternal
hypothyroidism increased from 1% to 3%. Moreover, a five-fold increase in LT4
use among pregnant women was observed. At the end of the study period, 6% of
women who gave birth had LT4 purchases during pregnancy. The current study
revealed that even with LT4 use throughout pregnancy, there remains an increased
risk of GDM, CS, LGA, and NICU admission of the newborn among mothers
diagnosed as hypothyroid. Previous studies have consistently shown that overt
maternal hypothyroidism is associated with adverse pregnancy outcome (van den
Boogaard et al., 2011; Abalovich et al., 2002; Leung et al., 1993; Allan et al., 2000),
but results from studies on subclinical hypothyroidism and treated hypothyroidism
have been controversial. In our study, pregnancy and perinatal outcomes were
better when LT4 was used throughout pregnancy. In particular, maternal
hypothyroidism was associated with increased risk of gestational hypertension,
preeclampsia, preterm births, and congenital anomalies, but these increased odds
were not observed in the subgroup of mothers with LT4 use throughout pregnancy.
The observed association between maternal hypothyroidism and GDM has
been found in many studies (Tudela, Casey, McIntire, & Cunningham, 2012; Stohl,
Ouzounian, Rick, Hueppchen, & Bienstock, 2013; Gong et al., 2016). Recent metaanalyses have reported that subclinical hypothyroidism is also associated with
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GDM (Toulis, Stagnaro-Green, & Negro, 2014; Jia et al., 2019). Both
hypothyroidism and pregnancy have effects on glucose metabolism, insulin
secretion, and peripheral insulin resistance (Maratou et al., 2009; Lain & Catalano,
2007). In addition, general autoimmunity and shared risk factors like obesity and
advanced age may partly explain the association between hypothyroidism and
GDM. In fact, women with hypothyroidism during pregnancy are at increased risk
of subsequent diabetes (Männistö et al., 2010), suggesting common risk factors. In
our study, maternal hypothyroidism was also associated with LGA, which may at
least partly be explained through mediating effects of GDM. The observed
association between maternal hypothyroidism and LGA has been established in
previous studies as well (Männistö et al., 2010; Hou et al., 2016).
In the current study, mothers classified as hypothyroid had increased odds of
CS in all study groups (also with LT4 use throughout pregnancy). The reason for
the increased risk of CS among hypothyroid women may be due to the other
pregnancy complications associated with thyroid disorders, such as maternal
diabetes. However, in a previous work by Matalon et al. (2006), hypothyroidism
was an independent risk factor for CS even after controlling for confounders, such
as diabetes and maternal age.
Maternal hypothyroidism has been associated with preterm birth in many
previous studies (Dong & Stagnaro-Green, 2019; Korevaar et al., 2019). However,
subclinical hypothyroidism has not been associated with preterm birth in all studies
(Sheehan et al., 2015). Likewise, studies on maternal hypothyroidism and the risk
of hypertensive disorders are controversial. Some previous studies have reported
an increased risk of hypertensive disorders among hypothyroid mothers (Ashoor et
al., 2010; Männistö et al., 2013a; Wilson, Casey, McIntire, Halvorson, &
Cunningham, 2012), whereas others did not find any association (Karakosta et al.,
2012; Medici et al., 2014). In the current study, maternal hypothyroidism was
associated with hypertensive disorders and preterm birth, but these odds were no
longer statistically significant when restricting the data to mothers with constant
LT4 use.
Maternal hypothyroidism was associated with slightly increased odds of
congenital malformations, but again these odds were no longer statistically
