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Maternal hypothyroidism in the perinatal period and child development

Niedoczynno$¢é tarczycy u matki w okresie prenatalnym a rozwoj dziecka
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Abstract

Thyroid hormones are essential growth and development regulators in both foetal and neonatal period.
They are involved in metabolic processes, in maturation of nerve and skeletal tissue and many other
fluid tissues. Abnormalities in their function during foetal development may have an impact on
disorders in pregnancy, or increase susceptibility to the occurrence of neurodevelopmental disabilities
in children later in life. There are many observational and epidemiological studies investigating the
relationship between maternal thyroid dysfunction and a child development, yet a discussion on the

subject is ongoing and robust evidence for its existence is still lacking.
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Streszczenie

Hormony tarczycy sa waznymi regulatorami wzrostu i dojrzewania w okresie zarowno ptodowym jak
1 niemowlecym. Biorg udzial w procesach metabolicznych, dojrzewania tkanki nerwowej,
szkieletowej 1 wielu innych tkanek ustroju. Nieprawidtowosci w ich dziataniu podczas rozwoju ptodu
mogg mie¢ wpltyw na zaburzenia w okresie cigzy czy zwigkszy¢ podatnos¢ na podzniejsze wystapienie

zaburzen neurorozwojowych u dzieci. Pomimo, iz istnieje wiele badan obserwacyjnych i

109


http://dx.doi.org/10.12775/PPS.2020.06.04.010
https://apcz.umk.pl/czasopisma/index.php/PPS/article/view/PPS.2020.06.04.010
https://zenodo.org/record/4311403
http://creativecommons.org/licenses/by-nc-sa/4.0/)

epidemiologicznych, ktore opisuja zwigzek migdzy dysfunkcja tarczycy u matki a rozwojem dziecka

nadal trwa dyskusja na ten temat i wciaz brakuje rzetelnych dowodoéw na ich istnienie.

Stowa kluczowe: zaburzenia tarczycy, matczyna niedoczynnos$¢ tarczycy, rozwdj dziecka

Introduction

Maternal hypothyroidism (MHT) in the perinatal period is one of the most frequent pregnancy
complications. In respect of various thyroid hormone concentrations, we distinguish the following
three subtypes: overt hypothyroidism (OH), subclinical hypothyroidism (SCH) and isolated
hypothyroidism (IH) [1][2]. It is still under discussion whether incidence of MHT leads to more
adverse impacts on the mother or foetus. Some research indicates that MHT might be a potential cause
of certain pregnancy or childbirth disorders. It has been observed that pregnant women with MHT are
at increased risk of developing numerous foetal dysfunctions or delivering newborn infants with later-
life disorders referring to neuropsychological development [1][3]. Material thyroid dysfunction in
pregnancy is associated with an adverse effect on the infant already in utero and in the postnatal period,
particularly if the dysfunction occurs in the early stages of pregnancy [4][5]. As reported by recent
experimental and observational studies, maternal hypothyroidism (low thyroxine (T4) with a correct
concentration of the thyroid stimulating hormone (TSH)) in early pregnancy might be related to
impairments of brain development in the baby. In addition to that a correlation was noticed between
maternal hypothyroidism in early pregnancy and poor results in infant neurodevelopmental assessment
scales at eight months, four and seven years of age [6]. Haddow et al. found lower score in intelligence
testing, attention and concentration tests, and in tests of visual-motor skills in children at eight years of
age among the group of 48 mothers with an untreated hypothyroidism (defined as levels TSH> 99.7th
percentile or a TSH measured between 98 and 99.6 percentile and total T4 <7,75ug / dL) at the 17th
week of pregnancy against 124 children in the control group [7]. In his study, Leger et al. submitted
evidence that hypothyroidism in pregnancy may be a risk factor for neurodevelopmental impairments
[8]. This confirmed, as evidenced in earlier studies, that there is a link between maternal
hypothyroidism dysfunction and a potential risk of the occurrence of adverse developmental
milestones within one year in the offspring [9][10]. Their research revealed there is a correlation

between poor motor and communication skills within one year for a child and achieving at least one
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serum TSH concentration > 10 mIU / L in the first trimester of pregnancy [8]. Further, Leger et al.
demonstrated that high serum TSH concentrations (TSH > 10 IU / 1) within the first three to six
months of pregnancy were associated with a higher risk of preterm delivery and foetal macrosomia [8].
Several studies also indicate adverse outcomes of hypothyroidism in pregnancy, such as: maternal
anaemia, gestational hypertension, gestational diabetes, placental abruption, pre-eclampsia and
stillbirths [11]. It is considered that women known to have had hypothyroidism in past pregnancies are
at higher risk of gestational diabetes in subsequent pregnancies [12]. However, certain available
research showed no influence of SCH in mothers, in particular, on neurodevelopment in their
offspring [13].

