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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.

VK 612.44.018:612.015.348:547.466]-001.28-053.2-06:614.73:614.876:621.039.004.6(477)

ASSOCIATIONS BETWEEN THYROID HORMONES
AND HOMOCYSTEINE IN CHILDREN LIVING IN AREAS AFFECTED
BY THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

!Bandazhevsky Yu.l., Dubovaya N.F.
'Ecology and Health Coordination and Analytical Centre, Ivankov
National Medical Academy of Postgraduate Education named after P.L. Shupyk,
Ministry of Health of Ukraine, Kyiv

Relevance of the problem. 30 years accident, children living in areas contaminated
after the Chernobyl nuclear power plant 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
Rhone-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 '3’Cs soil contamination density of 0.17 up
to 1.9 Cuwkm? [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
trilodothyronine (T3), free thyroxine (T4),
homocysteine (Hc), and vitamins Be, B9 and
Bi2, and assessed the state of the folate
metabolism (FM) genetic system.

TSH, Tz and T4 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 pumol/L were
defined as hyperhomocysteinemia.
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Vitamin B  concentrations  were
determined using a high-performance liquid
chromatography (HPLC) assay method. An
analyser and a test system: HPLC-System 1100,
Agilent with fluorescence detection; Recipe
complet Kit (Germany).

Vitamin By (folacin) levels were
measured using an electrochemiluminescent
immunoassay method (ECLIA). An analyser
and a test system: Cobas e4ll; Roche
Diagnostics (Switzerland).

Vitamin B2 (holotranscobalamin, active
vitamin Bi2) concentrations were measured
using a chemiluminescent immunoassay method
(CLIA). An analyser and a test system:
Architect 1000 (ABBOT Diagnostics (USA)).

The allelic variants C677T and A1298C
of the MTHFR gene (synthesis of the
methylenetetrahydrofolate reductase enzyme),
A2756G of the MTR gene (synthesis of the Bi»-
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/m? children’s
abnormal PG with insufficient body weight is
diagnosed at the RI wvalues of less than
10.7 kg/m®, and children’s abnormal PG with
excessive body weight is diagnosed at the RI
values of 13.7 kg/m®. 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
<13.7 and >10.7,;
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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 (M) £ 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.
Associations between blood Hc, TSH, Tz and T4
levels, and the T3/T4 coefficient were identified
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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
T4 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 and T; levels
(table 1). In our opinion, it is formed because
TSH has a stimulating effect on the deiodinase
enzyme, which converts T4 to T3 [8]. Thus, the
higher the TSH, the higher Ts. It is proved by a
direct association between TSH and the T3/Ts4
coefficient values (table 1).

Weak direct associations were found
between homocysteine and TSH values, and
homocysteine and free T3 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.

Correlation Parameter
Parameter :
coefficient Hc TSH Ts Ts
Spearman’s 1.000 0.206** 0.157* 0.095
Hc Sign. (2-tailed), p . 0.006 0.037 0.207
N 178 178 178 178
Spearman’s 0.206** 1.000 0.236** -0.149%*
TSH Sign. (2-tailed), p 0.006 . 0.001 0.047
N 178 178 178 178
Spearman’s 0.157* 0.236* 1.000 -0.010
T3 Sign. (2-tailed), p 0.037 0.001 . 0.890
N 178 178 178 178
Spearman’s 0.095 -0.149%* -0.010 1.000
T4 Sign. (2-tailed), p 0.207 0.047 0.890 .
N 178 178 178 178
Spearman’s -0.002 0.272%* - -
T3/T4 Sign. (2-tailed), p 0.981 0.0001 - -
N 178 178 - -

Note. * — correlation is significant at the 0.05 level (2-tailed);
** — correlation is significant at the 0.01 level (2-tailed);

Hc — homocysteine;

TSH — thyroid-stimulating hormone;
T3 — triiodothyronine;

T4 — thyroxine.
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The association between homocysteine
and TSH wvalues was stronger (rxy=0.502,
p=0.029, n=19) in the subgroup of children with
insufficient body weight. In this subgroup,

© Y I'ME

blood homocysteine levels were higher than in
the children with normal PG, and free T4 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.

