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Chronic heart failure (CHF) is an essen-
tial medico-social problem in the world, and
in Ukraine. According to national researches
in European countries, the CHF prevalence
among adult population is 1-5% and it grows
proportionaly to age. Especially high is the
CHF prevalence among elderly people. Increase
of elderly people share is considered one of the
main reasons of CHF high prevalence in eco-
nomicaly developed countries [1-4].

Frequent reasons of CHF are coronary ar-
tery disease and hypertension. The relative
risk of heart failure development against the
background of diabetes melitus 2 type (DM)
exceeds the risk of CHF emergence at hyper-
tension, obesity. [5].

The influence of DM type 2 on develop-
ment and forecast of CHF is caused by a num-
ber of mechanisms which are closely connected

among themselves. Firstly, it is group of car-
diovascular risk factors entering insulinresis-
tance syndrome: dyslipidaemia, hypertension,
obesity and inflammation [6].

Secondly, DM contributes to the coronary
atherosclerosis development and realizes CHF
negative impact for progressing of coronary ar-
tery disease. Thirdly, DM type 2 types contri-
butes development of heart failure because of
existence of a specific cardiomyopathy [7].

At heart failure increase in endothelin-1
level in peripheral blood is noted [8]. Concen-
tration of immunoreactive endothelin-1 is con-
siderably increased in patients with hyperten-
sion of the II-III stage [9, 10].

It is known that endothelin-1 in many re-
spects defines the endothelium dysfunctions,
which is the trigger in pathogenesis of cardiovas-
cular pathology (atherosclerosis, hypertension,
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thrombogenesis), and considerably advances
emergence of clinical symptoms of a disease [11].

The constant hyperglycemia strengthens
the vascular diseases connected with diabetes
melitus and CHF. In high concentrations glu-
cose has direct toxic effect on endotelial celles
of vessels [12].

Further studying of pharmacological correc-
tion opportunities of endotehlin-1 system can
become a basis for new therapeutic approaches

development to DM and its complications treat-
ment.

Definition of endothelin-1 role in forecasting
of cardiovascular complications development in
patients with diabetes melitus type 2 and hy-
pertension on the basis of mathematical model
creation, by means of clinical, biochemical and
haemodynamic datum of patients was the pur-
pose of this fragment of a research.

MATERIALS AND METHODS

98 patients with CHF of functional class
I-III, being on treatment in cardiological de-
partment of the twenty seventh Kharkiv city
clinical hospital, have been examed. Among
examined patients there were 41 (41,8 %)
men and 57 (58,2%) women. Middle age was
63,7 + 1,0 years. Clinical signs of heart failure
in NYHA I functional class was observed in
22 (22 %) patients, functional class II in 56 pa-
tients (57 %), functional class III in 20 (21 %)
patients with stage III HF. All patients were
divided into 2 groups: 1 — patients with CHF
and DM type 2 (n = 68), 2 — patients with CHF
without DM type 2 (n = 30).

The control group (14 men, 6 women, middle
age was 46,9 + 1,8 years) was made by almost
healthy people who havn't CHF signs. Patients
were matched for gender and age.

All patients received basic therapy accor-
ding to the standards for the treatment of
chronic heart failure and type 2 diabetes, as
well as the recommendations of the European
Society of Cardiology. All drugs were prescribed
to patients after blood sampling for the study.
Analyzing the dynamics of clinical manifesta-
tions, biochemical and instrumental indicators,
they monitored the efficiency of the therapy.

According to the Helsinki Declaration, all
patients were informed about the clinical trial
and agreed to determine investigated levels:
Endothelin-1, nitrite of sodium, sodium nitrate,
level of magnesium, lipid profile, echocardio-
graphy and glycated hemoglobin, signed a writ-
ten consent.

The criteria for exclusion of patients
from the study were the following: congeni-
tal and acquired heart defects; hypotension
(AT < 90/60 mm Hg); the symptomatic nature
of arterial hypertension; presence of concomi-

tant endocrine, autoimmune, severe renal fai-
lure and oncopathology; the presence of chronic
obstructive pulmonary disease; exacerbation of
chronic inflammatory processes or the presence
of acute inflammatory diseases, acute stroke,
acute left or right ventricular failure; alcoho-
lism, drug addiction.

