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The prevalence of arterial hypertension
(AH), type 2 diabetes mellitus (type 2 DM),
and obesity (OB) is constantly increasing
worldwide. Today, the complex of factors, which
primarily include chronic emotional stress,
pandemics of infectious diseases, military con-
flicts, has led to a significant increase in chro-
nic non-communicable diseases. This is directly
related to AH, type 2 DM, and OB, and the
increasing prevalence of these diseases among
young and middle-aged people is of particular
concern. Unfortunately, these comorbid disea-
ses lead to an increased risk of cardiovascular
complications, the development of which causes
disability and premature death in people of ac-
tive working age [1-3].

Currently, the search for significant bio-
markers, regulators of pathological processes
that can be informative in nature regarding

the prediction of the early development of car-
diovascular complications in comorbid patients
does not lose its relevance.

One of these indicators is Cardiotrophin-1
(CTF-1) — a cytokine from the interleukin-6
family associated with the cardiovascular sys-
tem pathology. It was found that CTF-1 is in-
volved in energy processes; regulation and me-
tabolism of adipose tissue; carbohydrate, lipid
metabolism; myocardium remodulation, the de-
velopment of atrial fibrillation, etc. [4—8].

Given the urgency of the problem, the pur-
pose of our study was to determine the depen-
dence of Cardiotrophin-1 on a number of bio-
chemical and hormonal indicators in patients
with arterial hypertension, type 2 diabetes
mellitus, and obesity, representatives of the
Ukrainian population.
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the features of immunocytokine imbalance in comorbid patients with arterial hypertension and type 2 diabetes and
cardiovascular and renal complications» (state registration number 0123U101711).

The institution that finances the study is the Ministry of Health of Ukraine.

The authors assume responsibility for the published work.

The authors guarantee absence of competing interests and their own financial interest when carrying out the re-

search and writing the article.

The manuscript was received by the editorial staff 15.04.2023.

IIpobnemu endoxpurnoi namosnoeii Ne2, 2023



Kniniuna endokpurosioeisn

MATERIALS AND METHODS

The complex of studies was carried out in
accordance with the ethical and moral-and-le-
gal requirements of the Statute of the Ukraini-
an Association for Bioethics and GCP (1992),
GLP (2002), the principles of the Helsinki
Declaration of Human Rights, the Council
of Europe Convention on Human Rights and
Biomedicine and adopted by the Commission
on Ethics and Bioethics of Kharkiv National
Medical University.

The study included 211 patients aged 49
to 65 years, who were treated at the clinic of
GI «L. T. Malaya Therapy National Institute
of the NAMS of Ukraine», and who were di-
vided into groups depending on the pathology:
patients with AH — 49 persons, Group I; pa-
tients with AH in combination with class 1
OB — 54 persons, Group 2; patients with AH
in combination with type 2 DM — 57 persons,
Group 3; patients with AH, type 2 DM, class 1
OB — 51 persons, Group 4; as well as 20 per-
sons — the Control group. The study groups of
patients were comparable in age and gender.

All patients had body weight, height mea-
sured and BMI = body weight/height? (m?)
calculated. Body mass index (BMI) was deter-
mined to define obesity (BMI > 30 kg/m?), ac-
cording to WHO criteria. AH verification, its

1400

degree and stage were carried out, according to
current European guidelines, DM diagnostics
under WHO criteria.

All patients have signed informed consent
to participate in the study.

Exclusion criteria for the study were as fol-
lows: type I DM, congenital heart diseases and
urinary tract defects, the artificial pacemaker,
the artificial heart valves, heart failure stages
II B and III, acute myocardial infarction, infec-
tious and severe inflammatory processes, he-
matological diseases.

Determination of the CTF-1, catestatin, lep-
tin, cystatin C, neutrophil gelatinase-associat-
ed lipocalin (NGAL), N-terminal brain natri-
uretic peptide (NT-proBNP), 25-OH vitamin D
(Vitamin D3) blood levels were carried out
by enzyme immunoassay on Labline-90 ana-
lyzer (Austria), using commercial test systems
manufactured by FineTest (ELISA, China), BT
LAB (ELISA, China), DBC (ELISA, China),
Elabscience (ELISA, Canada), Monobind Inc.
(ELISA, USA), according to the instructions
included in the kits.

