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Objective - to study the relationship between the level of thyroid hormones and clinical, autonomic, structural and functional
characteristics of heart affections, activity of immune inflammation markers, endothelial dysfunction by means of cognitive modeling.

Methods. 60 patients with coronary heart disease with concomitant hypothyroidism were examined (the average level of TSH
13.05+3.30 mU/ml, the average level of FT, 11.45+0.72 pmol L, the average age of patients — 60.5 (54.0; 64.5) years, among them
16 (27 %) were men and 44 (73 %) women. The complex clinical examination including clinical, biochemical, immune-enzyme and
instrumental methods of examination, correlation and regression analysis of the data was carried out.

Results. The correlation analysis showed that in patients with coronary heart disease, comorbid with hypothyroidism, the reduction
of left ventricular ejection fraction was mostly associated with the increasing levels of neopterin and tumor necrosis factor-a (r=-0.37
and r=-0.38 respectively; p<0.05); condition of myocardial stiffness correlated with the concentration of C-reactive protein (r=+0,56;
p<0,05); level of total cholesterol (TC) — with concentration of neopterin (r=+0.39; p<0.05) and plasminogen activator inhibitor-1
(PAI-1) (r= +0.50; p<0.05); heart rate variability parameters and indicators of myocardial ischemic changes correlated with the level
of neopterin and endothelin-1. The value of FT, had a correlation with the concentration of neopterin (r=-0.34; p<0.05) and PAI-1
(r=-0.52; p<0.05), left ventricular myocardium mass index (LVMI) (r =-0.44; p<0.05), early and late diastolic filling velocities of the
left ventricle and their ratio (r=+0.50, r=-0,42 and r=-0.41, respectively, p <0.05), standard deviation of normal-to-normal intervals
(SDNN) in the active (r=+0.45; p<0.05) and passive (r=+0.36; p<0.05) periods, TC (r=-0.33; p<0.05). The performed regression
analysis confirmed the direction of relations, also allowed to build the cognitive model of the clinical course of ischemic heart disease
in patients with hypothyroidism, where the FT, acts as a connecting link.

Conclusions. The cognitive model developed on the basis of correlation and regression analyzes demonstrates clinical and
pathogenetic role of immune inflammation markers and endothelial dysfunction in the progression of structural and functional
heart disorders, ischemic and autonomic changes in CHD patients with concomitant hypothyroidism, where FT, level acts as a
connecting link.

KaiHiko-naToreHeTH4YHa poAb iMyHO3anaAbHOI aKTUBALLii Ta eHAOTeAIaAbHOI AUCOYHKUI
Y XBOPHUX Ha iLemiuHy XBopoby cepus, o acouidnoBaHa 3 rinoTMpeo3om,
3a pe3yAbTaTaMu KOTHITUBHOTO MOAEAIOBAHHA

H. C. MuxaWnoBcbka, T. B. OAiHKK

MeTa po60oTH — focnimKeHHs B3aEMO3B'I3KIB Mix piBHEM FOPMOHIB LMTONOAIOHOT 331031 Ta KMiHIYHUMK, BETETaTUBHUMM, CTPYKTYP-
HO-(YHKLIiOHaNbHUMM 0COBIMBOCTSIMU YPaXKEHHS CepLisi, aKTUBHICTIO MapKEPIB iIMyHHOTO 3ananeHHsi, eHaoTenianbHoi AMCHYHKLUIT
LUSISIXOM KOHITVBHOO MOZEMtoBaHHS.

Marepianu Ta metogmn. O6cTexunm 60 XBopux Ha ilemMiuHy XBOpoDy cepLis 3 CynyTHiM rinoTMPeo30M (CepeaHit piseHb TTI
- 13,05+3,30 mkMO/Mn; cepeaHint piseHb T, BinbHuiA — 11,45+0,72 nMonb/n, megiaHa Biky xsopux — 60,5 (54,0; 64,5) pokis,
cepep Hux 16 (27 %) yonosikis Ta 44 (73 %) *iHKW. 3LIACHUNM KOMNNEKCHE KNiHiYHE 0BCTEXEHHS 3 BUKOPUCTaHHSAM 3aranbHo-
KMiHIYHUX, BIOXIMIYHMX, IMyHOEPMEHTHNX Ta IHCTPYMEHTaNbHUX METOAIB OOCTEXEHHS; KOPENALIHUNA i perpecinHuin aHanis
AaHuX.

