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ABSTRACT

Atrial fibrillation (AF) is the supraventricular form of tachyarrhythmia characterized by uncoordinated 
atrial stimulation and manifested in the increased frequency of their contraction. The frequency of this 
pathology directly correlates with the patients’ age and reaches 50% in an older age group. This fact 
determines the need for search of any markers of individual AF risk, which may contribute to an increase 
in the effectiveness of preventive actions. Among such markers, polymorphic variants of genes involved 
in the pathogenesis of AF are the most promising markers. This review discusses the results of studying 
the genetic markers of the AF development, as well as the possibility of their use as predictors of this 
pathology.
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РЕЗЮМЕ

Фибрилляция предсердий (ФП) – наджелудочковая форма тахиаритмии, характеризующаяся неско-
ординированным возбуждением предсердий, проявляющимся в увеличении частоты их сокращения. 
Частота возникновения данной патологии напрямую коррелирует с возрастом пациентов и дости-
гает 50% в старшей возрастной группе. Необходимость увеличения ýффективности профилактиче-
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INTRODUCTION

Atrial fibrillation (AF) is a subtype of supra-
ventricular tachyarrhythmia, characterized by 
disorganized atrial activation with the atria’s 
contractions occurring up to 350 times per min-
ute. It significantly weakens the heart’s pump 
function [1]. The prevalence of AF in the general 
population is constantly growing. It is estimated 
to affect 33.5 million people globally [2]. The 
relationship between AF and age has been well 
described in the medical literature. AF occurs 
in 0.5% of young adults aged less than 40 years 
and increases up to 25% in adults aged 40 to 70 
years. Among the elderly, its incidence increases 
up to 50% [3–5]. AF is commonly considered as 
a severe risk factor contributing to the develop-
ment of adverse cardiovascular events. Almost 
12.5% of adverse events among elderly patients 
are associated with the presence of AF [6–8]. 
Long-term survival of patients undergoing mitral 
valve repair depends on the presence of concom-
itant AF that is commonly diagnosed in 40–60% 
of patients with mitral valve insufficiency. Oda-
renko et al. have reported a 17-fold increased 
risk of thromboembolism in patients with rheu-
matic mitral valve disease and concomitant AF 
in comparison with sinus rhythm patients. AF 
persisting after mitral valve repair was associat-
ed with atriomegaly and a long history of heart 
rhythm disturbances [9].

Myocardial pathology or alterations in the 
neurohumoral activation are generally consid-
ered as the main mechanisms contributing to the 

ских мероприятий обусловливает поиск маркеров, позволяющих оценивать индивидуальные риски 
развития заболевания. Среди таких маркеров наиболее перспективными являются полиморфные 
варианты ключевых генов, участвующих в патогенезе ФП. В данном обзоре обсуждены результаты 
изучения генетических маркеров развития данной патологии, а также возможность их использова-
ния в качестве предикторов ФП.

Ключевые слова: фибрилляция предсердий, генетический полиморфизм, сердечно-сосудистые забо-
левания.
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pathogenesis of AF [10, 11]. AF is secondary to 
arterial hypertension, coronary artery disease 
(CAD), hypertrophic and dilated cardiomyopa-
thy, and congenital and acquired heart disease 
in almost 70% of cases. But in some cases, its 
etiology remains unknown and AF is considered 
as idiopathic or primary [12] and commonly re-
ferred to as familial AF [13]. Moreover, the ge-
netic contribution should not be excluded from 
the list of the factors leading to the onset of 
secondary AF. The probability of its onset var-
ies even if the underlying diseases are of similar 
severity.

There are two groups of risk factors contrib-
uting to the development of AF: traditional risk 
factors (age, ischemia, diabetes mellitus, meta-
bolic syndrome, binge alcohol consumption, etc.) 
and genetic risk factors (gene polymorphisms in-
volved in the pathogenesis of AF). Genetic risk 
factors are currently on the rise as they may 
provide novel insights into drug targets for ther-
apy and give clues how to improve the prog-
nosis. Over 30 genetic loci have been recently 
determined that are involved in the pathogenesis 
of AF [14]. Today, molecular genetic studies of 
AF are focused either on identifying mutations 
in the genes linked to the onset of AF or deter-
mining gene polymorphisms that indirectly affect 
myocardial function (the renin-angiotensin-al-
dosterone system gene, inflammatory response, 
etc.).

Thus, the identification of candidate genes as-
sociated with an increased risk of AF is the most 
important direction of modern genetics. These 
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studies are aimed at defining the triggers that are 
responsible for the onset of various forms of AF, 
and the factors relevant to the chronicity of this 
pathology [5, 14].

MOLECULAR GENETIC MARKERS 
ASSOCIATED WITH AN INCREASED RISK OF 
AF 

While the role of traditional risk factors in 
the development of AF has been studied well, 
the genetic contribution to its onset has recent-
ly received recognition worldwide. In 2004, Lu-
bitz et al. showed that the presence of AF in 
parents increased the risk of AF developing in 
their children by 40% [15]. Investigators from 
Iceland found that the risk of AF reduced with 
increased genetic distance between relatives [16]. 
In addition, the risk of developing AF in both 
monozygotic twins was higher than in dizygot-
ic twins [17]. All these studies have confirmed 
the significance of genetics in the development of 
AF, giving the green light to molecular genetic 
studies. Over 3,800 studies have been performed 
examining the associations of genetic polymor-
phisms and phenotypic traits (genome-wide asso-
ciations studies, GWAS) by the end of December 
2018 [18]. In 2007, investigators from Iceland 
reported that two independent single nucleo-
tide polymorphisms (SNP) on chromosome 4q25 
were associated with AF [19]. Other studies in 
the independent samples from Caucasian [20], 
Chinese [21] and African American [22] popu-
lations confirmed the role of this locus in the 
development of AF. Since 2006, genome-wide 
association studies (GWAS) allowed defining ad-
ditional 23 loci related to AF. What is more, the 
role of most of them in the pathogenesis of AF 
has been described for the first time [14, 23–27]. 

