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Abstract

The incidence of morbidity in children exposed in utero due to incorporation of radioactive iodine by their pregnant mothers alters subsequent 
morbidity depending on the timing of radiation exposure. The highest thyroid absorbed doses occur in children during the first and third trimesters 
of pregnancy. In fetuses, the highest doses occur during the second trimester. The predominant morbidity types in children are respiratory and en-
docrine disorders. The highest morbidity in females was recorded if intrauterine irradiation occurred during the second trimester of pregnancy, and 
in males, during the third trimester. Differences in the prevalence of certain morbidity classes were also observed. These findings can be explained 
by the influence of I-131 on gene expression, with subsequent changes in endocrine system activity involving thyroid hormones.
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Introduction
As it is known, the radiation disaster at the Chernobyl 

nuclear power plant was accompanied by the release of uranium 
nuclear decay products into the environment, including iodine 
isotopes, primarily I-131. This isotope, which enters the human 
body through inhalation, as well as with food, mainly with whole 
milk, accumulates in the thyroid gland (TG), which leads to its 
irradiation. Previously, using the example of a cohort of women 
living in the Stolin district of the Brest region, who at various stages 
of pregnancy in late April 1986, i.e., as a result of the accident at 
the Chernobyl nuclear power plant, were exposed to a radioactive 
cloud containing iodine isotopes, we studied their morbidity over 
the next 30 years [1]. It was found that after a fairly long period of  
time, compared with a control group of women who were pregnant 
after the decay of I-131, the incidence of cardiovascular pathology 
and respiratory pathology increases [2]. Cardiovascular pathology 
was predominant, manifested by primary hypertension [3]. Both 
essential hypertension and respiratory diseases were characterized 
by a dependence on the absorbed thyroid dose.

 
Embryogenesis is known to be characterized by specific stages of 
development. The potential for a particular effect from intrauterine 
irradiation depends on the nature of the ionizing radiation, the 
absorbed dose, and the stage of fetal development at the time of 
irradiation [4]. The stage of intrauterine development is particularly 
important because differentiation of systems and organs occurs at 
specific times, and this will determine the type of damage to the 
fetus and, consequently, subsequent morbidity.

The analysis of the health status of children born by irradiated 
women is of a particular interest, depending on the timing of their 
exposure to radiation during intrauterine development.

We were able to discover the relationship between women 
irradiated as a result of the Chernobyl accident and their children 
over three decades. Accordingly, the aim of the present study was 
to analyze the incidence of different pathologies in individuals 
irradiated being fetuses at different stages of intrauterine 
development in comparison with a cohort of individuals who were 
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born later, when I-131 had almost completely decayed.

Materials and Methods
The main group of individuals was comprised of residents of 

the Stolin District of the Brest Region, born by women exposed to a 
radioactive cloud that passed through this region of Belarus in late 
April-early May 1986. The cloud contained iodine radionuclides, 
including I-131. The main cohort included 123 individuals, 
including 62 females and 61 males. Their dates of birth ranged from 
June 3, 1986, to February 6, 1987. The average absorbed dose to the 
thyroid gland in the overall group was 32.2 ± 3.31, with a median of 
22 mGy; for males, it was 35.4 ± 5.4, with a median of 23 mGy; for 
females, it was 29.1 ± 3.9, with a median of 22 mGy. In this study, 
the comparison group also included residents of the Stolin District 
of the Brest Region, but those who have been born later. It included 
121 individuals from the same district, who were identical to the 
experimental group not only in terms of residence but also in social 
status. These individuals included 57 males and 56 females. Their 
dates of birth ranged from January 3, 1988, to December 31, 1988.

Verified health data for irradiated and non-irradiated individuals 
were obtained from the State Registry of Persons Affected by the 
Chernobyl Accident. Only primary morbidity was considered in the 
study. The International Classification of Diseases, 10th Revision 
(ICD-10) was used.

Statistical data processing was performed using the software 
applications Statistika 10.0 (StatSoft.Inc, USA) and SigmaPlot 12.5 
(Systat Software Inc., Germany).

Results and Discussion
Our primary interest was the analysis of the distribution of 

thyroid gland absorbed doses at different stages of pregnancy in 
women and their children. Figure 1 presents these data. As it can be 
seen, absorbed doses in mothers ranged from 75-85 mGy, while in 
fetuses, doses ranged from 10-45 mGy. The maximum doses to the 
fetus occurred in the second trimester of pregnancy.

Figure 1: Average values of absorbed doses to the thyroid gland of pregnant women and their children.

The distribution of absorbed doses in mothers by trimester 
showed that the highest doses, ranging from 71-85 mGy, occurred 
in first and second trimesters of pregnancy (Figure 2). However, in 
the most unfavorable period, i.e., the first trimester of pregnancy, 

due to the beginning of organ development, thyroid doses to the 
fetus were minimal, which is a positive factor for potential long-
term consequences.
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Figure 2: Distribution of absorbed doses to the thyroid gland of pregnant women by trimester of pregnancy.

Figure 3: Morbidity in children of both sexes depending on the timing of maternal exposure.

