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Abstract

Introduction: Patients with congenital hypothyroidism (CH) can have an increased risk of occurrence of extrathyroidal defects com-
pared to the general population, which could influence their development. The abnormalities occur mainly in organ systems whose
development and function is dependent on genes that are also responsible for proper organogenesis of the thyroid gland and thyroid
hormone synthesis.

Aim of the study: The aim of the study was to evaluate the frequency of extrathyroidal defects in CH patients, taking into consider-
ation the cause of this co-occurrence and the role of genetic tests.

Material and methods: The study included 54 newborns with positive screening test for CH based on elevated TSH level, in the
years 2010-2017, from South-Eastern Poland. The data was retrieved retrospectively from patients” medical records.

Results: Twenty of 54 newborns with CH (37%) had congenital defects of other organs. In 10 (18.5%) cardiac defects were found, in
5 (9.25%) abnormal symptoms of the respiratory system, 7 (12.96%) had abnormalities of the gastrointestinal system, five (9.25%) had
genitourinary abnormalities, 3 (5.55%) had abnormalities of the nervous system, and 6 (11.1%) had musculoskeletal abnormalities.
Conclusions: The analysis of our data and current literature suggests that genetic factors play the most important role in the devel-
opment of extrathyroidal abnormalities in newborns with CH. Identifying the mutation causing CH, the potential defects that can
accompany newborns with CH, screening could be offered for these patients in order to obtain an earlier diagnosis and implement
early and appropriate treatment.
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Streszczenie

Woprowadzenie: Pacjenci z wrodzona niedoczynnoscia tarczycy (congenital hypothyroidism — CH) maja wieksze niz w populagji
ogoblnej ryzyko wystapienia innych pozatarczycowych, wrodzonych nieprawidtowosci. Nieprawidfowosci te dotycza gléwnie na-
rzadow i uktadéw, w ktérych prawidtowy rozwoj i funkcjonowanie zaangazowane sa geny odpowiedzialne réwniez za prawidtowy
przebieg organogenezy i syntezy hormonéw gruczotu tarczowego.

Cel pracy: Ocena czestosci wystepowania innych wad towarzyszacych CH, z uwzglednieniem mozliwych przyczyn tej zaleznosci
i roli badan genetycznych.

Materiat i metody: Do badania zostaly wiaczone 54 noworodki objete badaniem przesiewowym w kierunku CH w latach 2010-2017
w wojewddztwie matopolskim. Przeprowadzono doktadng retrospektywna analize dokumentacji medycznej tych pacjentow.
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Wyniki: W grupie badanej u 20 z 54 pacjentéw (37%) stwierdzono obecnos¢ wspottowarzyszacych CH, wrodzonych nieprawidto-
wosci innych narzadéw. U 10 (18,5%) potwierdzono obecno$¢ wady serca, u 5 (9,25%) stwierdzono nieprawidfowe objawy ze strony
ukfadu oddechowego, u 7 (12,96%) stwierdzono nieprawidtowe objawy ze strony uktadu pokarmowego, u 5 (9,25%) rozpoznano
nieprawidtowosci ze strony uktadu moczowo-ptciowego, u 3 (5,55%) stwierdzono nieprawidtowosci ze strony uktadu nerwowego,
u 6 (11,1%) rozpoznano nieprawidtowosci ze strony uktadu miesniowo-szkieletowego.

Whioski: Analiza uzyskanych danych i aktualnego pismiennictwa wskazuja, ze najwieksza role w powstawaniu pozatarczycowych
nieprawidtowosci u pacjentéw z CH moga mie¢ czynniki genetyczne. Zasadna wydaje sie identyfikacja mutacji, ktéra doprowadzita
do CH. Znajac mutacje mogace odpowiadac¢ za wady wspottowarzyszace CH, mozna by obja¢ pacjentéw z CH odpowiednimi
badaniami skriningowymi, majacymi na celu ich wczesne zdiagnozowanie, a w efekcie — odpowiednie, natychmiastowe leczenie.

Stowa kluczowe:
wrodzona niedoczynno$¢ tarczycy, wady wrodzone, mutacje.