Biochemical studies (the level of creatinine,
urea, and lipid spectrum in blood serum) were
carried out on Labline-90 analyzer (Austria).
The urea level in blood serum was measured
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Fig. 1. CTF-1 concentration in all the examined groups
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by a kinetic, enzymatic method with urease
and glutamate dehydrogenase, using Liquick
Cor-UREA 30 kits (Cormay, Poland), according
to the manufacturer's instructions. The creati-
nine level in blood serum was measured by the
modified Jaffe’s method without deproteiniza-
tion, using LiquickCor-CREATININ 30 reagent
kits (Poland), according to the manufacturer's
instructions. Total cholesterol (TC), high-densi-
ty lipoprotein cholesterol (HDL-C), and trigly-
cerides (TG) were determined by the enzymatic
method, using such reagent kits, as Cholesterol
liquicolor, HDL-Cholesterol, and Triglycerides
liquicolor (Human, Germany), according to
the manufacturer’s instructions. The content
of very-low-density lipoprotein (VLDL-C) was
calculated, according to the formula TG / 2.22;
the content of low-density lipoprotein choleste-

rol (LDL-C) was calculated by the formula of
W. T. Friedewald, 2004:

VLDL-C =TC - (HDL-C + TG / 2.22), mmol/L.

Statistical data analysis was performed,
using the statistical software package Statis-
tica, 12 (Stat Soft Inc, USA), Microsoft Office
Excel 2013. Data are shown as mean (M) and
standard deviations (5).

Differences between groups of mean values
were assessed, using Student's t-test. An error
of less than 5% was considered to be signifi-
cant (p < 0.05).

Stepwise regression analysis was used to
determine the extent of exposure of the studied
indicators to the CTF-1 level, with its effective-
ness assessed by one-way analysis of variance

(ANOVA).

RESULTS AND THEIR DISCUSSION

According to the study results, it was found
that the CTF-1 concentration significantly dif-
fered in all the examined groups of patients
compared to the controls, as well as among
themselves, p < 0.05 (Fig. 1).

The data obtained indicate a significant in-
crease in the CTF-1 level in comorbid patients
as the aggravation of comorbid pathology and
its highest level was observed in patients with
AH + type 2 DM + OB. The data obtained are
comparable with the results of other resear-
chers [9-11].

In order to determine the exposure of var-
ious factors to the CTF-1 level separately in
each group of patients, we built mathematical
models, using stepwise regression analysis.
The inclusion of a number of clinical metabolic
and hormonal indicators in the mathematical
model makes it possible to expand its informa-
tion content and significance.

Thus, according to the data obtained, in pa-
tients with AH, the CTF-1 level is more clearly
influenced by catestatin, the patient's age, and
NT-proBNP (Table 1).