Pesynisratu. KopensuiiHuin aHania nokasas: y XBOPWX Ha ileMivHy xBopoby cepus, Lo komopbigHa 3 rinoTpeo3om, 3Hu-
XeHHs ppakuii BUKMAY MIBOrO LUMTYHOUKA HACYTTEBILLE acoLliloBanoCh 3i 3pOCTaHHAM PiBHA HEONTEPUHY Ta akTopa HeKpo3y
nyxnuHu-a (r=-0,37 Ta r=-0,38 BignosigHo; p<0,05); cTaH XOPCTKOCTi Miokapaa KOpentoBas i3 KoHLeHTpaLlieto C-peakTMBHOrO
6inka (r=+0,56; p<0,05); piBeHb 3aranbHoro xonectepuHy (3XC) — i3 koHUeHTpauisMu HeonTepuHy (r=+0,39; p<0,05) Ta
iHribiTopa TKaHWMHHOrO akTuBaTopa nnaamiHoreHy-1 (ITAM-1) (r=+0,50; p<0,05); napameTtpyn BapiabenbHOCTi CEPLEBOrO pUT-
MYy Ta iHOMKaTOPU illeMiYHMX 3MiH MioKapfa Manu B3agMO3B'A30K i3 piBHEM HeonTepuHy Ta eHpoTeniHy-1. KoHuenTtpadia T,
BiNbHOTO HaWCyTTEBILLE KOpentoBana 3 piBHAMW HeonTepuHy (r=-0,34; p<0,05) Ta ITAM-1 (r=-0,52; p<0,05), iHaekcoM macy
miokapga (r=-0,44; p<0,05), WBNAKICTIO paHHBOrO Ta Mi3HLOTO AiaCTOMIYHOrO HAMOBHEHHS MIBOTO LTYHOYKA, @ TAKOX iXHIM
cniegigHoweHHaMm (r=+0,50, r=-0,42 ta r=-0,41 BignosigHo, p<0,05), ctangapTHum BigxuneHHsM NN iHTepBanis 3a akTMBHWI
(r=+0,45; p<0,05) i nacusHwit (r=+0,36; p<0,05) nepiogn, 3XC (r=-0,33; p<0,05). PerpeciiiHui1 aHanis nokasae CpsiMOBaHICTb
BUSIBMEHNX B3aEMO3B'SI3KiB, @ TakOX AaB MOXIMBICTb NoByayBaTH KOTHITUBHY Mogenb nepebiry ilemiyHoi XxBopobu cepus y
XBOPUX i3 riNOTUPEO30M, A€ PiBeHb T, BiflbHOTO BUCTYMNB CMONYYHOI TAHKOH.

BucHoBKM. KorHiTBHa Mofenb, Lo po3pobrieHa Ha NiacTasi KopensiLiiHoro Ta perpeciiHoro aHanisis, OBOAMTb KITiHiKo-naToreHe-
TWUYHY POrb MapKepiB iMyHHOTO 3anarneHHs Ta eHgoTenianbHOl AMCAYHKLITY NPorpecyBaHHi CTPYKTYPHO-(YHKLOHaNbHIX MOpYLLEHb
Ccepug, iLLeMIYHIX | BETeTaTMBHIX 3MiH y XBOpUX Ha IXC i3 cynyTHIM rinoTupeo3om, ae piseHb T, BifbHOTO € CMONYYHOIO NAHKOK.
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KAMHUKO-naToreHeTHUeCcKasn poAb MMMyHOBOCI'IaI\MTeI\bHOﬁ aKTUBALIMKU U IHAOTEAUAAbHOW Kniouesbie cnosa:
AMCOYHKUMH Y 60ABLHBIX MLLEMUUECKOH 60Ae3HbIO cepALla, aCCOLMMPOBaHHON 25\‘2‘3"::‘2‘;’;11 .
C runoTupeo3om, no pe3yabratamM KOrHUTUBHOro MOAEAUPOBaAHUA TMNOTUPEO3,

