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Neurohumoral theory of chronic heart failure (CHF) development, approved by most scientists,
does not completely explain mechanisms of its decompensation. Standard treatment is not
always effective, thus, search for pathogenetic and prognostic factors, which influence the
course of CHF, remains a current issue. However, individual prognosis of CHF course in
clinical practice is not performed at present, since its distinct criteria have not been speci-
fied. Thus, it became the expediency and rationale of our research, the aim of which was
to assess individual risk of occurrence of complications in patients with CHF, considering
a combined influence of several factors. A complete clinical examination of 110 patients
(74.5 % males, 25.5 % females) with CHF has been performed. The method of logistic regres-
sion was used for determination of combined influence of analyzed factors on CHF prognosis;
adequacy and reliability of the difference of the obtained model were investigated by Wald’s
criteria and chi-square test. On elaboration of the prognosis method of individual risk of the
development of cardiac insufficiency, among other factors that, according to literature data,
influence the development of the disease, we have singled out three factors, which have a
reliable (P < 0.05) association with CHF: BMI, total cholesterol and amount of lymphocytes.
Elaborated computer program, which can calculate the prognosis of CHF complications. This
file opens in the program “Microsoft Excel” calculates individual visk and graphically demon-
strates the degree of risk. Conducted correlation analysis of individual risk of CHF complica-
tions showed that its likelihood is accompanied by development of systolic dysfunction, hyper-
trophy of the left ventricle with dilatation, anemic and detoxification syndromes, impairment
of liver and kidney functions with the reduction of leptin in the blood, which has important
regulative functions. Thus, based on conducted logistic, correlation and prognostic analyses,
individual risk of the development of CHF complications increases under conditions of combined
Jfactors, such as weight loss, decrease in total cholesterol level and reduction of the content of
peripheral blood lymphocytes. Application of elaborated computer program allows a doctor to
calculate individual risk and visualize it.

Key words: chronic heart failure, individual prognosis, body mass index, total cholesterol,
amount of lymphocytes, logistic regression.

Introduction. Chronic heart failure (CHF) is rather widespread worldwide. Its
incidence ranges within 0.4—2.5 %, constituting 38 million people in the world. [1]. An-
nually over 915000 new cases are diagnosed [9]. Although, survival of patients with
CHF has currently improved, mortality rate still remains very high: over 30 % of indi-
viduals die within 5 years since the diagnosis has been made [9]. Neurohumoral theory
of CHF development, approved by most scientists, does not completely explain mecha-
nisms of its decompensation. Standard treatment is not always effective, thus, search for
pathogenetic and prognostic factors, which influence the course of CHF, remains a cur-
rent issue. Obesity is considered one of such factors; it is a noninfectious pandemic of
present days: in 2014, approximately 1.9 billion adults in the world were overweight and
over 600 million individuals suffered from obesity [12, 18]. In Ukraine, 30 % of the
population has excess body weight and obesity [2]. Thus, scientists have reached the
consensus concerning the role of obesity in the occurrence and course of many diseases
(diabetes, cancer, cardiovascular diseases, etc.); however, the phenomenon “paradox of
obesity” was recorded after certain investigations [5]. It implies that a better prognosis
was observed in patients with excess body weight and cardiovascular diseases than in
persons with normal body weight [7]. There was the suggestion about U-like association
between mortality and body mass index (BMI) in the presence of CHF [19].

However, individual prognosis of CHF course in clinical practice is not performed
at present, since its distinct criteria have not been specified. Thus, it became the
expediency and rationale of our research, the aim of which was to assess individual
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risk of occurrence of complications in patients with CHF, considering a combined
influence of several factors.

