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The parameters of intracardiac and systemic hemodynamics in male citizens of Podillia region in Ukraine aged 40-60 with 
different genotypes of the ET-1 gene were studied. The study involved 141 male citizens of Podillia region in Ukraine 
aged 40-60. Among them 62 men were diagnosed with uncomplicated EH with LVH, whose average age was 49,19±0,66 
and 79 healthy men whose age (49.01±0.73) did not differ from patients with uncomplicated  EH with LVH and made 
the control group (p>0.05).  Genotyping of the ET-1 gene was conducted using polymerase chain reaction. The ET-1 
concentration in plasma was determined by using ELISA. It was found that Lys/Lys genotype and the Lys allele of the 
ET-1 gene dominate among control group and patients with uncomplicated EH and LVH. In patients with uncomplicated 
EH and LVH all indicators of structural-functional state of the myocardium, except the size of LA, SI, DT was significantly 
greater in carriers of the allele Asn, than in homozygote carriers of Lys genotype of the ET-1 gene, indicating a possible 
negative prognosis in these patients for the development of chronic heart failure. CHLV occurs significantly more often 
than EHLV in men with uncomplicated EH and LVH without dependence on the genotypes of the ET-1 gene. 
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Introduction. 
It is well known that essential hypertension (EH) is a 

multifactorial disease, and genetic conditioning plays one 
of the key roles in it. According to the Global human ge-
nome, 30 chromosomal loci are already known to be in-
volved in regulation of blood pressure (BP), and this 
number may increase in the future. One of the genes that 
can influence BP is the endothelin-1 gene (ET-1). It is 
established that level of vasoconstriction, myocardial 
contractility, the value of preload, afterload depend on 
concentration of ET-1. Important property of ET-1 is its 
ability to "run" intracellular mechanisms that lead to in-
creased protein synthesis and the development of left 
ventricular hypertrophy (LVH). In addition, ET-1 promotes 
collagen synthesis in the heart muscle and the develop-
ment of cardiac fibrosis [13-15]. This study provokes in-
vestigation of Single nucleotide polymorphism (SNP) of 
the ET-1 gene, because this factor influences the ex-
pression of the peptide. In Ukraine and in the world there 
are many research works about the structural and func-
tional parameters of the heart in patients with EH but the 
studies about these changes in patients with gene poly-
morphisms of ET-1 have not been performed yet. 

The aim of the research. To study the parameters of 
intracardiac and systemic hemodynamics in male citizens 
of Podillia region in Ukraine aged 40-60 with different 
genotypes of the ET-1 gene. 

Materials and methods 
The study involved 141 middle-aged male residents 

of Podillia region in Ukraine. Among them 62 men from 
the main group were diagnosed with uncomplicated EH 
with LVH with preserved systolic function and chronic 
heart failure (CHF) I classes according to NYHA Classifi-
cation, whose average age was 49.19±0.66 and 79 
healthy men whose age (49.01±0.73) did not differ from 
patients with uncomplicated EH with LVH and made the 

control group (p>0.05). The diagnosis of EH was estab-
lished on the basis of patients’ complaints, anamnesis, 
physical examination, laboratory and instrumental meth-
ods of investigation according to the guideline of the 
European Society of Hypertension (ESH) and the Euro-
pean Society of Cardiology (ESC) in 2013 in accordance 
with Unified clinical protocol of medical care of hyperten-
sion, approved by the Ministry of Health of Ukraine from 
24.05.2012 year №384 [5,12]. All patients during the ex-
amination were treated at Vinnytsia regional specialized 
dispensary of radiation protection of the Ministry of Public 
Health of Ukraine, Military Medical Center of the Central 
Region of Air Force of Ukraine and were observed from 
December 2013 to June 2015.  

Exclusion criteria of the study were as follows: secon-
dary hypertension, renal and liver dysfunction, coronary 
heart disease the onset of which was before EH, endo-
crine, hematological, neoplastic and autoimmune disor-
ders, patients with EH complications: myocardial infarc-
tion, acute cerebrovascular accident. Genotyping of the 
ET-1 gene was conducted using polymerase chain reac-
tion (PCR). This study was carried out jointly with the Re-
search Institute of the genetic and immunological bases 
of pathology and pharmacokinetics “Ukrainian Medical 
Stomatological Academy” (headed by Prof. I.P. Kai-
dashev, Poltava). The ET-1 concentration in plasma was 
determined by using ELISA method on enzyme-linked 
immunosorbent analyzer "Humareader single» (Ger-
many). To determine the ET-1 plasma concentration a 
standard set of the firm «DRG» (USA) was used. We 
used ultrasound of the heart for assessing the hemody-
namic parameters, which was carried out on «RADMIR 
ULTIMARA». The mathematical processing was per-
formed on a personal computer using a standard statisti-
cal package STATISTICA 6.0. The frequency distribution 
of gene polymorphisms in the population was undergone 
a checking according to Hardy-Weinberg equilibrium law 
using a calculator gene expert to calculate the number of 
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statistical parameters in the study "case-control" which 
using SNP. 