An analysis of the incidence of diseases in children of both sexes 
irradiated in utero revealed that the highest incidence of diseases, 
particularly respiratory diseases, was recorded in children exposed 
to radioactive iodine in the second trimester of pregnancy (Figure 

3). This pathology was somewhat less common in children exposed 
to radioactive iodine in the third trimester of pregnancy. Endocrine 
and genitourinary diseases were the second and third most 
common. It should be noted that, as with the aforementioned types 
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of pathology, a predominance of diseases in other classes (mental 
and behavioral disorders, diseases of the nervous system, digestive 
system, musculoskeletal system, and bone tissue) was observed if 
fetal exposure also occurred in the second trimester of pregnancy.

It was also quite interesting to perform the analysis of morbidity 
dependence on the gender of the fetus irradiated in utero. Figure 4 
show these data.

Figure 4: Morbidity rate of irradiated female (a) and male (b) individuals depending on the timing of maternal irradiation.
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It is clearly evident that the dominant period causing increased 
morbidity among irradiated females is the second trimester of 
pregnancy. This applies to the same types of pathologies observed 
in the mixed-gender group. In contrast, among males, the dominant 
period causing increased morbidity was most often the third 
trimester of pregnancy. This applied to most classes of diseases, 
with the exception of endocrine and genitourinary diseases, as well 
as mental and behavioral disorders. Among females irradiated in 
utero, respiratory and endocrine pathologies predominated, while 
among males, respiratory diseases and diseases of the eye and 
adnexa were more common. They also had a higher incidence of 
skin and subcutaneous tissue diseases compared to females.

In such an analysis, it is necessary to consider the incidence 
of diseases in individuals not exposed to radioactive iodine. These 
individuals, as noted above, were individuals of similar social status 
but born after the radioactive iodine had decayed. Figure 5 presents 
these data. It is clear that the predominant pathologies in unexposed 
individuals over the long term are also respiratory and endocrine 
diseases. Moreover, for some pathologies, the incidence rate even 
exceeds that one of irradiated children. This concerns pathologies 
of the endocrine, respiratory, and gastrointestinal systems.

Explanations for these findings are necessary. The increased 
incidence of respiratory diseases in both irradiated and non-
irradiated individuals is fairly easily explained. This pathology 
was recorded in all groups throughout the post-Chernobyl years, 
but was most common in 1991-1997, when children were 5 to 11 
years old. As it is well known, this pathology is most common in 
childhood, especially in children attending group institutions such 
as kindergartens and schools.

An analysis of the morbidity pattern in irradiated children 
revealed that the predominant pathology was associated with 
hypertrophy of the tonsils and adenoids (J35.3). Acute respiratory 
diseases—acute bronchitis and acute pharyngitis—ranked second 
and third. This order of pathology types differed from that of 
children born later and not exposed to radioactive iodine (I-131). 
In these individuals, acute respiratory diseases (acute bronchitis 
J20.9, acute nasopharyngitis J00.9, and acute pharyngitis J02.9) 
ranked first.

Regarding the increased incidence in the group of non-
irradiated children, the following can be hypothesized. In our 
opinion, two body systems may be involved in this phenomenon. 
Firstly, the immune system, which, under the influence of radiation, 
can block the immediate immune response to infectious agents. 
Secondly, the endocrine system of the body may have played a 
certain role, the center of damage of which was the thyroid gland, 
which had incorporated radioactive iodine. Previously, during a 
study of the effects of I-131 in thyroid cells, 27 reversibly regulated 
genes were discovered [5]. A number of genes (Pax8, Sic5a5, Tg, 
Tpo), playing an important role in the functioning of this organ, the 
synthesis of its hormones and the influence on the metabolism of 
peripheral cells, have low expression activity at low doses formed 
by I-131 and change their activity with increasing radiation 
exposure. It is known that during different trimesters of pregnancy, 

many biochemical parameters change, including the levels of T4, 
T3, thyroid-stimulating hormone (TSH), etc. Thus, at the end of the 
first trimester of pregnancy (at 10 weeks), the TSH level drops to 
minimum values, then, as the pregnancy period increases (by 20 
weeks), its level returns to normal. Accordingly, the level of T4 in 
the woman’s body will also change. Against the background of a 
decrease in the TSH level, an insufficient level of transmembrane 
iodide transfer in thyrocytes will negatively affect the state of the 
thyroid system of the woman and the fetus, synthesis of hormones 
and, due to the known instability of the genome, can cause changes 
in the function of peripheral organs, including immune cells, 
lymphoid tissue, affecting inflammatory processes, oxidative stress, 
triggering the process of cell regeneration, which can cause the 
observed hypertrophy of this tissue [6].

Conclusion
Thus, thyroid irradiation during fetal development, depending 

on the timing of exposure to radioactive iodine, affects subsequent 
morbidity in the individual differently. In females, the highest 
incidence of morbidity in the late period is associated with 
irradiation during the second trimester of pregnancy. In males, 
increased morbidity is associated with irradiation during the third 
trimester of maternal pregnancy. The highest thyroid doses in 
mothers occurred in the first and second trimesters of pregnancy, 
while the lowest absorbed doses in their fetuses occurred in the first 
trimester. The predominant morbidity in all cases was respiratory 
and endocrine disorders. These findings can be explained by the 
influence of I-131 on gene expression, with subsequent changes in 
endocrine system functioning involving thyroid hormones.
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