significant when restricting the data to mothers with LT4 use throughout pregnancy.
Some previous studies have reported increased risk of congenital anomalies among
neonates of mothers with clinical hypothyroidism (Su et al., 2011) and among
neonates of mothers using LT4 (Wikner et al., 2008). Nevertheless, many other
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studies have not found any association between maternal hypothyroidism and
congenital anomalies (Männistö et al., 2009; Casey et al., 2005).
Newborns of hypothyroid mothers were more likely to be admitted to the
NICU, even when restricting the data to mothers with LT4 use throughout
pregnancy. This finding is consistent with two previous studies (Männistö et al.,
2013a, 2013b) and persisted in the current study after restricting the data to term
births. Hence, prematurity does not fully explain the association between maternal
hypothyroidism and NICU care. In Study IV, the indications for NICU care were
found to be similar for the neonates born to mothers with hypothyroidism and for
the neonates born to mothers without any thyroid disease. Among all neonates, the
main indications for NICU admission were preterm birth, low birth weight,
neonatal hypoglycemia, RDS, and infections. However, preterm and LGA infants
and those with jaundice had an increased risk of NICU admission if their mother
had hypothyroidism. In addition, infants with low birth weight, hypoglycaemia, or
cardiovascular problems had increased odds of NICU admission if their mother had
hypothyroidism compared to the infants of mothers without any thyroid disease.
There are no directly comparable studies to Study IV. In a study by Männistö
et al. (2013) maternal thyroid disease was associated with several perinatal
morbidities: sepsis, RDS, transient tachypnea, apnea, and neonatal anemia.
Previous studies and systematic reviews have stated that maternal thyroid disease
is associated with preterm birth (Andersen, Olsen, Wu, & Laurberg, 2013;
Shinohara et al., 2018; Sheehan et al., 2015). Preterm birth is one of the main
reasons for the need for NICU care, and globally it is also the second most common
cause of death in small children (Liu et al., 2012). In Study IV, preterm infants
needed NICU care more frequently if their mother had hypothyroidism compared
to infants born to a mother without any thyroid disease. Also, infants with
cardiovascular problems needed NICU care more often if their mother had
hypothyroidism. It is possible that the mediating effects of preterm birth explain
this association at least in part, as cardiovascular problems, like pulmonary
hypertension, transitional hypotension, and cardiogenic shock, are more common
in preterm infants than in term infants (Barrington, 2013; Rowcliff, de Waal,
Mohamed, & Chaudhari, 2016).
According to many previous studies, maternal hypothyroidism is associated
with GDM and LGA (Wikner et al., 2008; Männistö et al., 2010; Hou et al., 2016).
The increased risk of GDM in mothers with hypothyroidism further explains the
association between maternal hypothyroidism and neonatal hypoglycemia. In
Study IV, maternal thyroid disease was also associated with increased odds of an
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LGA infant’s admission to NICU care. It is known that LGA infants are often born
to mothers with GDM or pre-pregnancy diabetes, and they are more likely to suffer
from hypoglycemia, which is, in turn, one of the main indications for NICU care.
Maternal hypothyroidism was also associated with an increased risk of NICU
treatment in both preterm and term neonates who had jaundice. The most probable
explanations for jaundice in neonates born to mothers with thyroid dysfunction are
preterm birth, hypoglycemia, and macrosomia, which are described as the most
common risk factors for jaundice (Van Haltren & Malhotra, 2013).
6.3

