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Abstract
Maternal gestational thyroid dysfunction has been associated with adverse neuropsychological
development in children. This study investigated the effects of maternal thyroid dysfunction in
early pregnancy and/or antibodies on the thyroid function and antibody status of children, as well
as their association with the offspring’s ADHD symptoms, scholastic performance and sensory
development.
The study population consisted of the Northern Finland Birth Cohort of 1986. The mothers’
TSH, fT4 and TPO-Ab concentrations were evaluated in early pregnancy and in their offspring at
16 years of age. Data on the mothers and their families, their child’s health, development, behavior
and scholastic performance were collected via parental questionnaires conducted in early
pregnancy and when the children were 7-8 and 16 years old. Their teachers evaluated the
children’s behavior and scholastic performance at 8 years of age, and at 16 years old the
adolescents evaluated themselves.
Maternal gestational thyroid dysfunction associated with adolescents’ increased odds of
having the same thyroid dysfunction type. Adolescents of TPO-Ab-positive mothers had increased
odds of being TPO-Ab-positive themselves. TPO-Ab-positive children had increased odds of
having thyroid dysfunction. Increasing maternal TSH concentrations increased a child’s odds of
having ADHD symptoms (OR 1.4 [95% CI 1.1-1.8]). Children of hypothyroxinemic mothers had
increased odds of repeating a class at school (OR 3.5 [1.1-11.5]), and those of hyperthyroid
mothers had increased odds of Finnish language learning difficulties (1.6 [1.03-2.4]).
Furthermore, thyroid dysfunction in adolescents increased their odds of learning difficulties. No
association was observed between maternal thyroid dysfunction and a child’s diagnosed
intellectual deficiency and sensory development.
Maternal thyroid dysfunction during pregnancy associated with thyroid dysfunction in the
offspring. Maternal thyroid dysfunction may have a mild impact on her offspring’s
neuropsychological development, but it had no effect on a child’s risk of diagnosed intellectual
deficiency or sensory development. Children have compensatory mechanisms for overcoming
early developmental thyroid hormone insufficiencies. Randomized trials for screening and
treating maternal thyroid dysfunction during pregnancy are needed to evaluate the benefits to
offspring.

Keywords: ADHD, neuropsychological development, offspring, pregnancy, sensory
development, Thyroid - pregnancy, Thyroid hormones, Thyroid – diseases

Päkkilä, Fanni, Äidin ja lapsen kilpirauhastoiminnan vaikutus lapsen neuropsykologiseen kehitykseen.
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Center Oulu; Terveyden ja hyvinvoinnin laitos
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Tiivistelmä
Äidin raskauden aikaiset kilpirauhasen toimintahäiriöt on yhdistetty lapsen neuropsykologisen
kehityksen ongelmiin, mutta aiempi tutkimustieto aiheesta on ristiriitaista. Tämän vuoksi tutkimme äidin raskauden ajan kilpirauhasen toimintahäiriöiden ja/tai vasta-aineiden vaikutusta
nuoren kilpirauhastoimintaan ja vasta-ainestatukseen, ja näiden molempien vaikutusta lapsen
ADHD-oireisiin, koulumenestykseen ja aistien kehitykseen.
Tämän väitöskirjatyön aineistona oli väestöpohjainen Pohjois-Suomen syntymäkohortti
1986, johon kuuluu yli 99 % alueen raskaana olevista naisista. Äitien TSH, T4-V ja TPO-Ab –
mittaukset tehtiin alkuraskaudessa ja kohortin lasten mittaukset 16-vuotiaana. Molempien kohdalla käytettiin väestöpohjaisia viitevälejä toimintahäiriön määrittämiseksi. Tietoja raskaudesta,
äidin ja muun perheen sairastavuudesta, elintavoista ja sosioekonomisista tekijöistä ja lapsen terveydestä, kehityksestä, koulumenestyksestä ja käyttäytymisestä kerättiin kyselylomakkeilla raskauden aikana, 7-8-vuotiaana ja 16-vuotiaana. Myös luokanopettajat arvioivat lapsen koulumenestystä ja käyttäytymistä, ja nuoret itse arvioivat koulumenestystään 16-vuotiaina.
Äidin raskauden aikainen kilpirauhasen toimintahäiriö nosti nuoren riskiä saada sama kilpirauhasen toimintahäiriö kuin äidillään. Äidin TPO-vasta-aine-positiivisuus nosti nuoren riskiä
vasta-ainepositiivisuuteen. Nuoren positiiviset vasta-ainepitoisuudet nostivat riskiä poikkeaville
kilpirauhasarvoille. Äidin nouseva TSH-pitoisuus yhdistyi lapsen suurempaan riskiin saada
ADHD oireita 8-vuotiaana, mutta selkeää raja-arvoa sille ei löytynyt. Äidin hypo- tai hypertyreoosi eivät nostaneet lapsen ADHD-oireiden riskiä. Äidin kilpirauhastoimintahäiriöt nostivat
hieman nuoren riskiä oppimisvaikeuksille ja luokan kertaamiselle. Myös nuoren oma kilpirauhastoiminta vaikutti vähäisessä määrin oppimiseen ja keskittymiseen. Äidin kilpirauhastoiminnalla ei ollut vaikutusta lapsen matalaan älykkyysosamäärään tai aistien kehitykseen
Äidin raskaudenaikainen kilpirauhasen toimintahäiriö vaikutti lapsen neuropsykologiseen
kehitykseen lievästi, mutta löydösten kliininen merkitys on vähäinen. Lasten keskushermoston
korjaavat mekanismit todennäköisesti kompensoivat varhaiskehityksen kilpirauhashormonien
vajetta. Randomoidulla tutkimuksella voitaisiin selvittää, hyötyisivätkö lapset äidin kilpirauhassairauden seulomisesta ja hoitamisesta alkuraskaudessa.

Asiasanat: ADHD, aistien kehitys, kilpirauhanen – raskaus, kilpirauhanen – sairaudet,
neuropsykologinen kehitys

To my beloved ones
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1

Introduction

Maternal thyroid hormone production during pregnancy is essential for a child’s
normal growth and development; a developing fetus needs maternal thyroid
hormones before its own thyroid hormone production begins. Maternal thyroid
hormone supply to the fetus may be insufficient because of an iodine deficiency in
the area or because of a limited thyroidal reserve due to a disease, for example
(Morreale de Escobar 2001).
Thyroid diseases are common in women of childbearing age. Up to
approximately 5-10% of non-pregnant and 5% of pregnant women have thyroid
dysfunction or thyroid autoantibodies (Stagnaro-Green et al. 2011). Thyroid
diseases have adverse effects on women’s overall reproductive health; for example,
women with untreated hypothyroidism (underactive thyroid) may not even become
pregnant. They also have an increased risk of pregnancy complications such as
miscarriages (Abalovich et al. 2002). The consequences of severe maternal thyroid
hormone deficiencies during pregnancy on children have long been known:
cretinism is a notorious condition, which includes intellectual deficiency, mutism,
muscle weakness, squint, thyroid dysfunction and growth delay (Man & Jones
1969).
Due to the drastic consequences of severe untreated hypothyroidism, nowadays
women with a known thyroid disease are treated with care during pregnancy
(Stagnaro-Green et al. 2011). In addition, almost all countries have a iodine
supplementation program and Finland has had on successfully since the 1940s
(Lamberg 1986). However, a growing number of studies suggest that even mild
maternal thyroid dysfunction during pregnancy or maternal iodine deficiency might
adversely affect a child’s neuropsychological development, for example by
increasing the child’s risk of attention-deficit and hyperactivity disorder (ADHD)
(Ghassabian et al. 2012, Modesto et al. 2015), cognitive functioning problems and
decreased intellect quotient (Haddow et al. 1999, Henrichs et al. 2010, Julvez et al.
2013).
The aim of this study was to evaluate how, in a large population-based birth
cohort in an iodine-sufficient area, maternal thyroid dysfunction and/or
autoantibodies during pregnancy affect a child’s thyroid function in adolescence
and how both affect a child’s behavior, scholastic performance and sensory
functions.

19

20

2

Review of the literature

2.1

Anatomy and physiology of the thyroid gland

The normal thyroid is a small 20-gram endocrine gland in front of the trachea. It
consists of two lobes, and two thyroid arteries and veins are responsible for its
circulation. The tissue is full of follicles, which are the main functional units of the
thyroid gland. The follicles consist of alveoli, a single layer of endothelial cells
surrounding colloid fluid. The colloid includes thyroglobulin (TG), which stores
thyroxin (T4) and triiodothyronine (T3) (Välimäki & Schalin-Jäntti 2010).
2.1.1 Thyroid hormone production and metabolism
The thyroid secretes two hormones, T4, which accounts for most of the daily
secretion, and T3, which is the biologically active hormone in the peripheral tissues.
Most of the peripheral T3 is deiodized from T4. The hormone production requires
iodine, which is obtained from the diet; main sources include milk, dairy products,
eggs, fish and iodized table salt. Iodine is converted to iodide and transported to the
thyroid gland. The thyroid peroxidase (TPO) enzyme incorporates the iodide with
TG in the follicle cell and through a chemical reaction with hydrogen peroxide,
forms monoiodotyrosine and diiodotyrosine, which couple to form T4 and T3. The
hormones are then stored in the colloid as part of the TG and/or excreted through
the circulation (Mullur et al. 2014, Abdalla & Bianco 2014).
In the circulation, thyroid hormones are mostly bound to thyroxine-binding
globulin (TBG). Only 0.02% of T4 and 0.2% of T3 are free and biologically active.
The concentration of TBG may be affected by pregnancy, familial conditions and
estrogen treatment (Glinoer 1997). The thyroid hormones are actively transported
into the target cells. In the cells, free T4 (fT4) is deiodized to active free T3 (fT3)
by deiodinase enzymes. Different tissues have their own deiodinase enzyme types,
and the amount of fT3 production depends on the deiodinase enzyme’s activity.
Type 1 deiodinase (D1) functions in the liver and kidneys and is also in the thyroid.
Its activity increases in hyperthyroidism and decreases in hypothyroidism. Fetal D1
activity is low. Type 2 deiodinase’s (D2) main function is in the central nervous
system (CNS); it is mainly responsible for fT3 production in the brain. Type 3
deiodinase (D3) is also situated in the CNS, but its main function is to inactivate
both fT3 and fT4 in order to maintain the equilibrium of hormone concentrations.
21

Its activity decreases in hypothyroidism and when there is an iodine deficiency
(Gereben et al. 2008). In the fetal and newborn child’s tissues, fT4 is the main
active hormone. In the CNS, however, the active hormone is fT3, which is locally
converted from fT4 in the glia cells by D2 enzymes (Rovet 2014).
The production of thyroid hormones is regulated by the hypothalamic-pituitary
axis. The main thyroid-regulating hormone is thyrotropin (thyroid-stimulating
hormone, TSH) secreted from the pituitary gland. TSH is comprised of two
subunits, and it shares a common alpha-unit with luteinizing hormone, folliclestimulating hormone and human chorionic gonadotropin (hCG) but has a specific
beta-unit that separates it from the other hormones. The function of the pituitary is
regulated by the hypothalamus, which excretes the thyrotropin-releasing hormone
(TRH). TRH increases the production of TSH, and its production is inhibited by
dopamine and somatostatin. TSH is excreted via a circadian and pulsatile rhythm;
the highest serum concentrations can be measured at midnight, and serum
concentrations decrease afterwards. The thyroid hormones have a negative
feedback effect on the pituitary and hypothalamus (Fekete & Lechan 2014).
2.1.2 Effects of thyroid hormones on tissue level
Thyroid hormones act via thyroid hormone receptors (TR) in the target cells. TRs
are located in the cell nucleus and mitochondria. Humans have two TR genes (alpha
and beta) that code several different active or inactive receptors. Different tissues
express different genes. The thyroid hormones have mainly anabolic effects on the
tissues and are essential for normal growth. When thyroid hormone concentrations
in the serum are high, catabolic effects appear because thyroid hormones increase
oxygen consumption, the rate of gluconeogenesis, glycolysis and lipolysis (Mullur
et al. 2014).
The thyroid hormones play an important role in brain development and also in
the postnatal nervous system. Rodent studies show that thyroid hormones regulate
the genes of fundamental neurobiological processes such as neurogenesis, cell
migration and differentiation, synaptogenesis and myelination. A serious lack of
thyroid hormones during a child’s development leads to cretinism (Rovet 2014,
Schroeder & Privalsky 2014).
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2.1.3 Fetal thyroid gland development
The development of the thyroid gland in humans begins at approximately day 24
of gestation, and its maturation is divided into two phases. The embryogenesis of
the thyroid gland and the hypothalamic-pituitary-thyroidal axis is the first phase. It
is then followed by the further development of the hypothalamic-pituitary-thyroidal
axis, as well as hormone production and regulation. The tiny thyroid gland first
appears at the base of the tongue, at approximately day 24 of gestation, and it
migrates to its final destination in the neck by 7 weeks. There, it continues to grow
through the rest of gestation. The colloid formation begins around 9-12 weeks, and
iodine uptake begins at the same time. Fetal TSH is produced from the 14th week
of gestation onwards. The synthesis of fetal thyroid hormones begins at about week
20. Regulation of the thyroid by the hypothalamic-pituitary-thyroidal axis begins
in the third trimester, but final adult-like concentrations of thyroid hormones are
not evident until parturition. Because fetal thyroid function begins slowly, the fetus
is dependent on maternal thyroid hormone production, especially in the first
trimester (Szinnai 2014).
2.2

Thyroid dysfunction

2.2.1 Hypothyroidism
Hypothyroidism is a condition in which thyroid underactivity causes fT4 deficiency.
Hypothyroidism is categorized as primary (thyroidal, 95% of cases) and secondary
(of hypothalamus-pituitary origin). Globally, the most important etiological factor
of hypothyroidism is iodine deficiency. In Finland, the most common reasons for
hypothyroidism are chronic autoimmune thyroiditis, previous radioiodine
treatment and thyroid surgery. Symptoms related to hypothyroidism are weight
gain and swelling, fatigue, decreased cold endurance, constipation and bradycardia.
Untreated hypothyroid women may suffer from menstrual irregularities and
infertility. Overt hypothyroidism is diagnosed when TSH is above its normal
reference limits and fT4 is below its limits. The disease is subclinical if TSH is
above reference limits but fT4 levels are still normal. Hypothyroidism is treated
with thyroxine substitution, levothyroxine (Garber et al 2012). In Finland, the usage
of levothyroxine has tripled during the past 15 years, from approximately 100000
users to over 300000 users (web page inquiry from the services of the Finnish
Social Insurance Institute).
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Autoimmune hypothyroidism
Chronic autoimmune thyroiditis is the most common etiology of hypothyroidism.
In the US, the incidence of chronic autoimmune thyroiditis is about 3.5 per 1000
women and 0.8 per 1000 men (Garber et al. 2012). In the Finnish population, the
prevalence of thyroid peroxidase antibody positivity (TPO-Ab-positivity) is 14%
in the non-pregnant population aged 18 to 91 years (Schalin-Jäntti et al. 2011).
Elevated concentrations of TPO-Abs also exist without changes in TSH and fT4
concentrations. They are thought to increase the individual’s future risk of thyroid
dysfunction (Khan et al 2015). Increased concentrations of TPO-Abs or
thyroglobulin antibodies (TG-Abs) among subjects with hypothyroidism indicate
an autoimmune etiology. However, patients with Graves’ disease (autoimmune
hyperthyroidism) may also have increased levels of TPO-Abs and TG-Abs. The
diseases run in the same families, and a common human leukocyte antigen tissue
haplotype predisposes patients to both autoimmune hypo- and hyperthyroidism,
and sometimes a conversion of the diseases occur. Patients with autoimmune
thyroid diseases also have a higher risk of other autoimmune diseases like
Addison’s disease, rheumatoid arthritis, chronic hepatitis and Sjögren’s syndrome.
In autoimmune hypothyroidism, thyroid tissue is either atrophied and replaced with
connective tissue or enlarged to goiter (Hashimoto’s thyroiditis) (Khan et al. 2015).
Postpartum thyroiditis
Postpartum thyroiditis is a form of autoimmune thyroiditis, which often starts with
a thyrotoxicosis phase 1-3 months postpartum and is spontaneously followed by a
hypothyroid phase. Usually, the patient presents with elevated levels of TPO-Abs.
During the hypothyroid phase, the patient might need levothyroxine treatment. The
patient’s thyroid function should be examined before the next pregnancy because
she has an increased risk of permanent hypothyroidism (Stagnaro-Green and Pearce
2012).
Iodine deficiency
Iodine deficiency is a worldwide problem, which has multiple adverse effects on
growth and development (WHO report on the world wide iodine status in 2007,
http://apps.who.int/iris/bitstream/10665/43781/1/9789241595827_eng.pdf). The
problem has been previously thought to concern mostly developing countries, but
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industrialized countries have recently been shown to be at risk, too (Andersson et
al. 2012). Due to efficient iodine prophylaxis, Finland has been iodine sufficient
since the 1940s (iodine uptake was estimated at 300 µg/day for the whole
population) (Erkkola et al. 1998, Lamberg et al. 1981). Recent national FINRISK
(2012) research, however, suggested a mild decrease in nutritional iodine uptake in
women aged 25-64 years (mean of 190 µg/day [SD of 119 µg/day], when 150
µg/day is a recommended minimum for the non-pregnant population, 175 µg/day
for pregnant women and 200 µg/day for breastfeeding mothers) (Helldán et al.
2012). In the spring of 2015, the National Nutrition Council of Finland gave a
recommendation to use iodized salt in the bakery industry and in institutional
catering services such as in school kitchens (http://www.evira.fi/files/
attachments/fi/vrn/vrn_jodi_ toimenpide-suositus_10.2.2015_suomi.pdf).
Congenital hypothyroidism
Congenital hypothyroidism (CH) is a condition in which a newborn lacks thyroid
hormones. If untreated, CH leads to mental cretinism and severe growth and
development difficulties. The prevalence of CH is about 1/2500 children born alive.
Primary CH is due to ectopy, athyreosis or goiter. It seems that a family history of
unspecified adulthood onset thyroid diseases does not correlate with CH risk.
However, documented maternal thyroid autoimmune disease should be
acknowledged because transplacental passage of TSH receptor autoantibodies
accounts for about 2% of positive results in the CH screening of newborns.
Secondary CH is a central deficit, which almost always associates with other
pituitary hormone deficiencies. The diagnosis of CH is generally based on a
standardized universal screening method of measuring TSH from cord blood (in
Finland) or from dried blood drops, drawn usually at 2-5 days of life, in countries
where newborns are screened for phenylketonuria. A positive screening result leads
to confirmation of the diagnosis, etiological studies, finding optimal treatment and
outcome documentation. The careful monitoring of thyroid hormones is especially
important during the first three years of life because at that time the brain is the
most vulnerable to hypothyroidism. With proper treatment, the growth outcome of
the child is usually normal (Van Vliet & Deladoey 2014).
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2.2.2 Hyperthyroidism
Thyrotoxicosis means thyroid hormone concentrations are over normal reference
limits in serum, irrespective of the cause. Its subcategory, hyperthyroidism, is a
condition in which thyroid hormone production exceeds normal physiological
needs. The most common etiology of hyperthyroidism is Graves’ disease
(autoimmune hyperthyroidism); other causes include toxic multinodular goiter (the
prevalence is diminishing because of iodine prophylaxis) and toxic adenoma. Other
causes of thyrotoxicosis are subacute thyroiditis and overuse of thyroid hormone
medication, TSH secreting pituitary adenoma and neonatal hyperthyroidism.
Symptoms of hyperthyroidism include nervousness, tachycardia, sweating,
elevated body temperature, diarrhea, weight loss, increased appetite, muscle
tremors and insulin resistance (Muldoon et al. 2014).
Graves’ disease (in the literature also known as Basedow’s disease) is an
autoimmune disease in which autoantibodies towards TSH receptors accelerate
thyroid function, imitating the normal function of TSH. Graves’ disease is a
syndrome that often includes eye and other autoimmune symptoms in the
connective tissue. Usually, the thyroid gland is enlarged. Graves’ disease and
hyperthyroidism from other causes are diagnosed through laboratory analyses:
concentrations of fT4 or fT3 are above normal reference limits, and TSH
concentrations are suppressed. The disease can also be subclinical if fT4
concentrations are still within normal limits. Hyperthyroidism is treated with
antithyroid drugs or other medical treatment, radioiodine therapy or surgery. Some
antithyroid drugs can be used during pregnancy even though they pass through the
placenta, and maternal fT4 levels must be carefully monitored to prevent fetal
hypothyroidism (Muldoon et al. 2014).
2.2.3 Thyroid dysfunction in the pediatric population
Sufficient thyroid function during childhood is essential for normal growth and
development. The most common reason for measuring TSH and fT4 values is
delayed growth and/or excessive weight gain. On the other hand, thyroid function
problems are more common in children with other autoimmune diseases such as
type 1 diabetes, alopecia, vitiligo and celiac disease, as well as in children with
genetic syndromes like Turner syndrome or Down syndrome. These children are
prone to develop Hashimoto’s thyroiditis, which is one of the most common
autoimmune endocrine diseases in the pediatric age group. However, data on its
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prevalence in the normal pediatric population is scarce (Radetti 2014). One large
study in the USA reported that the prevalence of Hashimoto’s thyroiditis in school
children was 1.2%, but the data is rather old (Rallison et al. 1975). The prevalence
of autoimmune thyroid diseases is estimated to be lower in children than in adults;
for example, the prevalence of Graves’ disease is estimated to be 0.02% in children
versus 0.5-2.0% in adults (Radetti 2014). In Finland in 2013, a total of 2776
children used some form of thyroid medication, and 2741 of them included thyroid
hormones (2739 levothyroxine and 2 liothyronine users) (web inquiry from the
services of the Finnish Social Insurance Institute).
The prevalence of thyroid autoantibodies in different iodine sufficient regions
is presented in Table 1. The prevalence of thyroid autoantibodies in iodine sufficient
regions varies (Wiersinga 2014), but the percentage of children with TPO- or TGAbs is higher in girls than boys and seems to increase with age (García-García et
al. 2012, Hollowell et al. 2002, Kaloumenou et al. 2008). Interestingly, the
presence of thyroid autoantibodies varied in two different socioeconomic
environments in a study of the neighboring areas of Russian Karelia and eastern
Finland (Kondrashova et al. 2008). The populations in these areas were genetically
relatively similar, but, for example, hygiene conditions differed between them. The
results of that study show that environmental factors also affect thyroid
autoimmunity (Kondrashova et al. 2008). Unfortunately, serum TSH
concentrations were measured only from the majority of thyroid antibody positive
children, and 92% of them were Finnish (Kondrashova et al. 2008). Therefore,
comparison of TSH concentration between countries was not possible in that stydy.
However, data on normal values for TSH and fT4 concentrations in children
without previously documented thyroid diseases, other autoimmune diseases or
symptoms of either, are scarce.
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Table 1. The prevalence of thyroid autoantibodies in different iodine sufficient regions.
Author/Year
García-García et al.
2012
Kaloumenou et al.
2008

