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ABSTRACT 

Background. Chronic Heart Failure (CHF) of ischemic origin is a significant medical problem, aggravated 

by concomitant Type 2 Diabetes Mellitus (T2DM) and obesity. Growth Arrest-Specific protein 6 (GAS6), 

a ligand for TAM (Tyro3, Axl, Mer) receptors family, is involved in apoptosis and myocardial fibrosis, making 

it a potential diagnostic marker. 

Aim. To assess circulating GAS6 levels and establish correlations with various clinical variants of coronary 

artery disease in patients with chronic heart failure and concomitant type 2 diabetes mellitus and obesity. 

Materials and Methods. The study involved 225 patients with ischemic heart failure, divided into groups 

according to metabolic disorders: Group 1 – 75 patients with Coronary Artery Disease (CAD), СHF, T2DM 

and obesity; Group 2 – 50 patients with CAD, CHF and T2DM; Group 3 – 50 patients with CAD, CHF and 

obesity; Group 4 – 50 patients with CAD and CHF without metabolic disorders. A Control Group included 30 

healthy individuals. The patients were sub-divided in accordance with CAD form: stable angina, diffuse car-

diosclerosis, and Post-Infarction CardioSclerosis (PICS). GAS6 levels were determined by Enzyme-Linked 

ImmunoSorbent Assay (ELISA). The data were analyzed using parametric and non-parametric methods via 

Statistica 14.0 (TIBCO Software Inc., USA). Group comparisons were performed using the Kruskal-Wallis H-

test with post-hoc Mann-Whitney U-test with Bonferroni correction. The work was carried out within the 

framework of the author's dissertation. 

Research Ethics. The study was approved by the Bioethics Commission of Kharkiv National Medical 

University and conducted in accordance with the principles of the World Medical Association Declaration of 

Helsinki (1964–2024). All patients provided written informed consent to participate. 

Results. The most pronounced and significant increase in circulating GAS6 levels was observed in patients 

of Groups 1 and 3 compared to the controls. The highest GAS6 level ([38.18±2.15] ng/ml) was found in Group 

1 patients with PICS, significantly exceeding values in the diffuse cardiosclerosis subgroup (p<0.008). In 

Groups 2 and 4, GAS6 levels did not differ significantly from the Control Group (p>0.008). Correlation anal-

ysis revealed a strong positive correlation between GAS6 and obesity (r=0.77; p<0.05). A moderate significant 

positive correlation with PICS (r=0.63; p<0.05) and T2DM (r=0.61; p<0.05) was found. The correlation with 

stable angina was weak and insignificant (r=0.26; p>0.05). 

Conclusions. Obesity is a key factor in GAS6 activation, reflecting systemic inflammation and profibrotic 

processes. Elevated GAS6 levels are reliably associated with post-infarction cardiosclerosis specifically in the 

presence of obesity, indicating its role in myocardial remodeling and fibrogenesis. 

Keywords: therapy, cardiovascular diseases, ischemic heart disease, type 2 diabetes mellitus, obesity, post-

infarction cardiosclerosis. 
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 Introduction 

Chronic Heart Failure (CHF) remains one of 

the most significant medical and social problems 

in modern cardiology, being the leading cause of 

hospitalization and significantly increasing mor-

tality and disability rates among the population. In 

the vast majority of cases, the etiological basis of 

CHF is Coronary Artery Disease (CAD), which 

determines the complex and progressive nature of 

pathogenetic processes [1]. 
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The clinical course and prognosis of CHF in 

patients with CAD is significantly aggravated by 

the presence of concomitant metabolic disorders, 

such as Type 2 Diabetes Mellitus (T2DM) and 

obesity [2–4]. These comorbid conditions create a 

multimorbid profile that exacerbates myocardial 

remodeling, promotes diffuse fibrosis and acceler-

ates the progression of left ventricular dysfunc-

tion. This complex pathological cascade is caused 

by the activation of systemic inflammation, oxida-

tive stress and endothelial dysfunction. 