ION CHANNEL GENES
GWAS have indicated that the development 

of familial AF is caused by the KCN (KCNA5, 
KCND3, KCNE1, KCNE2, KCNH2, KCNJ2, 
KCNJ5, KCNN2, KCNN3 and KCNQ1), SCN 
(SCN5A and SCN10AJ), J1AJ, G1, JAA, GJ, 
G1, JA, GJ, and G (CAV1 and CAV2) gene mu-
tations [5, 14]. These genes encode proteins of 
potassium and sodium channels, connexin and 
calveolin that are involved in the membrane 
transport. They play an important role in the 
function of the myocardium. Mutations in these 
genes have been shown to affect the function of 
ion channels and the conformation of proteins, 

which affects the state of the myocardium. In 
2012, Danish researchers examined the relation-
ship of the KCNE1 gene mutation, encoding the 
potassium channel beta subunit protein, with AF. 
They bidirectionally sequenced the entire cod-
ing sequence of the KCNE1 gene in 209 patients 
with early-onset AF (aged under 40 years) and 
in 216 healthy individuals. Patients with AF were 
heterozygous carriers of the KCNE1 c.74 G> 
T and KCNE1 c.179 G> A. In addition, func-
tional analysis of polymorphic variants showed 
that mutations in c.74 G> T and c.179 G> A 
were associated with an increase in the flow of 
potassium ions across the membrane, thereby 
confirming the role of this process in the patho-
genesis of AF [23].

In 2014, the coding regions of KCNE2 and 
KCNE3 were bidirectionally sequenced in 192 pa- 
tients with early-onset AF. Two missense 
mutations, M23L (c.67A>T) and I57T (c.170T>C), 
were identified in KCNE2. These mutations were 
absent in the control group without AF. There 
were no AF-specific mutations in KCNE3. Thus, 
researchers reported two mutations in KCNE2, 
encoding potassium channel β-subunit protein, 
as possible genetic substrates for early-onset AF 
[24].

Li et al. assessed the associations of 
polymorphisms on KCNE1, KCNQ1, KCNH2 
gene with the risk of AF in Chinese population. 
The study included 438 AF patients and 450 
healthy subjects, ensuring high reliability of the 
results. Among the nine SNPs, only three SNPs 
were associated with an increased risk of AF. 
Polymorphism of rs1805127*G allele in KCNE1 
was significantly associated with the risk of AF 
as compared to A allele (A/G vs. A/A, OR 
1.56, p = 0.049; G/G vs. A/A, OR 1.59, p = 
0.044; dominant G/G + A/G vs. A/A, OR 1.57, 
p = 0.036) as well as rs2283228*C allele (A/C 
vs. A/A, OR 1.62, p = 0.001; C/C vs. A/A, OR 
1.73, p = 0.012; C/C + A/C vs. A/A, OR 1.64,  
p < 0.001) and rs1057128*A allele on KCNQ1 
(A/A vs. G/G, OR 1.92, p = 0.013; A/A + A/G 
vs. G/G, OR 1.78, p <0.025). The polymorphism 
of rs1805120*T allele on KCNH2 was associated 
with a lower risk of AF. Five other SNPs 
(rs2237892, rs2237895, rs2237897, rs2070357 
and rs2070356) showed no significant association 
with the risk of AF (p > 0.05) [25].

The role of mutations in the KCNQ1 gene 
has also been studied in vitro. In induced 
atrial repolarization, the S140G mutation was 
associated with an almost four-fold increase 
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in positive repolarization currents and peak 
potential during membrane repolarization, 
compared with carriers of the major allele. In 
induced ventricular repolarization, the peak 
potential in mutant cells was three times higher 
than that of carriers of the major alleles. In 
general, the total peak potential was higher 
compared to that in the experiments with atrial 
repolarization, regardless of allelic carriage. The 
change in potential, in turn, led to a shortening 
of the QT interval, which in patients with AF 
with the S140G mutation of the KCNQ1 gene 
can be a predictive factor [26]. Similar results 
were obtained using in silico modelling [27].

Several studies have shown the effects of 
nonsense mutations in the KCNA5 gene, encoding 
the Kv1.5 transmembrane protein. This protein 
forms sodium channels that are activated by 
changing the membrane potential in the region 
near the channel. This mutation leads to the 
synthesis of a defective protein and is associated 
with an increased risk of AF [19–30].

KCND3 gene encoding the Kv4,3 
transmembrane protein is another well-studied 
gene associated with AF. In 2000, German 
researchers found that patients with AF showed 
a 61% decrease in mRNA expression of the 
gene compared with sinus rhythm patients (p 
<0.001), despite similar expression of mRNA 
of KCNA4 and KCNA5 genes in both groups 
[31]. A similar trend has been reported by 
Brundel et al. The expression of KCND3 and 
KCNJ5 genes was 35% and 47% lower in patients 
with chronic AF compared with those in the 
control group. Significant differences in mRNA 
expression were obtained only for the KCND3 
gene among patients with paroxysmal AF. 
Likely to the previous study, similar expression 
of KCNA5 gene was observed in both groups. 
Interestingly, the expression of KCND3 and 
KCNJ5 proteins was significantly reduced in 
chronic and paroxysmal AF [32]. In 2013, the 
role of KCND3 c.1633G>C [33] and g.112392360 
G> T [34] in the development of early-onset AF 
was described in 209 young adults with AF (aged 
under 40 years). 

Recently, Danish investigators have examined 
14 genes encoding the proteins that make up the 
ion channels. One substitution in GJA5, KCND3, 
KCNE5 genes, two substitutions in KCNE1, 
KCNE2, SCN2B genes, three substitutions 
in KCNA5, KCNQ1, SCN3B genes and eight 
substitutions in SCN5A gene were associated 
with early-onset AF [35].

