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ABSTRACT
Essential arterial hypertension (EAH) is a polygenic disease due to environmental, 
genetic, and epigenomic factors. The study aimed to establish the association of  
single nucleotide polymorphism (SNP) of  AGTR1 (rs5186) and VDR (rs2228570) 
genes with the blood pressure (BP) elevation in EAH patients. 100 EAH subjects 
with hypertensive-mediated organ damaging (2nd stage), moderate, high, or very high 
cardiovascular risk were recruited into the case-control study. There were 70.83% 
females and 29.17% males, mean age 57.86±7.81 y.o. The control group included 60 
healthy individuals of  relevant age and gender distribution. Estimation of  AGTR1 
(rs5186) and VDR (rs2228570) gene polymorphism was performed by Real-Time 
Polymerase Chain Reaction. In EAH patients, the AGTR1 gene (rs5186) mutation 
occurs with a frequency of  2.78% in the absence of  such among healthy individuals. 
The VDR (rs2228570) gene mutation occurs with a frequency of  23% cases. The 
C-allele carriers’ (AGTR1 gene) numbers with 2nd and 3rd BP values degree dominate 
over AA-genotype patients by 25.32% (χ2=4.52; р=0.033). VDR gene (rs2228570) 
polymorphic variants do not link to BP elevation values. Thus, the C-allele of  the 
AGTR1 gene (rs5186) is associated with BP elevation in hypertensive patients. BP 
values do not depend on VDR gene (rs2228570) polymorphic variants.
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INTRODUCTION

Essential arterial hypertension (EAH) affects about 25–43% of  the population worldwide. Medical experts estimate that EAH is the 
most common disease globally: from 1 billion people in 2000 to 1,6 billion in 2025 [1–3]. Also, EAH is one of  the most important 
cardiovascular and metabolic risk factors. As a polygenic disease, arterial hypertension occurs due to the environmental and genetic 
predictors interactions in linkage with epigenomic structures. Most of  the genetic variations associated with EAH that were collected in 
Genome-Wide Association Studies (GWASs) [4–5], where SNPs which play the role of  possible biomarkers for hypertension screening 
[5–8]. The renin-angiotensin-aldosterone system (RAAS) is a complex multilevel mechanism regulating vascular tone, metabolic ho-
meostasis, water, and electrolyte balance. Therefore, the study of  RRAS components, particularly the vasoconstrictor’s genetic marker 
like angiotensin II receptor type 1 (AGTR1) and metabolic regulator – vitamin D receptor (VDR), is essential for the future preven-
tion of  possible EAH progression and complications. Several studies have shown the association of  AGTR1 (1166A>C, rs5186) gene 
polymorphism with hypertension, vasoconstriction, and sodium retention in the body [9, 10]. Recent studies have demonstrated that 
vitamin D deficiency is associated with skeletal diseases and other chronic pathologies, including cardiovascular disease (CVD) and 
EAH. Vitamin D may downregulate the RAAS system activity and might be a possible key factor of  blood pressure (BP) control [11]. 
Some studies have found that low vitamin D levels may be associated with EAH, high BP, gestational hypertension, and preeclampsia 
[12–16]. Wang L. et al. [17] found that VDR polymorphisms BsmI and FokI are linked to hypertension in the US population. Even 
though genetic predictors of  RAAS activity, including EAH, have been studied widely throughout the last decade [1, 10, 18–22], a 
number of  them remain unexplored, especially in the Ukrainian population. 

The study aimed to establish the association of  SNP polymorphism of  AGTR1 (rs5186) and VDR (rs2228570) genes with the BP 
elevation values in EAH patients.

