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CONCEPTUAL BASICS OF ACTION PLAN CREATION TO PROTECT POPULATION 
FROM RADON (review of international requirements)
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Review of international requirements on the structure and key provisions of action plan to 
protect population from radon is given in this article. 
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Relevance of the problem. 30 years 
after the Chernobyl nuclear power plant 

accident, children living in areas contaminated 
with radioactive substances have been reported 
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to have metabolic abnormalities associated with 
sulphur-containing amino acids methionine and 
homocysteine [1-3]. From a scientific and 
practical point of view, it is important to 
determine the role of these abnormalities in the 
occurrence of thyroid diseases.  

The aim of this paper is to identify 
associations between homocysteine and thyroid 
hormones in children with different physical 
growth levels living in areas affected by the 
Chernobyl nuclear power plant accident.

Material and methods. The research 
was carried out within the projects of the 
European Commission in Ukraine “Health and 
ecological programmes around the Chernobyl 
Exclusion Zone: Development, training and 
coordination of health-related projects” and the 
Rhône-Alpes Regional Council (France). We 
performed a laboratory and instrumental 
examination of 178 children from Ivankov 
district, which according to data of dosimetry 
certification of settlements, has remained 
contaminated with radioactive substances after 
the Chernobyl accident until the present day and 
has a 137Cs soil contamination density of 0.17 up 
to 1.9 Cu/km2 [4]. The average age of the 
children was 13.6 ± 0.1 years (95%CI 13.4 – 
13.8 years).

All the children who attended school had 
blood drawn from the ulnar vein on an empty 
stomach in the morning. The blood samples 
were analysed at a laboratory certified under 
quality standards with the agreement of the 
parents. We measured blood levels of pituitary 
thyroid-stimulating hormone (TSH), free 

3 4), 
6 9 and 

12, and assessed the state of the folate 
metabolism (FM) genetic system.

3 4 concentrations were 
determined using an electrochemiluminescent 
immunoassay method (ECLIA). An analyser 
and a test system: Cobas 6000; Roche 
Diagnostics (Switzerland). 

Plasma homocysteine concentrations 
were measured using a chemiluminescent 
immunoassay method (CLIA). An analyser and 
a test system: Architect 1000 (ABBOT 
Diagnostics (USA)). Plasma homocysteine 
levels in the children of over 10 μmol/L were 
defined as hyperhomocysteinemia.

Vitamin B6 concentrations were 
determined using a high-performance liquid 
chromatography (HPLC) assay method. An 
analyser and a test system: HPLC-System 1100, 

complet Kit (Germany).
Vitamin B9 (folacin) levels were 

measured using an electrochemiluminescent 
immunoassay method (ECLIA). An analyser 
and a test system: Cobas e411; Roche 
Diagnostics (Switzerland). 

Vitamin B12 (holotranscobalamin, active 
vitamin B12) concentrations were measured
using a chemiluminescent immunoassay method 
(CLIA). An analyser and a test system: 
Architect 1000 (ABBOT Diagnostics (USA)). 

of the MTHFR gene (synthesis of the 
methylenetetrahydrofolate reductase enzyme), 
A2756G of the MTR gene (synthesis of the 12-
dependent methionine synthase enzyme) and 
A66G of the MTRR gene (synthesis of the 
methionine synthase reductase enzyme) were 
identified during genetic analysis of folate 
metabolism. A real-time PCR method was used. 
An analyser and a test system: the DT-96 
detecting thermocycler, DNA-Technology 
(Russia).

Anthropometric measuring techniques 
standardised in Ukraine [5] were used to assess 
physical growth (PG) in the children. Rules of 
bioethics were also observed and informed 
consents were signed by the parents of each 
subject [6, 7]. The Rohrer’s weight/height index 
(RI) – calculated by dividing weight in 
kilograms by the cubic of height in meters – was 
used as a criterion for assessment of physical 
growth and metabolism in children. 