Introduction

Congenital hypothyroidism (CH) is a disease that has seri-
ous consequences in later life if not treated early during the
neonatal period. The frequency of CH depends on the stud-
ied population; however, in the last 20-30 years an increase in
frequency up to 1 : 2000 newborns has been observed. The
increase is caused, to a great extent, by the lowering of the
thyroid-stimulating hormone (TSH) threshold value for the di-
agnosis CH in screening tests [1-4]. In Poland the frequency
of CH is approximately 1 : 3500 newborns. This value is largely
due to the implementation of measuring FT4 levels in addition
to measuring TSH levels in the 3“-5" day of life in small for ges-
tational age newborns (lowered FT4 with lowered TSH, which is
a result of an immature hypothalamo-pituitary axis) [1-3]. This
is performed independently of the screening results.

Congenital hypothyroidism may be a result of improper or-
ganogenesis (morphogenesis) of the thyroid gland and occur
in the form of agenesis, hemiagenesis, hypoplasia, or ectopic
thyroid gland, or it can be related to improper synthesis of thy-
roid hormones [1]. Traditionally, it is thought that CH is due to
improper organogenesis in 80-85% of cases, abnormalities of
thyroid hormone synthesis constitute 15-20% of causes, and 5%
are caused by impaired function of the pituitary gland or hypo-
thalamus [1, 2, 4]. In accordance with data from current litera-
ture, neonates with congenital hypothyroidism have an increased
rate of associated congenital defects compared to the general
population (from 14.6% to 59%) [6-8]. There are multiple factors
that are thought to cause these defects to occur together. In the
literature several risk factors are highlighted, such as the lack
of metabolic hormones produced by the thyroid gland as well
as lack of iodine in organogenesis, exposure to environmental
risk factors and teratogens, consanguinity of parents, and ethnic
background [6-9]. The most recent observations suggest that
genetic risk factors play the most important role. According to
this data, genes that are critical in the proper functioning and
structure of the thyroid gland are also important in the normal
functioning and structure of extrathyroidal structures [1, 2, 4-9].

In the context of these reports, it is important to consider if
newborns with CH should have genetic testing performed with
the goal of identifying the gene responsible for the occurrence

of the disease. Knowing the defective gene and the gene’s role
in the development and function of extrathyroidal structures
would help in identifying these defects earlier, before they pres-
ent clinically. Patient care could be planned in advance, and
late complications could be prevented.

Aim of the study

The goal of the study was to evaluate the frequency of ex-
trathyroidal defects in CH patients, to review the literature on
this topic, and to evaluate the role of genetic tests.

Material and methods

The study included newborns who were screened for CH
in South-Eastern Poland in the years 2010-2017, and who, af-
ter the diagnosis of CH, were under the medical care of our
department. The CH screening test is based on measuring
the thyroid stimulating hormone (TSH) levels in the blood from
the heel of the newborn taken in the third day of life (from the
48" hour to the seventh day after birth) using the Whatman 903
protein saver card. A TSH level > 28 IU/I (in newborns born
since 2012) or TSH level > 35 1U/I (in newborns born before
2012) required immediate follow-up testing to verify the diag-
nosis of CH. A TSH level > 12 IU/l and < 28 IU/I (in newborns
born since 2012) or TSH level > 15 IU/l and < 35 IU/I (in new-
borns born before 2012) required a repeated TSH measure-
ment from the newborn’s blood, and if the level was > 12 U/l
(in newborns born since 2012) or > 15 IU/I (in newborns born
before 2012) on the second measurement, follow-up of the
newborn for CH was required. In Poland TSH is measured us-
ing an immunoluminometric test, which has a sensitivity of ap-
proximately 100% and specificity around 77% (which means
a follow-up for 1.3 healthy children for every 1 sick child). In all
newborns with aresult of TSH>28 U/l or > 12 U/l and < 28 IU/I
on the second measurement (in newborns born since 2012) or
aresult of TSH> 35 IU/l or > 15 IU/l and < 35 IU/l on the second
measurement (in newborns born before 2012), a repeated TSH
as well as fT3 and T4 in the serum of blood was performed
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in order to confirm the diagnosis and to begin treatment with
levothyroxine. The concentration of TSH in the serum (Siemens
Healthcare Diagnostics Inc., USA), fT4 (Siemens Healthcare
Diagnostics Inc., USA), and fT3 (Siemens Healthcare Diagnos-
tics Inc., USA) were marked using an immunohistochemical
method. The normal ranges for each hormone were as follows:
for TSH (0.5-9 ulU/ml), for fT3 (3.0-8.3 pmol/l), and for T4
(10-25 pmol/l). In most newborns with confirmed CH an ultra-
sound was performed to evaluate the location and morphology
of the thyroid gland. In 26 newborns, if there was a possibility,
a Technetium 99m scintigraphy was performed. A complete
history was taken and physical examination was performed for
all patients. In the event of any abnormal findings on exami-
nation, patients were consulted with relevant specialists from
other specialities and underwent further diagnostic lab and im-
aging testing if required.