MATERIAL AND METHODS

Hypertension was defined as office systolic blood pressure values ≥140 mmHg and/or diastolic BP (SBP, DBP) values ≥90 mmHg at least 
for three measurements during a month, according to national and European Societies of  Hypertension and Cardiology (ESH/ESC, 
2016, 2018) recommendations requirement. All enrolled patients were observed by family physicians and cardiologists and underwent 
a complex of  basic examinations: general clinical analyses of  CBC, cholesterol panel, Body Mass Index (BMI, kg/m2) for evaluation 
of  overweight and abdominal obesity, Waist Circumference (WC), Waist-to-Hip ratio (WHR), ECG and EchoCG. After screening for 
inclusion and exclusion criteria, 100 patients were selected: 70.84% women, 29.16% men, with average age 57.86±7.81 years old. 
Inclusion criteria: the study included patients with EAH stage II, 1–3 grades of  BP elevation, moderate, high, and very high cardio-
vascular risk (according to ESC recommendation Guidelines 2018); aged 40–70 years. Exclusion criteria were described in our former 
publications [19–21, 23]. We excluded patients with EAH stage III, with chronic heart failure of  the functional class higher than II 
(NYHA III-IV); secondary arterial hypertension; type I diabetes mellitus, sub- and decompensated type 2 diabetes mellitus (with dam-
age of  the target organs); malignant or uncontrolled EAH; sub- and decompensated liver diseases (level of  aspartate aminotransferase, 
alanine aminotransferase three times higher than the normal); bronchial asthma, chronic obstructive pulmonary disease stage III-IV; 
exacerbation of  infectious diseases; mental disorders; oncological diseases; taking oral corticosteroids or contraceptives; pregnancy, or 
lactation. The control group included 60 healthy individuals: 62.5% women and 37.5% men, with an average age of  57.86±7.81 years 
old. Subjects of  both groups did not differ by gender and age (p>0.05). The genotyping of  the analyzed gene polymorphisms was per-
formed by Real-Time Polymerase Chain Reaction (RT-PCR) using the RT-PCR system CFX96 Touch™ (BioRad, USA). Vacutainer 
tubes containing ethylenediaminetetraacetic acid were used to collect the venous blood of  the examined. Extraction of  DNA from the 
nuclei of  lymphocytes of  patients was performed according to the Thermo Scientific GeneJET Genomic DNA Purification Kit (Ther-
mo Fisher Scientific, USA), as described in our former publications [19–21, 23]. Alleles discrimination of  AGTR1 (rs5186) and VDR 
(rs2228570) gene polymorphisms were provided by licensed computer Software Bio-Rad RealTime (Microsoft, USA). The genotype 
detection results of  AGTR1 (rs5186) and VDR (rs2228570) genes are given in Figures 1 and 2. AGTR1 gene analysis was provided for 
72 EAH patients and 48 healthy subjects, VDR gene – for 100 EAH patients and 60 healthy people. 

Statistical analysis was performed using StatSoft Statistica v. 7.0 (USA) software. Pearson’s criterion (χ2) was used for the genotypes dis-
tribution comparison. Analysis of  qualitative data (categorical variables), risk of  pathology development was assessed by a binary logistic 
regression model using relative risk (RelR). Risk ratio (RR) was estimated by odds ratio (OR) with 95% confidence interval [95% CI] 
using a chi-square test (χ2) (df=1). Quantitative data was calculated using a Student’s t-test (two-tail distribution and equal variances 
between the two samples) based on the triplicate values for each gene genotype. The Wilcoxon-Mann-Whitney U-test was applied in 
case of  uneven data distribution (according to W-Shapiro-Wilk or Kolmogorov-Smirnov test results). Differences were regarded as 
significant at p values <0.05.

RESULTS 

Genotypes and allele distribution of  AGTR1 (rs5186) and VDR (rs2228570) genes polymorphism in patients and in the control group 
did not significantly differ (Table 1). The wild A-allele of  AGTR1 (rs5186) gene dominated over the C-allele: in EAH patients 3.8 times 



© 2021 JOURNAL of  MEDICINE and LIFE. VOL: 14 ISSUE: 6 NOVEMBER-DECEMBER 2021 784

JOURNAL of MEDICINE and LIFE

[OR=14.44; 95%OR: 8.18-25.50; р<0.001], in the control group 5.9 times [OR=34.31; 95%OR: 15.39-76.47; р<0.001]. The occur-
rence of  minor A-allele of  VDR (rs2228570) gene was by 4% less frequent than G-allele in the study group (p>0.05) and by 5.33% less 
frequent than in the control group (p>0.05).

