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Objective: to study changes in the vascular endothelium state in conjunction with clinical and metabolic features in CHD patients
with the concomitant nonalcoholic fatty liver disease.

Methods: cross-cohort analytical study involved 86 patients, the primarily selected group consisted of 34 patients, mean age
60 (57.5; 66) with documented coronary artery disease, stable exertional angina of lI-l1l functional class combined with NAFLD;
comparison selected group: 32 patients, mean age 60.5 (51.5; 65.6) with coronary artery disease without NAFLD. The control
selected group consisted of 20 healthy individuals.

Results: In patients with coronary artery disease and NAFLD compared with CHD patients without NAFLD was found significantly
higher levels of ADMA by 21 % (p<0.05), CRP by 1.63 times (p<0.05), intima-media thickness by 14.28 % (p<0.05). Using
ROC-analysis established that levels of ADMA >0.74 mmol/l is the cutting point and has an optimal ratio of sensitivity (80 %)
to the specificity (82.9 %) for the diagnosis of vascular remodeling in CHD patients with concomitant NAFLD. The presence of
significant direct correlation relationship of ADMA with CRP, total cholesterol, glucose, body mass index, alkaline phosphatase,
ALT and significant negative relation of ADMA with HDL were found.

Conclusions: In patients with coronary artery disease, combined with NAFLD structural and functional changes in vascular
endothelium (increase in serum levels of ADMA, thickening of intima-media) are observed during activation of systemic
inflammation (increased CRP concentration), which is associated with metabolic disorders and liver damage indicators. The
value of ADMA in serum prevailing 0.74 mmol/l helps to diagnose structural and functional changes in vascular endothelium in
patients with coronary artery disease, comorbid with NAFLD.

CTaH CyAMHHOTO €HAOTEAII0 Ta KAIHIKO-MeTaboAiuHi 0c06AMBOCTI XBOPUX
Ha iluemMiuHy XxBopoOy cepus, L0 NOEAHAHA 3 HEAAKOTOABHOO YXXMPOBOIO XBOP060IO NeviHKU

H. C. MuxamnnoBcbKa, A. €. MiHsiIMAeHKO

MeTa po60TH — BUBHMTM 3MiHM CTaHY CyAMHHOTO eHAOTENI Y B3aEMO3B A3KY 3 KNiHIKO-MeTaboniuHMMM 0COBNMBOCTAMM Y XBOPUX
Ha iwemiyHy xBopoby cepus (IXC) i3 cynyTHBO HEanKoronbHO XMpoBo XBopoboto neviky (HAXKXI).

Matepianu Ta metoau. [lo NONepevHOro KOropTHOrO aHaniTMYHOro AOCMIMKEHHS B NapanenbHux rpynax sanyuunnm 86 na-
LieHTiB: ocHOBHa rpyna — 34 xsopi 3 IXC: cTabinbHot cTeHokapgieto HanpyeHHs I1-Ill dhyHKuioHanbHoro knacy B NoeAHaHHi
3 HAXKXT1, mepiana Biky — 60 (57,5; 66); rpyna nopisHsHHsA — 32 xBopi 3 IXC 6e3 HAXXI, megiaHa Biky — 60,5 (51,5; 65,6).
YciMm XBOpUM 34INCHUNM KOMMEKCHE OBCTEXEHHS 3riJHO i3 3aranbHOMPUIRHATUMI cTaHaapTamm (Hakas MO3 Ykpainm Ne 436
Big 03.07.2006). 3a fonoMorot cTaHaapTHUX HabopiB PeaKkTUBIB iIMYHOEPMEHTHIM METOAOM BU3HAYaAmNM PiBEHb IHCYMIHY
(Monobind, USA), acumetpuuroro gumetinaprinivy ADMA (Immundiagnostik, Germany). Ycim nauieHTam BU3Ha4anm TOBLUMHY
Komnnekcy iHTMmMa-Megia eHpoTenito cyanH Ha anapari eSaote Mylab40 (Ianis).