Results

In the screening of newborns for CH in the years 2010-2017
in the Lesser Poland voivodeship, 88 newborns had a TSH
level > 121U/l (in newborns born since 2012) or > 15 U/l (in
newborns born before 2012) and required further diagnostic
testing. Sixty-four newborns (72.7%) were afterward under the
medical care of the Paediatric Endocrinology Clinic in Cracow.
Amongst the newborns, 51 (79.6%) had a result of TSH > 28 U/l
(in newborns born since 2012) or > 35 1U/I (in newborns born
before 2012), and 13 newborns (20.4%) had a result of TSH
>12and < 281U/l (in newborns born since 2012) or > 151U/l and
< 351U/l (in newborns born before 2012), which required a re-
peated test. On the repeated test, 11 newborns had a TSH level
> 121U/l (in newborns born since 2012) or > 15 IU/I (in newborns
born before 2012), and two had a TSH < 12 U/l (in newborns
born since 2012) or < 15 IU/I (in newborns born before 2012),
which excluded the diagnosis of CH. Next, in 62 newborns the
levels of TSH and fT3 and fT4 were analysed to confirm the di-
agnosis of CH, and five newborns had normal values, which
excluded the diagnosis of CH. In the remaining 57 newborns:
the level of TSH was > 101U/l (mean 243.33 1U/I, min. 12.56 1U/I,
max. > 750 IU/l); the level of fT3 was mean 4.07 pmol/l, min.
0.7 pmol/l, and max. 7.8 pmol/l; and the level of fT4 was mean
10.7 pmol/l, min. 1.6 pmol/l, and max. 25 pmol/I.

From the group of 57 newborns with confirmed CH, 54 sub-
jects were included in the study, excluding three newborns
who were born before 36 weeks of gestation. In the group of
54 newborns, 33 (61%) were female and 21 (39%) were male.
In the studied group there was one pair of siblings from sepa-
rate pregnancies; the remaining newborns were not siblings.
The average duration of pregnancy was 39.35 weeks (min.
36 weeks and max. 42 weeks), average birth weight was 3335 g
(min. 2250 g, max. 4600 g), and two newborns were small for
gestational age (2250 g and 2400 g born in 38 and 41 weeks
of gestation, respectively) according to the centile charts [10].

From the group of 54 children, an ultrasound of the thyroid
gland or scintigraphy (which was performed in 26 subjects)
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confirmed ectopic thyroid gland in 15 (27.7%) (sublingual in
12 patients and submandibular in three patients), dysgenesis
of the thyroid gland in 5 (9.3%), and hypoplasia of the thyroid
gland in nine (16.6%); in two (3.7%) children dyshormonogen-
esis was suspected, and in the remaining 23 children (42.7%)
the form of CH was not determined.

In the group of 54 children, 20 (37%) were found to have
extrathyroidal defects occurring with the CH. Among 20 chil-
dren with extrathyroidal defects there were 13 girls and seven
boys. Girls are more likely to have congenital heart defects (ra-
tio of 7 : 3, respectively), respiratory system defects or breath-
ing disturbances (3 : 2), gastrointestinal abnormalities (5 : 2),
and musculosketal system abnormalities (4 : 2). Urogenital
anomalies and abnormalities of the nervous system were
found only in boys.