The anthropometric and hemodynamic parameters depending on polymorphic variants of  the AGTR1 (rs5186) gene are presented 
in Table 2. We found higher SBP, DBP values in C-allele patients (AGTR1, rs5186) than in AA-genotype carriers (р<0.05). No signif-
icant difference in anthropometric parameters depending on the AGTR1 (rs5186) gene genotypes was established. At the same time, 

Figure 1. Alleles discrimination of the AGTR1 gene polymorphism (1166A>C). ο Allele 1 – homozygous carriers of the A-allele; • Allele 2 – ho-
mozygous carriers of the C-allele; Δ Heterozygote – carriers of AC genotype; ◊ None - indefinite.

Figure 2. Alleles discrimination of the VDR gene (rs2228570) polymorphism. ο Allele 1 – homozygous carriers of the A-allele; 
• Allele 2 – Allele 2 - homozygous carriers of the G-allele; Δ Heterozygote – Heterozygote - carriers of AG-genotype; ◊ None - indefinite.
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Genotypes, alleles, n (%) Study group, (%) Control group, (%) OR 
[95% CI] χ2 p

AGTR1 gene (rs5186)

AGTR1 (1166A>C), 
n (%)

A 44 (61.11) 34 (70.83) 0.65
[0.30-1.41]

χ2=1.20  
p>0.05

AC 26 (36.11) 14 (29.17) 1.37
[0.62-3.01]

χ2<1.0  
p>0.05

CC 2 (2.78) 0 - -

AGTR1 (1166A>C), 
n (%)

A-allele 114 (79.17) 82 (85.42) 0.65
[0.32-1.30] χ2=1.50  

p>0.05
C-allele 30 (20.83) 14 (14.58) 1.54

[0.77-3.09]

VDR gene (rs2228570)

VDR (A/G),  
n (%)

GG 27 (27.0) 14 (23.33) 1.21
[0.58-2.56]

χ2<1.0  
p>0.05

AG 50 (50.0) 28 (46.67) 1.14
[0.60-2.17]

χ2<1.0  
p>0.05

AA 23 (23.0) 18 (30.0) 0.70
[0.33-1.43]

χ2<1.0  
p>0.05

VDR (A/G),  
n (%)

G-allele 104 (52.0) 56 (46.67) 1.24
[0.77-1.95] χ2<1.0 

p>0.05
A-allele 96 (48.0) 64 (53.33) 0.81

[0.51-1.27]

OR – odds ratio; CI – Confidence Interval; p – significance of differences.

Table 1. Genotypes and alleles distribution of AGTR1 (rs5186) and VDR (rs2228570) genes polymorphism in observed subjects.

Table 2. The anthropometric and hemodynamic parameters depending on AGTR1 (rs5186) gene polymorphic variants, M±m.

Values AGTR1 gene genotypes in the control group
AGTR1 gene genotypes in the study group

AA- AC+CC-

SBP, mm Hg

AA- 117.11±1.14
150.83±2.12

p<0.001 

159.80±2.77  
p<0.001  
pAA<0.05AC+CC- 115.72±2.02

DBP, mm Hg

AA- 77.10±1.14
92.60±1.07  

p<0.001

97.0±1.85  
p<0.001  
pAA<0.05AC+CC- 74.30±2.97

Body mass index, kg/M²

M

AA- 27.19±1.49

30.09±1.44 33.09±2.27

AC+CC- 29.85±3.36

F

AA- 25.08±1.24
31.79±0.99  

p<0.001
32.50±1.28  

p<0.05
AC+CC- 26.0±3.42
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SBP – systolic blood pressure; DBP – diastolic blood pressure; M – males; F – females; p – significance of differences with control group; pAA – sig-
nificance of differences with AA-genotype carriers.

Values AGTR1 gene genotypes in the control group
AGTR1 gene genotypes in the study group

AA- AC+CC-

Waist Circumference, cM
AA- 92.37±2.46

102.30±1.97  
p=0.003

103.48±2.37  
p=0.008

AC+CC- 86.09±2.58

Waist-to-Hip Ratio

AA- 0.87±0.02
0.92±0.02  

p<0.05
0.93±0.02  

p<0.05
AC+CC- 0.82±0.05

Table 2. Continued,.