In the search for new diagnostic and prognostic 

markers that can reflect the degree of fibrosis and 

remodeling, the protein Growth Arrest-Specific 

protein 6 (GAS6) has attracted considerable atten-

tion. GAS6 is a vitamin K-dependent factor that is 

a ligand for the TAM (Tyro3, Axl, Mer) receptors 

family, which in turn are involved in the regula-

tion of cell migration, apoptosis, and phagocyto-

sis. In cardiology, GAS6 is considered a potential 

marker of atherosclerosis, thrombosis, and myo-

cardial fibrosis. Its level correlates with the sever-

ity of cardiovascular disease and may reflect the 

activity of profibrotic processes [5; 6]. 

However, existing literature does not suffi-

ciently cover the role of GAS6 in patients with is-

chemic heart failure against the background of 

combined T2DM and obesity [7; 8]. Of particular 

interest is the assessment of the levels of this pro-

tein in the context of different clinical variants of 

CAD (stable angina, diffuse cardiosclerosis, post-

infarction cardiosclerosis). Establishing the rela-

tionship between GAS6 levels and specific forms 

of CAD in this cohort may broaden our under-

standing of the pathogenesis and have important 

prognostic significance. 

The aim of study was to assess circulating 

GAS6 levels and establish correlations with vari-

ous clinical variants of ischemic heart disease in 

patients with chronic heart failure and concomi-

tant type 2 diabetes mellitus and obesity. 

Materials and Methods 

According to the study design, 225 patients un-

dergoing treatment in the cardiology department 

of the Municipal Clinical Hospital No.27 of 

Kharkiv City Council were divided into groups 

depending on the metabolic disorders detected. 

Group 1 included patients with CHF against the 

background of CAD, T2DM and obesity (n=75). 

Group 2 consisted of patients with CHF, CAD and 

concomitant T2DM (n=50), and Group 3 consis-

ted of patients with concomitant obesity (n=50). 

The comparison group (Group 4) consisted of pa-

tients who had signs of CAD of ischemic origin 

 without metabolic disorders (n=50). The groups of 

examined patients were comparable in terms of 

age and gender. The Control Group consisted of 

30 age- and gender-matched practically healthy 

individuals. 

To achieve the goal, the patients were divided 

into subgroups depending on the clinical form of 

CAD: stable angina pectoris, Post-Infarction Car-

dioSclerosis (PICS) and diffuse cardiosclerosis 

(Table 1). Analysis of Table 1 shows that all study 

groups were relatively comparable in terms of the 

distribution of clinical forms of CAD, which is im-

portant for comparative analysis. Thus, stable an-

gina was the least common form of CAD in Group 

1 (30.66%) and Group 2 (32.00%). In Groups 3 

and 4, the proportion of stable angina was 34.00%. 

Diffuse cardiosclerosis was found in approxima-

tely one-third of patients in each group, ranging 

from 30.00% (Group 3) to 32.00% (Group 1, 2 and 

4). 

PICS had the highest frequency in Group 1 

(33.33%), Group 2 (36.00%) and Group 3 

(36.00%). In Group 4 its proportion was 34.00%. 

Thus, in most groups (except for the fourth 

group, where all three forms were distributed al-

most evenly), chronic forms of CAD prevailed – 

diffuse cardiosclerosis and PICS, which together 

accounted for about [65–68]% of the total number 

of cases in each group. This confirms the 

chronic nature of the pathology in the study popu-

lation. 

The exclusion criteria were acute and chronic 

infectious diseases, newly diagnosed T2DM, au-

toimmune diseases and diffuse connective tissue 

diseases, exacerbation of chronic inflammatory 

processes or the presence of acute inflammatory 

diseases, diseases of the hypothalamus and pitui-

tary gland, thyroid diseases, symptomatic hyper-

tension, heart valve disease, chronic obstructive 

pulmonary disease, liver cirrhosis, moderate to se-

vere anemia, acute stroke, acute left or right ven-

tricular failure; cancer, drug addiction, alcoho-

lism, concomitant mental illness, vascular demen-

tia or other mnemonic disorders, inability to un-

derstand the content of informed consent, refusal 

to participate in the study for any reason, including 

economic reasons. 

