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Abstract. Obesity is a predictor of the development of acute coronary syndrome with ST segment elevation and is
realised through increased apoptotic processes. The objective of the study was to evaluate the relationship between body
mass index, troponin I as a specific marker of myocardial necrosis and adipose-dependent non-specific markers in patients
with acute coronary syndrome with ST segment elevation affected by obesity. An open-label longitudinal comparative
cohort study was conducted involving 120 patients with acute coronary syndrome with ST segment elevation, stratified
by body mass index into three groups. The levels of troponin I, leptin and caspase-9 (ELISA method) were determined,
followed by the use of statistical research methods. In obese patients, a significant increase in the levels of caspase-9
(62.40 + 3.8 ng/mL) and leptin (57.27 + 4.1 ng/mL) was found compared to the overweight groups (45.27 +2.26 ng/mL
and 36.60 2.9 ng/mL) and controls (38.08 + 2.1 ng/mL and 28.92 2.5 ng/mL; p <0.001). In group 2, there was a nearly
linear relationship between leptin and caspase-9 (r=0.999; p <0.001) and a moderate correlation of troponin I with body
mass index (r=0.632; p <0.001) and with leptin (r=0.316; p <0.05). With increasing body mass index in patients with
ST-elevation myocardial infarction, there is an increased correlation between leptin, caspase-9, and troponin I, which
promotes the activation of the adipokine-apoptosis-necrosis sequential cascade. Leptin-dependent activation of apoptosis
may be one of the key mechanisms of metabolically mediated myocardial damage. The obtained results support the use of
leptin and caspase-9 as additional risk stratification markers in acute coronary syndrome
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Introduction

Acute coronary syndrome (ACS) remains a leading cause
of mortality worldwide, with obesity significantly increas-
ing its incidence and severity. Dysfunctional adipose tissue
acts as an endocrine organ, producing pro-inflammatory
adipokines such as leptin, resistin, caspase-9, interleukin-6
(IL-6) and tumor necrosis factor alpha (TNF-a), which
accelerate atherosclerosis, promote plaque instability and
enhance myocardial ischemic injury. However, the clinical
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significance of these biomarkers in ACS is not fully defined.
Assessing adipose-related inflammatory markers is essen-
tial for improving risk stratification and identifying new
therapeutic targets in ACS what makes the research relevant.

Obesity is a key factor in the formation of chronic
low-level inflammation and remodeling of the endocrine
function of adipose tissue, which, due to the imbalance
of adipokines (in particular leptin), worsens the course of
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cardiovascular diseases, including acute coronary syn-
drome with ST segment elevation (STEMI) [1]. According
to the study by N.K. Pokrovska [2], adipose tissue is one
of the principal regulators of energy balance and a cor-
nerstone of inflammation, energy homeostasis, and ather-
osclerosis. Endothelial activation is the initial step of en-
dothelial injury and is accompanied by abnormal secretion
of pro-inflammatory and pro-thrombotic factors. In the
study of O.S. Shchukina [3], particular attention was given
to endothelial dysfunction as one of the major pathogenetic
mechanisms in coronary artery disease and acute coronary
syndromes. Early phases of vascular disease are character-
ised by endothelial dysfunction; endothelial tissues play
an essential role in inflammation, coagulation, and angi-
ogenesis by orchestrating ligand-receptor interactions and
secretion of various mediators, including adipose-depend-
ent pro-inflammatory markers. According to A.E. Berezin
& A.A. Berezin [4], increased circulating concentrations
of high-sensitivity cardiac troponins T (hs-TnT) and I
(hs-Tnl) serve as diagnostic and prognostic biomarkers of
acute coronary syndromes and acute myocardial infarction,
as well as independent predictors of cardiovascular risk in
the general population. R.A. Byrne’s et al. [5] guidelines
emphasised the leading role of high-sensitivity troponins
in the diagnosis and risk stratification of STEMI; howev-
er, metabolic and inflammatory alterations associated with
obesity may modify the disease phenotype and influence
treatment outcomes.