Values VDR gene genotypes  
in the control group

VDR gene genotypes in the control group

AA AG GG

SBP, mm Hg

AA 116.67±1.57

157.0±4.36  
p<0.001

152.60±2.32  
p<0.001

150.20±2.81  
p<0.001AG 115.0±1.33

GG 118.57±2.14

DBP, mm Hg

AA 76.67±1.0

95.35±2.15  
p<0.001

93.90±1.53  
p<0.001

94.0±1.34  
p<0.001AG 74.29±1.52

GG 78.57±2.14

Body mass index, 
kg/M²

M

AA 27.20±2.69

30.02±2.21 29.40±1.43 35.40±2.71  
p<0.05AG 28.20±1.37

GG 27.10±2.69

F

AA 28.38±0.63

32.10±0.94  
p=0.013

31.27±1.33  
p=0.011

32.04±1.48  
p=0.042AG 26.65±2.36

GG 28.88±0.77

Waist Circumference, cM

AA 87.0±1.75

99.87±2.05  
p<0.001

99.36±2.13  
p<0.001

105.90±2.45  
p=0.012  

pAA=0.039  
pAG=0.014

AG 86.86±2.77

GG 99.0±1.65  
pAA=0.025

Waist-to-Hip Ratio

AA 0.87±0.03

0.91±0.02  
p<0.05

0.90±0.02  
p=0.008

0.93±0.01  
pAG=0.052

AG 0.83±0.02

GG 0.92±0.01  
pAG=0.007

Table 3. The anthropometric and hemodynamic parameters depending on VDR (rs2228570) gene polymorphic variants, M±m.

SBP – systolic blood pressure; DBP – diastolic blood pressure; M – males; F – females; p – significance of differences with control group; pAA, pAG – sig-
nificance of differences with AA-genotype or AG-genotype carriers.
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Figure 3. The network of AGTR1 and VDR gene-gene interactions.

the value of  SBP and DBP, BMI in women, WC, and WHR in patients dominated the control group for the corresponding genotype 
by 10.75–38.09% (p<0.05). No reliable differences were obtained in SBP, DBP, BMI, WHR values depending on VDR (rs2228570) 
gene polymorphic variants (Table 3). Almost all the parameters mentioned above significantly exceeded those in the control group. 
In patients and healthy GG-genotype carriers the WC value was higher than in A-allele patients by 6.04% (pAA=0.039) and 6.58% 
(pAG=0.014), in healthy individuals – by 13.79% (pAA=0.025), respectively. The WHR in healthy GG-genotype carriers was higher 
than in AG-genotype carriers by 10.84% (pAG=0.007), in patients – by 3.33% (pAG>0.05). One-way ANOVA analysis did not confirm 
the association of  the VDR gene (rs2228570) with the anthropometric and hemodynamic parameters. We built a network of  AGTR1 
(1166A>C) and VDR (A/G) gene interactions using GeneMania, as well as the functional relationships in the constellation of  physical 
interaction, co-expression, co-localization, genetic interaction, shared protein domains, and prediction of  such possible interactions 
(Figure 3). Hypotheses about the functional interaction of  genes through vasoconstriction, hormone receptor binding, nuclear hormone 
receptor binding, response to lipids, regulation of  blood vessel size (vascular wall thickness), vascular processes in the circulatory system, 
regulation of  the vascular tube size etc were formed after taking into account the priority of  links. The strongest functional links in at 
least 3–4 functional areas of  interaction were observed with the genes HTR2B, BDKRB2, RXRA, JAK2, LEF1 [24–28].

Table 4. Blood Pressure values depending on polymorphic variants of the AGTR1 (rs5186) gene.

SBP/DBP – systolic/diastolic blood pressure; OR – odds ratio; 95%CI – Confidence Intervals; p – significance of differences.

Blood pressure values,
mm Hg

AGTR1 gene genotypes, n=72 (%) OR 
[95% CI] χ2 p

AA-genotype AC-, CC-genotypes

SBP/DBP, n (%)

130–139/80–89, n=10 8 (18.18) 2 (7.14) 0.35
[0.07-1.37]

χ2<1.0  
p>0.05

1st degree of 
hypertension, 

140–159/90–99, n=32
22 (50.0) 10 (35.71) 0.56

[0.21-1.47]
χ2=1.41  
p>0.05

2nd, 3rd degrees of 
hypertension,

 ≥160/≥100, n=30
14 (31.82) 16 (57.14) 2.86

[1.07-7.62]
χ2=4.52  
p=0.033
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The number of  C-allele carriers of  AGTR1 gene (1166A>C) with the 2nd and 3rd degrees value of  BP dominates over AA-genotype 
patients by 25.32% (χ2=4.52; р=0.033) (Table 4). However, AA-genotype patients with high normal BP and the 1st BP grade prevails 
over the C-allele carriers but insignificantly. The number of  patients with the 2nd and 3rd BP elevation degrees does not depend on VDR 
gene (rs2228570) polymorphic variants (Table 5).

