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Abbreviation

IDD - lodine deficiency disorders

HL - Laboratory hypothyroidism

TSH - Thyroid stimulating hormone
TRH - Thyrotropin - releasing hormone

Abstract

The growth rate of a healthy child, the peculiarities of its physical and intellectual
development, the formation of reproductive function are largely determined by the state of the
endocrine system. Thyroid hormones have a significant impact on the growth and

development of the child's organism. Today, attention is focused on the consequences of
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intellectual disabilities in children with hypothyroidism, as well as the impact of chronic
iodine deficiency in the environment on the development of children. Insufficient intake of
iodine in the body leads to congenital dysontogenesis of higher mental functions, to the
formation, in severe cases, of mental retardation of varying degrees, and, in mild forms - to
the borderline or partial disorders of intelligence.

The aim is to study the cognitive functions of children with laboratory
hypothyroidism.

Methods. For a screening study of the intellectual development of school-age children
living in geographical areas of Chernivtsi region (Ukraine) with varying degrees of iodine
supply, 399 schoolchildren aged 11-18 years were studied, including 194 boys and 205 girls.
The main group consisted of children (99) with laboratory hypothyroidism (HL), with thyroid
stimulating hormone (TSH) elevation or with diverse complaints and who had been found to
have elevated TSH levels during routine examinations. Patients with any kind of systemic
disease and/or taking medications were excluded from the study. Diagnosis of HL was based
on mild increase of TSH (5-25mlIU/L) with a normal fT4 level. Thyrotropin-releasing
hormone (TRH) test was also performed in all children. TSH response to TRH stimulation
was considered to be normal when TSH levels were between 5-25 mIU/L. The formation of
intellectual function was determined using a fragment of the R. Kettel test (adapted modified
version of the children's personality questionnaire R. Kettel).

Inclusion criteria: age 11-18 years, living in the Chernivtsi region, the absence of
organic pathology of the CNS and mental retardation, diseases of the eyesight and hearing, for
6 months, all subjects did not receive any treatment with iodine-containing drugs and thyroid
hormones.

Results. Analysis of the study results showed that children, for the most part, have an
average degree of intellectual development (60%). The level of intellectual formation changed
in the direction of decreasing with increasing degree of iodine deficiency. Among children
with laboratory hypothyroidism, the number of those who had a low level of intelligence was
almost twice as high as in children from the comparison group 25 [21.8-27.3] % against 13
[11.8-16.6] %, P < 0.01). Children with laboratory hypothyroidism have a "debt" of 56% of
attention, 36% of perception, 26% of motility, and 44% of memory. The pace of operating
activities was reduced by 26%. Comparison of TSH concentration, ioduria and thyroid
volume with the presence or absence of deficits in certain cognitive functions showed that in
children with laboratory hypothyroidism and fine motor skills TSH G level was increased by

90%, thyroid volume by 28% , and with memory loss - 125% and 38%, respectively.
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Correlative analysis revealed a highly probable positive relationship between moderate
strength in prepubertal children between thyroid volume and fine motor skills (r = 0.485, P <
0.01), memory (r = 0.488, P < 0.05) and efficiency (r = 0,321, P < 0,05).

Conclusion. Children with subclinical hypothyroidism are characterized by decreased
memory, instability of attention and decreased ability to concentrate, impaired fine motor
skills, which generally reduces their mental capacity.

Key words: children; iodine deficiency; subclinical hypothyroidism; cognitive

parameters

Mental development, being a dynamic system, depends on both the assimilation of
social experience and the maturation of the organic basis (brain and nervous system in the
first place). The growth rate of a healthy child, the peculiarities of its physical and intellectual
development, the formation of reproductive function are largely determined by the state of the
endocrine system [1]. Thyroid hormones have a significant impact on the growth and
development of the child's body [2].

It is known that one of the reasons that can lead to impaired neuro - mental
development of children is insufficient intake of iodine, resulting in reduced production of
thyroid hormones [3]. lodine deficiency is the cause of mental retardation in 42 million
people. In areas where iodine prophylaxis is not carried out, each subsequent generation has
an intellectual level for 10 - 15 points lower than the previous one [4, 5].

The most common consequence of iodine deficiency in children, in addition to
endemic goiter, is a complex of psychomotor and somatic disorders. Living in areas with
iodine deficiency, even with euthyroid goiter, is accompanied by reduced reproduction of
auditory information, deterioration of visual memory, mental activity, adaptive capacity of the
central nervous system [6].

It is established that against the background of chronic iodine deficiency in 30 - 60%
of children there are behavioral, emotional disorders, personality disorders.

lodine is needed at all stages of formation and functioning of the nervous system of
the fetus, child, adult. Insufficient intake of iodine in the body leads to congenital
dysontogenesis of higher mental functions, the formation in severe cases of mental retardation
of varying degrees, and in mild forms - borderline or partial disorders of intelligence [7].