The increased trend of thyroid medication during pregnancy
(Study III)

The use of LT4 in pregnancy has markedly increased in Finland during recent years.
During the study period (2004–2016), a five-fold increase in LT4 use among
pregnant women was observed. At the end of the study period, 6% of women who
gave birth had LT4 purchases during pregnancy. Noteworthy, the prevalence of
diagnosed maternal hypothyroidism did not increase that much, as in 2016 only
one-half of the pregnant women who used LT4 had a recorded diagnosis of
hypothyroidism as determined by ICD codes in any of the registers.
Studies on the non-pregnant population have reported that the amount of
prescribed LT4 has increased markedly (Mitchell, Hickey, Hickey, & Pearce, 2009).
This increase is assumed to be due to an increase in case findings, as more thyroid
tests are ordered, and also a trend toward LT4 treatment of more marginal degrees
of hypothyroidism has been reported (Taylor et al., 2014). Studies comparable to
our study on trends of LT4 use during pregnancy are scarce. A similar, although
less substantial, increase in LT4 use among pregnant women was observed in a
Danish study (Gidén et al., 2015). The authors, however, reported that altogether
less than 1% of pregnant women used LT4. This reported proportion is quite low
given the fact that the estimated rate of hypothyroidism during pregnancy is
assumedly higher.
A remarkable portion of pregnant women used LT4 at the end of our study
period. Increase in purchased LT4 was linear during the study period, although the
increase was sharper between 2004 and 2006. The rationale for the observed
increase is most likely multifactorial. Maternal age at delivery and obesity, both
associated with thyroid disorders, increased during the study period, thus probably
increasing the prevalence of thyroid dysfunction. More importantly, a number of
studies have indicated that even milder forms of thyroid disorders are also
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associated with adverse pregnancy and perinatal outcomes (Abalovich et al., 2002;
Casey et al., 2006; Korevaar et al., 2013), and this may have prompted more
frequent and liberal use of LT4 during pregnancy. In addition, there might have
been changes in tracing and screening relevant patients, as the prevalence of
diagnosed maternal hypothyroidism also increased during the study period. There
is no national screening program to search for thyroid disorders in pregnant women
in Finland. However, local recommendations given at maternity health clinics,
recommend laboratory testing of women with a history or a familial disposition of
thyroid dysfunction or symptoms related to thyroid dysfunction. Beside local
recommendations, the introduction of the Finnish national guidelines have very
likely increased the use of LT4. In 2008, the Finnish Endocrine Society
recommended that LT4 should be started if TSH concentrations in blood exceed
2.5 mU/L in first trimester or 2.5–3.0 mU/L in the second and third trimesters. It is
also recommended to increase the dose of LT4 by 25 µg immediately when the
pregnancy
test
is
possible
(https://www.endo.fi/@Bin/179635/
Hypotyreoosilausunto_051114_final.pdf).
The increase of LT4 use among women with no recorded diagnosis of
hypothyroidism in any of the used registers needs to be considered further. Firstly,
this finding may demonstrate that the indication for LT4 treatment is lower than
previously, meaning that subclinical hypothyroidism is also treated vigorously.
International guidelines recommend that LT4 use should be started in women with
subclinical hypothyroidism who are planning pregnancy or during pregnancy,
especially if thyroid autoantibodies are present, and also in women without thyroid
autoantibodies if TSH concentrations are greater than 10 mIU/L (Alexander et al.,
2017). Secondly, the registers on ICD codes may be biased by underreporting
because, in Finland, LT4 treatment is often initiated by general practitioners rather
than at tertiary care. Finally, pregnant women with LT4 use with no diagnosis of
hypothyroidism as determined by ICD codes may instead have subclinical
hypothyroidism or a diagnosis of hypothyroidism as determined by pregnancy
thresholds that do not fulfill the precise criteria of clinical hypothyroidism.
In contrast to the arguments presented above, and also in contrast to current
international guidelines (De Groot et al., 2012; Lazarus et al., 2014; Alexander et
al., 2017), some authors have criticized the current liberal practice on treating
subclinical hypothyroidism in pregnancy (Wiles, Jarvis, & Nelson-Piercy, 2015).
These authors have stated that the low TSH threshold for the diagnosis and
management of subclinical hypothyroidism during pregnancy may lead to
medicalizing women despite a lack of clear evidence that LT4 treatment improves
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pregnancy outcomes. Moreover, some recent studies have even suggested that LT4
treatment of subclinical hypothyroidism may be associated with adverse pregnancy
outcome (Maraka et al., 2017) or adverse neurodevelopment of the child (Korevaar
et al., 2016). Critical views on treating subclinical hypothyroidism with LT4 have
also been voiced in Finland, but mainly regarding the general population, not
pregnant women. Soininen stated that one-third of all LT4 medication in Finland
may actually be unnecessary (Soininen, 2017).
6.4

Association between maternal hyperthyroidism and adverse
pregnancy and perinatal outcomes (Studies II, III, and IV)