Table 1
The impact of various factors on the CTF-1 level
in the examined patients with AH (Group 1) (regression analysis)
(R2=0.56, F =4.95, p =0.00004)
. _ Extent of
Indicator, n = 49 Beta (6) B exposure (%) p-level
Catestatin —0.484 —63.399 14.04 % 0.0004
Age —0.256 —3.268 7.43% 0.0589
NT-proBNP 0.271 0.306 7.86% 0.0338
Creatinine, pmol/L 0.235 2.926 6.82% 0.0911
Leptin 0.262 2.965 7.60% 0.0436
Weight 0.227 3.096 6.59% 0.0766
Atherogenic index (AI) 0.199 17.260 5.77% 0.0992
Note:
R? — determination factor;
F — criterion;
p — model statistical significance;
Kj = ((100 x BETA) xR?) / ¥ (BETA))in %
IIpobnemu endoxpurnoi namosnoeii Ne2, 2023 9
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Table 2
The impact of various factors on the CTF-1 level
in the examined patients with AH + OB (Group 2)
(regression analysis) (R>=0.61, F =4.34, p = 0.001)
. - Extent of
Indicator, n = 54 Beta (6) B exposure (%) p-level
Catestatin —0.433 —14.085 13.01% 0.0012
Age —0.354 —1.193 10.64 % 0.0045
NT-proBNP 0.339 35.292 10.19% 0.0072
Creatinine, pmol/L —0.337 —3.667 10.13% 0.0120
Leptin 0.303 112.959 9.10% 0.0193
Weight —-0.137 —5.385 4.12% 0.2682
Atherogenic index (AI) 0.126 50.556 3.79% 0.3064
Table 3
The impact of various factors on the CTF-1 level
in the examined patients with AH + DM (Group 3)
(regression analysis) (R*=0.54, F = 7.66, p = 0.0002)
. _ Extent of
Indicator, n = 57 Beta (6) B exposure (%) p-level
NGAL —0.497 —13.074 27.31% 0.0001
TG —0.204 —21.647 12.81% 0.0815
HDL-C 0.160 41.339 10.05% 0.1703
Table 4
The impact of various factors on the CTF-1 level
in the examined patients with AH + OB + type 2 DM (Group 4)
(regression analysis) (R2=0.67, F =5.35, p = 0.0006)
. — Extent of
Indicator, n = 51 Beta (6) B exposure (%) p-level
Catestatin -0.435 —18.218 18.45% 0.0011
Cystatin C 0.456 0.436 19.34% 0.0008
Leptin —0.322 —1.016 13.65% 0.0112
Atherogenic index (AI) 0.206 5.324 8.74% 0.0883
Age 0.158 0.685 6.70% 0.1919
Table 5
The impact of various factors on the CTF-1 level
in all examined patients without the Control group
(regression analysis) (R2=0.55, F = 6.88, p = 0.000001)
. - Extent of
Indicator, n = 211 Beta (6) B exposure (%) p-level
BMI 0.331 14.107 19.58% 0.0000
Creatinine, pmol/L 0.145 2.556 8.58% 0.0267
SBP 0.102 1.561 6.03% 0.1393
DBP —0.100 —-1.994 5.91% 0.1427

Note:

Kj = (100 x BETA) x R?) / ¥ (BETA )in %
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Similar data were obtained in patients with
AH and obesity (Table 2).

In comorbid patients with AH and type 2
DM, the aspect of disease is different (Table 3).
In such cases, CTF-1 levels are influenced by
NGAL, triglyceride levels, and HDL-C.

In patients with AH, type 2 DM, and OB,
the results indicate that catestatin, cystatin C,
and leptin have the most pronounced effect on
the CTF-1 level (Table 4).

Summarizing the data obtained, it can be
argued that in the majority of the patients exa-
mined, catestatin, an important peptide that
regulates the functioning of the cardiovascular
system, has the most significant effect on the
CTF-1 level. It is also known that this biomar-
ker has antihypertensive, antiapoptotic, cardio-
protective, and hypoglycemic effects [12—14].

Cystatin C is an early marker for chronic
kidney disease. At the same time, it has been
found that the level of cystatin C increases
with heart failure and a number of other di-
seases, so 1t is considered to be as a predic-
tor of cardiovascular complications associated
with impaired renal function and a marker of
the severity of heart failure and acute coronary
syndrome [15-17].

N-terminal brain natriuretic peptide
(NT-proBNP), a hormone secreted by cardio-

myocytes in the ventricles of the heart in res-
ponse to cardiac stress and ventricular dys-
function, plays an important role in the cascade
of cardiovascular events. There are studies,
demonstrating the predictive value of this in-
dicator for the development of cardiovascular
events, primarily in the diagnosis and treat-
ment of heart failure [18—20].

Regarding the relationship between CTF-1
and leptin, it should be noted that this adipo-
cyte (leptin) is a signal marker that reflects the
accumulation of adipose tissue, correlates with
the amount of adipose tissue, stimulates angio-
genesis, proliferation of hematopoietic cells and
pancreatic B-cells [21-23].

