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Background and aims: The purpose of the work was to study lipid disorders and essential arterial hypertension (EAH) risk
depending on AGTRI (rs5186), VDR (1s2228570) genes polymorphism. Material and method: One hundred subjects with EAH and
target-organ damaging (2nd stage), moderate, high, or very high cardiovascular risk was involved in the case-control study. The
control group consisted of 60 healthy individuals of relevant gender and age. The lipid panel was determined by the colorimet-
ric enzymatic method. Gene polymorphism of AGTR1 (rs5186) and VDR (rs2228570) was detected by polymerase chain reac-
tion. Results: The EAH risk increases in C-allele carriers of AGTRI (rs5186) gene at hypercholesterolemia 1.5 times, at an increase
in low-density lipoprotein cholesterol (LDL-C) and atherogenic index (AI) — 1.58 and 2.12 times, respectively. The risk of EAH
increases at hypertriglyceridemia 1.89 times and at an increase in LDL-C —1.26 times in AA-genotype carriers of VDR (152228570)
gene. The risk in EAH synergistically escalates almost twice in A-allele carriers of VDR (rs2228570) gene with a decrease in
high-density lipoprotein cholesterol (HDL-C) and increase of Al significantly in AG-carriers, though. Conclusions: The EAH risk
escalates at hypercholesterolemia, elevated LDL-C and Al in C-allele carriers of AGTRI (rs5186) gene, likewise at decreased HDL-

C, increased Al in A-allele carriers of VDR (rs2228570) gene in the observed.
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Background and aims

Cardiovascular disease (CVD) is a major
cause of morbidity and mortality in both Europe
and Ukraine. Genetic and pathology studies, as
well as observational and interventional stud-
ies have proven the role of dyslipidemia, espe-
cially hypercholesterolemia in the development
of cardiovascular pathology. Increasing the level
of high-density lipoprotein cholesterol (HDL-
C) has a protective effect, whereas increasing
the level of low-density lipoprotein cholesterol

(LDL-C) and very-low-density lipoprotein choles-
terol (VLDL-C) has an atherogenic effect. There
is a strong relationship between total cholesterol
(TC), LDL-C, and cardiovascular risk (CVR) [1,
2]. Meta-analyzes of many studies have shown
a clear dose-response relationship between
LDL-C reduction and CVR. For every 1.0 mmol /
1l reduction of LDL-C there is a 20-25% reduction
in mortality from cardiovascular complications,
including EAH. Subsequent studies have con-
firmed that patients with very high CVR >10%
reduction in LDL-C by at least 50% of baseline
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(target level <1.4 mmol / 1 (<55 mg / dl)) is associ-
ated with the lowest risk of recurrent cardiovas-
cular events in the population [1, 3, 4].

Essential arterial hypertension (EAH)
remains the most common non-communicable
planetary disease, regardless of the income level
of the country and its citizens [5-8]. The overall
prevalence of hypertension in the world among
adults is about 30-45%, with a standardized prev-
alence in men and women - 24% and 20%, respec-
tively and increases with age [6, 7, 9]. In addition
to the blood pressure level, age, sex, and harm-
ful habits, there is a number of other little-stud-
ied predictors in the stratification of the CVR:
metabolic (diabetes mellitus, hyperuricemia,
dyslipidemia, waist circumference), immunolog-
ical (leptin-adipocytokine imbalance), hormonal
(early menopause) and genetic risk factors, as
well as behavioral, psychosocial, nutritional,
socio-economic factors that affect the quality of
life, the course of the disease and are often associ-
ated with its severity.

Therefore, early detection of EAH pre-
dictors and additional risk factors for possible
complications, as well as their opportune modi-
fication, becomes a cornerstone of primary and
secondary prevention of CVD on the whole and
EAH in particular.

Material and method
Study design and patients

The study was conducted according to
the World Medical Declaration of Helsinki on the
Ethical Principles of Medical Research involv-
ing human subjects and it has complied with
basic international standards of good clinical
and laboratory practices (GCP, GLP). The diag-
nosis of EAH was established as reported by the
current Ukrainian (Order of 24.05.2012 No 384)
and European guidelines (ESC, ESH 2021) [5, 10].
One hundred and ten patients with EAH and
hypertensive-mediated organs damaging (2nd
stage), moderate, high, or very high CVR and 60
practically healthy individuals were involved in
the case-control study. After screening for inclu-
sion and exclusion criteria, which have been
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detailed in our publications [12-17] 100 subjects
(70.84% females, 29.16% males) with EAH formed
a research group. The mean age of patients was
57.86+7.81 years and ranged from 41 to 74 years.
The control group consisted of 60 practically
healthy individuals: 62.5% women, 37.5% men,
the mean age was 46.37+6.77 years was ranged
from 30 to 58 years, who did not differ by gender
and age and from the group of patients (p>0.05).
Individuals in the study and control groups were
not related.

