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ABSTRACT

The aim of the study was focused on the development of a decision rule for classifying patients as functional
class (FC) II or III of chronic heart failure (CHF) by discriminant analysis with inflammatory markers.

Materials and methods. The study included CHF patients (#z = 61) of both sexes. According to symptom
severity, they were assigned to FC II (» = 20) and III (# = 41). In addition to conventional clinical and
biochemical parameters to evaluate a patient’s state, parameters characterizing inflammation (IL-6, sol-
uble IL-6 receptor, sgp130) were used. Statistically significant differences were revealed with the use of
Mann—Whitney U test, Student’s t-test, Pearson’s )’ test and Fisher’s exact test. Discriminant analysis was
employed to formulate the decision rule. Receiver Operating Characteristic (ROC) analysis was used to
evaluate the quality of the developed diagnostic test. The results were considered statistically significant
at p < 0.05.

Results. Discriminant analysis included significantly different variables (age, brain natriuretic peptide,
sgp130, CHF etiology, ischemic heart disease) and additional clinically important variables (diastolic and
systolic arterial blood pressure (BP), IL-6). The decision rule for assigning patients to different CHF FC
was developed. The optimum cut-off value was found with the use of the ROC curve with a sensitivity of
75.6% and specificity of 85%.

Conclusion. The decision rule for assigning CHF patients to FC II or III was developed using discriminant
analysis. In addition to conventional clinical parameters, the model included the ones reflecting inflammatory
processes (IL-6 and sgp130). ROC analysis revealed high quality of the model.
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Pewatrolee npaBuio ana ctpatudukanmm 60/1bHbIX XPOHMYECKOM cepAeYHOM
HegocTtaTo4HOCTbIO Il M 11l pyHKLUMOHA/NBHOIO K/acca

Camoiinosa E.B., ®aTtoBa M.A.%, MuHa3aeB A.P.", XKutapeBa U.B.2, HacoHoBa C.H.',
*Kupos N.B.', Tepewerko C.H.', KopotaeBa A.A.’

U Hayunoui meduyuncxuii uccaedobamenvckui yewmp (HMUL]) xapouonozuu
Poccus, 121552, 2. Mockba, ya. 3-2 Qepenxoberas, 15A

? Poccuticxutl nayuorarvnoul uccaedobamervexuii meduyuncxuii ynubepcumem (PHUMY ) umenu H.JL. Iupozoba
Poccus, 117997, 2. Mockéba, ya. Ocmpobumsanoba, 1

PE3IOME

ITeas. PazpaGorats pemaromee npasuaro orHecenus nanuedtos Ko I1 u ITI pyurumorarsusim kaaccam (OK)
XpoHMdecKoit cepaednoi nHepocratroyoctu (XCH) MeTOAOM AMCKPMMMHAHTHOTO aHAAM3A C BKAIOYEHMEM
MapKepoB BOCIAAEHMUA.

Marepuaant u meroasl. ViccaepoBanme BrAO4anro 61 mangmenra o6oero noaa ¢ XCH. B 3aBucumoctu or
BeipaskenHocTy cumnromoB XCH nannentst 6bian otrecens ko 11 (# = 20) u 11T (n = 41) OK. B paGore no-
MUMO OOILIEIPUHATHIX KAMHUYECKHUX M OMOXMMIIECKHUX IOKA3aTEAEH, OLeHUBAIOINX COCTOSHNE ALMEHTOB,
AOIIOAHUTEABHO MCCAEAOBAAMCH IapaMeTphbl, OTpa’kamuiyue TedeHye BocnaamTeAbHoro mpomecca (IL-6,
pacrBopumsiii penentop IL-6, sgpl30). Ars BbIABAeHMA CTATHCTMYECKM 3HAYMMO DPA3AMYAIOLUXCA Ie-
peMeHHBIX B Ipymnax ucrnoab3oBaau U-kpurepmit Manna — Yurau, t-kpurepuit Creiopenta, x? Ilupcona,
tounbii kpurepuit Oumepa. Arg mocTpoeHNs pelapIero IpaBuAa IPUMEHAACT METOA AVCKPMMUHAHTHOTO
aHaamsa. AAs OLeHKM KadeCTBa Pa3paGOTaHHOTO AMATHOCTMYECKOTO TecTa ucroab3oBaiu ROC-anaaus.
CraTucTidecky 3HAYMMBIMYM CYMTAAUCh PE3YABTATHI Ipu ypoBHe 3Haunumocty p < 0,05.