The so-called «classical» indicators, which in-
clude data on the blood lipid spectrum, creatinine,
BMI, and levels of systolic blood pressure (SBP)
and diastolic blood pressure (DBP), also have
an important impact on the CTF-1 level [24, 25]
(Table 5). Thus, the study indicates that co-
morbid patients with AH, type 2 DM, and OB
are predicted to develop complications from the
cardiovascular system and CTF-1 is a marker
of their development. In the examined patients
as a whole, the level of CTF-1 is closely related
to the peptide-hormonal complex: catestatin,
leptin, cystatin C, brain natriuretic peptide, and
lipocalin associated with neutrophil gelatinase.

CONCLUSIONS

1. The serum concentration of Cardiotrophin-1
in patients with arterial hypertension in-
creases significantly in a progression with
the rate of accession of comorbid pathology
and its severity.

2. The Cardiotrophin-1 level in patients with
comorbid pathology is affected by catestatin,
leptin, cystatin C, NT-pro BNP, as well as

the level of triglycerides, HDL-C, creatinine,
and BMIL.

3. Cardiotrophin-1 can be considered as a uni-
versal biomarker for the development and
progression of cardiovascular disorders in
patients with comorbid pathology of arterial
hypertension, type 2 diabetes, and obesity.
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DEPENDENCE OF CARDIOTROPHIN-1 ON BIOCHEMICAL
AND HORMONAL FACTORS IN PATIENTS WITH COMORBID PATHOLOGY:
ARTERIAL HYPERTENSION, TYPE 2 DIABETES MELLITUS AND OBESITY

I. P. Dunaieva, O. M. Bilovol

Kharkiv National Medical University, Kharkiv, Ukraine
innadunaieva@gmail.com

The prevalence of arterial hypertension, type 2 diabetes mellitus (type 2 DM), and obesity is constantly in-
creasing worldwide. Today, a complex of factors, which primarily include chronic emotional stress, pandemics of
infectious diseases, military conflicts, have led to a significant increase in chronic non-communicable diseases.

The aim of the study. To determine the dependence of Cardiotrophin-1 on a number of biochemical and
hormonal indicators in patients with arterial hypertension, type 2 DM, and obesity, representatives of the
Ukrainian population.

Materials and methods. The study included 211 patients aged 49 to 65 years, who were divided into
groups depending on the pathology: patients with arterial hypertension — 49 persons, Group I; patients with
arterial hypertension in combination with class 1 obesity — 54 persons, Group 2; patients with arterial hyper-
tension in combination with type 2 DM — 57 persons, Group 3; patients with arterial hypertension, type 2 DM,
class 1 obesity — 51 persons, Group 4; as well as 20 persons — the Control group.

Determination of the content of Cardiotrophin-1, catestatin, leptin, cystatin C, neutrophil gelatinase-asso-
ciated lipocalin (NGAL), N-terminal brain natriuretic peptide (NT-proBNP), 25-OH vitamin D (Vitamin D,),
blood levels was carried out by enzyme immunoassay on Labline-90 analyzer (Austria), using commercial
test systems manufactured by FineTest (ELISA, China), BT LAB (ELISA, China), DBC (ELISA, China),
Elabscience (ELISA, Canada), Monobind Inc. (ELISA, USA).

Statistical data analysis was performed, using the statistical software package Statistica, 12 (Stat Soft Inc,
USA), Microsoft Office Excel 2013. Data are shown as mean (M) and standard deviations (6). An error of less
than 5% was considered to be significant (p < 0.05). Stepwise regression analysis was used to determine the ex-
tent of exposure of the studied indicators to the CTF-1 level, with its effectiveness assessed by one-way analysis
of variance (ANOVA).

