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Intracardiac hemodynamic parameters in male
patients with essential hypertension carrying
polymorphic variants of the cardiotrophin-1 gene

V.M. Zhebel, M.O. Matokhniuk, S.E. Lozinsky, |.P. Pashkova,
L.M. Sursaieva, O.K. Shevchuk, S.V. Franchuk

National Pirogov Memorial Medical University, Vinnytsya

The aim — improvement of diagnosing the intracardiac and systemic hemodynamic changes in male left ventricular
hypertrophy (LVH) patients with underlying essential hypertension (EH) being carriers of polymorphic variants of the
corresponding coding gene (rs8046707) using the cardiotrophin-1 (CT-1) biomarker.

Materials and methods. The study involved 70 male individuals without signs of cardiovascular pathology and LVH of
other etiology, aged 48.81£0.78 years, and 50 male LVH patients with underlying EH without signs of chronic heart
failure, aged 50.62+0.73 years. All study participants underwent a standard echocardiographic examination, blood
serum CT-1 concentration enzyme-linked immunosorbent assay (ELISA), and CT-1 gene polymorphism (rs8046707) test of
venous blood samples by polymerase chain reaction.

Results. The CT-1 blood serum concentration in GG-genotype individuals without signs of cardiovascular pathology
(n=31) was found to be lower than that in carriers of GA + AA genotypes (n=39), being equaled to 55.77%2.53 pg/ml and
92.46%1.54 pg/ml, respectively (p<0.001). The CT-1 blood plasma concentration in LVH subjects was significantly higher
than in the control group patients, equaling 188.22+7.95 pg/ml and 282.33%+11.52 pg/ml in GG males (n=22) and in
GA + AA genotype carriers (n=28), respectively (p<0.001). The Spearman rank correlation method was used to establish
a correlation between blood plasma CT-1 concentration and echocardiography readings.

Conclusions. Stage Il EH patients being carriers of CT-1 gene GA + AA genotypes demonstrated higher blood plasma
CT-1 concentrations and correlation with echocardiography indicators. This fact suggests that changes in wall thickness
and myocardial mass of EH Il patients can be diagnosed using the above-mentioned marker as an additional ascertaining
indicator.

Key words: left ventricular hypertrophy, essential hypertension, cardiotrophin-1.

Cardiovascular diseases are the number one
cause of death worldwide. According to WHO
estimates, 17.9 million people die annually of cardio-
vascular diseases, which accounts to 31 % of all lethal
cases in the world [1-3]. According to the European
Association of Cardiology, the worldwide EH preva-
lence among adults is about 30-45 %; the disease prev-
alence aggravates progressively with age and makes
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about 60 % among people over 60 years old [5]. Left
ventricular (LV) hypertrophy is the earliest cardiac EH
complication and is known to be a major risk factor for
the development of a number of the disease complica-
tions. A buildup of LV wall tension, caused, inter alia,
by EH-driven cardiac load, stimulates myocyte hyper-
trophy, collagen and fibroblast formation, and, there-
fore, a myocardial remodeling with a disproportionate
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growth of fibrous tissue [1, 3-5]. Since LVH develop-
ment is associated with degenerative changes in cardiac
myocytes and abnormal accumulation of collagen in
the interstitium, new biomarkers of such processes are
urgently needed. For example, the research community
has paid much attention to cardiotrophin-1 (CT-1), a
member of the interleukin-6 (IL-6) cytokine superfam-
ily, in recent years. The latter is considered one of the
key regulators of cardiomyocyte hypertrophy and
hyperplasia. CT-1 also influences the intensity of apop-
tosis and myocardium sensitivity to ischemia [6-8].
Therefore, CT-1 peptide, which is produced by cardio-
myocytes and fibroblasts of the heart under conditions
of biomechanical stress, can be considered a possible
biomarker for early LVH diagnosis under the condi-
tions of impossible instrumental tests and during
screening of such pathological conditions even prior to
the development of clinical changes.

MATERIALS AND METHODS

The study included 120 men from the Podillia
region (Ukraine). The control group consisted of 70
men without clinical signs of cardiovascular disease at
the time of the study. The main group included 50 men
diagnosed with LVH secondary to EH.