In the studied group of 54 children, 12 were determined
to have abnormalities of the circulatory system, on the basis
of a physical examination. These patients were consulted with
cardiologists, who confirmed that 10 of the children (seven girls
and three boys) had congenital heart defects. The most com-
mon congenital heart defects were: patent ductus arterious
(PDA) in three children (30%) and atrial septal defect (ASD) in
three children (30%) (including two who had both a PDA and
ASD). The other congenital heart defects were only present in
singular cases. In eight children with congenital heart defects
(80%) abnormalities of other organ systems were found, and
two children (20%) did not have any other abnormalities (Ta-
ble I). The most common associated defects were those of the
respiratory system, present in three of the subjects.

Five children (3 girls and 2 boys; 9.25%) from the studied
group presented with abnormal symptoms of the respiratory
system in the form of breathing disturbances. In two of them
(40%) congenital pneumonia was diagnosed, and another two
subjects (40%) required oxygen therapy. In three children with
abnormal respiratory symptoms (60%) congenital heart defects
were diagnosed (PDA, ASD, persistent foramen ovale [PFO],
and hypoplastic left heart syndrome [HLHS]).

Seven children (5 girls and 2 boys; 12.96%) from the stud-
ied group presented with gastrointestinal abnormalities. In
three of them (42.85%) an umbilical hernia was found. Other
abnormalities, including tracheoesophageal fistulas, bile reflex,
cleft lip and palate, and meconium plug syndrome, occurred in
individual cases in the remaining four patients. Three children
had co-occurrence of congenital heart defects and genitouri-
nary defects (PDA, hydronephrosis, hydrocele).

Five children (all boys) (9.25%) in the studied group had
defects of the genitourinary system. One of them had cryptor-
chidism with hypospadias, and one had cryptorchidism with
inguinal hernia. In 2 children (40%) hydrocele was diagnosed,
and in 1 child (20%) hydronephrosis with urinary tract infec-
tion was diagnosed. In 3 children (60%) gastrointestinal defects
were also present (tracheoesophageal fistula and bile reflux).

Three children (all boys; 5.55%) from the studied group
were found to have abnormalities of the nervous system: de-
velopmental regression from the second year of life, epilepsy,
and deafness. Two of these children also had congenital heart
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Table I. Co-occurrence of heart defects with abnormalities of other organ systems and the form of congenital hypothyroidism

Diagnosed cardiac defects Frequency of occurrence

Other abnormalities Form of congenital hypothyroidism

PDA 1 Yes ?

ASD 1 Yes Sublingual ectopic
AVS 1 Yes Agenesis

Tetralogy of Fallot 1 No Sublingual ectopic
TAPVR 1 Yes Dyshormonogenesis
Aortic valve insufficiency 1 Yes Sublingual ectopic
PFO 1 Yes Hypoplasia

HLHS 1 Yes ?

PDA + ASD 2 Yes ?

PDA — patent ductus arteriosus; ASD — atrial septal defect; AvS — aortic valve stenosis; TAPVR — total anomalous pulmonary venous return; PFO —

persistent foramen ovale; HLHS — hypoplastic left heart syndrome

defects (aortic valve stenosis [AvS] and total anomalous pul-
monary venous return [TAPVR]).

Abnormalities of the musculosketal system were found in
six children (4 girls and 2 boys; 11.1%) (differences in limb
length, varus and valgus deformities, decreased muscle tone,
microcephaly).

Three children (2 girls and 1 boy; 5.55%) had dermatologi-
cal abnormalities. Two children had atopic dermatitis, and one
had haemangioma within the skin of the abdomen. Three of
the subjects (5.55%) had abnormal blood counts with thrombo-
cytopaenia, neutropaenia, or anaemia. One child (1.85%) was
observed to have hypoglycaemia, and one child (1.85%) was
observed to have cataracts. Trisomy 21 was diagnosed in one
patient (1.85%) on the basis of genetic testing.

