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Abstract. The aim of the study was to determine the features of adipokine-mediated myocardial injury in patients with
ST-elevation myocardial infarction and excess body weight/obesity by assessing the relationship between leptin levels
and metabolic disturbances with the severity of atherothrombosis and the severity of the course of acute coronary
syndrome according to laboratory and instrumental data. A single-centre prospective cohort study was conducted, which
included 120 patients with ST-segment elevation myocardial infarction, who were divided into three groups according
to the body mass index: group 1 — excess body weight (25.0-29.9 kg/m?2, n=42); group 2 - obesity (> 30 kg/m?, n=34);
group 3 — normal body mass index (18.5-24.9 kg/m?2, n = 44). In the obesity group, the highest concentrations of leptin
(57.27 £4.1 ng/mL) and troponin I (4.09 £4.33 ng/mL) were found, which significantly exceeded the indicators of the
other groups (ANOVA p<0.001). A strong positive relationship was established between the body mass index and leptin
(r=0.87; p<0.001) and between leptin and troponin I (r=0.46; p=0.008), which indicated the functioning of a single
adipokine-apoptotic axis in the context of myocardial injury. Instrumental methods confirmed a more severe nature of
myocardial damage in obesity: lower left ventricular ejection fraction (46.3 + 6.2%), higher left ventricular mass index
(131 £22 g/m?2), increased wall thickness, the greatest elevation of the ST segment (4.88+2.10 mm; ANOVA p=0.013),
higher frequency of three-vessel lesion (28.6%), and maximal values according to the SYNTAX scale (24.5 £ 8.9 points;
p < 0.001). Multiple regression analysis confirmed that the body mass index (B =0.42; p <0.001), SYNTAX (B =0.36;
p=0.004), and reduced ejection fraction (3=-0.33; p=0.008) are independent predictors of increased levels of troponin I

Keywords: obesity; excess body weight; leptin; acute coronary syndrome; coronarography; ejection fraction; body mass index

INTRODUCTION

ST-elevation myocardial infarction (STEMI) remains a lead-
ing cause of mortality, and concomitant obesity and other
comorbid conditions form a proatherogenic and proin-
flammatory phenotype that deepens ischemic and reper-
fusion injury. Adipose tissue under metabolic dysfunction
produces adipokines (leptin, resistin) and cytokines that
contribute to endothelial dysfunction, thrombus forma-
tion, activation of caspases, and death of cardiomyocytes.
Despite the available data from modern scientific research,
the study of the relationship between adipokine levels and
the nature of atherothrombosis and the degree of myocar-
dial injury in STEMI according to instrumental diagnostic
data remains relevant.

Recent studies on adipokine-dependent myocardi-
al injury emphasised the persistent increase in obesity

Suggested Citation:

among adults worldwide up to 2022, which highlighted the
importance of obesity-related myocardial injury for pub-
lic health. As indicated in the work of O.Ye. Labinska [1] a
clear association was established between obesity and the
occurrence of cardiovascular diseases due to the fact that
adipose tissue produces more than 100 adipokines, which
include interleukins, prostaglandins, tumour necrosis fac-
tor alpha, leptin, adiponectin, angiotensinogen, resistin.
Certain chemokines expressed by adipose tissue, including
caspase-9, play an important role in attracting inflamma-
tory leukocytes to adipose tissue, which is a key link in the
development of obesity-associated inflammatory process-
es. According to the results of the study by V.M. Zhebel &
0.L. Starzhynska [2], oxidative stress plays a special role in
acute coronary syndrome (ACS), in particular, it is the lead-
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ing link in the pathogenesis of reperfusion injury of the
myocardium. The products of free radical oxidation can in-
itiate processes of cardiomyocyte death and be responsible
for 50% of the final size of the necrotic area in ACS, as well
as the occurrence of reperfusion arrhythmias and systolic
microvascular dysfunction.

The involvement of leptin in inflammatory processes
underlying atherosclerosis has raised interest in its poten-
tial as a biomarker of cardiovascular diseases, particular-
ly among the authors A. Ismaiel et al. [3], who noted that
previous studies demonstrated a positive correlation be-
tween increased leptin levels and the development of is-
chemic heart disease (IHD) and, as a consequence, ACS. It is
known that elevated leptin levels in patients with ACS and
concomitant metabolic syndrome may indicate that leptin
may serve both as a biomarker and a potential therapeutic
target for risk stratification and treatment of patients with
STEMI. At the same time, in the work of B. Du et al. [4], it is
emphasised that during the period of myocardial ischemia
the process of apoptosis occurs slowly; however, after the
transition to the reperfusion phase, oxidative stress, in-
flammatory reactions, and mitochondrial damage intensi-
fy, leading to activation of death receptors such as TNF-R
and Fas. This activation triggers both external (through
caspase-9, caspase-8, caspase-3) and internal (through cy-
tochrome c) pathways of apoptosis.