A number of authors [8-10] focus on the consequences of intellectual disabilities in
children with hypothyroidism, as well as predict the impact of chronic iodine deficiency in the

environment on children's development.
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Hypothyroidism is a metabolic condition that can lead to cognitive and behavioral
deficits in children and adolescents [11]. Current data suggest that early diagnosis and
treatment of hypothyroidism improves cognitive functions [12-14]. It has been suggested that
I hypothyroidism laboratory (HL), characterized by mild increase in serum thyrotropin (TSH)
together with a normal serum free thyroxine (fT4) level, is a risk factor for development of
systemic diseases such as atherosclerosis, cardiovascular diseases as well as neuropsychiatric
disorders.

However, despite the wide range of research in this area over the last decade, most
aspects of this problem remain understudied. This is especially true in the clinical stages of
the development of health disorders.

The aim is to study the cognitive functions of children with laboratory
hypothyroidism.

Methods. For a screening study of the intellectual development of school-age children
living in geographical areas of Chernivtsi region with varying degrees of iodine supply, 399
schoolchildren aged 11-18 years were studied, including 194 boys and 205 girls. The main
group consisted of children (99) with laboratory hypothyroidism (HL), with TSH elevation or
with diverse complaints and who had been found to have elevated TSH levels during routine
examinations. Patients with any kind of systemic disease and/or taking medications were
excluded from the study. Diagnosis of HL was based on mild increase of TSH (5-25mIU/L)
with a normal fT4 level. Thyrotropin-releasing hormone (TRH) test was also performed in all
children. TSH response to TRH stimulation was considered to be normal when TSH levels
were between 5-25 mIU/L.

Assessment of children's development was performed after acquaintance with the state
of their health, exclusion of mental disorders and neurological pathology, assessment of the
auditory and visual analyzers (according to the review of relevant specialists). The formation
of intellectual function was determined by the usage of the R. Kettel test fragment (adapted
modified version of the children’s personality questionnaire R. Kettel) [3]. The methodology
was constructed of 10 questions, where the correct answer was evaluated in one point. The
sum of points was translated into standard grades - "score™ which determined the low (1-3
score), medium (4-7) and high (8-10) level of intelligence. Statistical processing included
calculating the arithmetic mean of each of the indicators (M), the standard deviation (o). The
evaluation of the probability of the results involved determining the mean error of the
arithmetic mean (m), the probability of differences in the mean values by t - Student's test.

The computer program "Biostat™ was used for statistical processing.
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The authors assert that all procedures contributing to this study comply with the
ethical standards of the relevant national guidelines on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008, and has been approved by the Bukovinian
State Medical University.

Results. The distribution of children by area of residence is presented in Table 1.

Table 1
The distribution of children by area of residence
Area of residence Total

11 12 13 14 15 16 17 18 Total
Chernivtsi 16 16 14 11 16 24 18 16 131
Mountain area 21 24 23 11 16 17 10 19 141
Plain area 19 19 12 25 15 18 11 8 127
Together 56 | 59 | 49 | 47 | 47 | 59 | 39 | 43 399

Total Analysis of the results of the study showed that children, for the most part, have
an average degree of intellectual development (60%). The level of intellectual formation
changed in the direction of decreasing with increasing degree of iodine deficiency. Thus, in
children living in the zone of mild iodine deficiency (plain area and Chernivtsi), the share of
children with a high level of development was 15 [DI 11.2-23.8] %, while in children from
the area of residence with moderate degree of iodine deficiency (mountain area) - 9 [DI 8,3 -
9,2]% of children (P <0,05).

Analysis of the development of intellectual functions depending on the area of
residence and gender showed that among children living in mountainous areas, a high level of
intelligence was determined in 10 [DI 7.8-12.5]% of boys and 13 [DI 9.2-15.6 ]% of girls,
average - respectively in 45 [DI 39,5-47,8]% of boys and 51 [DI 48,8-55,7]% of girls and low
- in 42 [DI 39,7-45,2] % of boys and 35 [DI 31.9-38.5]% of girls. Children living in the plains
according to the level of development of intellectual functions were distributed as follows:
high level - in 20 [DI 19.3-22.8]% of boys and 17 [DI 15.9-18.8]% of girls, medium - 58 [DI
52.9-59.9]% of boys and 62 [DI 54.1-67.6]% of girls and low - 21 [DI 18.3-23.8]% of boys
and 21 [DI 19, 9-23.8]% of girls.