Pe3ynkratu. BusHauunu, wo B nauienTis 3 IXC i HAXKXT nopiBHsiHO 3 xBopumu Ha IXC 6e3 HAXKXIT BiporigHo BinbLui piBHi
ADMAHa 21 % (p<0,05), CPB y 1,63 pasa (p<0,05), ToBLMHa komnnekcy iHTuMa-megia Ha 14,28 % (p<0,05). 3a gonomoroto
ROC-aHaniay BctaHoBuu, Lo piseHb ADMA >0,74 MMORb/N € TOUKOK BifcCikaHHs Ta Mae onTuMarnbHe ChiBBIOHOLIEHHS YyT-
nwuBocTi (80 %) oo cneumdivHocTi (82,9 %) LWoAo AiarHOCTUKN PEMOAENIOBaHHS CyauH y xBopux Ha IXC i3 cynyTHbor HAXXI.
3'1C0BaHO HasABHICTb BipOrigHOTO NPSIMOro KOpensLiiHoro B3aeMo3s’siky piHs ADMA 3 CPB, piBHeM 3aranbHOro XonecTepuHy,
rTHOKO3K, IHAEKCOM Macy Tina, NyxHoi drocdarasm, AT i BiporigHoro Big'emHoro 38's3ky ADMA 3 JTNBLL.

BucHoBkM. Y xBopyx Ha IXC, Wwo noegHaHa 3 HAXKXTT, cnocTepiratoTbes CTPYKTYPHO-(DYHKLIOHAMBHI 3MiHW CYAUHHOTO eHA0TENI
(30inbLueHHs1 cupoBaTkoBOro piBHA ADMA, NOTOBLUEHHSI KOMMNIEKCY iHTUMa-Megjia) Ha Thi akTMBaLi CCTEMHOTO 3anasieHHs
(36inbLueHHs koHUeHTpaLii CPB), ki acouiioloTbea 3 METaboNIYHUMK MOPYLIEHHAMMW Ta iHAMKATOPaMW YPaXKEHHS NEYiHKV.
3HaueHHst piBHs ADMA B cvpoBaTLi kposi, Lo nepesaxae 0,74 MMOIb/1, Aa€ 3MOry AiarHOCTYBaTW CTPYKTYPHO-(YHKLOHamNbHi
3MiHV CyAMHHOTO eHAoTeNilo y XBopux Ha IXC, komopbigHy 3 HAXXIT.

CocTosiHME COCYAUCTOr0 IHAOTEAUS U KAMHUKO-MeTaboAuuecknue 0co6eHHOCTH
60AbHbIX UBC B COYETaHUM C HEAAKOTOABHOM XXMPOBOI H0AE3HBIO NEeUeHu

H. C. MuxannoBckas, A. E. MUHsnAeHKo

Llenb pa6oTbl — N3y4nTb M3MEHEHWSI COCTOSIHUSI COCYAMCTOrO SHAOTENWS BO B3aMMOCBS3N C KIMHUKO-MeTabonmnieckumm
ocobeHHocTAMM Y 6onbHbIX MBC ¢ conyTCTBYHOLLE HEaIKoronbHOM KMPOBON BONE3HbLI0 MeYeHM.

Marepuanbl n MeTogb!. K nonepeyHoMy KOropTHOMY aHanmMTU4ECKOMY UCCeA0BaHMI0 B NapannerbHbIX rpynnax npueneyeHo
86 nauveHToB: ocHOBHas rpynna — 34 6onbHbIx ¢ VIBC: cTabunbHom creHokapayeit HanpspkeHus Il dyHKuroHaneHoro knacca
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B coyeTaHum ¢ HAXKBI, meguara Bospacta — 60 (57,5; 66); rpynna cpaBHeHusi — 32 6onbHbix ¢ VIBC 6e3 HAXKEBN, megnana
Bo3pacTta — 60,5 (51,5; 65,6). Bcem 6onbHbIM NPOBOANIN KOMMIEKCHOE 06CnenoBaHie B COOTBETCTBUM C OBLLENPUHATHIMM
crangaptamu (npukas M3 YkpauHbl Ne 436 ot 03.07.2006). C nomMoLLbto CTaHAapTHLIX HAGOPOB PeaKTUBOB UMMYHOEPMEHTHBIM
MeToAoOM onpeensny ypoBeHb uHcynuHa (Monobind, USA), acummetpuyroro gumetunaprinHa ADMA (Immundiagnostik,
Germany). Bcem nauvieHTam onpegensnum TOMLWMHY KOMMNEKca MHTUMa-Meaya 3HOOTENUs COoCydoB Ha annaparte eSaote
Mylab40 (Utanus).