The verification of the diagnosis of coronary
artery disease (CAD) was carried out in ac-
cordance with the standards of the European
Society of Cardiologists, the Association of
Cardiologists of Ukraine, the protocols of the
Ministry of Health of Ukraine. The presence
of CHF was established by the classification of
the Working Group on Cardiac Insufficiency
of the Ukrainian Scientific Society of Cardio-
logists, and the functional class (FC) was eva-
luated according to the criteria of the New York
Heart Association (NYHA).

The examing complex included endothelin-1
definition (Biomedica), nitrite of sodium, so-
dium nitrate (R&D Systems, Total Nitric Oxide
Assay), an enzymatic method of lipidic indica-
tors — total cholesterol (T'C), high density lipo-
protein (HDL), low density lipoprotein (LDL),
very low density lipoprotein (VLDL), glycated
hemoglobin (HbA ), magnesium («Ultra» of
Kone LabSystems firm) by immunofermental
method. Tool methods included: an electrocar-
diography at rest (EKA-1T), radiological survey
of thorax organs, an echocardioscopy (Radmir
ULTIMA Pro30) with definition of end-diasto-
lic and end-systolic sizes (EDS, ESS), end-dia-
stolic and end-systolic volumes (EDV, ESV)
and ejection fraction (EF).

The received results are presented in the
average value form = standard deviation from
average value (M + m). Statistical data proces-
sing was carried out by means of a Statistica
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package, version 6,0. Assessment of differences
between groups at the distribution close to nor-
mal, was carried out by means of Student cri-
terion. Mathematical model calculations were

made by means of the Logistic Regression mod-
ule of the Statistica package for Windows 5.5
application programs. Statistically reliable dis-
tinctions were considered at p < 0,05.

RESULTS AND THEIR DISCUSSION

Endothelin-1 level has been investigated in
patients depending on sex and age in patients
with CHF (tabl 1).

At distribution of all patients depending on
sex and age the following results have been re-
ceived. It is revealed that endothelin-1 level is
reliable higher in women and also in persons
older than 60 years.

In the analysis of the received results it is
revealed that endothelin-1 in blood plasma in
patients with CHF and DM type 2 is on 3,5%
higher than in patients with CHF without DM
type 2, and on 32% higher, than in control
group. The NO2 and NO3 levels were reliable
higher on 26% and 34% respectively in patients
with CHF without DM type 2 that demon-
strates negative impact of a hyperglycemia on
nitrogen oxide metabolites production.

The key role in pathogenesis of development
and progressing of vascular complications of

DM type 2 belongs to a chronic hyperglycemia.
So, the level of blood glucose and HbA, was
authentically higher in patients with FC III,
than in patients with FC I and II.

The cardiovascular complications develop-
ment risk stratification concept in patients with
DM type 2 and CAD provides the general stra-
tegy of prevention, treatment and forecast tak-
ing into account personal, medical and social
characteristics of the patient.

Proceeding from it, the methodology of in-
terrelations reflecting metabolic violations
studying in patients with CAD has to meet the
requirements of the system analysis and evi-
dential medicine.

The most suitable for solution of objective is
the method of logistic regression. The predicted
variable has only two values for dichotomizing
logistic regression: «1» — the event has taken
place and «0» — otherwise. The result of cal-

Table 1
Sex and age influence on the endothelin-1 level
Indicators Sex Age
Before From 45 More than
. Men Women

Endothelin-1 (n = 41) (n = 57) 44 years to 59 years 60 years

(fmol/1) (n=5) (n=29) (n = 64)
3.08+0.14 3.45+0.21 2.84 +£0.02 3.19+0.11 3.31+£0.04

p,,>0.05 p,,>0.05

p p,,<0.05 p,.>0.05 p,,<0.05

Table 2
Indicators of an endothelin, nitrogen oxide metabolites
at patients with CHF and DM type 2 in comparison
on patients with CHF without DM type 2
Groups of the examined Endothelin-1 Magnesium

patients n (mmol/1) NO, (mmol/l) | NO, (mmol/l) (mmol/1)

Patients with CHF 68 | 3.16+019% | 6.17+071% | 17.31+1.51* | 0.71+0.02*
and DM type 2

Patients with CHF o o o «

without DM type 2 30 3.056 +£0.47 9.01 +£0.47 19.07 £ 0.67 0.64 +3.1

Control group 20 2.0+04 19.03 £0.15 24.12+0.8 1.1+0.3

Note:

