
Studies conducted in 2015
in the course of socio-medical
projects of the European
Union, on the territory of
Ivankivskyi and Poliskyi dis-
tricts of the Kyiv region, adja-
cent to the Chornobyl
exclusion zone (ChEZ), re-
vealed a violation of the me-
tabolism of the essential
amino acid methionine in
most of the examined children
aged 12-17 years old. At the
same time, an increase in the
content of the amino acid ho-
mocysteine (Hcy) was regis-
tered in the blood of these
children [1].

It is known from authorita-
tive scientific sources that hy-
perhomocysteinemia is asso-
ciated with impaired function-
ing of vital organs and sys-
tems, including the cardio-
vascular and nervous sys-
tems, and cancer [2-4].

It should be noted that in the
territory of the Kyiv region, in-
cluding the Ivankivskyi district,
a high proportion of cases of
thyroid cancer is recorded in
the post-Chornobyl period [5].

In the course of ongoing
studies in the group of exam-
ined children, structural
changes in the thyroid gland
were detected in 5.6% of
cases, and in 35.5% of cases,
disturbances in the produc-
tion of thyroid hormones were
detected [6]. At the same
time, correlations of Hcy with
pituitary thyroid stimulating
hormone and tryiodothyro-
nine were noted, which were
most pronounced after forest
fires in ChEZ [7].

The participation of Hcy in
the pathogenesis of oncolog-
ical diseases of the thyroid
gland and other organs pre-
determines the determination
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Мета дослідження: визначити участь
генів фолатного циклу у виникненні гі-
пергомоцистеїнемії у дітей Іванківського
району Київської області за 35 років після
аварії на Чорнобильській атомній елек-
тростанції.
Методи дослідження: імунохімічний,
математико-статистичний.
Результати. Визначено рівні гомоци-
стеїну у 217 дітей віком 12-17 років з
Іванківського району Київської області, а
також генетичні поліморфізми фолатного
циклу. Перевищення гомоцистеїну у
крові понад 10 мкмоль/л (стан гіперго-

моцистеїнемії) виявлено у 65,44% обсте-
жених (142 з 217), серед хлопчиків –
69,79% (67 з 96), серед дівчаток –
61,98% (75 з 121). Найбільшу питому
вагу випадків гіпергомоцистеїнемії заре-
єстровано у підгрупі дітей з базовим по-
ліморфізмом MTHFR:677TТ – 94,44%. У
більшості випадків гіпергомоцистеїнемія
у дітей була пов’язана з зовнішньосере-
довищним фактором, що включає радіо-
активні елементи та продукти їхнього
розпаду. Система профілактики гіперго-
моцистеїнемії та її наслідків у дітей, які
проживають у районах, що постраждали
від аварії на Чорнобильській атомній
електростанції, має передбачати регу-
лярний контроль над вмістом радіонуклі-
дів в організмі дітей та продуктах
харчування місцевого виробництва, вмі-
стом гомоцистеїну у крові та оцінку стану
генів фолатного циклу.

Ключові слова: гомоцистеїн, підлітки,
радіонукліди, Чорнобильська зона
відчуження.
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of the causes leading to hy-
perhomocysteinemia. This
applies to both an internal fac-
tor associated with genes that
regulate the process of homo-
cysteine methylation, and an
external factor that influences
the activity of the correspon-
ding enzymes of the folate
cycle from the outside.

The purpose of the study
was to determine the involve-
ment of folate cycle genes in
the occurrence of hyperho-
mocysteinemia in children of
the Ivankivskyi district of the
Kyiv region of Ukraine 35
years after the accident at the
Chornobyl nuclear power
plant.

Material and research
methods. The study was car-
ried out with the financial sup-
port of the public organization
«Children of Chornobyl»
(France).

In January 2022, 217 chil-
dren aged 12-17 from the
Ivankivskyi districts of the Kyiv
region were subjected to a
laboratory examination, the
territory of which was contam-
inated with radioactive ele-
ments after the accident at
the Chornobyl nuclear power
plant in 1986, in particular,
137Cs and 90Sr [8]. Blood sam-

ples were taken from children
attending school on an empty
stomach.

The blood samples were
tested in a quality-certified
laboratory and agreed with
the parents.

The determination of Hcy in
the blood was carried out
using the immunochemical
method with chemilumines-
cent detection (ECLIA). Ana-
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lyzer and test system: Archi-
tect 1000 (ABBOT Diagnos-
tics, USA).