A group of children from Ivankov district
Variable Subgroup 1 (n=19) Subgroup 2 (n=127) Subgroup 3 (n=32)
Me IR Me IR Me IR

Hc, pmol/L 12.6 11.6-17.3 11.4 9.5-13.3 11.9 10.9-13.8
TSH, plU/mL 1.9 1.47-2.5 1.8 1.3-2.4 1.9 1.3-2.7
T3, pg/mL 4.3 3.9-4.9 4.4 4.0-4.8 4.4 4.0-4.6
T4, ng/dL 1.2 1.1-1.3 1.2 1.1-1.3 1.3 1.2-1.3
T3/Ty 3,5 3.2-43 3.6 3.2-4.0 3.3 2.9-3.8
By, ng/mL 6.0 4.7-8.0 0.6 5.1-8.0 5.7 4.7-6.8
Bi2, pg/mL 283.6 | 261.1-344.6 | 3134 | 255.0-422.5 | 3325 258.3-454.6
Be, pg/L 19.9 16.1-25.2 18.6 15.3-22.3 16.0 13.5-21.4

Note. Me — median;

IR — interquartile range;

Hc — homocysteine;

TSH — thyroid-stimulating hormone;
T3 — triiodothyronine;

T4 — 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.

Sub Ivankov district
Variable ubSIotp Number U Mann-Whitney test,
number Average rank . o
of cases statistical significance, p
1 19 93.87 U=819.5,
He, pmol/L 2 127 70.45 p=0.024
1 19 19.66 U=183.5,
T4, ng/dL 3 3 29.77 p=0.019
2 127 75.16 U=1417.5,
T4, ng/dL 3 32 99.20 p=0.008
2 127 84.54 U=1455.0,
Ts/T4 3 32 61.97 p=0.013

Note. Hc — homocysteine;
T3 — triiodothyronine;
T4 — 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).
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A direct association was reported
between TSH and homocysteine levels
(ry=0.224, p=0.011, n=127), and a direct
association was found between TSH and T3
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
association was found between TSH and T3
concentrations (rxy=0.382, p=0.031, n=32). The
T3/T4 coefficient values were statistically
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significantly lower in this subgroup than in the
subgroup of children with normal PG (tables
2,3).

Vitamins By, B¢ and Bi2 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
MTHFR:677CC genotype was statistically
significantly lower, and the proportion of
variants with the MTHFR:677CT genotype was
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).

“Neutral genotype” “Heterozygous “Homozygous
Gene, allele genotype” risk allele genotype” risk allele
polymorphism Abs. Percen-tage, Abs. Percen- Abs. Percen-
number % number tage, % number tage, %

MTR:A2756G 23 71.9+£8.0 9 28.1+8.0 0 0

MTHFR:A1298C 18 56.3+8.8 14 43.848.8 0 0
MTHFR:C677T 22 68.8'+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 43.848.8

Table 5. Percentage of polymorphic alleles of folate metabolism genes among children with normal

physical growth from Ivankov district (n=127).

“Neutral genotype” “Heterozygous “Homozygous

. allele genotype” risk allele genotype” risk allele

Gene, polymorphism Abs. Percen-tage, Abs. Percen- Abs. Percen-
number % number tage, % number tage, %

MTR:A2756G 72 56.7+4.4 45 35.4+4.2 10 7.9+2.4
MTHFR:A1298C 62 48.84+4.4 58 45.7+4.4 7 5.542.0
MTHFR:C677T 48 37.8+4.3 68 53.5+4.4 11 8.74+2.5
MTRR:A66G 22 17.343.4 67 52.8+4.4 38 29.94+4.1

Note. 1 — statistical differences between subgroups of children with normal and abnormal (high) PG
with respect to MTHFR:677CC genotype: t=3.35; p=0.001347;

2 — statistical differences between subgroups of children with normal and abnormal (high) PG
with respect to MTHFR:677CT genotype: t=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
T allele of the MTHFR:C677T polymorphism.
No association was  found  between
homocysteine and thyroid-stimulating hormone
values in the group of children without the

T allele of the MTHFR:C677T polymorphism
(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
triltodothyronine 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
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stimulating hormone and triiodothyronine levels
were reported in the subgroup of children with
normal PG. The presence of the T allele of the
MTHFR:C677T polymorphism contributed to
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

thyroid-stimulating hormone, and thyroid- 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 tritodothyronine 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
hormone levels on the T allele of the MTHFR:C677T polymorphism was established.