Pesynbratbl. OnpegeneHo, yto y nauneHtoB ¢ IBC n HAXKBI B cpaBHeHum ¢ 6onbHbiMn MBC 6e3 HAXKBI goctoBepHo
6onbLue yposHn ADMA — Ha 21 % (p<0,05), CPB - B 1,63 pasa (p<0,05), TonwmHa komnnekca MHTMMa-meaua — Ha 14,28 %
(p<0,05). C nomoupto ROC-aHanu3a yctaHoBneHo, 4To ypoBeHb ADMA >0,74 MMonb/n ABNSETCS TOUKOW OTCEYEHMS 1 UMeeT
onTUMarnbHOE COOTHOLLEHWe YyBCTBUTENLHOCTM (80 %) K cneundudHocTu (82,9 %) OTHOCUTENBHO AMArHOCTUKM pemoaeni-
poBaHus cocyoB y 6onbHbIx VIBC ¢ conyTctaytowwen HAXKBI. BbisicHeHO Hanmnuve JOCTOBEPHOM NPSIMON KOPPENsLMOHHOMN
B3aumocssiaun yposHst ADMA ¢ CPB, ypoBHem 06LLiero xonectepuHa, roko3bl, LenovHo ocdarasel, AT, Haekcom maccel
Tena u gocToBepHomn obpatHoi cesisu ADMA c JIMBIM.

BbiBoapl. Y 6onbHbIx MBC, komopbuaHoii ¢ HAXKBIT, Habntogarotcst CTPYKTYPHO-(YHKLIMOHAbHBIE U3MEHEHNS COCYAUCTOrO
SHAOTENVS (YBENMYEHME CbIBOPOTOYHOIO ypoBHA ADMA, yTonLLeHe KoMMmeKkca HTUMa-Meamna) Ha poHe akTMBaLmMm CUCTEMHOTO
BOCnaneHus (noBblLeHue KoHueHTpauun CPB), KoTopble accoLmmpytoTes ¢ MeTabonmnyeckuMm HapyLLIEHUSIMU 1 UHAVKaTOpaMm
nopaxeHus neveHn. 3HaveHne yposHs ADMA B cbiBOpOTKe KpoBw, npeBbiuatowee 0,74 MMOnb/, NO3BOMSIET ANarHOCTUPOBaTh

CTPYKTYPHO-(hyHKLIMOHATbHbIE U3MEHEHWS COCYAMCTOrO aHAoTeNnNs y 6onbHbIX MBC, komopbuaHoi ¢ HAXKBTT.

Introduction

Coronary heart disease (CHD) continues to gain the lead-
ing place in the structure of incidence and is one of the pre-
vailing causes of death and disability in the population [1].
Metabolic disorders (diabetes, hypertension, dyslipidemia,
obesity) 2—4 times raise the risk of coronary heart disease.
Nonalcoholic fatty liver disease (NAFLD) is regarded to be
one of the conditions associated with metabolic syndrome
causing the deterioration of the quality of life, morbidity, and
mortality. The prevalence of NAFLD in western countries is
20-30 %, 2-3 % of which have a progressive course with
transformation into nonalcoholic steatohepatitis (NASH),
cirrhosis, hepatocellular, carcinoma [2].

The leading link in the development of NAFLD is insulin
resistance syndrome, characterized by the reduced tis-
sues receptors sensitivity to insulin, resulting in increased
synthesis of free fatty acids accumulated in the liver. The
free fatty acids, in their turn, break the endothelial function
through the following mechanisms: production of free rad-
icals, activation of systemic inflammation, adipocytokine
imbalance and dyslipidemia [3].