Results and discussions 
It was established that Lys/Lys genotype of the ET-1 

gene was in 65.82% men from the control group (n=52), 
Lys/Asn genotype  – 27.85% (n=22) and Asn/Asn geno-
type – 6.33% (n=5) (рLys/Asn-Lys/Lys<0.00001;  
рAsn/Asn-Lys/Lys<0.00001; рAsn/Asn-Lys/Asn<0.001). The fre-
quency of the Lys allele in male from the control group 
was 79.75%, the Asn allele – 20.25% (рLys-Asn<0.00001). 
It was investigated that Lys/Lys genotype of ET-1 domi-
nates in patients from the main group – 56.45% (n=35), 
Lys/Asn genotype was in 33.87% (n=21) patients and 
Asn/Asn genotype – 9.68% (n=6) (рLys/Asn-Lys/Lys<0.01; 
рAsn/Asn-Lys/Lys<0.00001; рAsn/Asn-Lys/Asn<0.001). The fre-
quency of the Lys allele in male from the main group was 
73.39%, the Asn allele – 26.61% (рLys-Asn<0.00001). Be-
cause of the low frequency of carriers of Asn/Asn geno-
type men with Lys/Asn and Asn/Asn genotypes in each  
group were united as carriers of the Asn allele. The fre-
quency of the Asn allele in the male control group is 
34.18% (n=27) (рAsn allele-Lys/Lys<0.00001), in the main 
group is 43.55% (n=27) (рAsn allele -Lys/Lys>0.05). 

Comparing the frequencies of genotypes and alleles 
of the ET-1 gene in the control group and among patients 
with uncomplicated EH and LVH it was found that no sig-
nificant differences were defined between these groups 
(р>0.05). 

According to the results obtained in a Japanese study 
in healthy individuals of white and Japanese race, it was 
demonstrated that men and women (mixed group on 
gender) had Lys/Lys genotype of the ET-1 gene signifi-
cantly more often [10]. In healthy American Negro and 
white races with burdened heredity by cardiovascular 
diseases dominates the Lys allele [16]. L.O. Minushkina 
[2008] showed that among patients of both sexes with 
both complicated and uncomplicated EH,  residents of 
Yakutia, there was a high frequency of Lys/Lys genotype 
of the ET-1 gene carriers than among patients with EH, 
Moscow residents [3]. However, the analysis of fre-
quency distribution of genotypes polymorphism of the 
ET-1 gene in men residents of Kazakhstan has shown 
that Lys/Lys genotype in patients with EH occurs 1,3 
times less than in healthy individuals. Heterozygous 
Lys/Asn variant is equally common in patients with EH 
and in control group. Asn/Asn genotype was identified 
only in patients with EH [11]. Mutation of the ET-1 gene 
(Lys198Asn) leads to increased blood pressure in young 
people of both sexes especially overweight living in 
Samara (Russia) [2]. 

Then we have analyzed the state of intracardiac and 
systemic hemodynamics in the control group and in pa-
tients with uncomplicated EH and LVH. Patients with un-
complicated EH and LVH have significantly higher size 
cavities of the heart – the end diastolic diameter (EDD), 
end systolic diameter (ESD) and the volume of the heart - 
end diastolic volume index (EDVI) and end systolic vol-
ume index (ESVI) than in the control group (p<0.001). 
Left ventricular mass index (LVMI) was significantly 
higher in patients with uncomplicated EH and LVH than 
in men without cardiovascular diseases (138.30±4.07 
g/m2 and 79.73 ± 1.73 g/m2, respectively, p<0.001). 

The parameters of transmitral flow (TF) in patients 
with uncomplicated EH with LVH were significantly differ-
ent from those in men from the control group. The E/A 
ratio was higher and the deceleration time (DT) was 

lower in men without cardiovascular diseases (p<.001). 
The isovolumic relaxation time (IVRT) was longer in pa-
tients with uncomplicated EH and LVH than in men from 
the control group (p�0.001). The next step was to deter-
mine the types TF in men with uncomplicated EH and 
LVH. It was investigated that men with uncomplicated EH 
and LVH have significantly higher level of the normal type 
of TF - 67,74% (n=42) than the hypertrophic  type 
(29.03% (n=18) and pseudonormal type (3.23% (n=2) of 
TF (p<0.001). 

Assessment of central hemodynamics has shown that 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP) and heart rate (HR) significantly higher in men with 
uncomplicated EH and LVH than in the control group. It 
should be noted that patients with uncomplicated EH and 
LVH have significantly higher cardiac index (CI) and sys-
temic vascular resistance (SVR) than in patients from the 
control group (p<0,001). 

The abovementioned data is similar to literature re-
sults [1,6,8,9]. 

Concentric LVH (СLVH) occurs significantly more of-
ten (70.97% (n=44) than eccentric LVH (ELVH) (29.03% 
(n=18), with p<.001. Geometric changes of the myocar-
dium in patients with essential uncomplicated EH and 
LVH correspond to the data of other researchers 
[1,4,6,7,9]. 