Children with high and medium level of intelligence development had sufficiently
developed abstract forms of thinking, a large amount of knowledge. Children with a low level
of intelligence were dominated by a primitive approach to solving logical problems, they were

dominated by specific forms of thinking.
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Among children with laboratory hypothyroidism, the number of those with low levels
of intelligence was almost twice as high as in children in comparison group 25 [DI 21.8-
27.3]% vs. 13 [DI 11.8-16.6] %, P <0.01).

Also noteworthy is the much smaller proportion of children with laboratory
hypothyroidism with a high level of intellectual development (Fig. 1).

7 H Low
62.1 AA @ Medium

13.2 eIV
Healthy Children  Hypothyroidism...

Fig. 1 The level of formation of intellectual functions in children

The structure of cognitive deficiency in children of the main group is presented in Fig.
2. Indicators of cognitive functions of children in the comparison group are taken as 100%. It
is established that children of the main group are characterized by slightly lower indicators of
basic cognitive functions. Thus, children with laboratory hypothyroidism have "debt" in the
field of attention by 56%, perception by 36%, motility by 26%, memory by 44%. The pace of
operating activities is reduced by 26%. Comparison of TSH concentration, ioduria and thyroid
volume with the presence or absence of deficiency in certain cognitive functions showed that
in children of 2 subgroups with motility disorders TSH level was increased by 90%, thyroid
volume by 28%, and with reduced memory - 125% and 38% respectively. Indicators of
cognitive functions of children in the comparison group are taken as 100%. Comparison of
thyroid hormone concentrations, ioduria and thyroid volume with the presence or absence of
deficiency in certain cognitive functions showed that in children with laboratory
hypothyroidism and motility disorders, the level of thyroid-stimulating hormone was
increased by 90%, the volume of the thyroid gland %, and with memory loss - 125% and

38%, respectively.
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Fig. 2 Indicators of cognitive function in children of the main group (in % to the age norm)

Correlative analysis revealed a highly probable positive connection between moderate
strength in prepubertal children between thyroid volume and fine motor skills (r = 0.485, P
<0.01), memory (r = 0.488, P <0.05) and efficiency (r = 0,321, P <0,05).

Discussion. The development of children's psychoemotional health is influenced by
various biological and social factors [2], including disorders of the functional state of the
thyroid gland. In clinical practice, a large amount of data has been accumulated that thyroid
hormone deficiency of any degree adversely affects the child's body, is a factor in a high risk
of growth and development in children, the formation of chronic pathology and the growth of
socially significant diseases. Against the background of iodine deficiency, there are disorders
of neuropsychological development, which have a wide range - from a decrease in mild
intelligence to severe forms of endemic cretinism. In a study on adults by Correira et al [11],
HL was shown to cause more deterioration of cognitive functions as compared to overt
hypothyroidism. There are very few studies investigating the cognitive functions in children
and adolescents diagnosed with HL. In the study by Aijaz et al [12], attention deficit was
found to be more frequent in children diagnosed with HL than in healthy controls. Wu et al
[13] reported that adolescents with a diagnosis of HL showed lower performance in tests
measuring cognitive functions as compared to adolescents with subclinical hyperthyroidism.
Conflicting results were obtained in studies measuring the outcome of neurocognitive
functions in hypothyroid patients who were diagnosed during screening studies and treated at
an early phase. With the purpose of predicting the difficulties in the areas of active/passive
attention and the selective attention of the children in the study, WISC-R Digit Sequences

Subtest scores were evaluated, and it was observed that the children diagnosed with SH
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obtained poor results in this subtest. The Stroop test demonstrates the ease of changing the
perceptual organization according to the changing demands and under the influence of a
“deteriorating effect”, the capability of suppressing a habitual behavioral pattern and
performing unordinary acts [14].

Our studies have revealed some changes in the cognitive performance of children with
laboratory hypothyroidism. It can be predicted that in order to achieve high or medium
success in school, all the compensatory capabilities of the body are involved, which is
certainly a risk factor for the development of psycho-emotional and somatic disorders.

Chronic iodine deficiency in the environment is registered in many countries [15-18]
and it causes serious threats for public health. In spite of serious outcomes IDD might have
they can be quite successfully prevented, and there are not so many social and medical
problems that can be solved such easily. Global efforts made by the world society have
substantially changed geography of IDD prevalence; use of iodized salt in households has
been recognized as a basic way to fight the above-mentioned morbid state. In relation to that,
many countries have changed their national legislation related to regulation of population
nutrition [19-21]. However, such a radical way hasn't been eventually supported by all the
countries in the world, either due to moral and ethical reasons (freedom of choice), or
economic and political ones.

Conclusion. Children with subclinical hypothyroidism are characterized by decreased
memory, instability of attention and decreased ability to concentrate, impaired fine motor
skills, which generally reduces their mental capacity.

The limitation of this study is the relative smallness of the sample.
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