Patients with hypertension and obesity in the study
by N.K. Pokrovska [2] demonstrated a more severe clin-
ical course, characterised by higher systolic and pulse
blood pressure values (p <0.05), increased left ventricular
posterior wall thickness (p <0.05), increased left ventricu-
lar myocardial mass and relative wall thickness (p <0.05),
and more frequent left atrial enlargement (p <0.05). The
study showed that leptin is involved in inflammatory sig-
naling and increases the expression of proinflammatory
cytokines in macrophages and T lymphocytes. Regarding
cytokines, PM. Ridker & M. Rane [6] emphasised that,
beyond primary prevention, both high-sensitivity C-re-
active protein (hs-CRP) and interleukin-6 (IL-6) have
long demonstrated predictive value for adverse outcomes
in acute coronary ischemia. Notably, IL-6 levels rised lo-
cally at the site of plaque rupture. M.A. Matter et al. [7]
described that, at the molecular level, acute ischemia
activates pro-inflammatory pathways (including the IL-
6->CRP axis), apoptosis, and cardiomyocyte necrosis, all
of which determine the degree of myocardial injury and
subsequent remodeling. In A. Demarchi et al. [8], among
adipokines, leptin attracted particular attention as a mark-
er of fat-dependent changes; its level increased with obesi-
ty and was associated with insulin resistance, endothelial
dysfunction, activation of immune cells and platelets. Sys-
tematic analyses by T. Vilarifio-Garcia et al. [9] confirmed
elevated leptin levels in patients with acute coronary syn-
drome, especially in those with type 2 diabetes and excess
body weight. In non-ST-elevation myocardial infarction,

leptin concentrations correlated with inflammatory bio-
markers and may have prognostic significance.

Experimental data by M. Wu et al. [10] showed that
obesity promotes hyperactivation of caspase-9 through
mitochondrial dysfunction, oxidative stress, and impaired
mitophagy. Therefore, in patients with obesity and STEMI,
more pronounced caspase-9-mediated apoptosis is ex-
pected, particularly in the context of hyperleptinemia. Si-
multaneously, the study by H.S. Abd-Alwahab et al. [11]
confirmed that high-sensitivity cardiac troponins remain
the principal markers of myocardial necrosis; however, the
relationship between caspase-9 and troponin levels has not
been sufficiently explored. Since obesity exacerbates en-
dothelial injury, a stronger association between caspase-9,
leptin, and necrosis markers can be anticipated. This justi-
fies evaluating caspase-9 in patients with STEMI, consid-
ering BMI and leptinemia as key metabolic modifiers of
disease progression.

Objective was to evaluate the associations between
body mass index, the specific necrosis marker Troponin
I, and the adipose-dependent non-specific markers leptin
and caspase-9 in patients with acute coronary syndrome
affected by obesity.

Materials and Methods

This study was conducted as an open-label, non-ran-
domised, prospective cohort observational study, involv-
ing 120 patients with confirmed acute coronary syndrome
with ST-segment elevation. The Municipal Non-profit
Enterprise Zaporizhzhia Regional Clinical Hospital of the
Zaporizhzhia Regional Council served as the clinical base
for the study. The study protocol No. 10 dated 18.02.2025
received approval from the institutional ethics committee.
All patients were informed about the study and signed con-
sent to participate in the study. The study was conducted
in accordance with European Commission [12] and Dec-
laration of Helsinki [13]. Patients were divided into three
groups based on their body mass index (BMI): Group I - 42
overweight patients (BMI 25.0-29.9 kg/m?); Group II - 34
obese patients (BMI 230.0 kg/m?); Group III (control) - 44
patients with normal body weight (BMI 18.5-24.9 kg/m?).
Eligibility (inclusion) criteria: age 18-90 years; confirmed
diagnosis of STEMI in accordance with the Order No. 1936
of the Ministry of Health [14], lack of incapacity or inde-
pendent ability to sign consent, provision of written in-
formed consent to participate in the study. Exclusion crite-
ria: age <18 or >90 years (all patients were competent and
had no guardians); absence of clinical and electrocardio-
graphic signs of STEMI on admission; presence of decom-
pensated chronic renal failure or liver failure; acute surgical
pathology of non-cardiac origin; patient refusal to partici-
pate in the study, the presence of incapacity or the ability to
sign consent independently.

Subjects were assessed for anthropometric data
(weight, height), age, gender, laboratory troponin I lev-
els, and underwent laboratory ELISA testing of leptin and
caspase-9, which were collected within the first 24 hours
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of hospitalisation. The ELISA immunoenzymatic assay us-
ing the blinded randomised study methodology included
96 wells for leptin level analysis and 96 wells for caspase-9
analysis. For 120 blood samples of the subjects, patterns
were randomly selected separately for leptin and caspase-9
from the entire sample. From one pallet of leptin reagents
for 96 wells, 7 were used for calibration of the appara-
tus, the number of tested materials was 89. The pallet of
caspase-9 reagents for 96 wells had 8 for calibration of the
apparatus, and the number of results obtained was 88. A
statistical analysis was conducted to determine the correla-
tion between BMI, a specific marker of myocardial necro-
sis, and adipose-dependent nonspecific markers. The first
stage of the study was the formation of selection criteria for
the subjects, and then, accordingly, their selection. The next
stage of the study was the determination of gender, age, and
anthropometric data. This was followed by the stage of
blood serum collection with centrifugation to obtain plas-
ma. The next stage was the study of patient histories with
available laboratory and instrumental characteristics. The
next stage of the study was the conduct of enzyme-linked
immunosorbent assay with the determination of leptin and
caspase-9 from the selected samples. The last stage was
mathematical analysis and statistical calculation of the data.