In the analysed group of 20 children with CH and extrathy-
roidal defects, there was no significant relation with the level of
TSH, frequency of extrathyroidal defects, and the type of CH
(thyroid dysgenesis or dyshormonogenesis).

Discussion

The results of the conducted study confirm the higher fre-
quency of occurrence of extrathyroidal congenital abnormali-
ties in newborns with CH, compared to the general population,
which has a rate of 1.82 according to the Polish Registrar of
Congenital Defects. Of the 54 newborns with CH in the study,
20 (37%) were found to have congenital defects of other or-
gans. The results are consistent with the conclusions of other
authors, which demonstrate higher occurrence of extrathyroidal

defects in patients with CH compared to the general popula-
tion. Gu et al., in their study, demonstrated co-occurrence of ex-
trathyroidal congenital defects at a rate of 14.6% [11]. Kreisner
et al. demonstrated co-occurrence of extrathyroidal congenital
defects at 13.2% [12], Stoll et al. demonstrated 15.5% [13],
Razavi et al. showed 20% [8], Bas et al. 28.2% [7], and Reddy
et al. up to 59% [6]. The abnormalities occur mainly in organ
systems whose development and function is dependent on
genes that are also responsible for proper organogenesis of
the thyroid gland and thyroid hormone synthesis [1, 4, 5].
Examples of these genes are the following: NKX2-1 (known
as TTF1 [thyroid transcription factor-1], homeodomain — con-
taining a protein belonging to the NKX2 family of transcription
factors); FOXE1 (known as TTF2 [thyroid transcription factor 2],
forkhead box E1, a member of the forkhead/winged-helix family
of transcription regulators); PAX8 (paired box gene 8, one of the
PAX genes encoding a family of transcription factors); NKX2-5
(homeodomain — containing a protein belonging to the NKX2
family of transcription factors); GLIS3 (GLI-similar protein 3,
a member of the GLI-similar zinc finger protein family); JAG1
(encoding Jagged-1 — ligand of the Notch receptor); TBX1
(T-box transcription factor); NTN1 (Netrin-1 gene, Laminin-re-
lated secreted protein); and CDCA8 (Cell Division Cycle-Asso-
ciated protein 8 or Borealin, a component of the chromosomal
passenger complex). Amongst genes that play key roles in the
proper synthesis of thyroid hormones are: GNAS (Gs alpha,
alpha subunit of the stimulatory guanine nucleotide-binding
protein [G protein]); SLC5A5 (sodium-iodide symporter [NIS]);
SLC26A4/PDS (pendrin, anion transporter); DUOX1/DUOX2
(dual oxydases, peroxide generating system); DUOXA2 (dual
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oxidase maturation factor 2); TPO (thyroid peroxidase); TG
(thyroglobulin); and IYD/DEHAL (dehalogenase). A very impor-
tant gene in the normal organogenesis process as well as thy-
roid hormone synthesis is the TSHR gene (TSH receptor) [4, 5].

The NKX2-1 gene demonstrates expression of the tissues
of the thyroid, lungs, and prosencephalon. It plays a key role in
the development of the thyroid gland and expression of genes
for Tg, TPO, TSHR, and NIS. It is responsible for the differen-
tiation of type 2 cells of the epithelium of pulmonary alveali,
expression of the genes for the surfactant protein (SP-A, SP-B,
SP-C), and the gene ABCA3 (ABC transporter A3) involved in
the transport of surfactant phospholipids and its appropriate
composition. Additionally, it is important in the normal morpho-
genesis and functioning of the nervous system [4, 5, 14-17].
Abnormalities in the region of the NKX2-1 gene may be the
cause of the syndrome called “brain-lung-thyroid syndrome”.
Depending on the type and size of the mutation, there may
be different combinations and levels of severity of congenital
hypothyroidism, and defects of the respiratory system and ner-
vous system. The full triad occurs in approximately 30-50% of
patients with the NKX2-1 gene mutation [18]. Amongst the ab-
normalities of the respiratory system in newborns is IRDS with
variable severity, a higher frequency of infections of the upper
respiratory tract, and interstitial lung disease, which is respon-
sible for higher mortality in these patients [4, 5, 19]. Amongst
the neurological defects the most typical is non-progressing
choreoathetosis. However, the symptoms may not be present
at birth, and they can be preceded by symptoms like hypoto-
nia or delayed motor development at one year of age or even
ADHD [5, 16].

