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Background. Genetic factors play a major role as a risk factor of atrial fibrillation (AF). Genome-wide association
studies have now identified around 140 genetic loci associated with AF. To date, no clinical studies have examined
the relationship between the development of AF and the G844 polymorphism of the NOSI gene, which explains the
relevance of this study, which aimed to investigate the association of the genetic polymorphism G844 in NOSI gene
with AF in patients of the Grodno Region of Belarus.

Material and methods. The study included 91 patients with coronary artery disease who were admitted to the
Grodno State Clinical Cardiology Center. 49 patients (53.8%) had paroxysmal AF, while 42 patients (46.2%) had
sinus rhythm. All patients underwent instrumental, laboratory and molecular genetic testing, including the determining
of the G844 polymorphism of the NOSI gene using the polymerase chain reaction technique.

Results. Patients with AF were predominantly female and had higher BNP levels and larger linear and volumetric
parameters of both atria and left ventricle, as well as higher grades of mitral and tricuspid regurgitation (p<0.05).
In the group of patients with AF, the recessive allele A of the G844 polymorphism was statistically significantly
more common (41.4%) as compared to patients with sinus rhythm (19.3%, p=0.01), while the GG genotype
was statistically significantly less common compared to patients with sinus rhythm (p=0.034). The presence
of the recessive allele A in the genotype was associated with an increased risk of AF (RR=1.92, 95% CI 1.16-3.18,

p=0.03).

Conclusion. A statistically significant predominance of the recessive allele A of the G844 polymorphic variant of
the NOSI gene was found in patients with AF compared to patients with sinus rhythm. This genetic predisposition can
be taken into account in differentiated therapy of patients with cardiac arrhythmias.
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Introduction

Atrial fibrillation (AF) nowadays is the most
frequent type of cardiac arrhythmia [1]. It appears
due to abnormalities in muscle layer of atria. It is
mostly associated with increased heart rate and is
classified into paroxysmal and persistent types
[1]. Paroxysmal AF presents less than 7 days and
persistent presents more than 7 days. In AF due to
abnormal rapid contraction of atria, blood stasis
occurs which promotes thrombus formation in atria.
Multiple social, lifestyle factors and other heart
diseases predisposes to AF and genetics too play a
major role as a risk factor of AF [2].

Genome wide association studies have now
identified around 140 genetic loci associated with
AF [2]. Studies into the effects of several loci and
their tentative gene targets have identified novel
pathways associated with AF development [2].
However further validations of causality are still
needed for many implicated genes. Genetic variants
at identified loci also help predict individual AF risk
and response to different therapies.

The NOSI1 gene is located on the long arm of
chromosome 12 (12q24.22) and includes 33 exons
[3]. To date, more than 100 polymorphisms of the
NOS1 gene are known [3]. The polymorphism
in exon lc of the promoter of this gene, which is
manifested by the substitution of guanine (G) for
adenine (A) in the 84th position of the nucleotide
sequence (rs41279104), has been most fully
investigated. In all likelihood, this substitution

444

contributes to a decrease in the expression of the
NOSI gene: genotype —84AA and allele —84A are
associated with a 30% reduced in vitro and 50% in
vivo expression of neuronal NO synthase, which
may reduce the effectiveness of its physiological
effects in the myocardium [4].

In clinical studies studying this polymorphism,
the presence of the recessive A allele was
significantly associated with the development of
ischemic stroke [5], type 1 diabetes mellitus [6],
post-traumatic gonarthrosis [7], and decreased
vasodilation in myocardial infarction [8].

To date, no clinical studies have been conducted
on the relationship between the development of AF
and the G84A polymorphism of the NOS1 gene,
which explains the relevance of this study.

Aim of the study was to evaluate association
of genetic polymorphism G84A in NOS1 gene in
patients with AF in Grodno Region of Belarus.

Material and methods

The study included 91 patients with chronic
forms of coronary artery disease who were admitted
to the Grodno State Clinical Cardiological Center
for treatment. 49 patients (53.8%) had paroxysmal
AF, while 42 patients (46.2%) had sinus rhythm.

Exclusion criteria from the study were: acute
myocardial infarction, unstable angina, myocarditis,
chronic rheumatic heart disease, valvular pathology
of the heart requiring surgical correction, prosthetic
heart valves, coronary artery bypass grafting, or
coronary angioplasty (less than 3 months before
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enrollment in the study), oncological diseases and
severe concomitant extracardiac pathology.