Translational reviews by S.H. Liu et al. [5] confirmed
that chronic hyperleptinemia in obesity promotes inflam-
mation, fibrosis, autonomic dysregulation, and metabolic
remodelling, thereby creating susceptibility to unfavora-
ble postischemic remodelling of the myocardium. How-
ever, due to the phenomenon of the “obesity paradox”, in
acute vascular catastrophes obesity plays a positive role in
greater adaptive mechanisms during ischemia and hypox-
ia of the myocardium. G. Ndrepepa et al. [6] demonstrated
that leptin derived from epicardial or pericardial adipose
tissue induces apoptosis of cardiomyocytes and disrupts
myocardial homeostasis, which provides a plausible par-
acrine link between regional obesity and the biology of
infarction. In particular, the study by T. Vilarino-Garcia et
al. [7] described that in most cases hyperleptinemia is as-
sociated with adverse cardiovascular outcomes. In fact,
leptin may be produced by the heart itself to function as
an autocrine/paracrine factor. Nevertheless, documented
cases in rodent studies indicated that animals with lep-
tin deficiency may exhibit a cardioprotective effect. This
protection is attributed to coronary artery vasodilation,
activation of endothelial nitric oxide synthase, and ac-
tivation of endothelial progenitor cells. The findings of
R.A. Byrne et al. [8] within the structure of the European
recommendations of 2023 indicated that the morpholog-
ical characteristics of the coronary arteries after STEMI
are significantly altered by cardiometabolic comorbid
conditions and systemic inflammation, despite advances
in primary percutaneous coronary intervention (PCI) and
supportive pharmacotherapy.

The longitudinal cohort study by L. Liu et al. [9]
demonstrated that lower levels of adiponectin and higher
levels of leptin are independently associated with higher
levels of residual cholesterol and its progression, and that
atherogenic features are closely related to plaque burden
and vulnerability. According to the results of the study by

D. Skrypnik et al. [10], an elevated serum leptin level is sig-
nificantly associated with THD. Due to the growing amount
of scientific evidence, leptin has begun to be considered
not as a marker but as a trigger of IHD, mediating athero-
sclerotic processes independently of traditional cardiovas-
cular risk factors and of body weight status. Higher serum
leptin concentrations were associated with arterial stiff-
ness and an increased number of stenotic coronary arteries
in patients with THD. Acute myocardial infarction also sig-
nificantly increases leptin concentration in the blood. Dys-
regulation of leptin metabolism has a negative impact on
the heart, affecting cardiac remodelling, contractile func-
tion, and cardiac metabolism. In addition, leptin enhances
platelet activation in patients with IHD and alters the mor-
phology of the left ventricle [11].

In the work of J. Wang et al. [12], it is reported that a
significant correlation was found between leptin and sev-
eral indicators related to heart rate, arterial pressure, pe-
ripheral vascular resistance, the pumping and contractile
function of the heart, as well as pulmonary ventilation
function. The angiographic complexity and spread of dis-
ease in ACS are more consistently associated with high-risk
clinical profiles. K. Skalsky et al. [13] identified numerous
predictors of multivessel disease, including dyslipidemia,
renal dysfunction, and a history of heart failure, factors
that often coexist with obesity.

Aim of the study - to evaluate the effect of obesity and
overweight on adipokine-dependent mechanisms of myo-
cardial damage in patients with ST-segment elevation my-
ocardial infarction.

MATERIALS AND METHODS

A single-centre prospective cohort study was conducted
from 2022 to 2025, covering 120 hospitalised patients with
ST-segment elevation myocardial infarction at the Zapor-
izhzhia Regional Clinical Hospital. Diagnosis, reperfusion
strategy, and inpatient treatment were carried out in ac-
cordance with the recommendations of R.A. Byrne et al. [8]
and the national unified clinical protocol of the Ministry
of Health of Ukraine [14]. The study protocol No. 10 dated
18.09.2022 received approval from the institutional ethics
committee, and written informed consent was obtained
from all participants before enrollment. The study was con-
ducted in accordance with the Declaration of Helsinki [15].

Inclusion criteria were patient age from 18 to 90 years,
the presence of confirmed ST-elevation myocardial infarc-
tion according to symptoms, typical ischemic chest pain,
ST-segment elevation on 12-lead electrocardiography
(ECG), and elevated levels of high-sensitivity cardiac tro-
ponin I, availability of general clinical laboratory data, and
performance of echocardiography. All patients underwent
primary percutaneous coronary intervention as the reper-
fusion method. A mandatory condition for inclusion was
the signing of informed consent to participate in the study.
Exclusion criteria included myocardial infarction without
ST-segment elevation, decompensated chronic renal or he-
patic insufficiency, acute surgical pathology of non-cardiac
origin, active inflammatory diseases, confirmed sepsis, ma-
lignant neoplasms, or refusal to participate in the study.

