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Dose-dependent Morbidity in Women Exposed to Radioactive Iodine During 
Pregnancy as a Result of the Chernobyl Accident

Abstract

A study of the primary morbidity of women exposed to radioactive iodine as a result of the Chernobyl nuclear power plant 
disaster, according to the ICD-10 classification, revealed varying dose-dependent pathology onset patterns. Some pathology 
classes (endocrine, genitourinary, and muscular) were characterized by two peaks of incidence. A three-phase pattern was 
somewhat more common and was typical for diseases of the circulatory system, respiratory diseases, digestive organs, nervous 
system, and mental disorders. Four peaks were observed in the analysis of the incidence of primary (essential) hypertension. 
For all types of pathology, general values of absorbed doses to the thyroid gland were characteristic in the range of < 80 and 
151-200 mGy, which stimulated morbidity. The obtained data are discussed from the point of view of the expressive activity of 
a number of thyrocyte genes, which can change their activity depending on the doses formed on this organ and subsequently, 
due to hormonal or secretory-mediator activity, change the functions of organs and systems, leading to the emergence of pa-
thology.
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Introduction
Over several years, we studied the morbidity of women (1986-
2016) who, during pregnancy, were exposed to the radioactive 
cloud that passed through southern Belarus as a result of the 
Chernobyl nuclear power plant accident. The radioactive cloud 
contained radioisotopes of iodine, which primarily affected the 
thyroid gland (TG). The TG, as is known, influences all organs 
and systems of the body, regulating their functions and over-
all metabolism, through hormone production or other mecha-
nisms.
As a result, we obtained data on the heterogeneity of morbid-
ity rates in a sample of pregnant women, which was compared 
with a group of women who were also pregnant, but later, 
when there was no radioactive iodine in the environment, but 
who lived in the same conditions and were of comparable so-
cial status. It was found that women exposed between 1986 and 
2016 had: An increased incidence of primary cardiovascular 
disease [1], primarily in the form of essential hypertension [2]. 
A similar picture was observed after the analysis of nervous 
and genitourinary systems pathologies [3,4]. However, no sim-
ilar incidence of gastrointestinal or respiratory pathology was 
detected in irradiated women [5,6].

A study of the dose dependence of primary morbidity in the 
study group of women showed that this indicator exhibits both 
general patterns and differs depending on the specific pathol-
ogy.
The aim of this study was to analyze the dose dependence of 
identified pathology in a sample of irradiated pregnant women.

Case Series
The study included women who were at various stages of preg-
nancy in the first days after the Chernobyl nuclear power plant 
accident and lived in the Stolin district of the Brest region. 
Immediately after the accident, a radioactive cloud passed 
through this region, containing, in addition to a wide range of 
radionuclides, iodine isotopes (I-131, I-133, etc.). Those had 
been ingested and inhaled by residents, accumulated in the 
TG, and thus resulted in varying absorbed doses. The cohort 
of these women included 221 residents of the Stolin district of 
the Brest region.

Incidence data were obtained from the State Register of Per-
sons Affected by the Chernobyl Nuclear Power Plant Accident. 
Only data from updated diagnoses of primary morbidity were 
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Table 1: Maximum absorbed doses to the TG of pregnant women causing increased incidence of various organ and system 
diseases (ICD-10).

used in the study. Statistical data processing was carried out 
using the computer applications Statistics 10.0 (StatSoft.Inc, 
USA) and SigmaPlot 12.5 (Systat Software Inc., Germany) and 
Origin 2021 (OriginLab Corp. USA).

The results of the dependences constructed in the coordinates 
of the absorbed dose to the TG - the standardized incidence 
for various types of pathology according to the ICD-10 clas-
sification differed from each other. Among them, three groups 
of patterns could be identified, characterized by the presence 
of two, three, or even four incidence maxima. Thus, two max-
ima were characteristic of pathology of the endocrine system, 
nutritional disorders, and metabolic disorders (E01.0-E66.9, 
N=32) (hereinafter, the designations of disease classes accord-
ing to ICD-10), the genitourinary system (N10-N95.1, N=51), 
and the musculoskeletal system and connective tissue (M05.9-
M75, N=113). The three-phase dependence was expressed 
somewhat more frequently and is characteristic of diseases of 
the circulatory system (I09.9-I86, N=236), diseases of the re-
spiratory system (J00-J45.9, N=153), digestive system (K21-
K91.5, N=97), nervous system (G20-G98.9, N=35) and mental 
disorders and behavioral disorders (F20.3-F48, N=48). Four 
maxima were found in the case of analysis of the incidence of 
primary (essential) hypertension (I10-I10.9, N=86). Figure 1 a 
and b show the first two types of dose dependences, and Figure 
2 shows the incidence of essential hypertension, in which 4 
peaks are revealed (Figure 1, 2).

It is clearly evident that genitourinary system disease is char-
acterized by two peaks—at 74 and 160 mGy—while gastro-
intestinal system pathology demonstrates maximum values 
for absorbed doses to the TG at 70, 120, and 170 mGy. The 
graphs were plotted with an absorbed dose increment of 50 

mGy. Other peak thyroid dose values for pathology in other or-
gan systems are shown in Table 1 In this case, the entire range 
of absorbed doses recorded in women was divided into three 
parts: 0-80, 80-150 and 151-200 mGy.

