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Abstract
Atrial fibrillation is the most common persistent heart rhythm
disorder, the prevalence of which increases with age. The progressive
prevalence of atrial fibrillation is becoming a serious threat to public
health throughout the world, as it is associated with high mortality rates.
In the review, we analyzed the literature data on the state of knowledge of
the genetic nature of atrial fibrillation. To achieve this goal, a systematic
search and subsequent analysis of publications and online resources was
carried out. All publications are indexed in PubMed, Medline, e-library,
Google Scholar. To date, at least 30 loci associated with atrial fibrillation
have been identified. At the same time, the research results depend on
such factors as ethnicity, concomitant cardiac and extracardiac diseases,
inheritance mechanisms, and intergenic interactions. The complexity of
etiopathogenesis, the heterogeneity of atrial fibrillation poses the task
of researchers to further search for factors that play a leading role in
the development of the disease. Significant progress in understanding
the genetic basis of atrial fibrillation was achieved with the advent of
large-scale genomic GWAS studies, which include genotyping up to
a million common variants or single nucleotide polymorphisms. The
currently available data on the association of candidate genes with atrial
fibrillation in case-control studies are controversial and necessitate more
detailed studies on various ethnic groups.
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Introduction

Atrial fibrillation (AF) is the most common persistent
heart rhythm disorder, the prevalence of which increases
with age [1]. AF prevalence and incidence in a European
population depended on the age and was higher in men in
prospective study. The high risk of AF developing during
lifetime was similar to the epidemiological data in North
America. A systematic review of population-based studies
of AF published from 1980 to 2010 showed a progressive
gradual increase in AF prevalence worldwide [2]. AF
prevalence increased by 44% in the population of Russian
Federation from 2010 to 2017 according to statistical
analysis conducted by Russian scientists [3]. The results of
the study in one of the regions of the Republic of Kazakhstan
showed, that AF prevalence in the population over 18 years
old was 3.3% [4].
The progressive AF prevalence is becoming a serious
threat to public health worldwide, as it is associated with
high mortality rates. AF was an independent risk factor for
all-cause mortality in a nationwide long-term case-control
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study from 1995-2008 in Sweden, and at the same time
the differences between the sexes in each age group were
statistically significant. AF is independently associated with
a twofold increase of death risk from all causes in women
and a 1.5-fold increase in men [5]. The main causes of high
mortality in patients with AF are the progression of chronic
heart failure (CHF) and the development of thromboembolic
complications, the most severe of which is the development
of cardioembolic cerebral stroke. According to European
studies, AF is the cause of ischemic strokes in 1/4 of cases
[6].
AF etiopathogenesis of is quite complex, the modern
studies confirm both the influence of clinical factors on AF
development and the genetic nature of the disease. Clinical
factors include organic heart disease and other diseases,
the consequence of which may be its structural changes,
among them – arterial hypertension (AH), coronary heart
disease (CHD), chronic heart failure (CHF), inflammatory
myocardial diseases, cardiomyopathies, obesity, diabetes
mellitus, thyroid pathology. Real clinical practice shows that
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32% of AF cases develop against the background of hypertension.
Arterial hypertension is diagnosed in 91% of patients with
AF when analyzing hospitalized patients [7]. Analysis of the
structure of combined cardiovascular pathology showed that
81.9% of hospitalized patients with AF have reliably confirmed
coronary artery disease [8]. In addition, the causes of AF include
chronic obstructive pulmonary disease and obstructive sleep
apnea, chronic renal failure, chronic alcoholism and smoking.
AF can be a complication of surgical interventions on the heart
and chest in some cases [9].
Clinical conditions cause slow but progressive structural
and electrical remodeling of the atrial myocardium, in turn,
these pathophysiological mechanisms lead to AF formation. The
remodeling process is manifested by fibroblast proliferation and
differentiation, by the increased connective tissue deposition and
fibrosis. Structural remodeling leads to electrical dissociation
of muscle fibers and conduction heterogeneity, which in turn
contributes to AF development and maintenance [10].
AF can occur in the absence of organic heart disease in
some cases, the cause of AF development is not clinically
diagnosed, this AF form is called as isolated or idiopathic.