ADRENERGIC RECEPTOR GENES
Adrenergic receptors are a class of recep-

tors that are localized on the outer cell mem-
brane. They are responsible for the recognition 
and binding of epinephrine, norepinephrine and 
synthetic analogues of catecholamines and me-
diating their physiological and pharmacological 
effects. Adrenergic receptors are divided into 
several classes based on their location and func-
tion: 1) α1A are expressed in the bladder neck, 
urethra and prostate; 2) α2β are expressed in 
arterioles (their stimulation and narrowing leads 
to an immediate increase in arterial blood pres-
sure); 3) α2 are expressed in neuromuscular syn-
apses; 4) β1 are expressed in the myocardium 
and kidneys (their stimulation increases both the 
heart rate and the strength of the heart muscle, 
followed by an increase in conduction velocity of 
the nerve impulse); 5) β2 are expressed in bron-
chioles and liver; and 6) β3 are expressed in ad-
ipose tissue. Based on their biological function, 
the genes encoding β1- and α2β-adrenergic re-
ceptors (ADRB1 and ADRA2B, respectively) are 
of the greatest interest to researchers examining 
genetic predictors of AF.

The ADRB1 gene is located on the long arm 
of chromosome 10 (11q23-q25) and encodes a 
protein consisting of 477 amino acid residues. 
The available data on its role in the develop-
ment of AF are contradictory. In 2014, a large 
prospective study in 947 adult Americans who 
underwent cardiac surgery (coronary artery by-
pass grafting, heart valve replacement, congen-
ital heart surgery) was performed in the period 
from 1999 to 2005. The associations of two ma-
jor SNPs, Arg389Gly (rs1801253) and Ser49Gly 
(rs1801252) in the ADRB1 gene with a risk of AF 
in the postoperative period (14 days after the in-
dexed surgery) were examined. Atrial fibrillation 
was recorded in 239 (25.2%) patients. Carriers 
of the Gly389Gly genotype (rs1801253) showed 
a two-fold increased risk of AF (OR 2.63, p = 
0.008), compared with carriers of the Arg389Arg 
genotype. Patients who did not receive β-blocker 
therapy demonstrated further risk increase (OR 
7.00, p = 0.005). Ser49Gly polymorphism was 
not associated with the risk of developing AF 
[36], as opposed to the results of the study in the 
Russian population. The latter reported that the 
heterozygous genotype of the rs1801252 (Ser-
49Gly) of the ADRB1 gene was associated with 
an increased risk of both primary and secondary 
AF [37]. However, carriers of the Arg389Arg 
genotype (rs1801253) of the ADRB1 gene with a 
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confirmed diagnosis of AF were less sensitive to 
the therapy for heart rate control and required 
higher dosages of drugs (atenolol, carvedilol, 
metoprolol, diltiazem, verapamil) compared to 
heterozygous carriers [38]. Importantly, a 40% 
decrease in mortality was observed among pa-
tients with this genotype who received bucindo-
lol compared with carriers of the Gly allele [39].

The ADRA2B gene is located on the long 
arm of chromosome 2 (2q11.2) and encodes the 
α2β-adrenergic receptor. The relationship be-
tween the inheritance of certain genetic variants 
of the ADRA2B gene and the risk of familial 
AF was examined in the Russian population [100 
probands with diagnosed AF and three siblings  
(n = 144)]. Three types of genotypes were iden-
tified: homozygous I/I genotype, heterozygous 
I/D genotype, and homozygous D/D genotype. 
Homozygous I/I genotype prevailed among AF 
patients compared with the control group (43.7% 
vs. 25.2%, respectively, p = 0.034). Patients were 
then subdivided into the primary AF group and 
secondary AF group. Homozygous I/I genotype 
was commonly found in patients with primary 
AF (42.2%) compared with the control group 
(25.2%). However, there were no significant dif-
ferences found in the frequencies of genotypes in 
AF patients and their relatives as well as healthy 
volunteers. Researchers concluded that the I/I 
genotype of the ADRA2B gene could be a risk 
factor for primary AF [40]. 

GENES OF THE RENIN-ANGIOTENSIN 
SYSTEM

The renin-angiotensin system (RAAS) is a 
hormone system that regulates blood pressure 
through the effects on vascular tone. The peptide 
hormone angiotensin II plays the key role in 
this process. Angiotensinogen is a precursor to 
angiotensin II. Angiotensinogen is cleaved to 
form an inactive angiotensin I peptide, followed 
converted by the angiotensin-converting enzyme 
(ACE) to the active angiotensin II. The RAAS 
plays an important role in the pathogenesis 
of AF [41]. Recent studies have identified the 
contribution of the ACE, AGT, and AGTR1 
genes to the genetic susceptibility to AF.

In 2004, Taiwanese researchers examined the 
insertion / deletion (I/D) polymorphism of the ACE 
gene, 6 allelic variants of the AGT gene (T174M, 
M235T, G-6A, A-20C, G-152A, G-217A), and 
AGTR1 A1166C gene polymorphism in 250 AF 
patients. The AGT gene haplotypes significantly 
differed between the groups of patients with AF 

and the control group (250 people). In addition, 
reliable associations of multiple AGT gene 
polymorphisms, M235T, G-6A, and G-217A, 
with a risk of AF were reported [42]. Later, 
these findings were confirmed by Topal et al., 
Zhao et al. The T allele and the T/T genotype 
of M235T polymorphism, the G allele and the 
G/G genotype of G-6A polymorphism were 
associated with an increased risk of AF [43, 
44]. In 2008, the same research group recruited 
1,236 patients to identify associations between 
individual polymorphic variants of the studied 
genes and the risk of AF. While none associations 
were determined, the differences in haplotypes 
between AF patients and healthy subjects were 
confirmed. Moreover, intergenic interactions 
were found between the I/D polymorphism of 
the ACE gene, A1166C polymorphism of the 
AGTR1 gene, and AGT haplotypes [45].

Danish researchers examined the AGT gene 
polymorphism (A-20C, G-6A, T174M and 
M235T) and the I/D ACE gene polymorphism in 
9,253 patients. Out of them, 968 patients suffered 
from AF. They found that carriers of the A/C 
and C/C genotypes of the AGT gene had a 
higher risk of AF compared with carriers of the 
A/A genotype (OR 1.1 and 1.5, respectively). 
Moreover, the combination of the I/D and 
D/D genotypes of the ACE gene synergized to 
increase the overall risk of AF (OR 1.2 and 2.4, 
respectively) [46].