DISCUSSION

Mutations in the genes encoding RAAS are being actively studied worldwide, but their role in the pathogenesis of  EAH is not en-
tirely elucidated [1, 4, 5, 8, 9, 11]. Numerous studies have shown the association of  AGTR1 gene 1166A>C (rs5186) polymorphism 
with arterial hypertension, vasoconstriction, and sodium retention in the body [9, 10]. We have found a linkage between the C-allele 
of  AGTR1 gene (rs5186) and EAH severity, but much less association between the minor A-allele of  VDR gene (rs2228570) and 
severe EAH course. In some research, no association of  the VDR gene with vitamin D levels has been established yet. On the other 
hand, they have found correlations of  the VDR gene with plasma renin concentration [13]. Swapna N. et al. [29] suggested that 
VDR FokI polymorphism is an EAH risk factor in the population of  India. In our former studies, we proved the association of  BP 
elevation with some genetic polymorphisms [10, 19–21, 23]. Lopez-Mayorga et al. did not confirm the linkage of  VDR gene three 
polymorphisms with cardiometabolic risk. However, the study was performed on children [30]. Nevertheless, the conclusion about 
the association of  AGTR1 (rs5186) and VDR (rs2228570) with EAH is questionable and differs in populations due to various designs 
and patterns of  research [31]. However, further studies might support this issue. A possible limitation of  the study is the number of  
enrolled subjects.

CONCLUSION

The C-allele of  the AGTR1 gene (rs5186) is associated with BP elevation in hypertensive patients. BP values do not depend on VDR 
gene (rs2228570) polymorphic variants. BMI, WC, and WHR do not depend on AGTR1 (rs5186) gene polymorphism. Although, the 
GG-genotype of  the VDR gene (rs2228570) is associated with higher WC in both hypertensive and healthy subjects

ACKNOWLEDGMENTS

Conflict of Interest
The authors declare that there is no conflict of  interest.

Ethics approval
The work was performed according to the requirements for research of  the Statute of  the Ukrainian Association for Bioethics and the 
GCP norms (1992), requirements and norms of  ІСН GLP (2002), ethical standards in the Helsinki Declaration of  1975, as revised 
in 2008, typical ethics provisions of  the Ministry of  Public Health of  Ukraine 66 dated February 13, 2006. The study protocol was 
approved by the Ethics Committee on Biomedical Research of  BSMU (protocol biological medical ethical review No. 7 dated May 17, 
2018, chairmen – MD, professor Zamorskyi I.I). 

Table 5. Blood Pressure values depending on polymorphic variants of the VDR (rs2228570) gene.

SBP/DBP – systolic/diastolic blood pressure; OR – odds ratio; 95%CI – Confidence Intervals; p – significance of differences.

Blood pressure values,
mm Hg

VDR gene genotypes, n=100 (%)
χ2 p

AA-genotype AG-genotype GG-genotype

SBP/DBP, n (%)

130–139/80–89, n=10 2 (8.70) 5 (10.0) 3 (11.11) χ2<1.0  
p>0.05

1st degree of 
hypertension, 

140–159/90–99, n=52
10 (43.48) 28 (56.0) 14 (51.85) χ2<1.0  

p>0.05

2nd, 3rd degrees of 
hypertension,

 ≥160/≥100, n=38
11 (47.83) 17 (34.0) 10 (37.04) χ2=1.29  

p>0.05



© 2021 JOURNAL of  MEDICINE and LIFE. VOL: 14 ISSUE: 6 NOVEMBER-DECEMBER 2021789

JOURNAL of MEDICINE and LIFE

Consent to participate
Written informed consent was obtained from the patients.

Personal thanks
The authors thank all participants of  this study.