Country
Spain

Greece

Type of autoantibodies
TPO- and/or TG-Ab

TPO- and TG-Ab

Children’s age

Prevalence (%)

1-6

0.6

6-12

4.6

12-16

6.2

5-18

4.6 and 4.3
2.6 vs. 0.4 for

Kondrashova et al.

Russian Karelia

2008

and Finland

Hollowell et al. 2002

USA

2.3

TPO-Ab
TPO- and TG-Ab

7-15

3.4 vs. 0.6 for TGAb

TPO-Ab

12-19

6.7 for girls and
2.9 for boys

Maternal thyroid function during pregnancy

Pregnancy is a physiological stress test for maternal thyroid function (Pearce 2015).
hCG is a direct stimulator of thyroidal TSH receptors, increasing fT4 production.
During high hCG concentrations at the end of the first trimester (there is a sharp
peak at 10-12 weeks), TSH concentrations are low (Pekonen et al. 1988). Thereafter,
serum TSH concentrations slowly rise in reflection of the increased thyroid
hormone need and decreasing hCG concentrations (Glinoer 1997). The relationship
of serum TSH and hCG concentrations is presented in Figure 1. Maternal serum
TBG concentrations increase due to a rise in estrogen levels from the first
gestational weeks onward. Maternal TBG concentrations reach a plateau around
mid-gestation (Laurell & Rannevik 1979). The increase in TBG concentrations, the
general increase in blood volume related to pregnancy, and maternal thyroid
hormone supply to the fetus lead to a transient drop in maternal free thyroid
hormone levels. This, in turn, leads to TSH-mediated thyroid stimulation in the first
trimester (Ain et al. 1987).
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Fig. 1. During normal pregnancy, serum TSH and hCG concentrations act as each
other’s mirror images. The figure has been modified from Glinoer 1997.

The production of total circulating maternal thyroid hormones must increase up to
50% (peaking at gestational week 20) to ensure a constant amount of free thyroid
hormones for both the mother and the fetus. If the mother has normal thyroid
function before pregnancy, pregnancy-related physiological changes in thyroid
function lead only to a minor or no TSH increase (Glinoer 1997). Free T4 levels
are technically more difficult to measure during pregnancy than T4 levels because
changes in serum protein concentrations interact with the immunoassays. Free T4
levels, however, seem to rise in the first trimester above the levels of the nonpregnant population. In the second and third trimesters they are approximately 2030% lower compared to the non-pregnant population (Glinoer 1997). However, not
all studies have reported fT4 concentration increases in pregnant populations
(Anckaert et al. 2010, Lee et al. 2009). In the 1986 Northern Finland Birth Cohort
(NFBC 1986), a small rise in maternal fT4 concentrations was seen in the early
gestational weeks and after the 9th gestational week, a small drop followed
(Männistö et al. 2011). As a result, TSH measurement is thought to be the most
reliable method for evaluating maternal thyroid status during pregnancy (Lazarus
et al. 2014, Lee et al. 2009, Stagnaro-Green et al. 2011).
Maternal thyroid hormones have been directly measured within different
intrauterine fetal compartments during the first 24 weeks of pregnancy, and high
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levels of thyroid hormones from the mother existed in both coelomic and amniotic
fetal cavities. These findings signified the transmission of thyroid hormones
through the placenta (Calvo et al. 2002). Maternal thyroxine, which is actively
transported through the placenta and in fetal tissues, is converted into T3 (Patel et
al. 2011). Also, maternal TSH levels in early pregnancy and newborn TSH levels
tested from cord blood were correlated in a large population-based cohort study
(Medici et al. 2012). For these reasons, maternal thyroid hormones are important
for the fetus before its own thyroid hormone production begins. Sufficient thyroid
hormone availability for the fetus may have lasting consequences later in life,
which will be discussed in more detail.
The current professional recommendation for treating hypothyroidism during
pregnancy is monotherapy with levothyroxine and the treatment has clear
therapeutic targets (Lazarus et al. 2014, Lee et al. 2009, Stagnaro-Green et al. 2011).
However, a combination therapy of levothyroxine and liothyronine (T3) is
becoming more popular in the non-pregnant population, even though this goes
against formal recommendations (Foeller & Silver 2015). In some studies, this has
been demonstrated to be potentially more beneficial for psychological well-being
in special cases of hypothyroid non-pregnant adult individuals than levothyroxine
monotherapy (Biondi et al. 2012, Panicker et al. 2009). The safety of combination
therapy during pregnancy has not been studied in humans (Foeller & Silver 2015).
In rats with congenital hypothyroidism, maternal infusions of exogenous
liothyronine did not correct fetal brain T3 concentrations, whilst levothyroxine
infusion clearly did. Instead, maternal liothyronine infusions further decreased the
concentration of fetal brain T3 by lowering maternal T4 concentrations via a
negative feedback mechanism (Calvo et al 1990). An additional concern in
liothyronine use during pregnancy is that T3 has a short half-life of one day, and
its concentrations in serum fluctuate easily. Treatment with levothyroxine and
liothyronine also often provides excess amounts of liothyronine because the
commonly used combination drug is derived from porcine thyroid glands. Pigs
secrete T4 and T3 in a ratio of 4:1, which is high compared to the physiological
human ratio of 14:1. The over-supplementation of maternal T3 therefore may
actually lead to decreased maternal and fetal T4 supply (Foeller & Silver 2015).
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Maternal thyroid function during pregnancy and thyroid function of the
offspring
Maternal autoimmune disease during pregnancy has been connected to transient
congenital hypothyroidism and hyperthyroidism via maternal transplacental TPOAbs and TSHR-Abs in several newborn screening program studies (Brown et al.
1996, Matsuura et al. 1980). There are also some studies suggesting that an
individual’s TSH levels are primarily genetically controlled, but levels of fT4 and
fT3 are more affected by environmental influences (Hansen et al. 2004, Panicker
et al. 2008). Knowledge of the effects of maternal thyroid function during
pregnancy on the thyroid function of the offspring after newborn age is scarce. A
recent population-based cohort study reported a correlation between maternal TSH
and fT4 concentrations and a child’s thyroid function, assessed at birth and in 5-9
year old children (Korevaar et al. 2015b).
2.3.1 Measuring thyroid function during pregnancy
The international guidelines of the Endocrine Society, the American Thyroid
Association (ATA) and the European Thyroid Association (ETA) recommend using
population-based, assay-specific and trimester-specific reference intervals for
evaluating thyroid function in pregnant women (De Groot et al. 2012, Lazarus et
al. 2014, Stagnaro-Green et al. 2011). Reference intervals should be based on the
2.5th and 97.5th percentiles of the respective iodine sufficient population. The
population should consist of healthy, non-selected women having singleton
pregnancies. In this regard, TPO-Ab-negative women with no pre-existing thyroid
disease and who are not taking thyroid medication are usually deemed healthy
(Stagnaro-Green et al. 2011).
If population-based reference intervals are not available, TSH reference
intervals of 0.1-2.5mU/L for the first trimester, 0.2-3.0mU/L for the second
trimester and 0.3-3.0mU/L for the third trimester are recommended by the
international guidelines, irrespective of laboratory methods (Stagnaro-Green et al.
2011). However, in most published studies, population-based upper reference limits
of TSH are higher than the fixed TSH cut-off concentrations of 2.5 and 3.0 mU/L
(Medici et al. 2015). Therefore, the use of population-based reference intervals is
of great clinical importance; the use of fixed TSH cut-offs would lead to the overdiagnosis and treatment of euthyroid pregnant women. When measuring fT4, the
optimal method is the dialysate or ultrafiltrate of serum samples employing on-line
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extraction, liquid chromatography or tandem mass spectrometry. When not
available, assay-, method- and trimester-specific reference intervals for fT4 must
be used (Stagnaro-Green et al. 2011).
In northern Finland, laboratories use the ATA’s recommended reference
intervals for the pregnant population (www.nordlab.fi). Our study group has
previously calculated the population-based reference intervals for the 1986
Northern Finland Birth Cohort (NFBC 1986 population) that are used in the current
study (Männistö et al. 2011). Reference intervals for TSH and fT4 in the first
trimester were 0.07-3.1 mU/L and 11.4-22.4 pmol/L and in the second trimester
were 0.10-3.5 mU/L and 11.1-18.9 pmol/L, respectively. Maternal TPO-Abpositivity was defined as a TPO-Ab concentration above the 95th percentile (>
167.7 IU/ml) (Männistö et al. 2011).
2.3.2 Maternal hypothyroidism
Approximately 2-3% of healthy, non-pregnant women in the US have an elevated
serum TSH concentration. Of them, 0.3-0.5% would be classified with overt
hypothyroidism and 2-2.5% with subclinical hypothyroidism (Stagnaro-Green et
al. 2011). In Finland, using population-based reference intervals and maternal
thyroid function data from an early pregnancy serum sample of the national Finnish
Maternity Cohort, the respective prevalence of subclinical and overt
hypothyroidism during pregnancy is approximately 0.9-1% and 4.0-4.7%
(Gyllenberg et al. 2015, Männistö et al. 2009). Prevalence data on thyroid diseases
during pregnancy based on maternal clinical diagnoses has not been published in
Finland.
Women with TSH concentrations of 10.0 mIU/L or above are considered to
have overt hypothyroidism irrespective of their fT4 concentrations. If local
reference intervals are not available, subclinical hypothyroidism is defined as
having a serum TSH between 2.5 and 10 mIU/L with a normal fT4 concentration.
A euthyroid mother in the first trimester may develop hypothyroidism in later
stages of pregnancy if she has limited thyroidal reserve due to underlying
Hashimoto’s disease, another thyroid disease or a thyroidectomy. Approximately
10-20% of all pregnant women are TPO-Ab- or TG-Ab-positive and euthyroid in
the first trimester (depending on the population), and 16% of these women will
develop subclinical or clinical hypothyroidism by the third trimester. They are also
at risk of postpartum thyroiditis (Stagnaro-Green et al. 2011).
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Effects on pregnancy
Overt hypothyroidism has been shown to be a risk factor of several pregnancy
complications including premature birth, low birth weight, miscarriage and fetal
death (Abalovich et al. 2002). Treated hypothyroidism seems to increase the risk
of cesarean section (Matalon et al. 2006).
The literature concerning subclinical hypothyroidism and pregnancy outcomes
is more variable because studies differ in populations, laboratory methods, timing
of the serum sampling and in their control of confounding factors. There is data
suggesting that subclinical hypothyroidism increases the risk of pregnancy
complications such as pregnancy loss and preterm delivery in both TPO-Abpositive and –negative pregnant women (Negro et al. 2010a, Negro et al. 2010b).
However, there is controversy regarding whether to treat these women (De Groot
et al. 2012, Stagnaro-Green et al. 2011). There are also studies in which subclinical
hypothyroidism did not increase the risks of pregnancy complications (ClearyGoldman et al. 2008, Männistö et al. 2009, Männistö et al. 2010).
2.3.3 Maternal hypothyroxinemia
Isolated hypothyroxinemia during pregnancy is defined as a mother having normal
serum TSH concentrations with a low fT4 concentration. The exact limit of fT4
concentration varies between reference intervals and assays used. The ATA
recommends using the 5th (severe hypothyroxinemia) or the 10th percentile (mild
hypothyroxinemia) (Stagnaro-Green et al. 2011), and the European Thyroid
Association recommends using the 5th percentile of pregnancy-related reference
range for low fT4 limits (Lazarus et al. 2014). The cause of hypothyroxinemia is
not definite, but iodine deficiency is a probable etiology. Like subclinical
hypothyroidism, hypothyroxinemia is associated with adverse obstetric outcomes
in most studies (Lazarus et al. 2014).
2.3.4 Maternal hyperthyroidism
Maternal thyrotoxicosis during pregnancy is defined by the ATA as “the clinical
syndrome of hypermetabolism and hyperactivity that results when the serum
concentrations of free thyroxine hormone and/or free triiodothyronine are high.”
The most common etiology of autoimmune hyperthyroidism during pregnancy is
Graves’ disease with a prevalence of 0.1-1.0%. Less common non-autoimmune
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diseases causing thyrotoxicosis are toxic multinodular goiter, toxic adenoma,
subacute painful or silent thyroiditis (rare) and struma ovarii (rare) (Stagnaro-Green
et al. 2011).
The syndrome of gestational hyperthyroidism is defined as transient
hyperthyroidism and is limited to the first half of pregnancy. It is characterized by
elevated fT4 and suppressed TSH without serum markers of thyroid autoimmunity.
Its prevalence is about 1-3% in pregnancies, and it is secondary to elevated hCG.
It may associate with hyperemesis gravidarum (severe nausea and vomiting in early
pregnancy with dehydration, weight loss and ketonuria), multiple gestation,
hydatidiform mole or choriocarcinoma (Stagnaro-Green et al. 2011). A transient
increase in maternal thyroid function is physiological and needed for the
requirements of normal pregnancy. The physiological acceleration of thyroid
function, however, seldom changes TSH concentrations (Glinoer 1997).
Clinical hyperthyroidism during pregnancy has severe maternal and fetal
consequences and it must be treated. Treatment options for clinical
hyperthyroidism during pregnancy are controversial because the most commonly
used drugs (methimazole or carbimazole) are probably teratogenic, and
propylthiouracil can be hepatotoxic for the mother. The latter is, however, the drug
of choice in early pregnancy if treatment becomes necessary in severe
thyrotoxicosis cases. Methimazole or carbimazole may be considered after the first
trimester (Cooper & Laurberg 2013).
2.4

Child’s neuropsychological development and its relation to
maternal thyroid function

2.4.1 Early development of the fetal central nervous system
The development of the fetal central nervous system (CNS), which is composed of
the brain and spinal cord, begins early in the first trimester of the pregnancy during
a process called neurulation. The CNS is developed from ectodermal tissue, first
forming a neural plate at approximately two weeks of gestation. Then, at day 18, a
neural groove is formed. By the end of the third week, a neural tube is formed, and
it withdraws from the overlying ectoderm to create a neural crest. It will further
give rise to the sensory ganglia of spinal and ganglial nerves, Schwann cells, the
meninges and some skeletal and muscular components of the head. The neural tube
begins to close from the hindbrain and proceeds anteriorly and posteriorly. This
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very delicate process is complete at day 26-28 of gestation. During the period in
which the neural tube closes, it is highly vulnerable to outside interruption; in a
worst case scenario, disturbance in this process might lead to spina bifida (divided
spine) (Rice & Barone 2000, Salminen 2015).
Early in the first month of gestation, the processes of neurogenesis and the
migration of cells in the forebrain, midbrain and hindbrain begins. This is followed
by further migration, cell proliferation, synaptogenesis (formation of neuronal
connections), gliogenesis (formation of numerous supportive cells such as
microglia, radial glia, astroglia, oligodendroglia and Schwann cells), myelination
(formation of a protective and conducting layer of glia cells on neurons) and
apoptosis (controlled cell death). Errors in this phase may lead to severe congenital
abnormalities of the CNS, the prevalence of which is about 0.7-1.9 per 1000 births.
The abnormalities include, at worst, anencephaly, hydrocephaly and spinal cord
herniation. The conditions associate with folic acid deficiency, high maternal age,
threatened interruption of the pregnancy, severe prematurity and intrauterine
hypotrophy (Rice & Barone 2000, Salminen 2015).
Different brain regions start to develop at their own pace after these early steps.
Differentiation, synaptogenesis and proliferation continue after birth.
Synaptogenesis even continues throughout adulthood. The major points of
progression are presented in Figure 2. Brain mass growth increases in early
pregnancy, peaking at approximately four months after birth. The mass growth of
the brain, however, is only a small part of the brain’s development (Rice & Barone
2000, Salminen 2015).
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Fig. 2. Central nervous system development in the human fetus. The figure has been
modified from Rice & Barone 2000.