In 2011, a meta-analysis examining the 
I/D polymorphism of the ACE gene, covering 
18 studies (a total of 7,577 AF patients) was 
published. Researchers concluded that there 
were no evidences to confirm the presence of 
the relationship between this polymorphism 
and the risk of AF. But they hypothesized that 
the ACE gene and AF in patients with arterial 
hypertension were linked [47]. Then, a number 
of studies of the I/D polymorphism of the ACE 
gene were performed. The results of most studies 
confirmed previous data on the association of 
the ACE gene I/D and D/D genotypes with an 
increased risk of AF [43, 48, 49]. However, one 
of the recent studies in the Russian population 
has reported that carriage of the homozygous 
D/D genotype may have a relatively protective 
effect on the development of AF [50].

Feng et al. have recently showed the 
associations of rs1492099 polymorphism in the 
AGTR1, gene encoding the angiotensinogen 
receptor, (the frequency of the minor allele 
in the patient group was 14.2% vs. 8.8% in 
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the control group, OR 1.727) and rs6632677 
polymorphism of the ACE2 gene (the frequency 
of the minor allele was 16.3% in male patients 
vs. 9.1% in healthy men, OR 1.954) with AF in 
Chinese population [51].

NITRIC OXIDE SYNTHASE GENE

Various vasodilation factors that regulate 
vascular tone can modulate contractile activity 
of the myocardium, thus participating in the 
pathogenesis of AF. These factors include nitric 
oxide (NO), which prevents the tonic contraction 
of blood vessels originated by endocrine, neuronal 
or local sources followed by NO synthase 
(NOS) formation. A decrease in the production 
of NO synthase can cause oxidative stress and 
provoke changes in the myocardial conduction 
system, leading to the development of AF [52]. 
NO synthase is encoded by the eNOS gene 
located on chromosome 7. Russian investigators 
examined 100 probands and their three siblings 
and compared the findings with those obtained 
for 91 healthy subjects recruited in the control 
group [53]. The homozygous G/G genotype 
(G894T) prevailed in AF patients (58.5%) 
compared with the control group (39.6%; p = 
0.039). Patients with AF were further subdivided 
into the groups with primary and secondary AF. 
The homozygous G/G genotype was found only 
in patients with primary AF compared with the 
control group. Patients with secondary AF did 
not report any statistically significant differences 
in the frequencies of alleles and genotypes. 
Thus, the G allele has been shown to serve as a 
predisposing factor for atrial fibrillation.

The relationship of G894T, T786C, and 4b/a 
in the eNOS gene and AF in patients with heart 
failure was also studied. The G allele (G894T 
polymorphism) was more common in the group 
of patients with AF. Carriers of the G/G genotype 
demonstrated almost a three-fold increased risk 
of AF [54, 55]. Other polymorphic variants were 
not associated with AF [54, 57]. Nevertheless, 
recent evidences have suggested the protective 
effects of T786C polymorphism on the risk of 
AF [56]. 

G PROTEIN-COUPLED RECEPTOR GENES

G protein-coupled receptor kinases (GRKs) 
are a family of protein kinases that phosphorylate 
the intracellular domains of G-protein coupled 
receptors (GPCRs) and regulate their activity. 

Phosphorylation occurs after ligand receptor 
binding and G-protein dissociation. In addition, 
GRK kinases regulate the cellular response 
independently of their kinase activity. The GRK5 
gene is an important regulator of GPCR function 
that maps on chromosome 10 at the region of 
q24 (10q24). Recent studies have shown that the 
polymorphism of this gene is associated with a 
decrease in mortality among African Americans 
with heart failure and coronary artery disease 
[58].

In 2014, a study in 563 patients undergoing 
coronary artery bypass grafting, of whom 111 
patients developed postoperative AF, was per-
formed. A total of 492 SNPs in 10 genes were 
analyzed. Four polymorphic variants of the 
GRK5 gene were associated with an increased 
risk of postoperative AF (rs3740563, OR = 2.75; 
rs4752292, OR = 2.21; rs11198893, OR = 2.51; 
rs10787959, OR = 1, 72). The meta-analysis 
showed that the polymorphic variant rs3740563 
played a key role in the formation of individual 
sensitivity to AF. Thus, the genetic variation of 
the GRK5 gene was associated with postopera-
tive AF in patients who underwent coronary ar-
tery bypass grafting, despite preoperative thera-
py with β-blockers [59].

A similar study was conducted in Chinese 
population in 2015. The study included 1,348 
patients. Nine SNPs were examined. Of them, 
six SNPs were assessed in another group of 2,000 
patients to validate the results. Only two variants 
of the GRK5 gene (rs4752292 and rs11198893) 
were associated with an increased risk of AF 
(OR for the minor allele was 1.32 and 1.47, 
respectively) [60].

CONCLUSION

Our review confirms the genetic contribution 
of various systems in the pathogenesis of AF 
(ion channels, adrenergic receptors, the renin-
angiotensin system, NO synthase, and GRK kinase 
receptors) and formation of increased individual 
risks of its onset. The available data have 
indicated a fairly extensive panel of genes that 
can serve as potential molecular genetic markers 
of AF development, as well as stated the need to 
study intergenic interactions between potential 
candidate genes. The presented inconsistencies 
on the association of some genes with AF as 
well as interpretative variations depending on 
the studied population have set the rationale for 
further studies in different ethnic groups.

Бюллетень сибирской медицины. 2020; 19 (1): 180–189



186

REFERENCES

1. Mazur N.A. Atrial fibrillation and flutter. Moscow: 
Medpraktika-M, 2003: 20.

2. Polovina M., Đikić D., Vlajković A., Vilotijević M., 
Milinković I., Ašanin M., Ostojić M., Coats A.J.S., 
Seferović P.M. Adverse cardiovascular outcomes 
in atrial fibrillation: validation of the new 2MACE 
risk score. Int. J. Cardiol. 2017; 249: 191–197. DOI: 
10.1016/j.ijcard.2017.09.154.

