
45ISSN 0022-9040. Kardiologiia. 2023;63(9). DOI: 10.18087/cardio.2023.9.n2252

ORIGINAL ARTICLES§
Kononov S. I., Azarova Yu. E., Klyosova E. Yu., Bykanova M. A., Solodilova M. A., Polonikov A. V.
Kursk State Medical University, Kursk, Russia

The Protective Effect of Polymorphisms rs2681472  
and rs17249754 of the ATP2B1 Gene Against Coronary Artery 
Disease and Hypertension is Abolished by Tobacco Smoking

Aim	 To study the relationship of single nucleotide polymorphisms rs2681472 and rs17249754 in the 
ATP2B1 gene with risk of ischemic heart disease (IHD) and arterial hypertension (AH) among 
residents of Central Russia and to evaluate the trigger role of smoking as a risk factor for development 
of IHD and AH in carriers of ATP2B1 gene polymorphic variants.

Material and methods	 The study included DNA samples from 1960 residents of Central Russia of Slavic origin. Among 
them, there were 1261 patients with cardiovascular diseases and 699 healthy persons. The vast 
majority of patients had both IHD and AH. Genotyping was performed using the iPLEX technique 
on a MassARRAY-4 genomic mass-spectrometer. The relationship of ATP2B1 alleles, genotypes, and 
haplotypes with the risk of diseases was calculated by logistic regression analysis with adjustments for 
sex and age.

Results	 Carriage of AG and GG (rs2681472) genotypes and GA (rs17249754) genotype was associated with 
a reduced risk of both IHD (p=0.0057 and p=0.022 for rs2681472 and rs17249754, respectively) 
and AH (p=0.016 and p=0.036, respectively). Rare rs2681472G-rs17249754G and rs2681472A-
rs17249754A haplotypes were associated with a reduced risk of IHD (odds ratio, OR, 0.22; 95 % CI: 
0.11–0.46, p=0.0001) and AH (OR, 0.22; 95 % CI: 0.10–0.47, p=0.0001). Analysis of the groups 
stratified by the smoking status showed that in smokers, the studied polymorphic variants did not have 
a protective action with respect of either IHD or AH. However, in non-smokers, the genotypes AG 
and GG rs2681472 (OR, 0.62; 95 % CI: 0.47–0.80, p=0.0004) and GA rs17249754 (OR, 0.61; 95 % 
CI: 0.47–0.81, p=0.0004) were associated with a reduced risk of IHD and AH (OR, 0.63; 95 % CI: 
0.48–0.83, p=0.0004 for rs2681472; OR, 0.63; 95 % CI: 0.48–0.83, p=0.001 for rs17249754), as well 
as the carriage of the minor alleles rs2681472‑G and rs17249754‑A.

Conclusion	 It was shown for the first time that the polymorphic variants rs17249754 and rs2681472 of the ATP2B1 
gene are associated with a reduced risk for IHD and AH only in non-smokers.
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Relevance
Carrying out analysis of the statistics of circulatory diseases 

mortality in the Russian Federation, attention is drawn to the 
fact that this category remains the leading one in the structure 
of causes of death with 640.8 cases per 100 thousand people 
in 2020 [1]. Personalized medicine technologies, such as 
patient genotyping, allows establishing a predisposition to 
development of cardiovascular disease (CVD) [2, 3]. The 
first genome-wide association studies of coronary artery 
disease (CAD) were conducted in 2007, and 161 relevant 
loci had been identified by 2018 [4]. The studies using the 
candidate gene approach identified about 300 genes involved 
in metabolic pathways taking part in the development of this 

disease [5]. Despite the abundance of data, the feasibility of 
further expanding of knowledge in the field of CVD genetics 
is explained by the fact that the results of genome-wide 
association studies should be replicated in various populations 
worldwide in order to identify ethnicity-specific markers of 
disease predisposition. Moreover, genetic diagnostics is a way 
to medicine personalization by the fact that different molecular 
mechanisms may be involved in the development of a certain 
pathology [4].