According to published studies, idiopathic AF may be a
monogenic syndrome with a classical Mendelian pattern of
inheritance. In most cases, these patients have a family history,
which suggests a genetic predisposition to AF [11]. AF presence
in parents increases the risk of AF in their offspring in 3 times
according to the Framingham Study. The risk of AF inheriting
increases in individuals who have at least one parent with AF in
history [12]. Isolated AF most often develops at a young age, and
the AF prevalence among patients younger than 50 years of age
is 0.1%. However, clinically, it does not differ from AF that has
arisen against the background of cardiac pathology; therefore,
the true incidence of familial AF is unknown [13].
The hereditary predisposition to AF has complex
developmental mechanisms. Histologically, atrial myocardial
fibrosis is detected at isolated AF, which leads to the formation
of fibrous cardiomyopathy, which is assumed to have a genetic
predisposition. In particular, AF can develop at certain genotypes
of genes polymorphism operating in the renin-angiotensinaldosterone system (RAAS), which are involved into the
regulation of myocardial fibrosis [14].
Further identification and study of various monogenic
forms of AF makes it possible to study the molecular mechanisms
of not only familial AF cases, but also its polygenic variants.
Despite the fact that monogenic forms are rare, the study of their
genetic nature is an urgent practical task. An important factor
in AF genesis is potassium channel mutations, which induce
triggering activity in the atria. The hypothesis that different
forms of AF are based on common molecular mechanisms was
made possible by the data on the formation of similar phenotypes
of ion channels resulting from electrophysiological remodeling
of the myocardium in patients with nonfamilial forms of chronic
AF and in individuals with monogenic AF forms [15].
The variability of AF predisposition genes is represented
by single nucleotide polymorphism in most cases. These genetic
variants affect the risk of AF development in combination with
other factors, as they have low penetrance. According to studies
of AF genetic nature, the occurrence of AF is facilitated by the
combined carriage of certain variants of several candidate genes
[16-18]. In most cases, the onset of AF is facilitated by certain
combinations of polymorphisms of different genes. Therefore,
the screening of susceptibility genes and the study of their
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polymorphism is currently becoming an important direction in
the study of AF.
Thus, at present, molecular studies of AF are focused on
identifying genes whose mutations lead to arrhythmias (such
arrhythmias are inherited according to the classical Mendelian
pattern) and studying the polymorphism of various genes, the
so-called candidate genes. The verification of genetic variants
and the search for genes associated with AF have been carried
out for many years. Analysis of relationships and sequencing
of candidate genes revealed multiple polymorphisms in both
familial forms and sporadic cases of AF [19]. As a result of
studying the relationship between the polymorphism of the
RAAS genes and the development of AF, N. P. Topal et al. (2001)
genotyped the following polymorphisms: I/D polymorphism
of the ACE gene; M235T, A-20C, and G-6A polymorphisms
of the AGTR gene [20]. R. Ma et al. in their meta-analysis
investigated the relationship of I/D polymorphism of the ACE
gene in association with AF. They traced the relationship
between ethnicity and I/D polymorphism of the ACE gene and
concluded that individuals with the DD genotype of ACE gene
are more at risk of developing AF [21]. Jiang M. H. et al. (2010)
conducted a study of rs4343 (2350 G/A) polymorphism of ACE
gene in patients with hypertension in the Chinese population. It
was found that 2350 G/A polymorphism is associated with AF
and A allele determines the increased risk of AF in this group
of patients [22]. Further, H. Wang et al. (2015), using a metaanalysis, found that M235T polymorphism of AGT gene may
be associated with an increased risk of AF development in the
Asian population [23]. B. Chalazan et al. (2018) for the first
time established a relationship between chromosome 4q25 SNP
and AF development in Hispanics [24]. In the same year, a new
genetic marker of AF was verified in the Japanese population –
HCN4 gene, the single nucleotide polymorphism of rs7164883
HCN4 gene [25]. A comprehensive meta-analysis has shown that
rs1799998 polymorphism may serve as a potential biological
marker of AF in East Asian patients with AF [26].