All patients were stratified according to body mass in-
dex (BMI) in accordance with the generally accepted clas-
sification according to the Centers for Disease Control and
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Prevention [16]: group 1 included patients with overweight
(25.0-29.9 kg/m?, n =42), group 2 included patients with
obesity (>30.0 kg/m?2, n=34), and group 3 represented the
control group with normal BMI (18.5-24.9 kg/m?, n =44).
Standard 12-lead electrocardiograms were recorded at ad-
mission to determine the infarct-related artery, to quantify
cumulative ST-segment elevation, and to detect reciprocal
changes or rhythm disturbances. The degree of ischemic
injury was assessed using an ECG-based injury index rep-
resenting the total sum of ST elevation in all affected leads.

Transthoracic echocardiography was performed within
24-48 hours after hospitalisation using standard two-di-
mensional and Doppler imaging techniques. Left ventricu-
lar end-diastolic and end-systolic volumes were measured,
and ejection fraction was calculated using the modified
biplane Simpson method. In addition, the thickness of the
interventricular septum (IVS) and the posterior wall of
the left ventricle, as well as the left ventricular myocardial
mass index, were assessed. All patients underwent coro-
nary angiography to identify the infarct-related artery, to
assess the type and morphology of coronary lesions, and
to evaluate blood flow before and after the intervention
according to the Thrombolysis in Myocardial Infarction
(TIMI) scale [17]. The number of affected vessels and the
complexity of coronary artery disease were quantified us-
ing the SYNTAX score [18] calculated by a specialised scor-
ing calculator. Optimal reperfusion was defined as achiev-
ing TIMI 3 flow after PCI.

Statistical analysis included tests for normality of data
distribution using the Shapiro-Wilk test and for homogene-
ity of variances using Levene’s test. For comparisons among
the three BMI groups, one-way analysis of variance (ANO-
VA) with Tukey’s post-hoc test was applied for normally
distributed variables, while the Kruskal-Wallis test with
Dunn’s correction was applied for non-parametric data.
For comparisons between two groups, an unpaired t-test
or the Mann-Whitney U test was used, as appropriate. Cor-
relations between variables were assessed using Pearson
or Spearman coefficients, with a two-tailed p-value < 0.05
considered statistically significant. Statistical analysis was
based on measurement of mean values and standard devi-
ation across the three groups. Anthropometric data (age,
height, weight, sex), laboratory indicators (quantitative
troponin I level, immunoassay data via ELISA assessing
levels of caspase-9 and leptin), and instrumental findings

30 75.75

79 00
1TZ2.70

(electrocardiographic data — ST elevation amplitude in
leads; echocardiographic data — ejection fraction by Simp-
son, left ventricular wall thickness, IVS; coronary angio-
graphic data — degree of stenosis of the left coronary ar-
tery, circumflex artery, left anterior descending artery, and
right coronary artery) were evaluated. To determine inde-
pendent predictors of high-sensitivity cardiac troponin I
levels, a multiple linear regression model was constructed,
including BMI, leptin, caspase-9, age and sex as covariates.
All statistical analyses were performed using Statistica 13
and Microsoft Excel 2016.

RESULTS AND DISCUSSION

Demographic and clinical-anamnestic characteristics.
The mean age of the patients included in the study was
64.9 £12.86 years. There are no significant differences in
this indicator were found stratified by BMI: in the excess
body weight (EBW) group, the mean age was 65.36 = 12.64
years; in the obesity group, 63.85* 11.83 years; and in the
control group, 65.27 * 14.03 years. Preliminary analysis
using the Shapiro-Wilk test demonstrated no significant
deviations from the normal age distribution in all three
groups (p>0.05), and Levene’s test showed homogeneity of
variances (p >0.05), allowing the use of ANOVA. The differ-
ence between the mean age values across the BMI groups
did not reach statistical significance (p >0.05), indicating
the comparability of the samples by age.

Gender analysis revealed marked age differences be-
tween men and women. In all three groups, male patients
were statistically significantly younger than female pa-
tients. The parametric t-test was used to compare age be-
tween genders. In particular, in the first group, the mean
age of men was 58.96+10.45 years, whereas that of women
was 75.75+8.23 years (a difference of 16.79 years, p<0.01
according to the unpaired t-test). In the second group, the
mean age of men was 60.08 £11.62 years versus 72.90%6.28
years in women (a difference of 12.82 years, p<0.02), and in
the third group, 59.69%13.35 years in men and 73.33+10.93
yearsinwomen (a difference of 13.64 years,p<0.02).Interms
of sex distribution, the sample was generally characterised
by a predominance of men - 76 individuals vs 44 women.
The proportion of men increased in parallel with rising
BMI: in the excess body weight group — 61.9%, in the obe-
sity group - 70.6%, and in the control group — 59.1%. Gen-
der-age data of the participants were presented in Figure 1.