* p <0.01in comparison with control group,
#

statistically significant difference in groups of patients with CHF with DM type 2 and CHF.
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Table 3

Indicators of carbohydrate exchange depending
on CHF functional class (FC)

Indicator IFC (n=10) IIFC (n=12) IIT FC (n = 46)
Blood glucose (mmol/l) 6.28 £ 0.77* 7.19 £ 0.56* 8.14 +£ 0.44*
HbA, (mmol/l) 7.85+1.00 10.12 + 0.48* 10.90 + 0.96*

Note:
* p<0,01in comparison with control group.

culation when carrying out the forecast gets to
an interval 0—1 and can be interpreted as prob-
ability of the predicted event.

Such properties of the regression equation
are provided with application of the following
regression equation (logit transformation):

_ 1
1+ e‘y’
where
p — the possibility of happening of predicted
event;
e — basis of natural logarithms 2,71,
y — the standard linear regression equation:
y=x1Xkl+x2Xk2+..+xnXkn+c,
where
y — dependent variable size,

x1 — independent variables value,
ki — coefficients at independent variables,

¢ — constant.

Each coefficient is proportional to the con-
tribution of an independent variable to the
predicted indicator. The stepwise regression
method was used, that allows to include only
predictors with an essential contribution into
the forecast to the model. The relative contribu-
tion of each predictor is expressed by statistics
size (Wald Chi-Square).

Variables, that estimate a condition of car-
bohydrate and cardiohaemodynamic in patients
with CHF and DM type 2, were included in
model.

After elimination of less significant predic-
tors the following set of 6 variables has been
received:

* endothelin-1 level,

*+ glycated hemoglobin,

+ NO,,

* ejection fraction (EF),

+ NO,,

+ DM.

Cardiovascular complications existence was
coded by value «1», and their absence — by «O».

The logistic model, that includes given in-
dicators, allowed to predict cardiovascular com-
plications development with 90 % sensitivity
and 87% specificity.

For increase in forecast quality we have
replaced quantitative variables with their rep-
resentation in the ranged look. The indicator
rank (in our case 0 or 1) intended depending
on that more or less its value than a point of
division (cut-off value) — the size at which the
sum of sensitivity and specificity of the studied
independent indicator in relation to predicted
is maximum. The choice of a point of division
was carried out by creation of ROC (Receiver
Operator Characteristic) of curves on the plane
sensitivity — specificity.

The area under such the curve is the inte-
grated characteristic of predictive qualities of
the studied predictor.

Calculation of the complicated current DM
development possibility in patients with CHF
was determined by the following formula:

Cardiovascular complications risk =
=1/@1+ Exp (-Y)),
where

Y = endothelin-1 x 3,37 + HbAlc x 3,01 +
+ 2,33+ NO2 x 1,97 + EF x 51 % —
— DM x 1,57 - 3,94

The variables, which were entered to the
equations, were coded as «1» under following
conditions: endothelin-1 > 21 mg/ml; HbAlc >
11,4 %; NO2 > 6,17 mg/ml; variability of NO3 >
17,31; EF > 51 %.

If conditions weren’t satisfied, variables were
coded by zero value.

When using of the coded variables, the fore-
cast result has been improved. The sensitivity
was 95%, specificity — also 95 %.
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Totally false forecast of cardiovascular com-
plications development has made only 5 %.

So, among all the indicators, that were
studied, the greatest sensitivity in cardiovascu-
lar complications forecasting, had endothelin-1,
therefore we can claim, that this indicator is
a cardiovascular risk marker.

The mathematical model of predicting the
development of heart-related acceleration can

be used in all patients with chronic heart failu-
re and diabetes mellitus type 2 to stratify the
risk of complications. Since the study was con-
ducted on a small sample of patients, further
research is needed on a larger sample of pa-
tients, which will give more reliable results for
predicting a complicated course, as well as con-
ducting population-based studies.

CONCLUSIONS

1. In patients with chronic heart failure and
diabetes melitus type 2 the carbohydrate ex-
change decompensation is associated with
endothelial dysfunction.

2. Endothelin-1 level was much higher in pa-
tients with CHF that accompanying DM
type 2 that allows to consider the endothelial
dysfunction as an universal pathogenetyc

link, that unites immunoinflammatory viola-
tions, hyperglycemia and DM vascular com-
plications in patients with CHF of ischemic
genesis.

