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Abstract. Structural and functional condition of the heart in patients with arterial hypertension depending on
A1166C-gene polymorphism of angiotensin II type 1 and 7786C-promoter of endothelial NO-synthase gene.
Hnizdiukh R.V., Shmanko V.V. It's known that pathological changes in structural and functional condition of the heart,

which are caused by arterial hypertension, trigger development of chronic heart failure and disablement of population.

Nowadays, it proven that candidate genes, expression products of which participate in regulating vascular tone, have
considerable influence upon development of arterial hypertension, however their role in pathogenesis of arterial
hypertension has not been fully clarified, and results of the respective researches significantly vary among different
populations. To determine the structural and functional state of the heart in patients with hypertension depending on the
polymorphism of the A1116C gene of the angiotensin Il receptor type I and the T786C promoter of the endothelial NO-
synthase gene we examined 86 patients, aged from 45 to 76 years. 30 people without signs of hypertension were in the
control group. The structural and functional state of the heart was assessed by cardiac ultrasound according to standard
methods. Studies of the A1166C allelic polymorphism of the angiotensin Il receptor gene type 1 and the T786C promoter
of the eNOS gene were performed by polymerase chain reaction with electrophoretic detection of results. Analysis of
cardiac ultrasound showed, that in the patients — carriers of C-allele of both studied genes (AC+CC and TC+CC) left
ventricular ejection fraction tended to decrease. We found a bigger thickness of the posterior wall of the left ventricle in

patients with CC genotype compared to carriers of AA genotype A1166C — (1.3+0.07) cm vs. (1.1£0.05) cm (p<0.005).

The mass of the left ventricular myocardium index in the group of patients with the genotype AC and CC was

(157.5+7.3) g/m? and (161.5£7.1)) g/m?, respectively, being by 16.7% and 19.6% more than in carriers of AA genotype
of the AGTRI gene. In the groups of patients-carriers of C-allele (TC+CC) of the eNOS gene the mass of the left
ventricular myocardium index values were (155.2+11.4)) g/m? and (158.4£7.9)) g/m?, respectively, which is by 5.4% and
7.5% more than in carriers of TT genotype. The mean size of the left atrium was significantly higher in patients who had
AC and CC genotype of the AGTRI gene, as well as TC and CC genotype of the eNOS gene compared with the control
group. Carriers of C-allele (AC+CC genotype) of AGTRI gene polymorphism had clearly bigger sizes of the left atrium,

as compared to homozygotes by A-allele. The severity of diastolic dysfunction was higher in carriers of the CC genotype

of the AGTRI gene and the eNOS gene than in heterozygotes of the studied genes by 4.3% and 3.3%, respectively. The

research shows that inheritance of CC genotype for A1166C polymorphism of the the angiotensin II type I receptor gene

and of CC T786C polymorphism in the promoter of eNOS gene is associated with more noticeable changes in structural
and functional heart condition among patients with arterial hypertension.