Hyperthyroidism during pregnancy is infrequent with a prevalence of 0.4% in the
current study. We observed a slight increase in the prevalence of hyperthyroidism
(0.5% at the end of the study period), whereas ATD use somewhat fluctuated
between 2004 and 2016 showing perhaps a mild increase. Altogether, only 27% of
mothers classified as hyperthyroid used ATDs and 23% of mothers classified as
hyperthyroid used LT4 during pregnancy. Thus, the prevalence of overt/active
hyperthyroidism is probably even lower (0.1%). The rates of ATD redemption rates
during pregnancy observed in our study are similar to those in studies from Sweden
(0.1%) and Denmark (0.2%), although these studies did not estimate changes in
redemption rates over time (Andersen et al., 2017; Schurmann, Hansen, & Garne,
2016). Women without ATDs or with LT4 very likely have a milder disease or a
history of hyperthyroidism. However, excluding LT4-treated mothers with a
diagnosis of hyperthyroidism had no substantial effect on any of the results.
In general, mothers with active hyperthyroidism are assumed to be at a higher
risk of developing pregnancy complications or having worse perinatal outcomes
(Davis et al., 1989; Negro & Stagnaro-Green, 2014). This was seen in our study to
some extent, as hyperthyroid mothers with ATDs had increased odds of gestational
hypertensive disorders, SGA infants, and respiratory treatment of newborns;
whereas in mothers classified as hyperthyroid but without ATDs, the odds of these
outcomes were not increased. The observed associations between maternal
hyperthyroidism and gestational hypertensive disorders and SGA are consistent
with many previous studies (Männistö et al., 2013a; Millar et al., 1994; Aggarawal
et al., 2014). Our finding, that maternal hyperthyroidism is associated with
respiratory treatment of the newborn, is also in line with previous research
(Männistö et al., 2013b).
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Interestingly, we observed increased odds of placental abruptions, CS, early
preterm births, and NICU admission also in mothers classified as hyperthyroid but
without ATD purchases. This suggests that in addition to active hyperthyroidism, a
previous diagnosis of hyperthyroidism or mild disease may also pose a residual risk
of developing adverse pregnancy outcomes. Thyroid autoimmunity or other
underlying autoimmune diseases may at least in part explain this. Previous studies
on maternal hyperthyroidism and the risk of preterm birth have been controversial.
Some studies have reported an increased risk of preterm birth among hyperthyroid
mothers (Davis et al., 1994; Männistö et al., 2013a; Sheehan et al., 2015;
Aggarawal et al., 2014), whereas other studies have not found any association
between them (Pillar et al., 2009; Gianetti et al., 2015; Korevaar et al., 2019). In
our study, the association between maternal hyperthyroidism and preterm birth was
somewhat stronger in hyperthyroid mothers with ATD use compared to mothers
classified as hyperthyroid without ATDs. Our finding, that maternal
hyperthyroidism is associated with CS, is consistent with some previous studies
(Pillar et al., 2010; Idris, Srinivasan, Simm, & Page, 2006).
The observed association between maternal hyperthyroidism and increased
risk of neonate’s admission to NICU care has also been reported previously
(Männistö et al., 2013a). In Study IV, the indications for NICU care were found to
be similar for neonates born to mothers with hyperthyroidism and for neonates born
to mothers without any thyroid disease. However, preterm and LGA infants and
those with jaundice had an increased risk of NICU admission if their mother had a
diagnosis of hyperthyroidism.
In this study, we found no association between maternal hyperthyroidism and
congenital anomalies, not even among mothers with ATD use (mainly CMZ use).
This is not in line with recent reviews (Hackmon, Blichowski, & Koren, 2012) and
meta-analyses (Li et al., 2015; Song et al., 2017), which have found that the use of
MMI and CMZ increases the risk of congenital malformations. The ATA
recommends the use of PTU in the first trimester to reduce the risk of
malformations (Ross et al., 2016; Alexander et al., 2017), as PTU use is reportedly
safer than MMI/CMZ (Andersen, Olsen, Wu, & Laurberg, 2014). However, some
studies have found that the rates of fetal defects are similar with both PTU and
MMI/CMZ (Yoshihara et al., 2012; Andersen, Lönn, Vestergaard, & Torring, 2017).
Moreover, supporting our finding, one previous study found no difference in the
rates of malformations between hyperthyroid mothers treated with any ATD and
those in the general population (Gianetti et al., 2015). CMZ was the treatment of
choice among the majority of hyperthyroid mothers. In fact, PTU use was very rare
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(5%) during the study period. Current ATA guidelines recommend PTU use in the
first trimester, but these guidelines were published just after the study period (2017).
Until recently, local and national treatment practices have favored using CMZ. This
may be due to the observed association between PTU and severe hepatotoxicity. In
addition, PTU can be prescribed only with special permission in Finland. However,
the sample size of the mothers with ATD use in our study was relatively small, and
we examined only pregnancies that resulted in delivery. Therefore, we collected
additional information from the Register in Induced Abortions between 1996 and
2014. That additional data documented only five induced abortions resulting from
fetal indications following CMZ use.
6.5