3. The mathematical model of cardiovascular
complications development forecasting, that
has been developed, has shown the endothe-
lin-1 value as a cardiovascular risk marker.
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On the basis of 98 patients inspection with chronic heart failure of ischemic genesis and diabetes melitus
type 2 an endothelin-1 influence and cardiovascular complications existence were studied. As a result of the con-
ducted researches it is established that endothelin-1 level in patients with diabetes melitus type 2 and chronic
heart failure is higher, than in patients with chronic heart failure without diabetes melitus type 2. It was
found that blood glucose and glycose hemoglobin levels were significantly higher in patients with FC III than in
patients with FC I and FC II. Due to the fact that the cardiovascular complications risk development stratifica-
tion concept in patients with diabetes mellitus type 2 and coronary artery disease involves a general strategy
of prevention, treatment and prognosis taking into account personal, medical and social characteristics of the
patient. The developed mathematical model of cardiovascular complications development forecasting has shown
endothelin-1 and nitrogen oxide metabolites value as cardiovascular risk markers.

Keywords: endothelin-1, nitrogen oxide metabolites, diabetes melitus, chronic heart failure, cardio-
vascular complications, cardiovascular complications risk.

3HAYEHHA EHAOTEJNIHY-1
Y MPOIHO3YBAHHI PO3BUTKY
CEPLEEBO-CYOAUHHWMX YCKJTAOHEHb
Y XBOPUX HA LLYKPOBWUW AIABET 2 TUNY
TA ILLEMIYHY XBOPOBY CEPLA4

Kpanisko C. 0.}, Iyunaesa I. I1.2, Kagukosa O. 1.!, Sosoraiikina B. 1.
I XapriecoKkuil HQUloOHANbHUL MeOuuHul yHigepcumem, m. Xapkis, Yipaina
2 Xapriecvka meouuna akademis nicaadunniomuol oceimu, m. Xapkie, Yepaina
svetakrapivko@gmail.com

Ha migcrasi obcreskenns 98 XxBopWX Ha XPOHIYHY CepIEBY HEIOCTATHICTH 1MIEeMIYHOrO reHe3y Ta ILyK-
poBuii miabeT 2 TUITy BUBYEHO 3HAYEHHS €HIOTEJIHY-1 Ta HAABHICTh CEPIEBO-CYIUHHUX YCKIIAJHEHB. ¥ pe-
3yJIBTATI HPOBEIeHUX MOCIIIKEeHb BCTAHOBJIEHO, IO PIBEHDb EHIOTEeNJIHYy-1 y XBOPUX HA I[yKPOBUI aiaber
Ta XPOHIUHY CepIeBy HEIOCTATHICTH BUIIE, HIsK Y XBOPUX HA XPOHIYHY CepIieBy HEIOCTATHICTh. BuaHavyeHo,
1[I0 y IaToreHe3l PO3BUTKY 1 HPOrpecyBaHHS CYJIUHHUX YCKJIATHEHDb IIyKPOBOro aiabery 2 THUITYy KJII0Y0BA
pPOJIb HAJIEKUTH XPOHIUHIN rimepririkeMii. BecramHoBeHo, 110 piBeHDb TUIIOKO3W KPOBI Ta TVIIKO3MJIBOBAHOTO
remoryio0iHy OyB Biporiguo Buime y maiierTis 3 [1I pyrriionansauM Ki1acoMm, Hisk y xBopux 3 11 I1 dpyuxirio-
HAJBHUAM KJIACOM. ¥ 3B'I3KY 3 THUM, III0 IOHATTS CTPATU(IKAII] pUSUKY PO3BUTKY CEPIIEBO-CYIUHHUX YCRJIAT-
HEHb Yy XBOPUX Ha I[yKPOBUU aiaber 2 THUIIY Ta 1IIeMi4HY XBOpoOy cepIlls mepegdadae 3arajibHy CTPaTeriio
OpodiTaKTUKY, JIIKYBAHHS 1 IPOrHO3Y 3 ypaXyBaHHAM 0COOMCTICHUX, MEUYHUX 1 COI[IaJIbHUX XapaKTePuUC-
TUK maiienra. Po3pobiiena mareMmaTHyHa MOJEJIb IIPOTHO3YBAHHS PO3BUTKY CEPIIEBO-CYANHHUX YCKJIAHEHD
oKa3aJia 3HAYeHHs eHI0TeJiHy-1 Ta MeTaboJIITIB OKCU/TY a30TY, SK MapKepiB CepIieBO-CYyTUHHOI0 PUSUKY.