The standard patient examination procedure 

included clinical and laboratory-instrumental ex-

aminations in accordance with the recommenda-

tions of the European Society of Cardiology 

(ESC) 2021, the American Diabetes Association 

(ADA) 2019, and the International Diabetes Fede-

ration (IDF) 2018. 
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Table 1. Distribution of patients according to the clinical form of coronary artery disease, abs. (%) 

 

Forms of CAD 

CHF in CAD  

and type 2  

diabetes melli-

tus and obesity 

(n=75) 

CHF against the back-

ground of CAD with 

concomitant type 2  

diabetes mellitus 

(n=50) 

CHF against the 

background of 

CAD with con-

comitant obesity 

(n=50) 

CHF of ischemic 

origin without 

metabolic  

disorders  

(n=50) 

Stable angina pectoris 23 (30.67) 16 (32.00) 17 (34.00) 17 (34.00) 

Diffuse cardiosclerosis 24 (32.00) 16 (32.00) 15 (30.00) 16 (32.00) 

PICS 25 (33.33) 18 (36.00) 18 (36.00) 17 (34.00) 

 

Notes: CAD – Coronary Artery Disease; PICS – Post-Infarction CardioSclerosis; CHF – Chronic Heart Failure. 

 

 

Blood serum GAS6 level was determined by 

immunoenzyme method. For quantitative meas-

urement, a commercial Human Growth arrest-spe-

cific protein 6 (GAS6) ELISA kit (Cusabio, USA) 

was used. The study was conducted on a Labline-

90 immunoenzyme analyzer (Austria Lab Tech-

nologies, Austria) at the biochemical department 

of Central Research Laboratory of Kharkiv Na-

tional Medical University. 

Statistical analysis of the data was performed 

using parametric and non-parametric statistical 

methods. Mathematical computer processing of 

the results was performed using Statistica 14.0 

(TIBCO Software Inc., USA) software package. 

The normality of data distribution was evaluated 

using the Shapiro-Wilk test. Descriptive statistics 

for normally distributed continuous variables 

were presented as mean and standard error of the 

mean (M±SEM). For non-normally distributed 

data, the median and interquartile range (Me [Q1; 

Q3]) were reported. To compare multiple inde-

pendent groups (Groups 1–4 and Controls), the 

Kruskal-Wallis H-test was applied. In cases of sig-

nificant differences (p<0.05), post-hoc pairwise 

comparisons were performed using the Mann-

Whitney U-test with Bonferroni correction for 

multiple comparisons. The adjusted significance 

threshold was set at p<0.008 (based on 6 possible 

pairwise comparisons among 4 study groups). 

Correlation analysis was performed using Spear-

man's rank correlation coefficient (r). The signifi-

cance of the correlation coefficients was assessed 

using Student's t-test. 

Research Ethics 

The study was carried out in accordance with 

the norms of WMA Declaration of Helsinki 

(1964–2024) and approved by the Bioethics Com-

mission of Kharkiv National Medical University. 

All involved patients signed an informed consent. 

 Results 

Analysis of circulating GAS6 levels (Tables 2–

5) in patients with CHF against the background of 

various clinical variants of CAD showed that the 

most pronounced increase in this indicator was ob-

served in patients with a combination of CAD, 

CHF, T2DM and obesity (Group 1). In this group, 

GAS6 levels were significantly higher than the 

control in all clinical variants of CAD (p<0.008). 

The highest concentration of GAS6 ([38.18±2.15] 

ng/ml) was recorded in the subgroup of patients 

who had suffered Myocardial Infarction (MI), 

where it significantly exceeded the indicators of 

the subgroup that included patients with diffuse 

cardiosclerosis (p=0.003). 

A similar trend was observed in Group 3, whe-

re GAS6 levels in patients with PICS ([35.12± 

±2.03] ng/ml) and diffuse cardiosclerosis signifi-

cantly exceeded control values (p=0.0018). How-

ever, in this group, GAS6 levels in patients with 

stable angina did not differ significantly from the 

Control Group (p>0.008). 

In contrast, in Group 2, no statistically signifi-

cant differences in GAS6 concentration were 

found between clinical variants of CAD and the 

Control Group (p>0.008). 

