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Abstract. GAS6 protein and lipid metabolism dysfunction: a potential biomarker for risk stratification in patients
with ischaemic chronic heart failure and metabolic disorders. Borovyk K.M., Kravchun P.G., Kadykova O.l.,
Babadzhan V.D. Chronic heart failure (CHF) remains a critical problem, the relevance of which is growing against the
background of cardiometabolic polymorbidity. Comorbid conditions such as type 2 diabetes mellitus (T2DM) and obesity
have common pathogenetic mechanisms that accel erate myocardial remodelling and fibrosis. The GAS6 (Growth Arrest-
Soecific 6) protein, as a ligand for the TAM family of receptors, isa central regulator of inflammation, cell survival, and
vascular remodelling. Establishing a link between GASE levels and specific lipid metabolism disorders in the context of
CHF iscritical for improving risk stratification. The aim of the study was to investigate the activity of GAS6 protein and
its relationship with lipid metabolism indicators in patients with ischaemic CHF, as well as to determine its potential
prognostic value for risk stratification depending on the presence of concomitant metabolic pathology. The study included
225 patients with ischemic CHF and 30 healthy individuals (control group). The patients were divided into 4 groups:
Group 1 (n=75) —coronary artery disease (CAD) + T2DM + obesity; Group 2 (n=50) — CAD + T2DM; Group 3 (n=50)
— CAD + obesity; Group 4 (n=50) — CAD without metabolic pathology. Lipid metabolism indicators (total cholesterol
(TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), very
low-density lipoprotein cholesterol (VLDL-C), atherogenicity coefficient (AC)) and serum GASS levels (using the ELISA
kit Cusabio, USA) were determined. Spearman's rank correlation coefficient was used to determine correlations, with a
critical significance level of p<0.05. According to the results of the study, the GAS6 protein content was highest in
Group 1 (31.64+18.71 ng/ml), exceeding thecontrol values by 66.3% (p<0.001), which indicates the cumul ative effect of
combined pathology. GASS levels in Group 3 and Group 2 were significantly higher than the control (by 41.8% and
31.1% , respectively). When analysing the correlations in Group 1, strong and significant positive correlations were
found between GAS6 and BMI (r=0.68) and proatherogenic lipid metabolism fractions (LDL-C (r=0.54), VLDL-C
(r=0.51), TG (r=0.47)). GASS is a sensitive marker, the activation of which is closely associated with the number and
type of concomitant metabolic disorders. The established strong direct relationship between GAS6 and BMI and proathero-
genic lipid fractions confirms that this protein is a powerful biochemical mediator that reflects the degree of dydlipidaemia
and exacerbates atheroscleros's processes in patients with cardiometabolic polymorbidity. The level of GAS6 can serve as
an important diagnostic and prognostic marker for early stratification of patients with ischaemic heart failure.

Pegepar. Binok GAS6 ta nuchynkuis jgimigHoro o0miHy: moTeHuiiinuii 6iomapkep crpatudikamii pu3uky B
NalieHTIB 3 ieMiYHOI0 XPOHIYHOIO CePIEeBOI0 HETOCTATHICTIO Ta MeTa0oiYHUMH nopymieHHssMU. BopoBuk K.M.,
Kpaguyn ILT ., Kaguxosa O.1., Babamkan B.J. Xponiuna cepyesa neoocmamuicmo (XCH) 3anumaemvcsi KpumusHow
npooaemMor0, akmyanbHicms AKOI 3pocmae Ha mii kapoiomemaboniunoi norimopoionocmi. Komopbioni cmanu y euensoi
yykposoeo oiademy (II]) 2muny ma 0XCUpiHHA MAIOMb CRIIbHI NAMO2CHEMUYHI MEXAHIZMU, WO NPUCKOPIOIONb
pemoodeniosanns miokapoa ma ¢iopos. binox GAH (Growth Arrest-Specific 6), sk zicano peyenmopis cimeticmea TAM
(Tyro3, Axl, MerTK), € yenmpanvrum pe2ynsimopom 3ananenHs, KIimuHHO20 GUICUBAHHSL A CYOUHHO20 PEMOOETIOBAHHSL.
Bemanoenenns 36's3xy mioie pisnem GAS6 ma cneyugivnumu nopyuwienusmu ainionozo oominy na mai XCH € kpumuuno
saxcauguMm 0Jist NOKpawjeHusi cmpamudgpikayii pusuky. Memoio docniddicenns cmano oocaioumu axmusHicms 6inka GASH
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MEJAIIMHA