Pesyabratsl. B AvcKpyuMuHAHTHBI! aHAaAU3 GBIAM BKAIOYEHB! BhIsIBAeHHbIE npy cpaBHeHuy rpynn 1T i ITT OK
XCH 3naunMo pasamyaromuecs IepeMeHHble — BO3pacT, MO3TOBOJ HaTpuitypeTudeckuit mentua, sgpl3o,
atnorornst XCH, wmmemmdeckas GoAe3Hb CepAlla, a TaKKe AONOAHUTEABHbIE NEpEMEHHBIE, MMEIoLue
CYLIeCTBEHHOE 3HavYeHMe B KAMHMKE (aprepmarbHoe AaBaeHue (AA) cucroamdyeckoe, AA Amacroamdeckoe,
IL-6). Ha ocHOBaHMM AaHHBIX IOKa3aTeA€el GIAO IOCTPOEHO PEIAOLIee IPABUAO AASL OTHECEHNS ALEHTOB
K pa3anysbIM (yHKIMoHaAbHBIM KAaccam XCH. Ilpn onenke kayecTBa HOAYYEHHOTO pelIaloNiero npaBuaa
ObIAO HAMAEHO ONTMMAAbHOE 3HAYEHME TOYKM OTCeYeHMsi ¢ ucrnoabzosanmem ROC-KpuBoii, KOTOpOI
COOTBETCTBYET YYBCTBUTEABHOCTb — 73,6%, cuenuduanocts — 85%.

3akarouenne. C IOMOLIBIO METOAA AMCKPUMMHAHTHOTO aHaAM3a pa3paboOTaHO peliaioujee MPaBUAO pasAe-
Aerns 60abnbix Ha 1T u III OK XCH. Hapsay ¢ obuenpusaTeiMy KAnHndeckumy nokasareaamu XCH B
MOAEAD BKAIOYEHBI HOBbIE [IapaMeTpsbl, OTpaskarolyie CTeneHb BocnaanteasHoro nponecca (IL-6 u sgp130).
ROC-anaau3 BbIABMA OYEHb XOpOIIee KayeCTBO MOAYYEHHON MOAEAU.

KaroueBbie cAoBa: XpoHMYECKas CepAedHasA HEAOCTaTOYHOCTb, MHTEPAEHKHH 6, sgpl30, pemaiomee mpasu-
A0, AVICKPUMMHAHTHBIN aHAAWS.

KOHqJ}\MKT MHTEPECOB. ABTOpr AEKAAPUPYIOT OTCYTCTBME SABHBIX M NOTEHOMAABHBIX KOHqJAI/IKTOB UHTEepEe-
COB, CBA3aHHBIX C Hy6AVIKaIU/I€I7[ HaCTOHIlLef/i CTaTbu.

Ucrounur ¢unancuposanusi. PaGora BelmOAHEHA B paMKax CyOCMAMM, BBIAEAEHHON Ha pEaAM3ALMIO
T'ocyaapcrsennoro 3apanns, HVTOKP AAAA-A18-118021690089-5.