. . 6uonornyeckue
H. C. MuxannoBckas, T. B. OnelHUK Mapkepbl,
Llenk pa6oThi — nccrienoBaHme B3auMOCBS3eil Mexay YPOBHEM FOPMOHOB LLMTOBUAHON Xenesbl 1 KMHNYecKAMM, BereTaTuaHbimy,  MMMABL
CTPYKTYPHO-ChyHKLIMOHAMBHLIMY 0COBEHHOCTAMY MOPAXEHNS CeprLia, aKTUBHOCTLIO MapKepoB MMMYHHOTO BOCManeHus, aHaoTe-  PEMOAGAMPOBaHHE
NnanbHOM ANCHYHKLMW MYyTEM KOrHUTUBHOTO MOAENMPOBAHMS. cepaua,

WLLEMWS MUOKaPA],

Marepuanei u MmeToabl. O6cneaosaHo 60 BonbHLIX NLLEMUYECKON 60Me3HbI0 CepaLia C COMYTCTBYIOLLMM MMNOTUPEO3OM (CPEAHA  cratucTiueckas
ypoBeHb TTI — 13,05+3,30 MkMO/Mn, cpenHuit yposeHb T, cBoBoaHbIA — 11,45+0,72 nmonb/n, MeauaHa Bo3pacTa GoMbHbIX =  yiopens.
60,5 (54,0; 64,5) ner, cpeam HUX 16 (27 %) Myx4nH 1 44 (73 %) xeHLWwmHbI. [POBOAMAN KOMMNEKCHOE KIMHUYEeCKoe 06CrneaoBaHme
C WCMONb30BaHNEM OBLLEKIMHUYECKUX, BUOXUMUYECKNX, UMMYHO(DEPMEHTHBIX U MHCTPYMEHTAmbHBIX METOROB 0BCneaoBaHus; S
KOpPEnsLMOHHBIA U PErpecCOHHBIN aHanM3 NonyYeHHbIX AaHHbIX. Mem’;mcmﬁ
Pesynbtathbl. MpoBeagHHBIN KOPPENALMOHHBIM aHAMNN3 NoKasar, YTo y 60MbHLIX ULLEMUHECKON BONE3HbI0 cepaLa, KOMOpBUaHoi  KYPHan. - 2017. -
C FMNOTMPE030M, CHIDKeHME dhpaKLm BeIGpOCa NeBoro xenyaoyka Hanbornee CyLUeCTBEHHO acCOLMMPOBANIOCh C POCTOM YPOBHS I: ig_'sN"’ 1(100). -

HeonTepuHa v akTopa Hekposa onyxonu-a (r=-0,37 n r=-0,38 cootBeTcTBEHHO; p<0,05) COCTOSAHME XECTKOCTM MUOKapAa
KOppenupoBarno ¢ KoHueHTpauwei C-peaktusHoro Genka (r=+0,56; p<0,05); yposeHb obLero xonectepuHa (OXC) — ¢ KOHLeH-
Tpaumen HeontepuHa (r=+0,39; p<0,05) n nHrMGUTOPa TKaHEBOrO akT1BaTopa nnasmuHoreHa-1 (MTAM-1) (r=+0,50; p<0,05);
napameTpbl BapuabenbHOCTY CEPAEYHOTO PUTMa U MHAMKATOPbI MLLEMUYECKUX U3MEHEHUII MoKapaa MMen B3auMoCBs3b C
YPOBHEM HeonTepuHa u aHaoTennHa-1. KoHueHTpauus T, cBoboaHoro Hambonee CylecTBeHHO Koppenuposara ¢ ypoBHAMM
HeonTepuHa (r=-0,34; p<0,05) n UTAM-1 (r=-0,52; p<0,05), nHaeKcoM Macchl MMoKapaa NeBsoro xenynodka (r=-0,44; p<0,05),
CKOPOCTbIO PaHHETO W MO3AHEr0 ANACTONMYECKOTO HAMOMHEHMS NEBOTO XeryAo4ka a Takke UX CooTHoLLeHVeM (r=+0,50, r=-0,42
n r=-0,41 cootBetcTBeHHO; p<0,05), cTaHaapTHeIM oTknoHeHnem NN nHTepBanoB 3a akTvBHbIN (r=+0,45; p<0,05) n naccve-
HbI (r=+0,36; p<0,05) nepunogsl, OXC (r=-0,33; p<0,05). MpoBenéHHbI PETPECCHUOHHBIA aHANN3 YCTaHOBWI HAaNPaBNEHHOCTb
BbISIBIEHHBIX CBSA3EHA, @ TaIoKe MO3BONMM MOCTPOUTL KOTHUTUBHYHO MOLEMNb TEYEHMS ULlemmnyeckoii GonesHu cepaua y 6omnbHbIX
C rMMoTMPEO30M, e YPOBEeHb T, CBOBOHOMO BLICTYNWIT CBA3YIOLLM 3BEHOM.