The presence of respiratory and nervous system defects
was noticed in our studied population of newborns with CH.
Five children (9.25) had abnormal symptoms of the respiratory
system in the form of breathing disturbances (the frequency of
respiratory system defects in the general population accord-
ing to the Polish Registrar for Congenital Defects is 0.019%). In
three children (5.55%) of the studied group abnormalities of the
nervous system were present in the form of individual cases of
developmental regression from two years of age, epilepsy, and
deafness (the frequency of nervous system defects in the gen-
eral population according to the Polish Registrar for Congenital
Defects is 0.15%). One child was diagnosed with hypotonia
and one with microcephaly. Similar data concerning CH and
defects of the respiratory and nervous system are presented by
other authors [16, 18, 19].

Expression of the FOXET gene, has been detected in the
thymus, pharynx, epidermis, hair follicles, and in prepubertal
testes [4, 5]. The mutation of the FOXE7T gene is associated
with Bamforth-Lazarus syndrome, which can present with dys-
genesis of the thyroid, cleft palate, curly hair, choanal atresia,
and clefting of the epiglottis. In our studied group there was
one patient (1.85%) with cleft lip and palate (the frequency of
cleft palate/lip in the general population according to the Pol-
ish Registrar for Congenital Diseases is 0.014%). Similar data
regarding the co-occurrence of these defects are mentioned
by other authors. Razavi et al. found cleft lip/palate in one child
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(0.7%) out of a group of 157 subjects [8]. The association be-
tween CH and cleft palate in relation to a mutation in the region
of the FOXE1 gene is described by Carre et al. and Castanet
etal. [20, 21].

As well as playing a key role in the organogenesis of the
thyroid gland, the expression of the PAX8 gene is important
in the development of organs of hearing, the central nervous
system, and development of the kidneys [4, 5, 9, 22, 23]. In
our study five children (9.25%) from the studied group were
found to have genitourinary defects (the frequency of urinary
system abnormalities in the general population according to
the Polish Registrar for Congenital Diseases is 0.20%, and for
genital system anomalies is 0.12%). One of the children had
cryptorchidism with hypospadias, and one had cryptorchi-
dism with an inguinal hernia. In two children (40%) hydrocele
was observed, while in one child (20%) hydronephrosis in the
presence of a urinary tract infection was found. The higher fre-
quency of co-occurrence of genitourinary anomalies in children
with CH has been reported by other authors, who emphasise
the role of the PAX8 gene. Yousefichaijan et al. determined
genitourinary anomalies in 43 out of 100 children with CH, the
most common defects being hydronephrosis and urethral stric-
ture [22]. In another study, Yousefichaijan et al. found abnor-
malities in the genitourinary system in 32 out of 100 children
with CH, the most common defects being cryptorchidism and
hydrocele [9]. Reports of co-occurrence of agenesis/dysgen-
esis of kidneys, polycystic kidney diseases like glomerulocys-
tic disease (GCKD) and autosomal recessive kidney disease
(ARPKD), and other abnormalities of the genitourinary system
have been described [22-25].

Another gene that is involved in the normal organogenesis
of the thyroid gland is NKX2-5 [4-6]. Expression of this gene
has been determined to be involved in the proper development
of the heart. The gene is particularly important in regulating the
division of the heart during its morphogenesis and develop-
ment and function of the atrioventricular node [26]. Foetal de-
velopment of the thyroid is closely associated with the develop-
ing heart. The thyroid is pulled to the base of the neck due to
the migration of the heart during the early stage of develop-
ment of the thyroid. In our study, amongst 54 children with CH,
10 (18.5%) had confirmed congenital heart defects (frequency
of congenital heart defects in the general population accord-
ing to the Polish Registrar for Congenital Diseases is 0.70%).
The most common heart defects were PDA in three children
(80%) and ASD in three children (30%) (including two subjects
who had both PDA and ASD). The remaining heart defects
were recognised in individual cases. Congenital heart defects
are described in the literature as the most common extrathy-
roidal congenital defects in patients with CH. Gu et al. report
co-occurrence of congenital heart defects and CH at a level of
8.9% [11]. Kreisner et al. report the frequency of co-occurrence
at 10.5% [12], Razavi et al. report the frequency at the level of
4.9% (8], Bas et al. report the frequency at the level of 8% [7],
and Reddy et al. report the frequency at the level of 29% [6].
The most common observed defects are ASD, PDA, and
VSD [6-8], which is in accordance with our observations and
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confirms the role of NKX-2 gene expression in the organogen-
esis of the heart.