The endothelial dysfunction that defines thromboge-
nicity, inflammatory changes, vascular reactivity and the
stability of atherosclerotic plaques is directly related to the
progression of coronary artery disease and also NAFLD
[4]. In NAFLD the endothelial cells of hepatic sinusoid
are damaged, the production of cytokines, free radicals
and collagen increases, and as a result — the change of
sinusoid fenestration, collagenization of Disse’s space
and growth of intrahepatic vascular resistance, which, in
its turn, provokes significant hepatic circulation disorders,
ischemia development, liver tissue necrosis accompanied
by fibrosis of these sites in the liver [5].

Today one of the endothelial dysfunction markers,
directly related to both CHD and NAFLD is asymmetric
dimethylarginine (ADMA). Intracellular production of ADMA
happens through the arginine demethylation by the class
of enzymes known as arginine-N-methyltransferase and
further proteolysis releases ADMA [6]. ADMA is an endo-
genous inhibitor of NO-synthase enzyme that catalyzes the
conversion of L-arginine into nitric oxide (NO) — a powerful
vasodilative agent. ADMA plasma levels are related to its
release in the process of protein breakdown and its splitting
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into dymetylamyn and citrulline under the influence of en-
zyme dimethylarginine dimethylaminohydrolase (DDAH).
DDAH is presentin the liver, pancreas, spleen and kidneys,
but the liver DDAH plays a dominant role in the utilization
of plasma ADMA[7].

Recently the significance of ADMA as a new risk fac-
tor for CVD was defined. In The Ludwigshafen Risk and
Cardiovascular Health Study — a significant prospective
study with an average observation period of 5.5 years it
was estimated that the concentration of ADMA plasma
levels is associated with mortality from cardiovascular and
other causes in patients with stable and unstable angina
regardless of known risk factors. [8]. In another study with
an observation period of 24 years, Leong et al. (2008)
showed the relation between the increased blood ADMA
levels and the increase of the frequency of myocardial
infarction and stroke in women [9]. Also, the relationship
between the content of ADMA and severity of coronary
artery disease, the influence of ADMA concentration on
prognosis and survival of patients with cardiovascular
system disorders was found out [10].

Besides the prevention of the NO synthesis through
the competitive braking of eNOS, ADMA may promote
further breaking of its enzymatic activity and transfor-
mation into the generator of superoxide. It is believed
that this ADMA activity contributes further endothelial
dysfunction and may play a significant role in the patho-
genesis of liver diseases, acting as a source of vessels
oxidative stress [11].

However, data on the particularities of concentration
changes in ADMA serum level as a marker of endothelial
dysfunction, depending on the functional state of the liver
in patients with coronary artery disease and concomitant
NAFLD are limited; the relationship of ADMA with com-
ponents of the metabolic syndrome in these patients has
not yet been investigated. Thus, the role of endothelial
dysfunction in the pathogenesis of CHD comorbid with
NAFLD requires further study.

The objective of the research: to study changes
in the vascular endothelium state in interconnection with
clinical and metabolic features in CHD patients with the
concomitant nonalcoholic fatty liver disease.
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Materials and methods of the research

Cross-cohort analytical study in parallel groups involved 86
patients, the primary group consisted of 34 patients with
documented coronary artery disease, stable lI-ll func-
tional class (FC) exertional angina combined with NAFLD,
median age 60 (57.5; 66); comparison group: 32 patients
with IBS without NAFLD, median age 60.5 (51.5; 65.6).
The control group consisted of 20 healthy individuals, the
median age 58 (54; 60). Groups are comparable in age,
sex, comorbidities nature, duration of CHD. Before being
included in the study, all participants provided written con-
sent. Il and Il FC exertional angina were diagnosed under
the classification of the Canadian Heart Association. The
nonalcoholic fatty liver disease was determined by ultra-
sound examination of the liver according to the generally
accepted methodology.