BbiBoabl. PaspaboTaHHasi Ha OCHOBaHWUM KOPPEMSILMOHHOIO ¥ PErPECCUOHHOMO aHanmM30B KOrHUTMBHAs MOZeMb AOKasblBaeT
KIMHWKO-NATOreHETUYECKYI0 PONb MapKEPOB MMMYHHOTO BOCMANEHWS U 3HLOTenMarnbHoN AMCHYHKLAN B NPOrpeECCUpPOBaHNM
CTPYKTYPHO-ChyHKLMOHAbHBIX HApyLUEHWIA CepaLa, NLLEMUYECKUX 1 BEreTaTUBHbIX M3MeHeHUii y 6onbHbIX MBC ¢ conyTeTByoLWmMM
rUNOTUPEO3OM, e YpoBeHb T, CBOBOAHOTO BbICTYMAET CBASYIOLLMM 3BEHOM.

and such “new” risk factors of atherosclerosis as C-reactive
protein, endothelial dysfunction, immune inflammation,
pro-coagulating blood changes, etc. [7].

Today the factors of atherosclerosis progression and
destabilization of the coronary heart disease course in pa-
tients with concomitant thyroid hypofunction are insufficiently
clarified. The pathogenetic mechanisms of thyroid hormones
participation in the development of immune inflammation,
endothelial dysfunction, the occurrence of adverse cardio-
vascular events in the abovementioned category of patients
need follow-up study.

Introduction

Ukraine takes one of the leading places among European
countries in terms of population mortality from coronary heart
disease (CHD). According to statistics Ukraine has more than
9 million CHD patients, among them 34.9 % are the patients
with angina pectoris [1]. Parallel with traditional risk factors,
the coronary heart disease is significantly affected by the
comorbidities, in particular by the endocrine pathology with
the hypothyroidism, as one of the most principal [2]. The
reduction of thyroid function is considered to be an addi-
tional risk factor, provoking cardiovascular diseases, as this
pathology is associated with the development of atherogenic
dyslipidemia, diastolic hypertension, endothelial dysfunction,
myocardial remodeling, which in their turn are the predictors
of adverse cardiovascular events [3].

Itis proved that the structural changes in the myocardium
due to reduction of the thyroid gland function lead to a violation

Objective

To study the relationship between the level of thyroid hor-
mones and clinical, autonomic, structural and functional
characteristics of heart affections, activity of immune in-
flammation markers, endothelial dysfunction by means of

of intracardiac hemodynamics: reduced myocardial contractile
function, its electrical instability, disruption of atrioventricular
conduction, lengthening of diastole, reduced left ventricular
ejection fraction [4,5]. Hypothyroidism is accompanied with the
violation of functional state of the autonomic nervous system;
it leads to the imbalance of sympathetic and parasympathetic
influences on the heart and increases the variability of the QT
interval, which significantly affects the course of both CHD
and hypothyroidism [6].

It is established that the decrease in the concentration
of thyroid hormones promotes activation of lipid peroxidation
and the occurrence of hypercholesterolemia [7]. Scientific
data evidence the relationship between hypothyroidism
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cognitive modeling.

