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Genetic risk factors for congenital 
heart disease in children. Genetically 
determined mechanisms of formation of 
congenital anomalies in the fetus include 
violations of maturation of male and 
female gametes, as well as pathology 
of intrauterine development. A variety of 
mutations (chromosome rearrangements 
such as translocations, inversions) 
damage the conjugation of chromosomes 
in meiosis and the death of maturing germ 
cells in the meiosis stage. Persons with 
chromosomal diseases (Down’s disease, 
Klinefelter’s syndrome) have severe 
spermatogenesis disorders associated 
with the defeat of the AZF locus gene 
complex located in the long arm of the 
male Y chromosome, mutations in the 
CFTR gene or the androgen receptor 
(AR) gene [6, 3 ].

The ovum of the female organism 
is even more sensitive to various 
exogenous and endogenous factors for 
several decades, which is associated 
with the complexity and long duration 
of hormonal regulation of the processes 
of oogenesis [1, 21]. Therefore, the 
prevention of hereditary conditioned 

congenital pathology should, first of all, 
be aimed at preserving women’s health.

The formation of congenital 
developmental anomalies can be caused 
by the influence of damaging factors of 
different nature during preembryonic 
development (20 days from the moment 
of conception), embryonic (up to the 
12th week of pregnancy) and fetal 
development [23]. Critical periods at this 
stage are implantation and placentation, 
when the selection of damaged embryos 
takes place [1].

Anomalies of fetal development, 
according to some studies, are 
associated with polymorphism of folate 
metabolism genes, since mutant genes 
can cause hyperhomocysteinemia, which 
has an embryotoxic effect. In addition, 
the deficiency of methyl groups is thus 
capable of altering the processes of cell 
proliferation and differentiation, making 
it more difficult to divide chromosomes 
during oogenesis [25]. The study of 
the polymorphism of folate cycle genes 
(MTHFR, MTRR genes) in families in 
which births of children with congenital 
heart diseases were observed showed 

a significant increase in the frequency 
of carriage of the MTHFR 677T allele in 
women and the MTRR 66G allele in men. 
The authors explain the negative effect 
of these alleles on embryogenesis by 
pathological changes in fetal cell division 
and differentiation during methylation 
failure [12].

Similar results were obtained in 
another study of the relationship of 
MTHFR 677T polymorphism and the risk 
of developing congenital malformation. 
The relative risk in fetal analysis was 1.26 
without clear evidence of heterogeneity 
and 1.52 in the analysis of mothers with 
significant heterogeneity of the results 
[18].

In the genesis of congenital heart 
disease, the state of connective tissue 
in the process of ontogenesis is of great 
importance, since it is precisely involved in 
the construction of the heart’s framework. 
The effects of various damaging factors, 
as well as genetic conditioning, can lead 
to connective tissue dysplasia and cardiac 
dysplasia. Atypically located chords of 
the left ventricle, prolapse of the mitral 
and tricuspid valves, aneurysm of the 
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interatrial septum prevail in the structure 
of congenital heart defects associated 
with connective tissue dysplasia [11]. 
Hereditary genesis of congenital 
developmental anomalies is confirmed 
by the fact that the risk of developing 
congenital heart disease significantly 
increases with twin monochorionic 
pregnancies [20] and closely related 
marriages [27]. 

Genetic and epidemiological studies in 
recent decades have contributed to the 
elucidation of the relationship between 
the prevalence of many diseases and 
the ethnicity of the population. In the 
study of hereditary diseases, it was 
found that differences in incidence rates, 
clinical picture and disease outcomes are 
associated with the frequency of alleles 
of genes responsible for the development 
of the disease in ethnic groups [24]. 
It was found that mutations of alleles, 
detected with a frequency of less than 
2%, are, as a rule, specific for individual 
ethnic groups. For the population of 
ethnic groups of the Russian Federation, 
there are also significant differences 
in adaptation reactions, physiological 
and morphological indicators [4, 13]. In 
modern conditions, due to interethnic 
marriages, the introduction of the 
European component into the gene pool 
of ethnic groups of northern peoples 
is observed, which can change the 
functioning of physiological systems and 
predispositions to different classes of 
diseases [17, 9].