Pegepar. CTpyKTypHO-(pYHKIiOHATHHUN CTaH cepusi Y XBOPHUX Ha apTepiajbHy rimepTeH3il0 3ajeiKHO BiI
noaimopgpizsmy AI166C-rena peuentopa aHriotensuny Il mnepmoro Tumy Tta 7786C-nmpomoTtopa reHa
ennorenianbHoi NO-cunrtasu. Inizmiox P.B., IlImanbko B.B. Bidomo, wo namonociuni sminu 6 cmpykmypHo-
@DYHKYIOHAbHOMY CMAHI cepys, 5KI UHUKAIOMb YHACAIOOK apmepianbHoi cinepmensii, € nycKOGUM MeXaHisMom O
PO38UMKY XPOHIUHOI cepyesoi HeOdocmamHuocmi ma ineaniouzayii nacenenns. Ha cb0200Hi 0oeedero, wio npu excnpecii
PAOY 2eHi6-KaHOuoamie ymeoproiomvbCs peyosul, AKi bepyms yuacmoy y pe2yiayii monycy cyoun, npome ix poib y
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namoeenesi apmepianeHoi cinepmen3ii 00 KiHYysa He 3’5CO8AHA, 4 Pe3yIbmamu mMakux 00CHONCEHb MOACYMb CYMIMEBO
8IOpI3HAMUCA 3a1edHCHO 8i0 nonyaayii. Memoro pobomu 6yno 3'acysamu cmpykmypHo-@yHKYIOHATbHUL CIMAH cepys 8
nayienmis, siKi cmpasicoaiomv Ha apmepiaibHy 2INepmeH3ilo 3a1eicHo 6i0 NoaimMop@izmy O0ocuiodicysanux 2enie. Y
docnidacenni ezsnu yuacmo 86 ocib, éikom 6i0 45 0o 76 poxis. I pyna konmpono ckradanrace 3 30 npakmuino 300p06ux
oci6. CmpykmypHo-QYHKYIOHATbHULL CMan cepys. OYiHIO8anu 3a OONOMO20I0 YIbMPA38YKO8020 OO0CHIONCEHHS 3a
CManoapmmuow memoouxorw. Busnauenns aneneti nonimop@uux oinsnox (A1166C) eena AGTRI ma (T786C) ecena eNOS
npPoBOOUNU 3G OONOMOSOI0 NOAIMEPA3HOL TAHYI020801 peakyii 3 e1eKmpopopemuyHo cxemor oemekyii pesyivmamy.
Amnaniz nokasHuKie yibmpazeyko8020 O0CIIONCEHHs cepys NoKasas, wo y xeopux Hocie C-anenss 060x 00CnioNCy8anux
eenie (AC+CC ma TC+CC eenomunu) cnocmepieanact meHOeHYisi 00 3HUNCEHHS PpaKkyii uKudy i6020 ULTYHOUKA.
Hamu susasneno Oinvuty moswuny 3a0Hb0i cminku 1igo2o wiiyHouka 8 nayienmie nHociie CC ceHomuny nopieHaHo 3
Hociamu cenomuny AA eena AGTRI — 1,3+0,07 cm npomu 1,1%0,05 cm (p<0,05). Indexc macu miokapoa 16020 wiyHOUKA
6 epyni xeopux 3 zenomunom AC ma CC cmanosue 157,5+7,3 2/m? i 161,5+7,1 2/m? sinosiono, wo na 16,7% i 19,6%
binvute nopiguano 3 Hociamu AA ecenomuny cena AGTR1. Y epynax xeopux-nociie C-anens (TC+CC) eena eNOS 3nauenus
indexcy macu miokapoa 1i6o2o winynouxa cmanosunu 155,2+11,4 2/m° ma 158,4%+7,9 2/m’ 6ionogiono, wo na 5,4%i 7,5%
oinvuie, Hixc y nociie TT cenomuny. Cepeoni po3mipu 1igo2o nepedcepos 8UABUNUCH OOCOBIPHO OINbUUUMU 8 NAYIEHMIB
3 AC ma CC ecenomunamu eena AGTRI, a maxooc TC i CC cenomunamu eena eNOS nopieHano 3 epynorw KoHmpoio.
Hocii C-anens (AC+CC eenomun) nonimopgpismy A1166C eena AGTRI manu docmogipo Oinbwii posmipu i6o2o
nepeocepos NOPIGHAHO 3 2omo3ucomamu 3a A-anenem. Bupascenicmo diacmoniunoi oucgyukyii Oyna 6inouior0 8 HOCiig
CC eenomuny eena AGTRI ma eena eNOS, Higic y eemeposucom 0ocniodxcysanux eeris Ha 4,3% i 3,3% 6ionogiono.
Bemanosneno, wo ycnaokysanns cenomuny CC nonimopghizmy A1166C eena peyenmopa anciomensuny Il nepuioeo muny
ma CC nonimopghizmy T786C npomomopa eena endomenianonoi NO cunmasu acoyiroemuvcs 3 OLlbl GUPANCEHUMU
SMIHAMU CMPYKMYPHO-QYHKYIOHATbHO20 CINAHY CepYysi 8 RAYIEHMIB, X8OPUX HA apmepiaibHy inepmeHsiio.

Cardiovascular diseases (CVD) are the most com-
mon in Ukraine, so the pathology of the circulatory
system affects about 22.3 million people, ie 52.4% of
the population [1]. Arterial hypertension (AH) occupied
the leading place in the structure of cardiovascular
diseases [2]. Experts from the World Health Organi-
zation (WHO) note that hypertension is the most signi-
ficant cause of death and disability among all CVDs [3].