The methods used on research; general clinical with
questionnaires, biochemical (troponin I), laboratory
ELISA test of leptin (ALPCO, United states of America),
caspase-9 (BioVendor, Czech Republic), mathematical and
statistical analysis using statistical programs Microsoft

Excel 2020, Statistica 13. The statistical methods applied in
the study included tests for normality and homogeneity of
variances, specifically the Shapiro-Wilk test and Levene’s
test. Parametric methods comprised one-way analysis of
variance (ANOVA), Tukey’s post hoc test, and the unpaired
t-test for independent samples. Non-parametric compari-
son methods included the Kruskal-Wallis test, Dunn’s post
hoc test with Bonferroni correction. Additionally, analyses
of frequencies and proportions were performed using Pear-
son’s X* test and Fisher’s exact test. Correlation analysis was
conducted with determination of Pearson correlation coef-
ficients (r) and/or Spearman’s rank correlation coefficients
(p). A p-value of less than 0.05 (p <0.05) was considered
statistically significant for all analyses.

Results

In the first stage, a sample structure analysis was conduct-
ed. The total number of patients examined was 120, includ-
ing 76 men (63.3%) and 44 women (36.7%). Within each
BMI category, the following gender distribution was found:
group 1 (overweight, n =42): 26 men (61.9%), 16 women
(38.1%); group 2 (obese, n=34): 24 men (70.6%), 10 wom-
en (29.4%); group 3 (control, n =44): 26 men (59.1%), 18
women (40.9%). Thus, in all study groups, a predominance
of men over women was observed, and it was most pro-
nounced among obese patients (group II). The distribution
of subjects by gender is presented in Figure 1, which clearly
demonstrated the male predominance in each group, with a
gradual increase in the proportion of men as BMI increases.
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Figure 1. Distribution of patients by gender in the study sample

Source: authors’ research

The average BMI in the study population was
27.8 kg/m?*. Men had a slightly higher BMI than women,
with a statistically significant difference (p = 0.038), sup-
porting the concept of gender-related variability in body
weight. BMI differed markedly between the three study
groups, reflecting the predefined stratification. Overweight
patients had moderately elevated BMI, while the obesity

group demonstrated the highest values; both groups signif-
icantly exceeded the control group (p <0.01). Median val-
ues and nonparametric testing (Kruskal-Wallis, p <0.001)
confirmed these differences, with post-hoc comparisons
showing consistently higher BMI in groups 1 and 2 rela-
tive to normal-weight individuals. BMI mean, median, and
standard deviation data are presented in Table 1.

Table 1. Intergroup differences in BMI indicators

Group Mean BMI + SD, kg/m? Median (IQR), kg/m?
Group 1 (overweight) 27.73+1.46 28.10 (26.62-28.72)
Group 2 (obesity) 36.14+£7.27 33.88 (31.40-37.77)
Group 3 (normal/control) 22.50+1.65 22.84 (21.06-23.94)

Source: authors’ research
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The average patient age was 64.9 years, with no sig-
nificant age differences between BMI groups (p > 0.05).
However, gender-specific analysis showed that men were
consistently and significantly younger than women across
all BMI categories. In the overweight group, men were ap-
proximately 17 years younger than women (p <0.01); in the

75.75

72.90

obesity group — about 13 years younger (p <0.02); and in the
control group - nearly 14 years younger (p < 0.02). These
findings align with established epidemiological data indi-
cating that men typically present with STEMI at a younger
age than women. Age-specific differences in STEMI strati-
fication by gender are shown in Figure 2.
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Figure 2. Data on average values by age and gender in the study groups

Source: authors’ research

For the following analysis the reliability of data on adi-
pose-dependent inflammatory markers (leptin, caspase 9),
troponin I values were assessed as a specific and reference
laboratory indicator of cardiomyocyte necrosis in STEMI.
Analysis of troponin I concentrations at the time of hospi-
talisation showed a clear relationship between myocardial
damage and the degree of excess body weight. Prelimi-
nary testing of the assumptions regarding the normality of
distribution using the criterion for the Shapiro-Wilk test
in all three BMI-stratified groups demonstrated statisti-
cally significant deviations from the normal distribution
(p <0.01), which led to the choice of nonparametric ap-
proaches for intergroup comparisons. The Kruskal-Wallis
pooled test confirmed heterogeneity in troponin I levels
between groups (H=7.67; p=0.0216), indicating that in-
creasing BMI is associated with more intense myocardial
necrotic damage in the acute phase of STEMI.