Laboratory, anthropometric and clinical data collection

The lipid panel: Total cholesterol (TC),
Triglycerides (TG), Low-density lipoprotein cho-
lesterol (LDL-C), and High-density lipoprotein
cholesterol (HDL-C) were investigated in blood
plasma using reagents “ACCENT-200 CHOL”,
“ACCENT-200 HDL Direct”, “ACCENT-200 LDL
Direct”, “ACCENT-200 TG mono” of automated
biochemistry analyzer “ACCENT 200” (CORMAY,
Poland). According to the European Society of
Cardiology (ESC) / European Atherosclerosis
Society (EAS) Guidelines for the management of
dyslipidemias [2, 4, 10] lipid profile values were
determined as follows: TC <5.0 mmol/] for indi-
viduals at low/moderate CVR, <4.5 mmol/l for
individuals at high CVR, <4.0 mmol/] for indi-
viduals at very high CVR; LDL-C <3.0 mmol/1 for
individuals at low/moderate CVR, <2.5 mmol/l
for individuals at very high CVR, <1.8 mmol/1 for
individuals at very high CVR; TG <1.7 mmol/l;
HDL-C >1.02 mmol/l for males, 1.2 mmol/l for
females. The atherogenic index (AI) was calcu-
lated by the formula: (TC - HDL-C)/ HDL-C. The
“target” AI for persons younger than 30 was
considered as <2.5 and for those older than 30
years —<3.5.

AGTRI gene genotyping was performed
for 120 individuals (72 patients and 48 healthy
persons) and VDR gene - for 160 individuals (100
patients and 60 healthy persons). Vacutainer
tubes containing K2-EDTA were used to collect
the venous blood of the examined. Extraction
of DNA from the nuclei of the lymphocytes of
patients was performed according to the instruc-
tions in the Thermo Scientific GeneJET Genomic
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DNA Purification Kit (Thermo Fisher Scientific,
USA), as it was described in our former publica-
tions [18-21]. Alleles discrimination of AGTR1
(rs5186) and VDR (rs2228570) genes polymor-
phisms, obtained by RT-PCR system CFX96
Touch (Bio-Rad, USA), was analyzed by licensed
computer Software Bio-Rad Real-Time (Micro-
soft, USA).

Statistical analysis

The database obtained was designed in
Microsoft Excel worksheets. Statistical analysis
was performed using Statistica™ 7.0 (Statsoft®
Inc), Primer of Biostatistics’ 6.05 Ta MS’ Excel TM
2010. Mean values were given as M+m. A statis-
tically significant test result was considered at a
p-value less than 0.05. Pearson’s criterion (x?) is
used for the genotypes distribution comparison.
Analysis of qualitative data (categorical vari-
ables), the risk of pathology development was
assessed by a binary logistic regression model
using relative risk (RelR); risk ratio (RR) was esti-
mated by odds ratio (OR) with a 95% confidence
interval [95% CI] using a chi-square test (x?) (df=1).

Results

Analyzing the lipid panel results from the
examined (Table 1) we found that HDL-C in the
study group was significantly lower than in the
control group - by 10.56% (p<0.05). No statisti-
cally significant differences were found in other
values.

Table 1: The lipid panel values of the examined, M+m.

Values Control group
TC, mmol/1 5.55+0.17
TG, mmol/l 1.68+0.15
HDL-C, mmol/l 1.42+0.09
LDL-C, mmol/l 3.95+0.16
Al 3.18+0.27
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Changes in the lipid profile, considering
the severity of EAH, have shown that only HDL-C
in hypertensive patients with 2nd and 3rd of BP
elevation was significantly lower than in the con-
trol group by 14.89% (p=0.048). No statistically
significant differences have been found in other
values.