Materials and methods. A complete clinical examination of 110 patients
(74.5 % males, 25.5 % females) with CHF has been performed. The basic diagnosis
and functional class (FC) of CHF were specified based on the decree of the Ministry
of Health of Ukraine Ne 436 dated 03.07.2006. The main cause (90 %) of CHF was
ischemic heart disease, in 7.8 % — dilatation cardiomyopathy, in 2.7 % — chronic rheu-
matic heart disease. Among the forms of THD, angina pectoris was most frequently
revealed (69.1 %), 43.4 % survived myocardial infarction. Permanent form of atria
fibrillation was observed in 29.1 % individuals, in 20.9 % — diabetes mellitus. In ad-
dition to standard examination, there was performed determination of IMT, N-termi-
nal brain fraction of natriuretic propeptide by qualitative method (CITO TEST NT-
proBNP, Farmasco), endogenous intoxication based on the level of middle molecules
(MM,,,) by spectrophotography method in ultraviolet part of the spectrum by Gabri-
elyan et. al. (1985), leptin by enzyme-binding immunosorbent assay with reagents
“DRG Leptin ELISA” (Germany). Structural and functional parameters of the heart
were determined on apparatus Aloka SSD-500 (Japan) by the standard technique.

Statistical processing was performed by the methods of variation statistics “Sta-
tistica 6.0” (USA), correlation analysis — by Kendall method. Prognosis of CHF sever-
ity and analysis of survival was carried out by the Kaplan — Meier estimator: cumula-
tive fraction of survival was evaluated in 24 months of monitoring with estimation of
reliability by Wilcoxon signed-rank test and Cox’s F-test. Cases of repeated hospita-
lization due to CHF decompensation or a patient’s death were regarded as an event. The
method of logistic regression was used for determination of combined influence of analyzed
factors on CHF prognosis; adequacy and reliability of the difference of the obtained
model were investigated by Wald’s criteria and chi-square test. Individual risk may as-
sume meaning from 0 (impossible event) to 100 % (the event always occurs).

Probability of individual risk (R) of CHF progression, depending on chosen fac-
tors, has been calculated by the formula (1):

1

_ . 0 (1
R= o -100%

where e = 2.72... — basis of natural logarithms, Z — value, calculated by the formula
(2): Z= K+ Bpx, + BB,x, + ... pB,x,, where K — constant B, BB, — coefficients in each
factor, x, — meaning of factors.

Results and discussion. On elaboration of the prognosis method of individual risk
of the development of cardiac insufficiency, among other factors that, according to
literature data, influence the development of the disease, we have singled out three
factors, which have a reliable (P < 0,05) association with CHF: BMI, total choles-
terol and amount of lymphocytes.

The results of logistic regression of the studied prognostic factors are given in
table. Inserting the results, obtained by the method of logistic regression into the
formula (2), we may obtain meaning Z : Z = 5.804 — 0.104 - IMT — 0.052 - Lymph —
0.013 - Ch, where Lymph — lymphocytes (%), Ch — cholesterol (mg/dL). Adequacy
and reliability of the obtained model by Wald’s criteria and chi-square test showed
that our model is reliable with possible error less 0.1 % (P = 0.001).

Results of estimation of the influence of reliably proved risk factors
of CHF progression by the method of logistic regression

Coefficients of regression (i)

Ne Factors -
meaning P
Constant B, 5.804 0.001
1 BMI —-0.104 0.024
2 Lymphocytes, % -0.052 0.035

Cholesterol, mg/dL -0.013 0.015
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For practical use of a prognostic model, we divided individual risks into three
stages: low (R < 25 %), average (R = 25-54.9 %) and high (R > 55 %) and elaborated
computer program, which can calculate the prognosis of CHF complications. This file
opens in the program “Microsoft Excel”, and after insertion of cholesterol, lymphocyte
amounts and BMI, it calculates individual risk and graphically demonstrates the degree
of risk (for example, in fig. 1 — high). At the same time, there is possibility to model
an individual risk under conditions of other combinations of analyzed factors and to
determine the priority of changes and visually persuade a patient in the need for aid.
Determination of individual risk of the examined patients with CHF by this program
showed that 37.2 % had the low risk, 40 % — average, and 22.8 % — high risk.
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Fig. 1. Program for calculation of individual risk of CHF complications of patient X