73.33

58.96 60.08

Age (years)
=N WA N
[eNeololoeNeNoNoNo)

59.69
Male

Female

Overweight

Obesity

Normal BMI

Group

Figure 1. Gender-age characteristics of the sample by groups

Source: author’s research

Analysis of sex distribution among the three groups
using Pearson’s x? test showed no statistically significant
differences (x®=3.98; df=2; p=0.13). An additional trend

test demonstrated only a tendency toward an increasing
proportion of men with rising BMI (p = 0.08), which did not
reach the threshold for statistical significance. Pairwise
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comparisons of proportions (using x? or Fisher’s exact test,
depending on expected frequencies) likewise revealed no
significant differences between individual groups (p >0.29).
At the same time, for the obesity group, elevated relative
odds for male sex were calculated (OR = 1.67; RR=1.19)
compared with the control group, reflecting a clinically
noticeable, although statistically nonsignificant, tendency
toward a higher proportion of men in this cohort.

Biochemical parameters and adipokine profile. Bi-
ochemical profiling demonstrated a pronounced metabolic
gradient between the groups. The mean leptin concentra-
tion was 36.60+ 2.9 ng/mL in group 1, 57.27 £4.1 ng/mL in
group 2, and 28.92 £ 2.5 ng/mL in the control group. With
acceptable values (p >0.05), one-way ANOVA was used for
between-group comparison, which revealed statistical-
ly significant differences in mean leptin levels among the
three groups (p<0.001). Subsequent Tukey post-hoc anal-
ysis showed that leptin levels in the obesity group were
significantly higher compared with both the control group
and the EBW group (p < 0.05 for both comparisons), and
patients with EBW also had higher values compared with
controls (p < 0.05). The mean troponin I levels across the
groups were as follows: group 1 - 3.46+2.17 ng/mL, group
2 - 4.09+4.33 ng/mL, group 3 — 2.54%2.19 ng/mL. Correla-
tion analysis demonstrated a strong positive relationship
between leptin and BMI (r=0.87; p < 0.001), and a mod-
erate positive relationship between leptin and troponin I
(r=0.46; p=0.008).

Caspase-9 concentrations mirrored the leptin gradi-
ent: maximal values in the obesity group, intermediate val-
ues in the EBW group, and minimal values in the normal
BMI group. Correlation analysis showed an exceptionally
strong positive relationship between leptin and caspase-9
(r=0.99; p<0.001), indicating their parallel increase with-
in a single adipokine-apoptotic axis. Comorbid conditions
were represented predominantly by arterial hypertension
(AH) and type 2 diabetes mellitus (T2DM). The prevalence
of AH was 73.3%, and that of T2DM was 19.8%, consistent
with the typical profile of patients with STEMI. Comparison
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of AH and T2DM frequencies between BMI groups using
the x2 test did not show statistically significant differences
(p >0.05), although the proportion of such conditions was
slightly higher in the obesity group.

ECG and echocardiographic parameters. ECG anal-
ysis revealed differences reflecting the degree of ischemic
and reperfusion injury of the myocardium. The QRS ECG
complex duration in patients with obesity was 101+ 13 ms,
whereas in the control group it was 92 + 10 ms. According
to results of the unpaired t-test, QRS ECG complex pro-
longation in the obesity group was statistically significant
(p =0.016). The magnitude of ST-segment elevation — a
key marker of acute ischemia — also differed substantial-
ly between BMI groups. The mean values were as follows:
3.46 +1.23 mm in the EBW group, 4.88 £2.10 mm in the
obesity group, and 3.22+1.89 mm in the normal BMI group.
The maximal recorded ST-elevation values were 6.8 mm
in a patient with obesity, 5.3 in a patient with EBW, and
5.1 mm in the control group.

The Shapiro-Wilk test showed no significant devia-
tions from normal distribution of ST elevation in any group
(p>0.05), and Levene’s test confirmed comparable variance
(p >0.05). This allowed the use of one-way ANOVA, which
demonstrated statistically significant between-group differ-
ences (F=4.62; p=0.013). Subsequent Tukey post-hoc test-
ing showed that patients with obesity had significantly high-
er ST-elevation compared with the control group (p =0.009)
and with the EBW group (p=0.018). No statistically signifi-
cant difference was found between the EBW group and the
control (p=0.74). Correlation analysis demonstrated a posi-
tive association between the degree of ST elevation and bio-
chemical markers of myocardial injury and metabolic stress:
troponin I (r=0.57; p=0.003) and leptin (r=0.42; p=0.015).
For these variables, Pearson’s correlation coefficient was ap-
plied, given the approximate normality of distributions and
linearity of relationships. The presented statistical findings
were shown in Figure 2 in the form of box plots. Box plots
showed median values (horizontal line), interquartile ranges
(boxes), and range (wWhiskers).
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Figure 2. Distribution of serum leptin and cardiac troponin I levels across BMI categories in patients with STEMI