Criteria of including into the study: informed consent
of the patient, the presence of verified CHD and NAFLD.
The excluding criteria: patient with alcoholic liver disease
or cirrhosis, autoimmune and viral hepatitis; autoimmune
disorders; acute coronary syndrome or acute cerebro-
vascular accident in less than 3 months prior to the study;
decompensated heart failure; oncological diseases.

All the patients with coronary artery disease were sub-
jected to a comprehensive examination under the gene-
rally accepted standards (MOH of Ukraine number 436 of
03.07.2006). Anthropometric measurements included the
definition of height, weight, body mass index. The study
of total cholesterol (W), triglycerides (TG), high-density
lipoproteins (HDL), low-density lipoprotein (LDL), blood
glucose, the activity of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), gamma-glutamyltransferase (GGT), thymol test
performance, total bilirubin concentration was performed
by standard biochemical techniques. To assess the de-
gree of insulin resistance indexes HOMA-IR and CARO
were used.

The thickness of intima-media vascular endothelial
complex was measured in all the patients on the eSaote
Mylab40 (ltaly) apparatus. The research of the main head
and neck arteries on the right and left front of the neck with
the patient in supine position was conducted through the
ultrasonic scanning with the linear transducer in B-mode
at frequencies from 7 to 13 MHz. The common carotid
arteries, ICA were scanned. The examination was carried
out with the patient supine with his head turned 45 ° in the

direction opposite to the artery studied. During each exa-
mination, the intima-media thickness (IMT) of the carotid
artery was determined. The arithmetic mean of the three
indicators was taken into account. IMT less than 0.9 mm
was considered as normal, 0.9—-1.4 mm was regarded as
thickening, and more than 1.4 mm — as the formation of
atherosclerotic plaque.

Using a standard set of reagents ELISA the level of
asymmetric dimethylarginine (Immundiagnostik), insulin
(Monobind, USA) and CRP (Biomerica) was determined.

Statistical data processing was carried out by us-
ing the software package Statistica 10.0 (StatSoft Inc.,
Ne AXXR712D833214FANS). Analysis of the nature of
the distribution of variables was assessed under the
Kolmogorov—Smirnov’s criterion (D). Since all the ana-
lyzed data differed from the normal distribution, we used
Mann-Whitney U-criterion to compare indexes from two
independent samples. The comparison of quality indicators
was performed using the ?criterion. To assess the type
of communication and forecast values of variables we
used the regression analysis and the analysis of operating
characteristics curves (ROC — Receiver Operating Charac-
teristic curve analysis), with the calculation of the area
under the ROC-curve (AUC —Area under the ROC curve)
and its 95 % confidence interval. The AUC value more than
0.5 was defined as statistically significant. The assessment
of the interrelationship between pairs of independent index-
es, expressed in quantitative scale, was carried out due to
the Spearman rank correlation coefficient (r). All data are
presented as median and distribution quartiles, Me (Q25;
Q75). Differences were considered significant at p<0.05.

Results and their discussion

Due to the analyses of the main clinical characteri-
stics it was found out that in patients with coronary artery
disease and NAFLD the reliably higher rates of BMI, waist
circumference, SBP were observed in comparison with
those in the group of healthy persons and IHD patients
without concomitant NAFLD (p<0.05) (Table 1).

In patients with coronary artery disease and NAFLD
a reliable increase in the value of BMI by 22.25 % was
marked if to be compared with the control group and
by 13 % if compared with patients with coronary artery
disease (p<0.05). The trend to the increase in levels of
total cholesterol and LDL cholesterol, atherogenic index
and to the reduction of HDL cholesterol in the intervention

Table 1. Clinical and laboratory characteristics of patients with coronary artery disease depending on the presence of concomitant NAFLD

Index, Control group CHD CHD and NAFLD
Unit (of measurement) (n=20) (n=32) (n=34)

BMI, kg/m? 26.29 (24.08; 29.26) 28.73(27.7; 31.88) 32.44 (29.13; 37.62)*
Waist, sm 80.66 (73.94; 96.42) 89.13(79.3; 101.6) 94.82 (88.5; 105.1)*