3. Sun Y., Hu D. The link between diabetes and atri-
al fibrillation: cause or correlation? J. Cardiovasc. 
Dis. 2010; 1 (1): 10–11. DOI: 10.4103/0975-3583. 
59978. 

4. Lloyd-Jones D.M., Wang T.J., Leip E.P., Larson M.G., 
Levy D., Vasan R.S., D’Agostino R.B., Massaro J.M., 
Beiser A., Wolf P.A., Benjamin E.J. Lifetime risk for 
development of atrial fibrillation: the Framingham 
Heart Study. Circulation. 2004; 110 (9): 1042–1046. 
DOI: 10.1161/01.CIR.0000140263.20897.42.

5. Darbar D., Roden D.M. Genetic mechanisms of atrial 
fibrillation: impact on response to treatment. Nat. 
Rev. Cardiol. 2013; 10 (6): 317–329. DOI: 10.1038/
nrcardio.2013.53.

6. O’Neal W.T., Sangal K., Zhang Z.M., Soliman E.Z. 
Atrial fibrillation and incident myocardial infarction 
in the elderly. Clin. Cardiol. 2014; 37 (12): 750–755. 
DOI: 10.1002/clc.22339.

7. Winkel T.A., Hoeks S.E., Schouten O., Zeymer U., 
Limbourg T., Baumgartner I., Bhatt D.L., Steg P.G., 
Goto S., Röther J., Cacoub P.P., Verhagen H.J.,  
Bax J.J., Poldermans D. Prognosis of atrial fibrilla-
tion in patients with symptomatic peripheral arterial 
disease: data from the reduction of atherothrombosis 
for continued health (REACH) registry. Eur. J. Vasc. 
Endovasc. Surg. 2010; 40 (1): 9–16. DOI: 10.1016/j.
ejvs.2010.03.003.

8. Lee H.Y., Yang P.S., Kim T.H., Uhm J.S., Pak H.N., 
Lee M.H., Joung B. Atrial fibrillation and the risk 
of myocardial infarction: a nation-wide propensi-
ty-matched study. Sci. Rep. 2017; 7 (1): 12716. DOI: 
10.1038/s41598-017-13061-4.

9. Odarenko Y.N., Rutkovskaya N.V., Gorbunova E.V., 
Khomenko E.A., Kokorin S.G., Barbarash O.L. The 
use of tissue bioprostheses for mitral valve replace-
ment: possibility of discontinuation of anticoagula-
tion. Complex Issues of Cardiovascular Diseases. 
2018; 7 (3): 72–82. (In Russ.).

10. Markides V., Schilling R.J. Atrial fibrillation: classifi-
cation, pathophysiology, mechanisms and drug treat-
ment. Heart. 2003; 89 (8): 939–943. DOI: 10.1136/
heart.89.8.939.

11. Hu Y.F., Chen Y.J., Lin Y.J., Chen S.A. Inflammation 
and the pathogenesis of atrial fibrillation. Nat. Rev. 
Cardiol. 2015; 12 (4): 230–243. DOI: 10.1038/nrcar-
dio.2015.2. 

12. Nikulina S.Y., Shul’man V.A., Kuznetsova O.O., Ak- 
syutina N.V., Shesternya P.A., Chernova A.A., Mak- 
simov V.N., Kulikov I.V., Ustinov S.N., Kazarinova 
Y.L., Romashchenko A.G., Voevoda M.I. Clinical 
and genetic features of atrial fibrillation. Rational 
Pharmacotherapy in Cardiology. 2008; 2: 16–18. (In 
Russ.).

13. Parvez B., Chopra N., Rowan S., Vaglio J.C., 
Muhammad R., Roden D.M., Darbar D. A common 
β1-adrenergic receptor polymorphism predicts 
favorable response to rate-control therapy in atrial 
fibrillation. J. Am. Coll. Cardiol. 2012; 59 (1): 49–
56. DOI: 10.1016/j.jacc.2011.08.061.

14. Bapat A., Anderson C.D., Ellinor P.T., Lubitz S.A. 
Genomic basis of atrial fibrillation. Heart. 2018; 104 
(3): 201–206. DOI: 10.1136/heartjnl-2016-311027.

15. Lubitz S.A., Yin X., Fontes J.D., Magnani J.W., Rien-
stra M., Pai M., Villalon M.L., Vasan R.S., Penci- 
na M.J., Levy D., Larson M.G., Ellinor P.T., Benja- 
min E.J. Association between familial atrial fibril-
lation and risk of new-onset atrial fibrillation. 
JAMA. 2010; 304 (20): 2263–2269. DOI: 10.1001/
jama.2010.1690.

16. Arnar D.O., Thorvaldsson S., Manolio T.A., Thor-
geirsson G., Kristjansson K., Hakonarson H., Stefans-
son K. Familial aggregation of atrial fibrillation in 
Iceland. Eur. Heart J. 2006; 27 (6): 708–712. DOI: 
10.1093/eurheartj/ehi727.

17. Christophersen I.E., Ravn L.S., Budtz-Joergensen E., 
Skytthe A., Haunsoe S., Svendsen J.H., Christensen K. 
Familial aggregation of atrial fibrillation: a study in 
Danish twins. Circ. Arrhythm. Electrophysiol. 2009; 
2 (4): 378–383. DOI: 10.1161/CIRCEP.108.786665.

18. GWAS Catalog. URL: https://www.ebi.ac.uk/gwas/
search?query=*&amp;filter=recent (Accessed 25 De-
cember 2018).

19. Gudbjartsson D.F., Arnar D.O., Helgadottir A., Gre-
tarsdottir S., Holm H., Sigurdsson A., Jonasdottir A.,  
Baker A., Thorleifsson G., Kristjansson K., Pals- 
son A., Blondal T., Sulem P., Backman V.M., Hardar-
son G.A., Palsdottir E., Helgason A., Sigurjonsdot- 
tir R., Sverrisson J.T., Kostulas K., Ng M.C., Baum L., 
So W.Y., Wong K.S., Chan J.C., Furie K.L., Green- 
berg S.M., Sale M., Kelly P., MacRae C.A., Smith E.E.,  
Rosand J., Hillert J., Ma R.C., Ellinor P.T., Thor-
geirsson G., Gulcher J.R., Kong A., Thorsteinsdot- 
tir U., Stefansson K. Variants conferring risk of atrial 
fibrillation on chromosome 4q25. Nature. 2007; 448 
(7151): 353–357. DOI: 10.1038/nature06007.