Mutations in the region of the GLIS3 gene, apart from caus-
ing defective organogenesis of the thyroid gland, may cause
neonatal diabetes mellitus, congenital glaucoma, mental re-
tardation, kidney dysplasia, progressive hepatic steatosis, and
osteopaenia. According to the most recent data, mutations
in the GLIS3 gene may cause deformities of fingers such as
camptodactyly, syndactyly, and polydactyly as well as defects
of the internal genital organs [4, 27-29]. Amongst our patients,
we observed one case of psychomotor delay. In the literature
there are descriptions of CH patients with polycystic kidney
disease.

Mutations of the JAGT gene associated with the organo-
genesis of the thyroid gland are the cause of many other abnor-
malities. The JAGT gene is classically associated with Alagille
syndrome type 1 (ALGS), which is characterised by various
defects of the liver, heart, skeleton, eyes, and face [4, 27]. In
the studied group, there were no Alagille syndrome patients
identified. In accordance with the scientific literature, a muta-
tion of this gene does not have to result in all the symptoms of
Alagille syndrome; there can be only one symptom or even no
symptoms related to this syndrome.

The TBX1 gene plays an important role in the embryogen-
esis of the thyroid and parathyroid glands. Mutations of this
gene are related to DiGeorge syndrome, heart defects, mental
retardation, immunodeficiency, facial deformities, and hypothy-
roidism or hypoparathyroidism.

Deletion of the gene Netrin-1 (NTN1) was described to be
the cause of co-occurrence of ectopic thyroid and VSD. There
appears to be a relation between the mutation of the NTN1
gene and arthrogryposis [4]. In the studied group none of the
subjects presented with DiGeorge syndrome or arthrogryposis.

Genes involved with the synthesis of thyroid hormones are
also important in the development and function of other struc-
tures. Mutations of the GNAS gene, as well as causing abnor-
malities of thyroid hormone synthesis, are causes of other de-
fects. The mutation can cause resistance to PTH, as well as
resistance to gonadotropins and gonadoliberin. Resistance to
these hormones may present at varyious degrees and times [4].

The SLC5A5 gene codes for the expression of the sodium/
iodide transporter (NIS). NIS is also a membrane transporter in
other tissues such as the salivary glands, lacrimal glands, mu-
cous membranes of the small intestine, nasopharynx, thymus,
ciliary bodies, skin, testicular cells, vascular plexus, lung and
breast tissues, and cells in breast cancer and in the placen-
ta [4]. Mutations causing the change of expression or function
of the NIS symporter can cause a wide range of abnormalities.

The SLC26A4 gene codes a multifunctional exchanger
of anions — pendrin [4, 30, 31]. In the thyroid, pendrin is ex-
pressed at the top of the thyroid membrane and allows the
transport of iodine necessary for the synthesis of thyroid hor-
mones. Expression of pendrin has been found in the inner ear
and kidneys. In the inner ear pendrin functions as a chloride-
bicarbonate exchanger; in the kidney it participates in the se-
cretion of bicarbonate and reabsorption of chlorides. Mutations

in the region of the pendrin gene are classically associated with
Pendred syndrome, defined as sensorineural hearing loss/
deafness, goitre and iodine organification defects, and hypo-
thyroidism [4, 31]. Among our patients, one child (1.85%) had
hearing loss.