Source: author’s research

Echocardiographic data confirmed progressive de-
terioration of systolic function and structural myocardi-
al remodelling with increasing BMI. The left ventricular
ejection fraction (LVEF) was 46.3 = 6.2% in patients with
obesity, 51.8+5.9% in individuals with EBW, and 55.9%5.6%

in the control group. The Shapiro-Wilk test confirmed
normal distribution of LVEF, and Levene’s test indicated
homogeneity of variances (p > 0.05), allowing the use of
ANOVA. Between-group differences in LVEF were statis-
tically significant (p < 0.001), and Tukey post-hoc analysis
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demonstrated a consistent decrease in LVEF from the con-
trol group to EBW and further to obesity (all p < 0.05 in
pairwise comparisons). Parallel to the decline in LVEF, an
increase in the left ventricular mass index (LVMI) was ob-
served: 131 22 g/m? in the obesity group, 112+ 17 g/m?
in the EBW group, and 97 + 14 g/m? in the control group

(p<0.001 by ANOVA). A similar pattern was observed for left
ventricular wall thickness: IVS — 11.3+ 1.2 mm in the obe-
sity group, posterior wall — 11.4+ 1.3 mm, with statistically
significant differences compared with the other two groups
(p<0.001). All calculated echocardiographic parameters are
presented in the summary diagram shown in Figure 3.

140
120 112 130 - m LVEF (%)
8 128 LV Mass Index (g/m?)
= L 52 47 56
S 28 i IVS Thickness (mm)
20 E. I. 109 . posterior Wall (mm)
0
Overweight Obesity Control
Group

Figure 3. Echocardiographic parameters: LVEF, LVMI, posterior wall thickness, IVS across study groups

Source: author’s research

Correlation analysis demonstrated inverse associa-
tions between LVEF and leptin (r=-0.47; p =0.009), indi-
cating that each incremental rise in leptin concentration
was accompanied by a measurable reduction in systolic
performance. A similarly strong negative relationship was
identified between LVEF and BMI (r=-0.58; p<0.001), with
regression analysis showing that a 1 kg/m? increase in BMI
was associated with an average 0.6-0.8% decrease in LVEF.
Moreover, multivariate modelling confirmed that both BMI
(B=-0.52; p<0.001) and leptin (B=-0.39; p=0.014) inde-
pendently contributed to the decline in ejection fraction,
explaining nearly 42% of the total variance in LVEF. These
findings clearly demonstrated that rising body weight and
adipokine dysregulation exert a quantifiable negative im-
pact on left ventricular systolic function in patients with
acute coronary syndrome.

Angiographic and reperfusion parameters. Accord-
ing to coronary angiography findings, multivessel disease
was more frequently recorded in patients with obesity. The
incidence of triple-vessel disease was 28.6% in the obesity
group, 19.1% in the EBW group, and 15.9% in the control
group (p=0.042 according to Pearson’s x? test), indicating
a greater prevalence of diffuse atherosclerotic involve-
ment in obesity. The mean SYNTAX score, reflecting the
anatomical complexity and extent of coronary atheroscle-
rosis, was significantly highest in the obesity group. Based
on the angiographic data obtained after coronary angi-
ography, the SYNTAX score values were 24.5* 8.9 in pa-
tients with obesity, 18.7+ 7.2 in individuals with EBW, and
14.2+5.6 in the control group (p<0.001 by ANOVA). Tuk-
ey post-hoc analysis demonstrated significant differences

among all three groups (p<0.05), confirming a progressive
increase in anatomical complexity of coronary artery dis-
ease with rising BMI.

Correlation analysis revealed a strong positive associ-
ation between the SYNTAX score and leptin level (r=0.64;
p<0.001). The correlation coefficient between SYNTAX and
BMI was r=0.71 (p<0.001). These correlations indicate a
close interplay between the metabolic and anatomical
components of atherosclerosis. Reperfusion parameters
according to the TIMI scale showed that preprocedur-
al blood flow TIMI 0-1 was more frequently observed in
patients with obesity (78.6%) compared with the control
group (63.6%), although these differences did not reach
statistical significance according to the x2 test (p > 0.05).
Restoration of full coronary blood flow TIMI 3 after prima-
ry PCI was 85.7% in the obesity group, 91.0% in the EBW
group, and 93.2% in the control cohort.

Multivariable determinants of myocardial injury.
To integrate the obtained data, a multiple linear regres-
sion analysis was performed with troponin I concentra-
tion as the dependent variable. According to the analysis,
BMI showed B=0.42 (p<0.001), the SYNTAX score 3=0.36
(p=0.004), and reduced LVEF B=-0.33 (p=0.008). These
factors represented independent predictors of troponin I
level, and the constructed model explains 63% of the to-
tal variance of this indicator (R%2=0.63). This indicated that
metabolic (BMI), anatomical (SYNTAX score), and func-
tional (LVEF) parameters jointly contribute to the extent
of myocardial necrosis in STEMI. A summary of the mul-
tivariable statistical analysis and linear regression results
for predictors of troponin I levels was presented in Table 1.