The life and health prognosis of patients with
hypertension largely depends on the effect of elevated
blood pressure (BP) on target organs [4]. An un-
controlled BP level is the cause of left ventricular
hypertrophy (LVH), which in turn leads to an increase
in the LV myocardial mass (MM) and, as a result, an
increase in the oxygen demand of the heart muscle
and an increase in the risk of ectopic murmurs,
dysmetabolic changes, as well as emergence and
progression of diastolic and systolic dysfunctions [5].

It is known that a combination of hereditary
factors and negative environmental influences plays
an important role in the development of hypertension
[6]. In recent years, influence of various genes on the
development of hypertension has attracted consi-
derable attention of medical science [7]. According to
the hemodynamic theory of the hypertension deve-
lopment, a key role in its pathogenesis is played by an
imbalance between the action of agents involved in
the vasoconstriction and vasodilatation of blood
vessels. Substances involved in the regulation of
vascular tone are products of the expression of certain
genes, thus, the human genotype can play an indirect
role in the pathogenesis of hypertension. Such genes
include the type 1 angiotensin gene and enotelial
NO synthase [8].
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The efforts of scientists from all over the world are
aimed at studying the role of gene mutations in the
pathogenesis of hypertension, however, as evidenced
by research results, the prevalence of such mutations
differs in different populations [9].

The purpose of this study was to find out the
structural and functional state of the heart in patients
with hypertension depending on the polymorphism of
the 41116C gene of the angiotensin II receptor type |
and the 7786C promoter of the endothelial
NO synthase gene.

MATERIALS AND METHODS OF RESEARCH

86 patients with arterial hypertension aged 45-76
(47 (55%) women and 39 (45%) men) took part in the
study. The average age was (61.35+13.3) years;
Treatment and examination were carried out in the
Therapeutic Department of the Kozova Central Hos-
pital. The control group consisted of 30 patients
without signs of hypertension.

Family history regarding the early development of
CVD (<55 years for men, <65 years for women) was
found in 47 patients (55%). At the time of inclusion in
the study, 27 people (31%) were active smokers, and
11 persons abused alcohol, which made up 13%.
30 patients (35%) suffered from obesity. Among the
examined patients, 19 (22%) had hypertension stage I,
and 67 (78%) had stage II. The study included patients
diagnosed with hypertension 1-3 degree: 24% — deg-
ree 1, 55% —degree 2, and 21% — degree 3. The average
daily blood pressure level by group is shown in Table 1.

The diagnosis of hypertension was established in
accordance with the orders of the Ministry of Health of
Ukraine No. 54 and 384 and the Recommendations of
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the Ukrainian Association of Cardiologists on the
prevention and treatment of hypertension by eva-
luating the anamnesis data, complaints, and the results
of physical and clinical-instrumental examination.
Exclusion criteria were the presence of hyper-
tension stage Il (myocardial infarction and/or stroke

in the anamnesis), secondary hypertension, any heart
defects, rhythm and conduction disturbances, heart
failure of functional class III-IV according to the
NYHA, as well as severe concomitant diseases (chro-
nic obstructive pulmonary disease, diabetes, chronic
kidney disease, oncological and mental pathologies).

Table 1
Average daily level of blood pressure by patient groups (M+m)
Indicator Cg‘;‘;:rl‘)" AGTR1 (AA) | AGTR1 (AC) | AGTR1(CO) | eNOS (TT) eNOS (TC) eNOS (CC)
SBP, mm Hg 122.63+2.36 138+2.73 148.5+2.66 159£1.52 14119 147.3+2.1 162.5+1.9
DBP, mm Hg 75.9+1.53 85+1.96 89.75£1.69 109.96:1.39 90+1.72 93.28+2.3 107.25+2.8

Notes: SBP — systolic blood pressure; DBP — diastolic blood pressure.

At the time of inclusion in the study, 63 patients
were taking regular antihypertensive therapy, which
was 73%. 43% of patients who constantly took
antihypertensive drugs reached the target blood
pressure level.

When performing the study, the principles of
bioethics outlined in the Declaration of Helsinki
"Ethical principles of medical research involving
people", the "General Declaration on Bioethics and
Human Rights (UNESCO)" and the order of the
Ministry of Health of Ukraine "On approval of the
procedure for conducting clinical trials of medicinal
products and examination of materials of clinical tests
and standard regulations on ethics commissions"
No. 690 of September, 23, 2009. Written informed
consent for the study was obtained from all patients.
(Conclusion of the Commission on Biomedical Ethics
of I. Horbachevsky Ternopil National Medical Uni-
versity No. 69 of April 12, 2022).