Dyslipidemia has not been dependent
on polymorphic variants of the AGTR1 (A1166C)
gene in patients with EAH and is characterized
by hypercholesterolemia due to LDL-C, hypertri-
glyceridemia on the background of normal mean
values of HDL-C that, however, has not affected
the atherogenic index (AI) elevation (Table 2).
At the same time, HDL-C has been higher in
healthy individuals with the mutant C-allele,
and LDL-C, on the other hand, was lower than in
AA-genotype carriers by 21.97% (p,,=0.042) and
13.67% (p,,=0.05). The obtained data has shown
that considering hemodynamic and metabolic
indicators, the mutant C-allele of the AGTRI
(rs5186) gene in patients with EAH is a marker of
damage, dysfunction, and dysregulation of RAAS
activity, metabolite and proteome, but in healthy
individuals, on the contrary, is a protective fac-
tor. This indicates that in conditions of pathol-
ogy, protective factors might become damage
factors due to a complex system of maladaptation
mechanisms of malignant circuits of pathogene-
sis, which is enhanced by epigenomic structures
and changes in the expression of involved genes.

The lipid panel values depending on
polymorphic variants of the VDR (A/G) gene
are shown in Table 3. In AA-genotype of carri-
ers, the level of TC, LDL-C, and AI were mar-
ginally higher in AA-genotype carriers, than

Study group p-Value
5.74+0.23 >0.05
1.96+0.20 >0.05
1.27+0.05 <0.05
4.17+0.21 >0.05
3.60+0.21 >0.05

Notes: TC - Total cholesterol; TG - Triglycerides; LDL-C - Low-density lipoprotein cholesterol; HDL-C - High-
density lipoprotein cholesterol; Al - Atherogenic index. p - significance of differences with control group.
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Table 2: The lipid panel values depending on polymorphic variants of the AGTR1 (A1166C) gene, M+m.

X AGTR1 gene genotypes
Values AGTRI1 gene genotypesin in the study group
the control group
AA- AC+CC-
TC, mmol/l AA- 5.65+0.15 5.57+0.25 6.0+0.41
AC+CC- 5.46+032
TG, mmol/l AA- 1.69+0.23 1.96+0.34 2.0+0.26
AC+CC- 1.92+0.18
HDL-C, mmol/1 AA- 1.32+0.06 1.26+0.07 1.25+0.08
AC+CC- 1.61:0.11 p<0.05
p,,=0.042
LDL-C, mmol/l AA- 4.17+0.15 4.12+0.21 4.51+0.30
Ac+CC- 3.60+0.22p,,=0.05 p<0.05
Al AA- 3.49+0.32 3.58+0.35 3.92+0.27
AC+CC- 2.710.44 p<0.05

Notes: p - significance of differences with control group; p,, - significance of differences with AA-genotype
carriers. TC — Total cholesterol; TG - Triglycerides; LDL-C — Low-density lipoprotein cholesterol; HDL-C - High-
density lipoprotein cholesterol; Al - Atherogenic index.

Table 3: The lipid panel values depending on polymorphic variants of the VDR (A/G) gene, M+m.

VDR gene genotypes VDR gene genotypes in the control group
Values in the control group
AA AG GG
TC, mmol/l AA 5.60+0.19 5.88+0.24 5.67+0.21 5.38+0.18 p,,=0.05

AG 5.52+0.31
GG 5.54+0.11
TG, mmol/] AA 1.88+0.18 2.04+0.20 2.01+0.19 p<0.05 1.82+0.15
AG 1.52+0.24
GG 1.75+0.23
HDL-C, AA 1.47+0.05 1.29+0.06 p<0.01 1.24+0.09 p<0.05 1.29+0.20

mmol/l AG 1.45+0.10
GG 1.29+0.09
p,,=0.049

LDL-C,mmol/l AA  4.04:0.16 4.40+0.21 4.17+-0.23 3.96+0.18 p,,=0.052

AG  3.93:0.19
GG 3,88:0.09

Al AA  2.97:0.21 3.70:0.19p<0.05  3.73:0.22p<0.05  3.28+0.18 p,,=0.049
AG  3.01:0.24 p,,=0.044
GG 3.79:0.56

Notes: p - significance of differences with control group; p, ,, p,, - significance of differences with AA-genotype
carriers, AG-genotype carriers. TC - Total cholesterol; TG - Triglycerides; LDL-C - Low-density lipoprotein
cholesterol; HDL-C - High-density lipoprotein cholesterol; Al - Atherogenic index.
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in individuals with GG-genotype by 9.29%
(p,,=0.05), 11.11% (p,,=0.052), and (p,,=0.049),
respectively.