A significant contribution to the pathogenesis of CAD 
and arterial hypertension (AH) is made by impaired vascular 
tone as a result of high intracellular concentrations of calcium 
transported by plasma membrane Ca2+ ATPase isoform 1 
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(PMCA1), which regulates intracellular calcium homeostasis 
and the production of nitric oxide [6]. Single nucleotide 
polymorphisms (SNPs) rs2681472 and rs17249754 in the 
ATP2B1 gene encoding the above-described PMCA1 protein 
are associated with the risk of development of AH in various 
world populations (Europe, East Asia, East Africa) [7–9]. 
The SNPs of interest are associated with the risk of both CAD 
and AH development [10–14]. In Russia, the association of 
rs2681472 with AH was studied but no associations were 
found [15]. Despite the genetic predisposition, the risk of CVD 
development can vary due to modifiable risk factors, such as 
smoking: gene-environment interaction is characteristic of the 
risk of AH in carriers of one of these variants (rs17249754) [16]. 
Nevertheless, no data were published in the world literature on 
the ability of smoking to neutralize or enhance the genotype 
effect on the risk of CAD development due to this SNP and the 
risk of CAD and AH development due to another polymorphic 
variant in the same gene (rs2681472). Thus, the aim of this 
study was to investigate the association of polymorphisms of 
the ATP2B1 gene (rs2681472 and rs17249754 SNPs) with the 
risk of CAD and AH among the residents of Central Russia and 
to analyze the trigger role of smoking as a CVD risk factor in 
carriers of ATP2B1 polymorphisms.

Material and methods
Sample characteristics

The study was carried out in compliance with all ethical 
principles: Declaration of Helsinki, signed voluntary informed 
consent, approval of the local Ethics Committee of Kursk 
State Medical University. The data from the biobank of the 
Research Institute for Genetic and Molecular Epidemiology 
of Kursk State Medical University accumulated in genetic and 
epidemiological studies of CVD were used in this study [17–
19]. The study included DNA samples and phenotypic data 
from 1960 residents of Central Russia of Slavic origin. Data from 
1261 and 1160 patients with CAD and AH respectively and 699 
healthy individuals were used to analyze the associations of the 
ATP2B1 gene polymorphisms. The vast majority of patients 
(n=1144) had both CAD and AH, which was 98.5 % of persons 
with AH and 90.7 % of patients with CAD. The CAD diagnosis 
included patients with stable angina pectoris and postinfarction 
cardiosclerosis. Stable angina pectoris was diagnosed based 
on the clinical picture of the disease in combination with 
stress tests (treadmill test, bicycle ergometry) and 24‑hour 
ECG monitoring. Persistently increased blood pressure above 
140 / 90 mm Hg or oral antihypertensive therapy with previously 
diagnosed AH was used as a criterion for arterial hypertension. 
The median age of healthy individuals was 60 (55; 66) years 
and the median age of patients with CAD was 61 (55; 67) years 
(p=0.33). Distribution of patients by sex was the following: 447 
male and 252 female patients (64 % versus 36 %) in the control 
group and 809 male and 452 female patients (64 % versus 36 %) 

in the main group. The groups did not differ from each other 
by this parameter (p=0.93). There were fewer smokers among 
healthy people (219 (31.3 %) individuals) than in the main 
group (585 (46.4 %) patients; p=0.0006). Body mass index 
was 26.2 (24.0; 29.6) kg / m2 in the group of healthy individuals 
and 28.5 (25.5; 32.3) g / m2 in the group of patients with CAD 
(p<0.0001). 434 patients (34.4 %) had a history of myocardial 
infarction.

Drug therapy of patients with CAD most of whom had 
AH included an antiplatelet agent (acetylsalicylic acid 75 
mg / day), lipid-lowering drugs (rosuvastatin (5–40 mg / day) 
or atorvastatin (20–40 mg / day) in individual doses sufficient 
to attain target levels of low-density lipoprotein cholesterol), an 
angiotensin-converting enzyme inhibitor (mainly perindopril 
2.5–10 mg / day). A beta-blocker (mainly bisoprolol 2.5–
10 mg / day), a dihydropyridine calcium channel blocker 
(amlodipine 5–10 mg / day) were used as antianginal therapy. 
Patients with congestive heart failure received diuretics: loop 
diuretics (torasemide 2.5–10 mg / day), mineralocorticoid 
receptor antagonists (spironolactone 25–50 mg / day).