The level of Hcy in the blood
of children over 10 µmol/l was
defined as a state of hyperho-
mocysteinemia.

In a genetic study of the folate
cycle (FC), allelic variants
C677T and A1298C of the
MTHFR gene (methylenete-
trahydrofolate reductase),
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EXCLUSION ZONE
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The aim of study: to determine the in-
volvement of folate cycle genes in 
the occurrence of hyperhomocysteinemia
in children from Ivankivskyi district 
of Kyiv region of Ukraine 35 years after
the accident at the Chornobyl nuclear
power plant.
Research methods. Immunochemical,
mathematical and statistical.
Results. Homocysteine levels were deter-
mined in 217 children aged 12-17 from
Ivankivskyi district of Kyiv region, as well as
genetic polymorphisms of the folate cycle.
An excess of homocysteine in the blood
over 10 µmol/l (a state of hyperhomocys-

teinemia) was detected in 65.44%  of those
examined (142 out of 217), among boys –
69.79% (67 out of 96), among girls –
61.98% (75 out of 121). The largest pro-
portion of hyperhomocysteinemia cases
was registered in the subgroup of children
with the basic polymorphism MTHFR:
677TT – 94.44 % of cases. In most cases,
hyperhomocysteinemia in children was as-
sociated with an environmental factor, in-
cluding radioactive elements and their
decay products. The system for the preven-
tion of hyperhomocysteinemia and its con-
sequences in children living in areas
affected by the accident at the Chornobyl
nuclear power plant should include regular
monitoring of the content of radionuclides
in the body of children and locally produced
food, the content of homocysteine in the
blood, and assessment of the state of folate
cycle genes.

Keywords: homocysteine, adolescent
children, radionuclides, Chornobyl 
еxclusion zone.
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ge among
children in
a group, %

Statistical 
differences with 

a group № 9

1 MTR:2756AA 133 92 69.17 t=3.76; p=0.000278 
2 MTR:2756AG 74 45 60.81 t=4.30; p=0.000066
3 MTR:2756GG 10 5 50.00 t=2.66; p=0.015465
4 MTHFR:1298AA 105 74 70.48 t=3.42; p=0.000938
5 MTHFR:1298AС 92 57 61.96 t=4.00; p=0.000153
6 MTHFR:1298CС 20 11 55.00 t=3.19; p=0.003804
7 MTHFR:677CC 99 63 63.64 t=4.25; p=0.000059
8 MTHFR:677CТ 100 62 62.00 t=4.47; p=0.000027
9 MTHFR:677TТ 18 17 94.44 -

10 MTRR:66AA 43 25 58.14 t=3.92; p=0.000347
11 MTRR:66AG 106 72 67.92 t=3.76; p=0.000308
12 MTRR:66GG 68 45 66.18 t=3.59; p=0.000683

Table 1
Percentage of hyperhomocysteinemia cases in groups

of children from Ivankivskyi district

Note: * — statistically significant differences between values of 
all groups and that of a group № 9 (MTHFR:677TТ genotype)
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A2756G of the MTR gene (B12-
dependent methionine syn-
thase), A66G of the MTRR
gene (methionine synthase re-
ductase) were determined. The
method used was: PCR in Real-
time mode. Analyzer and test
system DT-96 detecting cycler;
«DNA-Technology» (Russia).

Genetic subgroups were
formed, taking into account
the genotypes of FC, 100%
representation of one specific
genotype, or a combination of
genotypes.

Statistical processing of the
obtained results was carried
out using the IBM SPSS Sta-

tistics 22 program (USA). For
the analyzed indicators, the
arithmetic mean (M), stan-
dard error of the mean (m),
confidence interval of the
mean value (95% CI), median
(Me), interquartile range
(IQR), minimum and maxi-
mum values of the parame-
ters, percentiles were cal-
culated. The hypothesis about
the type of distributions was
tested (Kolmogorov-Smirnov
criterion). The studied param-
eters did not correspond to
the normal distribution law,
and therefore, the non-para-
metric U-testU Mann-Whitney
was used to compare the val-
ues.

The statistical significance
of the indicators was as-
sessed by determining the
significance level p using a
statistical program.

Student’s t-test was used to
compare relative scores. The
critical confidence level of the
null hypothesis (p) was taken
as 0.05.