One-way ANOVA analysis did not confirm
the association of the VDR (rs2228570) gene with
the main indicators of cholesterol metabolism,
but boundary association was established by
increasing Al (F=3.80; p=0.05).

In order to study biochemical parameters
as EAH risk factors depending on the allelic state
of AGTRI (rs5186) and VDR (rs2228570) genes the
epidemiological analysis, as well as the correla-
tion coefficient for two variables using -Pearson’s
test, one-way analysis of variance (ANOVA) were
performed.

Changes in the lipid profile as a risk fac-
tor for EAH depending on polymorphic variants
of the AGTR1 (rs5186) gene are shown in table 4.
Hypercholesterolemia (TC >5.0mmol/) increases
the risk of EAH regardless the polymorphic vari-
ants of the AGTRI (rs5186) gene, but reliably only
in C-allele carriers - 1.5 times (OR - 3.45; 95% CI
OR: 0.94-12.62; p=0.055), slightly less in AA-geno-
type carriers - 1.44 times (OR - 3.45; 95% CI OR:
0.94-12.62; p = 0.055). The risk of EAH is escalated
with an increase in LDL-C and AI, but statistically
significant only in hypertensive patients C-al-
lele carriers of the AGTRI (rs5186) gene - in 1.58
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and 2.12 times (OR- 10.80; 95%CI OR: 1.18-98.36;
p=0.019 and OR - 3.86; 95%CI OR: 1.15-12.99;
p=0.026) respectively.

Considering alleles and genotypes of the
VDR (rs2228570) gene, the risk of EAH increases
in carriers of the minor A-allele at hypertriglycer-
idemia (>1.7 mmol/l) and increased LDL-C, but
significantly only in AA-genotype carriers almost
twice and 1.26 times (OR - 2.93; 95%CI OR: 1.09-
7.90; p=0.03 and OR - 3.60; 95%CI OR: 1,05-12.38;
p=0.038) respectively (table 5). A similar tendency
to a higher risk of EAH in patients with A-allele of
the VDR (rs2228570) gene was found at a decrease
in HDL-C (<1.2 mmol/l) and high AI - almost
twice only in AG-carriers (OR - 2.88; 95%CI OR:
1.0-8.33; p=0.046 and OR - 2.70; 95%CI OR: 1.04-
7.04; p=0.039), respectively.

Discussion

A number of studies have shown that
carriers of the AGTRI C-allele have higher insu-
lin resistance [18], higher levels of LDL-C, TG,
TC [19-21], more frequent development of diabe-
tes mellitus type 2 and diabetic nephropathy [20,
22], preeclampsia in the pregnant [23], increased
resistance to resistin, MCP-1, calprotectin and

Table 4: Dyslipidemia as a risk factor for essential arterial hypertension, depending on alleles, genotypes

of the AGTR1 (rs5186) gene.

Values Genotypes RR
TC (>5.0 mmol/1) AA 1.44
AC, CC 1.55
TG (>1.7 mmol/l) AA 1.38
AC, CC 1.58
LDL-C (>3.0 mmol/1) AA 0.98
AC, CC 1.35
“HDL-C (<1.2 mmol/l) AA 1.35
AC, CC 2.25
AI(>3.5) AA 1.06
AC,CC 2.12

95% CIRR OR 95% CI OR p-Value
0.95-3.16 3.45 0.94-12.62 0.055
0.98-2.45 2.50 1.0-6.26 0.048
0.86-2.22 1.88 0.76-4.65 >0.05
0.91-2.76 2.81 0.87-9.10 >0.05
0.83-1.16 0.84 0.22-3.27 >0.05
1.02-1.78 10.80 1.18-98.36 0.019
0.78-2.34 1.67 0.67-4.20 >0.05
0.69-7.31 2.84 0.66-12.20 >0.05
0.67-1.69 1.13 0.46-2.76 >0.05
1.01-4.45 3.86 1.15-12.99 0.026

Notes: TC — Total cholesterol; TG — Triglycerides; LDL-C — Low-density lipoprotein cholesterol; HDL-C - High-
density lipoprotein cholesterol; IA — Atherogenic index; RR - risk ratio; OR - odds ratio; 95% CI - confidence

intervals.
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Table 5: Dyslipidemia as a risk factor for essential arterial hypertension, depending on genotypes of the VDR