Genetic association analysis
SNPs rs2681472 and rs17249754 of the ATP2B1 gene 

were selected based on the known data on their associations 
with the risk of AH [7–9], CAD [10–14], and in relation with 
the biological function of ATP2B1 and its involvement in 
processes related to the pathogenesis of CVD: regulation of 
vascular tone and functional activity of endothelium [6, 20]. 

STUDY COHORT

GENOTYPING

АТР2В1 GENE

SMOKERS NON-SMOKERS

Encodes membrane calcium transporter PMCA1

Genetic association analysis of the predisposition to CAD and AH

Reduced risk of CAD and AH in carriers 
of AG and GG genotypes (rs2681472), GA genotype (rs17249754)

Strati�ed analysis 
in subgroups depending on smoking status

Polymorphisms

No association of the genotype 
with the risk of CAD and AH

Reduced risk of CAD and AH in carriers 
of AG and GG genotypes (rs2681472), 
GА genotype (rs17249754); in carriers 

of the minor alleles rs2681472-G and rs17249754-A

rs2681472 rs17249754

– 1261 patients 
with CAD and AH

– Median age 61 [55; 67] years
– Males – 64 % 

– Smokers – 46 % 

– 669 healthy individuals
– Median age 60 [55; 66] years

– Males - 64 %
– Smokers - 31 %

Central illustration. The Protective Effect 
of Polymorphisms rs2681472 and rs17249754 
of the ATP2B1 Gene Against Coronary Artery Disease 
and Hypertension is Abolished by Tobacco Smoking
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SNP genotyping was performed using the iPLEX technology 
on a genomic mass spectrometer MassARRAY-4 (Agena 
Bioscience, USA). MassARRAY Assay Design Suite (https://
agenacx.com) was used to design the multiplex panel. A 
total of 1954 of 1960 (99.7 %) samples were genotyped for 
rs2681472, and 1952 (99.6 %) samples for rs17249754.

Statistical analysis
The test of the genotype distribution for Hardy-Weinberg 

equilibrium was performed using the Fisher exact test. The 
association of alleles, genotypes, and haplotypes of ATP2B1 
with the risk of diseases was assessed by logistic regression 
with the calculation of odds ratio (OR) and 95 % confidence 
interval (CI) adjusted for sex and age. SNPStats (https://
SNPStats.net) was used to analyze the associations [21]. 
Descriptive statistics and the comparison of the patient group 
and healthy individuals by quantitative parameters were 
performed in Statistica version 13.3 (TIBCO, USA). All 
results of the statistical analysis were considered significant at 
p<0.05.

Results
Genotype frequency distribution of both polymorphisms 

of interest (rs2681472 (p=0.57) and rs17249754 (p=0.63)) 
were in Hardy-Weinberg equilibrium. Table 1 presents the 
frequencies of genotypes of ATP2B1 polymorphisms in patients 
with CAD, as well as patients with AH, and healthy individuals. 
It was found that both ATP2B1 SNPs were associated with the 
risk of CAD and AH. Carriers of the rs2681472 G minor allele 
had a reduced risk of CAD (p=0.0057) and AH (p=0.016). As 
for rs17249754, carriers of the heterozygous GA genotype had 
a reduced risk of both diseases (p=0.022 and p=0.036 for CAD 
and AH, respectively). The rs2681472 G allele was associated 
with a reduced risk of both diseases (p=0.006 and p=0.019 for 
CAD and AH, respectively, Table 1).

The results of the analysis of the associations of ATP2B1 
haplotypes with the risk of CAD and AH are given in Table 2, 
according to which rare haplotypes rs17249754G-rs2681472G 
and rs17249754A-rs2681472A were associated with a reduced 
risk of both CAD and AH (p=0.0001 for CAD and AH) 
independently of sex and age of patients.

Smoking is a known leading risk factor of CVD [22]. In this 
regard, it was of interest to study the effect of smoking on the 
genetic predisposition to the development of CAD and AH in 
individuals with different ATP2B1 genotypes in the subgroups 
stratified by smoking status. The results of analysis are provided 
in Table 3.