At the time of screening, EH patient groups
included LVH subjects without clinical signs of chronic
heart failure. For example, the criteria for exclusion
from the study included the confirmed secondary
nature of arterial hypertension, endocrine diseases,
blood system diseases, chronic obstructive pulmonary
disease, significant impairment of kidney function
(CKD - EPI glomerular filtration rate less than 60 ml/
min), liver dysfunction, data from anamnesis and doc-
uments about a history of EH complications (myocar-
dial infarction, acute cerebrovascular accident(s)), clin-
ically significant symptoms (stable cardiac angina of

Table 1
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II-1V functional classes) or unstable forms of coronary
heart disease, anamnestic indications of coronary heart
disease, the development of which preceded the EH
onset. All patients were observed from December 2017
to July 2018 and hospitalized in the Vinnytsia Regional
Specialized Clinical Dispensary of Radiation Protection
of the Ministry of Health of Ukraine and the Military
Medical Clinical Center of the Central Region of the
Air Force of Ukraine.

The study protocol was approved by the local eth-
ics committee. Each participant of the study gave the
informed consent to participate in the study. All study
subjects underwent the Doppler echocardiography
examination under the standard protocol. Hypertrophy
of the left ventricle was diagnosed according to echo-
cardiography results, including left ventricular myocar-
dial mass index (LVMI) reduced to a height?”, if the
index was higher than 50 g/m?’. Left ventricular
remodeling classification was based on the criteria rec-
ommended by the American Society of Echo-
cardiography and the European Association of
Cardiovascular Imaging, as well as on national
Ukrainian clinical protocols for hypertension diagnosis
and treatment (Ministry of Health of Ukraine, 2024).
The ECG was performed according to the generally
accepted method in 12 standard leads. Blood pressure
was measured in accordance with the recommenda-
tions of WHO, ESC/ESH, ACC/AHA experts, and
Guidelines for Management of Arterial Hypertension
(2018-2024). Body mass index (BMI) was calculated
using the Quetelet formula (BMI = body weight (kg) /
height (m)?) and obesity was classified according to
WHO recommendations (Table 1). All patients received
standard antihypertensive therapy in accordance with
the Unified Clinical Protocol of Medical Care for
Arterial Hypertension approved by the Ministry of
Health of Ukraine, as well as the clinical guidelines of
the European Society of Hypertension (ESH) and the
European Society of Cardiology (ESC).

Clinical and anthropometric characteristics of the study participants

Parameter Control Group Men (n=70) Men with Grade Il EH (n=50)
Age, years 48.81+0.78 50.62+0.73

Body weight, kg 78.16£1.32 81.12+1.51

BMI, kg/m? 25.23+0.31 25.94+0.29

GFR, ml/min/1.73? 110.60+2.47 104.80+2.59

SAP, mm Hg 120.9+1.0 160.00+1.67

DAP, mm Hg 78.86%0.90 97.80+0.90
Duration of EH, years — 8.70+0.60

EH — essential hypertension; BMI — body mass index; GFR — glomerular filtration rate (estimated by CKD-EPI); SAP — systolic arterial pressure; DAP —

diastolic arterial pressure.
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Table 2
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Indicators of the structure and function of the myocardium and systemic hemodynamics in Stage Il EH male
patients, carriers of polymorphic variants of the CT-1 gene (Mxm)

Control group males (n=70)

Stage Il EH males (n=50)

Genotype GG  Genotypes GA+AA  Genotype GG  Genotypes GA+AA

Description (n=31) (n=39) (n=22) (n=28) X

1 2 &
PWT, cm 0.92+0.0 1 0.95+0.01 1.16+0.02 1.29+0.02 N S
SWT, cm 0.93+0.0 1 0.94%0.01 1.190.02 1.25+0.02 Pa-1"/ P41’ Pa-o” Pag’ Pacg’
RWT, RU 0.40£0.01 0.41%0.01 0.480£0.008  0.500:0.007  py* Py Pyy" Py’ Pus”
LVMI, g/m?7  36.762.75 38.68+2.43 62.00.9 64.25+0.70 P31/ Pat™s Pa" Pag’s Pag”
EF, % 64.68+1.16 63214111 61.25+1.55 58.53+0.97 P31 Pat™s Pass”
LA, cm 3.2420.09 3.38+0.07 3.78+0.09 419007 D3 Pat® Pac™ P’
SAP, Hgmm  121.42+154 120.741.3 161.42+2.12 163.9141.33 Pa1" Put® P3Py’
DAP,Hgmm  75.80%127 77.84+1.28 98.77+1.46 101.1£0.9 P31/ Pact™s Pao” Puss’
HR, bpm 67.0041.22 69.03+1.25 76.31%1.91 77.88+1.48 Bars Pas® Par’ Py