ma 1020 63a€MO36'5130K 3 NOKASHUKAMU JINIOH020 OOMIHY 6 NAYIEHMI8 3 XPOHIYHOIO Cepyesoro HedOCMAMHICIIO
[WeMiuHO20 2eHe3y, a MAKOJC BUBHAYUMU U020 NOMEHYIliHe NPOSHOCMUYHE 3HAYeHHs Osl cmpamuirayii pusuxy
3a1€AHCHO 610 HaseHOCMI cynymuvoi memaboniunoi namonoeii. [ocnioxcennss oxonuno 225 xeopux 3 XCH iwemiunozo
eenezy ma 30 300posux oci6 (konmpoavha epyna). Xeopi 6yau posnodineni Ha 4 epynu: epyna 1 (n=75) — IXC + LJ]]
2 muny + oocupinns; epyna 2 (Nn=50) — IXC + [[]] 2; epyna 3 (N=50) — IXC + oocupinns; epyna 4 (n=50) — IXC 6e3
memaboniunoi namonocii. Ilpogoounu eusnauenHs NOKA3HUKIE Niniono2o ob6miny (saeamvnuit xonecmepun (3XC),
mpueniyepuou (TI), xonecmepun ninonpomeinie sucoxoi winernocmi (XC JITIBIL]), xonecmepun ninonpomeinis Huzbkoi
winenocmi (XC JIIHIL]), xonecmepun ninonpomeinieé Oysice nusvkoi winenocmi (XC JIIITHIL]), roegiyienm ame-
pozennocmi (KA)) ma cuposamogoeo piens GASD (imynopepmenmuum memooom, «Cusabio», CIIIA). [{ns ecmanosnenist
nomeHyitino2o npoeHocmuuno2o 3navennss GASL ma cmpamughixayii pusuxy 6yno UKOPUCIAHO KOPETAYIUHUL aHAI3
Cnipmena npu kpumuunomy pieni snavyujocmi pP<0,05 ma ROC-ananiz. 3a pesynvmamamu nposedenozo 00Cuiodicens
emicm 6inka GASD 6ys natieuwum y epyni 1 (31,64+ 18,71 nelmn), nepesuugyiouu noxasnuxu konmpono na 66,3% (p<0,001),
Wo c8I0UUMb NPO KYMYSIMUGHUL 6naue noeonanoi namonozii. Pieni GASS y epyni 3 ma epyni 2 Oynu docmosipHo suwgumu
3a koumponv (na 41,8% ma 31,1% 6ionosiono). Ilpu ananisi kopensayitinux 36's3kig y epyni 1 euseneno cunvhi ma 0ocmo-
sipui nozumueni kopersyii GASD 3 indexcom macu mina (IMT) (r=0,68) ma npoamepoeennumu gpaxyismu ainionozo
oominy (XC JITTHLL (r=0,54), XC JIIIJHL] (r=0,51), TT" (r=0,47)). GASS € uymaugum mMaprepom, akmueayis akoeo micHo
acoyitiogana 3 KibKicmio ma munom CynymHix Memaooniunux nopyuwens. Ycmanosnenui cunvhutl npamuil 36’130k GAH 3
IMT ma npoamepocennumu paryiamu 1inioie niomeepoxicye, wjo yeti OiIOK € NOMYAHCHUM OIOXIMIYHUM NOCEPEOHUKOM,
AKUll 8i000bpadicac cmyninb OUCHinioemii ma NOCUTIOE Npoyecu amepocKieposy y X60pux 3 KapOoiomMemaboaiyHow
nonimop6ionicmio. Piseno GASS moorce cyeysamu 8asxciusum OiaeHOCMUYHO-NPOSHOCIUYHUM MAPKEPOM OJid PAHHbOT

cmpamucixayii nayienmis 3 XpoHIUHOIO CEPYEBOIO HEOOCMAMMICIIO TUEMIYHO20 2eHe3Y .