The relationship between
Hcy and risk levels of the ana-
lyzed genetic polymorphisms
was determined using Spear-
man’s rank correlation coeffi-
cient (rxy). The strength of the
correlation was assessed ac-
cording to the traditional
scale: weak – from 0 to 0.299;
medium – from 0.3 to 0.699;
strong – from 0.7 to 1.0.

Results and its discussion.
The proportion of cases of hy-
perhomocysteinemia in the
general group of children from
the Ivankivskyi district was
65.44% (142 out of 217),
among boys – 69.79% (67 out
of 96), among girls – 61.98%
(75 out of 121).

The largest proportion of
cases of hyperhomocysteine-
mia was registered in the sub-
group of children with the
basic MTHFR:677TT poly-
morphism – 94.44% of cases
(table 1).

In other genetic subgroups,
this indicator was significantly
lower, however, in most of
them, it exceeded the 50%
barrier (table 1).

The level of Hcy in the blood
of children from the subgroup
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Polymorphism, 
genotype

Нcy, µmol/L
Me IQR

MTR:2756AA 11.30 9.10-13.15
MTR:2756AG 11.80 9.20-13.45
MTR:2756GG 10.70 8.33-16.03
MTHFR:1298AA 11.60 9.55-14.65
MTHFR:1298AС 10.90 9.13-12.68
MTHFR:1298CС 10.25 8.40-12.90
MTHFR:677CC 10.80 9.10-12.70
MTHFR:677CТ 10.90 9.10-12.98
MTHFR:677TТ 18.10 14.33-38.28
MTRR:66AA 10.90 8.90-12.50
MTRR:66AG 11.00 9.20-13.63
MTRR:66GG 11.65 9.33-14.48

Polymorphism, 
genotype

Hcy, µmol/L

Number
ofcases

Average
rank

U Mann-Whitney 
test, statistical 
significance, р

MTR:A2756G
MTHFR:C677T

АА 133 69.69 U = 358.00; 
p = 0.0001TT 18 122.61

MTR:A2756G
MTHFR:C677T

AG 74 40.24 U =203.00; 
p = 0.0001TT 18 72.22

MTR:A2756G
MTHFR:C677T

GG 10 9.30 U = 38.00; 
p = 0.013TT 18 17.39

MTHFR:A1298C
MTHFR:C677T

AA 105 56.43 U = 360.00; 
p = 0.0001TT 18 94.50

MTHFR:A1298C
MTHFR:C677T

AC 92 48.68 U = 200.50; 
p = 0.0001TT 18 90.36

MTHFR:A1298C
MTHFR:C677T

CC 20 12.43 U = 38.50; 
p = 0.0001TT 18 27.36

MTHFR:C677T
MTHFR:C677T

CC 99 52.19 U = 216.50; 
p = 0.0001TT 18 96.47

MTHFR:C677T
MTHFR:C677T

CT 100 52.71 U = 220.50; 
p = 0.0001TT 18 97.25

MTRR:A66G
MTHFR:C677T

AA 43 23.86 U = 80.00; 
p = 0.0001TT 18 48.06

MTRR:A66G
MTHFR:C677T

AG 106 56.32 U = 298.50; 
p = 0.0001TT 18 98.92

MTRR:A66G
MTHFR:C677T

GG 68 37.74 U = 220.50; 
p = 0.0001TT 18 65.25

Table 2
Statistical characteristics of homocysteine levels
within genetic groups in children from Ivankivskyi 

district, (µmol/L)

Table 3
Results of quantitative comparison (Ivankivskyi 

district) of populations (nonparametric analysis)

Note: Me – median, IR – interquartile range.
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with the basic genotype
MTHFR:677TT was also the
highest among all genetic
subgroups (tables 2 and 3).

Thus, children with a signifi-
cant blockage of methyl-
enetetrahydrofolate re  duc tase
activity due to the homozy-
gous variant of carriage of the
T allele of the MTHFR:677 ge-
netic polymorphism had the
highest levels of Hcy in the
blood.

Children with this genotype
accounted for 8.3% of cases in
the study group. Carriers of the
heterozygous variant of the T
allele or the absence of this al-
lele were found much more
often in equal parts – about
46.0% of cases (table 4).

The participation of the risk
allele T in the occurrence of hy-
perhomocysteinemia is con-
firmed by a direct correlation
between Hcy and the severity of
the genetic risk of the
MTHFR:C677T polymorphism
(table 5). This relationship is
more pronounced in the group
of children with Hcy levels ex-
ceeding 10 µmol/l (table 6).