Expanded paired analysis using the Mann-Whitney
test showed that patients with overweight (group 1) had
significantly higher troponin I levels compared with the
control group (p=0.0177), whereas patients with obesi-
ty (group 2) demonstrated an additional significant in-
crease (p=0.0196). Mean values formed a clear ascend-
ing gradient: 2.54 ng/mL in the control group, 3.46 ng/
mL in overweight patients, and 4.09 ng/mL in obese in-
dividuals. Compared with the control group, troponin
I was higher by +0.92 ng/mL in group 1 (p=0.018) and
by +1.55 ng/mL in group 2 (p =0.006). Median values
showed the same trend (1.90 - 3.00 > 3.50 ng/mL).
These findings confirm a progressive increase in myo-
cardial necrotic burden with increasing BMI, consistent
with the concept of an “adipo-inflammatory” STEMI
phenotype. All quantative data for troponin I were pre-
sented in Table 2.

Table 2. Troponin I levels across BMI-stratified groups

Parameter Group 1 (Overweight) Group 2 (Obesity) Group 3 (Control)
Mean + SD (ng/mL) 3.46+2.17 4.09+4.33 2.54+2.19
Median (ng/mL) 3.00 3.50 1.90
A vs Control (ng/mL) +0.92 +1.55 -
A vs Control (%) +26.59% +37.00% -
95% CI (A) 0.14-1.70 0.66-2.43 -
p-value vs Control 0.0177 0.0196 -
Overall trend ) T -

Note: CI - confidence interval
Source: authors’ research

Determination of leptin levels according to the ELI-
SA study was performed in 89 out of 120 patients (74.2%
of the population), caspase-9 - in 88/120 (73.3%). The
ranking was carried out in a random order, but the num-
ber of studied samples for which leptin and caspase-9
were determined according to their study group does not

have a statistically significant discrepancy (the number
of caspase-9 samples in group 1 is 85.7%, in group 2 -
67.6%, in group 3 - 68.2%, the number of leptin samples
in group 1 is 83.33%, in group 2 - 58.82%, in group 3 -
77.27%). This is taken into account in the further analysis
of the obtained results.
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Troponin was moderately correlated with both leptin
(p=0.325; p=0.0019) and caspase-9 (p =0.299; p=0.0046)
in the overall population. This is consistent with the hy-
pothesis of a more intense “adipo-inflammatory” load and
apoptosis at higher BMI, which is associated with a larger
area of myocardial damage. Caspase-9 levels demonstrated
a clear BMI-dependent gradient. Median values increased
from approximately 38 ng/mL in the normal-weight group
to 45 ng/mL in the overweight group and exceeded 62 ng/
mL in obese patients. ANOVA confirmed highly significant
intergroup differences (F=82; p<0.001), and Tukey’s post-
hoc test showed that obese patients had markedly higher
caspase-9 levels than both overweight and normal-weight
individuals (all p < 0.001). Even overweight patients
showed significantly elevated values compared with con-
trols (p <0.01), indicating progressive activation of the mi-
tochondrial apoptotic pathway with rising BMI.

Leptin concentrations followed a similar trend, increas-
ing from roughly 29 ng/mL in the normal-weight group to
37 ng/mL in the overweight group and surpassing 57 ng/mL
in the obesity group. Intergroup differences were statistical-
ly robust (F = 97; p <0.001). Post-hoc comparisons showed

significantly higher leptin levels in obese patients relative to
both other groups (all p<0.001), with overweight individu-
als also differing significantly from controls (p <0.01). Cor-
relation analysis demonstrated strong positive associations
between leptin and BMI (r=0.876 in the overweight group;
r=0.962 in the obese group; p <0.001), as well as between
leptin and caspase-9, reaching almost perfect correlation in
the obesity group (r=0.999; p<0.001).

The results demonstrated a consistent increase in lep-
tin and caspase-9 levels as subjects transition from nor-
mal body weight to obesity. The highest values for both
parameters were found in the obese group, confirming
the parallelness of metabolic and apoptosis-mediated dis-
turbances in the progression of metabolic syndrome. Fur-
thermore, the very high correlation between leptin and
caspase-9 in group 2 (r=0.999; p <0.001) suggests a direct
mechanistic link between hyperleptinemia and caspase
activation, potentially contributing to myocardial damage
in obese patients. Statistical data for caspase-9 and leptin
levels were analysed using ANOVA, pairwise comparison
(t-test), and statistical significance testing. The results
were shown in Table 3.