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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3B’A30K TOPMOHIB II[JHTOBH/THOI 3471031 I TOMOI[HCTEIHY Y JITEH,
AKI ITPOJKHBAIOTh B PAHOHAX, AKI ITOCTPAKIAIH BT ABAPII
HA YOPHOBHJIbCbKIH ATOMHIH EJIEKTPOCTAHIII
banoasicescoxuii 10.1., /[yoosa H. @.

Mema — eusHauenHs 38 513Ky 20MOYUCMEIHY I 20PMOHIE WUMOBUOHOI 3an03u y Oimell 3
PI3HUM pisHeM Di3uuH020 PO36UMKY, SAKI NPONCUBAIOMb 8 PAUOHAX, NOCMPANCOAIUX 6i0 aapii Ha
YoprobunbcobKiti amoMHill e1eKmpoCmanyii.

Mamepianu i memoou oOocniodxcenns. Ilpoananizoeano noxasnuxu QizuuHoco po36UmKY,
pi6erb 2oMOYUCmeiny, 20pMOHI8 WUMOBUOHOI 3an03u, eimaminié Be, Bo i B12, a makooc cman 2ene-
muyHoi cucmemu gonamuozo yuxny y 178 cinbcokux wKonapis, ki npoxicusaoms 8 padioakmueHo
3a0pyoHeHux Hacenrenux nyHkmax leanxiscvkoeo paiiony Kuiecvkoi obnacmi. Cepedniu ik dimeti
cmanosus 13,6+0,1 poxie (95%/]I 13,4-13,8 poxis).

B saxocmi inmeepanvhoco nokasHuka hizuunoco po3sumky it 0OMIiHY pevO8UH OYIHIOBABCS
maco-pocmosuil inoexc Popepa, wo wne 3anexcums 6i0 giky i cmami. Cmamucmuuna oopooOKa
ompuUManux pe3yromamie 30iicHIosaniacs 3a oonomozoio npoepamu |BM SPSS Statistics 22 (CLLIA).

Pezynomamu. Ha niocmasi oyinku inoexcy Popepa O0yiu usnaueni nioepynu oimetl 3 pisHuUM
Qizuunum  possumxom. Ilposedeno KopenayiliHull auaniz Midxc pi3HUMU PIGHAMU DI3UUHO20
PO3BUMKY CIIbCOKUX WIKOAPIB, NOKA3HUKAMU 20PMOHO2EHE3) WUMOBUOHOI 3an03U i YHKYIOH)-
8anHs oramnozo yuxny. Busgneno, wo y oimeil 3 ni08uweHo0 mMacoio miia, siki HOCmitiHo npo-
HCUBAIOMb HA PAOIOAKMUBHO 3aOPYOHEHIll mepumopii, cnocmepieacmovcsi NOPYUIEHHSL 38 "SI3KY MIdHC
MemadoNuHUMU YUKIAMU OOMIHY MEMIOHIHY | 20PpMOHO2EHe30M WUMOBUOHOI 3an03u. Becmanos-
JIEHA 3ANEHCHICNb 36 A3KY MINC 2OMOYUCMEIHOM | MUPeompontuUM 20pmMoHom 8i0 arneni T noaimop-
@ismy MTHFR:C677T.

Bucnosxu. Ompumani pe3yromamu 00CHIOHCEHb MOXCYMb OYMU BUKOPUCMAHT NPU OYIHYL
HACNIOKI8 XPOHIUHO20 padiayitiHo2o eniu8y Ha Memaoboaiuti npoyecu 1H00CLKO20 OP2aHI3MY.

Kypatop po3ainy — 1. 6io71. Hayk, npod. [TaBnenko T.O.
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