Knarouori cimoBa: enmoresnin-1, MeTaboJIiTH OKCUIY a30TY, ILyKPOBUIL giabeT 2 TUILY, XpOHIUHA cepileBa
HEJIOCTATHICTD, CePIeBO-CYIUHHI YCKJIQJHEHHS, PU3UK CEPIIEBO-CYTUHHUX YCKJIAJHEHB, JJOTICTUYHA MOJIeJIb.
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3HAYEHWE SHAOOTEJNNHA-1
B MPOrHO3UPOBAHWNU PA3BUTUA
CEPAEYHO-COCYAUCTbLIX OCJIOXKHEHUH
Y BOJIbHbIX CAXAPHBIM OUABETOM 2 TUMA
N UWLEMUYECKOW BONIE3HbIO CEPALA
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Ha ocuoBanum o6cnemoBanus 98 0OJIBHBIX ¢ XPOHUYECKOM CEPIIeYHON HeJ0CTATOYHOCTHIO UIIEeMUIEeCKO-
ro reHes3a M caxapHBIN quader 2 THUIA M3y4YeHO BJIUSHWE €HAOTeJHHA-1 U HaJudue CepledHO-COCYIUCTBIX
ocyioxkHeHU. B pe3ynpraTe mpoBeqeHHBIX MCCIEIOBAHUM yCTAHOBIEHO, YTO YPOBEHB eHA0TeInHA-1 ¥ 60JIb-
HBIX C CAXAaPHBIM OrabeToM 2 TUIA U XPOHUYECKYI0 CePAeYHYI0 HEeJOCTATOYHOCTD BEIIIE, YeM Y OOJIbHBIX C XPO-
HHUYECKOU CepaevHOor HeJ0CTaTOYHOCThI0 0e3 caxapHoro quabera 2 Tuira. YCTaHOBJIEHO, YTO YPOBEHb TUIIOKO3bI
KPOBU Y TVIMKO3WJIMPOBAHHOTO reMOTJIO0MHA OBIJI JOCTOBEPHO Bhinie y marueHToB ¢ 111 dyurimmonaspabiM
rJaccom, ueM y 6osbHBEIX ¢ | 1 II pyHKRIIMOHATIBEHEIM KJIACCOM XPOHHUUYECKON CepAeuHON HeI0CTATOYHOCTH.
B cBs3u ¢ Tem, uTO moHATHE CTPATH(PUKAIINN PUCKA PA3BUTHUS CEPAEYHO-COCYAUCTBIX OCJIOKHEHUNH y 00JIb-
HBIX CAXapHBIM IuabeToM 2 THUIa W UIIeMUYeCKylo 00JIe3Hb cepllla IIpeaycMaTpUBaeT OOIIYI0 CTPAaTeruio
OPOPUIIAKTUKH, JIEYEHHUS U IIPOTHO3a C YIYETOM JUYHOCTHBIX, MEJUIITMHCKUX U COI[UAIbHBIX XaPaAKTEPUCTUK
nanuenta. PazpaboranHas MaTeMarnyecKasi MOJIeJIb IPOrHO3SUPOBAHUS PA3BUTHUS CEPIAEUHO-COCYIUCTHIX
OCJIOYKHEHUH IIoKa3aja 3HavYeHNe eHJoTeInHa-1 1 MeTaboJInTOB OKCUIA a30Ta, KaK MapKepoB CepaeuHo-Co-
CYJHCTOr0 PUCKA.

Kiawuesbie cimoBa: aHIoTEeNIMH-1, MEeTaA0OJUTHI OKCHIA a30Ta, CAXAPHBIN AUabeT, XPOHUUECKasd cep-
IevyHas HeJO0CTATOYHOCTD, CEPJAEeUYHO-COCYIUCThIE OCJIOKHEHUS, PUCK CEePIeUHO=COCYIUCTBIX OCJIOKHEHUH,
JIOTUCTHUYECKASI MOJEIb.
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