All patients underwent clinical, laboratory, and
instrumental studies, including the determination of
the G84A polymorphism of the NOS1 gene using
the polymerase chain reaction technique. Venous
blood was used as the test material for studying the
polymorphism. Isolation of human genomic DNA
was carried out using the DNA-Extran-1 reagent kit
(«Synthol», Russian Federation). Each polymorphic
variant of was identified using the corresponding
reagent kit manufactured by «Litekh» (Russian
Federation). DNA amplification was carried out on
a Rotor Gene-Q amplifier («Qiagen», Germany).
The distribution of alleles and genotypes in the
studied groups corresponded to the Hardy-Weinberg
equilibrium (p>0.05).

Echocardiography was performed on Phillips
iE33 device with a multi-frequency sensor
(frequency 2.5-5.0 MHz). The examination was
performed with the patient lying on his left side
with his back to the researcher or on his back. The
study protocol included the following indicators:
left atrium (LA) and right atrium (RA) diameter
in 2-chamber and 4-chamber mode, end-systolic
diameter and end-diastolic diameter (mm) of the
left ventricle (LV), LVEF; assessment of the state
of the valvular apparatus of the heart, degree of
regurgitation on the valves.

Statistical analysis was performed using the
STATISTICA 12.0 software package with a
preliminary check for normal distribution using
a distribution histogram. Quantitative data, the
distribution of which was not normal, were given as
a median, 25% and 75% quartiles. Since most of the
quantitative characteristics did not obey the normal
distribution law, non-parametric methods were used
for comparison. The Mann-Whitney test was used to
assess differences in quantitative traits between two
independent groups. At a significance level of p less
than 0.05, it was believed that the studied indicator
in the compared groups had statistically significant
differences. The study was performed in accordance
with Good Clinical Practice standards and the
principles of the Declaration of Helsinki. Written
informed consent was obtained from all participants
prior to inclusion in the study.

Results

Clinical characteristics of the patients are
presented in Table 1.

Patients with AF and sinus rhythm were
comparable in age (p>0.05). In AF group female
gender was prevalent, while patients with sinus
rhythm were predominantly male (p<0.001). It is
interesting that patients with AF had significantly
higher body mass index (32.7 [29; 36] vs 29.4 [27;
31] kg/m2, p=0.008) and more often had obesity
(51% vs 19%. p=0.001) than patients with sinus
rhythm. Patients of both groups had no difference in
prevalence of hypertension (91% vs 92%, p>0.05)
and diabetes mellitus (8% vs 7%, p>0.05). Patients
with sinus rhythm more often had stable angina (64%
vs 26%, p=0.002), however myocardial infarction
prevalence in both groups was comparable (15%
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Table 1 — Clinical characteristics of patients

Parameters At.rial fibrilla- | Sinus rhythm 0
tion (n=49) (n=42)

Male gender, n (%) 37 (75.5%) 16 (38.1%) <0.001
Age, years 61.6 [54; 68] 60.7 [53; 66] 0.425
Body mass index, 32.7[29; 36] 29.4 [27; 31] 0.008
kg/m2
Obesity, n (%) 25 (51%) 8 (19%) 0.002
Hypertension, n (%) 45 (91.8%) 39 (92.9%) 0.856
Stage 1, n (%) 11 (22.4%) 10 (23.8%) 0.878
Stage 2, n (%) 34 (69.4%) 27 (64.3%) 0.606
Stage 3, n (%) 0 (0%) 2 (4.8%) 0.408
Stable angina, n (%) 13 (26.5%) 27 (64.3%) <0.001
Class 1, n (%) 4 (8.2%) 6 (14.3%) 0.352
Class 2, n (%) 8(16.3%) 19 (45.2%) 0.003
Class 3, n (%) 1 (2%) 2 (4.8%) 0.469
xs};(:r:;fciuz}%l]r)lfarctlon 6 (12.2%) 6 (14.9%) 0.775
?tzzz)etes mellitus, 4.(8.2%) 3(7.1%) 0.856
Heart failure NYHA i
Class
Class 1, n (%) 3(6.1%) 2 (4.8%) 0.777
Class 2, n (%) 37 (75.5%) 36 (85.6%) 0.340
Class 3, n (%) 9 (18.4%) 4(9.6%) 0.368

vs 12%, p>0.05). However, patients of both groups
had no differences in heart failure NYHA Class
(p>0.05).

Laboratory parameters of patients are presented
in Table 2.

Table 2 — Laboratory parameters of patients (Me
[25%;75%])

Parameters Atrial fibrillation Sinus rhythm
(n=49) (n=42) .