Conducted correlation analysis of individual risk of CHF complications showed
that its likelihood is accompanied by an increase in CHF severity (FC CHF 7 = 0.31,
P = 0.0007 and left ventricular ejection fraction r = —0.24; P = 0.02), impairment of
kidney function (creatinine ¢ = 0.22; P = 0.01; urea r = 0.22; P = 0.03) and liver (de
Rittis index t = 0.32; P = 0.0003), appearance of anemic syndrome (hemoglobin
1 =-0.23; P = 0.01; erythrocytes T = —0.23; P = 0.01), decrease in the thickness of
interventricular septum (r = —0.27; P = 0.01) and increase in the index mass of the
left ventricular myocardium (z = 0.43; P = 0.0005), reduction of leptin in the blood
(r = —0.34; P = 0.02) and increased probability of endogenous intoxication syndrome
(MM,,,, 7 = 0.26; P = 0.03). Thus, a high individual risk of CHF complications, de-
tected with the program based only on BMI parameters, lymphocytes and cholesterol,
is distinctly associated with the development of systolic dysfunction, hypertrophy of
the left ventricle with dilatation, anemic and detoxification syndromes, impairment of
liver and kidney functions with the reduction of leptin in the blood, which has impor-
tant regulative functions.

Having analyzed survival of patients and cases of repeated hospitalization depen-
ding on the level of individual risk, we revealed that cumulative proportion of survival
of patients with low risk was 85.7 %, average risk — 56.5 %, high risk — 38.46 % (Cox’s
F-test P, , = 0.009, Wilcoxon signed-rank test P, ,= 0.02; Cox’s F-test P, ,= 0.003,
Wilcoxon signed-rank test P, ,= 0.01; Cox’s F-test P, ,= 0.17, Wilcoxon signed-rank
test P, ,= 0.4) (fig. 2).
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Fig. 2. Cumulative proportion of survival of patients with low (R1), average (R2) and high (R3)
individual risks

Thus, based on conducted logistic, correlation and prognostic analyses, individu-
al risk of the development of CHF complications increases under conditions of com-
bined factors, such as weight loss, decrease in total cholesterol level and reduction of
the content of peripheral blood lymphocytes. The first reports that low cholesterol
level is closely associated with the increase in mortality of patients with CHF appeared
at the end of the 20 century and were later confirmed by other investigations, where
high cholesterol level was accompanied by the decrease in mortality [14].

Our investigation also confirms previously described reports about negative prog-
nostic meaning of low lymphocyte level, which was associated with increased incidence
of rapid CHF appearance, rapid coronary death and ventricular arrhythmias, as well
as non-cardiovascular deaths both in patients with heart pathology [16] and in healthy
individuals [13]. It can be explained by the fact that low amount of lymphocytes may
be a marker of immune suppression and malnutrition [17], or, more likely, a marker of
unsatisfactory adaptation and formation of stress reaction [4] with the discharge of
endogenous mineral corticoids that increases CHF risk or causes its progression due
to sodium retention [11].

Revealed increase in individual risk of the development of CHF complications
under conditions of low BMI may also be explained by sacropenia, manifested by de-
crease in muscle mass [15]. Severe CHF is known to be often accompanied by the
development of heart cachexia, subclinical manifestations of which, characterized by
impairment of correlation between catabolism and anabolism processes, are present even
before a significant loss of body mass [6]. It was described that cachexia is associated
with worse CHF, lower functional capability and worse life quality [10]. Worse prog-
nosis of survival is for patients with both low body mass and obesity (U-like depen-
dence), and better prognosis was in patients with normal and excess body mass [3].

In addition to three crucial prognostic factors, severity of endogenous intoxication
syndrome also had a significant effect on CHF course, which is proved by revealed cor-
relations (BMI with MM, = —0.2; P = 0.01 and R with MM, = = 0.26; P = 0.03).
Levels of blood lipids are also closely associated with endotoxicosis intensity, since
circulating lipoproteins with significant amount of cholesterol and triglycerides are
natural non-specific inhibitors of endotoxicosis, they bind and destruct bacterial li-
popolysaccharides [8]. This may explain the phenomenon of correlation between low
cholesterol level and mortality increase among patients with CHF.