Chronic heart failure (CHF) remains one of the
most pressing problems in modern cardiology and
healthcare, reaching pandemic proportions and
affecting more than 64 million people worldwide [1].
The most common form is ischaemic CHF, which
developsasaresult of coronary artery disease (CAD).
Epidemiological data show that CHF is associated
with high mortality and rehospitalisation rates, and its
economic burden is extremely high [2].

It is well known that lipid metabolism dysfunc-
tion, in particular dyslipidaemia, is not only a cause
of CAD, but also aggravates the course of existing
CHF, exacerbating inflammation, myocardia remo-
delling and cardiovascular damage [3]. Thus, identi-
fying new links in the cardiometabolic connection is
critical for improving risk stratification and deve-
loping targeted therapies.

The GAS6 (Growth Arrest-Specific 6) protein is a
vitamin K-dependent ligand of the TAM (Tyro3, Axl,
MerTK) receptor family and is widely expressed in the
body, locdizing in paticular in intestind cells, bone
marrow, fibroblasts and endothelia cells[4]. The func-
tional spectrum of the GAS6 protein covers anumber of
critical biologicd processes, acting asacentra regulator
of cdl survival, proliferation, inflammation, and
immune regulation [5, 6, 7]. Elevated levels of GAS6
have been detected in both acute coronary syndrome|[8]
and CHF, indicating its involvement in vascular and
myocardia remodelling processes[9].

Currently there are discrepancies regarding the
role of GAS6 in the cardiometabolic continuum, and
the relationship between GAS6 levels and specific
lipid metabolism disorders in the context of CHF
remains poorly understood, especialy in the context
of concomitant metabolic pathology.
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The aim was to investigate the activity of the
GAS6 protein and its relationship with lipid meta-
bolism indicators in patients with ischaemic chronic
heart failure, as well as to determine its potential
prognostic value for risk stratification depending on
the presence of concomitant metabolic disorders
(type 2 diabetes mellitus and/or obesity).

MATERIALSAND METHODS OF RESEARCH

The research involved 225 hospitalized individuas
receiving cardiac care at Kharkiv City Hospital No. 27.
These participants were sratified into four cohorts to
evaluate the impact of metabolic comorbidities on
CHF. The first cohort (n=75) consisted of patients
suffering from CHF and CAD complicated by both
T2DM and obesity. The second and third cohorts
(n=50 each) focused on CHF patients with either
T2DM or obesity alone, respectively. A comparison
group (Group 4, n=50) — patients with CHF and CAD
but without metabolic disturbances. Additionaly, a
baseline was provided by a control group of 30 healthy
volunteers. Statistical analysis confirmed the de-
mographic homogeneity of the groups, particularly
regarding mean age (63.44+17.84, 64.47+13.29,
60.59+17.18, and 63.27+12.16 years, respectively;
p>0.05). The distribution of patients by gender was
comparable across al study groups (x2=1.84, p=0.61).
In Group 1, there were 42 men (56.0%) and 33 women
(44.0%); in Group 2 — 27 men (54.0%) and 23 women
(46.0%); in Group 3 — 22 men (44.0%) and 28 women
(56.0%); in Group 4 — 26 men (52.0%) and 24 women
(48.0%). Comparison was performed using Pearson’'s
chi-square test.