Systolic BP, mmHg

125.0 (110.0; 130.0)

140.0 (130.0; 145.0)

160.0 (160.0; 170.0)*

Diastolic BP, mmHg 80.0 (70.0; 90.0) 80.0 (65.0; 90.0) 95.0 (90.0; 100.0)
General cholesterol, mmol/l 484 (4.57;6.32) 5.01 (4.21; 5.55) 5.67 (4.24;6.29)
LDL, mmol/l 2.86 (2.14; 4.29) 3.91(3.35,4.1) 3.20(2.79; 3.57)
HDL, mmol/l 1.2 (1.12; 1.48) 1.11(0.75; 1.37) 0.96 (0.86; 1.34)
TG, mmol/l 1.06 (1.05; 1.13) 1.66 (0.8; 1.95) 2.27 (1.28; 2.75)*
Atherogenicity index 2.45(2.05; 3.19) 3.03(2.13; 3.76) 3.63(3.42; 3.81)

*: the probability of indexes difference if compared with the control selected group (p<0.05);
# the probability of indexes difference if compared with the patients with coronary artery disease (p<0.05).
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group was observed in comparison with patients with
CHD and practically healthy persons. Triglyceride levels
in patients with coronary artery disease and NAFLD were
significantly 2 times higher than in the control group and
by 36 % — compared with patients without liver disease
(p<0.05).

In analyzing the parameters of carbohydrate metabo-
lism and insulin resistance (Table 2) the following changes
were revealed: by the level of glucose the significant
difference between groups was not found; in patients
with coronary heart disease associated with NAFLD,
there was a significant (p<0.05) increase in insulin levels
as compared to healthy persons (4.75 times) and CHD
patients without structural and functional changes in the
liver (2.42 times). A similar tendency was observed in terms
of HOMA index. Its 5 times increase in comparison with
healthy people was revealed, 2.35 times increase in pa-
tients with ischemic heart disease, respectively (p<0.05).
CARO index was 3.43 times lower in patients with a core
group compared with healthy people and 2 times lower
compared with patients without comorbid coronary artery
disease pathology (p<0.05). Revealed violations indicate
the development of insulin resistance which is associated
with an imbalance of adipocytokines level, typical for this
category of patients [12].

Features of the liver functional state in patients with
coronary artery disease depending on the presence of
concomitant NAFLD are shown in Table 3.

In patients with coronary heart disease associated

Table 2. Carbohydrate metabolism and insulin resistance characteristics in patients with coronary artery disease depending on the presence of

Original research

with NAFLD, there was a significant (p<0.05) 3.18 times
increase in levels of alkaline phosphatase compared to the
control group and 1.35 times increase in comparison with
patients with IBS without liver pathology. Serum GGT in
patients with coronary artery disease with NAFLD was 2
times higher compared with healthy individuals (p<0.05)
but did not differ significantly from the similar characteristic
of the compared group. According to other parameters of
the liver functional state, significant differences between
groups were not found due to the prevalence of patients
with steatosis than with steatohepatitis (79.5 % vs. 20.5 %)
in the study group.

Indicators of endothelial dysfunction in patients with
coronary artery disease depending on the availability of
NAFLD are presented in Table 4.

It was found out that in patients with coronary artery
disease NAFLD, the ADMA serum level was 42 % higher
than in healthy individuals and 21 % higher compared with
the group of CHD patients without liver disease (p<0.05);
according to the level of CRP the study group patients
5.16 times dominated the control group and 1.63 times the
comparison group (p<0.05). The thickness of intima-media
significantly prevailed in patients with comorbid disorders:
1.15 (1.00; 1.2) against 0.94 (0.9; 1.0) mm in patients with
CHD and 1.15 (1.00; 1.2) against 0.78 (0.7; 0.8) mm in
healthy individuals (p<0.05). The frequency of registration of
intima-media thickening in patients with concomitant coronary
artery disease and NAFLD and in the comparison group are
shown in Fig. 1.