20. Kaab S., Darbar D., van Noord C., Dupuis J., Pfeu- 
fer A., Newton-Cheh C., Schnabel R., Makino S., Sinner 
M.F., Kannankeril P.J., Beckmann B.M., Choudry S.,  
Donahue B.S., Heeringa J., Perz S., Lunetta K.L., Lar- 
son M.G., Levy D., MacRae C.A., Ruskin J.N., Wacker A.,  
Schцmig A., Wichmann H.E., Steinbeck G.,  
Meitinger T., Uitterlinden A.G., Witteman J.C., Ro-

Bulletin of Siberian Medicine. 2020; 19 (1): 180–189

Ponasenko A.V., Sinitsky M.Y., Khutornaya M.V. Molecular genetic markers of atrial fibrillation



187

Reviews and lectures

den D.M., Benjamin E.J., Ellinor P.T. Large scale 
replication and meta-analysis of variants on chro-
mosome 4q25 associated with atrial fibrillation. Eur. 
Heart. J. 2009; 30 (7): 813–839. DOI: 10.1093/eu-
rheartj/ehn578.

21. Shi L., Li C., Wang C., Xia Y., Wu G., Wang F., Xu C., 
Wang P., Li X., Wang D., Xiong X., Bai Y., Liu M., Liu J.,  
Ren X., Gao L., Wang B., Zeng Q., Yang B., Ma X., 
Yang Y., Tu X., Wang Q.K. Assessment of association 
of rs2200733 on chromosome 4q25 with atrial fibrilla-
tion and ischemic stroke in a Chinese Han population. 
Hum. Genet. 2009; 126 (6): 843–849. DOI: 10.1007/
s00439-009-0737-3.

22. Delaney J.T., Jeff J.M., Brown N.J., Pretorius M., 
Okafor H.E., Darbar D., Roden D.M., Crawford D.C. 
Characterization of genome-wide association-identi-
fied variants for atrial fibrillation in African Ameri-
cans. PLoS One. 2012; 7 (2): e32338. DOI: 10.1371/
journal.pone.0032338.

23. Olesen M.S., Bentzen B.H., Nielsen J.B., Steffen- 
sen A.B., David J.P., Jabbari J., Jensen H.K., Haunsø S.,  
Svendsen J.H., Schmitt N. Mutations in the potassi-
um channel subunit KCNE1 are associated with ear-
ly-onset familial atrial fibrillation. BMC Med. Genet. 
2012; 13: 24. DOI: 10.1186/1471-2350-13-24.

24. Nielsen J.B., Bentzen B.H., Olesen M.S., David J.P., 
Olesen S.P., Haunsø S., Svendsen J.H., Schmitt N. 
Gain-of-function mutations in potassium channel 
subunit KCNE2 associated with early-onset lone atri-
al fibrillation. Biomark. Med. 2014; 8 (4): 557–570. 
DOI: 10.2217/bmm.13.137.

25. Li L., Shen C., Yao Z., Liang J., Huang C. Genet-
ic variants of potassium voltage-gated channel 
genes (KCNQ1, KCNH2, and KCNE1) affected the 
risk of atrial fibrillation in elderly patients. Genet. 
Test. Mol. Biomarkers. 2015; 19 (7): 359–365. DOI: 
10.1089/gtmb.2014.0307.

26. El Harchi A., Zhang H., Hancox J.C. The S140G 
KCNQ1 atrial fibrillation mutation affects ‘I(KS)’ 
profile during both atrial and ventricular action po-
tentials. J. Physiol. Pharmacol. 2010; 61 (6): 759–
764.

27. Hancox J.C., Kharche S., El Harchi A., Stott J., Law 
P., Zhang H. In silico investigation of a KCNQ1 
mutation associated with familial atrial fibrilla-
tion. J. Electrocardiol. 2014; 47 (2): 158–165. DOI: 
10.1016/j.jelectrocard.2013.12.004.

28. Olson T.M. et al. Kv1.5 channelopathy due to KCNA5 
loss-of-function mutation causes human atrial fibril-
lation. Hum. Mol. Genet. 2006; 15 (14): 2 185–2191. 
DOI: 10.1093/hmg/ddl143.

29. Yang Y. et  al. Novel KCNA5 loss-of-function muta-
tions responsible for atrial fibrillation. J. Hum. Gen-
et. 2009; 54 (5): 277–283. DOI: 10.1038/jhg.2009.26.

30. Christophersen I.E., Olesen M.S., Liang B., An-
dersen M.N., Larsen A.P., Nielsen J.B., Haunsш 

S., Olesen S.P., Tveit A., Svendsen J.H., Schmitt 
N. Genetic variation in KCNA5: impact on the 
atrial-specific potassium current IKur in pa-
tients with lone atrial fibrillation. Eur. Heart. J.  
2013; 34 (20): 1517–1525. DOI: 10.1093/eurheartj/
ehs442.

31. Grammer J.B., Bosch R.F., Kьhlkamp V., Seipel L. 
Molecular remodeling of Kv4.3 potassium channels 
in human atrial fibrillation. J. Cardiovasc. Electro-
physiol. 2000; 11 (6): 626–633. DOI: 10.1111/j.1540-
8167.2000.tb00024.x

32. Brundel B.J., Van Gelder I.C., Henning R.H., Tuinen-
burg A.E., Wietses M., Grandjean J.G., Wilde A.A., 
Van Gilst W.H., Crijns H.J. Alterations in potassium 
channel gene expression in atria of patients with per-
sistent and paroxysmal atrial fibrillation: differential 
regulation of protein and mRNA levels for K+ chan-
nels. J. Am. Coll. Cardiol. 2001; 37 (3): 926–932. 
DOI: 10.1016/s0735-1097(00)01195-5.