Neurogenesis and cell proliferation are tightly controlled processes, occurring in
varying amounts at different times in different brain regions. They are easily
interrupted by outside substances or exposures such as x-ray exposure or exposure
to ethanol, organophosphates and mercury. When proliferation is disturbed,
migration is also often affected. The differentiation of neurons and glia cells,
synaptogenesis, gliogenesis, myelination and apoptosis may also be affected by
various chemicals such as ethanol, nicotine, mercury, lead and drugs like warfarin,
tetracyclines, vitamin A and lithium. Outside factors such as viral infections
(Varicella Zoster, cytomegalovirus) and maternal diseases may also affect the
developing CNS of a fetus. Maternal ethanol use during pregnancy is suspected to
have a long-lasting effect on the child’s CNS via apoptosis regulation disorder.
Ethanol is the most common teratogenic agent used during pregnancy, and maternal
ethanol use may lead to fetal alcohol syndrome. All of the above mentioned factors
that may interrupt normal CNS development either affect cell function on a
molecular level directly (coding DNA or RNA damage) or disturb the genome in
such a way that the effects may not appear until later life (through, for example,
epigenetics and non-coding DNA damage) (Rice & Barone 2000, Salminen 2015).
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Fetal exposure to maternal health problems and environmental factors in the
intrauterine environment and its long-lasting effects on a child’s later life has been
first described by Dr. Barker (1989) and the idea of fetal programming is called the
Barker’s hypothesis. Dr. Barker showed a correlation between fetal undernutrition
and low birth weight and later ischemic heart disease (Barker 1989). Afterwards,
the Barker’s hypothesis has been used as an etiological theory basis for various
adulthood diseases. The hypothesis can be applied also when assessing the effects
of maternal health during pregnancy on neurological development of the child.
2.4.2 Thyroid hormones and brain development
The fetal brain needs thyroid hormones long before the onset of its own thyroid
hormone production. Thyroid hormone receptors are present in fetal brain tissue in
all three trimesters of pregnancy (Rovet 2014). Evidence of the earliest stages of
neurodevelopment derives from rodent studies; thyroid hormones regulate genes
responsible for neurogenesis, cell migration and differentiation, synaptogenesis and
myelination (Anderson et al. 2003, Auso et al. 2004, Cuevas et al. 2005, LavadoAutric et al. 2003). T3 is the active hormone in the developing brain. It is mostly
derived from T4 deionization by T2D in glia cells and is then actively transported
into neurons (Santisteban & Bernal 2005).
Thyroid hormones in the fetal brain have been shown to be of maternal origin
(Contempre et al. 1993). Thyroid hormones have also been found in the brains of
aborted human fetuses, miscarriages and stillbirths, where the amount of thyroid
hormones differed in the brain regions at different stages of pregnancy termination.
This signifies that maternal thyroid hormones are needed throughout pregnancy for
normal brain development (Kester et al. 2004).
Children with transient neonatal hypothyroxinemia of prematurity (THOP)
provide interesting information on what happens when maternal-fetal thyroid
supply is disturbed. Prematurity is a multifactorial pregnancy complication with
many co-morbidities, suboptimal thyroid function being one of them. Compared
with full-term infants (≥ 37 weeks of gestation), infants born after 30 but prior to
37 weeks of gestation have subnormal thyroid hormone levels with a normal
hormone balance. Infants born before the 30th week have decreased thyroid
hormone levels with an abnormal T4/T3 profile (Fisher 2007). These children have
a higher risk of cognitive and perceptual impairment and IQ reduction assessed at
the age of eight (Lucas et al. 1996) and increased cerebral white matter
echoluminance implicating cell damage (Leviton et al. 1999).
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Iodine deficiency has extensive adverse effects on brain and neurological
development, and in the worst case, it leads to cretinism: stunted growth and severe
mental retardation (Rovet 2014). The condition has been reported as early as the
middle of the 19th century, when maternal hypothyroidism due to iodine deficiency
was first associated with neurological cretinism in children (Fagge 1871). Also mild
maternal iodine deficiency has been connected to neurocognitive problems in
offspring (Bath et al. 2013). Children born to mothers with an iodine-to-creatinine
ratio of less than 150µg/g scored lower on verbal IQ, reading accuracy and reading
comprehension assessments than those of mothers with a ratio of 150µg/g or higher
(Bath et al. 2013).
2.4.3 Intellectual disability
Intellectual disability is a feared consequence of early CNS development defects.
Intellectual deficiency was first differentiated from mental illnesses in the early
19th century and is understood as a continuum of different degrees of lowered
intellect quotient (IQ). The most resent diagnostic criteria for intellectual disability
in Finland and Europe is based on the International Classification of Diseases (ICD)
by the World Health Organization and in the USA on the Diagnostic and Statistical
Manual of Mental Disorders (DSM) by the American Psychiatric Association
(Heikura 2008, Salvador-Carulla et al. 2011). ICD-9 and ICD-10 define
intellectual disability as the incomplete development of the mind, particularly
characterized by sub-normal intelligence. A diagnosis should be based on the
individual’s current level of functioning without regard to its nature or causation—
such as psychosis, cultural deprivation, Down syndrome, etc. The assessment of
intellectual level should base on all available information (ICD-9, WHO 1977, pp.
212-213; ICD-10, WHO 1996, pp. 2). ICD-9 and 10 classify intellectual deficiency
into mild (IQ 50-70), moderate (IQ 35-49), severe (IQ 20-34), profound (IQ < 20)
and unspecified. IQ assessment should be based on a test with a mean of 100 and a
standard deviation (SD) of 15, such as the Wechsler Scales (ICD-9, WHO 1977, pp.
212-213; ICD-10, WHO 1996, pp.2). In the Wechsler Scales, for example,
individuals with a moderate or severe intellectual deficiency score under 0.13%,
and those with a mild intellectual deficiency score under 2.14% of the normal
Gaussian curve area (Anastasi 1988). IQ measurements should only be used as a
guide, though, because intellectual deficiency frequently involves psychiatric
disturbances (Heikura 2008, Sheehan et al. 2015).
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The etiology of intellectual deficiency varies depending on the population
studied. The lower the IQ, the more severe and early prenatal factors seem to be the
cause (Heikura 2008). If one wishes to study the environmental and intrauterine
factors possibly associated with a lowered IQ, a wider range of IQ changes should
be studied. Therefore, mild cognitive limitation is currently often defined in
research as an IQ of 50-85 (Heikura et al. 2013).
Rodent studies have shown that the fetal hippocampus and cortex particularly
suffer from maternal thyroid hormone insufficiency leading to abnormalities in size
and cell structure (Lavado-Autric et al. 2003, Opazo et al. 2008). Clinical signs of
cell damage are memory and learning problems in hippocampal injury and
impaired basic perceptual and higher-order cognitive skills in cortex injury (Opazo
et al. 2008). The timing of thyroid hormones’ effect varies across different brain
areas: lower brain structures and visual processing need thyroid hormones earlier
in pregnancy than structures in the cortex (Bradley et al. 1992).
The importance of thyroid hormones for neuropsychological development is
emphasized in children with CH because maternal thyroid hormone supply during
pregnancy is the only thyroid hormone source for these children, and it may not
suffice. Their neurocognitive development is, on average, within normal limits. It
is, however, suspected that some children with CH are still at higher risk of learning
difficulties, but identifying those children early is still a challenge (Van Vliet &
Deladoey 2014). In a study in which children with CH were followed until 9-15
years of age, and some of them had MRI imagining, the children had an increased
risk of selective memory deficits accompanied by structural and functional
hippocampal abnormalities (Wheeler et al. 2011). In that study, the hippocampal
volume was smaller in children with CH compared to the control children, and this
was thought to correlate with the study subjects’ learning difficulties (Wheeler et
al. 2011).
Cretinism is an extreme form of neuropsychological and developmental delay
caused by maternal iodine deficiency and subsequent thyroid hormone deficiency
during pregnancy. Due to worldwide iodine supplementation programs, severe
cretinism is rare nowadays, even in developing countries. Intellectual deficiency is
the most feared complication of cretinism (Rovet 2014). Mild iodine deficiency
during pregnancy has also been associated with reduced cognitive outcomes in
children (Bath et al. 2013, Hynes et al. 2013).
Cognitive and intelligence testing is usually conducted with a certified test
scale. The most commonly used pattern is the Wechsler Intelligence Scale for
Children, which includes subscales for intelligence, attention, language skills and
39

visual and motor performance. Abnormal test results are defined statistically
because general intelligence is a continuum in an ordinal scale (Wechsler 1991).
Other scales used include the Stanford-Binet test for school-aged children and the
Wechsler Preschool and Primary Scale of Intelligence for very young children.
Sensory development
Rat studies have shown that maternal thyroid hormones are important for the
sensory development of offspring. They affect several structures important for
normal vision such as opsin formation in cones in the retina (Lu et al. 2008, Roberts
et al. 2006), thalamus (Guadano-Ferraz et al. 1991) and primary visual cortex
(Berbel et al. 1985). Preterm children with THOP are at risk of impaired visual
functioning (Rovet & Simic 2008) and psychomotor delays (Smit et al. 1999).
Children with CH often have weaknesses in their motor skills; however, their
language skills are better retained (Gottschalk et al. 1994, Kooistra et al. 1994).
2.4.4 Attention deficit hyperactivity disorder
Attention deficit hyperactivity disorder (ADHD) is a common multifactorial
neuropsychiatric disorder, the risk factors of which are being heavily researched.
ADHD is considered highly genetic, but many environmental factors such as
prematurity and maternal smoking are also associated with a child’s increased risk
of ADHD. Its prevalence is approximately 3-5% globally in children aged 6-18,
and it is typically diagnosed in school-aged children. ADHD is more common in
boys with a sex ratio of 3:1 in boys and girls, respectively (Moilanen et al. 2013,
Thapar & Cooper 2015).
Symptoms of ADHD include reduced control of attention and impulses and
increased hyperactivity. To be diagnosed with ADHD (based on the ICD-10 in
Finland), a child must have six or more inattention symptoms out of nine, three or
more hyperactivity symptoms out of five and three out of four impulse control
problem symptoms. All symptoms should have lasted for at least six months. The
symptoms must be noticeable at home and at school, and they must have started at
seven years of age, at the latest. Diagnostics in Finland are based on a clinical study
of the child and on a completed symptoms questionnaire by parents and teachers
(e.g., ADHD-RS-IV). Globally, the most commonly used symptoms questionnaire
for parents and teachers is the Conners Rating Scales-Revised, but it has not been
translated into Finnish. Researchers use overall psychiatric behavior questionnaires
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such as the Child Behavior Check List (CBCL) and Strengths and Difficulties
Questionnaire (SDQ) to screen for ADHD symptoms, but these questionnaires are
not reliable enough for diagnostic purposes (Moilanen et al. 2013, Thapar &
Cooper 2015). For international research, the Diagnostic and Statistical Manual of
Mental Disorders (DSM) is used. The DSM-IV-TR version has the same principal
items as the ICD-10, but it classifies them into two groups: nine on inattention and
nine on hyperactivity-impulsivity. Accordingly, ADHD can be either combined
(having six or more inattention and six or more hyperactivity-impulsivity
symptoms), predominantly inattentive or predominantly hyperactive- impulsive
(American Psychiatric Association 2000).
The severity of ADHD symptoms varies significantly, and so does treatment.
Very difficult symptoms may be treated with psychostimulants such as
methylphenidate. Usually with milder symptoms, the child and family require
psychoeducation and increased learning support at school. Psychotherapy may also
be useful, as often other psychiatric or social problems coexist (Moilanen et al.
2013, Thapar & Cooper 2015). The effective treatment of ADHD is important. As
shown in the NFBC 1986 studies, ADHD often leads to a sustained negative
developmental trajectory, and a child’s ADHD symptoms are associated with
poorer scholastic success (Rodriguez et al. 2007).
The risk of ADHD was first associated with maternal thyroid hormone
insufficiency during pregnancy in a study from an iodine-deficient area (Vermiglio
et al. 2004). Children with a generalized resistance to thyroid hormones have also
been reported to have an especially high prevalence of ADHD (Hauser et al. 1997).
Thyroid hormone resistance is a disease caused by mutations in the thyroid
hormone receptor-β gene and characterized by decreased responsiveness of the
peripheral and pituitary tissues to the activation of thyroid hormones (Hauser et al.
1997). Because thyroid hormones are so important for brain development, thyroid
hormone deficiency might also increase a child’s risk of ADHD (Vermiglio et al.
2004).
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2.5

The effects of maternal thyroid dysfunction during pregnancy
on child neuropsychological and sensory development

2.5.1 Effects of maternal hypothyroidism on child
neuropsychological development
Several studies have evaluated the relationship between maternal overt and
subclinical hypothyroidism during pregnancy and neurodevelopment in children.
The most important studies are summarized in Table 2. The earliest findings date
back to 1969 when Man and Jones found that a precursor product for thyroid
hormones (butanol-extractable iodine) was correlated with the cognitive
performance of children aged 4-7 years. The children of mothers with the lowest
concentrations of serum butanol-extractable iodine had decreased IQ levels, more
visuospatial and locomotor disabilities, increased inactivity and slower than normal
reaction times than those of mothers with normal serum levels of thyroid hormone
precursor (Man & Jones 1969).
The first study to show an association between high maternal TSH during
pregnancy and adverse neuropsychological development in the child was published
in 1999 (Haddow et al. 1999). In that study, 64 children born to mothers with high
TSH during pregnancy were compared to 124 children born to mothers with normal
thyroid function. The study’s subjects were a part of a Down syndrome screening
program. Of the 64 women with high serum TSH concentrations, 48 women were
not treated with levothyroxine, and the IQ scores of the 48 women’s offspring were
seven points lower than those of the control mothers. The study did not separately
evaluate maternal overt and subclinical hypothyroidism (Haddow et al. 1999).
Thereafter, studies have also associated maternal overt or subclinical
hypothyroidism with a child’s decreased everyday memory function and smaller
hippocampal size (Willoughby KA et al. 2014), decreased IQ and motor
developmental scores (Li et al. 2010) and decreased sensory functions (Mirabella
et al. 2005). ADHD symptoms in children have also been connected with high
maternal TSH concentrations and maternal hypothyroidism (Ghassabian et al. 2011,
Haddow et al. 1999). TPO-Ab concentrations during pregnancy have been
associated with children’s ADHD symptoms at three years of age, independent of
maternal TSH concentrations (Ghassabian et al. 2012). Diagnosed and treated
maternal hypothyroidism during pregnancy in a register-based dataset also
associated with increased risk of future autism spectrum disorders and psychiatric
drug use in children during late adolescence or young adulthood (Andersen et al.
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2014a, Andersen et al. 2014b). These results were independent of maternal
psychiatric disease history.
However, not all studies have found a correlation between subclinical
hypothyroidism during pregnancy and impaired neuropsychological development
in children. In one Danish and one Spanish population-based cohort study, no
association between maternal subclinical hypothyroidism and development of the
child was found at 18, 24 or 30 months (Henrichs et al. 2010, Julvez et al. 2013).
A Scottish study among children born > 37 weeks found no neuropsychological
developmental delays at 5.5 years of age in relation to maternal TSH concentrations
(Williams et al. 2013).
In some studies, maternal levothyroxine treatment has improved children’s IQ
scores (Haddow et al. 1999, Momotani et al. 2012). However, in a randomized trial
where mothers with hypothyroidism or hypothyroxinemia were treated with
levothyroxine or had no treatment during pregnancy, the IQ scores of children did
not improve with treatment (Lazarus et al. 2012). The authors of the trial, however,
suggest that the timing of the screening (mean of 13 weeks of pregnancy, up to 20
weeks) may have been too late in order to observe an influence on brain
development. Also, the IQ assessment was conducted at three years of age, and a
longer follow-up would have been beneficial.
Although several studies have been conducted in this field, the ETA guidelines
for the management of subclinical hypothyroidism in pregnancy call for further
high-quality studies. The results of many previous studies of subclinical
hypothyroidism during pregnancy were affected by confounders such as the
country’s iodine status, differing IQ and memory function testing methods and
short follow-up times. Furthermore, not all studies differentiate between overt and
subclinical hypothyroidism (Lazarus et al. 2014). Countries also vary in their
routine maternal and child health care protocols.
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USA

Man & Jones 1969

USA

The
Netherlands

Ghassabian et al.

2011

Samadi et al. 2015

USA

Willoughy et al. 2014 USA

Andersen et al. 2014 Denmark

Andersen et al. 2014 Denmark

China

Li et al. 2010

Mirabella et al. 2005 USA

Haddow et al. 1999

Matsuura et al. 1990 Japan

Country

Author, year

Main results

1268 mothers: 18 had subclinical hypothyroidism and
142 controls.

Association of maternal hypothyroidism and child’s smaller certain
Association of maternal hypothyroidism and changes in child’s
MRI scans in corpus callosum area.

22 children aged 9-14 years of hypothyroid mothers
vs. 22 matched controls.

hypothyroid mothers

hippocampal areas and low scores on memory function tests.

psychiatric drugs in late adolescence and young adulthood.

3979 adolescents and young adults were born to

30 matched controls.

Association of maternal hypothyroidism and child’s use of

dysfunction.

24 children of mothers treated for hypothyroidism vs.

Association of maternal hypothyroidism and child’s risk of autism
spectrum disorders.

30295 children were born to mothers with thyroid

externalizing scores of children at 1.5 and 3 yrs.

Association between TSH levels and parental reported

Association of maternal subclinical hypothyroidism and child’s
intelligence and motor scores at age of 25-30 months.

to healthy mothers.

3736 mother-child pairs.

Association of maternal hypothyroidism and infant’s reduced
visual contrast sensitivity and decreased attention.

13 infants of hypothyroid mothers vs. 20 infants born

Association of untreated maternal hypothyroidism and child’s
lowered IQ and more hyperactivity symptoms.

concentrations vs. 124 children of euthyroid mothers.

developmental problems

Association of maternal overt hypothyroidism and severe

neuropsychological problems

Association of maternal hypothyroidism, child’s low IQ score and

64 children aged 7-9 born to mothers with high TSH

23 infants born to 16 mothers with chronic thyroiditis.

1349 children aged 4-7.

Study setting

Table 2. Studies of maternal hypothyroidism and the neurodevelopment of their offspring

2.5.2 Effects of maternal hypothyroidism on child sensory and motor
development
Limited research has been conducted on maternal thyroid dysfunction during
pregnancy and its association with a child’s sensory development. In the study by
Haddow et al. (1999), high maternal TSH concentrations during pregnancy did not
correlate with the offspring’s motor scores. Also, in a study by Oken et al. (2009),
no association was found between maternal thyroid function and a child’s visual
motor abilities. In these studies, motor abilities were identified as part of a larger
cognitive and motor ability survey and were not the main outcome. In a study by
Li et al. (2010), the mean motor scores of children aged 25-30 months from mothers
with either subclinical hypothyroidism and/or elevated TPO-Ab titres were lower
than those of the control subjects. A small study of eight mothers with subclinical
hypothyroidism and one with overt hypothyroidism examined children’s
psychomotor and audiological outcomes. The mothers received levothyroxine
treatment after their diagnosis. There was no impairment observed in their
children’s early development at nine months of age (Radetti et al. 2000). In adults,
it has been shown that treating hypothyroidism with levothyroxine improves
contrast sensitivity (Cakir et al. 2015). Additionally, rodent research data suggests
that maternal hypothyroidism might affect the sensory development of the
offspring (Roberts et al. 2006); more research in this area is needed.
Maternal TPO-Ab-positivity in the third trimester of pregnancy has been
associated with an increased risk of sensory neural hearing loss in either ear and in
at least one frequency in children. In that study, maternal thyroid function
parameters were not known, but 23 mothers reported having hypothyroidism and
using levothyroxine (Wasserman et al. 2008). The same authors later published
those results compared to controls; the children of mothers with high TPO-Ab titres
had a modest, but statistically significant, lowered IQ at the age of four (measured
with the Stanford-Binet). At the age of seven, the results were no longer statistically
significant (measured with the full-scale Wechsler). The authors suggested that a
child’s sensorineural hearing loss might mediate the correlation between maternal
TPO-Ab-positivity and the child’s IQ (Wasserman et al. 2012).
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2.5.3 Effects of maternal hypothyroxinemia on child
neuropsychological development
Many studies have connected maternal hypothyroxinemia in early pregnancy to
adverse neuropsychological outcomes in children. These studies are presented in
Table 3. Studies from the Netherlands by Pop et al. (2003, 2009) linked maternal
hypothyroxinemia to a child’s delayed psychomotor development. Vermiglio et al.
(2004) correlated maternal hypothyroxinemia due to iodine deficiency to a child’s
higher risk of diagnosed ADHD.
Recently, population-based cohort studies have been published from the
Netherlands and Spain. Maternal hypothyroxinemia has been associated with a
child’s expressive language delays at 18 and 30 months (Henrichs et al. 2010),
decreased mental scores at 18 months (Julvez et al. 2013), decreased response
speed in reaction time tests at 5-6 years of age (Finken et al. 2013), and small
differences in neurocognitive development (Ghassabian et al. 2014). Brain cortex
and gray matter volume measured by MRI imagining did not associate with
maternal hypothyroxinemia (TSH analyses were included in the model)
(Ghassabian et al. 2014). However, the same cohort later reported an inverted Ushaped association between maternal early pregnancy fT4 concentrations and a
child’s lowered IQ assessed in five to nine year-old children and brain cortex and
gray matter volume assessed in six to eleven year-old children (Korevaar et al.
2015b).
Maternal hypothyroxinemia has also been associated with psychiatric
problems in children such as autism symptoms and schizophrenia (Gyllenberg et
al. 2015, Roman et al. 2013). However, the risk evaluation for autism was based
on a parental questionnaire conducted when the children were six years old, which
is fairly young to evaluate autism (Roman et al. 2013, Gyllenberg et al. 2015).
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The Netherlands
The Netherlands

Pop et al. 1999

Pop et al. 2003

months.
controls.