concomitant NAFLD
Index, Control group CHD CHD and NAFLD
Unit (of measurement) (n=20) (n=32) (n=34)

Glucose, mmol/l 420 (4.1;4.72)

Insulin, mkOd/ml 3.57(3.43; 5.33)
HOMA-IP 0.66 (0.62; 0.99)
Index CARO 1.03 (0.83; 1.19)

4.35 (3.90; 4.90)
7.41 (0.57; 13.50)
143 (0.68; 1.73)
0.61(0.38; 0.76)

5.00 (4.10; 5.80)

3.37 (1.50; 5.80)
0.30 (0.22; 0.88)*

17.00 (6.33; 22.77)"

*: the probability of indexes difference if compared with the control selected group (p<0.05);
*: the probability of indexes difference if compared with the patients with coronary artery disease (p<0.05).

Table 3. Characteristics of the liver functional state in patients with coronary artery disease depending on the presence of concomitant NAFLD

Index, Control group
Unit (of measurement) (n=20)

CHD CHD and NAFLD
(n=32) (n=34)

ALT, umol/mixh 0.55 (0.34; 0.68)

AST, umol/mixh 0.45 (0.26; 0.63)

Bilirubin, umol/l 8.0(3.2;11.7)

Thymol test, un. 1.86 (0.76; 3.43)

Alkaline phosphatase, nmol/(s*l) 1185.71 (1016.32; 1278.10)
Gamma glutamyl transferase, un/l 5.68 (2.72; 10.14)

0.61(0.51; 0.79) 0.73 (0.44; 0.82)
0.4 (0.38; 0.58) 0.49 (0.33;0.72)
14.35 (10.0; 17.3) 14.45 (8.75; 18.0)
3.02 (2.0; 3.86) 2.33(1.61;3.0)
2802.59 (2602.41; 2894.99)

8.9 (4.45; 1.1 11.62 (6.68; 26.7)

3772.72 (3572.54; 4850.64)"*

*: the probability of indexes difference if compared with the control selected group (p<0.05);
# the probability of indexes difference if compared with the patients with coronary artery disease (p<0.05).

Table 4. Indicators of endothelial dysfunction in patients with coronary artery disease depending on the availability of NAFLD

Index, Control group CHD CHD and NAFLD
Unit (of measurement) (n=20) (n=32) (n=34)

CRP, mgll 0.6 (0.4;0.8) 1.9 (1.5;2.5) 3.1(3.1;4.3"
ADMA, umol/l 0.5 (0.44; 0.53) 0.71(0.63; 0.76) 0.86 (0.84; 0.96)*
IMT, mm 0.78 (0.7, 0.8) 0.94 (0.9; 1.0) 1.15(1.00; 1.2)*

*: the probability of indexes difference if compared with the control selected group (p<0.05);
# the probability of indexes difference if compared with the patients with coronary artery disease (p<0.05).
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Fig. 1. The frequency of registration of intima-media thickening in patients with concomitant coronary
artery disease and NAFLD and in the comparison group.

# the probability of indicators difference if compared with patients with coronary artery disease,
according to the 2 criterion, (p<0.05).
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Fig. 2. The results of ROC-analysis of the ADMA serum levels relationship with intima-media complex
thickness in patients with coronary artery disease combined with nonalcoholic fatty liver disease.
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The analysis of the frequency of registration of the
intima-media thickening showed that among patients of
the main group there were 15 % more individuals with the
index IMT 20.9 mm (x?=4.89; p<0.05).

To assess the effectiveness of determining the ADMA
serum levels as a marker of structural and functional chang-
es in blood vessels in ischemic heart disease, comorbid with
NAFLD the ROC-analysis was conducted. The defining of
the presence of the intima-media complex thickening was
used as a reference method. The ROC-curve area was built,
the area under which was equal to AUC=0.91 subjectto a
5% confidence interval: 0.825 to 0.966.