CooTBercTBMe mpuHLUMNAM 3THKM. VIccaepoBaHME OAOGPEHO He3aBUCUMBIM aTnyeckuMm Komurerom OI'BY
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INTRODUCTION

Chronic heart failure (CHF) remains a cur-
rent problem of cardiology, being an unfavor-
able, progressing cardiovascular disease all over
the world. Epidemiological studies demonstrate
a constant increase in CHF incidence in Western
Europe and the USA, particularly in the aging
population [1-3]. Epidemiological studies per-
formed in the Russian Federation indicate a sim-
ilar increase in CHF incidence [4]. The number
of patients with more severe forms of the dis-
ease increases considerably. Therefore, identifi-
cation of the early stages of CHF is an important
strategy in the treatment of patients with CHF.
Effectiveness of treatment is strongly associated
with the choice of a therapeutic scheme based
on evaluation of the disease symptoms. Severi-
ty of CHF symptoms is characterized according
to NYHA functional classification [1]. Howev-
er, evaluation of the CHF severity and identi-
fying patients’ functional class often cause diffi-
culties in medical practice. Decision rules have
been widely used for assigning patients to the

appropriate functional class. Greater number of
clinical parameters reflecting patient’s condition
allows for better stratification and minimizes er-
rors in classification according to the function-
al class (FC). In addition to clinical parameters,
biochemical markers that reflect organic dam-
age to the heart and hemodynamic load increase
have been used in CHF diagnostics [5]. However,
the indicators of inflammatory processes that in-
tensify with CHF progression have not received
sufficient attention.

The aim of the study was to develop the de-
cision rule that includes inflammatory markers
(IL-6 and sgp130) for assigning CHF patients to
FC II or III.

MATERIALS AND METHODS

Parameters characterizing the state of 61 pa-
tients aged 31-83 years suffering from function-
al class II-III chronic heart failure [New York
Heart Association (NYHA)] with decreased
left ventricular ejection fraction are given in
Table 1.

Table 1
Baseline characteristics of patients
Parameter II FC (n = 20) ITI FC (n = 41) )
Age, y/o, Me (Q,—Q.) 50.5 (42.75-58.25) 62 (53-67) 0.003
Men / Women, abs. (%) 19/1 (95/5) 35/6 (85/15) 0.409
Etiology of CHF (IHD, HT, DCM), abs. (%) 5/6/9 (25/30/45) 24/13/4 (58.5/31.7/9.8) 0.004
LVEF, (%), Me (Q,—Q.) 27.5 (25-31.75) 30 (23.5-35) 0.595
BP systolic, mmHg, Me (Q,—Q,) 120 (105.25-140) 120 (110-140) 0.871
BP diastolic, mmHg, Me (Q,—0.) 80 (70-88.75) 80 (70-85) 0.374
Heart rate, beats / min, Me (Q,—Q)) 70 (68.50-92.75) 85 (70-96) 0.725
Degree of mitral regurgitation (1, 2, 3), abs. (%) 4/11/5 (20/55/25) 5/20/16 (12.2/48.8/39) 0.490
Congestion Ro, abs. (%) 15 (75) 36 (87.8) 0.205
Hypertension, abs. (%) 12 (60) 34 (83) 0.064
IHD, abs. (%) 5 (25) 25 (61) 0.008
NT-proBNP (pg/ml), Me (0,-0.) 395.5 (224.5-825) 793 (408.5-1746.5) 0.009
Creatinine (umol/1), Me (Q,—0Q.) 88 (74-130) 101 (72.5-112.25) 0.432
IL-6, pg/ml, Me (Q,—Q.) 3.48 (2.34-6.66) 3.95 (2.57-8.39) 0.249
pIL-6P, pg/ml, Me (Q,—Q,)) 36.25 (32.46—-3.26) 40.48 (35.22-48.77) 0.167
Sgp130, pg/ml, Me (Q,-0,) 333 (309.5-359.5) 415 (355-469) 0.001

Note. Data are presented as median (25th percentile~75th percentile) or absolute number (%). LVEF — left ventricular ejection
fraction; Congestion Ro — congestion in the lungs according to X-ray; IHD — ischemic heart disease; HT — hypertension; DCM —
dilated cardiomyopathy; NT-proBNP — N-terminal pro-brain natriuretic peptide; IL-6 — Interleukin 6; sSIL-6R — soluble Interleukin-6

receptor.