RBC, 10%/L 48[43;52] 45[43;48] | 0.053
Hemoglobin, g/L | 142.7 [133.5; 159.2] | 141.1 [132; 149.5] | 0.061
WBC, 10°/L 9.95.6; 7.6] 6.1[48;72] |0.160
ESR, mm/h 11.7 [4; 14.5] 14.8[6:20.25] | 0.069
Urea, mmol/L 6.6[5.3;7.6] 56[4.7,63] | 0.017
Creatinine, 106.8[85;123] | 91.8[78;101.3] | 0.044
umol/L

eGFR, ml/

’ 67.2[51; 82 72.5[57:86] | 0.383
min/1.73m? (515 82] [57; 86]
Cholesterol

OleSterol, 49[3.8;5.9] 56[45:69] |0.113
mmol/L
Glucose, mmol/L 6.6 [5.2; 6.5] 5.8[5.4;6.2] 0.531
Sodium, mEq/L | 142.6 [140.9; 145] | 143.6 [142; 145.7] | 0.428
Potassi
OtassIum, 45[4.2; 4.7 43[4.1:45] |o0.141
mEq/L
BNP, pg/mL 1287.2[571; 1376] | 322[322;322] | 0.004

Abbreviations: RBC — red blood cells; WBC — white blood cells; ESR —
erythrocyte sedimentation rate; eGFR — estimated glomerular filtration

rate; BNP — brain natriuretic peptide.
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Laboratory markers of patients in both groups
had no significant differences except for urea
(p=0.017), creatinine (p=0.044) and BNP levels
(p=0.004). Complete blood count parameters in
both grours were comparable.

Echocardiographic parameters of patients are
presented in Table 3.

According to the results of trannsthoracic
echocardiography,  patients had  significant
differences in volumes in diameters of both atria and
ventricles (p<0.001). Also, patients with AF had
lower LVEF (p=0.001) and higher grades of both
mitral and tricuspid regurgitation (p<0.05), which
can be explained by cardiac remodeling induced by
AF development.

Thedistributionofgenotypeandallele frequencies
for the G84A polymorphism of the NOS1 gene is
presented in Table 4. Thus, it was found that in the
studied sample, the dominant allele G was found in
70.3% of cases and the recessive allele A was found

in 29.7% of cases. The distribution corresponded to
the Hardy-Weinberg equilibrium (y2=1,37, p=0,69).

Table 4 — Frequency distribution of genotypes and
alleles of the G84A polymorphism of the NOSI1
gene (abs./%)

Table 3 — Echocardiographic parameters of patients (Me [25%;75%])

Parameter Atrial fibrillation Sinus rhythm (n=42) p
(n=49)

LA diameter (2 chamber), mm 44.1 [42; 45] 36.8 [34; 39] <0.001
LA diameter (medial to lateral), mm 43.1 [40; 45] 37 [34; 41] <0.001
LA diameter (front to back), mm 60.5 [56; 65] 50.6 [47; 54] <0.001
RA diameter (medial to lateral), mm 41.1[38; 44] 35.2[33; 38] <0.001
RA diameter (front to back), mm 57 [52; 61] 47.6 [45; 50] <0.001
LV ESD, mm 36.9 [49; 55] 32.4[30; 35] <0.001
LV EDD, mm 53.1 [49; 55] 50.5 [48; 54] 0.084
M-mode - -
LV ESV, ml 73.8 [46.75; 65.75] 44.4[35; 51] <0.001
LV EDV, ml 142 [117; 151.5] 148.3 [108; 144] 0.061
LVEF, % 57.2 [56; 60] 64.6 [62; 68] <0.001
B-mode -
LV ESV, ml 73.8 [48.75; 69.75] 41.6 [29.75; 51;75] 0.025
LV EDV, ml 147.2[116; 155] 117 [87; 132] 0.260
LVEF, % 52.6 [49; 58] 64.2 [60; 66] 0.001
Septal thickness (systolic), mm 17 [15; 19] 16.6 [16; 18] 0.833
Septal thickness (diastolic), mm 13.3[12; 15] 12.3[12; 13] 0.034
Posterior wall thickness (systolic), mm 17.4 [16; 19] 16.2 [15; 18] 0.081
Posterior wall thickness (diastolic), mm 12.1[11;13] 11.2[10; 12] 0.015
Right ventricle diameter, mm 26.3 [24; 28] 24.5[23; 26] 0.010
Contractility index 1.1[1; 1] 1[1;1] 0.383
MR grade 1, n (%) 12 (24.5%) 25 (59.5%) 0.002
MR grade 2, n (%) 34 (69.4%) 17 (40.5%) 0.011
MR grade 3, n (%) 2 (4.1%) 0 (0%) 0.778
TR grade 1, n (%) 11(22.4%) 25 (59.5%) <0.001
TR grade 2, n (%) 35 (71.4%) 16 (38.1%) 0.003
TR grade 3, n (%) 2 (4.1%) 0 (0%) 0.778
AR grade 1, n (%) 16 (32.7%) 6(14.3%) 0.042
AR grade 2, n (%) 8 (16.3%) 4(9.5%) 0.519