Noten et al. 2015

2015

Gyllenberg et al.

2014

Ghassabian et al.

The Netherlands

Finland

The Netherlands

The Netherlands

Finken et al. 2013

1196 mother-child pairs.

matched controls.

1010 diagnosed schizophrenia cases and their

children at age of 8.

3727 mother-child pairs, brain MRI in 652

1765 mother-child pairs.

1761 mother-child pairs.

Spain

Julvez et al. 2013

subnormal arithmetic performance.

Association of maternal hypothyroxinemia and child’s

schizophrenia diagnosis up to age of 26 years.

Association of maternal hypothyroxinemia and child’s

nonverbal IQ, but no association with brain morphology.

Association of maternal hypothyroxinemia and child’s low

decreased response speed at 5 to 6 years of age.

Association of maternal hypothyroxinemia and child’s

mental scores at age of 18 months.

Low maternal fT4 concentration was associated with decreased

expressive language delay at 18 and 30 months.

Association of maternal hypothyroxinemia and child’s

Association of maternal hypothyroxinemia and child’s low mean
intelligence and motor scores than at 25-30 months.

hypothyroxinemia and 142 controls.

neurodevelopmental and motor problems.

Association of maternal iodine deficiency and child’s

child’s ADHD and IQ in 10 year follow-up.

Association of maternal iodine deficiency during pregnancy,

mental and motor development at ages of 1 and 2 years.

18 mothers with subclinical hypothyroidism, 19

pregnancy.

iodine-supplemented at different time points of

345 pregnant women and their offspring, mothers

sufficient area (B).

area (A) vs. 11 children of mothers from iodine-

16 children born to mothers from iodine-deficient

3659 mother-child pairs.

China

Li et al. 2010

Association of maternal hypothyroxinemia and child’s impaired
psychomotor development.

Infants of 220 mothers were followed up to 10

135 hypothyroxinemic mothers and their matched Association of maternal hypothyroxinemia and child’s delayed

Main results

Study setting

Henrichs et al. 2010 The Netherlands

Spain

Berbel et al. 2009

Vermiglio et al. 2004 Italy

Country

Author, year

Table 3. Maternal hypothyroxinemia during pregnancy and its effects on offspring’s neuropsychological development.
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Country

Korevaar et al. 2015 The Netherlands

Modesto et al. 2015 The Netherlands

Author, year

Main results
symptoms at 6-11 years of age.

Association of maternal hypothyroxinemia and child’s ADHD

concentrations and child’s IQ, grey matter volume and cortex
volume.

5-9 years of age, MRI scans from 646 children
aged 6-11.

3839 mother-child pairs with child’s data on IQ at An inverted U-shaped association of maternal fT4

3873 mother-child pairs.

Study setting

There are also studies in which no association was found between maternal
hypothyroxinemia and adverse neuropsychological outcomes in children. Oken and
colleagues from the USA found no association between maternal
hypothyroxinemia and a child’s verbal recognition memory, visuomotor skills or
language skills (Oken et al. 2009). In Spain, Grau et al. (2015) found no
associations between maternal thyroid status and a child’s development at one and
six to eight years of age in an observational double-blinded study. Craig et al. (2012)
showed no association between maternal thyroid status and a child’s development
at two years of age.
The results of the studies presented likely vary due to differences in populations,
country’s maternal and child health care protocols, study settings and in the ability
to control confounding factors. Furthermore, studying maternal hypothyroxinemia
during pregnancy poses many diagnostic and laboratory challenges (Lazarus et al.
2014). IQ scores and brain morphology are examples of measures that are easier to
compare between studies. The interpretation of different study findings, however,
remains difficult because the study settings and real life implications do not
necessarily correlate. For example, if a child’s slightly lowered IQ is measured at a
very young age, its longer term effects and meaning in the child’s life are not easy
to determine. Another example of the challenge of interpreting these results are
when study findings are based on single-source reporting, like parental reports on
a child’s behavior problems (for example, Henrichs et al. 2010, Modesto et al.
2015). Clinical diagnostics of ADHD are based on interviews and/or observations
from multiple sources. Therefore, studies that better meet the criteria for clinically
diagnosing ADHD, are needed.
2.5.4 Effects of maternal hypothyroxinemia on child sensory
development
Pop et al. (1999, 2003) have linked maternal hypothyroxinemia to impaired
psychomotor development (Bayley Scales of Infant development, including eyehand coordination) in children aged 10 months in 1999 and in children aged 1-2
years in 2003. Craig et al. (2012) found that second trimester maternal fT4 was
associated with around 3% lower motor scores than in control children, though only
in unadjusted data. Studies with a long follow-up do not exist.
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2.5.5 Effects of maternal hyperthyroidism on child
neuropsychological development
There is only a limited number of studies concerning maternal hyperthyroidism
during pregnancy and its long-term effects on children. A Danish cohort study
(Andersen et al. 2014) has associated maternal hyperthyroidism that was diagnosed
and treated for the first time after delivery with diagnosed ADHD in children. There
was no connection between diagnosed and treated hyperthyroidism before birth or
between paternal thyroid status and ADHD in children. Therefore, the authors
suggest that the correlation is probably not caused by a genetic factor but rather is
due to an undiagnosed maternal hyperthyroidism during pregnancy (Andersen et
al. 2014). The same study group also previously reported a connection between
maternal untreated hyperthyroidism during pregnancy and child’s epilepsy, where
the diagnosis and treatment of hyperthyroidism were conducted after the child’s
birth (Andersen et al. 2013).
2.5.6 Screening for maternal thyroid dysfunction during pregnancy
At the moment, a lot of research is being conducted on whether maternal thyroid
dysfunction during early pregnancy should be screened for in all pregnant women.
Universal screening for thyroid dysfunction during pregnancy require that thyroid
dysfunction is also prevalent in asymptomatic individuals and would require the
availability of a reliable testing method and a beneficial intervention with limited
adverse effects. In addition, the screening should be cost-effective (Lazarus et al.
2014, Stagnaro-Green et al. 2011).
Several factors pose obstacles to universal screening. First, fT4 measurements
during pregnancy may be unreliable, and measuring TSH only may be more
sensible. Secondly, study results concerning the relationship of subclinical
hypothyroidism and hypothyroxinemia during early pregnancy to adverse
pregnancy and neuropsychological outcomes in children are somewhat
controversial. Some studies also associate risk increases with TPO-Abs, the
significance of which is partly unknown. The treatment of TPO-Ab-positivity
without thyroid dysfunction is not advisable. Finally, there is not yet evidence that
levothyroxine treatment for individuals with increased TSH concentrations would
improve the outcomes for the pregnancy or the child (Lazarus et al. 2014, StagnaroGreen et al. 2011). It could also be speculated that treatment would not always
begin early enough. Even in countries such as Finland, where progressive maternal
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healthcare is available to every pregnant woman (Koskela et al. 2000, Lehtinen et
al. 2003) and women usually contact a healthcare provider after a positive
pregnancy test, the screening might occur too late to decrease the child’s risk of
adverse neuropsychological outcomes.
Factors that would favor universal screening are that TSH measurement is not
expensive, effective treatments for thyroid dysfunction exist and thyroid
dysfunction during pregnancy is prevalent enough to merit screening. Overt
hypothyroidism is clearly associated with adverse pregnancy and child
developmental outcomes, and treating overt maternal hypothyroidism is costeffective (Lazarus et al. 2014, Stagnaro-Green et al. 2011). There are also studies
suggesting that universal screening for subclinical hypothyroidism during
pregnancy is cost-effective if levothyroxine treatment prevented adverse
neuropsychological outcomes (Dosiou et al. 2008, Thung et al. 2009). A recent
Cochrane analysis on universal and/or case finding screening vs. no screening
found no harm or benefit to maternal and infant outcomes (Spencer et al. 2015).
The review lacked data on long-term developmental outcomes for the child.
The most recent recommendations from the ATA and ETA suggest that serum
TSH measurement should be done only in a targeted population; women with a
history of thyroid dysfunction and/or thyroid surgery, women with a family history
of thyroid diseases, those with having goiter, those with known thyroid antibodies,
those with clinical symptoms, women with type I diabetes or other autoimmune
disorders, women with a history of either miscarriage, preterm delivery, earlier
head or neck area radiation and women with morbid obesity (BMI ≥ 40 kg/m2)
should be screened for TSH abnormalities. Additionally, women treated with
amiodarone and lithium and those with recent exposure to iodinated radiological
contrast agents should be screened (Lazarus et al. 2014, Stagnaro-Green et al.
2011).
The only randomized study on levothyroxine treatment for maternal thyroid
dysfunction during pregnancy and its effects on a child’s cognitive function showed
negative results (Lazarus et al. 2012). The second part of the study is currently
underway; the children are aged between seven and ten years, and their cognitive
and motor functioning is now being assessed (Hales et al. 2014).
In conclusion, maternal thyroid dysfunction during pregnancy has been
associated with adverse neurodevelopmental outcomes in children. Previous
studies vary with regard to population, the country’s iodine status, methodology
and follow-up time. To date, the longest follow-ups have been conducted on eightyear-old children, but most results are based on early childhood testing. Most
51

studies compare numerical values of differing neuropsychological tests or
questionnaires, but the impact of these findings on a child’s everyday life has not
been taken into account. None of the previous studies focus on a child’s scholastic
performance or sensory development. There are also no studies on how maternal
thyroid dysfunction during pregnancy potentially affects thyroid function in the
offspring and, furthermore, whether the offspring’s own thyroid dysfunction might
also have an effect on neuropsychological development. There is a need for a series
of studies using consistent, reliable methodology in an iodine-sufficient area.
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3

Purpose of the present study

A population-based birth cohort study series with a long follow-up time, from early
pregnancy onwards until the age of 16, was conducted to contribute reliable data
on the association of maternal and child thyroid function and child
neuropsychological development. The specific study aims were:
1.

2.
3.

4.

To find out if maternal thyroid dysfunction and/or antibodies in early
pregnancy affects the thyroid function and antibody status of the offspring at
the age of 16. Reference intervals for TSH and fT4 concentrations of the
adolescents were also created.
To evaluate the possible effects of maternal thyroid dysfunction and/or
antibodies in early pregnancy on a child’s ADHD symptoms at the age of 8.
To evaluate whether maternal thyroid dysfunction and/or antibodies during
pregnancy affects a child’s scholastic performance at the ages of 8 and 16.
Whether an adolescent’s thyroid dysfunction affects scholastic performance
and ADHD symptoms at the age of 16 was also evaluated.
To find out whether maternal thyroid dysfunction and/or antibodies in early
pregnancy affects a child’s sensory and linguistic development up to the age of
8.
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4

Subjects and methods

4.1

Subjects

4.1.1 The 1986 Northern Finland Birth Cohort
This study was carried out using prospective birth cohort material from the 1986
Northern Finland Birth Cohort (NFBC 1986). The NFBC 1986 covers 99% of all
births with a calculated term between 1 July 1985 and 30 June 1986. The study
subjects were drawn from the two northernmost provinces of Finland (9362
mothers, 9479 children). All mothers were recruited to the study by 24 weeks of
gestation at the latest, and follow-up started from the first visit to a maternity
welfare clinic at 8-12 weeks of gestation. Notably, all births took place in hospitals,
and there were no private hospitals in the northern Finland area. Data were
collected from 9479 pregnancies (99% of all births in the area). The study was
originally organized by professors Paula Rantakallio, Anna-Liisa Hartikainen and
Marjo-Riitta Järvelin from the University of Oulu’s Faculty of Medicine (Järvelin
et al. 1993, Järvelin et al. 1997).
Data on cohort mothers and newborns were collected by local midwives in
free-of-charge antenatal care units using three questionnaires designed specifically
for this study. In the first questionnaire, maternal and family demographic, biologic
and socioeconomic data were collected from all mothers at their first antenatal visit
to the antenatal care unit. This questionnaire contained questions on the mothers’
previous diseases, including thyroid diseases. A previous dissertation study was
conducted on maternal thyroid diseases in the NFBC 1986 in which 128 mothers
reported a history of previous thyroid disease. The hospital records of these women
were manually examined to verify the diagnosis (Männistö et al. 2009).
The second questionnaire concerning pregnancy and maternal health during
pregnancy was completed by the local midwives during the mothers’ last visit to
the antenatal care unit. Finally, information on the delivery, as well as the child’s
date of birth, birth weight, death, illnesses and other data concerning the perinatal
period was forwarded by the maternity clinics to the antenatal care units, where it
was entered in the NFBC 1986 files (Järvelin et al. 1993, Järvelin et al. 1997).
After birth, data on the health of the children in the cohort and their familial
demographic data were obtained through visits to communal child welfare clinics,
cohort questionnaires and a clinical examination of each child at 16 years of age.
At age 7-8 years, during their first school year, data on the children’s health,
development and scholastic performance were collected via parent questionnaires.
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A second questionnaire was sent to the children’s main teachers to assess their
scholastic performance and behavior in the school environment. Both
questionnaires included questions on whether the child had problems with attention,
hyperactivity or with specific school subjects.
At age 16, in 2001-2002, 6798 children (74% of living and traceable NFBC
1986 children) participated in a clinical examination. This examination included
clinical testing, blood sampling and a questionnaire concerning health, hobbies and
scholastic performance. The adolescents’ usage of thyroid medication was also
ascertained. This data has been further supplemented with register-based
information up to the age of 16 years.
All data derived from cohort questionnaires and clinical examinations were
directly saved into the university’s database after data collection. All data is
therefore in electronical form and available for researchers to use (as in this study).
4.1.2 Finnish Maternity Cohort
The National Institute for Health and Welfare organizes routine infectious disease
screening for hepatitis B, HIV and syphilis for all pregnant Finnish women in the
first trimester of pregnancy. The screening is regulated by Finnish law, has been
active since 1983 and covers over 98% of all pregnant women (Koskela et al. 2000,
Lehtinen et al. 2003). Like all Finnish women, the NFBC 1986 mothers participated
in this infectious disease screening in early pregnancy. Their blood samples were
drawn at local healthcare centers and were sent to the prenatal serology laboratory
of the National Institute for Health and Welfare in Oulu. Leftover serum samples
were stored in the Finnish Maternity Cohort (FMC) serum bank at -25 °C.
According to Finnish law (327/2001), these leftover samples can be used for public
health research means without further subject consent.
4.2

Methods

4.2.1 Thyroid function analysis of the NFBC 1986 mothers
The NFBC 1986 maternal serum samples used in this study series were analyzed
in the prenatal serology laboratory of the National Institute for Health and Welfare
in Oulu. Samples were obtained from the FMC serum bank and analyzed for TSH,
fT4, fT3, TPO-Abs and TG-Abs using the Abbott Architect i2000 method (Abbott
Diagnostics, Abbott Park, IL) by means of chemiluminescent microparticle
immunoassays in 2010. The maternal thyroid hormone laboratory analyses were
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part of an earlier dissertation study by Dr. Tuija Männistö. Altogether, 5805
samples (61.2% of the whole NFBC 1986) were available from at least one of the
previous analyses. Of them, 5791 samples (61.1% of the NFBC 1986) were
analyzed for TSH or fT4 concentrations. When the sample volume was not
sufficient for all analyses, TSH analyses were prioritized. Specific information on
laboratory data collection and the effects of long-term storage on these laboratory
parameters has been reported previously (Männistö et al. 2007). The population
without laboratory analyses did not differ significantly from those with analyses
when considering maternal demographic characteristics and birth outcomes
(Männistö et al. 2009).
Categorization of the NFBC 1986 mothers (I, II, III, IV)
Mothers were categorized on the basis of their trimester and population-specific
reference intervals for serum TSH and fT4 concentrations. Reference intervals for
TSH and fT4 in the first trimester were 0.07-3.1 mU/L and 11.4-22.4 pmol/L and
in the second trimester 0.10-3.5 mU/L and 11.1-18.9 pmol/L. Maternal TPO-Abpositivity was defined as TPO-Ab concentration over the 95th percentile (> 167.7
IU/ml) (Männistö et al. 2011)
For the purposes of the current study, some additional categorization was used.
In publication II, “high TSH” was defined as a TSH concentration above the upper
reference limit of 3.1 mU/L in the first trimester or 3.5 mU/L in the second trimester.
Maternal hypothyroxinemia was defined as having a serum TSH concentration
within the reference limits and a low fT4 concentration, less than 11.4 pmol/L in
the first trimester or less than 11.1 pmol/L in the second trimester.
In publications I, III and IV, mothers were divided into six thyroid function
groups according to their serum fT4, TSH and TPO-Ab concentrations. We also
separately analyzed the effects of overt (both TSH and fT4 outside reference
intervals) and subclinical (TSH outside reference intervals, fT4 within reference
intervals) maternal hypo- and hyperthyroidism.
1. Euthyroidism (reference group): maternal TSH and fT4 both within the
reference intervals.
2. Hypothyroidism: TSH above the upper reference interval with low or normal
fT4 concentrations.
3. Hypothyroxinemia: TSH within reference intervals with low fT4
concentrations.
4. Hyperthyroidism: TSH below the lower reference interval with high or
normal fT4 concentrations.
5. TPO-Ab-negative: TPO-Ab concentration < 167.7 IU/mL.
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6. TPO-Ab-positive: TPO-Ab concentration ≥ 167.7 IU/mL.
4.2.2 Thyroid function analysis of the NFBC 1986 children (I, III)
In 2001-2002, 6798 (74% of living and traceable NFBC 1986 children) children
attended a clinical examination during which blood samples were obtained. The
samples were drawn in the morning after an overnight fast. After primary analyses,
the samples were stored as serum at -80 °C. Quantitative analyses of TSH, fT4 and
TPO-Ab were performed for both maternal and adolescent serum samples by way
of chemiluminescent microparticle immunoassays using an Architect i2000
automatic analyzer (Abbott Diagnostics, Abbott Park, Illinois). The lower limits of
detection and intra- and inter-assay coefficients of variation were as follows: 0.0025
mU/L, 1.7 and 5.3% for TSH; 5.1 pmol/L, 3.6 and 7.8% for fT4; and 1.0I U/mL,
2.5 and 9.8% for TPO-Ab. Medians with 5th and 95th percentiles of the children’s
TSH, fT4 and TPO-Ab concentrations are presented in Table 4.
Table 4. Biochemical characteristics of the adolescent study population
Laboratory

n

Median

5th percentile

95th percentile

parameter
TSH (mU/l)

3696

1.63

0.75

3.43

fT4 (pmol/l)

3703

13.42

11.43

15.92

TPO-Ab (IU/ml)