It was determined that the level of ADMA>0.74 mmolll,
is the cutting point and has an optimal ratio of sensitivity
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(80 %) to specificity (82.9 %) considering the diagnostics
of vascular remodeling. This statistically justified threshold
value is the highly reliable factor associated with structural
and functional changes in vascular endothelium in patients
with coronary artery disease combined with NAFLD. The
area under the ROC-curve of more than 0.8 indicates a
statistically reliable threshold value with high quality of
chosen model.

The presence of correlation relationship of ADMA
concentrations with CRP levels (r=+0.56; p<0.05), tes-
tifying the role of immunoinflammatory changes in the
development of endothelial dysfunction in patients with
coronary artery disease concomitant with NAFLD was
defined. The results obtained coincide with the modern
research confirming the role of systemic inflammation as a
leading pathophysiological mechanism in the nonalcoholic
fatty liver disease, which contributes to the development
of endothelial dysfunction and, consequently, to the pro-
gression of coronary artery disease [13].

In patients with coronary artery disease and NAFLD
the reliable direct relationship of ADMA rate with classic
risk factors for cardiovascular disease was revealed: total
cholesterol (r=+0.47; p<0.05), BMI (r=+0.53; p<0.05),
glucose (r=+0.65; p<0.05), and the significant negative
relationship of ADMAwith HDL (r=-0.48; p<0.05); IMT with
BMI (r=+0.56; p<0.05), glucose (r=+0.43; p<0.05), the
level of SBP (r=+0.46; p<0.05), thus specifying the as-
sociation of endothelial dysfunction with the development
and progression of metabolic disorders in this comorbid
conditions. The relationship of ED with metabolic disorders
was found in the works of other scholars. It is proved that
carbohydrate metabolism disorders, IR and obesity are
important factors of ED and early vascular aging (EVA-Syn-
drome)[14,15]. According to N. M. Hromnatska (2014), the
development of ED and increase in arterial stiffness is a
versatile reaction of tissue to IR and inflammatory stress,
inherent both to CHD and NAFLD [16].

The presence of relationships between the ADMA
endothelial dysfunction marker and liver damage prin-
cipal indicators in patients with coronary artery disease,
combined with NAFLD was established: ALT (r=+0.71;
p<0.05), ALT (r=+0.76; p<0.05); IMT levels of GGT
(r=+0.55; p<0.05), which goes with the literature.
Thus, A. P. Schekotova (2013) in her study traced the
authentic relationship of endothelial damage markers
and indicators of the cholestatic syndrome. The au-
thors, however, suggest that endothelial damage at
the same time depends not so much on the functional
state of the liver and hepatocytes defeat as on the
impact of hostility factors (inflammation, viral agents)
directly on the endothelium [17]. However, according
to other authors (O. B. Dynnyk, L. A. Stadnyuk, 2008),
it was estimated that generally accepted indicators of
endothelial dysfunction (vasodilation endothelium, cir-
culating endothelial cells) progressively worsen with the
increasing severity of liver disease and are associated
with changes in its functional state [18].

Conclusions

1. In patients with coronary artery disease, combined
with NAFLD, an increase in serum levels of asymmetric
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dimethylarginine, CRP, and thickening of intima-media
segment compared with patients with CHD without
concomitant liver disease are observed, thus indicating
the presence of endothelial dysfunction in the back-
ground of activation of systemic inflammation in these
patients.

2. The level of ADMA >0.74 mmol/l with sensitivity
(80 %) and specificity (83 %) allows diagnosing structural
and functional changes in vascular endothelium in patients
with coronary artery disease combined with NAFLD, thus
indicating that its value is a marker of vascular remodeling
in these patients.

3. Markers of structural and functional state of en-
dothelium in patients with coronary artery disease and
NAFLD are associated with the metabolic disorders (BMI,
waist volume, SBP, levels of glucose, cholesterol, insulin
resistance) and indicators of liver disease (ALT, alkaline
phosphatase, GGT) indicating the generality of pathoge-
netic mechanisms of the development and progression of
these comorbid disorders.

Prospects for further research: identification of
opportunities for pharmacological correction of endothelial
dysfunction and metabolic disorders found in patients with
CHD associated with nonalcoholic fatty liver disease is a
promising direction for our further research.
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