Diagnostics and FC assignment were per-
formed according to up-to-date national rec-
ommendations. In order to meet the research

purpose, CHF etiology was defined as a major
disease that, according to the researchers’ opin-
ion and clinical examination, was a main cause
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of the heart failure symptom complex. Patients
with an acute cardiovascular event within pre-
ceding 30-day period, acute and chronic inflam-
matory diseases requiring specific anti-inflam-
matory therapy and potentially influencing test
parameters, pronounced renal and/or hepatic
functional disorders, malignant tumors, or with
other chronic diseases of internal organs, or with
left ventricular outflow tract obstruction were
excluded from the study. All patients who par-
ticipated in the study signed an informed con-
sent.

Statistical analysis was done with IBMSPSS
Statistics 23. Statistically significant differences
between quantitative variables for two indepen-
dent samples with distribution other than nor-
mal were revealed with Mann — Whitney U-test.
Pearson’s y? test and Fischer’s exact tests were
used to reveal statistically significant differenc-
es between qualitative variables in two groups.
Discriminant analysis was employed to establish
the decision rule for assigning patients to the ap-
propriate FC. The quality of diagnostic test was
evaluated by ROC analysis. The results were re-
garded as statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In order to develop the decision rule, test
variables were compared and the following sta-
tistically significant variables in patients with
CHF of FC II and III were revealed: age, N-ter-
minal pro-brain natriuretic peptide (NT-proB-
NP), sgpl30, etiology of CHF and IHD (Table
1). Clinically important parameters (systolic and
diastolic BP, IL-6) were also included in the dis-
criminant analysis.

CHF classification according to FC (NYHA)
is based on the severity of clinical manifestations.
BP parameters are used in clinical practice to
choose pharmacotherapy and control its effec-
tiveness. In addition, BP deviations represent the
risk of decompensation of a patient’s condition
[5]. Therefore, such variables as diastolic and
systolic BP were included in the discriminant
analysis.

IL-6 is another variable that was selected as
a clinically important one. IL-6 is currently re-
garded as a major cytokine participating in im-
mune response and inflammatory reaction. High
level of IL-6 correlates with more severe CHF

and high mortality [6—9]. Pro-inflammatory ef-
fects of IL-6 are realized via trans-signaling path-
way which is inhibited by plasma sgp130. It was
reported that increase and decrease in sgp130 are
related to the severity of inflammation [10-12].
This parameter was also included in the develop-
ment of the decision rule.

The following linear discriminant functions
(LDF) were obtained:

Z,= 0,907*X,+27,645*X +33,546* X —0,001*X +
+0’102*X5+0’285*X6+0’464*X7+0,002*X3_
~115,749 (1.1)

Arsi rpynmer 60apHBIX, OoTHOCAmuxcsA ko II

OK XCH AAD:
7,=0,828%X +28,609%X,+33,643* X -
~0,001%X,+0,088*X +0,245% X +
+0,558%X,~0,011*X,~109,853  (1.2)

for patients with FC II CHF, where X, — age;
X,— CHF etiology; X, — IHD; X, — NT-proBNP;
X, — sgpl30; X, — systolic BP; X, — diastolic BP;
X, — IL-6. Z is the first discriminant function and
Z, is the second discriminant function.

The quality of the discriminant function was
assessed with the help of the learning sample and
cross-validation (Tables 2, 3). The first method
is based on inclusion of each patient from the
learning sample in the decision rule. Percentag-
es of correct and incorrect classifications were
calculated. Cross-validation implies that each pa-
tient is alternately excluded from the sample. An
excluded patient was classified with the help of
the obtained decision rule and returned to the
learning sample.