This measure allows to estimate the 
degree of weight and height conformity of an 
individual. Normal PG is diagnosed at the RI 
values of 10.7 to 13.7 kg/m3, children’s 
abnormal PG with insufficient body weight is 
diagnosed at the RI values of less than 
10.7 kg/m3, and children’s abnormal PG with
excessive body weight is diagnosed at the RI 
values of 13.7 kg/m3. Three subgroups were 
identified in the group of children from Ivankov 
district according to the RI values: 
1. – abnormal (low) PG, RI values are <10.7;  
2. – normal PG, RI values lie within the range 
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3. – abnormal (high) PG, RI values are >13.7. 
The statistical processing of the results

obtained was performed using the IBM SPSS 
Statistics 22 software (USA). The arithmetic 
mean ) ± standard error of mean (m), 
confidence interval for the mean value (95%CI), 
median (Me), interquartile range (IR), minimum 
and maximum parameter values and percentiles 
were calculated for the variables analysed. The
distribution hypothesis (a Kolmogorov-Smirnov 
test) was tested. All the parameters under study 
did not conform to the normal distribution law, 
thus, a non-parametric U Mann-Whitney test
was used to compare values. The statistical 
significance of variables was assessed by
determining a significance level for p with the 
help of the statistical software programme.

The Student’s t-test was used to compare 
relative values. The critical level of significance 
for the null hypothesis (p) was set at 0.05. 

TSH, 3 4
levels, and the 3 4 coefficient were identified 

with the help of the Spearman’s rank correlation 
coefficient (rxy). The strength of correlation was 
assessed according to a typical scale: weak – 
0 to 0.299; moderate – 0.3 to 0.699; strong – 0.7 
to 1.0. 

Results and discussion. An inverse 
association was reported between TSH and free 

4 values in the total group of children, which 
should be viewed as a physiological interaction 
between the pituitary system and the thyroid 
gland. At the same time, a direct association 
was observed between TSH 3 levels
(table 1). In our opinion, it is formed because 
TSH has a stimulating effect on the deiodinase 

4 3 [8]. Thus, the 
3. It is proved by a 

direct association between TSH a 3 4
coefficient values (table 1).

Weak direct associations were found
between homocysteine and TSH values, and 

3 values in this group of 
children (table 1).

Table 1. Results of correlation analysis of metabolic variables in a total group of children from 
Ivankov district. 

Parameter Correlation  
coefficient

Parameter

TSH 3 4

Spearman’s 1.000 0.206** 0.157* 0.095
Sign. (2-tailed), p . 0.006 0.037 0.207
N 178 178 178 178

TSH
Spearman’s 0.206** 1.000 0.236** -0.149*
Sign. (2-tailed), p 0.006 . 0.001 0.047
N 178 178 178 178

3

Spearman’s 0.157* 0.236* 1.000 -0.010
Sign. (2-tailed), p 0.037 0.001 . 0.890
N 178 178 178 178

4

Spearman’s 0.095 -0.149* -0.010 1.000
Sign. (2-tailed), p 0.207 0.047 0.890 .
N 178 178 178 178

3 4

Spearman’s -0.002 0.272** - -
Sign. (2-tailed), p 0.981 0.0001 - -
N 178 178 - -

Note. * – orrelation is significant at the 0.05 level (2-tailed);  
** – orrelation is significant at the 0.01 level (2-tailed);  
Hc – homocysteine; 
TSH – thyroid-stimulating hormone; 

3 – triiodothyronine;  
4 – thyroxine. 
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The association between homocysteine 
and TSH values was stronger (rxy=0.502, 
p=0.029, n=19) in the subgroup of children with 
insufficient body weight. In this subgroup, 

blood homocysteine levels were higher than in 
4 levels 

were lower than in the children with excessive 
body weight (tables 2,3). 

Table 2. Levels of metabolic variables of school children with different physical growth levels from 
Ivankov district.