Conclusions. 1. Individual risk of the development of CHF complications in-
creases under conditions of low body weight with decreased cholesterol level and blood
lymphocytes, which determines the strategy of therapeutic tactics — normalization of
body mass and correction of lipid metabolism. 2. Application of elaborated computer
program allows a doctor to calculate individual risk and visualize it.
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IHANBIAYAJIBHE ITPOTHO3YBAHHA YCKIAIHEHD
[TPY XPOHIUHIN CEPIEBIN HEJOCTATHOCTI

M. O. Kondpamox, T. I'. [ymop, JI. M. Cmpirvuyx, I. B. Kakyn,
0. 0. Copoxonyd, O. M. bew (JIbBiB)

BusHana GLbIIICTIO HAYKOBIIIB HEHPOryMOpasibHA TEOPisi PO3BUTKY XPOHIUHOI ceplieBoi Helo-
crataocti (XCH) He moBHICTIO TTOSICHIOE MeXaHI3MU i1 JIeKOMIIeHcallii, cCTaHZapTHE JiKyBaHHS He
3aBIK/U CIIPUSIE OTPUMAHHIO OasKAaHUX PE3YJIBTATIB, TOMY aKTyaJbHUM 3JHUIIAETHCS TOIIYK TIaTOre-
HETUYHUX Ta MPOTHOCTHYHUX (DAKTOPIB, mo BiinBaoTh Ha nepebir XCH. IIpote inguBiayanbHe
nporuodysanis nepebiry XCH y kaiHigHiil mpakTuili goremnep He MPOBOAUTHCS, OCKINIBKN TiTKi
1OTO KpUTEpii HEe BU3HAYEHO, 1[0 3YMOBUJIO aKTYaJbHICTD i JOLIJbHICTH IPOBEIEHOTO HAMU J10-
CJIJIKEHHSI, MeTa SKOTO — BU3HAYEHHS IHAMBIYaThHOTO PUSUKY BUHUKHEHHS YCKJIAHEHb Y XBOPUX
3 XCH, BpaxoByioun no€eHaHuil BILIMB AeKiJIbKOX YMHHUKIB. [[poBeseHo MoBHe KiiHiuHe 00CTeKEeH-
us 110 namientis 3 XCH (74,5 % uousoBikis, 25,5 % xinok). /It BU3HAUEHHsT TIOEIHAHOTO BILIUBY
anasizoBanux (axropis Ha mporao3 XCH 3acTtocoBaHo MeTOz JIOTICTUYHOI perpecii, afeKkBaTHICTh Ta
JIOCTOBIPHICTH PI3HUIII OTPUMAHOI MOJIeJIi JIOCi/KyBaau 3a KpuTepisimu Banbza i kci-kBagpara. [Tpn
Po3po0biIIi crocody IPOrHO3yBaHHA 1HAUBIAYaIbHOTO PUSUKY PO3BUTKY CEPIeBOI HEJOCTaTHOCTI HAMU,
KpiM (dakTopiB, 1110, 32 TAaHUMU JiTEPATyPH, BILIMBAIOTh HA PO3BUTOK I[bOTO 3aXBOPIOBAHHS, BH/Ii-
JIEHO TPU YMHHWKH, siKi MaioTh poctoBipuuii (P < 0,05) B3aemoss’si3ox 3 XCH: injexc macu Tina
(IMT), 3aranbpHuil XoJaecTepuH Ta KijgbKicTb JiMboruTiB. ONpaIioBaHO KOMII'IOTEPHY [IPOrpamy, 3a
SIKOI0 MOJKHA po3paxoByBaTu mporHo3 yckiaagnenb XCH. Ile daitm, mo BigkpuBaeTbes y nporpami
«Microsoft Excel», miciis BBeeHHs 3Ha4eHb BMiCTy XoJectepuny, giMmdorutis tTa IMT pospaxosye
iHAMBiya bHUI pU3KK Ta rpadiuHo 300paxkye cTyiHb pusuky. [[poBeneHuii KopesiiHuil anais
inauBigyaspbHOTO pU3NKy yekaanneHb XCH mokasas, 110 BUCOKWH iHANBIyaqIbHNN PU3UK YCKIATHEHD
XCH u4iTKO acoIliIoeThCs 3 PO3BUTKOM CUCTOJIUHOI AuchYHKILI, rinepTpodieio JTiBOTO NIIyHOYKA 3
JINJIATAIi€10, AHEMIUHUM Ta IHTOKCUKAIIITHUM CUHAPOMAaMH, MOTipIIeHHAM (DYHKIIIH Me4iHKu i HUPOK
i3 3MEHIIeHHSM PiBHS JIEITUHY KPOBI, SKUH Ma€ BaXXJIWBI perymioBaibHi GyHKII. TaknM umHOM, 32
MPOBEICHUMU JIOTICTUYHUM, KOPEJAIINHUM Ta MPOrHOCTUYHUM aHali3aMU, IHAUBIyaTbHUN PU3UK
posBuTKy yekiaaHeHb X CH 36ibliyeTbest Ipu MOEAHAHHI TakuX (PAKTOPIB, SIK 3MEHIICHHS MacH
TiJIa, 3HUZKEHHS PiBHS 3aTaJIbHOTO XOJIECTEPUHY Ta 3MEHITeHHS KiTbKOCTi JiMOTUTIB repudepnanoi
KpoBi. Bukopucranus po3pobieHoi KoMITI0TEPHOT IPOTPaMU T03BOJISIE JIiKapeBi po3paxyBaTh iH/IK-
Bi/lyaJIbHUIT PUSUK Ta YHAOUHUTHU Horo.