In summary, it can be easily stated that maternal hypothyroidism may negatively impact pregnancy
complications, whereas a relation of psychomotor developmental disorder in children has still been

insufficiently researched and not fully understood.

Thyroid hormone regulation in foetal life

Thyroid hormones (TH) play a key role in the growth and maturity process both in the foetal and
infant period. They are involved in metabolic processes, in maturation of nerve and skeletal tissue and
many other fluid tissues [14][15]. The thyroid is the first endocrine gland in the organism that
develops around the third week of pregnancy. It arises from pharyngeal pouches that are composed of
endoderm. Thyroid development begins as a pharyngeal diverticulum from the primitive pharynx.
Then, the diverticulum descends to reach destination in the neck. During the descent, the thyroid
connects to the tongue by the thyroglossal duct. The thyroid originates between the first and second
esophageal pouch near the base of the tongue [16][17]. At the third week of pregnancy, around days
20-24, endodermal cells of the primitive pharynx proliferate creating thyroid diverticulum. Starting
from the 5th week of pregnancy, the thyroid diverticulum migrates caudally along the centre line,
crossing to the front to the hyoid bone and laryngeal cartilage [17][18]. In early descent, the thyroid is
hollow, but then during migration it hardens forming vesicular elements of the thyroid gland. Division
of the thyroid to the right and left lobe occurs at the 5th week of pregnancy. At the 7th week of
pregnancy, the thyroid reaches the destination in pretracheal position on the neck below the thyroid
cartilage of the larynx. Thyroid follicles form around day 70 in foetal life [16][18]. Growth of the
thyroid is influenced by growth factors coordinated by different transcription factors [18]. Iodine
concentration is found in thyroid follicles at weeks 10-12 in foetal life, and as early as at that stage
thyroglobulin can be measured. In addition, thyroid hormones could already be determined in a foetal
serum. Their concentration increases in proportion to foetal age and stabilises between 27 and 28 WG
[19][20]. TH hormone synthesis (by iodination of tyrosine thyroglobulin residues) occurs in thyroid
follicles. A thyroid-stimulating hormone (TSH) regulates iodine uptake by the thyroid. If required,
thyroglobulin is endocytosed and degraded by lysosomal enzymes to triiodothyronine (T3), an active

hormone and thyroxin (T4), a prohormone. Availability of T3 and T4 in cells is regulated by the
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iodothyronine deiodinase enzymes found as 3 isoforms (D1, D2 and D3) via extracting specific iodine
atoms from TH [21]. The control mechanism of thyroid secretion activity is a mechanism of negative
feedback loop that partially results from the influence of TH on hypothalamus and a direct impact on
hypophysis. T3 and T4 inhibit the TSH secretion affected by TRH [22][23] TH, which are synthesised
by maternal thyroid, and cross the placenta through specific thyroid hormone transporters. They are
more selective for maternal T4 that is converted into T3 and reverse triiodothyronine (rT3) by
placental deiodinases [24]. Then, maternal T3 can reach foetal tissue prior to thyroid maturation.
lodothyronine deiodinases activate and deactivate TH. D1 (type 1 deiodinase) during adult life results
in converting T4 into T3 (merely active in foetal life), D2 (type 2 deiodinase) is converting T4 into T3,
whereas D3 (type 3 deiodinase) changes T4 to rT3. Both are present in foetal brain and are categorised
as inactivating enzymes. In addition, D3 protects the foetus from elevated maternal T4 level. These
mechanisms are of critical importance in the case of either maternal or child hypothyroidism, as they
protect the foetus from via a lower T3 concentration that might have a considerable significance for

tissue development and differentiation [24][25].

Maternal hypothyroidism

Major alterations occur in the thyroid physiology during pregnancy. Demand for maternal TH
substantially increases in pregnancy. Human chorionic gonadotropin (HCG) produced by the placenta
directly stimulates a TSH receptor causing increase in TH production. Consequently, it causes a slight
temporary increase in fT4 with a reverse decrease in a TSH in the first trimester of pregnancy.
Therefore, to maintain the adequate fT4 level, more TH release is necessitated [26][27]. Maternal
hypothyroxinemia is diagnosed when the TSH level is normal, yet T4 level remains abnormally low.
It typically progresses due to iodine deficiency, however numerous studies show it arises as a result of
environmental disorders, obesity, iron deficiency and angiogenic disorder factors [28]. It should also
be mentioned that a slight iodine deficiency, including subclinical hypothyroidism, is considered to be
one of the most common causes of maternal hypothyroxinemia [29] SCH is defined as an increased
thyroid-stimulating hormone (TSH) concentration in a serum, in the context of normal concentration
of trilodothyronine (T3) and tetraiodothyronine (T4) [30]. Furthermore, SCH is not often characterised
by clinical symptoms of hypothyroidism, and if so they are mildly expressed [31]. It could also
account for transition period to a full-blown expression of hypothyroidism. It has been demonstrated
that more elevated TSH starting concentration means higher likelihood of developing hypothyroidism
[32]. Consequences of hypothyroidism in pregnant women and in children born to mothers with
hypothyroidism are indisputable, nevertheless various pathological conditions that still occur are
inconsistent. Existing data suggest there is a concern between prevalence of SCH and a risk of preterm
delivery, pregnancy loss, hypertension and pre-eclampsia, gestational diabetes, or intrauterine growth