Most of the earlier studies have focused on specific
candidate genes associated with AF, while studying of AF genetic
basis in the general population remains more challenging. To
date, a significant achievement is the verification in a number
of associative studies of case-control design, common genetic
variants that are most common in populations of patients with
AF in comparison with healthy controls. Significant progress
in AF genetic basis understanding has been achieved with the
advent of genome-wide association studies (GWAS). GWAS is
a large-scale genomic study that includes genotyping of up to
a million common variants or single nucleotide polymorphisms
(SNPs) and compares their frequency in AF patients and in
control groups [27]. As a result of these studies, it is possible to
identify genes whose participation in AF development has not
been previously established in contrast to case-control studies.
To date, more than four large GWAS have been performed in
cohorts of patients with AF [28-31].
A meta-analysis of GWAS for AF identified six new
susceptibility loci or about 10 probable candidate genes, showed
that atrial fibrillation has multiple genetic associations, and sets
new targets for further research [32]. Further, a systematic review
identified nine noncoding SNPs associated with an increased risk
of AF development [33]. Large-scale genotyping in Europeans
and Japanese identified new AF risk loci in the NEURL, TBX5,
CAND2, GJA1, and CUX2 genes or near them [34]. At least 30
loci associated with AF have been identified in presence.
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A multiethnic study of the genomic association for atrial
fibrillation with more than half a million participants, including
65 446 with AF from more than 50 studies, confirms the role
of PRRX1, TBX5 and KCNJ5 genes in the occurrence of AF,
with a sample of 84.2% European, 12.5% Japanese, 2% African
American, and 1.3% Brazilian and Hispanic [35].
It should be noted that there are significant racial and ethnic
differences in AF prevalence, so it is important to take population
characteristics into account when conducting genetic studies. In
particular, African Americans and Japanese have been found to
be less prone to AF than Europeans [36]. In particular, according
to the results of the study of Russian scientists, no statistically
significant data were found on the relationship between the A/C
polymorphism of the AGTR1 gene and the development of AF in
any group of patients. The research results contradict the data of
foreign studies. Thus, Chinese scientists have obtained data that
C allele of AGTR1 gene significantly increases the risk of AF
developing. As a result of the study of PITX2 and NEURL1 SNP
in Hungarian patients with AF, determined by quantitative PCR,
no significant association was found between SNP rs2595104
and rs6584555 and AF [37]. The obtained results may be due
to genetic characteristics of the population, depending on
climatic conditions, geography of residence, and confirm that
AF is a heterogeneous disease. It should be noted that genetic
predictors of AF can be combined with genetic predictors of
other diseases, which may complicate the choice of candidate
genes for researchers [38].
According to ESC clinical guidelines for AF, (2017),
routine testing to identify common variants of AF-associated
genes cannot be universally recommended at present [39].
However, the results of the study published by American
scientists indicate that both the incidence and prevalence of AF
are growing at a steady pace in the US population and indicate
that the public health burden of AF may reach high levels by
2030 [40]. Mortality from cerebrovascular diseases in the
Republic of Kazakhstan for 12 months of 2019 amounted to 58.9
per 100 thousand of population according to the Committee on
Statistics of the Ministry of National Economy of the Republic

of Kazakhstan, while the cause of death in 30% of cases at
vascular brain damage is cardioembolic strokes against the
background of AF. This indicator has the tendency to decrease
in comparison with the previous year, but remains high.
Assessment of the polymorphism of candidate genes associated
with AF, depending on ethnicity, would expand the possibility of
this disease preventing. Screening of candidate genes will allow
identification of groups of individuals at the preclinical level
that have a genetic substrate for AF development in a particular
population. Thus, it will be possible to implement personalized
prevention of AF based on ethnicity.

Conclusion

Currently, significant progress has been achieved in
genetic substrate identifying that underlying AF development.
At the same time, the research results depend on such factors
as ethnicity, concomitant cardiac and extracardiac diseases,
inheritance mechanisms and intergenic interactions. The
complexity of etiopathogenesis, AF heterogeneity poses the
task to further search for factors that play a leading role in the
development of the disease. Currently available data on the
associations of candidate genes with AF are contradictory and
necessitate more detailed studies on various ethnic groups.
To date, gene polymorphism at AF has not been studied in
populations living in Kazakhstan. It is not enough to simply
project the data of foreign studies onto the large population of
our state. Assessment of the polymorphism of candidate genes
associated with AF depending on ethnicity will open up new
possibilities for a personalized approach in the prevention and
treatment of patients with AF.
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