Table 3. Statistical measurements of the reliability
and significance of caspase-9 and leptin indicators in the study groups

Group 3
(normal)
M+SD

Group 1

Group 2

(obesity)
M+SD

Indicator (overweight)

MzSD

ANOVA (F)

Pairwise
comparison
(Tukey post-hoc)

p-value
(ANOVA)

Caspase-9, pcs.  45.27£2.26 62.40+3.80 38.08+2.10 82.47 <0.001 1-3 0.008
2-3 <0.001
1-2 <0.001
Leptin, ng/mL  36.60 £2.90 57.27+4.10 28.92+2.50 96.83 <0.001 1-3 0.009
2-3 <0.001
1-2 <0.001

Source: authors’ research

For statistical analysis of intergroup differences, a
two-sample t-test for independent populations was used
for normal distribution, confirmed by the Shapiro-Wilk
test, and homogeneity of variances was assessed using Lev-
ene’s test. A correlation analysis was conducted between
BMI and main laboratory parameters within three strati-
fied groups of patients (overweight, obesity, control). In
the obese group, a strong positive correlation relationship
was found between troponin I levels and BMI (r = 0.632;
t=5.29; p <0.001), indicating a significant association be-
tween the degree of myocardial damage and excess body
weight. In the overweight group, a moderate positive rela-
tionship was observed between these indicators (r =0.402;
t=2.86; p <0.01), which also indicates a tendency for tro-
ponin levels to increase with increasing BMI, although less
pronounced than in obese patients.

In the obese group, a significant positive correlation
was found between caspase-9 and leptin levels (r =0.999;
p <0.001), indicating a close relationship between the ac-
tivation of mitochondrial apoptosis and the hormonal
activity of adipose tissue. A similar, but less pronounced,

relationship was also observed between caspase-9 and BMI
(r=0.976; p <0.001), consistent with the hypothesis that
apoptotic activity increases with increasing body weight. In
the overweight group, a high correlation was observed be-
tween caspase-9 and leptin (r=0.856; p <0.001), and both
parameters had statistically significant associations with
BMI (r=0.728 for caspase-9; r=0.876 for leptin; p <0.001).
These results indicate that even a moderate increase in BMI
is accompanied by activation of apoptosis and endocrine
changes in adipose tissue. In the control group with normal
BMI, correlations between the studied parameters were
weak or absent, which confirms the physiological balance
between metabolic and apoptotic processes under condi-
tions of normal body weight.

An assessment of the relationship between markers
of apoptosis and myocardial necrosis revealed significant
differences between groups. In the obese group, a mod-
erate positive correlation was found between caspase-9
and troponin I levels (r=0.217; p <0.05), which may in-
dicate a synchronous increase in apoptotic activity and
cardiomyocyte damage during metabolic overload. The
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correlation between leptin and troponin I was also positive ~ damage. The intergroup correlation relationships of leptin,
(r=0.316; p<0.05), reflecting the potential influence of ad-  caspase-9, troponin I, and BMI are shown in Figure 3 as
ipokine dysfunction on the degree of ischemic myocardial ~ heat maps (cross-tabulation).
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Figure 3. Heat maps of the correlation relationships between laboratory values and BMI
Source: authors’ research
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In the overweight group, the correlations were more
pronounced: for caspase-9 and troponin (r = 0.580;
p <0.01), and for leptin and troponin (r =0.463; p <0.01).
This dependence may reflect the early stages of metabolic
imbalance, in which deep apoptotic activation has not yet
formed, but a myocardial response to systemic inflamma-
tion and hyperleptinemia is already observed. In the con-
trol group, correlations between the parameters were weak
and statistically insignificant. This indicates the absence
of a significant relationship between markers of apoptosis
and myocardial damage under conditions of normal body
weight and metabolic homeostasis.

Discussion

The results of this study demonstrated that excess body
weight and obesity substantially modify the inflammatory,
metabolic, and apoptotic profiles of patients with myocar-
dial infarction and ACS, which is consistent with accumu-
lated international evidence. In patients with STEMI and
obesity, metabolic inflammation of adipose tissue overlaps
with the acute immune response to ischemic myocardial
injury. This manifests as hyperleptinemia, activation of
monocytes/macrophages, and a potential pro-aggregatory
effect on platelets, thereby amplifying thrombosis and mi-
crovascular dysfunction [2,3].

In author’s cohort, male patients predominated (63.3%
overall; up to 70.6% in the obesity group), and men were
significantly younger than women across all BMI categories
(difference = 13-17 years; p <0.02). This corresponds with
epidemiological observations that men more frequently
develop STEMI at a younger age, whereas women tend
to present at an older age and with a more severe clinical
course, as reported by A.A. Dera et al. [15]. In their study,
regarding sex, no significant differences (p > 0.05) were
found between leptin concentrations in men and wom-
en in Group 1 (r=0.74, p=0.139) or Group 3 (r=0.044,
p=0.511). Compared with the control group, women in
Group 3 demonstrated a significantly higher BMI (t=2.656;
df =14; p=0.0188), Participants with acute myocardial in-
farction in Groups 2 and 3 also showed a significant differ-
ence (t=5.370; df=46; p<0.0001).