Variable
A group of children from Ivankov district 

Subgroup 1 (n=19) Subgroup 2 (n=127) Subgroup 3 (n=32)
Me IR Me IR Me IR

μmol/L 12.6 11.6-17.3 11.4 9.5-13.3 11.9 10.9-13.8
TSH 1.9 1.47-2.5 1.8 1.3-2.4 1.9 1.3-2.7

3, pg/mL 4.3 3.9-4.9 4.4 4.0-4.8 4.4 4.0-4.6
4, ng/dL 1.2 1.1-1.3 1.2 1.1-1.3 1.3 1.2-1.3
3 4 3,5 3.2-4.3 3.6 3.2-4.0 3.3 2.9-3.8

B9, ng/mL 6.0 4.7-8.0 6.6 5.1-8.0 5.7 4.7-6.8
B12, pg/mL 283.6 261.1-344.6 313.4 255.0-422.5 332.5 258.3-454.6
B6 19.9 16.1-25.2 18.6 15.3-22.3 16.0 13.5-21.4

Note. Me – median;
IR – interquartile range; 

 – homocysteine;
TSH – thyroid-stimulating hormone; 

3 – triiodothyronine;  
4 – thyroxine. 

Subgroup number: 1 – abnormal (low) PG (RI<10.7); 
2 – normal PG (RI within the range 13.7 and 10.7);  
3 – abnormal (high) PG (RI>13.7). 

Table 3. Results of quantitative comparison of metabolic variables (non-parametric analysis) in a 
group of children from Ivankov district.

Variable Subgroup 
number 

Ivankov district
Number 
of cases Average rank U Mann-Whitney test, 

μmol/L 1 19 93.87 U=819.5,
p=0.0242 127 70.45

4, ng/dL 1 19 19.66 U=183.5,
=0.0193 32 29.77

4, ng/dL 2 127 75.16 U=1417.5,
p=0.0083 32 99.20

3 4
2 127 84.54 U=1455.0,

=0.0133 32 61.97

Note.  – homocysteine;
3 – triiodothyronine; 
4 – thyroxine. 

Subgroup number: 1 – abnormal (low) PG (RI<10.7);  
2 – normal PG (R 13.7 and 10.7);  
3 – abnormal (high) PG (RI>13.7). 
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A direct association was reported 
between TSH and homocysteine levels 
(rxy=0.224, p=0.011, n=127), and a direct 

3
levels (rxy=0.211, p=0.017, n=127) in the 
subgroup of children with normal PG.

Unlike the subgroups of children with 
normal PG and insufficient body weight, no 
association was observed between TSH and 
homocysteine levels in the subgroup of children 
with excessive body weight. A moderate direct 

3
concentrations (rxy=0.382, p=0.031, n=32). The 

3 4 coefficient values were statistically 

significantly lower in this subgroup than in the 
subgroup of children with normal PG (tables 
2,3).

9 6 12 values did not 
differ statistically in the subgroups under study 
(tables 2,3).

In the subgroup of children with normal 
PG, the proportion of variants with the 

significantly lower, and the proportion of 

higher than in the subgroup of children with 
abnormal (high) PG (tables 4,5).

Table 4. Percentage of polymorphic alleles of folate metabolism genes among children with 
abnormal (high) physical growth from Ivankov district (n=32). 

Gene, 
polymorphism 

“Neutral genotype”
allele

“Heterozygous 
genotype” risk allele

“Homozygous
genotype” risk allele

Abs.
number

Percen-tage, 
%

Abs.
number

Percen-
tage, %

Abs.
number

Percen-
tage, %

MTR:A2756G 23 71.9±8.0 9 28.1±8.0 0 0
18 56.3±8.8 14 43.8±8.8 0 0
22 68.81±8.2 9 28.12±8.0 1 3.1±3.1

MTRR:A66G 3 9.4±5.2 15 46.9±8.8 14 43.8±8.8

Table 5. Percentage of polymorphic alleles of folate metabolism genes among children with normal 
physical growth from Ivankov district (n=127). 