33. Olesen M.S., Refsgaard L., Holst A.G., Larsen A.P., 
Grubb S., Haunsш S., Svendsen J.H., Olesen S.P., 
Schmitt N., Calloe K. A novel KCND3 gain-of-func-
tion mutation associated with early-onset of per-
sistent lone atrial fibrillation. Cardiovasc. Res. 2013; 
98 (3): 488–495. DOI: 10.1093/cvr/cvt028. 

34. Low S.K., Takahashi A., Ebana Y., Ozaki K., Chris-
tophersen I.E., Ellinor P.T., AFGen Consortium, 
Ogishima S., Yamamoto M., Satoh M., Sasaki M., Ya-
maji T., Iwasaki M., Tsugane S., Tanaka K., Naito M.,  
Wakai K., Tanaka H., Furukawa T., Kubo M., Ito 
K., Kamatani Y., Tanaka T. Identification of six new 
genetic loci associated with atrial fibrillation in the 
Japanese population. Nat. Genet. 2017; 49 (6): 953–
958. DOI: 10.1038/ng.3842.

35.Olesen M.S., Andreasen L., Jabbari J., Refsgaard L., 
Haunsш S., Olesen S.P., Nielsen J.B., Schmitt N., 
Svendsen J.H. Very early-onset lone atrial fibrilla-
tion patients have a high prevalence of rare variants 
in genes previously associated with atrial fibrillation. 
Heart Rhythm. 2014; 11 (2): 246–251. DOI: 10.1016/j.
hrthm.2013.10.034.

36. Jeff J.M., Donahue B.S., Brown-Gentry K., Roden D.M.,  
Crawford D.C., Stein C.M., Kurnik D. Genetic varia-
tion in the β1-adrenergic receptor is associated with 
the risk of atrial fibrillation after cardiac surgery. 
Am. Heart J. 2014; 167 (1): 101–108. DOI: 10.1016/j.
ahj.2013.09.016. 

37. Nicoulina S., Shulman V., Shesternya P., Chernova A.,  
Salmina A., Issachenko O., Maksimov V., Voevoda M.  
Association of ADRB1 gene polymorphism with atri-
al fibrillation. Genet. Test. Mol. Biomarkers. 2010; 
14 (2): 249–253. DOI: 10.1089/gtmb.2009.0100.

38. Parvez B., Chopra N., Rowan S., Vaglio J.C., Muham-
mad R., Roden D.M., Darbar D. A common β1-ad-
renergic receptor polymorphism predicts favorable 
response to rate-control therapy in atrial fibrilla-

Бюллетень сибирской медицины. 2020; 19 (1): 180–189



188

tion. J. Am. Coll. Cardiol. 2012; 59 (1): 49–56. DOI: 
10.1016/j.jacc.2011.08.061.

39. Parikh K.S., Piccini J.P. Pharmacogenomics of bucind-
olol in atrial fibrillation and heart failure. Curr. Heart 
Fail. Rep. 2017; 14 (6): 529–535. DOI: 10.1007/s11897-
017-0364-6.

40. Shul’man V.A., Nikulina S.Ju., Dudkina K.V. Role of 
alfa-2-beta-adrenireceptor gene in genesis of atrial 
fibrillation. Siberian Medical Review. 2009; 59 (5): 
23–25. (In Russ.).

41. Nair G.M., Nery P.B., Redpath C.J., Birnie D.H. The 
role of renin angiotensin system in atrial fibrillation. 
J. Atr. Fibrillation. 2014; 6 (6): 972. DOI: 10.4022/
jafib.972. 

42. Tsai C.T., Lai L.P., Lin J.L., Chiang F.T., Hwang J.J., 
Ritchie M.D., Moore J.H., Hsu K.L., Tseng C.D., Liau C.S.,  
Tseng Y.Z. Renin-angiotensin system gene poly-
morphisms and atrial fibrillation. Circulation. 
2004; 109 (13): 1640–1646. DOI: 10.1161/01.
CIR.0000124487.36586.26.

43. Topal N.P., Ozben B., Hancer V.S., Tanrikulu A.M., 
Diz-Kucukkaya R., Fak A.S., Basaran Y., Yesildag O. 
Polymorphisms of the angiotensin-converting enzyme 
and angiotensinogen gene in patients with atrial fibril-
lation. J. Renin Angiotensin Aldosterone Syst. 2011; 
12 (4): 549–556. DOI: 10.1177/1470320311399605.

44. Zhao L.Q., Wen Z.J., Wei Y., Xu J., Chen Z., Qi B.Z., 
Wang Z., Shi Y.Y., Liu S.W. Polymorphisms of re-
nin-angiotensin-aldosterone system gene in Chinese 
Han patients with non-familial atrial fibrillation. 
PLoS One. 2015; 10 (2): e0117489. DOI: 10.1371/
journal.pone.0117489.

45. Tsai C.T., Hwang J.J., Chiang F.T., Wang Y.C.,  
Tseng C.D., Tseng Y.Z., Lin J.L. Renin-angiotensin 
system gene polymorphisms and atrial fibrillation: a 
regression approach for the detection of gene-gene 
interactions in a large hospitalized population. Car-
diology. 2008; 111 (1): 1–7. DOI: 10.1159/000113419.

46. Ravn L.S., Benn M., Nordestgaard B.G., Sethi A.A., 
Agerholm-Larsen B., Jensen G.B., Tybjaerg-Hansen A.  
Angiotensinogen and ACE gene polymorphisms and 
risk of atrial fibrillation in the general population. 
Pharmacogenet. Genomics. 2008; 18 (6): 525–533. 
DOI: 10.1097/FPC.0b013e3282fce3bd. 

47. Liu T., Korantzopoulos P., Xu G., Shehata M., Li D., 
Wang X., Li G. Association between angioten-
sin-converting enzyme insertion/deletion gene poly-
morphism and atrial fibrillation: a meta-analysis. 
Europace. 2011; 13 (3): 346–354. DOI: 10.1093/eu-
ropace/euq407.