Materials and Methods

The study involved 60 patients with coronary heart dis-
ease with concomitant hypothyroidism (HT) (the average
level of TSH 13.05+3.30 mU/ml; the average level of FT,
11.45+0.72 pmol/L, the average age of the patients — 60.5
(54.0; 64.5) years, among them 16 (27 %) are men and 44
(73 %) women).

The CHD diagnosis and the stable angina functional
class were based on a comprehensive analysis of com-
plaints, data of physical examination, results of laboratory
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and instrumental examinations according to the national
standards (Order of MOH Ukraine Ne 436 from 03.07.2006)
[8]. The presence of hypothyroidism and the degree of its
severity were set according to the Protocol of medical care
provision for patients with endocrine system pathology (Ne 124
from 05.09.2011) [9] and recommendations of the European
Thyroid Association [10].

Comprehensive clinical examination of patients, consid-
ering their complaints, anamnesis, objective and additional
(laboratory and instrumental) methods of investigation ac-
cording to the generally accepted standards, was conducted.
The following methods of investigation were used: general
clinical examination — to assess the clinical manifestations
of disease; biochemical examination — to determine the
level of total cholesterol, triglycerides, low- and high-density
lipoproteins; immune-enzyme examination —to determine the
level of C-reactive protein (CRP) (Biomerica, USA), tumor
necrosis factor-a (TNF-a) (eBioscience, Austria), neopterin
(IBLinternational, Germany), endothelin-1 (ET-1) (Biomedica,
Austria), Plasminogen Activator Inhibitor-1 (PAI-1) (Tech-
noclone, Austria), thyroid stimulating hormone (TSH), free
thyroxine (FT,); instrumental examination — two-dimensional
and pulse-wave Doppler echocardiography (“SONOACE”
8000SE company “Medison”, Korea), daily monitoring of
ECG by Holter (Kardiosens K, Ukraine) by the standard
technique — to determine the characteristics of structural
and functional changes in the heart, heart rhythm variability
rate, heart ectopic activity, severity of myocardial ischemia.

Statistical data processing was carried out using the
license program package “Statistica 6.0 for Windows” (Stat-
Soft Inc., Ne AXXR712D833214FAN5). The hypothesis of
normality of the studied parameters distribution was tested
by the Shapiro-Wilkie criterion. To estimate the relationships
between parameters the method of correlation analysis with
calculation of Pearson (if distribution is normal) and Spear-
man (if distribution is different from normal) correlation coeffi-
cients was used. To determine the direction and power of the
investigated factors influence the method of constructing the
equations of pair linear regression with further building the
cognitive model in the form of a sign directed graph that dis-
plays positive and negative functional relationships between
the studied factors was used. The impact was considered
as positive when the increase (decrease) of one factor led
to the increase (decrease) of another factor, and negative
when the increase (decrease) of one factor led to a decrease
(increase) of another factor. Data were considered reliable
by the level of statistical significance of p<0.05.

Results

In previous studies it was found out that the course of
coronary artery disease, comorbid with hypothyroidism is
associated with greater severity ofimmune inflammation and
endothelial dysfunction, autonomic, structural and functional
changes in heart, electrical activity of the myocardium, as
compared to both the patients with CHD without comorbid
diseases, and to the CHD patients with concomitant struc-
tural changes in the thyroid gland in euthyroid state [11-13].

Taking into account the complex pathogenesis of coro-
nary heart disease in patients with hypothyroidism, it's advis-
able to use the method of cognitive modeling to determine
clinical and pathogenetic role of immune inflammation and
endothelial dysfunction. The development of cognitive model
allowed us to identify the main clinical and pathogenetic fac-
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tors and assess their impact on the course of this pathology.

To build a cognitive model we, in the first place, have
identified the most important factors in terms of the investi-
gated problem, using the correlation analysis. The carried
out correlation analysis proved the existence of relationship
between the level of thyroid hormones and indicators of
immunoinflammatory activation and endothelial dysfunction,
structural, functional and autonomic changes in heart, elec-
trical activity of myocardium, lipid parameters, as evidenced
by the revealed correlation interrelations of FT, with a con-
centration of neopterin (r=-0.34; p<0.05), PAI-1 (r=-0.52;
p<0.05), LVM (r=-0.50; p<0.01), LVMI (r=-0.44; p<0.05),
the ratio of the mitral valve velocity Ve/Va (r=-0.41; p<0.05),
with standard deviation of normal cardiointervals (SDNN) in
active (r=+0.45; p<0.05) and passive (r=+0.36; p<0.05)
periods, TC (r=-0.33; p<0.05).