The inverse relationship be-
tween Hcy and the severity of

the genetic risk of the
MTHFR:1298 polymorphism is
due to the fact that the num-
ber of cases involving the T al-
lele of the MTHFR:677
polymorphism progressively
decreases along the line of the
A/A, A/G, G/G MTHFR:1298
genotypes (table 7).

The conducted studies
showed that the genetic fac-
tor, in the form of the T allele
of the MTHFR:677 polymor-
phism, negatively affects the
activity of methylenetetrahy-
drofolate reductase, and sig-
nificantly disrupts the Hcy

13 EN VI RON MENT & HE ALTH   № 2  2022 

metabolism in the child’s
body.

At the same time, an in-
crease in the Hcy level was
also noted in 63.64% of cases
in the subgroup of children
who were not carriers of the T
allele (table 1).

In this regard, one should
take into account the constant
impact on the child’s body of
long-lived radioactive ele-
ments 137Cs and its decay
product Ba, 90Sr, present in
the environment of the
Ivankivskyi district, located
near the ChEZ [8].

ГЕНЕТИЧЕСКИЙ КОНТРОЛЬ ОБМЕНА 
ГОМОЦИСТЕИНА У ДЕТЕЙ, 
ПРОЖИВАЮЩИХ ВБЛИЗИ 
ЧЕРНОБЫЛЬСКОЙ ЗОНЫ ОТЧУЖДЕНИЯ

1Бандажевский Ю.И., 2Дубовая Н.Ф.
1Координационный аналитический центр
«Экология и здоровье», Иванков, Украина
2Национальный университет охраны
здоровья Украины им. П.Л. Шупика,
Киев, Украина

Цель исследования: определить уча-
стие генов фолатного цикла в возникно-
вении гипергомоцистеинемии у детей
Иванковского района Киевской области
Украины спустя 35 лет после аварии на
Чернобыльской атомной электростан-
ции.
Методы исследования: иммунохими-
ческий, математико-статистический.
Результаты. Определены уровни гомо-
цистеина у 217 детей в возрасте 12-17
лет из Иванковского района Киевской
области, а также генетические поли-
морфизмы фолатного цикла. Превыше-
ние гомоцистеина в крови свыше
10 мкмоль/л (состояние гипергомоци-
стеинемии) выявлено у 65,44% обсле-

дованных (142 из 217), среди мальчиков
– 69,79% (67 из 96), среди девочек –
61,98% (75 из 121). Наибольший удель-
ный вес случаев гипергомоцистеине-
мии зарегистрирован в подгруппе детей
с базовым полиморфизмом
MTHFR:677TТ - 94,44% случаев. 
В основном гипергомоцистеинемия у
детей была связана с внешнесредовым
фактором, включающим 
радиоактивные элементы и продукты их 
распада. Система профилактики 
гипергомоцистеинемии и ее 
последствий у детей, проживающих 
в районах, пострадавших от аварии 
на Чернобыльской атомной 
электростанции, должна включать 
регулярный контроль над содержанием
радионуклидов в организме детей и
продуктах питания местного 
производства, содержанием 
гомоцистеина в крови и оценку 
состояния генов фолатного цикла.

Ключевые слова: гомоцистеин, гены
фолатного цикла, подростки, 
радионуклиды, Чернобыльская зона
отчуждения. 

Gene, 
polymorphism

Genotypevariants

«Neutral» allele
Homozygous

variant

«Riskallele» 
Heterozy-

gous variant

«Riskallele» 
Homozygous

variant

Abs.
number % Abs.

number % Abs.
number %

MTR:A2756G 133 61.29 74 34.10 10 4.61
MTHFR:А1298С 105 48.39 92 42.40 20 9.21
MTHFR:С677Т 99 45.62 100 46.08 18 8.30
MTRR:A66G 43 19.82 106 48.85 68 31.33

Table 4
Percentage of polymorphic alleles of folate 
metabolism genes in the examined children 

from Ivankivskyi district
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This environmental factor
has a pronounced negative
impact on the developing or-
ganism, and also stimulates
the manifestation of genetic
defects in the folate cycle.
The result of this impact is

hyperhomocysteinemia and
structural and functional dis-
orders of vital organs and sys-
tems [8, 9].

Given the danger of hyperho-
mocysteinemia for a develop-
ing organism, it is necessary to

organize regular monitoring of
the content of Hcy in the blood
of children living near the ChEZ,
taking into account the state of
the genetic system of FC.

Particular attention should be
paid to the functional deficiency
of vitamins B9 and B12 in the
body of these children [1].