The most noteworthy was the complete absence of 
associations of the genotype with the risk of both CAD and AH 
development in a group of smokers. Both polymorphisms were 
associated in non-smokers with reduced risks of both diseases 
(the same genotypes as in the general samples but with higher 

levels of significance, Table 3). Moreover, attention can be 
paid to the association of the rs17249754 A minor allele with 
a reduced risk of both diseases in non-smokers (p=0.01 and 
p=0.021 for the risk of CAD and AH, respectively), while this 
association was not observed in the general patient samples 
(before stratification by smoking status). The protective effect 
of the minor allele of another SNP studied rs2681472 G of the 
ATP2B1 gene on the risk of CAD and AH development was 
more significant in non-smokers (p=0.001 and p=0.003 for the 
risk of CAD and AH respectively, Table 3) compared with the 
analysis results in the general samples (p=0.006 and p=0.019 for 
the risk of CAD and AH respectively, Table 1). The identified 
associations did not depend on the patients’ sex and age.

Discussion

Table 1. Allele and genotype frequencies of the ATP2B1  
gene single nucleotide polymorphisms in the studied groups

Gene 
(SNP)

Geno­
type, 
allele

Healthy 
subjects,  

n (%)1

Patients,  
n (%)1

OR  
(95 % CI)2 p

Associations with coronary artery disease

rs2681472

A/A 492 (70.4) 954 (76.0) 1.00

0.0057A/G 189 (27.0) 278 (22.1) 0.77 
(0.64–0.93)G/G 18 (2.6) 23 (1.8)

N=699 N=1255

G 225 (16.1) 324 (12.9) 0.77 
(0.64–0.93) 0.006

rs17249754

G/G 505 (72.2) 956 (76.3)
1.00

0.022A/A 9 (1.3) 22 (1.8)

G/A 185 (26.5) 275 (21.9) 0.78 
(0.63–0.96)

N=699 N=1253

A 203 (14.5) 319 (12.7) 0.86 
(0.71–1.04) 0.115

Associations with arterial hypertension

rs2681472

A/A 492 (70.4) 870 (75.4) 1.00

0.016A/G 189 (27.0) 261 (22.6) 0.77 
(0.62–0.95)G/G 18 (2.6) 23 (2.0)

N=699 N=1154

G 225 (16.1) 307 (13.3) 0.80 
(0.66–0.96) 0.019

rs17249754

G/G 505 (72.2) 873 (75.8)
1.00

0.036A/A 9 (1.3) 22 (1.9)

G/A 185 (26.5) 257 (22.3) 0.79 
(0.64–0.98)

N=699 N=1152 

A 203 (14.5) 301 (13.1) 0.88 
(0.73–1.07) 0.210

1 Absolute number and % of patients with genotypes or alleles shown.  
2 Odds ratio (95% confidence interval) adjusted for sex and age.
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In the present study, the role of the rs2681472 and 

rs17249754 polymorphisms of the ATP2B1 gene in 
the development of CVDs. such as CAD and AH was 
established. Associations of the SNPs studied with the risk 
of AH development were previously studied in various 
world populations [7–9], however, these associations were 
established in the residents of Central Russia for the first time. 
Known associations with the risk of CAD [10–14] were also 
confirmed in this study for the residents of Central Russia. 
The effect of smoking on the predisposition to CAD for 
rs17249754 and CAD and AH for rs2681472 was established 
for the first time. The findings indicate that smoking is an 
important risk modifier for the development of CVD, the 
contribution of which significantly outweighs the contribution 
of genotypes of the ATP2B1 gene polymorphisms. Reduced 
risk of CAD and AH development in the carriers of rs2681472 
G and rs17249754 A minor alleles was characteristic only of 
non-smokers, while smokers did not have a protective effect 
against CAD and AH given by the genotype.