As mentioned above, ET-1 has an effect on the struc-
tural and functional performance of the heart. Therefore, 
the next stage of research was to determine parameters 
of intracardiac and systemic hemodynamics in individuals 
from the control group and patients with uncomplicated 
EH and LVH carriers of different variants of the ET-1 
gene (Fig.1,2,3). 
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Fig. 1. Indicators of structural and functional changes in 

myocardium in male control group and patients with 
uncomplicated EH and LVH, the carriers of different variants of 

the ET-1 gene 
Notes: The difference is statistically significant when 

compared with: 
 *- genotype Lys/Lys within each group 
(p<0.001)  
# - patients with uncomplicated EH and LVH 
within each genotype (p<0.001) 

It was found that men from the control group, carriers 
of the Asn allele have significantly higher rates of SVR, 
DBP and HR than carriers of genotype Lys/Lys. No dif-
ferences in other indicators were found. All indicators of 
intracardiac and systemic hemodynamics were signifi-
cantly greater in men with uncomplicated EH and LVH – 
carriers of the Asn allele, than in homozygote carriers of 
Lys genotype of the ET-1 gene.  
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Fig. 2. Indicators of structural and functional changes in 

myocardium in the control group and patients with 
uncomplicated EH and LVH, the carriers of different variants of 

the ET-1 gene 
Notes: The difference is statistically significant when 

compared with: 
 * - genotype Lys/Lys within each group,  
# - from patients with uncomplicated EH and 
LVH within each genotype (p<0.001) 

It was found that the hemodynamic parameters are 
higher in patients with uncomplicated EH and LVH than 
in patients without cardiovascular diseases, carriers of all 
genotypes of the ET-1 gene. The results demonstrated 
that patients with uncomplicated EH and LVH, carriers of 
the Asn allele are associated with worse hemodynamic 
performance than carriers of the genotype Lys/Lys. 

 
Fig. 3. Indicators of SBP, DBP, HR in male control group and 

patients with uncomplicated EH and LVH, (%) 
Notes: The difference is statistically significant when 

compared with:  
* - genotype Lys/Lys within each group 
(p<0.001)  
# - patients with uncomplicated EH and LVH 
within each genotype (p<0.001) 

Investigation of the frequency of TF in patients with 
uncomplicated EH and LVH, carriers of different geno-
types of the ET-1 gene, revealed that carriers of geno-
type Lys/Lys and the Asn allele significantly more com-
mon normal type of TF. It was found that no significant 
differences were defined between carriers of different 
genotypes of the ET-1 gene (Table 1). 

 
Table 1 

Types of transmitral blood flow in men with uncomplicated EH and LVH, carriers of different variants of genotypes of the ET-1 gene, (%) 

Men with a normal type of TF Men with a hypertrophic type 
of TF 

Persons with a 
pseudonormal type of TF 

Groups 1. Carriers of 
genotype 
Lys/Lys 

2. Carriers of 
the Asn al-

lele 

3. Carriers of 
genotype 
Lys/Lys 

4. Carriers of 
the Asn al-

lele 

5. Carriers of 
genotype 
Lys/Lys 

6. Carriers of 
the Asn al-

lele 

р 

Men with 
uncompli-

cated EH and 
LVH (n=62) 

62.86% 
(n=22) 

74.07% 
(n=20) 

34.29% 
(n=12)  

22.22% 
(n=6) 2.86% (n=1) 3.7% (n=1) 

р2-1<0.05 
р4-3 <0.05 
р6-5<0.05 
р3-1<0.01 
р5-1<0.01 
р4-2<0.01 
р5-2<0.01 

 
Analysis of LV geometry in patients with uncompli-

cated EH and LVH, carriers with different genotypes of 
the ET-1 gene showed the following. In men with uncom-
plicated EH and LVH, carriers of all genotypes of the ET-
1 gene CHLV occurs significantly more often than EHLV 
(p�0,01). No significant differences in the frequency of 
CHLV and EHLV between carriers of different genotypes 
of the ET-1 gene were detected (Fig. 4). 

 

 
Fig. 4. Variants of LVH in men with uncomplicated EH and LVH, 

carriers of different genotypes of the ET-1 gene (%) 
Notes: The difference is statistically significant when 

compared with: # - CHLV 
Similar studies of structural and functional changes in 

the heart in carriers of different genotypes of the ET-1 
gene in the world and in Ukraine have not been per-
formed yet. 

Conclusions. 
1. Lys/Lys genotype and the Lys allele of the ET-1 

gene dominate among men without cardiovascular dis-

eases and patients with uncomplicated EH and LVH, 
residents of Podillia region in Ukraine, aged 40-60 years. 

2. In patients with uncomplicated EH and LVH all pa-
rameters of structural-functional state of the myocardium, 
except the size of LA, SI, DT was significantly greater in 
carriers of the allele Asn, than in homozygote carriers of 
Lys genotype of the ET-1 gene, indicating a possible 
negative prognosis in these patients for the development 
of chronic heart failure. 

3. CHLV occurs significantly more often than EHLV in 
men with uncomplicated EH and LVH without depend-
ence on genotypes of the ET-1 gene. 
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