In order to ensure scientific reliability and avoid
systematic selection bias, the clinical groups formed
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were comparablein terms of key characteristics of heart
failure. All groups were dominated by patients with HF
stage Il A (72% to 82% depending on the group) and
NYHA functiona class Il (72.0%-84.0%), which
allowed the sample to be standardized according to the
severity of haemodynamic disorders. The comparability
of the groups in terms of the main study objective was
also confirmed by a unified approach to pharma
cotherapy: al patients received basic treatment in
accordance with the current protocols of the Ministry of
Hedlth of Ukraine and the ESC guiddlines (2024). The
use of quadruple therapy, which included sodium-
dependent glucose co-transporter-2 inhibitors (100% of
patientsin all groups), p-blockers (97.3-100%), statins
and antiplatelet agents (100%), ensured a uniform
therapeutic background. This made it possible to
neutralise the impact of differences in trestment on the
study results and to identify concomitant T2DM and
obedty as the main independent factors influencing
changesin regulatory biomarkers.

The verification of CAD was performed in
compliance with current international and domestic
guidelines, specifically the European Society of
Cardiology (ESC) standards and the Unified Clinical
Protocol of the Ministry of Health of Ukraine " Stable
Coronary Artery Disease” (Order No. 2857, dated
December 23, 2021). The diagnosis of CHF followed
the classification established by the Working Group
on Cardiac Insufficiency of the Association of
Cardiologists of Ukraine, with functional class (FC)
determination based on the NYHA (New Y ork Heart
Association) system. T2DM was identified according
to the Unified Clinical Protocol of the Ministry of
Headlth of Ukraine "Diabetes Méllitus' (Order
No. 1300, dated July 24, 2024). Abdominal obesity
was assessed via anthropometric measurements,
including waist and hip circumferences and the body
mass index (BMI), the latter calculated as:

BMI=% D),

where

BMI — body massindex (kg/m?);
m — body weight (kg);

h—height (m).

Potential participants were eligible if they were
over 18 years of age, had CAD with clinical signs of
CHF (with or without accompanying metabolic
disorders such as T2DM and grade 1-3 obesity), and
provided informed written consent. To ensure the
integrity of biomarker assessment and cardiometa
bolic data, the study excluded pregnant women, indi-
viduals with acute infections, autoimmune disorders,
or oncological conditions. Patients with hypotha
lamic-pituitary axis diseases, chronic kidney disease
(GFR<35 mL/min/1.73 m?), or symptomatic hyper-
tension were also excluded. Furthermore, the exclu-
sion criteria covered patients who had experienced
acute coronary syndrome or cerebrovascular events
within the preceding six months, those with acute or
exacerbated inflammatory conditions, and individuals
with a history of psychiatric disorders or substance
abuse. Non-citizens of Ukraine and patientsunlikely to
follow the research protocol were not enrolled.

Lipid profile evaluation, including total choles-
terol (TC) and high-density lipoprotein cholesterol
(HDL-C), was conducted using the peroxidase tech-
nigue with Cholesterol Liquicolor reagents (Human,
Germany) in heparin-stabilized serum. Triglyceride
(TG) concentrations were measured via an enzymatic
colorimetric method (Triglycerides 105 GPO, Hu-
man, Germany). The atherogenic coefficient (AC),
very low-density lipoprotein cholesterol (VLDL-C),
and low-density lipoprotein cholesterol (LDL-C)
were calculated using standard formulas:

AC =(TC-HDL-C)/HDL-C 2
VLDL-C =TG/2.2 x 0.45, (mmol/L) 3
LDL-C=TC —(VLDL-C + HDL-C), (mmol/L) 4

Serum GAS6 levels were quantified using an en-
zyme-linked immunosorbent assay (ELISA) with a
commercia kit (Cusabio, USA) on a Labline-90 immu-
noenzymatic anayzer (Austria Lab Technologies). All
laboratory tests were performed at the Central Research
Laboratory of Kharkiv National Medical University.