Table 1. Multiple linear regression for determinants of adipokine-mediated myocardial injury and troponin I

Predictor B coefficient Standard error p-value
BMI (kg/m?) 0.42 0.08 <0.001
SYNTAX score 0.36 0.10 0.004
LVEF (%) -0.33 0.11 0.008
Leptin (ng/mL) 0.29 0.09 0.013
Caspase-9 (pg/mL) 0.25 0.08 0.021
Age (years) 0.10 0.06 0.18
Low-Density Lipoprotein Cholesterol 0.12 0.07 0.14
(mmol/L)

Source: author’s research
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The obtained results indicated that even with a similar
mean age across BMI groups, men with STEMI manifest the
disease at a substantially younger age than women. Age-re-
lated trends point to an earlier manifestation of STEMI in
patients with obesity in this study, which is consistent with
the findings of D. Demirci et al. [19], who reported that
patients with ACS and severe obesity were younger than
those with ACS in the classes of class I obesity, EBW, and
normal weight (52.8£9.9 versus 55.3+10.9, 56.8+11.4, and
61.4+14.2, respectively; p < 0.001). BMI showed a strong
inverse linear association with earlier age of first ACS. Pa-
tients with EBW, class I obesity, and severe obesity experi-
enced their first ACS episode earlier than normal-weight
patients by 3.9, 6.1, and 7.7 years, respectively (p < 0.001).

In the study by A.]. Fischer et al. [20], similar gender
and age trends in STEMI were confirmed. Women account-
ed for 32.8% of STEMI cases (n=5714). They were older than
men (women: median 74 years, interquartile range [IQR]
22; men: 60 years, IQR 19). Among 11,629 patients with
STEMI in the study by J. Schmucker et al. [21], 2.3% had se-
vere obesity. These patients were more frequently women
and were on average 8.6 years younger than normal-weight
patients (57.8 £ 12 versus 66.4 * 14 years, p<0.01). In au-
thor’s study, the identified metabolic gradient (increasing
leptin, troponin I, and caspase-9 with rising BMI) confirms
that obesity forms an unfavourable prognostic STEMI
phenotype. The strong correlation of leptin with BMI and
troponin, as well as the nearly linear association between
leptin and caspase-9 (r=0.99), supports the concept of ad-
ipokine-mediated myocardial injury through activation of
mitochondrial apoptosis.

In the study by O.Ye. Labinska [1], the serum leptin
level upon hospital admission in patients with STEMI and
normal body weight was 6.65+0.55 ng/mL, in individuals
with STEMI and EBW - 16.01+1.73 ng/mL, and in patients
with STEMI and class I-IIT obesity — 38.64 + 3.1 ng/mL. In
patients with EBW and obesity, these values were signif-
icantly higher than in normal-weight individuals. Sim-
ilar findings were reported in the by A. Ismaiel et al. [3],
where leptin levels were measured in serum or plasma
and compared between patients diagnosed with ACS and
healthy controls. The pooled analysis of leptin levels re-
sulted in a mean difference of 10.508 ng/mL (95% CI 3.670-
17.346). Significant heterogeneity was also observed, with
12=98.63% and a p-value<0.001.

ECG findings (greater ST elevation and QRS prolonga-
tion in patients with obesity), combined with higher tro-
ponin I levels, reflect a larger volume of ischemic and ne-
crotic myocardial injury. The positive correlations between
ST elevation, troponin I, and leptin indicate a link between
metabolic inflammation and the electrical manifestations
of acute myocardial necrosis. Echocardiographic data (re-
duced LVEF, increased LVMI, thickening of left ventricular
walls) are consistent with the pattern of concentric hyper-
trophy and maladaptive remodelling in obesity. In this con-
text, earlier studies by I.O. Yastremska [22] have shown that
endothelial dysfunction and oxidative stress substantially
aggravate myocardial injury in acute myocardial infarction,
especially when combined with metabolic syndrome, high-
lighting the pathogenic relevance of metabolic-vascular
interactions. The inverse correlations between LVEF and
leptin, as well as LVEF and BMI, support the hypothesis of

dose-dependent systolic dysfunction worsening against
the background of hyperleptinemia and metabolic stress,
and align with the findings of O.Ye. Labinska [1], where
it was shown that as body weight increased, there was a
tendency toward reduced LVEF in patients with obesity
(group IIT) compared with those of normal weight and EBW
(p1-2=0.69,p1--3=0.32,p2-3=0.57). Among patients with
obesity, left ventricular dimensions were significantly larg-
er compared with the control group (p1-2<0.05).

In the study by K. Puchatowicz et al. [23], the mean levels
of adiponectin, leptin, and resistin were 5.25 % 3.22 pg/mL,
15.3£17.9 ng/mL, and 7.81 +3.28 ng/mL, respectively. Sig-
nificantly higher adiponectin levels were observed in pa-
tients with heart failure. The authors also reported an
association between adiponectin and echocardiographic
parameters. Author’s data demonstrated a different pat-
tern: although adiponectin was not directly assessed, pa-
tients with obesity exhibited substantially higher levels of
leptin and caspase-9, accompanied by reduced LVEF and in-
creased LVMI. Whereas adiponectin played a central role in
the work of K. Puchalowicz et al., in this study the dominant
factor was hyperleptinemia, which is more characteristic of
obesity and exerts a stronger proinflammatory effect.