The structural and functional state of the heart was
studied on the Acuson Sequoia 512 device according
to the standard method according to the recom-
mendations of the American Society of Echocar-
diography and the European Association of Echocar-
diography [10, 11]. Left ventricular wall thickness
(LVWT) and interventricular septal thickness
(IVST), and left atrial size (LAS) were determined
using ultrasound of the heart. Left ventricular
myocardial mass (LVMM) was determined using
linear measurements, followed by calculation of the
LVMM index (LVMMi) according to the Penn
Convention formula. The state of LV systolic
function was assessed by the ejection fraction (EF)
indicator. Diastolic dysfunction of the left ventricle
was assessed in all patients by Doppler echocar-
diography, taking into account the maximum speed of
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early (E, cm/s) and late (A, cm/s) diastolic filling of
the LV, their ratio (E/A c.u.). A sign of diastolic
disorders was considered to be a value of the E/A ratio
of less than 1 c.u.

The polymerase chain reaction method with
electrophoretic detection of the results was used to
study the allelic polymorphism 47166C of the angio-
tensin Il receptor gene type I and 7786C — the
promoter of the eNOS gene using SNP-EXPRESS
reagent sets ("Litech" Ltd. LLC, RF). The frequency
of distribution of polymorphic genes in the population
was checked according to the Hardy-Weinberg law of
genetic equilibrium.

Daily blood pressure monitoring was performed
on a portable device SDM23 (Ukraine) according to
a standard protocol. The indicators were analyzed
using the software of this device. Monitoring took
place every 15 minutes during the day and every
30 minutes during the night (every 30 minutes from
10:00 p.m. to 6:00 a.m.).

Statistical analysis of the results was carried out
using the Statistica 10 program package ("Statsoft",
USA, license number CDDR415X254504GVZ7) and
the package of statistical functions of Microsoft Office
Excel 2016 (Microsoft Corp., USA). The average
arithmetic value (M) and its error (m) were determined.
Checking the distribution of samples for normality was
carried out according to the Shapiro-Wilk test. The
reliability of changes in the average values of the study
results between groups was calculated according to the
Student's t-test with a normal distribution of inde-
pendent samples. Statistically significant differences
were considered to be p<0.05 [12].

RESULTS AND DISCUSSION

The structural and functional state of the heart in
patients with hypertension depending on the
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polymorphism A7166C and T786C, as well as healthy
individuals are shown in Table 2.

When analyzing the indicators of systolic function
of the myocardium, we did not find a significant

difference between patients with hypertension and the
control group, however, a tendency to a lower level
of LVEF was observed in the carriers of the C-allele
of both studied genes (AC+CC and TC+CC).

Table 2

Cardiac ultrasound in patients with hypertension depending on the polymorphism
of the AGTRI (A1166C) and eNOS (T786C) genes (M+m)

Indicator value (M+m) in patients depending on gene polymorphism

Genotypes,
Genes n=86
EF,% TPWLYV, cm IVS, cm LVMMi, g/m? LA, cm E/A, cond. un.
Control (n=30) 66.2+2.4 0.8+0.1 0.9+0.1 113.4£8.3 3.2+0.1 1.320.1
AGTRI AA (n=18) 66.2+2.4 1.1£0.05 1.2+0.06 135+10.1 3.8+0.09 1.16+0.07
p<0.01 p<0.01
AC (n=38) 62.3+3.9 1.2+0.05 1.2+0.07 157.5+£7.3 4.2+0.08 0.92+0.06
p<0.001 p<0.01 p<0.001 p<0.001 p<0.001
P1<0.001
CC (n=30) 58.1+3.4 1.3+0.07 1.2+0.06 161.5+7.1 4.6+0.2 0.88+0.07
p<0.001 p<0.01 p<0.001 p<0.001 p<0.001
P1<0.02 p1<0.03 p<0.001
eNOS TT (n=24) 64.4+3.5 1.2+0.09 1.2+0.06 147.3+16.4 4.0+£0.4 1.05+0.1
p<0.004 p<0.01
TC (n=31) 62.7£3.1 1.2+0.06 1.2+0.07 155.2+11.4 4.3+0.3 0.93+0.1
p<0.001 p<0.01 p<0.004 p<0.001 p<0.01
CC (n=31) 58.4+4.6 1.3+0.08 1.2+0.05 158.4+7.9 4.5+0.3 0.9+0.08
p<0.002 p<0.009 p<0.001 p<0.001 p<0.002

Notes: p — the difference between the indicators is significant compared to the control group; p; - the difference is significant in compared to with

homozygotes by a single gene (AA, TT).