3686

0.11

0.00

11.41

The effects of repeated freezing and thawing
The children’s serum samples had been previously thawed 1-6 times for various
laboratory analyses. Fourteen percent of the samples were thawed for a second time,
and 84% were thawed for a third time for analyses connected with this study. We
tested the effect of repeated freezing and thawing for up to nine freeze-thaw cycles
using seven serum samples with an initial 5-year storage time at -80 °C from
healthy non-pregnant volunteers (provided by the National Institute for Health and
Welfare). Concentrations of TSH, fT4 and TPO-Ab were measured after every
other cycle (after thaws 1, 3, 5, 7 and 9). The concentrations of TSH, fT4 and TPOAbs did not change even after repeated freezing and thawing. This information was
personally given to Dr. Fanni Päkkilä by the head of the antenatal serology
laboratory (Dr. Heljä-Marja Surcel).
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Categorization of the NFBC 1986 children (I, III)
In publication I and III, the 16-year-old children were categorized according to their
thyroid function status. However, the reference intervals given by the manufacturer
(Abbot Diagnostics) were based on adult population samples. Due to our large
number of children’s serum samples, we were able to create our own reference
intervals for TSH, fT4 and TPO-Abs. For reference interval calculation, TPO-Abpositive children were excluded, and data from boys and girls were analyzed
together and separately. Cases with notably high outlying TSH concentrations (>
5.28 mU/L) were identified and excluded from all analyses, as they were presumed
hypothyroid. Outliers were not identified among the TPO-Ab-positive children.
Separate reference intervals were then calculated with 2.5th and 97.5th percentiles
for TPO-Ab-negative and -positive children. For sensitivity analysis, all thyroid
function data and the prevalence of abnormal thyroid function parameters, thus
possible thyroid dysfunction and TPO-Ab-positivity, was assessed in children with
and without a maternal thyroid function analysis. The prevalence of abnormal
thyroid status was also evaluated using the manufacturer’s (Abbot Diagnostics)
reference intervals for the adult population for comparison.
4.2.3 Assessment of ADHD symptoms of the NFBC 1986 children (II)
The children’s ADHD symptoms were evaluated by their main teachers at eight
years of age. The teachers were sent a questionnaire that included the official
Finnish translations of the Rutter scale B2 with 29 questions (Almqvist et al. 1991).
The scale has one question on inattention (“Child is not able to concentrate on
anything for a longish period”) and two on hyperactivity (“Child is restless, does
not have patience to sit down for a long period of time” and “Child wriggles and is
restless”). The teachers answered the questions in a tripartite scale: “does not apply,”
“applies sometimes” or “applies well” (rated 0-2 accordingly). The scale also
includes questions on friends, general behavior during classes, mood swings,
headaches and school absences. The total score from the Rutter B2 scale ranges
from 0 to 52, where ≥ 9 indicates a probable psychiatric disturbance (Almqvist et
al. 1991). Children were categorized as hyperactive if they scored 2 or more points
combined on the questions on hyperactivity and as inattentive if they scored 1 or 2
points on inattention. Total Rutter B2 scores of ≥ 9 and a score of 3 or more points
from the ADHD symptom questions indicated the highest probability of ADHD,
and children meeting this criteria will be hence be referred to as having combined
ADHD symptoms.
59

At the age of seven or eight, the children’s parents were also sent a postal
questionnaire on their learning and behavior (see also “assessment of scholastic
performance”). It included two questions on ADHD symptoms shared with the
teacher questionnaire: one on inattention (“Child is not able to concentrate on
anything for a longish period”) and one on hyperactivity (“Child is restless, does
not have patience to sit down for a long period of time”). The parents answered the
questions in the same tripartite way as the teachers.
At the age of sixteen, parents answered another postal questionnaire, which
included an assessment instrument for ADHD symptoms, the Strengths and
Weakness of ADHD Symptoms and Normal Behavior (SWAN) Scale (Swanson et
al., 2001, available at http://www.adhd.net). It is an 18-item ADHD scale based on
the 18 ADHD symptoms described in the Diagnostic and Statistical Manual of
Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994). In
the SWAN scale, ADHD symptoms are translated into statements and are rated with
scores of 3, 2, or 1 (denoting difficulties); 0 (neutral behavior); and −1, −2, or −3
(denoting strengths). Previous scholars (Hurtig et al. 2007, Nyman et al. 2007,
Smalley et al. 2007) have rated the SWAN scale ratings into summary scores. The
95th percentile of score distribution on a symptom scale was used as a cut-off point
to define adolescents with probable ADHD symptoms (inattentive, hyperactive and
combined type) (Smalley et al. 2007). Adolescents were categorized as having
ADHD symptoms if one of those cut-off values was exceeded.
4.2.4 Scholastic performance of the NFBC 1986 children (III)
The Finnish school system
In Finland, all children attend a free-of-charge compulsory comprehensive school
for nine years between the ages of 7-16. All teachers in Finland are highly educated,
with master’s-level university degrees. The education system in different regions
highly accords with the Organization of Economic Cooperation and Development
Program in Secondary Assessment (OECD PISA) surveys (accessible at
http://dx.doi.org/10.1787/9789264091450-e). During the first six years of
compulsory education, children have a main class teacher (usually only one main
teacher per class) and after that, classes are taught by specialized subject teachers.
Usually, students with minor learning or adjustment difficulties attend regular
schooling but are entitled to remedial teaching. Children who cannot follow the
standard education due to an illness, disability or delayed development can be
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admitted to or transferred to special-needs education. When possible, special-needs
education must be integrated into regular education. Each student with special
learning needs must be provided with an individual teaching and learning plan.
The school type attended by the NFBC 1986 children was asked in the parental
questionnaire distributed when the children started elementary school (7-8 years of
age). Data were received from 8416 children (89.9% of the total cohort living and
traceable). Of these, 97.7% (n = 8219) of children attended public schools, 48
(0.8%) children went to private schools, 112 (1.1%) attended a special-needs school
or a special-needs class and data was missing from 38 children (0.5%).
Assessment of scholastic performance in the NFBC 1986
First, the scholastic performance of the NFBC 1986 children was evaluated by their
main teachers at the age of eight, when the children were in the second year of
comprehensive schooling. The main teachers responded to whether a child had
difficulties in reading, writing and/or mathematics (yes/no). The second evaluation
was made during the final year at comprehensive school in 2001, when the 16-yearold children self-evaluated their school performance in Finnish language and
mathematics. The children evaluated their school performance using a four-way
rating in comparison to their peers: “Better than average,” “Average,” “Worse than
average” or “Worse than most.” The children were also asked to report if they had
repeated a school year at any point during their compulsory education.
4.2.5 Assessment of intellectual problems in the NFBC 1986 (III)
The prevalence and etiology of intellectual disability in the NFBC 1986 was
previously studied in the dissertation of Dr. Ulla Heikura. In that study, the children
who potentially had intellectual problems were traced using maternal, peri- and
neonatal data collected via cohort questionnaires and during routine visits to freeof-charge maternity and child welfare clinics. These data were linked with data
from Finnish national registers (Hospital Discharge Register, Cause-of-Death
Register, National Insurance and Medication Reimbursement Register) and
hospital, public health center and institutional health records. Data on psychometric
test results were collected from hospitals, institutions for children with intellectual
disabilities, family counselling centers and school psychologists. No separate
evaluation interventions were carried out for the purposes of the NFBC 1986
studies. The information collected was based on the routine Finnish clinical
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practice of referring a child for further examinations as a result of developmental
or learning disorders, for example. Psychometric test results (82% of the testing
was conducted using the Wechsler Intelligence Scale for Children-Revised (WISCR)) and other relevant records were requested from all social/healthcare units in the
child’s original and/or current residential area (Heikura et al. 2005).
A child was considered to have a severe intellectual disability if his/her IQ was
< 50 and was considered to have mild cognitive limitations if his/her IQ was ≥ 50
but ≤ 85. This assessment was based on either the most recent standardized
psychometric test results or on a developmental assessment carried out on a clinical
basis (Heikura et al. 2013). If no IQ estimate was available from psychometric
testing, hospital records were sought to evaluate the assessment of a child’s
intellectual level by a medical doctor or psychologist. If no assessment was found
but it was obvious that the child had intellectual problems on the basis of a disorder
or disease diagnosis (e.g., chromosomal disorders, specific syndromes, brain
anomalies), then the classification was made by clinical estimation. This mainly
pertained to cases of neonatal and infant deaths (Heikura et al. 2005).
4.2.6 Assessment of sensory development (IV)
Finnish child welfare clinic follow-up protocol
The NFBC 1986 children attended normal Finnish child welfare clinic follow-ups;
the results of these examinations were used in this study. In Finland, all children
participate in a follow-up protocol in local communal child welfare clinics. This
practice is regulated under the Finnish law (the Finnish Law on Public Health Care,
1326/2010 [Finlex]). Participating in the protocol is practically mandatory, and
social services are contacted if a family refuses to participate. From 1985-1986
onwards, all children in Finland have clinical examinations approximately once a
month up to one year during their first year of life, conducted either by a doctor or
a nurse. After the first year of life, the clinical examinations continue once or twice
a year depending on the family’s needs. The purpose of the child welfare clinic
follow-up program is to detect developmental delays in their early stages and to
enable their early treatment (Simell 1987).
The following protocol describes the follow-up program used in 1985-1986. In
order to detect childhood hearing impairments, a child’s hearing was examined as
follows: auditory localization response screening was conducted at eight months
by a doctor. A child’s speech production and understanding were assessed at the
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ages of 12 months (by a nurse), 18 months (by a doctor) and at 2 and 3 years (by a
nurse). Audiometric screening for a hearing threshold of 20 dB for frequencies
0.25-4 kHz was conducted at the age of four or five by a nurse. If the child had an
infection at the time of auditory localization response or hearing threshold
screening, the infection was treated and the examination was repeated. If there were
still abnormal findings in the screenings, the child was sent for a further hearing
examination at the Oulu University Hospital in northern Finland. At about six years
old, a complete audiogram with hearing thresholds for frequencies 0.25-4 kHz was
conducted, and the audiogram was usually evaluated by the unit’s doctor.
Thresholds over 20dB were considered abnormal (Simell 1987).
A child’s vision was tested as follows: before the age of 2 years old, a child’s
pupillary reflexes were studied by a doctor at 1, 6, 8, 12 and 16 months. In addition,
strabismus was examined using the Hirschberg and cover tests. At the age of three,
a nurse showed a child pictures at a distance and asked the child to name them.
From the ages of four to seven, children saw a nurse once a year and were shown
Schnelle’s E-tables (Simell 1987).
Speech development assessment was routinely part of every child’s visit to a
nurse or doctor; all nurses in child welfare units are trained to observe children’s
communication with their parents. Speech disorders were specifically screened at
the age of two to three years when a child was asked to name objects pointed at by
a nurse. If the child did not pronounce any words correctly by the age of two, or
only pronounced a few words correctly at age three, the results were deemed
abnormal. Abnormal results led to speech therapy or hearing examinations.
Adequate production of speech sounds was evaluated by a nurse at the age of four
to five. If one or more sounds in certain words were incorrectly pronounced, the
test was repeated after a follow-up time of six months to one year. If the problem
continued, the child was directed to a speech therapist (one to three sounds incorrect)
or a phoniatrician (persistent problem) (Simell 1987).
Children were also additionally examined at any age if their parents expressed
any concerns. Children with diseases or syndromes affecting their overall
development such as Down syndrome were followed-up more intensively (Simell
1987).
Parental questionnaires in the NFBC 1986
In the child’s first autumn at school, at seven or eight years of age, parents were
sent the first of two postal questionnaires. The questionnaire included questions on
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the school and family type, the social situation of the family and the child’s
development and health. The health and development data used in the current study
pertained to disturbances or delays for any reason in the development of sight (“Has
your child had any vision deficits?,” “Squinting?,” “Refractive errors?,” “If other,
specify”), in speech (“Is your child’s way of speech normal?,” “Any delay in speech
development or dysphasia?,” “Did your child require speech therapy before the age
of four?,” “If other, specify”) and in hearing (“Does your child have abnormal
hearing ability?,” “Has your child’s hearing required examination?,” “Abnormal
hearing ability in either ear?”). The parents answered on a three-way scale of “yes,”
“no” and “I do not know,” and the answers were further categorized as either “yes”
or “no” (“no” and “I don’t know” were categorized as “no”).
Welfare clinic data
To supplement the parental questionnaire data, a research assistant visited local
healthcare centers during the same year with a similar health and development
questionnaire form as the one sent to the children’s parents. The only addition to
the parental form was a question on any possible diagnose codes of the children.
Data were manually collected from case records. Data was categorized as “yes”
and “no” in the same way as the parental questionnaire data was categorized. Vision
defect diagnoses other than squint and refractive errors in children were categorized
as “other.”
4.2.7 Statistical methods
All statistical analyses were performed using SPSS software for Windows versions
18.0-20.0 (SPSS Inc., Chicago, Illinois, USA). Continuous variables with normal
distributions (family and maternal characteristics) were compared with t-tests and
variables with non-Gaussian distributions (TSH, fT4, TPO-Ab), using the Mann–
Whitney U test. The prevalence of categorical variables was compared using chisquare tests. Pearson’s χ2 test and Fisher’s exact test were used to evaluate the
prevalence differences. Odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated with logistic regression analysis.
In studies II, III and IV, first-line analyses were conducted amongst all children
with an IQ ≥ 85, and in II and III, further adjustments were made for gender, number
of children in the family at the time of the scholastic performance evaluation (≥ 2
vs. 1), maternal smoking (yes vs. no), socioeconomic status of the family
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(professional, skilled, unskilled or farmers) and maternal age (< 20 or > 35 years
vs. 20-35 years). All data in studies I-IV were also analyzed by including and
excluding TPO-Ab-positive mothers and mothers with thyroid disease, currently or
before pregnancy. The data was stratified to term and preterm (< 37 gestational
weeks) children to see if preterm birth impacted the associations. All data was also
stratified according to sex, because adjusting for a child’s sex significantly affected
all results. In study IV, the previous adjustments were made when analyzing a
child’s risk of vision defects.
Adolescents’ reference intervals (I)
For reference interval calculation, TPO-Ab-positive children were excluded, and
data from boys and girls were analyzed together and separately. Data was
logarithmically transformed to achieve normality. Outliers were identified using a
detection method described by Horn et al. (Horn et al. 2001). All outliers were
evaluated, and cases with notably high outlying TSH concentrations (> 5.28 mU/L)
were excluded from all analyses. Outliers were not identified among the TPO-Abpositive children. Separate reference intervals were then calculated with the 2.5th
and 97.5th percentiles for TPO-Ab-negative and -positive children. Bias-corrected
and accelerated 95% confidence intervals of the percentiles were calculated with
1000 bootstrap resamples.
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5

Results and comments

5.1

Maternal and adolescent thyroid function (I)

5.1.1 Association of maternal and adolescent’s thyroid function
In publication I, the study population consisted of mother-child pairs for which
thyroid function analyses were available for both; thus the study population was
smaller. The categorization of the mothers in publication I is presented in Figure 3.
For a representativeness analysis, we tested the mothers’ TSH, fT4 and TPO-Ab
concentrations when the child’s serum samples were available and when they were
not; no difference was observed (Table 5). We found no statistically significant
differences in TSH, fT4 or TPO-Ab concentrations between these groups (Table 5).
Seventeen children were reported to use levothyroxine, and one was reported to use
a thyreostatic drug; they were all included in the analyses.
Table 5. Comparison of mothers with and without child’s laboratory data available
Thyroid function

Mothers with no available

parameter

Mothers with available child

child serum samples

serum samples

n

concentration

n

concentration

2090

1.21 (0.21-3.88)

3689

1.20 (0.17-3.40)

fT4 (pmol/l)

2077

15.11 (11.91-20.22)

3649

15.10 (12.01-20.64)

TPO-Ab (IU/ml)

2086

4.18 (1.98-216.66)

3677

4.35 (2.04-155.31)

TSH (mU/l)

All thyroid function test values are median (5th-95th percentile). Comparison of the groups with and
without children’s laboratory data has been conducted with independent samples T-test with no
statistically significant findings.

The adolescent children of hypothyroid mothers had higher median TSH
concentrations (p-value < 0.005), and adolescent children of hyperthyroid mothers
had lower median TSH concentrations (p-value < 0.05) than those of euthyroid
mothers. The adolescent children of hypothyroid mothers also had statistically
significantly lower median fT4 and higher TPO-Ab concentrations than those of
euthyroid mothers. Adolescent children of hypothyroxinemic mothers had higher
TPO-Ab concentrations (p-value < 0.05), but their median TSH and fT4
concentrations did not differ from those of euthyroid mothers. Sons of hypothyroid
mothers had higher median TSH concentrations than sons of euthyroid mothers.
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Fig. 3. Flow chart of the study population (Päkkilä et al. 2013, published with permission
of The Endocrine Society).
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Daughters of hypothyroid mothers and sons of hypothyroxinemic mothers had
higher median TPO-Ab concentrations than those of euthyroid mothers. The results
remained similar after excluding mothers using thyroid medication and after
categorizing mothers by only using TSH data (Table 6).
Adolescent children of TPO-Ab-positive mothers had significantly higher
median TPO-Ab concentrations than those of TPO-Ab-negative mothers. TPO-Abpositive mothers were more likely to have TPO-Ab-positive offspring (Figure 4):
9.0% vs. 3.7% among boys and 22.7% vs. 7.5% among girls.
Hypo- and hyperthyroid mothers had a statistically significant increased risk
of having offspring with hypo- and hyperthyroidism, respectively, compared to
euthyroid mothers (Table 7). The results did not substantially change after
excluding mothers using thyroid medication and after categorizing mothers by only
using data on TSH. The children of hypothyroxinemic mothers did not have an
increased risk of having hypothyroxinemia: 5.1% vs. 2.4% (p=0.251) for all
children, 4.3% vs. 2.8% (p=0.488) for boys and 6.3% vs. 2.0% (p=0.289) for girls.

Fig. 4. Prevalence of TPO-Ab-positive children (%) grouped by maternal antibody status.
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0.1 (0.0-9.4)

TPO-Ab (IU/mL)

0.1 (0.0-3.9)

TPO-Ab (IU/mL)

13.5 (11.5-16.0)
0.1 (0.0-33.9)

fT4 (pmol/L)

TPO-Ab (IU/mL)

0.3 (0.0-255.5)*

13.3 (11.2-15.5)

1.6 (0.5-3.9)

96-99

0.2 (0.0-6.5)

13.1 (11.4-15.7)

2.0 (0.9-4.0)***

107-108

0.24 (0.0-94.4)**

13.4 (11.3-15.6)*

1.8 (0.8-3.9)***

203-207

Hypothyroid

0.3 (0.0-506.5)

13.6 (11.6-15.8)

1.3 (0.5-3.5)*

49

0.0 (0.0-4.3)

13.0 (10.7-15.1)

1.3 (0.6-4.2)**

32

0.21 (0.0-409.9)

13.6 (11.5-15.6)

1.3 (0.6-3.5)***

81

Hyperthyroid

0.4 (0.0-72.4)

13.1 (10.1-15.1)

1.5 (0.6-3.9)

18

0.5 (0.0-160.6) *

13.1 (10.8-16.9)

1.6 (0.6-5.1)

27

0.4 (0.0-157.1)**

13.1 (10.6-15.6)

1.5 (0.7-5.0)

45

Hypothyroxinemic

0.1 (0.0-32.9)

13.5 (11.5-16.0)

1.6 (0.7-3.5)

1746

0.1 (0.0-3.7)

13.4 (11.4-15.8)

1.7 (0.8-3.4)

1735

0.6 (0.0-7.5)

14.4 (11.4-15.9)

1.6 (0.8-3.4)

3490-3503

TPO-Ab-negative

0.6(0.0-387.1)***

13.7 (11.5-16.2)

1.6 (0.7-3.8)

75

0.2 (0.0-51.1)**

13.2 (11.7-16.2)

1.8 (0.9-3.4)

89

1.5 (0.0-246.0)***

14.6 (11.6-16.2)

1.7 (0.8-3.7)

168-171

TPO-Ab-positive

***P < 0.001

when comparing individual groups with the maternal euthyroid group, or an antibody-positive group with an antibody-negative group. *P < 0.05, **P < 0.01,

Numbers vary due to missing samples. Distributions are expressed as median (5–95th percentiles). P-values were obtained with the Mann–Whitney U test

1.6 (0.7-3.4)

TSH (mU/L)

N (mother-child pairs)

1589-1598

13.4 (11.4-15.9)

fT4 (pmol/L)

Girls

1.7 (0.8-3.3)

TSH (mU/L)

N (mother-child pairs)

1589-1591

13.4 (11.4-16.0)

fT4 (pmol/L)

Boys

1.6 (0.8-3.4)

3178-3189

Euthyroid

TSH (mU/L)

N (mother-child pairs)

concentrations

hormone

Adolescent thyroid

Table 6. Comparison of the NFBC 1986 adolescents thyroid function parameters according to maternal thyroid function status.