The findings of that study are closely aligned with au-
thor’s study, in which the mean BMI in the cohort was ele-
vated (27.8 kg/m?), and intergroup differences in BMI were,
as expected, significant: the control group corresponded to
normal body weight, whereas Groups 1 and 2 demonstrat-
ed excess body weight and obesity, respectively (p <0.01 by
ANOVA and by the Kruskal-Wallis test). In author’s study,
leptin levels increased progressively from approximately
28-29 ng/mL in the control group to approximately 36-
37 ng/mL in the excess body weight group, and exceeded
57 ng/mL in patients with obesity, with very high statisti-
cal significance of intergroup differences (F = 97; p <0.001)
and consistent post hoc results (p <0.01 for all key com-
parisons). These findings aligned well with the systemat-
ic review and meta-analysis by A. Ismaiel et al. [1], where
leptin levels in patients with acute coronary syndrome were

significantly higher than in controls (MD = 10.5 ng/mL;
95% CI 3.67-17.35), particularly in patients with obesity.
Similar conclusions were reported in the study by E. Ricot-
tini et al. [16], in which patients with hyperleptinemia after
percutaneous coronary intervention (PCI) exhibited nearly
atwofold higher rate of major adverse cardiovascular events
(MACE) compared with the normoleptinemic group (40%
vs 21%; hazard ratio or HR 2.3;95% CI 1.14-4.6). Leptin lev-
els differed significantly across groups stratified by platelet
reactivity (PR) (P =0.047). Patients were divided into three
PR-based groups defined as low (LPR), normal (NPR), and
high (HPR) platelet reactivity. Leptin concentrations were
higher in the HPR group (12.61 +16.58 ng/mL) compared
with the LPR group (7.83 +8.87 ng/mL, P =0.044) and the
NPR group (7.04 +7.03 ng/mL, P =0.01). These findings
are consistent with author’s data showing the coexistence of
leptin-mediated inflammation and ischemic myocardial in-
jury. Summarising the observations of T. Vilarifio-Garcia et
al. [9], leptin is considered not only a marker of energy im-
balance but also a pro-inflammatory adipokine that affects
endothelial function, cardiac remodeling, and apoptosis.
Author’s demonstration of a strong relationship between
leptin and BMI (r = 0.876-0.962; p <0.001), along with its
correlation with troponin I, confirmed this concept.

Caspase-9 levels in author’s cohort also exhibited a
clear BMI-dependent gradient: approximately 38 ng/mL in
the control group, =45 ng/mL in patients with excess body
weight, and >62 ng/mL in those with obesity. ANOVA anal-
ysis (F=82; p<0.001) and Tukey’s post-hoc test confirmed
a significant stepwise increase in caspase-9 when transi-
tioning from normal weight to excess weight and obesity
(all p<0.01). The caspase-9 elevation observed in author’s
study fully aligns with current understanding of the in-
trinsic mitochondrial apoptotic pathway in myocardial
ischemia-reperfusion injury, as demonstrated by M. Wu et
al. [10]. K. Cai et al. [17] described caspase-9 activation
as a central event in programmed cardiomyocyte death
triggered by mitochondrial pore opening, cytochrome ¢
release, and apoptosome formation. Clinically, Y. Liu et
al. [18] reported that activation of caspase-associated pro-
teins (CARDY) in macrophages enhances post-infarction
remodeling, further supporting a multifactorial involve-
ment of apoptosis in myocardial damage. These mecha-
nisms are consistent with author’s findings of increased
caspase-9 in parallel with elevated troponin I and leptin, as
well as their positive correlations. Additional confirmation
was provided by A. Demarchi et al. [8], who demonstrat-
ed that serum leptin levels are directly associated with the
inflammatory response during acute myocardial infarction
and may play a role in risk stratification.

Author’s data demonstrated a clear gradient of myocar-
dial necrosis proportional to BMI: mean troponin I levels
increased from 2.54 ng/mL in the control group to 3.46 ng/
mL in the excess-weight group and 4.09 ng/mL in the obe-
sity group. Compared with controls, the increase amounted
to +0.92 ng/mL in Group 1 (= +26.6%) and +1.55 ng/mL
in Group 2 (= +37%), with statistically significant p-values
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(p=0.018 and p =0.006, respectively). The strong positive
association between BMI and troponin I in obese patients
(r=0.632; p<0.001) highlighted that excess adiposity is
associated with a greater area of necrosis in STEMI [19].
Similar trends were reported by A.A. Dera et al. [15], where
patients with acute myocardial infarction and elevated
BMI had higher troponin I, leptin, and additional markers
of metabolic stress. Also a positive correlation was shown
between troponin I (cTnl), creatine kinase MB (CK-MB),
leptin, and resistin in patients with acute myocardial in-
farction. BMI and leptin showed a positive association in
Group 3. For instance, among participants in Group 3, leptin
showed a stronger correlation with BMI (r=125, p=0.01).