Gene, polymorphism 

“Neutral genotype” 
allele

“Heterozygous 
genotype” risk allele

“Homozygous
genotype” risk allele

Abs.
number

Percen-tage, 
%

Abs.
number

Percen-
tage, %

Abs.
number

Percen-
tage, %

MTR:A2756G 72 56.7±4.4 45 35.4±4.2 10 7.9±2.4
62 48.8±4.4 58 45.7±4.4 7 5.5±2.0
48 37.8±4.3 68 53.5±4.4 11 8.7±2.5

MTRR:A66G 22 17.3±3.4 67 52.8±4.4 38 29.9±4.1

Note. 1 – statistical differences between subgroups of children with normal and abnormal (high) PG 
=3.35; p=0.001347;  

2 – statistical differences between subgroups of children with normal and abnormal (high) PG 
=2.79; p=0.006662. 

A moderate direct association was 
reported between homocysteine and thyroid-
stimulating hormone values (rxy=0.343, 
p=0.001, n=98) in the group of children with the 

No association was found between 
homocysteine and thyroid-stimulating hormone 
values in the group of children without the 

T 
(n=80). 

The studies conducted show that there 
exists a relationship between metabolism of 
sulphur-containing amino acids methionine and 
homocysteine, and the production of thyroid 
hormones in the children living in the area 
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affected by the Chernobyl nuclear power plant 
accident.

Blood homocysteine levels directly 
correlated with increased thyroid-stimulating 
hormone levels in the total group of children 
from Ivankov district. 

The association between these metabolic 
variables was the strongest in the subgroup of 
children with insufficient body weight. At the 
same time, there was no association between 
thyroid-stimulating hormone and 
triiodothyronine concentrations. 

Alternatively, there was no association 
between homocysteine and thyroid-stimulating 
hormone levels in the subgroup of children with 
excessive body weight. 

At the same time, there was an 
association between thyroid-stimulating 
hormone and triiodothyronine concentrations. 
Both associations between homocysteine and 
thyroid-stimulating hormone, and thyroid-

stimulating hormone and triiodothyronine levels 
were reported in the subgroup of children with 
normal PG. The presence of the T allele of the 

establishing an association between 
homocysteine and thyroid-stimulating hormone 
levels. It should be noted that there was a 
decrease in the production of triiodothyronine in 
the subgroup of children with abnormal PG 
associated with increased body weight 
compared with the subgroup of children with 
normal PG.

Thus, there is a disturbed relationship 
between methionine metabolism cycles and 
hormonogenesis of the thyroid gland in the 
children with excessive body weight living in 
the area contaminated with radionuclides as a 
result of the Chernobyl nuclear power plant 
accident. The results obtained allow to assess 
associations between metabolic variables of 
children with different PG levels.

Conclusions
1. Direct associations were found between thyroid-stimulating hormone and triiodothyro-

nine concentrations, and homocysteine and thyroid-stimulating hormone concentrations, and homo-
cysteine and triiodothyronine concentrations, and an inverse association was observed be-
tween thyroxine and thyroid-stimulating hormone levels in the group of children living in the area
affected by the Chernobyl nuclear power plant accident. 

2. Plasma homocysteine levels correlated with thyroid-stimulating hormone levels in the 
subgroup of children with abnormal (low) physical growth. 

3. Blood thyroid-stimulating hormone levels correlated with triiodothyronine levels in the 
subgroup of children with abnormal (high) physical growth. 

4. Both associations between homocysteine and thyroid-stimulating hormone 
concentrations, and thyroid-stimulating hormone and triiodothyronine concentrations were present 
in the subgroup of children with normal physical growth. 

5. The production of triiodothyronine is decreased in the subgroup of children with 
abnormal (high) physical growth compared with the subgroup of children with normal physical 
growth.

6. The dependence of the correlation between homocysteine and thyroid-stimulating 

7. The results of the research can be used in assessing the effects of chronic radiation 
exposure on metabolic processes in human body. 
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