Note: the difference is considered statistically reliable * if p<0.05; PWT — posterior wall thickness; SWT — septal wall thickness; RWT — relative wall
thickness; LVMI — left ventricular mass index (g/m?27); EF — ejection fraction; LA — left atrial size; SAP — systolic arterial pressure; DAP — diastolic arterial

pressure; HR — heart rate.

To establish the cardiotrophin-1 gene polymor-
phism (rs8046707), we took DNA samples from the
peripheral blood using a set of reagents for isolating
genomic DNA from whole blood by polymerase chain
reaction. Genotyping of the CT-1 gene was carried out
jointly with specialists of the Research Institute of
Genetic and Immunological Pathology Studies and
Pharmacogenetics of the Ukrainian Medical and
Stomatological Academy (Poltava, Head - O. Shlykova).
CT-1 blood serum concentration was measured using
an enzyme - linked immunosorbent assay (ELISA)
method.

All obtained data were subjected to mathematical
processing on a personal computer using the standard
statistical package Statistica 17.0. Microsoft Excel was
used for initial preparation of tables and intermediate
calculations. Values are reported as mean + standard
deviation or as a percentage. Appropriate statistical
methods were used to assess differences between
groups of patients: Student’s t-test, Spearman’s correla-
tion, Mann - Whitney U-test. If normality was not
confirmed, the Mann - Whitney U test was used.
Differences were considered significant at p<0.05.

RESULTS

Previously, we published the frequency variant of
gene CT-1 genotypes distribution (rs8046707) [10]. It

was established that males without signs of cardiovas-
cular pathology had the frequency of GG genotype of
CT-1 gene (n=31) and a pool of GA + AA genotypes
(n=39) equal to 44.29 and 55.71 %, respectively. The
frequency distribution of CT-1 gene genotypes in LVH
male patients with underlying EH for GG (n=22) and
GA + AA genotype carriers (n=28) was 44.00 % and
56.00 %, respectively.

We found that structural and functional myocardi-
um indicators in subjects of the control group were
within the generally accepted normative readings for
this age group [6]. The ECG data of Stage II EH
patients suggested higher structural and functional
myocardium indicators, such as end diastolic dimen-
sion (EDD), end systolic dimension (ESD), end diastol-
ic volume index (EDV), end systolic volume index
(ESV), cardiac index (CI), thickness of the back wall of
the left ventricle (PW'T), thickness of the interventricu-
lar septum (SWT), and LVMI, compared to that in the
control group subjects (p<0.05) (Table 2).

The analysis of the LV systolic function established
that the value of the LV ejection fraction (EF) was sta-
tistically significantly higher in the subjects of the con-
trol group (p<0.001). EH II patients had statistically
significantly higher readings of both systolic and dias-
tolic blood pressure and heart rate compared to the
control group subjects (p<0.001).

Statistical analysis of the LV geometric pattern
distribution in Stage II EH male patients showed that



10 YkpaiHcbkuit kapgionoriunmii xypran. 2025. Tom 32. Ne 4

Stage Il EH patients ( n =50)

Control group males ( n =70)

55,77

0 50 100
B Carriers of genotypes GA + AA
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272,71

189,5

92,43

150 200 250 300
B Homozygotes GG

Figure. Blood plasma cardiotrophin-1 concentration in the control group males, Stage Il EH patients and
carriers of various variants of the CT-1 gene, pg/ml. Note: the difference is considered statistically reliable
(p<0.001) when compared with: * — GG genotype of the CT-1 gene within the group.

concentric and eccentric LVH occurred in 38 (76 %)
and 12 (24 %) individuals, respectively (p<0.05).