After the correlation analysis of markers of systemic
inflammation and endothelial dysfunction with lipid param-
eters in patients with coronary heart disease with concom-
itant hypothyroidism a reliable direct relation of PAI-1 level
concentration with total cholesterol (TC) (r=+0.50; p<0.05),
and neopterin levels with TC (r=+0.39; p<0.05) and low
density lipoprotein cholesterol (r=+0.62; p<0.05) was found
out. The reliable relation of ET-1, TNF-a and CRP levels with
lipid parameters was not identified.

In the study of structural and functional characteristics
of the heart in patients with coronary heart disease with
concomitant hypothyroidism the reliable direct medium
strength correlation of PAI-1 with left ventricular diastolic
diameter (LVDD) (r=+0.50; p<0.05), left ventricular sys-
tolic diameter (LVSD) (r=+0.60; p<0.05); reliable direct
medium strength correlation of TNF-a with left ventricular
ejection fraction (LVEF) (r=-0.38; p<0.05), LVDD (r=+0.54;
p<0.05), LVSD (r=+0.56; p<0.05); reliable direct medium
strength correlation of CRP levels with an left ventricular
stiffness index (LVSI) (r=+0.56; p<0.05); reliable negative
medium strength correlation of neopterin and TNF-a with
LVEF (r=-0.37 and r=-0.38 correspondingly; p<0.05) were
found out. The reliable relation between the endothelin-1
level and structural and functional characteristics of heart
was not discovered.

The study of the relationship of heart rate variability
in patients with coronary artery disease and concomitant
hypothyroidism with indicators of systemic inflammation
and endothelial dysfunction showed, that the level of
endothelin-1 negatively with average power correlated
with SDNN (r=-0.41; p<0.05) in passive period, and with
spectral power at low frequencies (LF) (r=-0.40; p<0.05)
in passive period; neopterin level negatively with average
power correlated with SDNN (r=-0.40; p<0.05) in active
and passive periods (r=-0.40 and r=-0.54 respectively;
p<0.05), with spectral power at the very low frequencies
(VLF) (r=-0.46; p<0.05) in passive period, LF (r=-0.46;
p<0.05) in passive period. PAI-1, ET-1 and CRP levels
had no significant correlations with heart rate variability.

The study of relationship between markers of immune
inflammation and endothelial dysfunction symptoms with
ectopic activity of the heart and ischemic changes in patients
with coronary heart disease with concomitant hypothyroidism
made it possible to reveal the presence of positive medium
strength correlation of PAI-1 with the total number of episodes
of supraventricular extrasystoles (SVE) (r=+0.46; p<0.05),
duration of episodes of myocardial ischemia (r=+0.46;
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Table 1. The equation of a straight linear regression of relationships between the studied factors

Ne of  Dependence Model R? The level Ne of  Dependence Model R? The level
model of significance  model of significance
1 PAI-1 from FT, w,=-2.04w, 0.39 0.05 1" LVEF from TNF-a w,=52.89-0.75w, 0.27 0.05
2 neopterin from FT, w,=-0.91w, 0.61 0.05 12 CRP from TNF-a w,,=3.06w, 0.59 0.05
3 TC from FT, w,=-0.40w, 0.75 0.05 13 TNF-a from neopterin w,,=0.08w, 0.65 0.05
4 LVMI from FT, w,=-1.63w, 0.77 0.05 14 PAI-1 from TNF-a w,=21.78w, 0.71 0.05
5 VelVa from FT, w,=0.05w, 0.86 0.05 15 ET-1 from neopterin w,=0.02w, 0.38 0.05
6 SDNN pas. from FT, w,=4.82w, 0.78 0.05 16 TC from neopterin w,=0.33w, 0.79 0.05
7 SDNN pas. from neopterin ~ w,=-3.46w, 0.84 0.05 17 TC from ITAM-1 w,=4.84+0.03w, 0.26 0.05
8 SDNN pas. from ET-1 w,=66.39-35.61w, 0.31 0.05 18 LVSI from CRP w,,=0.19+0.01w,, 0.30 0.05
9 LVEF from neopterin W,=-2.73w, 0.75 0.05 19 QTc from CRP w, =54.45w,, 0.73 0.05
10 LVEF from ET-1 W,=55.91-11.48w, 0.33 0.05 20 QTc from neopterin w,,=21.07w, 0.36 0.05