Authorship 
LS, MS contributed to the study conception and design, data extraction, and the drafting of  the manuscript; MS, AS equally contrib-
uted to data extraction, quality assessments, analysis of  data, and the drafting of  the manuscript. VD, OK, RS, IS contributed to data 
extraction, quality assessments, and data analysis. MS, VS, VD, RS, AS contributed to quality assessments and analysis of  data. LS, 
NM, OB, IS contributed to the analysis and interpretation of  the descriptive data. M.S. (corresponding author) contributed to the study 
conception and design and the critical revision. All authors have read and approved the final manuscript.

REFERENCES

1. Charoen P, Eu-ahsunthornwattana JS, Thongmung N,  
Jose PA, et al. Contribution of  Four Polymorphisms in  
Renin-Angiotensin-Aldosterone-Related Genes to 
Hypertension in a Thai Population. International Journal 
of  Hypertension. 2019; 2019(Article ID 4861081): 8 pages. 
https://doi.org/10.1155/2019/4861081.

2. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, 
Burnier M, Clement DL, Coca A, Simone G, Dominiczak A, 
Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A,  
Kerins M, Kjeldsen S, Kreutz R, Laurent S, Lip GYH, 
McManus R, Narkiewicz K, Ruschitzka F, Schmieder RE, 
Shlyakhto E, Tsioufis C, Aboyans V, Desormais I, ESC 
Scientific Document Group, 2018 ESC/ESH Guidelines for 
the management of  arterial hypertension: The Task Force for 
the management of  arterial hypertension of  the European 
Society of  Cardiology (ESC) and the European Society of  
Hypertension (ESH), European Heart Journal,  
Volume 39, Issue 33, 2018, 3021–3104 

3. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, 
Callaway CW, Carson AP, Chamberlain AM, Chang AR, 
Cheng S, Delling FN, Djousse L, Elkind MSV, Ferguson JF,  
Fornage M, Khan SS, Kissela BM, Knutson KL, Kwan TW,  
Lackland DT, Lewis TT, Lichtman JH, Longenecker CT, 
Loop MS, Lutsey PL, Martin SS, Matsushita K, Moran AE,  
Mussolino ME, Perak AM, Rosamond WD, Roth GA, 
Sampson UKA, Satou GM, Schroeder EB, Shah SH,  
Shay CM, Spartano NL, Stokes A, Tirschwell DL, 
VanWagner LB, Tsao CW; American Heart Association 
Council on Epidemiology and Prevention Statistics 
Committee and Stroke Statistics Subcommittee. Heart 
Disease and Stroke Statistics-2020 Update: A Report From 
the American Heart Association. Circulation.  
2020 Mar 3;141(9):e139-e596. 

4. Eikelis N, Marques FZ, Hering D, Marusic P, Head GA, 
Walton AS, Lambert EA, Esler MD, Sari CI, Schlaich MP,  
Lambert GW. A polymorphism in the noradrenaline 
transporter gene is associated with increased blood pressure in 
patients with resistant hypertension. J Hypertens.  
2018 Jul;36(7):1571-1577 

5. Zhao Z, Gong C, Gong C, Gao Y, Liu X, Wu S, Zhao H,  
Wang X, Liu H, Xiao C, Liu J, Li J, He Y. Association 
between Single Nucleotide Polymorphisms in Cardiovascular 
Developmental Critical Genes and Hypertension: A 
Propensity Score Matching Analysis. International Journal of  
Hypertension 2020; 2020, 8 pages.  
https://doi.org/10.1155/2020/9185697.

6. Dainis AM, Ashley EA. Cardiovascular precision medicine 
in the genomics era. JACC: Basic to Translational Science 
2018;3(2):313-326.  
https://doi.org/10.1016/j.jacbts.2018.01.003.

7. Fiatal S, Ádány R. Application of  single-nucleotide 
polymorphism-related risk estimates in identification of  
increased genetic susceptibility to cardiovascular diseases: a 
literature review. Frontiers in Public Health 2017; 5(5):358. 
https://doi.org/10.3389/fpubh.2017.00358.

8. Padmanabhan S, Caulfield M, Dominiczak A.F. 
Genetic and molecular aspects of  hypertension.
CirculationResearch.2015;116(6):937-959.  
https://doi.org/10.1161/CIRCRESAHA.116.303647.