The next stage of the study involved the analysis of
intracardiac and systemic hemodynamics in carriers of
various variants of CT-1 gene. Stage II EH genotype
GA + AA carriers had statistically significantly higher
LV wall parameters, such as PWT, SWT, relative wall
thickness (RWT) and left atrial size (LA), than those of
genotype GG males (p<0.05) (Table 1). According to
the obtained data, Stage II EH patients had CT-1 blood
serum concentration significantly higher than this in
the control group males (p<0.05). The highest peptide
concentration was determined in Stage II EH carriers
of CT-1 genotypes GA + AA (p<0.05) (Figure).

We used the Spearman’s rank correlation, which
indicates a possible statistically significant relationship
between two variables, to measure a correlation
between blood plasma CT-1 concentration and param-
eters of intracardiac and systemic hemodynamics in
male subjects. Stage II CT-1 blood serum concentra-
tion in EH males demonstrated a statistically signifi-
cant correlation with parameters of wall thickness and
myocardial mass, such as PWT, SWT, RWT, LVMI, and
DT (Table 3).

While analyzing the correlation between hemody-
namic indicators and CT-1 concentration in Stage II
EH patients, carriers of polymorphic variants of the
CT-1 gene, a weak positive correlation with such indi-
cators as PWT, SWT, RWT, and LVMI in GA + AA
genotype carriers was determined (Table 4).

Study of the frequency of LV hypertrophy type
distribution in EH patients, carriers of different CT-1
gene genotypes, showed concentric and eccentric LVH
in 16 (72.73 %) and 6 (27.27 %) GG genotype male
carriers, respectively (p<0.05), while male genotype
GA + AA carriers had concentric and eccentric LVH in

Table 3

Correlative indices of blood plasma CT-1 and
indicators of intracardiac and systemic hemodynamics
in EH male patients (Spearman’s rank correlation)

CT-1 concentration

Male patients with uncomplicated EH

Description (n=50)
R P

PWT, cm +0.42 <0.05
SWT, cm +0.30 <0.05
RWT, RU +0.33 <0.05
LVMI, g/m?7 +0.36 <0.001
EF, % -0.27 >0.05
DT, ms +0.38 <0.05
E/A, RU -0.028 >0.05
E/E’,RU +0.0 17 >0.05
IVRT, ms +0.11 >0.05
LA, cm +0.15 >0.05
SAP, Hg mm +0.20 >0.05
DAP, Hg mm +0.20 >0.05
HR, bpm -0.025 >0.05

R — Spearman correlation coefficient; PWT — posterior wall thickness (cm);
SWT — septal wall thickness (cm); RWT — relative wall thickness (relative
units); LVMI — left ventricular mass index (g/m?7); EF — ejection fraction (%);
DT - deceleration time of early diastolic filling (ms); E/A — ratio of early (E)
to late (A) diastolic transmitral flow velocities (relative units); E/E’ — ratio of
early transmitral flow velocity to early diastolic mitral annular velocity
(relative units); IVRT — isovolumic relaxation time (ms); LA — left atrial size
(cm); SAP — systolic arterial pressure (mmHg); DAP — diastolic arterial
pressure (mmHg); HR — heart rate (beats per minute, bpm).
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Table 4
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Correlation between blood plasma CT-1 concentration and indicators of intracardiac and systemic
hemodynamics in male EH patients, carriers of polymorphic variants of the CT-1 gene (Spearman’s rank

correlation)

CT-1 concentration

Homozygotes GG (n=22)

Genotype GA + AA carriers (n=28)

Description
R P R P

PWT, cm +0.02 <0.05 +0.42 <0.05
SWT, cm +0.18 >0.05 +0.30 <0.05
RWT, RU +0.23 >0.05 +0.33 <0.05
LVMI, g/m?7 +0.16 <0.05 +0.36 <0.05
EF, % -0.31 >0.05 -0.23 >0.05
DT, ms +0, 31 >0.05 +0.26 >0.05
E/A, RU -0.01 >0.05 -0.04 >0.05
E/E, RU +0.05 >0.05 +0.07 >0.05
IVRT, ms +0.21 >0.05 +0, 12 >0.05
LA, cm +0.35 >0.05 +0.15 >0.05
SAP, Hg mm +0.40 >0.05 +0.13 >0.05
DAP, Hg mm +0.10 >0.05 +0.21 >0.05
HR, bpm -0.032 >0.05 -0.13 >0.05