Qualitative data are presented as absolute numbers
and percentages (n, %). The comparison methods for
guantitative data included Student's t-test or Mann-
Whitney test; for qualitative data the y? (Chi-square)
test was used. Statistical data processing was per-
formed using parametric statistics methods with Mic-
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rosoft Excel 2010 (Licence: Microsoft 365 Subscrip-
tion 16.104.1 (26010228)). The normality of the distri-
bution of quantitative variables was assessed using the
Kolmogorov—Smirnov criterion. All normally distri-
buted data are presented as M+SD (mean + standard
deviation). The comparison of mean values was per-
formed using Fisher's criterion (F). Statistical analysis
was performed using Spearman's correlation coef-
ficient to evaluate the relationship between GAS6 and
lipid profile parameters. To determine the potential
prognostic value of GAS6 and its effectiveness in risk
gratification, ROC (Receiver Operating Characteristic)
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analysis was conducted. The critical level of signi-
ficance was set at p<0.05 [10].

The study was approved by the Ethics and Bio-
ethics Committee of Kharkiv National Medical Uni-
versity (Protocol No. 2, dated 12.10.2022). All re-
search procedures were conducted in strict accor-
dance with international bioethical standards, inclu-
ding the Declaration of Helsinki and the UNESCO
Universal Declaration on Bioethics and Human
Rights. All patients provided their voluntary written
informed consent to participate in the study.

RESULTSAND DISCUSSION

The evaluation of lipid profile parameters and
serum GA S6 concentrations across the study cohorts
demonstrated substantial variations. These findings
strongly correlate with the progressive decline in
patients' metabolic stability. A detailed overview of
the metabolic parameter dynamics and GASE levels,
highlighting the statistical significance of these shifts,
is consolidated in Table.

Analysis of lipid metabolism indicators and serum GAS6 levelsin patientsin the study groups

. Patientswith CHF
Indicator,
units
M easur ement CAD+T2DM+ CAD+ CAD-+obesity CAD without control group
obesity (n=75) T2DM (n=50) (n=50) metabolic pathology (n=50) (n=30)
BMI, kg/m? 36.70£18.01 24.30+£10.25 38.40+£9.40 22.60+£8.27 23.10+6.74
p1-2 <0.05
p1-3>0.05
p2-3 <0.05 p14 <0.05
P24 >0.05 P zg'gg Pas>0.05 P15 <0.05
p2-s >0.05 P35 <U.
TC, mmol/l 6.41+0.69 5.38+0.49 5.42+0.78 5.29+0.64 3.72+0.60
P12 ig'gg P13 <0.05 p1a <0.05
Eﬁf 00 ps4>0.05 Pas <0.001 P15 <0.001
p2s <0.001 Pas <0.001
TG, mmol/l 2.84+0.61 1.81+0.57 1.91+0.64 1.44+0.35 1.31+0.16
p1-2 <0.05
p1-3 <0.05
p23>0.05 P14 <0.05
p2-4 <0.05 Pa-4 zggg Pas <0.05 prs <0.001
p2-5 <0.05 P35 <U.
HDL-C, mmol/l 1.15+0.26 1.77+0.28 1.74+0.21 2.47+0.49 2.86+0.27
p1-2 <0.05 p1-3 <0.05
P14 <0.05
P23 >0.05 Pa4 <0.05
p2.s <0.05 pas <0.05 Pas <0.05 p1-5 <0.001
p2-5 <0.05
LDL-C, mmol/l 4.68+0.43 2.74+0.28 2.94+0.42 2.35+0.28 0.82+0.16
P12 <0.001
p1-3 <0.001
p23>0.05 p1-4 <0.001
P24 <0.05 pas 2005 Des <0.001 prs <0.001
P25 <0.001 P35 <0.
VLDL-C, mmal/l 0.58+0.43 0.37+0.28 0.39+0.21 0.30+0.28 0.16+0.22
p1-2 <0.05
P13 <0.05
p23>0.05 P14 <0.05
p2-4 <0.05 Pa4 zggg pas <0.05 P15 <0.001
pzs <0.05 P35 <U.
AC 4.57+0.35 2.04+0.35 2.15+0.49 1.14+0.42 0.51+0.22
P12 <0.001
p1-3 <0.001
p23>0.05 p1-4 <0.001
P2-4 <0.001 P4 :g%i Pas <0.001 Prs <0.001
P25 <0.001 P35 <0.
GAS6, ng/ml 31.64+18.71 24.95+10.11 26.98+12.52 23.87£14.50 19.03+£7.07
p12 <0.05
p1-3<0.05
Pzs >0.05 P24 <0.05 P14 <005 ps <0.001
Pas >0.05 0001 Pas <0.05
P25 =0.003 Pas <0
146 Ha ymosax niyensii CC BY 4.0
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The most pronounced disturbances in the blood
lipid spectrum were observed in patients of the main
group (Group 1), where the combination of CAD with
T2DM and obesity led to significant metabolic
destabilisation. In particular, the TC level in patients
of this group exceeded the control group indicators by
72.3% (p<0.001) and was aso significantly higher
than the levels in patients with CAD and T2DM by
19.1% and CAD with obesity by 18.3% (p<0.05).