Regular monitoring of the
content of radionuclides in
their bodies and locally pro-
duced food products should
be mandatory.

An elevated level of Hcy in
the blood of children indicates
the need for early prevention
of cardiovascular and onco-
logical diseases, which are the
cause of disability and mortal-
ity in the adult population.

Сonclusions
1. Violation of Hcy metabo-

lism in the form of a state of
hyperhomocysteinemia was
registered in 65.44% of cases
in a group of children from the
Ivankivskyi district of the Kyiv
region, 35 years after the ac-
cident at the Chornobyl nu-
clear power plant.

2. A direct relationship has
been traced between the car-
riage of the risk allele T of the
MTHFR:677 polymorphism
and the level of Hcy in the
blood. Hyperhomocysteine-
mia is most pronounced in the
subgroup of children with a ho-
mozygous variant of this allele.

3. In most cases, hyperho-
mocysteinemia in children of
the Ivankivskyi district was as-
sociated with an environmen-
tal factor, including radioactive
elements and their decay
products.

4. Preventive measures for
hyperhomocysteinemia and its
consequences in children liv-
ing in areas affected by the ac-
cident at the Chornobyl nu-
clear power plant should in-
clude regular monitoring of the
content of radionuclides in the
body of children and locally
produced food, the content of
Hcy in the blood and assess-
ment of the state of FC genes.

5. Registration of hyperho-
mocysteinemia in children liv-
ing in areas affected by the
accident at the Chornobyl nu-
clear power plant predeter-
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P
ar

a-
m

e
te

r Correlation 
coefficient, 

(rxy)

Parameters
1Risk

MTHFR:
C677T

2Risk
MTHFR:
A1298C

3Risk 
MTR:

A2756G

4Risk
MTRR:
A66G

Нсy

Spearman’s 0.206** - 0.165* - 0.034 0.093
Sign. (2-tailed) 0.002 0.015 0.618 0.172

N 217 217 217 217

P
ar

a-
m

e
te

r Correlation 
coefficient, 

(rxy)

Parameters
1Risk

MTHFR:
C677T

2Risk
MTHFR:
A1298C

3Risk 
MTR:

A2756G

4Risk
MTRR:
A66G

Нсy

Spearman’s 0.308** - 0.161 0.098 0.146
Sign. (2-tailed) 0.000 0.056 0.244 0.083

N 142 142 142 142

Sub-
groups

Polymorphisms,
genotypes

Number 
of children 

in subgroups

Number of cases with 
allele T MTHFR:C677T

polymorphism
Abs. number %

1 MTR:2756AA 133 66 49.62
2 MTR:2756AG 74 46 62.16
3 MTR:2756GG 10 6 60.00
4 MTHFR:1298AA 105 72 68.57
5 MTHFR:1298AС 92 46 50.00
6 MTHFR:1298CС 20 0 0
7 MTHFR:677CC 99 0 0
8 MTHFR:677CТ 100 100 100.0
9 MTHFR:677TТ 18 18 100.0

10 MTRR:66AA 43 26 60.47
11 MTRR:66AG 105 56 53.33
12 MTRR:66GG 68 36 52.94

Table 5
Correlations between Hcy and the genetic risk index

(Risk) of analyzed polymorphisms in a group of children

Table 6
Correlations between Hcy and the genetic risk index
(Risk) of the analyzed polymorphisms in the group 

of children with hyperhomocysteinemia

Table 7
Percentage of the T allele of the MTHFR:C677T 
genetic polymorphism in subgroups of children 

in the Ivankivskyi district

Note: * – correlation is significant at the 0.05 level 
(2-tailed). ** – correlation is significant at the 0.01 level 
(2-tailed). 1Risk MTHFR:677 – CC, CT, TT; 2Risk
MTHFR:1298 – AA, AC, CC; 3Risk MTR:2756 – AA, AG, GG;
4Risk MTRR:66 – AA, AG, GG.

Note: * – correlation is significant at the 0.05 level 
(2-tailed). ** – correlation is significant at the 0.01 level 
(2-tailed). 1Risk MTHFR:677 – CC, CT, TT; 2Risk
MTHFR:1298 – AA, AC, CC; 3Risk MTR:2756 – AA, AG, GG;
4Risk MTRR:66 – AA, AG, GG.
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mines the early prevention of
cardiovascular and oncologi-
cal diseases, which are the
causes of disability and mor-
tality in the adult population.
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