According to coronary angiography results in the study
by O. Labinska et al. [24], multivessel coronary artery le-
sions were significantly more common in individuals with
EBW and obesity. In patients with obesity, hemodynam-
ically significant lesions were most frequently localised
in the mid-segment of the left anterior descending artery
(p<0.05), and there was also a tendency toward more fre-
quent chronic occlusions (p =0.08). Author’s results align
with these findings, indicating that the higher frequency
of triple-vessel involvement, higher SYNTAX scores in the
obesity group, and strong correlations between SYNTAX,
BMI, and leptin demonstrated that obesity is associated not
only with a more severe course of ACS but also with anatom-
ically more complex and diffuse coronary artery disease.

According to the data reported by K. Samak et al. [25],
serum leptin levels were significantly higher in patients
with high SYNTAX scores compared with those with low
and intermediate scores (p < 0.05). A positive associa-
tion was identified between serum leptin concentra-
tions and the SYNTAX score. Individuals classified into
the high SYNTAX score category were significantly older
(61.8+10.63 years) and exhibited a higher body mass in-
dex (38.5 % 7.04 kg/m?) compared with patients in the in-
termediate (54.8 +9.62 years; 34.9 *5.19 kg/m?) and low
(48.8+9.36 years; 32.9% 5.4 kg/m?) SYNTAX score groups.
In parallel, leptin concentrations increased progressively
with rising anatomical complexity of coronary artery dis-
ease. Specifically, mean serum leptin levels were highest
in the high SYNTAX group (12.6 = 5.34 ng/mL), exceeding
those observed in the intermediate (9.6 3.3 ng/mL) and
low (7.5%2.66 ng/mL) SYNTAX score groups.

In the study by K. Samak et al. [25], it was shown that
patients with a high SYNTAX score had markedly elevat-
ed leptin levels (12.6 + 5.34 ng/mL) compared with the
intermediate- and low-risk groups (9.6 * 3.3 ng/mL and
7.5 £ 2.66 ng/mL, respectively). Furthermore, the SYN-
TAX score correlated with leptin, as well as with age, BMI,
and traditional cardiovascular risk factors. In this study,
a similar relationship between metabolic and anatomical
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alterations was observed. The SYNTAX score was higher in
patients with obesity (24.5 £8.9) compared with those with
EBW (18.7 =£7.2) and normal weight (14.2 £5.6), p<0.001.
The correlation between the SYNTAX score and leptin was
r=0.64 (p<0.001), and the correlation between the SYN-
TAX score and BMIwas r=0.71 (p<0.001). When comparing
author’s findings with those of K. Samak et al., author’s re-
sults demonstrated even stronger statistical associations,
which may be attributed to the more acute course of STEMI
and more pronounced adipokine activation.

Despite this, the achievement of TIMI 3 flow after PCI
in most patients across all groups indicates preserved ef-
fectiveness of contemporary reperfusion strategies, al-
though microvascular disturbances in obesity may con-
tribute to the “no-reflow” phenomenon and suboptimal
restoration of tissue perfusion. Comparable results were
demonstrated in the study by A. Mohamed [26], where the
frequency of the no-reflow phenomenon in the visceral
obesity group included 62 cases in which angiographic flow
was less than TIMI III (89.9%), while no cases of angio-
graphic no-reflow were observed in the non-visceral group.
Regarding coronary vessel involvement in both groups,
single-vessel disease was identified in 24.6% of patients in
the obesity group versus 86.4% in the control group. Mul-
tivessel disease was found in 75.4% of patients in the obe-
sity group versus 13.6% in the control group. Thus, there
was a statistically significant difference between the two
groups, with p=0.0005. Leptin, acting through the Ob-Rb
receptor, activates proapoptotic signaling pathways (Bax,
caspase-9), promotes endothelial dysfunction, reduces the
bioavailability of nitric oxide, and enhances the expression
of adhesion molecules, thereby exacerbating ischemic and
reperfusion injury [3].

The integration of biochemical, echocardiographic, and
angiographic data in this study provides a comprehensive
pathophysiological understanding of adipokine-mediated
myocardial injury. Obesity creates a chronic proinflamma-
tory and proapoptotic environment that predisposes the
myocardium to enhanced damage during acute ischemic
stress. Upregulation of caspase-9 in patients with obesity
and STEMI is likely the result of sustained mitochondrial
injury induced by hyperleptinemia and oxidative imbal-
ance. The entirety of the obtained findings allows obe-
sity to be viewed not as a “background” comorbidity but
as an active pathogenic factor within the context of adi-
pokine-mediated myocardial injury, determining the depth
of myocardial damage in STEMI. The concept of the “obesi-
ty paradox”, in which some individuals with EBW demon-
strate better early survival after myocardial infarction, re-
quires reconsideration: author’s data indicate that during
longer follow-up, apoptosis, fibrosis, and remodelling pre-
dominate, ultimately worsening long-term outcomes.