Clinical implications and future research

Thyroid dysfunction in pregnancy is a common clinical problem. Treating overt
maternal hypothyroidism with LT4 improves pregnancy and perinatal outcomes
(Alexander et al., 2017). This was supported by the current large, population-based
study as well, as hypothyroid mothers with LT4 purchases throughout pregnancy
had somewhat better pregnancy outcomes. In detail, the risks of gestational
hypertensive disorders and preterm birth were not observed in hypothyroid mothers
with LT4 use throughout pregnancy. However, even with consistent LT4 treatment,
maternal hypothyroidism is associated with some adverse obstetrical and perinatal
outcomes such as maternal diabetes, LGA, and the risk of NICU admission of the
newborn.
Whereas treating overt hypothyroidism during pregnancy is strongly
recommended, no consistent evidence shows that empirical treatment of subclinical
hypothyroidism has clear benefit or harm. This could not be evaluated in our study
because we had no data on laboratory measurements. Nevertheless, we can assume
that there are some mothers with LT4-treated subclinical hypothyroidism in our
study cohort, as the threshold to treat subclinical hypothyroidism in pregnancy was
lower than in the general population. This assumption can be made due to a large
number of mothers with LT4 purchases without a recorded diagnosis of
hypothyroidism. Studies on LT4 treatment versus placebo in subclinical
hypothyroidism during pregnancy are needed because of the insufficient evidence
on the benefit of LT4 treatment in these cases. Our study shows that the use of LT4
among pregnant women has substantially increased during the last decade. How
much of this is due to a lower threshold to treat thyroid diseases, increasing the
screening and diagnostic activity, or even actual overtreatment, remains
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unanswered. Moreover, further research is needed to study whether the observed
increase in LT4 treatment affects pregnancy outcomes.
Maternal hyperthyroidism was associated with adverse pregnancy outcomes,
consistent with previous research (Davis et al., 1989; Negro & Stagnaro-Green,
2014). A novel finding in our study was that women with a history of
hyperthyroidism without active disease during pregnancy were also at risk of
developing pregnancy complications or having adverse perinatal outcomes. The
reason for this remains unclear, but thyroid autoantibodies or general autoimmunity
may contribute to the increased risk. This should be noted, and these women should
therefore be monitored during pregnancy. ATD treatment was not associated with
congenital anomalies in our study. The literature on the effects of ATDs is
conflicting as some studies have found an association between malformations and
ATD use and some studies have not. Many studies have presented more severe
malformations due to CMZ use, and the current international guidelines
recommend PTU use in the first trimester to reduce the risk (De Groot et al., 2012;
Alexander et al., 2017). Interestingly, in Finland, PTU use has been very rare as
CMZ has been the treatment of choice in the majority of pregnancies. Novel
guidelines may have an impact on this clinical practice, and thus further research
is needed on this entity.
Infants born to mothers with thyroid diseases need NICU care more often than
those born to mothers without thyroid diseases, and maternal thyroid disorders may
also have an impact on their later health. In this study, infants of hypothyroid
mothers with low birth weight, LGA, jaundice, hypoglycemia, and cardiovascular
problems were more likely to be admitted to NICU care compared to infants of
mothers without any thyroid disease. These specific perinatal morbidities were
most likely associated with preterm birth and maternal diabetes. Otherwise, the
indications for NICU treatment were similar for the infants of mothers with thyroid
disease and for the infants of mothers without thyroid dysfunction. Assessing the
risk of preterm birth in mothers with thyroid disorders and regarding co-morbidity
with maternal diabetes could thus reduce the risk of NICU treatment in infants of
mothers with thyroid diseases.
Many have suggested universal screening to diagnose thyroid dysfunction in
all women before or in early pregnancy because thyroid disorders are so common
and are associated with potential risks. However, the effectiveness of such a policy
should be considered, and by far, studies evaluating this important question have
reported conflicting results. Our study cannot answer this question either. In
conclusion, appropriate management of thyroid dysfunction during pregnancy is
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important for both mother and child. Further research is, however, needed to
address many specific questions. Three important questions for future research are
as follows: Is there a need for universal screening? Does screening and early
treatment reduce pregnancy complications among hypothyroid mothers? Is treating
subclinical hypothyroidism efficient? Also, a reexamination of the risks of CMZ
compared to PTU in the first trimester is also warranted.

83

84

7

Conclusions

Based on the results of the present study, the following conclusions can be made:
1.

2.

3.

4.

Maternal hypothyroidism is associated with increased risk of several adverse
pregnancy outcomes. However, the risks of hypertensive disorders and preterm
births were lower in women who used levothyroxine (LT4) throughout
pregnancy. The increased risk of gestational diabetes, caesarean section and
NICU treatment remained despite continuous LT4 use.
The use of thyroid hormones among pregnant women has substantially
increased during this century in Finland. This suggests that the awareness of
thyroid diseases and their impact on pregnancy outcome has increased. The
threshold to treat thyroid disorders seems to have declined, and also the tracing
and screening of patients have assumedly improved.
Pregnant women with active hyperthyroidism and also those with a history of
hyperthyroidism should be regarded as at risk of developing obstetric and
perinatal complications, such as preterm birth, gestational hypertensive
disorders, caesarean section, and NICU treatment.
The reasons for NICU treatment are similar for the infants of mothers with and
without thyroid disease. However, infants of mothers with thyroid disease have
a higher risk of NICU admission in cases of preterm birth, LGA, and
hypoglycemia.
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