Results. Thus, the study indicates that comorbid patients with arterial hypertension, type 2 DM, and
obesity are predicted to develop complications from the cardiovascular system and Cardiotrophin-1 is a marker
of their development. In the examined patients as a whole, the level of Cardiotrophin-1 is closely related to the
peptide-hormonal complex: catestatin, leptin, cystatin C, brain natriuretic peptide, and lipocalin associated with
neutrophil gelatinase.
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Conclusions: The serum concentration of Cardiotrophin-1 in patients with arterial hypertension in-
creases significantly in a progression with the rate of accession of comorbid pathology and its severity. The
Cardiotrophin-1 level in patients with comorbid pathology is affected by catestatin, leptin, cystatin C, N'T-pro
BNP, as well as the level of triglycerides, HDL-C, creatinine, and BMI. Cardiotrophin-1 can be considered as
a universal biomarker for the development and progression of cardiovascular disorders in patients with comor-
bid pathology of arterial hypertension, type 2 DM, and obesity.

Keywords: Cardiotrophin-1, comorbid pathology, type 2 diabetes mellitus, arterial hypertension, obesity,
regression analysis.

SAJNIEXHICTb KAPAOIOTPO®IHY-1 BlA BIOXIMIYHUX
| TOPMOHAJTbHUX YAHHUKIB Y NALIEHTIB 3 KOMOPBIOHOIO NATOMOrIEIO:
APTEPIANNIbHOIO TMNEPTEH3IEIO, ULYKPOBUM AOIABETOM 2 TUNY TA OKUPIHHAM

Hywuaesa 1. II., Bimosos O. M.

Xapriecorkull HauioHaAbHUL MeOuuHUl yHisepcumem, m. Xapkie, Yrpaina
innadunaieva@gmail.com

PosmoscromzxenicTs apTepiaiabHOI rimepTensii, mykposoro giadery 2 tumy (I[J[2) Ta osxupiHHS HEBIUHHO
3pocrae B ycbomy cBiti. Komirexe gaxTopis, 00 AKHX, B IEpPIIy Yepry, HAJEKUTD XPOHIUYHHUN eMOIIMHMIMA
crpec, mauaeMil IHQEKIINHUX 3aXBOPIOBAHD, BINCHKOBI KOH(IIKTH, IIPU3BEJIX J0 3HAYHOTO 301/IbIIIeHH Ha-
Terep XPOHIYHUX HelHPERIINHUX 3aXBOPIOBAHbB.

Mera nociimsxenns. Busnauntu 3asmexuocTl KapaioTpodiny-1 Big psaay 6010XIMIYHUX 1 TOPMOHATIBHUX
MOKA3HUKIB y HAII€HTIB 3 apTeplajbHOI IillepTeH3ieo, IYKPOBUM AiabeToM 2 THUILY 1 OKMPIHHAM, IIPeICTaB-
HHUKIB yKPalHCHKOI ITOIIYJIAIII].

Marepiaau ta meronu. B mocimimkennsa Brirodero 211 marieHTiB y Bl Bixg 49 mo 65 pokis, siki Oysim
PO3MOIiIeH] Ha T'PYIIX 3aJIeKHO B1JT IATOJIOTI: XBOP1 HA apTeplayibHy rimeprensio — 49 ocib, 1 rpymna; xBopi
Ha apTeplajbHY riIepTeH3io 3 0OKupiHHaM | cTym. — 54 ocobu, 2 rpyma; XBopl Ha apTeplaibHy riIepTeH3110
3 IIJ12 — 57 oci6, 3 rpyma; maifienTu 3 aprepiajbHoio rineprensieto, [1J12, omupianuam I cryn. — 51 ocoba,
4 rpyna; a Takosx 20 0ci0 — KOHTPOJIbHA IpyIia.