Table 2

Coefficients of linear discriminant functions (LDF)
for patients with CHF of FC II and III

Variable FC
ifi‘ng Explanation 11 111
X, Age 0.828 0.907
X, Etiology of CHF 28.609 27.645
X, IHD 33.643 33.546
X, NT-proBNP 0.001 0.001
X, sgp130 0.088 0.102
X, BP systolic 0.245 0.285
X, BP diastolic 0.558 0.464
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Table 2 (continued)

Variable FC
Used .
in LDF Explanation II 11
X, IL-6 0.011 0.002
C Constant —-109.853 | —115.749

Note. LDF — linear discriminant functions; CHF — chronic
heart failure; THD — ischemic heart disease; NT-proBNP —
N-terminal pro-brain natriuretic peptide; BP — blood pressure;
IL-6 — interleukin 6.

Table 3

Classification results for the learning sample method

Predicted Group
Parameter FC Membership Total
11 111

1I 15 5 20
Count

111 9 32 41

1I 75.0 25.0 100
Count, %

111 22.0 78.0 100

Note. 77% of original grouped cases were classified correctly;
FC - functional class.

Table 4
Cross-validated classification results
Predicted Group
Parameter FC Membership Total
II 111
11 14 6 20
Count
11T 11 30 41
II 70.0 30.0 100
Count, %
111 26.8 73.2 100

Note. 72.1% of cross-validated grouped cases were classified
correctly; FC — functional class.

The decision rule was based on the following
principle: predictor variables of a patient were
inserted into functions Z, and Z, (1.1 and 1.2).
The calculated Z, and Z, values were compared
and if Z, > Z,, the patient was assigned to FC III,
if Z, < Z,, the patient was assigned to FC II.

It should be noted that sensitivity and speci-
ficity were used to evaluate reliability of the di-
agnostic test.

Since this study had no objective of classi-
fying patients as sick or healthy, patients with
CHF FC III were regarded as sick and those
with FC II as healthy. Thus, when using the
learning sample, sensitivity of the given model
was Se = (32/(32+9))*100% = 78% and speci-

ficity Sp = (15/(15+5))¥100% = 75%. When
employing  cross-validation, sensitivity —was
Se = (30/(30+11))*100% = 73.2% ad specificity
was Sp = (14/(14+6))*100% = 70%.

The ROC-curve reflecting the correlation be-
tween correct and incorrect assignments (Fig.1)
was constructed to evaluate the quality of the
model [13]. A new variable Z = Z - Z, was creat-
ed for this purpose.

10

0,87

0,67

0.4

0.2

00 T T T T

00 02 04 06 08 190

Fig. 1. ROC-curve to evaluate the quality of the developed
model for assigning CHF patients to II or III FC

An ideal model is a model with 100% sensitivi-
ty and specificity. Since this is difficult to achieve
in reality, a cut-off value is used, i.e., the most
adequate point to cut off one diagnosed group
from the other.

The maximum sensitivity and specificity were
chosen to determine the cut-off point. Cut-
off = 0.07438 corresponds to sensitivity 0.756
(75.6%) and specificity 0.85 (85%). Thus, if Z >
0.07438, the patient should be assigned to FC III,
7< 0.07438, the patient is assigned FC II.

In addition, the quality of a model can be eval-
uated by the square under a ROC-curve (AUC):
the greater the square, the higher the model
quality. In this study, AUC = 0.879 = 0.045,
which indicates excellent quality (0.8—0.9) of the
model [13].
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CONCLUSION

A comparison of CHF patients of FC II and
IIT was performed so as to develop the decision
rule for the assignment of patients to the appro-
priate FC. The following statistically significant
variables were revealed: age, NT-proBNP, sgp130,
CHF etiology and IHD. In addition to these pa-
rameters, clinically important parameters (systolic
and diastolic BP, IL-6) were included in the deci-
sion rule. The obtained results allowed for the de-
velopment of the decision rule for assigning CHF
patients to FC II or III. Evaluation of the model
by the square under the ROC-curve demonstrated
excellent quality (0.8—0.9) of the model. Addition-
al parameters reflecting severity of the inflamma-
tory process (IL-6 and agpl30) were used along
with conventional clinical parameters.
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