CONCLUSIONS
The results of this study clearly demonstrated that EBW
and obesity are key modifiers of the extent of myocardi-
al injury in ST-elevation myocardial infarction, exerting
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Oco6nmBocTi agunNokKiH-onocepeaKoBaHMX NMPOLLECIB YLKOAKEHHS
Miokappaa y nauieHTiB 3 iHpapKTOM MioKapaa 3 eneBaui€lo cermeHTa ST

Bnapgucnas KoBaneHko

ACUCTEHT

3anopi3bknin AepyKaBHUIN MeanKo-dapMaLEeBTUYHUM YHIBEPCUTET
69035, 6ynbB. Mapii MprMadeHKo, 26, M. 3anopixs, YKpaiHa
https://orcid.org/0009-0002-3807-6652

AHoTauifi. MeToI0 TOCTiIKeHHs 6y/10 BU3SHAYUTY OCOOIMBOCTI aIUIIOKiH-0MOCePeAKOBAHOTO YIIKOKEHHSI MioKapaa y
MalieHTiB 3 iHGapKTOM MioKkapza 3 esneBalii€io cermeHTa ST Ta HaAMipHOIO MAacOI0 TiJIa/OKMPIHHIM IIJISIXOM OLIiHKM
3B’I3KY DPiBHIB JIEITUHY /i MeTabOMiYHMX TOPYIIEHb i3 BUPAKEHICTIO aTePOTPOMOO3Y Ta TSIKKICTIO Mepebiry roctporo
KOPOHAPHOTO CMHAPOMY 32 1a60paTOPHUMMU Ta iHCTPYMEHTaIbHUMY JaHuMU. [IpoBeeHO OSHOLIEHTPOBE MPOCIIEKTUBHE
KOTOPTHe JOCTiIKeHHS, sike BkIouano 120 mauieHTiB 3 iHdapkTom miokappa 3 mimiiomom cermenta ST, siki 6ynn
MOAIi/IeH] HA TPM TPy 3a iHAEeKCOM MacH Tiia: rpymna 1 — HagmipHa Bara (25,0-29,9 kr/m?2, n=42); rpymna 2 — OkKUpiHHS
(> 30 kr/m?, n=34); rpyna 3 - HopMaabHMii iHmekc macu Tina (18,5-24,9 xkr/m2, n=44). V rpymi oXupiHHS BUSBIEHO
HalBUIIi KOHIIeHTpallii tenTuny (57,27 £ 4,1 ur/mi) Ta TpornoHiny I (4,09 £4,33 Hr/Mi), [0 JOCTOBiPHO TepeBUITYBaIA
MoKasHMKY iHmuMx rpyn (ANOVA p < 0,001). BcTaHOBIEHO CHIbHMIT MO3UTUBHMIL 3B’I30K MiX iHI€KCOM Macu Tija Ta
nentuHoM (r=0,87; p<0,001) Ta Mix errTuHOM i TponoHiHoM I (r=0,46; p=0,008), 10 CBigumMIO PO QYHKI[iIOHYBAHHSI
€OVHOI aJUIIOKiH-allONTOTUYHOI OCi Y KOHTEKCTi YIIKOJKeHHS MiokapZy. [HCTpymMeHTalbHi MeTOAM MiATBepIWIN
OLTBII TSKKUIA XapaKTep YpakeHHsT MioKap/a Mpu OKUPiHHI: HYsK4Ya (pakilis BUKUAY JiBOTO HITyHOUKa (46,3 % 6,2 %),
BUIIMI iHAEeKC Macu JiBoro uuryHouka (131 %22 r/m?), 36iblleHa TOBIMHA CTiHOK, Haiibinblua eneBallis cerMeHTa
ST (4,88 £2,10 mm; ANOVA p =0,013), Buia yactora TPUCYAVMHHOIO ypakeHHsS (28,6 %) Ta MakCMMasibHi 3HAUYEeHHS
3a mKanow SYNTAX (24,5 + 8,9 6aniB; p <0,001). MHOXMHHMIT perpeciiiHuii aHaji3 MiATBepAMB, 110 iHAEKC Macu Tina
(B=0,42; p<0,001), SYNTAX (B=0,36; p=0,004) Ta sHmkeHa ¢pakiisg Bukugy (B =-0,33; p=0,008) € He3aTEKHUMU
NpefuKTOpaMy MiABULIEHHS PiBHS TPOIOHiHY I

KniouoBi cnoBa: oskMpiHHS ; HAJIMIIKOBA Maca Tija; JIEIITUH ; TOCTPMII KOPOHAPHMI CMHAPOM ; KOpoHaporpadis; ppakiris
BUKU[LY; iHIEKC Macu Tija
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