The findings of I. Chernyavska et al. [20] demonstrated
that in all patient groups, cardiac troponin levels increased
significantly both before and after PCI. The data also in-
dicated that troponins begin to appear in the bloodstream
4-10 hours after the onset of acute myocardial infarction,
while peak concentrations occur between 12 and 48 hours.
The authors additionally reported a significant reduction
(p<0.05) in leptin levels during ACS treatment accompa-
nied by parallel weight loss in both men and women. Cor-
relation analysis between waist circumference and leptin
levels in both sexes demonstrated a significant association.
These results are consistent with author’s findings showing
elevated leptin levels in patients with ACS - particularly in
those with obesity and excess body weight — as well as a
positive correlation between BMI and troponin, and be-
tween leptin and BMI.

D. Skrypnik et al. [21] reported that elevated serum
leptin levels are strongly associated with coronary artery
disease (CAD). Serum leptin concentration positively cor-
related with coronary artery disease severity, being higher
in patients with stable angina compared with controls, and
highest in those with unstable angina. Their results also
showed that serum leptin concentrations were higher in the
control group (without cardiac rehabilitation) compared
with group S, in which patients underwent a 2-week reha-
bilitation program. In author’ study, leptin concentrations
showed a similar pattern, increasing from approximately
29 ng/mL in the normal-weight group to 37 ng/mL in the
excess body weight group, and exceeding 57 ng/mL in the
obesity group. Troponin displayed a moderate positive cor-
relation with leptin (p=0.325; p=0.0019).

Consistent with author’s detection of higher troponin
I levels in patients with overweight and obesity (up to 3.46
and 4.09 ng/mL, respectively), the findings of R.H. Al-Shib-
li et al. [22] also demonstrated markedly elevated troponin
I levels in atherosclerotic groups both with and without
obesity (p<0.001). The authors additionally reported a uni-
directional increase in other proinflammatory and pro-ox-
idant markers — CRP and malondialdehyde — which fully
agrees with author’s data showing activation of apoptosis
and accentuated necrosis with rising BMI. Meanwhile, in
the cohort of this study, the authors found a much stronger
correlation between leptin and caspase-9 (up to r=0.999 in
the obese group) than was described in R.H. Al-Shibli et al.

study, indicating a more pronounced “adipokine-apopto-
sis-necrosis” cascade reaction, particularly in conditions of
acute myocardial infarction. The findings of R.H. Al-Shib-
li et al. regarding reduced total antioxidant capacity and
increased MDA further confirmed the important role of
oxidative stress in patients with obesity. Although these pa-
rameters were not measured in author’s study, the elevated
levels of caspase-9 in the overweight and obesity groups
(45.27 and 62.40 units/mL, respectively) indirectly indicate
activation of mitochondrial apoptosis, which is typically
triggered by oxidative stress.

Additionally, results from O. Mayer et al. [23] con-
firmed the adverse prognosis associated with hyperleptine-
mia. Specifically, leptin concentrations >18.9 ng/mL were
associated with more than a twofold increase in all-cause
mortality (HR 2.10; 95% CI 1.29-3.42), cardiovascular
mortality (HR 2.65; p <0.001), and the risk of hospitalisa-
tion for heart failure (HR 1.95; p <0.020). In current study,
the leptin level in the obesity group averaged 57.27 +4.1 ng/
mL, markedly exceeding these risk thresholds, and its cor-
relation with troponin I (r=0.316; p < 0.05) confirms the
likely contribution of a leptin-dependent proinflammatory
pathway to worsening the course of STEMI.

Thus, the results obtained in author’s study are consist-
ent with international findings and indicate that patients
with ACS and obesity exhibit an enhanced interaction be-
tween leptin and caspase-9, which may serve as a marker of
metabolically driven apoptotic stress in the myocardium.
The extremely strong correlation (r = 0.999) between these
biomarkers underscored that leptin-dependent activation
of apoptosis may represent one of the central mechanisms of
cardiac injury in this patient population. These observations
open opportunities for further development of prognostic
models and suggest that combined assessment of leptin
and caspase-9 may serve as an additional tool for risk strat-
ification in ST-segment elevation myocardial infarction.