Two facts are noteworthy. Without exception, two dose ranges 
are significant in the development of diseases affecting various 
organs and systems: 0-80 mGy and 151-200 mGy. In the lower 
dose range, values vary from 64 to 74 mGy. In the highest, from 
160 to 170 mGy. Of interest is the existence of a third, interme-
diate range of absorbed doses to the TG. It is characteristic of 
diseases affecting the respiratory, digestive, and nervous sys-
tems, as well as mental disorders. Dose values range from 81 
to 120 mGy. For hypertension, as noted above, four incidence 
peaks are identified at 67, 90, 160, and 169 mGy. It should be 
noted that in the case of registration of all types of cardiovas-
cular diseases in the region of 90 mGy, a wide shoulder is also 
detected, masking the existence of another peak, with the same 
maximum as in the case of essential hypertension.

System, pathology Range of absorbed doses
< 80 mGy 80 -150 mGy 151-200 mGy

Endocrine system (Chapter IV) 70 160
Mental disorders (Chapter V) 66 84, 120
Nervous system (Chapter VI) 60 84 160
Sense organs (vision, hearing) (Chapter VII-VIII) 70 160
Cardiovascular (Chapter  IX) 70 90 160
Hypertension (Chapter IX) 67 90 160, 169
Respiratory system (Chapter X) 60 81 160
Digestive system (Chapter XI) 70 120 170
Musculoskeletal system (Chapter XIII) 64 164
Genitourinary system (Chapter XIV) 74 160

Figure 1:  Dose dependences of morbidity of the genitourinary system (a) and digestive organs (b). COD is the coefficient 
of determination.

Figure 2: Dose dependence of primary hypertension 
incidence.
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Figure 3: The structure of morbidity at different absorbed doses on the thyroid gland of pregnant women (a - <80 mGy, 
b – 80-150 mGy, c – 151-200 mGy).

It is interesting to analyze the prevalence of various patholo-
gies within the aforementioned dose ranges induced in the thy-
roid glands of pregnant women by radioactive iodine (Figure 
3). As can be seen, different ranges of absorbed thyroid doses 
are characterized by a predominance of various delayed mor-
bidities. Thus, the increase in cardiovascular pathologies in 
the cohort studied was most pronounced at high thyroid doses 
(151-200 mGy) and least pronounced at absorbed doses in the 
range of 80-150 mGy. Respiratory diseases (Chapter X) ex-
hibited a similar pattern of changes. Conversely, an increase 
in gastrointestinal diseases was observed at moderate thyroid 
doses (80-150 mGy). This pattern also applies to genitourinary 
pathologies and mental disorders (Chapter V).

Discussion
It should be noted that the relationships we discovered differ 
sharply from generally accepted notions of dose dependence 
in relation to morbidity and mortality from radiation exposure. 
Linear or linear-quadratic relationships predominate [7,8]. 
However, in the aforementioned cases, the focus was on total 
body irradiation. In our case, we analyze the effects of irra-
diation of one organ of the endocrine system, specifically the 
TG, due to the incorporation of radioactive iodine. This, in our 
opinion, may influence the nature of the observed effects. Nev-
ertheless, an explanation for these findings is necessary.

Previously, studies of the effects of I-131 identified 27 genes 
in the thyroid gland capable of reversibly regulating their ac-
tivity [9]. A number of genes (Pax8, Sic5a5, Tg, Tpo), which 
play an important role in thyroid function, the synthesis of its 
hormones, the excretion of specific protein mediators, and the 
influence on the metabolism of peripheral cells, exhibit low ex-
pression activity at low doses formed by I-131 and change their 
activity with increasing radiation exposure. There are other ex-
amples. For example, the aforementioned Sic5a5 gene, under 
conditions of varying activity of the exposing I-131, exhibits a 
biphasic nature: at low and medium activities of radioiodine, 
it is inhibited to a greater extent than at intermediate levels, 
while at high activities, it is activated. From this perspective, 
the above data on the existence of several peaks in the increase 
in the incidence of various organs and systems among preg-
nant women who were irradiated with radioactive iodine in 
April-May 1986 can be explained. The women were exposed 
to different absorbed doses, which could be responsible for the 
change in gene expression activity and the appearance of sev-
eral peaks. It is well known that the TG plays a crucial role in 
the functioning of all body systems through the production of 
its hormones [10].

At the same time, it is known that radiation induces genomic 
instability [11]. This instability is a persistent functional state 
that leads to disruption of genetic control and is a key factor in 
the subsequent development of pathology. These changes can 
become entrenched in the bodies of pregnant women, and that 
is why we observe these effects many years after the Chernobyl 
accident.

Clearly, the development of general somatic effects over long 
periods of time after radiation exposure differs significantly 
from stochastic effects, which are characterized by a non-
threshold nature and a gradual increase in morbidity according 
to a particular model. The data we have described concerns a 
single organ – the thyroid gland, which is largely a "conduc-
tor" in the body and regulates numerous functions. However, 
it should be taken into account that the mechanisms we have 
proposed may only be inherent in pregnant women, due to the 
fact that this physiological state is characterized by tension in 
many body systems, including the endocrine system, and may 
be the cause of genomic instability under conditions of radia-
tion exposure.

Conclusion
The absorbed doses to the TG of pregnant women, due to I-131 
incorporation, influence the subsequent development of pa-
thologies in various organs and systems. Several dose-depen-
dent relationships have been identified that influence disease 
incidence. Furthermore, each absorbed dose range corresponds 
to the severity of a specific pathology. The obtained data can be 
explained in terms of the sensitivity of certain thyroid genes to 
radioactive iodine, thyroid hormone imbalance, the production 
of protein mediators, and gene lability.
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