9. Chandra S, Narang R, Sreenivas V, Bhatia J, Saluja D, 
Srivastava K. Association of  angiotensin II type 1 receptor 
(A1166C) gene polymorphism and its increased expression in 
essential hypertension: a case-control study.  

PLoS 2014; 9(7): Article ID e101502.  
https://doi.org/10.1371/journal.pone.0101502.

10. Sydorchuk LP, Amosova KM. Influence of  
pharmacogenetically determined treatment on  
parameters of  peripheral hemodynamics in patients  
with arterial hypertension.  
The New Armenian Medical J 2011; 5 (2):35-43.

11. McMullan CJ, Borgi L, Curhan GC, Fisher N, Forman 
JP. The effect of  vitamin D on renin-angiotensin system 
activation and blood pressure: a randomized control trial. J 
Hypertens 2017; 35:822-829.

12. Jia J, Shen C, Mao L, Yang K, Men C, Zhan Y. Vitamin 
D receptor genetic polymorphism is significantly associated 
with decreased risk of  hypertension in a Chinese Han 
population. J Clin Hypertens (Greenwich) 2014; 16:634-639.

13. Nunes IF de OC, Pinho FA de, Cruz M do SP e, Paiva 
A de A, Carvalho CMRG de. Influence of  Polymorphism of  
Vitamin D Receptor (Fok I) on Hypertension. Braz arch biol 
technol. 2020;63:e20190403.  
doi:10.1590/1678-4324-2020190403.

14. Caccamo D, Cannata A, Ricca S, Catalano LM, 
Montalto AF, Alibrandi A, Ercoli A, Granese R. Role of  
Vitamin-D Receptor (VDR) single nucleotide polymorphisms 
in gestational hypertension development: A case-control study. 
PLoS One. 2020 Nov 13;15(11):e0239407.

15. Farajian-Mashhadi F, Eskandari F, Rezaei M, Eskandari F,  
Najafi D, Teimoori B, Moradi-Sharbabak M, Salimi S. 
The possible role of  maternal and placental vitamin D 
receptor polymorphisms and haplotypes in pathogenesis of  
preeclampsia. Clin Exp Hypertens. 2020;42(2):171-176.  
doi: 10.1080/10641963.2019.1601203 

16. Rezavand N, Tabarok S, Rahimi Z, Vaisi-Raygani 
A, Mohammadi E, Rahimi Z. The effect of  VDR gene 
polymorphisms and vitamin D level on blood pressure, risk 
of  preeclampsia, gestational age, and body mass index. J Cell 
Biochem 2019;120(4):6441-6448. doi: 10.1002/jcb.27934.

17. Wang L, Ma J, Manson JE, Buring JE, Gaziano JM, Sesso 
HD. A prospective study of  plasma vitamin D metabolites, 
vitamin D receptor gene polymorphisms, and risk of  
hypertension in men. Eur J Nutr 2013;52:1771-1779.  
doi: 10.1007/s00394-012-0480-8.

18. Liu Z, Qi H, Liu B, Liu K, Wu J, Cao H, Zhang J, Yan 
Y, He Y, Zhang L. Genetic susceptibility to salt-sensitive 
hypertension in a Han Chinese population: a validation study 
of  candidate genes. Hypertens Res 2017; 40(10):876-884. 
doi:10.1038/hr.2017.57.

19. Sydorchuk L, Dzhuryak V, Sydorchuk A, Levytska S, 
Petrynych V, Knut R, Kshanovska A, Iftoda O, Tkachuk O,  
Kyfiak P, Popovich A, Khomko O, Sydorchuk R. The 
cytochrome 11B2 aldosterone synthase gene rs1799998 single 
nucleotide polymorphism determines elevated aldosterone, 
higher blood pressure, and reduced glomerular filtration, 
especially in diabetic female patients. Endocr Regul. 2020 
July 1;54(3):217-226. doi: 10.2478/enr-2020-0024.

20. Sydorchuk LP, Serdulets YI, Sydorchuk AR, Fediv O, 
Havrysh L, Teleki Y, Kshanovska A, urubarova-Leunova N, 
Lekhai D. The polymorphism of  matrilin-3 (rs77245812) and 
interleukin-10 (rs1800872) genes in osteoarthritis patients 
with arterial hypertension, obesity and type 2 diabetes 
mellitus. Arch Balk Med Union 2017; 52:422-429.