48. Ueberham L., Bollmann A., Shoemaker M.B., Arya A.,  
Adams V., Hindricks G., Husser D. Genetic ACE I/D 
polymorphism and recurrence of atrial fibrillation 
after catheter ablation. Circ. Arrhythm. Electro-
physiol. 2013; 6 (4): 732–737. DOI: 10.1161/CIR-
CEP.113.000253.

49. Ma R., Li X., Su G., Hong Y., Wu X., Wang J., Zhao Z.,  
Song Y., Ma S. Angiotensin-converting enzyme 
insertion/deletion gene polymorphisms associat-
ed with risk of atrial fibrillation: A meta-analy-
sis of 23 case-control studies. J. Renin Angioten-
sin Aldosterone Syst. 2015; 16 (4): 793–800. DOI: 
10.1177/1470320315587179. 

50. Kuskaeva A.V., Nikulina S.Yu., Chernova A.A., 
Aksyutina N.V., Kuskaev A.P., Cherkashina I.I. The 
role of the I/D polymorphism of the ACE gene in 
the development of atrial fibrillation. Kardiologiya. 
2018; 58 (2): 5–9. (In Russ.).

51. Feng W., Sun L., Qu X.F. Association of AGTR1 
and ACE2 gene polymorphisms with structural atrial 
fibrillation in a Chinese Han population. Pharmazie. 
2017; 72 (1): 17–21. DOI: 10.1691/ph.2017.6752. 

52. Kim M., Guzik J. A myocardial Nox2 containing 
NAD(P)H oxidase contributes to oxidative stress 
in human atrial fibrillation. Circ. Res. 2005; 97 (7): 
629–636. DOI: 10.1161/01.RES.0000183735.09871.61.

53. Shul’man V.A., Nikulina S.Yu., Dudkina K.V., Voevo-
da M.I., Maksimov V.N., Aksyutina N.V., Cherno- 
va A.A., Zlodeev K.V., Allakhverdyan A.A. NO-syn-
thase gene in atrium fibrillation genesis. Siberian 
Medical Review. 2011; 1 (67): 16–20. (In Russ.).

54. Bedi M., McNamara D., London B., Schwartzman D. 
Genetic susceptibility to atrial fibrillation in patients 
with congestive heart failure. Heart Rhythm. 2006; 3 
(7): 808–812. DOI: 10.1016/j.hrthm.2006.03.002.

55. Fares F., Smith Y., Azzam N., Zafrir B., Lewis B.S., 
Amir O. The 894G Allele of the endothelial nitric 
oxide synthase 3 (eNOS) is associated with atri-
al fibrillation in chronic systolic heart failure. J. 
Atr. Fibrillation. 2012; 5 (4): 757. DOI: 10.4022/ 
jafib.757. 

56. Chen H., Chu H., Shi Y., Bhuyan S.S., Li J.P., Liu S.R., 
Yang J. Association between endothelial nitric ox-
ide synthase polymorphisms and atrial fibrillation: 
a meta-analysis. J. Cardiovasc. Transl. Res. 2012;  
5 (4): 528–534. DOI: 10.1007/s12265-012-9375-6. 

57. Gensini F., Padeletti L., Fatini C., Sticchi E., Gen-
sini G.F., Michelucci A. Angiotensin-converting en-
zyme and endothelial nitric oxide synthase polymor-
phisms in patients with atrial fibrillation. Pacing. 
Clin. Electrophysiol. 2003; 26 (1P2): 295–298. DOI: 
10.1046/j.1460-9592.2003.00036.x.

58. Liggett S.B., Cresci S., Kelly R.J., Syed F.M., Matko- 
vich S.J., Hahn H.S., Diwan A., Martini J.S., Sparks L., 
Parekh R.R., Spertus J.A., Koch W.J., Kardia S.L.R., 
Dorn G.W. A GRK5 polymorphism that inhibits 
beta-adrenergic receptor signaling is protective in 
heart failure. Nat. Med. 2008; 14 (5): 510–517. DOI: 
10.1038/nm1750.

59. Kertai M.D., Li Y.W., Li Y.J., Shah S.H., Kraus W.E., 
Fontes M.L., Stafford-Smith M., Newman M.F., Pod-
goreanu M.V., Mathew J.P. G protein-coupled re-

Bulletin of Siberian Medicine. 2020; 19 (1): 180–189

Ponasenko A.V., Sinitsky M.Y., Khutornaya M.V. Molecular genetic markers of atrial fibrillation



189

Reviews and lectures

ceptor kinase 5 gene polymorphisms are associated 
with postoperative atrial fibrillation after coronary 
artery bypass grafting in patients receiving β-block-
ers. Circ. Cardiovasc. Genet. 2014; 7 (5): 625–633. 
DOI: 10.1161/CIRCGENETICS.113.000451.

60. Liu L., Zhang L., Liu M., Zhang Y., Han X., Zhang 
Z. GRK5 Polymorphisms and Postoperative Atrial 
Fibrillation following Coronary Artery Bypass Graft 
Surgery. Sci. Rep. 2015; 5: 12768. DOI: 10.1038/
srep12768. 

Authors information
Ponasenko Anastasia V., Cand. Sci. (Med.), Head of Laboratory of Genome Medicine, Department of Experimental and 

Clinical Cardiology, Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo. ОRCID 0000-0002-3002-2863.
Sinitsky Maxim Yu., Cand. Sci. (Biology), Researcher of Laboratory of Genome Medicine, Department of Experimental and 

Clinical Cardiology, Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo. ОRCID 0000-0002-4824-2418.
Khutornaya Maria V., Junior Researcher of Laboratory of Genome Medicine, Department of Experimental and Clinical 

Cardiology, Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo. ОRCID 0000-0002-9714-4080.

(*)  Sinitsky Maxim Yu., e-mail: max-sinitsky@rambler.ru.

Received  22.03.2019
Accepted  25.12.2019

__________________________

Бюллетень сибирской медицины. 2020; 19 (1): 180–189