Group 4 showed the same trend as Group 2: no 

statistically significant differences in GAS6 con-

centration were found between the clinical vari-

ants of CAD and the Control Group (p>0.008). 

This emphasizes the role of obesity and its combi-

nation with other disorders as a key factor in 

GAS6 activation. 

The results of the correlation analysis (Table 6) 

confirmed these findings, showing a strong posi-

tive correlation between GAS6 levels and obesity 

(r=0.77; p<0.05). A moderate significant positive 

correlation was also found with PICS (r=0.63; 

p<0.05) and T2DM (r=0.61; p<0.05). The correla- 
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Table 2. Circulating GAS6 levels in different clinical variants  

of coronary artery disease in patients of Group 1 

 

 Diffuse cardiosclerosis PICS Stable angina Control Group 

1 2 3 4 

GAS6, ng/ml 27.44±2.23 38.18±2.15 30.46±2.41 19.03±1.29 

p 

p1–2=0.0030 

p1–3=0.2920 

p1–4=0.0005 

p2–3=0.0050 

p2–4=0.0002 

p3–4=0.0006  

 

Note: p values were determined using the Kruskal-Wallis test followed by post-hoc Mann-Whitney U-tests 

with Bonferroni correction. 
 

 

Table 3. Circulating GAS6 levels in different clinical variants  

of ischemic heart disease in patients of Group 2 

 

 Diffuse cardiosclerosis PICS Stable angina Control Group 

1 2 3 4 

GAS6, ng/ml 22.37±2.21 24.07±2.14 23.27±2.19 19.03±1.29 

p 

p1–2=0.523 

p1–3=0.631 

p1–4=0.217 

p2–3=0.696 

p2–4=0.276 

p3–4=0.201  

 

Note: p values were determined using the Kruskal-Wallis test followed by post-hoc Mann-Whitney U-tests 

with Bonferroni correction. 
 

 

Table 4. Circulating GAS6 levels in different clinical variants  

of ischemic heart disease in patients in Group 3 

 

 Diffuse cardiosclerosis PICS Stable angina Control Group 

1 2 3 4 

GAS6, ng/ml 26.49±2.17 35.12±2.03 22.45±2.26 19.03±1.29 

p 

p1–2=0.0018 

p1–3=0.0330 

p1–4=0.0030 

p2–3=0.00074 

p2–4=0.00036 

p3–4=0.364  

 

Note: p values were determined using the Kruskal-Wallis test followed by post-hoc Mann-Whitney U-tests 

with Bonferroni correction. 
 

 

Table 5. Circulating GAS6 levels in different clinical variants  

of ischemic heart disease in patients in Group 4 

 

 Diffuse cardiosclerosis PICS Stable angina Control Group 

1 2 3 4 

GAS6, ng/ml 22.89±2.14 23.32±2.08 23.11±2.16 19.03±1.29 

p 

р1–2=0.765 

р1–3=0.433 

р1–4=0.175 

р2–3=0.827 

р2–4=0.138 

р3–4=0.237  

 

Note: p values were determined using the Kruskal-Wallis test followed by post-hoc Mann-Whitney U-tests 

with Bonferroni correction. 
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tion with diffuse cardiosclerosis and stable angina 

pectoris was weak and statistically insignificant. 

 

 

Table 6. Correlations between circulating  

GAS6 levels and clinical variants  

of ischemic heart disease  

and metabolic disorders (rcrit=0.41) 

 

 Discussion 

The results of our study also confirm the asso-

ciation of elevated GAS6 levels with more pro-

nounced structural myocardial damage [12; 13]. In 

Groups 1 and 3, which had significantly elevated 

GAS6, the highest protein concentrations were 

recorded in patients with PICS (Tables 2, 4), 

which is also confirmed by a moderate positive 

correlation (r=0.63; p<0.05). PICS is the result of 

a previous MI and is characterized by the for-

mation of significant fibrous scarring, which is 

one of the main causes of systolic and diastolic 

dysfunction in CHF. Elevated GAS6 in this sub-

group may indicate its involvement in remodeling 

and fibrogenesis processes after ischemic damage. 