Table 7. Adolescents’ estimated odds to have the same thyroid dysfunction as their
mothers.
OR (95% CIs)
Maternal

N of

ORa (95% CIs)

All

N of all

All

mothers

thyroid status mothers

Children

Boys

Girls

children

Boys

Girls

Hypothyroid

207

2.7

2.2

3.1

118

3.4

2.9

3.9

(108/99)

(1.5-4.6)

(1.0-5.1)

(1.5-6.6)

(60/58)

(1.8-6.5)

(1.0-5.1)

(1.7-9.0)

81

3.7

4.7

3.0

67 (23/44) 4.1

5.9

3.1

(32/49)

(1.5-8.8)

(1.0-20.8) (1.0-8.8)

Hyperthyroid

(1.7-9.8)

(1.3-26.7) (1.1-9.0)

Number of mothers: mothers of all children (boys/girls). a: TPO-Ab-positive mothers (TPO-Ab
concentration ≥ 167.7 IU/mL) excluded from analysis.

5.1.2 Comments on maternal and adolescent thyroid function
No previous studies on the association between maternal thyroid function during
pregnancy and an adolescent child’s thyroid function later in life were found. There
was some evidence from a twin study that individual levels of TSH might be
genetically controlled and that fT4 and fT3 are more susceptible to environmental
influence than TSH (Panicker et al. 2008). In this study, maternal thyroid function
was assessed once in early pregnancy; unfortunately, possible clinical symptoms
and diagnoses of maternal thyroid disease were not available. However, mothers
who previously used thyroid medication were excluded. A cohort study from the
Netherlands associated maternal thyroid function and child’s thyroid hormone
parameters at birth and during childhood (measured from five to nine years of age);
the association persisted after adjusting for genetic risk scores (Korevaar et al.
2015a). Our results were the first to show that maternal abnormal thyroid function
during pregnancy, even without a known diagnosis, associates with a child’s risk
of having the same thyroid dysfunction in adolescence. Analyses were also
conducted using only maternal TSH concentrations for sensitivity analysis because
fT4 measurements may not be totally reliable during pregnancy. The results did not
change.
Daughters of mothers with positive TPO-Ab concentrations during early
pregnancy had approximately a three-fold risk of being TPO-Ab-positive
themselves in adolescence. Previous data shows that TPO-Ab-positivity is more
prevalent in girls with Tanner stages of II-V compared to Tanner stage I
(Kaloumenou et al. 2008). It is therefore possible that puberty has an impact on the
autoimmune status of adolescents. The current study population is 16 years old, and
71

most of them have probably gone through puberty. Therefore, it can be postulated
that this study identified most of the individuals that will be seropositive during
pregnancy and thus at risk of thyroid dysfunction and postpartum thyroiditis. The
results of the current study emphasize the importance of screening for thyroid
dysfunction in early pregnancy in those individuals who have known thyroid
diseases in the family. Screening for thyroid dysfunction is also important in the
non-pregnant population when an individual with a history of thyroid disease or
other autoimmune disease in the family presents clinical symptoms of thyroid
dysfunction.
5.1.3 Reference intervals for serum TSH and fT4 concentrations in
the adolescent population and thyroid function in adolescence
A total of 5962 (62.9% of the NFBC 1986) adolescents had data available on both
TSH and fT4 concentrations. These data were used to calculate reference intervals
for TSH and fT4 concentrations for adolescents. After excluding TPO-Ab-positive
children and children with high outlying values, 5765 (60.8% of the NFBC 1986)
adolescent samples were available for reference interval calculation. Adolescent
reference intervals are presented in Table 8; these are 0.64-3.74 mU/L for TSH and
11.01-16.63 pmol/L for fT4.
When using these reference values of TSH and fT4 concentrations to evaluate
the prevalence of thyroid dysfunction in adolescents, 219 (3.7%) adolescents had
overt or subclinical hypothyroidism, 149 (2.6%) had overt or subclinical
hyperthyroidism and 140 (2.4%) had hypothyroxinemia. The respective prevalence
of adolescents with maternal thyroid function data available (n = 3673) was 125
(3.4%) hypothyroid adolescents, of whom 60 were boys and 65 girls, 90 (2.5%)
hyperthyroid adolescents, of whom 29 were boys and 61 girls and 82 (2.2%)
hypothyroxinemic adolescents of whom 47 were boys and 35 girls.
When using reference intervals from the manufacturer (0.4-4.0 mU/L for TSH
and 9.0-19.0 pmol/L for fT4), 164 (2.8%) adolescents were hypothyroid, 31 (0.5%)
were hyperthyroid and no children had hypothyroxinemia.
Overall, adolescent boys had higher median TSH concentrations than girls (p
< 0.001). Girls had higher median TPO-Ab concentrations than boys (p = 0.002).
TPO-Ab-positive boys had higher median TSH and lower fT4 concentrations than
TPO-Ab-negative boys (TSH 1.84 vs. 1.67 mU/L, p = 0.04 and fT4 13.00 vs. 13.41
pmol/L, p = 0.03) and TPO-Ab-positive girls had higher median TSH
concentrations than TPO-Ab-negative girls (TSH 2.10 vs. 1.53 mU/L, p < 0.001).
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5.1.4 Thyroid autoimmunity in the adolescent population
There were 381 (6.6%) adolescents who were TPO-Ab-positive with a TPO-Ab
concentration > 5.61 mU/L, of whom 248 (65.1%) were girls. Of hypothyroid
adolescents with TPO-Ab measurements available, 57/210 (27.1%) were TPO-Abpositive, whereas 15/147 (10.2%) of hyperthyroid adolescents were TPO-Abpositive. There was no difference in TPO seropositivity in subjects with and
without maternal thyroid function data.
The unadjusted odds of a TPO-Ab-positive adolescent having either hypo- or
hyperthyroidism was 4.3 (95% CI 3.3-5.7). Among TPO-Ab-positive boys, the
prevalence of hypo- or hyperthyroidism was 21.3%, and the odds of having hypoor hyperthyroidism was 5.6 (95% CI 3.5-8.9). Among TPO-positive girls, the
prevalence of thyroid dysfunction was 17.7%, and the odds of having thyroid
dysfunction was 3.5 (95% CI 2.5-5.1).
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122
246

Boys

Girls

TPO-Ab-positive

children

5764

2633

All TPO-Ab-negative

2764

Girls

n

Boys

TPO-Ab-negative

status

Adolescent TPO-Ab

0.14 (0.03-0.68)

0.35 (0.00-0.88)

0.64 (0.62-0.65)

0.59 (0.57-0.61)

9.06 (6.08-14.13)

11.79 (7.58-64.22)

3.74 (3.62-3.84)

3.66 (3.56-3.83)

3.76 (3.61-3.95)

CI)

CI)

0.69 (0.65-0.70)

97.5 h percentile (95%

2.5th percentile (95%

t

TSH (mU/L)

10.57 (9.44-11.21)

10.04 (9.26-10.95)

11.01 (10.91-11.12)

11.08 (10.90-11.22)

11.02 (10.86-11.14)

2.5th percentile (95% CI)

fT4 (pmol/L)

Table 8. Reference intervals with 95% CIs separately for TPO-Ab-negative and -positive adolescents.

17.92 (16.60-21.14)

16.23 (15.45-17.29)

16.63 (16.45-16.79)

16.75 (16.51-16.98)

16.44 (16.24-16.76)

CI)

97.5th percentile (95%

5.1.5 Comments on the adolescent thyroid function analysis
Using population-based reference intervals among these adolescents identified a
statistically significant higher number of subjects with abnormal thyroid function
compared to the manufacturer’s reference intervals. Whether these children have
clinical symptoms of thyroid dysfunction is unknown. The use of the
manufacturer’s reference intervals for adults may fail to identify 55/219 (25.1%)
cases of possible hypothyroidism and 118/148 (79.7%) cases of possible
hyperthyroidism. The population-based adolescents’ reference interval for fT4 is
narrower than the manufacturer’s reference interval for the adult population. This
may be due to the adolescent population being healthier than the adult population.
Seventeen adolescents were known to use thyroxin, and one used a thyreostatic
drug. These subjects were included in the analysis because their thyroid function
values were assumed to be in a good balance.
Adolescents with positive TPO-Ab concentrations had significantly increased
odds of having abnormal thyroid function compared to TPO-Ab-negative
individuals. Our results are in line with one previous study from Finland showing
that one third of TPO-Ab-positive children had subclinical hypothyroidism
(Kondrashova et al. 2008). These findings signify the common autoimmune origin
of thyroid diseases. TG-Ab concentrations in adolescents were not analyzed in this
study, and TG-Ab-positivity might account for further cases of abnormal thyroid
function. In clinical practice, however, measuring TPO-Ab or TG-Ab
concentrations are not usually first line studies.
5.2

The association between maternal thyroid dysfunction and
ADHD symptoms in children (II)

The participation rate for the teacher questionnaire conducted when the NFBC 1986
children were 7-8 years old was 92% of the living and traceable NFBC 1986 cohort.
Among the families with data on thyroid function during pregnancy, 5089 teacher
questionnaires were completed, and a total of 5131 questionnaires had at least one
answered item on ADHD. A total of 1030 children (20.1%) had inattention
symptoms, 1095 children (21.3%) had hyperactivity symptoms, 686 children
(13.4%) had total Rutter B2 scores ≥ 9 and 461 children (9.0%) had combined
ADHD symptoms (inattention and hyperactivity symptoms with total Rutter B2
scores ≥ 9), based on the teachers’ evaluation. Overall, boys had a higher prevalence
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of ADHD symptoms, Rutter B2 scores ≥ 9 and combined ADHD symptoms than
girls (Table 9). No statistically significant differences were seen in the prevalence
or odds of ADHD symptoms in children born to mothers with high and normal
serum TSH concentrations, or hypothyroxinemia and normal fT4 concentrations
(Table 9).
Table 10 presents the children’s estimated odds of ADHD symptoms by natural
logarithm increases in maternal serum TSH concentrations. In boys, no association
was observed between ADHD symptoms and log-increases in maternal TSH. Girls
had 1.2-fold odds of inattention and Rutter scores ≥ 9 and 1.4-fold odds of
combined ADHD symptoms with every natural log-increase in maternal TSH. As
sensitivity analyses, the exclusion of TPO-Ab-positive mothers and those using
thyroid medication affected our results only minimally. The number of preterm
children was too small to study the association of ADHD symptoms and maternal
thyroid function in preterm children.
The children’s inattention and hyperactivity symptoms were also evaluated by
their parents at eight years of age. According to parental evaluations, there were
797 (15.2%) children with inattention symptoms and 1166 (22.2%) children with
hyperactivity symptoms. According to the results of the parental evaluations, there
was no association between increasing maternal TSH concentrations, high TSH
concentrations, decreasing fT4 concentrations or maternal hypothyroxinemia and a
child’s inattention or hyperactivity symptoms. The results did not change after
categorizing children by sex. Parental inattention and hyperactivity evaluations
were also combined with teacher evaluations; this did not change the results.
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77

260 (5.5)

267 (5.6)

Girls

177 (3.7)

Girls

95 (2.0)

Girls
10 (2.9)

21 (6.0)

14 (4.0)

27 (7.8)

21 (6.0)

56 (16.1)

19 (5.5)

44 (12.6)

1.69 (0.79-3.56)

0.89 (0.52 -1.50)

1.30 (0.70-2.42)

0.77 (0.49-1.24)

1.20 (0.70-2.03)

1.07 (0.75-1.52)

1.14 (0.66-1.97)

0.76 (0.51-1.12)

aOR (95% CI)b

86 (2.0)

299 (6.8)

162 (3.7)

423 (9.7)

247 (5.7)

680 (15.6)

242 (5.5)

641 (14.7)

(n = 4370)a

Normal fT4

0

3 (4.5)

0

7 (10.6)

3 (4.5)

8 (12.1)

2 (3.0)

9 (9.1)

(n = 66)a

Hypothyroxinemia

NA

0.61 (0.18-2.03)

NA

0.75 (0.28-1.96)

1.07 (0.31-3.65)

0.69 (0.31-1.56)

0.66 (0.15-2.83)

0.75 (0.33-1.69)

aOR (95% CI)c

a
Numbers may vary due to missing maternal TSH and/or free T4 measurements or availability of teacher evaluation of child’s symptoms. 30 teacher
questionnaires were not completely filled out.
b
The odds ratios with 95% CIs for child’s ADHD symptoms after exposure to high maternal TSH concentrations during early pregnancy are calculated by
logistic regression, after adjusting for having > 2 children in family, maternal smoking, maternal education and maternal age. High TSH concentration was
defined as having TSH concentration > 3.1 mU/L in the first or > 3.5 mU/L in the second trimester.
c
The odds ratios with 95% CIs for child’s ADHD symptoms after exposure to maternal hypothyroxinemia during early pregnancy are calculated by logistic
regression, after adjusting for having >2 children in family, maternal smoking, maternal education and maternal age. Maternal hypothyroxinemia was defined
as having normal TSH concentration and free T4 concentration < 11.4 pmol/L in the first or < 11.1 pmol/L in the second trimester.

330 (6.9)

Boys

Combined ADHD, n (%)

462 (9.7)

Boys

Rutter B2 scores ≥ 9, n (%)

745 (15.6)

Boys

Hyperactivity, n (%)

700 (14.7)

(n = 348)a

(n = 4763)a

Girls

High TSH

Normal TSH

Boys

Inattention, n (%)

Child’s ADHD symptoms

concentrations and with or without hypothyroxinemia.

Table 9. Prevalence (n [%]) and estimated odds of ADHD symptoms in children of mothers with high and normal serum TSH

Table 10. Prevalence and odds of ADHD symptoms in children after exposure to
increasing maternal serum TSH concentration.
n (%)a

aOR (95% CI)b

Boys

749 (14.6)

1.00 (0.90-1.12)

Girls

281 (5.5)

1.18 (1.02-1.37)

Boys

806 (15.7)

1.00 (0.90-1.10)

Girls

289 (5.6)

1.10 (0.95-1.25)

Boys

494 (9.6)

1.02 (0.90-1.15)

Girls

192 (3.7)

1.23 (1.03-1.48)

355 (6.9)

1.17 (1.00-1.36)

Child’s ADHD symptom
Inattention

Hyperactivity

Rutter B2 scores ≥ 9

Combined ADHD
Boys

Girls
106 (2.1)
1.39 (1.07-1.80)
a
Compared to N of all mother-children pairs with sufficient maternal serum samples and children’s ADHD
symptom evaluation available (n=5131).
b
The odds ratios with 95% CIs for ADHD symptoms in the child per one natural logarithmic unit increase
in maternal early pregnancy thyroid stimulating hormone concentrations are calculated with logistic
regression, after adjusting for having > 2 children in family, maternal smoking, maternal education and
maternal age.

5.2.1 Comments
In the current study, a modest association was seen between increased maternal
early pregnancy TSH concentrations and girls’ high Rutter B2 scores and combined
ADHD symptoms when evaluated by teachers. In boys, no association was seen
between maternal thyroid function status and teacher evaluated ADHD symptoms.
Only one previous population-based study on the possible association of maternal
thyroid function in early pregnancy and a child’s ADHD symptoms or diagnosis at
school age has been conducted (Modesto et al. 2015). In that study, a child’s ADHD
symptoms were evaluated by his or her parents using the Conners’ Parent Rating
Scale – Revised Short Form with 12 items concerning ADHD symptoms. The
children were aged six to eleven years old. The children of hypothyroxinemic
mothers had 7% higher ADHD scores compared to children of euthyroid mothers.
However, the large age distribution must be acknowledged as a limitation of this
study (Modesto et al. 2015).
Previous literature indicates that teacher evaluations of ADHD symptoms
using the Rutter B2 form is more reliable than parental evaluations using the Rutter
A2 scale, and Rutter B2 scales can better discern psychiatric disturbances than
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Rutter A2 and the Children’s Depression Inventory (Kresanov et al. 1998).
Therefore, in our study, more weight was given to the teachers’ evaluation of
ADHD symptoms. Teachers are shown to be more competent in evaluating a child’s
abnormal behavior because they observe more children in their working
environment than parents do. Furthermore, a child’s behavior might be different in
school than at home (De Los Reyes & Kazdin 2005, Kolko & Kazdin 1993).
Parental evaluation is affected by level of education and the amount of stress
associated with a child’s behavior (Collishaw et al. 2009).
Our current study results must be interpreted with care because the clinical
diagnosis of ADHD was not used in this study (diagnostic interviews were available
only for a low number of cases). Children with combined ADHD symptoms in
childhood tended to meet the inattentive subtype diagnosis in adolescence (when a
subpopulation of the NFBC 1986 had ADHD diagnostics conducted) (Hurtig et al.
2007).
The number of mothers with high TSH concentrations in our cohort was small.
Therefore, it was meaningful to also study maternal TSH concentrations as a
continuous variable. The clinical implication of the increased odds of an association
of a child’s high Rutter B2 scores and combined ADHD with logarithmically
increasing maternal TSH concentrations is, nevertheless, difficult to specify. A mild
association possibly exists, but no specific cut-off point for TSH concentrations can
be found in this population. ADHD is a relatively common multifactorial disorder.
According to our study, the effect of mild maternal thyroid dysfunction during
pregnancy in this equation is small.Maternal and adolescent thyroid function and
their association on scholastic performance and intellect (III)
5.2.2 Maternal thyroid dysfunction during early pregnancy and the
scholastic performance of children (III)
The study protocol is described in Figure 5. Teacher responses were available for
8525 children (92% of the living and traceable NFBC 1986 children). Teachers
evaluated the children’s performance at school at eight years of age. A total of 590
(11.6%) children had reading difficulties, 839 (16.5%) had writing difficulties, 416
(8.2%) had difficulties in mathematics and 1062 (20.9%) had difficulties in at least
one of these. No significant differences in scholastic problems at eight years of age
were observed when children of mothers with thyroid dysfunction were compared
to children of euthyroid mothers. Increased TSH did not increase a child’s risk of
scholastic problems.
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Self-reported responses were available for 7344 children (80% of the living
and traceable NFBC 1986 children). At 16 years old, 374 (8.6%) adolescents
evaluated themselves as being worse than average in Finnish language, 1020
(23.4%) worse than average in mathematics, 1204 (27.7%) worse than average in
either Finnish or mathematics and 78 (1.8%) adolescents had repeated a class.
Adolescents of hypothyroid mothers had similar scholastic outcomes as those
of euthyroid mothers (Table 11). Adolescents of mothers with subclinical
hypothyroidism had a statistically significant increased prevalence and increased
unadjusted odds of repeating a class at school than those of euthyroid mothers (3.4%
vs. 1.6%, OR 2.14, 95% CI 1.01–4.53, adjusted OR 2.02, 95% CI 0.78-5.21).
Logarithmically increasing TSH did not increase adolescents’ odds of poor
scholastic performance.
Adolescents of hyperthyroid mothers reported difficulties in mathematics more
often than those of euthyroid mothers (32.0% vs. 23.2%, OR 1.56, 95% CI 1.032.38, adjusted OR 1.61, 95% CI 1.01-2.49) (Table 11). The numbers were not
sufficient to analyze overt and subclinical hyperthyroidism separately. Adjustment
factors included the number of children in the family at the time of the scholastic
performance evaluation (≥ 2 vs. 1), maternal smoking (yes vs. no), socioeconomic
status of the family (professional, skilled, unskilled or farmers) and maternal age
(< 20 or > 35 years vs. 20-35 years).
Adolescents of hypothyroxinemic mothers had an increased prevalence and
increased unadjusted odds of having repeated a class at school than those of
euthyroid mothers (5.5% vs. 1.6%, OR 3.49, 95% CI 1.06–11.48) (Tables 12 and
13). However, after adjustments, the difference was not statistical significance (OR
3.50 95% CI 0.81-15.21). All of the adolescents of hypothyroxinemic mothers who
repeated a class were boys. They had significantly higher odds of repeating a class
at school than those of euthyroid mothers (10.0% vs. 2.3%, OR 4.74, 95% CI 1.38–
16.25, adjusted OR 5.46, 95% CI 1.19-25.06) (Table 11).
All results were similar after excluding preterm births, TPO-Ab-positive
mothers and mothers with diagnosed and/or treated thyroid disease during the index
pregnancy. Maternal hyperthyroidism associated with the self-evaluated
mathematical skills of the adolescents and hypothyroxinemia correlated with class
repetition. These associations were not mediated by the adolescents’ ADHD
symptoms at the age of 16 (SWAN-evaluations) because maternal thyroid
dysfunction did not associate with ADHD symptoms in adolescents at 16 years of
age
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Fig. 5. Flow chart of the study population in scholastic performance evaluations of the
NFBC 1986 (Päkkilä F et al 2015, published with permission of The American Thyroid
Association)
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Euthyroid