Compared to the Group 4 (with isolated CAD) and
the control group, the lipid profile indicators in the
main group changed as follows: there was an increase
in TG concentrations by almost 2.0 and 2.2 times
(p<0.001), LDL-C content by 2.0 and 5.7 times
(p<0.001), VLDL-C by 1.93 and 3.6 times (p<0.001),
and CA by 4.0 timesand 9.0 times, respectively. At the
sametime, thelevel of HDL-C was significantly lower
by 53.4% compared to patients with isolated CAD and
by 59.8% compared to healthy volunteers (p<0.001).

Among patientswith CAD and concomitant T2DM
(Group 2), asignificant increasein TC levelsby 44.6%
was observed compared to the control group
(p<0.001). Compared to patients with isolated CAD
and the control group, the indicators changed as fol-
lows: TG increased by 25.7% and 38.2% (p<0.05),
LDL-C — by 16.6% (p<0.05) and 3.3 times (p<0.001),
VLDL-C - by 233% (p<0.05) and 2.3times
(p<0.001), and AC — by 78.9% and 4.0 times, respecti-
vely, as well as a decrease in HDL-C by 28.3% and
38.1% (p<0.05).

Patients with CHF against the background of CAD
and concomitant obesity (Group 3) aso showed a
significant increasein TG levels by 32.6% and 45.8%,
LDL-C — by 25.1% and 3.6times, VLDL-C — by
30.0% and 2.4 times, and AC — by 88.6% and 4.2 ti-
mes, aswell as adecrease in HDL-C concentration by
29.6% and 39.2% compared to patients with isolated
CAD and the control group, respectively (p<0.05).

It should be noted that no lipid profile parameters
showed significant changes between patientswith CAD
and concomitant T2DM and patients with CAD and
obesity (p>0.05). These results can be explained by
common mechanismsof insulin resistancein both obese
patients and patients with T2DM, which is a key
mechanism of dydipidaemia. Systemic inflammation
aso hasasignificant impact, affecting lipid metabolism
and contributing to the progression of atherosclerosis.

Analysis of serum GAS6 protein levels reveded
the greatest increase in patients with combined car-
diometabolic pathology (Group 1), where its con-
centration exceeded that in Groups2, 3, and 4 by
26.8%, 17.3%, 32.5% (p<0.05) and 66.3% (p<0.001),
respectively, compared to Groups2, 3, 4 and the
control group, respectively. The content of this pro-
tein in patients with CAD and obesity was

26/ Tom XXAI/1

significantly higher compared to patients with
isolated CAD without metabolic pathology by 13.0%
(p<0.05) and the control group by 41.8% (p<0.001).
At the same time, no significant differencesin GAS6
levels were found between Group 2 and Group 4, as
well as between Group2 and Group 3 (p>0.05).
However, the GAS6 level in Group 2 was signi-
ficantly higher than that in the control group by
31.1% (p=0.003). The data obtained indicate the
cumulative effect of combined metabolic conditions
on the activation of GAS6 protein, which is a
mediator of inflammation and fibrosis.