p<0.05); direct medium strength correlation of CRP with the
total number of SVE and corrected QT interval duration (QTc)
(r=+0.33; p<0.05); positive correlation of TNF-a with dura-
tion of episodes of myocardial ischemia (r=+0.42; p<0.05);
positive correlation of neopterin level with the duration of QTc
(r=+0.43; p<0.05). The reliable association of ET-1 with the
manifestations of ectopic activity of the heart and myocardial
ischemic changes was not found.

So, in the result of the correlation analysis in patients
with coronary heart disease, comorbid with hypothyroidism,
the most important clinical and pathogenetic factors, used to
build cognitive model were distinguished: the levels of FT,
neopterin, CRP, PAI-1, ET-1, TNF-q, total cholesterol, SDNN
pas., LVEF, LVMI, Ve/Va, LVSI, QTc.

During the second phase of cognitive model construction
of factors influencing the course of coronary heart disease
in patients with hypothyroidism the arc graph was formed; it
established relations between the tops (w) with a graphical
display of the resulting directed graph. The most statistically
reliable variables are presented in the form of straight linear
regression equations (Table 7).

During the third phase, after weighting tops and arcs,

we received a cognitive model of relationships between
immune inflammation and endothelial dysfunction markers
with indicators of cardiac remodeling, ectopic activity of the
heart, autonomic disorders in patients with coronary heart
disease, comorbid with hypothyroidism (Fig. 7).

Therefore, the regression analysis confirmed the most
significant correlation relations and set the direction of these
relations and made it possible to build a cognitive model
of the course of coronary heart disease in patients with
hypothyroidism, where the FT, acts as a connecting link.

Our received results are confirmed by a number of clinical
and experimental works [14,15]. Obtained data suggest that
hypothyroidism can potentially increase the risk of coronary
heart disease progression not only due to development of
endothelial dysfunction and systemic inflammation, but also
through the stimulation of systemic inflammation, expression
of proinflammatory cytokines, that, according to scientific data,
leads to vascular remodeling and destabilization of athero-
sclerotic plaque [16]. In their turn, proinflammatory cytokines
play an important role in the processes of hypercoagulable
state of blood, endothelial dysfunction, vascular and heart
remodeling [17].

-1.63

4.82
SD’\(‘V’: )pas. Neopterin
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Fig. 1. Cognitive model of relationships between immune inflammation and endothelial dysfunction markers with indicators of cardiac remodeling, ectopic
activity of the heart, autonomic disorders in patients with coronary heart disease, comorbid with hypothyroidism.
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OpurMHanbHble UCCAEAOBaAHUA

Conclusions

1. In patients with coronary heart disease, comorbid
with hypothyroidism, the LVEF decrease was associated
with the increased levels of neopterin and TNF-a (r=-0.37
and r=-0.38 respectively; p<0.05); myocardial stiffness
condition —with the concentration of CRP (r=+0.56; p<0.05);
total cholesterol levels —with the concentrations of neopterin
(r=+0.39; p<0.05) and PAI-1 (r=+0.50; p<0.05); HRV
parameters and indicators of myocardial ischemic changes
— with the levels of neopterin and ET-1.

2. The cognitive model, developed on the basis of
regression analysis, demonstrates (proves) the clinical and
pathogenetic role of immune markers of inflammation and
endothelial dysfunction in the progression of structural and
functional disorders, ischemic and autonomic changes in
CHD patients with concomitant hypothyroidism, where FT4
level acts as a connecting link.
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