(rs2228570) gene.
Values Genotypes RR
TC (5.0 mmol/1) AA 1.24
AG 0.95
GG 0.72
TG (>1.7 mmol/1) AA 1.89
AG 1.17
GG 1.30
LDL-C (>3.0 mmol/1) AA 1.26
AG 1.03
GG 0.99
“HDL-C (<1.2 mmol/l) AA 2.15
AG 2.05
GG 0.86
IA (>3.5) AA 2.15
AG 1.68
GG 0.65

95% CIRR OR 95% CI OR p-Value
0.85-1.81 2.37 0.55-10.20 >0.05
0.70-1.29 0.85 0.31-2.34 >0.05
0.44-1.19 0.43 0.11-1.72 >0.05
1.0-3.58 2.93 1.09-7.90 0.03
0.61-2.24 1.36 0.39-4.70 >0.05
0.65-2.59 1.67 0.45-6.13 >0.05
0.99-1.62 3.60 1.05-12.38 0.038
0.84-1.26 1.31 0.17-10.35 >0.05
0.76-1.30 0.96 0.15-6.0 >0.05
0.82-5.64 3.21 0.81-12.75 >0.05
0.96-4.46 2.88 1.0-8.33 0.046
0.40-1.88 0.78 0.21-2.92 >0.05
0.82-5.64 3.21 0.81-12.75 >0.05
0.97-2.90 2.70 1.04-7.04 0.039
0.33-1.27 0.44 0.12-1.64 >0.05

Notes: TC — Total cholesterol; TG - Triglycerides; LDL-C, HDL-C - Low-density lipoprotein cholesterol, High-
density lipoprotein cholesterol; Al - Atherogenic index; RR - risk ratio; OR - odds ratio; 95% CI - confidence

intervals.

activation of nuclear factor-kB in mononuclear
cells and suppressed postprandial adiponec-
tin response to fat [21]. However, not all studies
have demonstrated the association of A1166C
polymorphism of the AGTR1 gene with hyperten-
sion, waist circumference, BP degrees, CVR, or
dysmetabolic changes [24, 25]. The above is con-
sistent with the results we have obtained that
the frequency of lipid metabolism disorders in
patients with EAH does not depend on polymor-
phic variants of the AGTRI gene (1166A>C).

For the first time, we found that geno-
types and alleles of the VDR gene (rs2228570) are
not additional risk factors for EAH in the exam-
ined population. The results that we obtained
were partially consistent with studies that linked
VDR to hypertension, metabolic disorders, and
RAAS activity [26-30]. Swapna N. et al. [31] found
the association of Fok I (rs2228570) VDR gene poly-
morphism with hypertension, family history of
cardiovascular diseases, smoking, and alcohol
consumption in the Hindu, the mutant allele
dominated in hypertensive patients and the risk
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of EAH was increased in 2.02 and 2.25 times in
both, men and women. Jia J. et al. [32] obtained
some controversial results in a study in the Chi-
nese population of Han, which found the asso-
ciation of Fok I (rs2228570) polymorphism with
reduced risk of EAH in men based on age, body
mass index, TC, TG, HDL cholesterol, LDL cho-
lesterol, smoking.

It is noteworthy that the connection
of EAH with Fok I VDR gene polymorphism in
a number of studies has not been proven [33].
Despite the fact the main pathogenetic aspects of
EAH are common, the role of individual metabol-
ic-hormonal messengers and genetic predictors
in the pathogenesis of EAH is still insufficiently
studied and requires further research, especially
in the Ukrainian population.

Conclusions

Dyslipidemia increases the risk of EAH:
in C-allele carriers of the AGTRI (rs5186) gene
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at hypercholesterolemia (TC >5.0 mmol/l) - 1.5
times (OR-2.50; p=0.048), at an increase in LDL-C
and AI - 1.58 and 2.12 times (OR-10.80; p=0.019
and OR - 3.86; p=0.026), respectively.

Risk of EAH elevates at hypertriglyceri-
demia (TG >1.7 mmol/l) in 1.89 times (OR-2.93;
p=0.03) and at the increase in LDL-C (>3.0
mmol/l) - 1.26 times (OR-3.60; p=0.038) in
AA-genotype carriers of the VDR (rs2228570) gene.
The risk of EAH synergistically escalates almost
twice in A-allele carriers of VDR (rs2228570) gene
at a decrease of HDL-C (<1.2 mmol/l) (OR-2.88;
p=0.046) and the increase of AI (>3.5) (OR-2.70;

p=0.039), significantly only in AG-carriers
though.
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