It is necessary to consider the function of the ATP2B1 
gene to understand the mechanisms by which the SNPs of 
interest influence CVD risk. This gene encodes an ATP-
dependent calcium channel (PMCA1) that provides the 
transfer of calcium ions from the cell [19], which regulates 
vascular tone, and alters the production of nitric oxide in the 
endothelium [6]. It was shown that reduced expression of this 
gene causes an increase in calcium levels in vascular smooth 
muscles, which leads to vasoconstriction and increased blood 
pressure, and some polymorphisms of this gene are associated 
with treatment-resistant arterial hypertension [20]. Both 
ATP2B1 gene SNPs (rs2681472, rs17249754) of interest are 
intronic, and the association with the risk of CVD is assumed 
to be due to their effect on the ATP2B1 gene expression [7], 
which results in changes in vascular reactivity and arterial wall 
stiffness [23, 24], as well as ionic homeostasis. In this context, 
the results of studies showing the relationship of the studied 
ATP2B1 gene polymorphisms with sensitivity to dietary 
salt, calcium and potassium, and sodium retention in the 
body, are of interest [7, 25]. It was shown that carriers of the 
rs17249754 G allele are susceptible to AH only if they have 
low levels of calcium and potassium and high concentration of 
sodium in food [25]. The mechanism of rs2681472 influence 
on the risk of CAD may be associated with the location of 
SNP in the genome region close to the GALNT4 gene that 
encodes the N-acetyl-galactosaminyltransferase 4 involved 
in the modification of glycoproteins and affecting platelets 
and vascular endothelial cells [12]. This fact is confirmed by 
the genomic transcriptomic data of eQTLGen Consortium 
(https://eqtlgen.org) which indicates the association of both 
SNPs with changes in the GALNT4 expression [26].

The link of the established associations with smoking was 
studied earlier in one work and only in relation to rs17249754 

and the risk of AH [16], but the molecular mechanism of 
such interaction remains unknown. It can be assumed that the 
identified gene-environment interaction can be explained by 
the influence of both nicotine or other chemical components 
of tobacco smoke and the product of the gene of interest on 
the same targets: vascular tone and endothelial dysfunction, 
taking into account that the studied polymorphisms can 
change the expression of calcium ion transporter [7]. 
Supposably, the increased expression of this gene leads to a 
decrease in the levels of calcium in vascular smooth muscles, 
which reduces the likelihood of vasoconstriction, normalizes 
the production of nitric oxide [6, 20], but the components 
of tobacco smoke (such as nicotine) negatively affect these 
processes, reducing the bioavailability of nitric oxide [22] 
and provoking vasoconstriction. However, these assumptions 
should be confirmed experimentally.

A certain limitation of this study is the investigation of only 
two described variants, but not the entire spectrum of known 
polymorphisms of the ATP2B1 gene. Besides that, the study 
is based on the principle of including patients predominantly 
having both pathologies (CAD and AH), thus it is incorrect 
to interpret the results for patients with CAD without AH 
based on our findings. This characteristic of the sample can be 
considered, on the one hand, a certain limitation, but on the 
other hand, the sample reflects the characteristics of real-world 
clinical practice, such as the presence of AH in a large number 

Table 2. Haplotype frequencies of the ATP2B1 
gene single nucleotide polymorphisms rs17249754, 
rs2681472 in patients with coronary artery disease, 
arterial hypertension and healthy individuals

Haplotype Haplotype 
frequencies OR  

(95 % CI)1 p
rs17249754 

G>A
rs2681472 

A>G
Healthy 
subjects Patients

Associations with coronary artery disease
Frequent haplotypes

G A 0.84 0.87 1.00 –

A G 0.15 0.13 0.88 
(0.73–1.07) 0.11

Rare haplotypes
G G 0.02 0.002 0.22 

(0.11–0.46) 0.0001
A A 0.002 0.002

N=699 N=1253
Associations with arterial hypertension

Frequent haplotypes
G A 0.84 0.86 1.00 –

A G 0.14 0.13 0.88 
(0.73–1.07) 0.22

Rare haplotypes
G G 0.008 0.003 0.22 

(0.10–0.47) 0.0001
A A 0.002 0.001

N=699 N=1152
1 Odds ratio (95% confidence interval) adjusted for sex and age.
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of patients with CAD. The association of polymorphisms with 
only AH in patients without CAD was already shown earlier in 
multiple studies [7–9] in various populations.