540/2184 (24.7%)
360/2153 (16.7%)

Boys

Girls

least one

900/4337 (20.8%)

190/2148 (8.8%)

Girls

Difficulties in at

163/2180 (7.5%)

Boys

mathematics

353/4328 (8.2%)

250/2149 (11.6%)

Girls

Difficulties in

461/2186 (21.1%)

Boys

writing

711/4335 (16.4%)

169/2146 (7.9%)

Difficulties in

329 (2189 (15.0%)

Girls

498/4335 (11.5%)

Prevalence

(n = 4831)

Boys

reading

Difficulties in

questionnaire:

8-year

performance

Scholastic

by maternal thyroid status

23/156 (14.7%)

50/173 (28.9%)

73/329 (22.2%)

11/156 (7.1%)

15/172 (8.7%)

26/328 (7.9%)

17/156 (10.9%)

39/173 (22.5%)

56/329 (17.0%)

12/155 (7.7%)

29/173 (16.8%)

41/328 (12.5%)

Prevalence

0.86 (0.55-1.36)

1.24 (0.88-1.74)

1.09 (0.83-1.43)

0.78 (0.42-1.47)

1.18 (0.68-2.06)

0.97 (0.64-1.47)

0.93 (0.55-1.56)

1.09 (0.75-1.58)

1.05 (0.78-1.41)

0.98 (0.53-1.81)

1.14 (0.75-1.73)

1.10 (0.78-1.55)

ORs (95% CIs)

n = 365 (7.0%)

Hypothyroid

6/27 (22.2%)

6/39 (15.4%)

12/66 (18.2%)

3/27 (11.1%)

4/39 (10.3%)

7/66 (10.6%)

3/27 (11.1%)

5/39 (12.8%)

8/66 (12.1%)

1/27 (3.7%)

3/39 (7.7%)

4/66 (6.1%)

Prevalence

1.42 (0.57-3.55)

0.55 (0.23-1.33)

0.85 (0.45-1.59)

1.29 (0.38-4.32)

1.41 (0.50-4.03)

1.34 (0.61-2.95)

0.95 (0.28-3.18)

0.55 (0.21-1.42)

0.70 (0.33-1.48)

0.45 (0.06-3.34)

0.47 (0.14-1.54)

0.50 (0.18-1.37)

ORs (95% CIs)

n = 71 (1.4%)

Hypothyroxinemic

ORs (95% CIs)

0.65 (0.24-1.80)

1.33 (0.61-2.90)

1.17 (0.57-2.40)

0.74 (0.29-1.85)

0.62 (0.15-2.58)

0.72 (0.33-1.55)

0.54 (0.21-1.34)

10/75 (13.3%)

13/42 (31.0%)

0.77 (0.39-1.51)

1.37 (0.70-2.64)

23/117 (19.7%) 0.93 (0.59-1.48)

5/75 (6.7%)

2/42 (4.8%)

7/117 (6.0%)

5/76 (6.6%)

10/42 (23.8%)

15/118 (12.7%) 0.74 (0.43-1.28)

4/76 (5.3%)

8/42 (19.0%)

12/118 (10.2%) 0.87 (0.48-1.60)

Prevalence

n = 124 (2.5%)

Hyperthyroid

Table 11. The prevalence and OR of a child’s scholastic difficulties at ages eight (teacher evaluation) and sixteen (self-evaluation)
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Euthyroid

550/1945 (28.3%)

33/127 (26.0%)
42/134 (31.3%)

1.16 (0.79-1.69)

0.97 (0.64-1.46)

1.07 (0.81-1.41)

1.26 (0.87-1.84)

0.77 (0.47-1.26)

1.03 (0.77-1.39)

0.66 (0.24-1.84)

1.00 (0.59-1.69)

0.91 (0.58-1.45)

2.19 (0.64-7.46)

1.72 (0.67-4.43)

1.88 (0.89-3.98)

ORs (95% CIs)

7/25 (28.0%)

8/29 (27.6%)

15/54 (27.8%)

7/25 (28.0%)

7/30 (23.3%)

14/55 (25.5%)

0/25

3/29 (10.3%)

3/54 (5.6%)

0/25

3/30 (10.0%)*

3/55 (5.5%)

Prevalence

0.99 (0.41-2.38)

1.05 (0.46-2.39)

1.02 (0.56-1.85)

1.08 (0.45-2.59)

1.26 (0.54-2.96)

1.13 (0.62-2.09)

NA

0.74 (0.22-2.48)

0.62 (0.19-1.99)

NA

4.74 (1.38-16.25)*

3.49 (1.06-11.48)*

ORs (95% CIs)

n = 71 (1.4%)

Hypothyroxinemic

1.48 (0.89-2.45)

1.49 (0.69-3.22)

2.38)*

1.56 (1.03-

0.65 (0.16-2.70)

0.86 (0.30-2.46)

0.65 (0.28-1.49)

NA

NA

NA

ORs (95% CIs)

24/69 (34.8%)

10/34 (29.4%)

1.35 (0.82-2.24)

1.15 (0.55-2.42)

34/103 (33.0%) 1.30 (0.86-1.97)

24/69 (34.8%)

9/34 (26.5%)

(32.0%)*

33/103

2/69 (2.9%)

4/34 (11.8%)

6/103 (5.8%)

0/68

0/34

0/102

In 8-year evaluations, 10.0–10.9% of the data was missing and in 16-year evaluations, 22.5–22.9% was missing, varying between questions.

*p < 0.05, when the prevalence of scholastic problems were compared by using chi square tests.

children with data on scholastic performance available in the maternal thyroid function group (and percentage).

Hyperthyroid
n = 124 (2.5%)
Prevalence

The prevalence of a scholastic outcome has been calculated by the number of children with a scholastic problem/total number of

476/1790 (26.6%)

Girls

(27.5%)

75/261 (28.7%)

42/134 (31.3%)

517/1947 (26.6%)
1026/3735

20/127 (15.7%)

62/261 (23.8%)

4/135 (3.0%)

17/127 (13.4%)

21/262 (8.0%)

3/136 (2.2%)

5/129 (3.9%)

8/265 (3.0%)

Prevalence

Hypothyroid
n = 365 (7.0%)

349 (19.5%)

Boys

mathematics

Finnish or

Difficulties in

Girls

Boys

mathematics

866/3739 (23.2%)

86/1957 (4.4%)

Girls

Difficulties in

241/1795 (13.4%)

Boys

Finnish

327/3752 (8.7%)

20/1960 (1.0%)

Girls

Difficulties in

41/1790 (2.3%)

61/3750 (1.6%)

Prevalence

(n = 4831)

Boys

Repeated a class

questionnaire:

16-year

performance

Scholastic

5.2.3 Maternal thyroid function and severe intellectual
deficiency/mild cognitive limitation in children
In the NFBC 1986, 147 children with maternal thyroid function data available had
IQs ≤ 85. This was based on IQ testing in 142 children and on a clinical diagnosis
in 5 children. A total of 25 (0.4% of the entire NFBC 1986) of these were
categorized as having a severe intellectual deficiency (IQ < 50) (14 boys and 11
girls), and 117 (2.0% of the NFBC 1986) were categorized as having a mild
cognitive limitation (50 ≤ IQ ≤ 85) (82 boys and 35 girls). Maternal thyroid
dysfunction was not associated with the prevalence or odds of a severe intellectual
deficiency or mild cognitive limitation in the child (Tables 12 and 13).
The adjusted results were similar but were attenuated due to small sample sizes.
Adjustment factors included the number of children in the family at the time of the
scholastic performance evaluation (≥ 2 vs. 1), maternal smoking (yes vs. no),
socioeconomic status of the family (professional, skilled, unskilled or farmers) and
maternal age (< 20 or > 35 years vs. 20-35 years).
Table 12. Prevalence of children’s intellectual problems in maternal thyroid dysfunction.
Child’s intellectual
problem
Mild cognitive

Euthyroidism

Hypothyroid

Hypothyroxinemic

Hyperthyroid

n = 4957

n = 375 (7.0%)

n = 73 (1.5%)

n = 127 (2.5%)

100/4931(2.0%)

8/373 (2.1%)

Boys

73/2527 (2.9%)

Girls

27/2403 (1.1%)
22/4853 (0.5%)

limitation (na/nb)

Severe intellectual
deficiency (na/nb)

2/71 /2.7%)

2/126 (1.6%)

4/198 (2.0%)

2/44 (4.5%)

1/45 (2.2%)

4/175 (2.3%)

0/29

1/81 (1.2%)

1/366 (0.3%)

0/71

1/125 (0.8%)

Boys

11/2465 (0.4%)

1/195 (0.5%)

0/42

1/45 (2.2%)

Girls

11/2387 (0.5%)

0/171

0/29

0/80

2/73 (2.7%)

3/127 (2.4%)

All children with IQ ≤85
(na/nb)

126/4831 (2.5%) 10/375 (2.7%)

Boys

87/2541 (3.4%)

6/200 (3.0%)

2/44 (4.5%)

2/46 (4.3%)

Girls

49/2415 (1.6%)

4/175 (2.3%)

0/29

1/81 (1.2%)

The groups include mothers with information on IQ available. Mild cognitive limitation: IQ ≥50 but ≤85.
Severe intellectual deficiency: IQ < 50. na/nb: Number of children with an intellectual problem/total number
of children in the maternal thyroid function group (and percentage).
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Table 13. Maternal thyroid dysfunction and a child's risk of intellectual disability.
Child’s intellectual problem

Hypothyroid

Hypothyroxinemic

n = 375

n = 73

n = 127

1.08 (0.52-2.24)

1.40 (0.34-5.78)

0.79 (0.19-3.25)

Boys

0.70 (0.25-1.94)

1.63 (0.39-6.88)

0.76 (0.10-5.61)

Girls

2.15 (0.74-6.23)

NA

1.15 (0.15-8.57)

Severe intellectual deficiency 0.55 (0.07-4.07)

NA

1.63 (0.22-12.15)

Mild cognitive limitation

Hyperthyroid

Boys

1.06 (0.14-8.19)

NA

4.69 (0.50-36.79)

Girls

NA

NA

NA

1.05 (0.55-2.02)

1.08 (0.26-4.45)

0.93 (0.29-2.96)

Boys

0.87 (0.38-2.02)

1.34 (0.32-5.64)

1.28 (0.31-5.37)

Girls

1.43 (0.50-4.04)

NA

0.76 (0.10-5.61)

IQ ≤85

Mild cognitive limitation: IQ ≥50 but ≤85. Severe intellectual deficiency: IQ < 50.

5.2.4 Abnormal adolescent thyroid function parameters at 16 years
of age and self-evaluated scholastic performance
Hyperthyroid adolescent girls had more self-reported difficulties in Finnish than
euthyroid girls (11.1% vs. 4.2%, OR 2.82, 95% CI 1.42-5.61) (Table 15).
Adolescent boys with hypothyroxinemia more often self-reported having
difficulties in Finnish and/or mathematics than euthyroid boys (43.1% vs. 26.2%,
OR 2.13, 95% CI 1.26-3.62) (Table 14).
Because hyperthyroid girls had more problems in learning Finnish and
hypothyroxinemic boys had more difficulties with Finnish and/or mathematics, the
association of adolescent thyroid function and ADHD symptoms in 16-year-old
adolescents was evaluated. The prevalence of ADHD symptoms increased in boys
with hypothyroxinemic thyroid function parameters compared to euthyroid boys
(10.2% vs. 5.2%, OR 2.26 1.01-5.06) (Table 15).
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Euthyroid

616/2442 (25.2%)

Girls

58/2345 (2.5%)
26/2452 (1.1%)

Boys

Girls

class

86/4912 (1.8%)

652/2457 (26.5%)

Girls

Has repeated a

617/2354 (26.2%)

Boys

/or math

1270/4812 (26.4%)

451/2336 (19.3%)

Boys

Finnish and

1068/4779 (22.3%)

104/2453 (4.2%)

Mathematics

318/2347 (13.5%)

Girls

422/4801 (8.8%)

Prevalence

n = 5256 (89.3%)

Boys

Finnish

difficulties in

Adolescent has

0/102 (0.0%)

2/101 (2.0%)

2/205 (1.0%)

28/102 (27.5%)

20/102 (19.6%)

48/204 (23.5%)

26/102 (25.5%)

15/102 (14.7%)

41/204 (20.1%)

5/102 (4.9%)

9/102 (8.8%)

14/204 (6.9%)

Prevalence

NA

0.80 (0.19-3.31)

0.55 (0.14-2.26)

1.05 (0.67-1.63)

0.69 (0.42-1.13)

0.86 (0.62-1.19)

1.01 (0.64-1.60)

0.72 (0.41-1.26)

0.87 (0.62-1.24)

1.16 (0.46-2.92)

0.62 (0.31-1.24)

0.77 (0.44-1.33)

ORs (95% CIs)

n = 216 (3.7%)

Hypothyroid

1/56 (1.8%)

0/58 (0.0%)

2/123 (1.6%)

9/55 (16.4%)

25/58 (43.1%)

34/113 (30.1%)

8/55 (14.5%)

13/43 (30.2%)

25/113 (22.1%)

1/55 (1.8%)

11/58 (19.0%)

12/113 (10.6%)

Prevalence

1.69 (0.23-12.73)

NA

0.93 (0.23-3.81)

0.54 (0.26-1.11)

2.13 (1.26-3.62) *

1.20 (0.80-1.80)

0.51 (0.24-1.07)

1.73 (0.98-3.08)

0.99 (0.63-1.55)

0.42 (0.06-3.05)

1.49 (0.77-2.91)

1.23 (0.67-2.26)

ORs (95% CIs)

n = 134 (2.3%)

Hypothyroxinemic

ORs (95% CIs)

2.82 (1.42-5.61) *

1.24 (0.55-2.81)

0.81 (0.36-1.84)
1.05 (0.65-1.70)

0/91 (0.0%)

1/43 (2.3%)

1/138 (0.7%)

27/90 (30.0%)

13/43 (30.2%)

NA

0.94 (0.13-6.94)

0.41 (0.06-2.96)

1.19 (0.75-1.88)

1.22 (0.63-2.35)

40/133 (30.1%) 1.20(0.82-1.75)

23/88 (26.1%)

7/43 (16.3%)

30/131 (22.9%) 1.03 (0.68-1.56)

10/90 (11.1%)

7/43 (16.3%)

17/133 (12.8%) 1.52 (0.91-2.56)

Prevalence

n = 146 (2.5%)

Hyperthyroid

Table 14. Adolescents’ thyroid function and prevalence and ORs (95% CIs) of self-evaluated poor scholastic performance.

Table 15. The association between adolescents’ thyroid function status and ADHD
symptoms.
ADHD symptom

Euthyroid

Hypothyroid

Hypothyroxinemic

Inattentive type

177/4404 (4.0%)

7/182 (3.8%)

7/118 (5.9%)

1/121 (0.8%)

Boys

121/2171 (5.6%)

5/91 (5.5%)

5/59 (8.5%)

1/37 (2.7%)

Girls

53/2193 (2.4%)

2/90 (2.2%)

2/55 (3.6%)

0/82 (0%)

188/4404 (4.3%)

5/182 (2.7%)

10/118 (8.5%)

8/121 (6.6%)

Boys

118/2171 (5.4%)

3/91 (3.3%)

8/59 (13.6%)

3/37 (8.1%)

Girls

66/2193 (3.0%)

2/90 (2.2%)

2/55 (3.6%)

5/82 (6.1%)

ADHD-case

171/4404 (3.9%)

6/182 (3.3%)

8/118 (7.6%)

5/121 (4.1%)

Boys

112/2171 (5.2%)

5/91 (6.5%)

6/59 (10.2%)*

3/37 (7.7%)

Girls

54/2193 (2.5%)

1/90 (3.9%)

2/55 (3.6%)

2/82 (2.4%)

Hyperactive type

Hyperthyroid

Children with IQ≤85 excluded from analysis.* p-value <0.05 when compared to euthyroid children.