R — Spearman correlation coefficient; PWT — posterior wall thickness (cm); SWT — septal wall thickness (cm); RWT — relative wall thickness (relative units);
LVMI — left ventricular mass index (g/m?7); EF — ejection fraction (%); DT — deceleration time of early diastolic filling (ms); E/A — ratio of early (E) to late
(A) diastolic transmitral flow velocities (relative units); E/E’ — ratio of early transmitral flow velocity to early diastolic mitral annular velocity (relative units);
IVRT — isovolumic relaxation time (ms); LA — left atrial size (cm); SAP — systolic arterial pressure (mmHg); DAP — diastolic arterial pressure (mmHg);

HR — heart rate (beats per minute, bpm).

22 (78.57 %) and 6 (21.43 %), respectively (p<0.05).
This is an important finding because, according to a
number of studies, concentric LVH coronary complica-
tions occur more often than systolic dysfunction,
which means an unfavorable prognosis for patients [2].

DISCUSSION

It is known, that not only demographic, neuroendo-
crine, but also genetic factors play a significant role in
LVH development and progression. It was established
that Stage II EH patients had higher registration fre-
quency of CT-1 genotype GA + AA carriers (rs8046707)
than GG homozygotes (p<0.05) [8]. Such regularity was
discovered by scientists S.Z. Lutz, O. Franck et al. in the
German population, as GA genotype turned out to be
the most common among Germans [9, 10]. In both
German and Ukrainian populations, the AA genotype is
rare one. Although CT-1 protein is normally found in
liver, adipose tissue, and the respiratory system, it main-
ly influences the heart as it is synthesized by the myocar-

dium. As mentioned above, CT-1 peptide is produced by
cardiomyocytes and cardiac fibroblasts under the condi-
tions of biomechanical stress and under the influence of
humoral factors. Moreover, this peptide has pronounced
hypertrophic, hyperplastic and antiapoptotic effects. It is
produced to protect the myocardium by triggering cell
proliferation and survival, exerts its hemodynamic
effects and endocrine properties, and finally makes the
heart prepared for pathological conditions. In fact, it
induces myocyte hypertrophy and collagen synthesis
[11-13]. According to data received from male patients
with uncomplicated EH, the highest peptide concentra-
tion was found in Stage II EH subjects being genotype
GA + AA carriers (p<0.05). This finding became the
basis for the analysis of structural and functional indica-
tors of the myocardium in male 40-60 - year old Podillia
inhabitants.

The Spearman’s rank correlation revealed a rela-
tionship between blood plasma CT-1 concentration
and parameters of intracardiac and systemic hemody-
namics in male subjects. We established a positive cor-
relation of blood plasma CT-1 concentration with LV
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parameters (end-systolic size, PWT, end-diastolic and
end-systolic volume index, left ventricular myocardial
mass index). Also, a correlation with LV indicators was
found in genotype GA + AA male carriers. That means
that even minor changes in the structure of the heart
are reflected to some extent in the blood plasma CT-1
concentration. According to the literature, CT-1 blood
plasma concentration is positively correlated with an
increase in the mass of the myocardium of the left ven-
tricle and elevates in LVH-diagnosed essential hyper-
tension patients [14-16]. Considering the fact that
CT-1 blood serum concentration reflects a number of
different processes in cardiomyocytes and connective
tissue of the heart during the development of LVH of
multiple etiology [9], we believe that this biomarker
can become an additional diagnostic indicator of
hypertrophic changes in the myocardium.

There is no conflict of interest.
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CONCLUSIONS

1. Left ventricular hypertrophy patients with
underlying essential hypertension without clinical
signs of chronic heart failure have statistically higher
cardiotrophin-1 blood serum concentration com-
pared to individuals without any cardiovascular
pathology.

2. Left ventricular hypertrophy male patients, car-
diotrophin-1 genotype GA + AA carriers, have statisti-
cally higher cardiotrophin-1 concentration.

3. Correlations between blood plasma cardiotro-
phin-1 concentration and indicators of intracardiac
hemodynamics suggest changes in wall thickness and
myocardial mass of stage II essential hypertension
patients, which are signs of cardiac remodeling in the
early stages of the disease.