Busnauenus BmicTy rapmioTpodiny-1, karecratuny, Jentuny, nucratuny C, JiMMoKaIiHy, acoIiio-
BAHOMY 3 ’KeJIaT1HAa30I0 HeﬁTpod)iJIiB (NGAL), N- TepMiHaanoro MO3KOBOT'O HaniﬁypeTHquro OeTTUuLY
(NT-proBNP), 25-OH BlTaMlHy D (Vltamln D,), piBHa iHCYTiHY y cHpPOBATIIi KPOBI TIPOBO/THIIH imyHOdeEep-
MEHTHUM MeToJ0M Ha aHaJsizaropl «Labline- 90» (ABCTpisl) 3 BUKOPUCTAHHSIM KOMEPI[IAHUX TECT-CUCTEeM
Bupobuunrsa Qipmu «Fine Test» (Kurait), «BT LAB» (Kuraii), «DBC» (Kuraii), «Elabscience» (Kanama),
«Monobind Inc.» (CIITA).

CraTucTHUYHUN aHAJI3 JAaHUX BUKOHAHO 3a JOIOMOIrOI0 IMAKeTy CTATUCTUYHHUX mporpam Statistica,
12 (Stat Soft Inc, CIITA), Microsoft Excel 2013. {151 Bu3HaUeHHS CTYIIEHIO BIIUBY HA PiBeHb KapaioTpodiny-1
MOKA3HWKIB, 1[0 BUBYAKTHCSI, BUKOPHCTOBYBAJIM IMOKPOKOBUM perpeciiHuUM aHai3 3 OIIHKOK MHOTro
edeKTHBHOCTI 3a JOIMOMOTO0I0 0JHOpakTOopHOTO Auctepciiinoro anamidzy (ANOVA). JlocToBipHO BBaskaacs
noxubka menire 5% (p < 0,05).

PeaynsraTu. JloBeseHo, 1110 y maiieHTiB 3 apTepiajbHOIO IiIIepTeH31€10 IpU PO3SBUTKY KOMOPO1THOI 1maTo-
sorii, a came moemuamul 3 [[J[2 Ta oxupinusa, Mae miciie 301JIBIIIEHHS PU3UKY PO3BUTKY CEPIIEBO-CYIUHHUX
yCKJIaJHEeHb, 0l0MapKepoM SKHX € KapaioTpodin-1. ¥V obcresxeHoro 3arajly mallieHTiB piBeHb KapaioTpodi-
Hy-1 TICHO TTOB’I3aHUH 3 MEIITHIHO-TOPMOHAJIBHUM KOMILJIEKCOM: KAT€CTATHHOM, JIEITUHOM, 1uctatuaoMm C,
MO3KOBUM HATPIAYPETUIYHUM IIEIITUIOM Ta JIIIOKAJIIHOM, aCOI[IHOBAHUM 3 KeJIaTIHA3010 HeHTPodiaiB.

BucuHosku. Konmnenrpailis cupoBaTkoBoro piBHs KapaioTpodiny-1 y maiieHTiB 3 apTepiajabHOI0 Tilep-
TeH31€10 IPOrPECUBHO 3HAUYIIe 30LJIbIIYETHCA 3 TEMIIOM IIPUEIHAHHSA KOMOPOLAHOI ITaToorii Ta il TAKKOCTI.
Ha piBens kapmiorpodiny-1 y maifieHTiB 3 KOMOPOIJHOKO MATOJIOrIe0 3A1MCHIOE BILIUB KAaTECTATUH, JIEIITHH,
nucratrus C, NT-pro BNP, a takosx pisens tpurminepunis, XC-JIIIBII, kpearuniny, IMT. Kapaiorpodin-1
MO’KHA BBaYKATHU yHIBepCAJbHUM 0lOMapKepOM PO3BUTKY 1 IMPOrpecyBAHHS CEPIEBO-CYTUHHHUX MOPYIIEHb
y IMAIleHTiB 3 KOMOPOLAHO IIaTOJIOTIE0 ApTEPIlaIbHOI IillepTeHall, IyKPoBOoro AiabeTy 2 TUIY Ta OKUPIHHI.

Kiawyosi camoBa: rapmiorpodin-1, komopbigHAa IIaTosoris, IMyKpoBUil giaber 2 Tumy, apreplajibHa
rimepTeHasis, OKUPIHHS, perpeciiHui aHa 3.
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