KouoBi ciioBa: XpoHiuHa cepiieBa HeJIOCTaTHICTh; 1H/NUBI/[yaJIbHNIi TPOTHO3; Maca TiJja; piBeHb
3arajibHOTO XOJIEeCTePUHY; KibKiCTh JiM(OINTIB; JOTICTUYHA PETPECis.

NHVUBUIYAJIbHOE ITPOTHO3UPOBAHUE OCJOXKHEHWI
[P XPOHUYECKOW CEPIEYHON HEAJOCTATOYHOCTU

M. A. Konopamiwx, T. I. Iymop, JI. M. Cmpunvuyx, U. b. XKaxyn,
E. A. Copoxonyd, A. M. Bew (JIbBOB)

[TpusHanHas GOJBIIMHCTBOM YYEHBIX HEHPOryMOpaibHas TeOPHs PasBUTHUs XPOHUYECKOIl cep-
neuroil Hegoctarounoctr (XCH) 1mMOIHOCTBIO He 0OBACHSAET MEXaHU3MOB €€ IeKOMIICHCAIIUN, CTaH-
JIapTHOE JIeYeH e He BCer/a CiocOOCTBYET TTOYYEHHIO JKeTaeMbIX PE3YJIBTATOB, MOITOMY aKTYaJIbHBIM
0CTa€TCs TONCK TaTOTeHeTUYECKUX U IPOrHocTuYecknx ¢axkTopos, Bausgomux na teuenne XCH.
Opnnako nHAMBHUAYaTbHOE TTporHosupoBanue Teyennss XCH B kaMHMYECKON MpakTHUKe 10 CUX MOP
He [IPOBOJUTCSI, TIOCKOJIbKY YETKIE KPUTEPUU €TO He OIPEAEIEHb, YT0 00YCI0BUIO aKTYaIbHOCTh U
11eJ1eCO000PAZHOCTD HAIIErO UCCIIEN0BAHNS, 1€JIb KOTOPOrO — OIpejleJieHIe UHANBUAYAIbHOTO PUCKA
BO3HUKHOBEHUsI OCTIOKHEHUH ¥ 60sbHbIX ¢ XCH, yuuTbiBasi coueTaHHOe BJIMSIHIE HECKOJIBKIX (hak-
topos. IIposeneno nosroe kianundeckoe obcienoane 110 marenros ¢ XCH (74,5 % myskuuH,
25,5 % sxenuun). [yist onpe/iesieHust COY€TAHHOTO BO3AEHCTBUSI aHAIN3UPYEMBIX (haKTOPOB Ha TIPO-
rno3 XCH npumenén mMeTos JIOTHCTHYECKOH perpeccuu, ajlekBaTHOCTb U JIOCTOBEPHOCTH PA3HUIIbI
HOJIyYEeHHOU MOJIe/IN UCCIIe0BaIN 110 KpuTepusiM Banbaa u kcu-kBaapart. [Ipu paspaborke criocoba
[IPOTHO3MPOBAHUS MHAUBUAYAJbHOTO PUCKA PA3BUTHUS CEP/AEYHOI HEJOCTATOYHOCTU HAMU, KPOMe
psizia GakTOpPOB, UTO, 110 JAaHHBIM JIUTEPATYPbI, BIUSIOT Ha Pa3BUTHE ITOTO 3a00JieBaHUs, ObLIO Bbi-