21. Dzhuryak V, Sydorchuk L, Sydorchuk A, Kamyshnyi A, 
Kshanovska, A, Levytska A, Knut R, Sheremet M,  
Ivashchuk S, Petrynych O, Kazantseva T, Nikyfor L, 

Melnychuk L, Sokolenko A, Yarynych Y, Semianiv M, 
Repchuk Y, Voroniuk K, Sydorchuk R, Kushnir O. The 
cytochrome 11B2 aldosterone synthase gene CYP11B2 
(RS1799998) polymorphism associates with chronic kidney 
disease in hypertensive patients. Biointerface Research in 
Applied Chemistry 2020;10(3):5406-5411.  
doi:10.33263/BRIAC103.406411.

22. Williams B, Mancia G, Spiering W, Rosei EA, Azizi M, 
Burnier M, Clement DL, Coca A, Simone G, Dominiczak A,  
Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, 
Kerins M, Kjeldsen S, Kreutz R, Laurent S, Lip GYH, 
McManus R, Narkiewicz K, Ruschitzka F, Schmieder RE, 
Shlyakhto E, Tsioufis C, Aboyans V, Desormais I, ESC 
Scientific Document Group, 2018 ESC/ESH Guidelines for 
the management of  arterial hypertension: The Task Force for 
the management of  arterial hypertension of  the European 
Society of  Cardiology (ESC) and the European Society of  
Hypertension (ESH), European Heart Journal, Volume 39, 
Issue 33, 2018, 3021–3104.

23. Sydorchuk LP, Dzhuryak VS, Sydorchuk AR, Levytska SA,  
Knut RP, Sokolenko MO, Iftoda OM, Kushnir OV,  
Popovych AI, Sydorchuk RI. Association of  lipids’ metabolism 
disorders with aldosterone synthase CYP11B2 (-344C/T) 
gene polymorphism in hypertensive patients depending on 
glomerular filtration rate. PharmacologyOnLine.  
2020;2:230-242. https://pharmacologyonline.silae.it/files/
archives/2020/vol2/PhOL_2020_2_A023_Sydorchuk.pdf

24. GeneCard: The Human Gene Database. HTR2B Gene 
(Protein coding). https://www.genecards.org/cgi-bin/
carddisp.pl?gene=HTR2B. Updated April 21, 2020. Accessed 
January 18, 2021.

25. GeneCard: The Human Gene Database. BDKRB2 
Gene (Protein coding). https://www.genecards.org/cgi-bin/
carddisp.pl?gene=BDKRB2. Updated April 21, 2020. 
Accessed January 18, 2021.

26. GeneCard: The Human Gene Database. RXRA Gene 
(Protein coding). https://www.genecards.org/cgi-bin/
carddisp.pl?gene=RXRA. Updated April 21, 2020.  
Accessed January 18, 2021.

27. GeneCard: The Human Gene Database. JAK2 Gene 
(Protein coding). https://www.genecards.org/cgi-bin/
carddisp.pl?gene=JAK2. Updated April 21, 2020.  
Accessed January 18, 2021.

28. GeneCard: The Human Gene Database. LEF1 Gene 
(Protein coding). https://www.genecards.org/cgi-bin/
carddisp.pl?gene=LEF1. Updated April 21, 2020.  
Accessed January 18, 2021.

29. Swapna N, Vamsi UM, Usha G, Padma T. Risk conferred 
by FokI polymorphism of  vitamin D receptor (VDR) gene for 
essential hypertension. Indian J Hum Genet  
2011; 17: 201-206. doi: 10.4103/0971-6866.92104.

30. Lopez-Mayorga A, Hauger H, Petersen RA, Vogel U, 
Damsgaard CT, Lauritzen L. Vitamin D-related genes and 
cardiometabolic markers in healthy children: a Mendelian 
randomisation study. Br J Nutr 2020;123(10):1138-1147.  
doi: 10.1017/S0007114520000148. 

31. Zhu Y-B, Li Z-Q, Ding N, Yi H-L. The association 
between vitamin D receptor gene polymorphism and 
susceptibility to hypertension: a meta-analysis. Eur Rev Med 
Pharmacol Sci 2019; 23:9066-9074.  
doi: 10.26355/eurrev_201910_19309.