This is consistent with experimental data showing 

that obesity and metabolic dysfunction can exac-

erbate and accentuate dilational remodeling after 

MI. The absence of a significant increase in GAS6 

in stable angina, especially in Group 3 (Table 4), 

and the weak correlation (r=0.26) may indicate 

that GAS6 is a marker of chronic, structurally sig-

nificant myocardial changes (cardiosclerosis) ra-

ther than just ischemic syndrome as such. 

The established relationship between high 

GAS6 levels, obesity and PICS in patients with 

CHF suggests that GAS6 may serve as an addi-

tional biomarker for risk stratification in patients 

with CHF and metabolic syndrome, especially 

those with predominant fibrotic changes after MI 

[14; 15]. The results emphasize the need for ag-

gressive treatment of obesity and associated me-

tabolic disorders in this category of patients, as 

these factors contribute most to the increase in the 

profibrotic signal reflected through GAS6. Given 

that obesity is one of the most powerful independ-

ent predictors of cardiovascular risk, and that met-

abolic disorders can alter the fibrotic response to 

myocardial damage, our study points to GAS6 as 

a potential target or indicator of the effectiveness 

of therapeutic interventions aimed at reducing bo-

dy weight and improving metabolic control. 

Conclusions 

1. A statistically significant increase in GAS6 

levels associated with post-infarction cardioscle-

rosis is observed exclusively in patients with con-

comitant obesity, whereas in patients without obe-

sity (Groups 2 and 4), GAS6 levels in PICS do not 

differ from controls. 

2. Correlation analysis showed a moderate sig-

nificant positive correlation between GAS6 levels 

and post-infarction cardiosclerosis (r=0.63; p<0.05), 

while the correlation with stable angina was statis-

tically insignificant (r=0.26; p>0.05). The results 

 GAS6 p  

Stable angina 0.26 ˃0.05  

PICS 0.63 ˂0.05  

Diffuse cardiosclerosis 0.32 ˃0.05  

T2DM 0.61 ˂0.05  

Obesity 0.77 ˂0.05  
 

Note: r – Spearman's correlation coefficient. 
 

 

The results obtained demonstrate a significant 

association between increased levels of circulat-

ing GAS6 protein and the presence of concomitant 

metabolic disorders, especially obesity, in patients 

with CAD. The key conclusion of the study is that 

the most pronounced and statistically significant 

increase in GAS6 levels was observed in patients 

with combined CAD, T2DM and obesity, and in 

patients with CAD and obesity. Meanwhile, in pa-

tients with CAD and concomitant T2DM and pa-

tients with CAD without metabolic disorders, 

GAS6 levels did not differ from those in the Con-

trol Group. This fact is confirmed by the data of 

correlation analysis (Table 6), which revealed the 

strongest positive correlation between GAS6 le-

vels and obesity (r=0.77; p<0.05). This is consis-

tent with current understanding. It is known that 

obesity initiates systemic inflammation and meta-

bolic dysregulation, leading to adverse myocardial 

remodeling [9]. Obesity is associated with the ac-

tivation of profibrotic processes, in particular 

transforming growth factor β, which is a marker of 

fibrosis [10; 11]. The GAS6 protein, being a factor 

involved in inflammation and cell interaction, 

may act as a mediator or reflection of this inflam-

matory-fibrotic cascade induced by excess adi-

pose tissue [6; 7]. Although T2DM also shows 

a moderate significant association with GAS6 

(r=0.61; p<0.05), the absence of a significant in-

crease in GAS6 in patients with CAD and con-

comitant T2DM indicates that obesity, rather than 

isolated T2DM, is a more powerful trigger for the 

activation of this protein, emphasizing the critical 

role of hypertrophied adipose tissue in the patho-

genesis. 
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obtained indicate that GAS6 levels may be a bi-

omarker for assessing profibrotic activity and 

a potential indicator of structural and functional 

changes in the myocardium caused by a combina-

tion of ischemia and metabolic dysfunction, espe-

cially in cases complicated by obesity and post-

infarction cardiosclerosis. 
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