We examined the correlations between serum
GASE levels, lipid profile parameters, and BMI in
patientswith CAD comorbid with T2DM and obesity.
For this analysis, the critical value of the Spearman
rank correlation coefficient was established at
reit =0.39 (p<0.05). The resulting correlation matrix
isillustrated in Figure 1.

Strong positive correlations were found with BM|
(r=0.68; p<0.05), LDL-C (r=0.54; p<0.05) and
VLDL-C (r=0.51; p<0.05) and moderate direct cor-
relations with TG (r=0.47; p<0.05), indicating that as
serum GA S6 levelsincreasein this cohort of patients,
the most atherogenic lipid metabolism fractions
increase proportionally. We also found weak direct
correlations with TC (r=0.31; p>0.05), HDL-C (r=-
0.26; p>0.05), and AC (r=0.11; p>0.05), which did
not reach the level of significance.

When analyzing the data obtained in a group of
patients with CAD against the background of con-
comitant T2DM (Fig. 2), moderate positive correla-
tions were found with LDL-C (r=0.48; p<0.05) and
VLDL-C (r=0.52; p<0.05). We also found weak di-
rect correlations with BMI (r=0.31; p>0.05), total
cholesterol (r=0.19; p>0.05), HDL cholesterol (r=-
0.09; p>0.05), and CA (r=0.24; p>0.05), which did
not reach the level of significance.

When analyzing the data obtained in the group of
patients with ischemic heart failure against the back-
ground of concomitant obesity, reliable positive
correlations of moderate strength with BMI (r=0.54;
p<0.05), LDL-C (r=0.53; p<0.05) and VLDL-C
(r=0.54; p<0.05) and weak correlations with TC
(r=0.38; p>0.05), HDL-C (r=-0.24; p>0.05), CA
(r=0.31; p>0.05), which did not reach the level of
significance. The data are presented in Figure 3.

In the group of patients with CHF and CAD
without concomitant metabolic pathology (Fig. 4),
significant direct correlations of moderate strength
werefound with LDL-C (r=0.42; p<0.05) and VLDL-
C (r=0.46; p<0.05). Wesak direct correlations were
also found with BMI (r=0.31; p>0.05), TC (r=0.28;
p>0.05), HDL-C (r=-0.14; p>0.05), CA (r=0.24;
p>0.05), which did not reach thelevel of significance.
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Fig. 1. Correlations between GAS6 protein and lipid metabolism and BMI indicatorsin patients
with ischemic heart failure against the background of concomitant type 2 diabetes mellitus and obesity
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Fig. 2. Correlation between GAS6 protein and lipid metabolism and BM1 in patients
with ischaemic heart disease and concomitant type 2 diabetes mellitus
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Fig. 3. Correlation between GAS6 protein and lipid metabolism indicatorsand BMI
in patients with ischaemic heart disease against a background of concomitant obesity
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Fig. 4. Correlation between GAS6 protein and lipid metabolism indicatorsand BMI
in patients with ischaemic heart disease without metabolic pathology

26/ Tom XXAI/1 149



MEJAIIMHA

Thus, the established relationship between ele-
vated GAS6 levelsin blood serum and the severity of
atherogenic dydlipidaemia confirms that this protein
may act as an important biochemical mediator that
reflects the degree of metabolic disorders and, presu-
mably, exacerbates the processes of atherosclerosis
progression and myocardial remodelling, while the
link with BMI indicates that GASG protein activation
is closely associated with excess body weight and
obesity and reflects the severity of metabolic dysfun-
ction directly related to the volume of adipose tissue.