In patients with hypertension LVWT and IVST was
significantly higher than in almost healthy individuals
(p<0.01). We also found a bigger LVWT in patients
with CC genotype compared to carriers of AA genotype
A1166C —(1.3+£0.07) cm vs. (1.120.05) cm (p<0.02).

LV myocardial infarction is considered an inde-
pendent risk factor for overall and cardiac mortality,
as well as the development of cardiovascular events
such as myocardial infarction or stroke [13]. The
study found that in patients with hypertension, the
inheritance of AC and CC A7166C genotypes of the
angiotensin II receptor gene type 1 and TC and CC
T786C — eNOS promoter is characterized by more
significant changes in LV MMi than in carriers of AA
and TT genotypes. Thus, LV MMi in the group of
patients with the genotype AC and CC was
(157.5£7.3) g/m* and (161.5+£7.1)) g/m* respecti-
vely, that is by 16.7% and 19.6% more than in carriers
of AA genotype of the AGTRI gene. It should be
noted that the difference in LV MMi in carriers of AA
and CC genotypes was significant (p<0.03). Our

23/ Tom XXVII/ 2

results are consistent with the results of A.S. Sha-
limov, who established a probable increase in
LVMMi in hypertensive patients in the presence of
the C-allele of the AGTRI gene [14]. Regarding the
T786C polymorphism, in the groups of patients —
carriers of C-allele (TC+CC) LV MMi values were
(155.2£11.4)) g/m* and (158.4+7.9)) g/m?, respec-
tively, which is 5.4% and 7.5% more than in carriers
of TT genotype. The results of numerous experi-
mental studies show that in carriers of the C allele
there is a decrease in the expression of the eNO
synthase gene and, as a result, a decrease in the
production of nitric oxide, which is known to be
involved in the regulation of vascular tone [15].

The mean sizes of LA were significantly higher in
patients who had AC and CC genotype of the AGTR]
gene, as well as TC and CC genotype of the eNOS
gene compared with the control group (Table 2).
Comparing the sizes of LA we found a significant
difference (p<0.001) in patients-carriers of C-allele
(AC+CC genotype) of the A1166C polymorphism of
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the AGTRI gene and in patients — homozygous by the
A allele.

We also analyzed the parameters of transmitral
blood flow, which are known to be a marker of the
left ventricular diastolic function.

We were able to find that patients — carriers of AA
AGTRI gene genotype and homozygotes with the T
allele of the eNOS gene did not have diastolic
dysfunction. While the severity of diastolic dysfunc-
tion was higher in carriers of the CC genotype of the
AGTRI gene and the eNOS gene than in heterozy-
gotes of the studied genes by 4.3% and 3.3%, respec-
tively, which may indicate a relationship between the
C allele and the development of diastolic dysfunction
in patients with hypertension.

CONCLUSIONS

1. In patients with hypertension, inheritance of AC
and CC genotypes of the AGTR1 gene is charac-
terized by significant changes in the structural and
functional state of the heart than inheritance of the
AA genotype. Homozygotes by C allele (CC geno-
type) showed significantly higher rates of the left
ventricular wall thickness, left ventricular myocardial
mass index and the left atrial size compared with
patients with AGTR1 AA genotype (p<0.05).

2. In patients with hypertension who were detec-
ted a genotype with the presence of the C allele of the
eNOS gene, significantly higher values left ventri-
cular myocardial mass index and left atrial size were
observed in comparison with the control group
(p<0.01).

3. In patients with hypertension, residents of
Ternopil region, inheritance of genotype CC poly-
morphism A1166C of angiotensin II receptor gene
type 1 and CC polymorphism of T786C-promoter of
eNOS gene is associated with greater changes in left
ventricular diastolic dysfunction compared with
heterozygotes.
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