Conclusion
In this study, the association of the rs2681472 and 

rs17249754 polymorphisms of the ATP2B1 gene and the risk 
of CAD and AH development was established in the residents 
of Central Russia for the first time. The carriage of the minor G 

allele of rs2681472 SNP and the rs17249754 GA genotype 
was associated with a reduced risk of these diseases. Smoking is 
an important trigger factor that modifies the association of the 
ATP2B1 gene SNPs with the risk of CAD and AH development, 
by elimination of the protective effect of the genotype in smokers.
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Gene (SNP)
Geno­
type, 
allele

Healthy 
subjects,  

n (%)1

Patients,  
n (%)1

OR  
(95 % CI)2 p

Associations with coronary artery disease
Non-smokers

rs2681472

A/A 320 (67,7) 512 (76,8) 1,00
0,0004A/G 141 (29,8) 143 (21,4) 0,62  

(0,47–0,80)G/G 12 (2,5) 12 (1,8)
N=473 N=667

G 165 (17,4) 167 (12,5) 0,68  
(0,54–0,86) 0,001

rs17249754

G/G 324 (68,5) 513 (76,7)
1,00

0,0004A/A 5 (1,1) 11 (1,6)

G/A 144 (30,4) 145 (21,7) 0,61  
(0,47–0,81)

N=473 N=669

A 154 (16,3) 167 (12,5) 0,73  
(0,58–0,93) 0,01

Smokers

rs2681472

A/A 166 (75,8) 440 (75,2) 1,00
0,96A/G 47 (21,5) 134 (22,9) 0,99  

(0,69–1,43)G/G 6 (2,7) 11 (1,9)
N=219 N=585

G 59 (13,5) 156 (13,3) 0,99  
(0,72–1,36) 0,94

rs17249754

G/G 175 (79,9) 441 (75,9)
1,00

0,27A/A 4 (1,8) 11 (1,9)

G/A 40 (18,3) 129 (22,2) 1,25  
(0,84–1,85)

N=219 N=581

A 48 (11,0) 151 (13,0) 1,21  
(0,86–1,70) 0,27

Table 3. Allele and haplotype frequencies of the ATP2B1 gene polymorphisms in patients with coronary artery  
disease, arterial hypertension and healthy individuals, residents of Central Russia, in smoker and non-smoker subgroups

1 Absolute number and % of patients with genotypes or alleles shown.
2 Odds ratio (95% confidence interval) adjusted for sex and age.

Gene (SNP)
Geno­
type, 
allele

Healthy 
subjects,  

n (%)1

Patients,  
n (%)1

OR  
(95 % CI)2 p

Associations with arterial hypertension
Non-smokers

rs2681472

A/A 320 (67,7) 481 (76,2) 1,00
0,0004A/G 141 (29,8) 138 (21,9) 0,63  

(0,48–0,83)G/G 12 (2,5) 12 (1,9)
N=473 N=631

G 165 (17,4) 162 (12,8) 0,70  
(0,55–0,88) 0,003

rs17249754

G/G 324 (68,5) 482 (76,2)
1,00

0,001A/A 5 (1,1) 11 (1,7)

G/A 144 (30,4) 140 (22,1) 0,63  
(0,48–0,83)

N=473 N=633 

A 154 (16,3) 162 (12,8) 0,75  
(0,59–0,96) 0,021

Smokers

rs2681472

A/A 166 (75,8) 440 (75,2) 1,00
0,96A/G 47 (21,5) 134 (22,9) 0,99  

(0,69–1,43)G/G 6 (2,7) 11 (1,9)
N=219 N=585

G 59 (13,5) 156 (13,3) 0,99  
(0,72–1,36) 0,94

rs17249754

G/G 175 (79,9) 441 (75,9)
1,00

0,27A/A 4 (1,8) 11 (1,9)

G/A 40 (18,3) 129 (22,2) 1,25  
(0,84–1,85)

N=219 N=581

A 48 (11,0) 151 (13,0) 1,21  
(0,86–1,71) 0,27
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