GAS6 protein demonstrated high independent
prognostic performance, with a sensitivity of 91.1%
and a specificity of 86.4% (data are presented in
Fig. 5). This indicator was found to have significant
prognostic value on its own and was subsequently
included in a mathematical model for predicting the
worsening of the functional class of CHF in patients
with concomitant metabolic pathology. GAS6 serves
as a robust biomarker reflecting the processes of
systemic inflammation and myocardial remodeling,
providing an optimal balance between the identi-
fication of high-risk patients and the minimization of
false-positive results.
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E 40 | Criterion @ >23,48
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Fig. 5. The prognostic value of GAS6 for the chronic
heart failurein patientswith coronary artery disease
and concomitant type 2 diabetes mellitus and obesity

The results obtained, demonstrating the cumula-
tive effect of comorbid cardiometabolic pathology on
the activation of GAS6 protein and its close rela
tionship with atherogenic dyslipidaemia, are con-
sistent with current global trends in the study of the
cardiometabolic continuum and therole of vitamin K-
dependent proteinsin its progression.
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Global literature data position GAS6 as a key
ligand of the TAM (Tyro3, Axl, MerTK) receptor fa-
mily, which is a critica mediator in response to
inflammation, fibrosis, and cellular homeostasis
disorders in the cardiovascular system. In particular,
studies by Chen J. etal. [11] and McShanelL. et al.
[12] confirm that increased expression of the GAS6-
Axl signalling pathway plays a central role in myo-
cardia fibrosis and vascular remodelling, especialy
against the background of metabolic dysfunction. The
dominant activation of GAS6 in patients with CAD
and concomitant metabolic pathology, as well as a
significant increase in its content in the group of
patients with only concomitant T2DM or obesity,
emphasi ses that each of these comorbid conditionsis
an independent and significant stimulus for the
activation of GAS6, and their combination leads to
the maximum effect. This hypothesisis confirmed by
the strong positive correlation between GAS6 and
BMI in patients with combined pathology, which
directly associates protein activation with the volume
of dysfunctional adipose tissue and chronic systemic
inflammation characteristic of obesity, as shown in
earlier works by Wu K-Set al. [13] and recent studies
by SuSC. eta. [14]. Moreover, the established
reliable correlations between GAS6 and proathe-
rogenic fractions of lipid metabolism indicate that
GASGisnot just amarker, but animportant signalling
protein that reflects the degree of dyslipidaemia and
is actively involved in the progression of athero-
sclerosis. This involvement of GAS6 in the progres-
sion of atherosclerosis and plaque instability through
its effect on endothelial cells and macrophages is
widely covered in the works of ProuseT. et a. [15]
and LutgensE. etal. [16]. Thus, the data obtained
allow us to consider GAS6 as an integral prognostic
biomarker that reflects the degree of convergence of
metabolic and cardiac damage and can be used for
more accurate risk stratification in patients with
ischemic heart failure against the background of
comorbid metabolic conditions.

Prospectsfor further research. A promising area of
current research is the assessment of the prognostic
effectiveness of GAS6 in dynamics, namely itsability
to predict the development of major cardiovascular
events and the progression of chronic heart failure.

CONCLUSIONS

1. Serum GASG6 protein levels exhibit a cumula-
tive growth pattern proportional to the severity of
comorbid metabolic disorders, reaching a
maximum in patients with combined coronary
artery disease, type 2 diabetes mellitus, and obesity
(66.3% higher than control; p<0.001). This iden-
tifies GAS6 as a key molecular marker of
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exacerbated inflammation and  myocardial
remodeling in conditions of triple comorbidity.

2. Significant positive correlations with body
mass index (r=0.68; p<0.05), triglyceride levels
(r=0.54; p<0.05), and low-density lipoprotein choles-
terol (r=0.58; p<0.05) prove that GAS6 activation is
a direct reflection of metabolic dysfunction and
dyslipidemia severity. This confirms its role in the
accelerated progression of atherosclerosis in patients
with excess body weight.

3. The presence of either type 2 diabetes mellitus
or obesity alone significantly increases GAS6 levels
(by 31.1% and 41.8% respectively vs control;
p<0.05), characterizing GAS6 as a sensitive diagnos-
tic and prognostic marker for early stratification of

cardiac risk in patients with ischaemic-origin chronic
heart failure and metabolic disorders.
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