5.2.5 Comments
Maternal thyroid dysfunction had a small effect on a child’s self-evaluated
scholastic performance at the age of 16. Adolescent children of hyperthyroid
mothers had more problems in mathematics, and boys of hypothyroxinemic
mothers were more likely to repeat a class at school. The present data is unique,
and no similar data were found in the literature. Cognitive functioning has been
studied in very young and school-aged children, and adverse associations have been
found between maternal hypothyroidism and hypothyroxinemia during pregnancy
and children’s neuropsychological development (Haddow et al. 1999, Henrichs et
al. 2010, Julvez et al. 2013, Ghassabian et al. 2014, Korevaar 2015b). A study by
Korevaar et al. associated both low and high maternal fT4 concentrations with
neuropsychiatric changes; that finding is somewhat in line with the current study
results (Korevaar et al. 2015b). However, children in that study were between the
ages of five and nine years in IQ testing and between six and 11 years in MRI
imagining (Korevaar et al. 2015b).
In the current study, boys of hypothyroxinemic mothers more often repeated a
class at school. It can be postulated that this may relate directly to low maternal fT4
concentrations, or to some other maternal disease, which may cause maternal
hypothyroxinemia and may or may not be known.
Adolescent girls with hyperthyroidism reported more problems in Finnish
language. The possible mechanism behind the association is unclear, but it probably
relates to the other symptoms of hyperthyroidism. Hypothyroxinemic boys more
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often reported problems in Finnish language and/or mathematics.
Hypothyroxinemia in a non-pregnant population might be a sign of some other
disease such as obesity or asthma, which might affect child’s learning more than
the hypothyroxinemia itself.
It is plausible that ADHD symptoms and specific learning difficulties account
for a vast majority of learning difficulties in adolescents with a normal IQ (Taanila
et al. 2014). Lowered IQ naturally brings its own learning difficulties because the
etiology of the lowered IQ might be a specific disease or a syndrome. According to
the current results, the impact of maternal thyroid dysfunction on IQ is small.
However, when examining a child with ADHD symptoms or learning difficulties,
TSH and fT4 measurements would reasonably be used to exclude possible thyroid
diseases, especially if the child has other symptoms of thyroid dysfunction.
Maternal thyroid function did not have an effect on a child’s intellectual
disability. The prevalence and etiology of intellectual disability in the NFBC 1986
have been previously studied in a dissertation by Dr. Ulla Heikura. According to
her studies, the majority of intellectual disabilities were caused by biomedical
factors (93.7 % in severe and 47.9% in mild cases). When studying the timing of
the etiology, prenatal factors accounted for 58.8% in both categories. Down
syndrome was the most common genetic etiology, and a few cases of single and
multifactorial gene mutations were identified. Malformations accounted for 9.2%,
and external prenatal disorders (caused by maternal infection, medication, toxins,
etc.) accounted for 16.0% of intellectual disability cases. Paranatal factors (factors
occurring between one week before delivery and four weeks after) such as
infections, delivery complications and other neonatal complications were found in
3.4% of cases and postnatal factors in 4.2% of cases. Unknown causes applied in
33.6% of the cases. The lower the IQ, the more severe and early the prenatal factor
seemed to be that caused it (Heikura et al. 2005).
Maternal thyroid diseases during pregnancy are diagnosed and treated in most
cases. Women with overt thyroid diseases may not even become pregnant
(Stagnaro-Green et al. 2011). When studying the effects of milder thyroid function
abnormalities on a child’s neuropsychological development, the multifactorial
etiology of neuropsychological disorders must be remembered.
It is known, however, that severe maternal thyroid dysfunction during
pregnancy increases a child’s risk of adverse cognitive outcomes, in the worst case
leading to cretinism (Man & Jones 1969). The present study, in combination with
the previous literature, suggests that an association between mild maternal thyroid
dysfunction during pregnancy and a child’s adverse neuropsychological
88

development also exists. Previous literature, however, varies with regard to how
strong this association is; this is probably due to differences in populations, settings
and the severity of maternal thyroid diseases included in these studies. Also, some
studies used accurate IQ testing, and some relied on parental questionnaire data on
learning and behavior symptoms (Ghassabian et al. 2014, Henrichs et al. 2010,
Julvez et al. 2013, Modesto et al. 2015, Korevaar et al. 2015b). The uncertain
clinical implication of numerical IQ testing must be remembered: even if a child of
a hypothyroid or hypothyroxinemic mother scored a few points less in IQ testing
than the average score of a child of a euthyroid mother, the significance in the
child’s real life might be minimal.
In conclusion, this study measured the actual scholastic performance and
behavior of children in a normal school environment. Children with an IQ ≤85 were
excluded due to previous cohort research (Heikura 2008). Our cohort mothers
mostly had mild thyroid dysfunction during pregnancy, and those with a known
previous thyroid disease were excluded from our analyses. Although a small
association between mild maternal thyroid dysfunction during pregnancy and some
scholastic and behavioral outcomes was seen in our study (Table 16), our results
were mostly relieving. The children of mothers with thyroid dysfunction performed
as well as the children of euthyroid mothers in practically all of the
neuropsychological sectors that were studied. We conclude that a child’s
compensatory mechanisms in the CNS during growth enable normal learning even
after exposure to mild maternal thyroid underactivity during pregnancy.
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90
Maternal

non-significant

non-significant

non-significant

non-significant

OR 3.49 (boys 4.74)

non-significant

non-significant

OR 1.56

non-significant

not applicaple

non-significant

non-significant

non-significant

non-significant

non-significant

non-significant

non-significant

non-significant

-

-

-

Maternal HYPER Adolescent HYPO

Adolescent

Boys: OR 2.26

Boys: OR 2.13

non-significant

non-significant

non-significant

-

-

-

hypothyroxinemia

non-significant

non-significant

non-significant

Girls: OR 2.82

non-significant

-

-

-

Adolescent HYPER

-: not calculated because of different time point. Ln TSH: HYPO non-significant, but logarithmically increasing TSH concentration result different.

evaluation (SWAN)

ADHD symptom

non-significant

non-significant

Problems in Finnish

and/or maths

non-significant
non-significant

Problems in maths

non-significant

Problems in Finnish

class

Has repeated a

16-year evaluations

non-significant

Girls: OR of lnTSH 1.39

non-significant

non-significant

hypothyroxinemia

Combined ADHD

non-significant

Maternal HYPO

Rutter B2 scores ≥9 Girls: OR of lnTSH 1.23

hyperactivity

Inattention or

8-year evaluations

Child outcome

adolescent thyroid function status.

Table 16. Summary of the child’s ADHD symptoms and scholastic performance results (studies II and III) by maternal and

5.3

The effect of maternal thyroid dysfunction on child sensory
and linguistic development (IV)

There were 9326 living and traceable NFBC 1986 children when the cohort was
seven to eight years old. The parental response rate was 90.2% for the living and
traceable NFBC 1986. The percentage of completed parental questionnaires
regarding the sensory and linguistic development of children with maternal thyroid
function data available varied from 55.8% to 100%, depending on the questions.
Welfare clinic data were obtained from 7014 children (75.2% of the total NFBC
1986). The data were, however, available only from 0-2329/5391 (43.2%) children
with an IQ >85 and available maternal thyroid function data.
Of the whole NFBC 1986, 9.4% of children were reported to have a vision
impairment at some point in their life, 6.5% had a squint, 5.4% had a refractive
error and 1.2% of the children had other impairments such as amblyopia, myopia,
hyperopia, esophoria, color sensitivity deficit, unpaired pupils, artery malformation,
a cataract or esophoria. Of the NFBC 1986, 7.6% were reported to have speech
abnormalities, 4.0% had delayed speech development or dysphasia, 5.4% had other
speech deficits (cannot speak [0.5%], developmental delay [1.7%], hoarse voice
[0.7%], sound deficits [93.9%], stuttering [3.8%]), 3.1% needed speech therapy and
9.1% altogether were reported to have had any of the previous conditions. Of the
entire cohort, 1.5% had lowered hearing ability (parental reporting), 3.9% had been
examined for abnormal hearing, 2.9% were reported to have lowered hearing ability
only in one ear and 5.5% altogether were reported to have any of the previous
hearing abnormalities.
Among mothers with laboratory data available, 1024/5391 (19.0%) of children
had an abnormal sensory outcome. The prevalence of overall child outcomes
among mothers with thyroid dysfunction did not differ compared to the overall
prevalence of euthyroid mothers’ child outcomes (Table 17). Children of
hypothyroid, and especially hypothyroxinemic mothers, however, had a higher
prevalence of vision deficits (10.8% and 11.7%, respectively) than those of
euthyroid mothers (6.5%), although this difference was not statistically significant.
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Table 17. Maternal thyroid function parameters during pregnancy and child’s sensory
and linguistic development (n of abnormal values/n of answered questions [%])
Child outcome

Euthyroid

Hypothyroid

Hypothyroxinemic

Hyperthyroid

(n = 4831)

(n = 365)

(n = 71)

(n = 124)

Vision
Squint

152/3564 (4.3%)

16/282 (5.7%)

4/60 (6.7%)

2/79 (2.5%)

Refractive error

135/3564 (3.8%)

14/282 (5.0%)

4/60 (6.7%)

3/79 (3.8%)

Other

20/3564 (0.6%)

4/282 (1.4%)

1/60 (1.7%)

1/79 (1.3%)

Any previous vision

233/3564 (6.5%)

25/282 (10.8%)

7/60 (11.7%)

4/79 (5.1%)

385/4529 (8.5%)

24/345 (7.0%)

8/64 (12.5%)

10/116 (8.6%)

102/4317 (2.4%)

7/331 (2.1%)

1/59 (1.7%)

1/113 (0.9%)

Other)

212/4311 (4.9%)

10/330 (3.0%)

4/59 (6.8%)

7/113 (6.2%)

Needed speech

110/4294 (2.6%)

6/329 (1.8%)

1/59 (1.7%)

0

477/4538 (10.5%)

30/345 (8.7%)

9/64 (14.1%)

10/116 (8.6%)

87/4527 (1.9%)

4/345 (1.2%)

1/64 (1.6%)

2/116 (1.7%)

92/2698 (3.4%)

12/217 (5.5%)

0

3/56 (5.4%)

120/4831 (2.5%)

10/365 (2.7%)

1/71 (1.4%)

2/124 (1.6%)

252/4831 (5.2%)

22/365 (6.0%)

2/71 (2.8%)

4/124 (3.2%)

deficits
Speech
Is your child's speech
normal
Delayed development
of speech or
dysphasia

therapy before 4 years
old
Any previous speech
deficits
Hearing
Lowered hearing
ability
Child has been
examined for
abnormal hearing
Abnormal hearing in
either ear
Any previous hearing
deficits
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The median maternal TSH, fT4 and TPO-Ab concentrations did not differ
between mothers with and without the sensory development data of their children.
The results did not substantially change after excluding children born at < 37 weeks
or mothers with positive TPO-Ab concentrations.
5.3.1 Comments
In this population of children who participated in an excellent follow-up program,
no association was seen between mild maternal thyroid dysfunction in early
pregnancy and the child’s sensory and linguistic development outcomes. This may
be partly due to the fact that outcomes in this study were rare, and although our
dataset was large, the number of abnormal outcomes was not sufficient to study
their association with maternal hypothyroidism and hypothyroxinemia. Our data
only included mothers with relatively mild thyroid dysfunction. Furthermore, in
Finland children receive rehabilitation quickly if sensory problems are detected in
child welfare clinics. Therefore, potential outcomes may have been halted through
early intervention.
Missing data may have affected our study results. Although the parental
response rate to the cohort questionnaire was excellent (90%), some parents did not
fully complete it even though they were given an opportunity to answer “I do not
know.” Questions concerning their child’s vision were particularly answered less
often, but they were still answered in over 70% of questionnaires. Parental
evaluation may not be as reliable as a professional evaluation, but the Finnish
healthcare system treats all children similarly, and parents usually remember if their
child has needed additional examinations. We were able to partially supplement
questionnaire data from the welfare clinics. However, because sensory impairments
are examined and treated in hospitals in Finland, the communal welfare clinics
probably did not have hospital data in their records.
Only a few studies on the association of maternal thyroid dysfunction during
pregnancy and a child’s sensory and linguistic development have been published
previously (Craig et al. 2012, Haddow et al. 1999, Oken et al. 2009, Pop et al.
1999). In the previous studies, the primary outcome was a child’s
neuropsychological development, and the follow-up varied from newborn age to
three years. Henrichs et al. associated maternal hypothyroxinemia to a child’s
increased risk of expressive language delay at the ages of 18 and 30 months
(Henrichs et al. 2010). The only previous study with a longer follow-up time
associated a child’s increased risk of sensorineural hearing loss at eight years of
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age with positive maternal TPO-Ab concentrations (Wasserman et al. 2008). In our
study, no association was found between maternal thyroid dysfunction and/or TPOAb-positivity and linguistic or hearing impairments in children.
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6

Conclusions

The following conclusions can be drawn on the basis of studies I, II, III and IV:
1.

2.
3.

4.

Abnormal maternal thyroid function during early pregnancy associates with a
child’s thyroid function at the age of 16 years. This association may be
explained by the child’s increased odds of having positive TPO-Ab
concentrations if the mother is TPO-Ab-positive as well. TPO-Ab-positive
adolescents have increased odds of abnormal thyroid function. The reference
intervals for adults may not be sufficient for detecting thyroid dysfunction
among adolescents.
Maternal thyroid dysfunction is not clearly associated with a child’s risk of
teacher- or parent-evaluated ADHD symptoms at the age of 7-8.
Maternal thyroid dysfunction during early pregnancy had a mild effect on the
scholastic performance of adolescents. Furthermore, the thyroid function of the
adolescents themselves seems to affect their scholastic performance. Therefore,
when examining children or adolescents with learning difficulties or behavioral
problems, it may be beneficial to analyze their thyroid function.
Abnormal maternal thyroid function during pregnancy did not associate with a
child’s sensory and linguistic outcomes.
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7

General discussion

7.1

Strengths and limitations of the present study

The current study is one of the first to evaluate the effects of maternal thyroid
dysfunction in early pregnancy on the thyroid function and neuropsychological and
sensory development of the offspring on a population level. In addition, this study
evaluated the effects of an adolescent’s own thyroid function on
neuropsychological outcomes. Furthermore, the long follow-up time distinguished
this study from previous ones. The NFBC 1986 covers over 99% of the pregnant
population during one year in northern Finland where no private hospitals exist,
communal healthcare, child welfare clinics and schooling systems are alike and the
population is homogenous (Järvelin et al. 1993).
The maternal serum samples were drawn mostly during the first trimester,
which is important when evaluating maternal effects on the child’s
neurodevelopment. It was assured that mothers with thyroid function data
represented the whole cohort. In addition, thyroid hormone reference intervals for
the pregnant population were used.
Cohort researchers have collected a tremendous amount of data during followup concerning maternal, family and children’s medical, social and economic factors;
therefore, it was possible to adjust the results for the most important confounding
factors. In addition, the cohort researchers have been able to collaborate with each
other, and also with other Finnish health care institutions and registers, in order to
complement questionnaire and clinical intervention data. Collaboration has been
especially important when gathering data on the children’s growth, possible
illnesses, scholastic performance and factors affecting their intellect. Confirmed
clinical diagnosis of the children improved the assessment of their sensory
development.
Excellent participation led to over 5000 mother-child pairs and the availability
of parental evaluations of the children’s growth and sensory development, teacher
evaluations of the children’s ADHD symptoms and scholastic performance, the
adolescents’ self-evaluations of their scholastic performance at age 16 and maternal
thyroid function test results.
Sensory and neuropsychological development outcomes and intellectual
disabilities were rare in our cohort, which limited the power of the study with
regards to the association of maternal thyroid dysfunction and these disabilities.
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Because some of the maternal or adolescent serum samples were unavailable and
some questionnaires were incompletely answered, some results must be interpreted
with care. However, the parental questionnaire data was supplemented with welfare
clinic data in the sensory and linguistic development study. In Finland, children are
freely provided with speech or physiotherapy and additional learning assistance;
therefore, sensory and linguistic deficits and specific learning difficulties are rare
in older children. In the NFBC 1986, most of the children’s intellectual problems
had a known etiology and did not associate with maternal thyroid dysfunction.
Serum fT4 measurements during pregnancy may not be totally reliable when
collected through immunoassay, although they are used clinically in addition to
TSH measurements. Fortunately, it was possible to use previously calculated
population- and trimester-specific reference intervals to define maternal thyroid
function, as currently recommended when gold-standard methods are not possible
(Stagnaro-Green et al. 2011).
This study did not incorporate children’s thyroid disease and ADHD diagnoses.
However, at the age of 16 years and in this iodine sufficient population, clinically
manifest thyroid diseases would probably be rare; it was therefore more worthwhile
to study associations of maternal and adolescent thyroid hormone concentrations.
Only a small subcohort of the adolescents went through diagnostic interviews for
ADHD. Therefore, ADHD symptoms were studied at both ages for consistency and
in order to obtain a representative sample of subjects. The ADHD symptom
questionnaires have been validated in the Finnish population.
7.2

Confounding factors

Some confounding factors, which affect both maternal thyroid function and child
outcomes, need to be acknowledged when evaluating the results of this and other
studies. Maternal smoking during pregnancy is a risk factor for ADHD symptoms
in children (Kotimaa et al. 2003), and advanced maternal age is associated with a
higher risk of adverse child outcomes (Kirkinen & Ryynänen 2015), which may
affect a child’s intellect. Our cohort included a comprehensive amount of maternal
health data, and therefore we had information on maternal smoking and age. These
factors did not alter our results.
Data were also adjusted or stratified for sex because ADHD and scholastic
problems are not equally representative in boys and girls (Moilanen et al. 2013),
and thyroid diseases are more common among girls (Kondrashova et al. 2007,
Kaloumenou et al. 2008). Data was adjusted for a family’s socioeconomic status
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(calculated with maternal and paternal employment status) because low family
educational levels adversely affect a child’s learning abilities (Taanila et al. 2011).
Data was also adjusted for the number of children in the family because a child’s
behavior might be different if there are siblings (Taanila A et al. 2004). All results
were analyzed by including and excluded prematurely born children because
preterm and early term birth increases a child’s risk of ADHD by the degree of
immaturity, and many other comorbidities also correlate with prematurity
(Lindström et al. 2011).
There is some data suggesting that high maternal pre-pregnancy body mass
index (BMI) would increase a child’s risk of ADHD and other neuropsychiatric
problems (Jo et al. 2015). The data in this study was not adjusted for maternal prepregnancy BMI because the association of thyroid dysfunction and maternal BMI
applies both ways: high maternal BMI increases a mother’s risk of hypothyroidism,
and hypothyroidism might also increase a mother’s weight.
The effect of the country’s iodine status must also be acknowledged because
even in some countries previously considered iodine-sufficient, iodine deficiency
has been identified (Andersson et al 2012). Iodine insufficiency during pregnancy
should not confound our results because in Finland iodine supplementation has
been in use since the 1940s (Lamberg et al. 1981, Erkkola et al. 1998). In 1986,
Finland had the highest iodine intake of all European countries (approximately 300
µg/day), and at that time Finland was considered iodine-sufficient (Lamberg 1986).
In conclusion, were able to able to account for the most important maternal and
family factors in adjustments: maternal age, maternal education or family SES, the
number of children in the family (ADHD and learning difficulty analyses),
maternal smoking and the child’s sex. Most of our study findings remained similar
after adjustments.
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7.3

Clinical significance of the results

Abnormal maternal thyroid function parameters during pregnancy associated with
the thyroid function of the offspring. Positive maternal TPO-Ab concentrations
increased adolescents’ risk of being TPO-ab-positive themselves. The risk increase
was especially noticeable in daughters of TPO-Ab-positive mothers, whose
increased risk was three-fold compared to those of TPO-Ab-negative mothers.
Adolescents with positive TPO-Ab concentrations had significantly increased risk
of having abnormal thyroid function themselves compared to TPO-Ab-negative
individuals. This finding signifies the autoimmune origin of thyroid diseases and
their prevalence difference between sexes. The reference intervals of adults may
not be sufficient for identifying thyroid dysfunction in adolescents. TSH and fT4
values are narrowly distributed within the normal reference limits. Therefore, the
TSH, fT4 and TPO-Ab concentrations of children with thyroid dysfunction
symptoms should be controlled.
The study results did not clearly associate maternal thyroid dysfunction during
pregnancy with a child’s intellectual disability, ADHD symptoms (evaluated at
eight and sixteen years old) or sensory and linguistic outcomes. However,
logarithmically increasing maternal TSH concentrations mildly increased girls’
odds of having high Rutter B2 scores and combined ADHD symptoms. This finding
probably demonstrates that maternal thyroid dysfunction during pregnancy has an
effect on the developing CNS, but ADHD is a multifactorial disorder, and maternal
thyroid dysfunction is not its most important etiological factor. Learning difficulties
are also multifactorial problems, and they are probably even more affected by social
factors than ADHD. However, adolescent boys’ hypothyroxinemia associated with
an increased prevalence of ADHD symptoms. Hyperthyroid girls also exhibited
more ADHD symptoms before the exclusion of those with an IQ ≤85. Therefore,
the thyroid function of children and adolescents should be studied as part of ADHD
and learning difficulty diagnostics. This is especially true if the subject presents
other symptoms related to thyroid dysfunction.
Maternal hypothyroxinemia increased boys’ odds of repeating a class, and
maternal hyperthyroidism increased an adolescent’s risk of mathematical problems.
Adolescent boys with hypothyroxinemic thyroid function had increased odds of
having problems in Finnish and/or mathematics, and they also had increased odds
of ADHD symptoms. These ADHD symptoms may partly explain their learning
difficulties. Hyperthyroid adolescent girls had increased odds of Finnish language
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difficulties. Therefore, we conclude that a child’s own thyroid dysfunction might
affect their learning and attention. There are no previous studies on whether
maternal thyroid function during pregnancy affects a child’s everyday learning
abilities, and additionally, no studies investigate both maternal and child thyroid
function in relation to cognitive abilities. It is possible that in some cases, a change
in a child’s scholastic success and/or attention is a first symptom of thyroid
dysfunction. This finding is important because the cause is treatable.
At the moment, there is active discussion on whether all pregnant women
should be screened for thyroid dysfunction during pregnancy. The results of this
study contribute to current literature by incorporating long-term
neuropsychological outcomes. However, whether children would benefit from
screening (and treatment) of maternal thyroid dysfunction during pregnancy would
require an intervention study. Answering that question requires a randomized trial,
and the one trial previously conducted had a negative result (Lazarus et al. 2012).
The authors of that study reported some limitations concerning the loss of study
subjects and the timing of screening and treatment (possibly too late at up to 20
weeks of gestation). However, the situation in real life may be similar; not all
pregnant women will wish to participate and the timing of screening and treatment
would vary.
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