restriction [7][33]. Not only does maternal hypothyroidism in the perinatal period impact the course of
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pregnancy, but the child itself as well. The relation between thyroid hormone deficiency in pregnancy
and its effect on foetal development has been investigated for many years. Unfortunately due to a
multifactorial etiology of both thyroid disorders and neurodevelopmental impairments in infants, the

study of its correlation constitutes a complex and highly debatable subject.

Effect of maternal hypothyroidism on the psychomotor development of the offspring

Brain development in the baby is a complex process that initiates in early foetal period and continues
as intensely after birth. Foetal brain development consists of a series of various stages and is highly
susceptible to a mother’s environment [15]. It is widely acknowledged that there is a connection
between a normal level of thyroid hormones and processes of gene and protein expression related to
the appropriate development of the central nervous system [34]. Findings indicate that gene expression
in the developing brain may be subject to changes under conditions of T4 deficiency [35]. Maternal
TH supply protects early brain development in child in foetal age predominantly through conversion
of maternal fT4 via D2 [36]. Hence, brain sections in child that could be affected by maternal
hypothyroidism or congenital hypothyroidism in infant (CH) are the ones mainly responsible for
spatial and associative memory, language and auditory processing, but for attention and executive
processing as well. Research also shows that the absence of TH in the first trimester of pregnancy
could contribute to future impairments of motor skills, visual processing and memory of events [37].
Studies by Henrichs et al. demonstrated a rise by 80% in the probability of developing a language
delay at months 18 and 30 in children whose mother had free T4 levels <10 percentile at the 13th
week of pregnancy [38]. Another observational study by Haddow et al. found that amid infants born to
women afflicted by untreated hypothyroidism in pregnancy, more children obtained a lower score in
the full-scale 1Q of intelligence testing for children ages 7-9 [7]. Furthermore, Li et al. analysed the
development of children born to mothers both with hypothyroxinemia and subclinical hypothyroidism
in the first stage of pregnancy. Both groups revealed a lower score in terms of mental and
psychomotor development [39]. Pop et al., Cleary-Goldman et al., and Zhong et al. pointed out in
three independent studies on maternal hypothyroidism disorders that children born to mothers with
overthypothyroidism show a lower outcome of the physical and mental development, as well as a
lower susceptibility to external stimuli in comparison with infants born to mothers with normal thyroid
function [40-42]. Additionally, a thorough meta-analysis performed by the Liu team suggests that
SCH is associated with delayed child intellectual and motor development. They scrutinised 15
available randomised clinical trials from inception to 2017 from more than 1000 various studies on
maternal hypothyroidism focusing on SCH (most prevalent). Also, it should be taken into account that
in this analysis the follow-up time in studies was only two years. Thus, the impact of maternal SCH in

the long-term was not examined [43].
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Although previous studies reported an association between clinical maternal hypothyroidism as well
as mild hypothyroidism in the first stage of pregnancy and cognitive impairments in children, there are
also publications that do not confirm the said hypothesis. Chevrieri et al. did not determine credible
evidence for maternal hypothyroidism to be associated with the neurological development in children.
Nevertheless, it is worth stressing at this point that examinations in question concerned the second
period of pregnancy [6]. The discussion is still ongoing and credible evidence is still lacking as to

whether there is a risk of adverse neonatal outcomes in the case of maternal hypothyroidism.

Conclusions

Maternal hypothyroidism impacts child development from the very beginning of foetal life. It affects a
number of processes regarding the nervous system, cardiovascular system or musculoskeletal system.
It is considered that only accurate screening, fast diagnosis and implementation of an appropriate
comprehensive therapy could allow for proper future psychomotor development in children, and
prevention of the adverse consequences. It is still required to conduct further clinical trial
encompassing a vast number of participants and appropriate standardised classification so as to
properly elucidate the significant correlation between thyroid disorders in mother and a foetal

development.
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