External environmental risk factors 
for congenital heart disease in 
children. The development of economic 
activities throughout the world has now 
led to large-scale environmental pollution 
of production waste. Toxic substances 
through the ecological chain enter the 
human body, having various adverse 
effects, including teratogenic. The most 
vulnerable to their impact are the body 
of pregnant women and children. The 
issue of the effect of environmental toxic 
substances and other anthropogenic risk 
factors on the cardiovascular system 
of the embryo and fetus is still not fully 
understood, which is associated with 
difficulties in establishing threshold 
exposure and dose dependence of the 
formation of congenital malformation [22]. 
The most pronounced teratogenic effect 
in relation to the cardiovascular system 
is established for ionizing radiation. 
At the heart of hereditary disorders 
in individuals exposed to radiation 
exposure are chromosomal, genomic and 
dominant gene mutations in both somatic 
and sexual cells. Mutational changes in 
somatic cells cause destabilization of 

the genome, a decrease in functional 
and reparative capabilities of DNA, 
and immunological resistance of the 
organism. Developmental malformations 
are caused by genetic changes in the 
sex cells. Thus, studies conducted on 
samples including descendants of the 
first generation of the liquidators of 
the Chernobyl accident showed a high 
prevalence among them of congenital 
anomalies and malformations - 2.5 times 
higher than in the Russian population as 
a whole. Among the population living in 
radiation-contaminated territories, this 
indicator exceeded the all-Russian level 
by 2.8 times. 46.1% of the children of 
the liquidators of the accident with the 
detected chromosomal aberrations had 
abnormalities of development, including 
congenital heart disease [8]. Industrial 
emissions to atmospheric air due to 
the operation of industrial enterprises 
in the chemical and petrochemical 
industries are also reflected in an 
increase in the prevalence of congenital 
heart disease among the population 
living in contaminated areas. Thus, in 
a study conducted in industrial regions 
of the Republic of Tatarstan, a direct 
correlation was established between the 
increase in the incidence of congenital 
heart diseases and the total release of 
industrial toxic substances described 
by the regression equation: congenital 
heart disease = 0.469 + 0.003 x NE [14]. 
The effect of toxic industrial emissions 
in the pathogenesis of the development 
of congenital malformations can be 
explained by mutagenesis of the sex 
cells of parents or somatic cells of their 
descendants, the disturbance of mitotic 
processes, damage to energy processes 
and cell membranes in the fetus, which 
eventually leads to cardiac dysfunction at 
various stages of organ formation [ 10]. 

In the Republic of Sakha (Yakutia) 
in recent years, the growth of 
anthropogenic pollution of atmospheric 
air by solid, liquid and gaseous products 
of industrial production, in the structure 
of which solids, carbon monoxide, nitric 
oxide, sulfur dioxide and hydrocarbons 
prevail. In the industrially developed 
regions of the republic, a statistically 
significant increase in morbidity rates of 
congenital anomalies, deformations and 
chromosomal abnormalities, including 
CHD, was established [2]. These data 
are consistent with the results of a study 
in the city of Belgorod. The highest 
prevalence of CHD was observed in 
areas with a high content of pollutants, 
such as nitrogen dioxide, inorganic dust, 
carbon monoxide, which are unfavorable 
for the ecological state of the air basin, 

with a load of 12.0 tons per year per 
newborn [5].

In the regions of developed agricultural 
production of the Stavropol Territory of the 
Russian Federation, land contamination 
with copper, cadmium, nickel, pesticides, 
as well as a high content of nitrites 
and nitrates in drinking water. At the 
same time, the results of medical and 
hygienic monitoring indicate a steady 
increase in the prevalence of congenital 
malformations in newborns and children, 
one third of whom are in the CHD [7].

Chinese researchers established a 
direct relationship between the exposure 
of pregnant women to ozone and carbon 
dioxide in the first trimester of pregnancy 
and the development of interventricular 
septal defects and tetralogy of Fallot in 
newborns [26].

Data from twelve epidemiological 
studies suggest that the risk of developing 
CHD in newborns increases five to six 
times when exposed to an industrial 
solvent of trichlorethylene on the mother’s 
body during pregnancy [19]. The risk of 
congenital heart diseases increased also 
with the professional effect of nickel on 
the body of the fathers (RR = 1.28) [15].

Studies of the etiological association 
of anthropogenic and occupational 
factors on the parents’ organism and the 
development of congenital circulatory 
anomalies in their offspring are important 
not only for studying the pathogenetic 
features of teratogenesis, but also for 
the development and implementation 
of preventive programs in ecologically 
unfavorable territories.

Thus, on the basis of literature data, 
one can conclude that genetic and 
external environmental factors are one 
of the main risk factors for the CHD 
development; are of great importance 
in assessing and predicting the causes 
that have a negative impact on the 
reproductive health of the population 
and increase the risk of development 
congenital heart defects in children.
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