Genes DUOX 1 and DUOX 2 code for the dual oxidase sys-
tem, while the genes DUOXAT and DUOXA2 are responsible for
the synthesis of hydrogen peroxide, a key phase in the produc-
tion of thyroid hormone. Defects of the dual oxidase system are
the most frequent cause of disturbances of iodine organifica-
tion [4, 32].

The TSHR gene codes for the TSH receptor, which belongs
to the G protein-coupled receptors. According to data from
previous literature, mutations of this gene may cause abnor-
malities in organogenesis of the thyroid gland and thyroid hor-
mone synthesis [4, 5]. There are also data in the literature sug-
gesting congenital heart defects and glucocorticoid deficiency
in patients with CH due to a mutation in the TSHR gene [34].

In addition to the above abnormalities, co-accompanying
congenital hypothyroidism, the formation of which can be com-
bined with gene expression, crucial for normal organogenesis
of the thyroid gland and thyroid hormone synthesis, the study
also found other abnormalities. In one child (1.85%) tracheo-
esophageal fistula was observed, and in another child (1.85%)
bile reflux was present. Other authors have noted the higher
frequency of gastrointestinal abnormalities (the frequency of
gastrointestinal defects in the general population according
to the Polish Registrar for Congenital Defects is 0.093%). Bas
et al. diagnosed the presence of oesophageal atresia in two
patients [7]. There are also descriptions of CH patients with
anal atresia and Hirschsprung’s disease [35, 36]. In a group
54 newborns with CH, there were single cases of co-occur-
rence of the following defects: differences in limb lengths, val-
gus and varus deformities, haemangioma within the abdomen
skin, cataracts, and trisomy 21.

Other authors mention frequent co-occurrence of CH and
such defects as spina bifida or hip dysplasia [6, 8]. A higher
frequency of ophthalmological abnormalities in patients with
CH has been observed. Kurtul et al. described vision pathol-
ogies in 40.4% (49 of 121) of CH patients, of whom 79.5%
(39 out of 49) had refractive errors and 32.6% (16 out of 49)
had strabismus [37].

As demonstrated in the referenced data from the scientific
literature, the increased frequency of associated congenital
defects in CH patients compared to the general population is
undisputable. The cause of increased co-occurrence of extra-
thyroidal defects in CH patients requires an in-depth analysis in
order to find the underlying cause.

As mentioned in the introduction, multiple hypotheses are
taken into consideration [6-9]. The cause of various extrathy-
roidal abnormalities in patients with CH is often attributed to the
lack of metabolic activity of the thyroid hormone. These hor-
mones are essential in the growth and maturity of cells and tis-
sue in the foetal period. A lack of thyroid hormones leads to de-
fects in the tissues of the nervous system and skeletal system,
as well as other tissues [3]. This hypothesis does not appear
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to explain the co-occurrence of CH and defects in other organs
and systems because in the first 12 weeks of life the foetus is
dependent on the mother’s production of thyroid hormones.
At that time other organs undergo a very intensive process of
organogenesis.

For example, the most common extrathyroidal defects as-
sociated with CH are heart defects, mostly ASD and VSD. The
NKX2-5 gene appears to play an important role in these defects
and is responsible for proper development of both the thyroid
gland and heart [38].

The hypothesis concerning environmental factors and te-
ratogens does not appear to be significant. For example, from
the data of past literature the effect of factors such as smok-
ing and alcohol on the urinary system is known. Yousefichaijan
et al. in their study of 100 children with CH detected the pres-
ence of genitourinary defects in 32 children and demonstrated
a lack of significance of smoking or alcohol during pregnancy
on the frequency of genitourinary abnormalities [9].

The data above indicates that genetic factors may play the
most important role in causing associated congenital defects in
patients with CH. As well as the genes described in this article
and their role in the function and development of extrathyroi-
dal organs, there are novel genes whose mutations may be
responsible for CH and extrathyroidal defects. Studies based
on experimental models suggest the role of the HEX homeo-
box gene in the development of the cardiovascular system and
thyroid [6].

Our data could suggest that there is higher frequency of ex-
trathyroidal defects in girls with CH in comparison to boys with
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