Author contributions: research concept and design - V.Z., S.L., S.E; collection and/or assembly of data - LP, L.S.,
O.S.; data analysis and interpretation — S.L., M.M., LP, S.F; writing the article, final approval of the article - V.Z.,
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MapameTpu BHYTpiLLHbOCEPLIEBOI FeMOAVUHAMIKM B YOJIOBIKIB 3 eceHLUianbHOIO rinepreHsi€lo — HOCIiB
nonimopdHux BapiaHTiB reHa kapaioTrpodin-1

B.M. Xe6enb, M.O. Matoxniok, C.€. Jloauncekui, KO.MN. Mawkosa, J1.M. Cypcaesa, O.K. LLesuyk,
C.B. ®paHuyk

BiHHULBKMI HOUIOHANBHKI MeanuHKi yHiBepeuTeT imeri M.I. Muporosa

MeTa poboTtH — noninWKTH AIArHOCTHUKY OCOBIMBOCTEN NAPAMETPIB BHYTPILIHBOCEPLEBOT TA CUCTEMHOT FEMOAMHAMIKM
npu po3euTKy rineptpodii nisoro wnyHouka ([J1LL) y yonosikie 3 ecenuiansHoto rineprensieio (EMN 3a nonomoroto 6iomap-
kepa kapaiotpodiny-1 (CT-1) npu HociicTsi nonimopdHUx BapiaHTie BignosiaHoro koayeansHoro rena (rs8046707).

Marepianu i MeTogn. O6crexerno 70 vonosikie 6e3 o3Hak cepueso-cyamHHoi natonorii Ta [J1LL inwoi eTionorii Bikom
(48,81+0,78) poky Ta 50 wonosikie iz 1L ynacninok EI 6e3 oanak xporiunoi cepuesoi nepoctaTHocTi sikom (50,62+0,73)
POKY. YCiM yYOQCHUKAM BOCNIIXEHHS MPOBOAMIM CTAHAAPTHE exokapaiorpadiuHe 06CTEXEHHS, BU3HAYAIM KOHLEHTPALO
CT-1 y nnasmi kpoBi METOIOM iIMyHOMDEPMEHTHOTO aHANIi3y Ta BUu3Hauanm nonimopdism (rs8046707) rena CT-1 y spaskax
BEHO3HOI KPOBIi METOLOM NONIMEPA3HOI NAHLIOrOBOI PEAKLT.

Pesynbratn. Konuerntpauia CT-1 y nnasmi kposi B oci6 6e3 o3nak cepueso-cyamHHoi natonorii romosurotr GG Huxua,
HixX y Hociis renHotunis GA + AA: (55,77+2,53) nr/mn (n=31) npotu (92,46%+1,54) nr/mn (n=39) (0p<0,001). Pisers CT-1y
nnasmi kposi y npeacrtasHukis i3 [JILU sHauywlo Buwwmit, HiX Yy KOHTPOMbHIK rpyni: y 4Yonosikie i3 rerotunom GG —
(188,22+7,95) nr/mn (n=22); y Hociis rerotunis GA + AA — (282,33%£11,52) nr/mn (n=28) (p<0,001). MeTogom paHrosoi
kopenauii 3a CnipmeHoMm BUSIBNIEHO Kopenauilo Mix koHueHTpauieio CT-1y nnasmi KpoBi TA NOKA3HUKAMM eXOKAPLIorpadil.

BucHosku. Y xsopwmx 3 EI Il crapii — Hociis renotmnis GA AA rena CT-1 susisneno sumuli pisHi koHueHTpauii CT-1y nnas-
Mi KPOBI TG KOpEenALiMHI 38'93kKM 3 NOKA3HMKAMKM exokapgiorpadii. Lle cBigunTs npo Te, Wwo 3MiHM TOBLLMHM CTIHKM TA MACH
miokapaa y nauienTis 3 El || MoxyTb ByTH 1iarHOCTOBAHI i3 30CTOCYBAHHAM 303HAYEHOrO MOPKEPA AK JOAATKOBOrO NOKA3-
HUKQ.

Knioyosi cnosa: rineptpodis NiBOro LWAyHOUKA, ECEHLIONbHA rinepTeHsis, kapgaioTpodiH-1.