nenero Tpu daxropa, nmeomux goctosepuyio (P < 0,05) B3anmocsssb ¢ XCH: nnmgeke Maccu Tea
(VIMT), o6mumit XoJecTeput U KOJUIECTBO JuMbonnToB. Pazpaborama KOMIbIOTEpHAsT TPOTpaMMa,
C TIOMOTI[BI0O KOTOPOII BO3MOKHO PACCUMTHIBATH IPOrHo3 ocioxkuennit XCH. JTto daiin, koTopslit
oTKpbIBaercst B mporpamme «Microsoft Excel», mocie BBojia 3HaUeHUI coepKaHs XOJIECTEPUHA,
aumdonuto 1 UMT paccunTbiBaeT MHAMBUAYaJIbHbBII PUCK U Tpadpuueck n306pakaer cTeleHb
pucka. I[IpoBesiéHHBII KOPPEJNSIIMOHHBIN aHATN3 UHINBHUAYATbHOTO pucka ocyioxkuennit XCH mo-
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Ka3aJl, YTO BBICOKUI MHAWBULYATbHBIH puck ociaoxkuenuit XCH uérko accoruupyercst ¢ pa3BuTHEM
CUCTOJINYECKON ANCHYHKIUHU, TUTIePTPOdUeil JEeBOTO KeaypouKa ¢ AUJaTaiueil, aHeMIIecKuM u
WHTOKCHUKAIIMOHHBIM CUHJIPOMaMHU, yXy/IeHneM (hYHKIIMK TTIeYCHN U [TOYEK ¢ YMEHbBIICHIEM YPOBHSI
JIENITUHA KPOBU, KOTOPBII UMeeT BakHble peryaupyomniue GyHKiu. Takium 00pasom, 10 IPoBeIEHHBIM
JIOTUCTUYECKUM, KOPPEJISIIMOHHBIM 1 TPOTHOCTUYECKUM aHAJIN3aM WHAMBUAYATbHBIN PUCK PA3BUTHS
ocnoxuenuit XCH yBesnumuBaeTcs Mpyu cOUETAHUN TaKUX (HAKTOPOB, KAK YMEHBIIEHIE MaCChl TeJa,
CHMZKEHUE yPOBHsI 00IIEr0 X0JIeCTePUHA U YMEHbIIIEHUE KOJIUYecTBa JuMGbOIUTOB 1epudepuveckoi
kposu. Vcrnosb3oBanue pa3paboTaHHONU KOMIIBIOTEPHOII TPOTPAMMBbI [I03BOJISIET Bpauy PaccyrTaTh
WH/JMBU/IYJIbHBII PUCK W HATJISJIHO €r0 MOKA3aTh.

KmoueBsbie cioBa: XpOHHYECKada cepaeuyHasd HeJOCTAaTOYHOCTD; I/IHI[I/IBI/II[yaJIbeIfI IIPOTHO3; Macca
TeJia; ypOBCHDb O6U.ICFO XOoJiecTepruHa; KOIU4eCTBO JII/IM(l)OLII/ITOB; JIOTUCTHUYECCKAA perpeccusd.
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