Abbreviations: LA — left atrium; RA — right atrium; LV — left ventricle; ESD — end-systolic diameter;

EDD — end-diastolic diameter; ESV — end-systolic volume; EDV — end-diastolic volume; LVEF — left

ventricular ejection fraction; MR — mitral regurgitation; TR — tricuspid regurgitation;, AR — aortic

regurgitation.
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Frequency (number / %)
Parameter
Number | %
Genotype (n=91)

GG 47 51.6

GA 34 374

AA 10 11.0

Allele (n=182)

G 128 70.3

A 54 29.7
When  studying  the
frequency of distribution

of genotypes and alleles of
the G84A polymorphism
among patients of the study
groups (Table 5), we found
that in the group of patients
with AF, the recessive allele
A was significantly more
common (41.4%) compared
to patients with sinus rhythm
(19.3%, p=0.01). In the group
of patients with AF, GG
genotype was significantly
less common compared to
patients with sinus rhythm
(p=0.034), while AA
genotype was more common
in AF group compared to
patients with sinus rhythm

(p=0.012).
When assessing
the relative risk of AF

development depending on
the polymorphic variant of
the NOS|1 gene, the following
results were obtained. The
presence of the recessive
allele A in the genotype was
associated with an increased
risk of AF (RR=1.92, 95%
CI 1.16-3.18, p=0.03). At the
same time, the presence of
the G allele in the genotype
reduced the risk of AF
development (RR=0.77, 95%
CI 0.64-0.93, p=0.008), as
did the presence of the GG
genotype (RR=0.64, 95% CI
0.43-0.95, p=0.01).

Discussion

According to literature
data, the frequency of the
dominant G allele of the
G84A polymorphism of the
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Table 5 — Frequency distribution of genotypes and
alleles of the G84A polymorphism of the NOSI1
gene among patients with sinus rhythm and atrial
fibrillation

Frequency (number / %)
A'trla} Sinus rhythm p
Parameter fibrillation (n=42)
(n=49)
Number | % Number %
Genotype
GG 19 40.5 29 66.0 0.034
GA 21 44.6 12 27.2 0.138
AA 7 14.9 3 6.8 0.012
Allele
G 59 58.6 71 80.7
0.010
A 35 414 17 19.3
Hardy-Weinberg
2=0.29
equilibrium X ’ 12=0.12, p=0.73 -
p=0.58
correspondence

NOSI gene in the global population is about 88%,
while the frequency of the recessive A allele is
12% [3]. However, in the European population, this
ratio is 80% to 20%, while in the African and Latin
American populations it is 93% to 7% [3].

In patients without cardiac arrhythmias who
formed the control group in our study, the distribution
of allele frequencies corresponded to the literature
data (80.7% — allele G and 19.3% — allele A). While
in patients with AF, the frequency of the A allele
was significantly higher (41.4%, p=0.01) than in the
general population.

The clinical significance of the G84A
polymorphism of the NOS1 gene has been widely
covered in international scientific studies related to
various branches of medicine, which demonstrates
the crucial role of the nitric oxide synthesis system
in the functioning of all organs and systems of the
body.

It is reported that the presence of the recessive
allele A of the G84A polymorphism of the NOS1
gene in the genotype of patients increased the risk
of type 1 diabetes by 1.49 times (p=0.016) [7]. S.D.
Yoo et al. found that a two-locus combination of the
allele A of the G84A polymorphism of the NOS1
gene and the allele G of the 3238C/G polymorphism
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ACCOINAIUA TEHETHYECKOI'O IOJIMMOP®U3MA G84A
B TEHE NOS1 Y NAIIMEHTOB C ®UBPULISILIUEN IPEJICEPJIUIA

B I'POJJHEHCKOM OBJIACTH
JI. B. Konoueii, M. H. Mupac Axameo, C. T. Camapaxyn

I'poonenckuii cocyoapcmeennuiti meOuyunckuti ynusepcumem, 2. I poono, bBenapyco

Beeoenue. 'enemuueckue gaxkmopsl ueparom 8adcHy poib 6 Kauecmee akmopa pucka Quopuiiayuu npeo-
cepouti (D). IonnocenomHble UCCIEO08aHUs 8 HACMOAWee 8peMs 8blAgUNU 0KoI0 140 cenemuueckux 10Kycos, cés-
saunvix ¢ @I Ha cecoonawnuii 0eHb He Npo8OOUIOCH KIUHUYECKUX UCCIe008aHULL c8A3U MexcOy paszsumuem DPIT u
noaumopguzmom G844 ecena NOSI, umo obvacHaem axmyaibHOCMb OGHHO20 UCCIe008AHUs, 1elbl0 KOMOopOo2o OblLI0
usyuenue accoyuayuu eenemuieckozo noaumoppusma G844 cena NOS1 y nayuenmos ¢ @I1 6 [ poonenckoii obracmu
Pecnybnuxu Benapyce.

Mamepuan u memoowt. B ucciedosanue gxnouen 91 nayuenm ¢ umemuueckoil O0NE3HbI0 cepoya, HaxoOUBUUNCS
Ha aevenuu 6 I poonenckom 2ocyoapcmeenHom KIuHu4eckom Kapouonocuyeckom yeumpe. Y 49 nayuenmos (53,8%)
ovLia napoxcusmanvnas popma PII, y 42 nayuenmos (46,2%) — cunycogeiii pumm. Bcem nayuenmam npogoounucs
UHCMPYMEHMAbHbLE, 1aD0PaMmopHble U MONEKYIAPHO-eeHemudecKue Memoobl UCCIe008aHUS, 8 MOM Yucie onpedeie-
nue nonumoppusma G844 eena NOSI memoodom nonumepasHoil yenHou peakyuu.

Peszynomameor. [layuenmor ¢ @I 6vlau npeumywecmeeHHo HceHCK020 noaa, umenu ooee guvlcokuil ypoeerv BNP u
bonvuiue aunetinbie U 00beMHble Napamempbl KAk npeocepoutl, max u 1e6020 JHcery0ouKd, d maxaice Oonee blCOKYIO
cmeneHb MUMpAIbHOU U mpuxkycnudanerou pecypeumayuu (p<0,05). B epynne nayuenmos ¢ @II peyeccusnvlii aniens
A nonumopgpusma G84A ecmpeuanca cmamucmuuecku snavumo yawe (41,4%) no cpagnenuto ¢ nayuenmamu ¢ cumy-
coevim pummonm (19,3%,; p=0,01), mozoa kax cenomun GG ecmpeuanca cmamucmuyecKu 3Ha4UMo pedxce no cCpasHe-
HUI0 ¢ nayueHmamu ¢ curycogvim pummom (p=0,034). Haruuue peyeccusrnozo annens A 8 cenomune accoyuuposanocs
¢ nogviiennvim puckom @I (RR=1,92; 95% JIH: 1,16-3,18; p=0,03).

Bui600w1. Buisigneno cmamucmuuecku 3nauumoe npeobaadanue peyeccusnozo aineis A norumopgdnozo sapuanma
G844 eena NOS1 y nayuenmos ¢ ®@II no cpagnenuio ¢ nayueHmamu ¢ CUHyCO8bIM pUmmom. [Januyio 2enemuyeckyio
NpeopacnoioHNCeHHOCMb MONCHO YUUmMbleams npu Ou@gepenyuposanHol mepanuu NAYUeHmos8 ¢ HapyueHUIMU cep-
0euno2o pumma.

Knroueswie cnosa: puopunisyus npeocepoutt, een NOS1, eenemuuecxuit nonumoppusm G84A, cunycoswiii pumm

Jna yumuposanusn: Konoyeii JIB, Mupac Axameo MH, Camapaxyn CT. Accoyuayusa cenemuueckozo nonumopguzma G844
6 eene NOSI y nayuenmos ¢ ¢ubpunnsiyueu npedcepouii 6 I poonencroii obnacmu. // JKypnan I'poonenckoeo cocydapcmeeniozo
Mmeouyurckozo yHusepcumema. 2025. T. 23, No 5. C. 444-448. https://doi.org/10.25298/2221-8785-2025-23-5-444-448
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