Conclusions

The present study demonstrated a clear and statistically
significant metabolic-inflammatory pattern linked to ex-
cess body weight. It was found that overweight and obese
patients exhibited distinctly higher levels of adipose-de-
rived biomarkers compared with normal-weight individ-
uals. BMI differed significantly between groups (p <0.01),
confirming the validity of stratification. Although mean
age did not differ across BMI categories, men consistently
presented with ACS at a significantly younger age, which
corresponds to known epidemiological characteristics of
the syndrome. Analysis showed a progressive increase in
the myocardial necrosis marker troponin I with rising BMI:
from 2.54 ng/mL in normal-weight patients to 3.46 ng/
mL in overweight and 4.09 ng/mL in obese individuals,
with statistically significant differences (p = 0.0177 and
p=0.0196). Correlation testing proved that troponin I had
a strong positive association with BMI in obese patients
(r=0.632; p <0.001), supporting the link between excess
adipose tissue and increased myocardial injury in ACS.
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A central outcome of this research was the demon-
stration of a highly consistent adipokine-apoptotic re-
sponse. Leptin increased from approximately 29 ng/mL
in normal-weight patients to 37 ng/mL in overweight
and exceeded 57 ng/mL in obese subjects (p < 0.001).
Caspase-9 displayed a similar trend (38 — 45 — 62 ng/
mL; p <0.001). Moreover, it was demonstrated that the
association between leptin and caspase-9 intensified dra-
matically with increasing BMI, reaching almost perfect
correlation in obese patients (r =0.999; p < 0.001). Both

value of adipose-dependent biomarkers in ACS and un-
derscore their potential use for metabolic-inflammatory
phenotyping of high-risk patients. Future perspectives
include longitudinal evaluation of leptin and caspase-9
as prognostic markers of adverse outcomes, integration
of adipokine-apoptotic indicators into ACS risk-stratifi-
cation models, and exploration of therapeutic approaches
targeting adipose-driven inflammation and apoptosis to
improve outcomes in overweight and obese ACS patients.
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AHoTaLif. OXUPIHHA € NPEUKTOPOM PO3BUTKY FOCTPOrO KOPOHAPHOTO CHMHAPOMY 3 eneBaljiero cermenrta ST
i peamisyerbcsa 4epes IOCWICHHsS aIONTOTMYHMX IIpolieciB. MeTolo HOCTIIKeHHA OylIo OLiHUTM B3a€EMO3B A30K
MbK iHflekcoM Macu Tila, TpomoHiHOM I Ak crmenudiuHNM MapkepoM HeKpo3y Miokappa Ta afuIIO3aIe>KHUMMN
HecnenupivyHMMY MapKepaMIl Y MAli€HTiB i3 TOCTpUM KOpOHapHMUM CUHJIPOMOM 3 efieBaljiero cermenTa ST, AKi MaloTh
OXMPiHHA. Bysio mpoBenieHo BifKpuTe IPOCIEKTUBHE OPiBHANbHE KOTOPTHE JJOCTIPKEHHA 3a yyacTio 120 manieHTiB
i3 rocTpuM KOpOHapHUM CUHJPOMOM 3 ejneBaliero cermenrta ST, crparugikoBaHux 3a iHeKCOM Macu Tila Ha Tpu
rpynu. Busnavanm piBHi Tpomoniny I, nentuny Ta xacnasu-9 (Meron ELISA), mic/id 4oro mpoBOAMIM CTATUCTUYHUI
aHaji3. Y IalieHTiB 3 OXXMPIHHAM BUABJICHO 3HAUyllle MiIBUIEHHA PiBHIB kKacmasu-9 (62,40 + 3,8 HI/MJI) Ta JIENTUHY
(57,27 £4,1 Hr/mMi1) NOPiBHAHO 3 IpylIaMM 3 HAAMipHOI0 Macoo Tina (45,27 + 2,26 Hr/mn i 36,60 £ 2,9 Hr/M1 BinnoBifHO)
Ta KOHTPOJIbHOIO rpymnoio (38,08 +2,1 ur/mi i 28,92 +2,5 Hr/Mmim; p < 0,001). ¥V rpyni 2 BuAB/IeHO MaiiXe TiHINHWUI
3B’A30K MDK JIENTHHOM i kacmas3o10-9 (r=0,999; p <0,001), a Tako>x IOMipHY KopeALiio TponoHiny I 3 ingexcom Macu
tina (r=0,632; p<0,001) Ta 3 nentuHOM (r =0,316; p <0,05). 31 3pocTaHHAM iHEeKCy Macu Tina y nmanienTis i3 STEMI
TTOCUTIOEThCA KOPeNALid MiXK TEIITVHOM, Kaclla3zol-9 Ta TPOIOHIHOM I, 1jo cripusAe akTuBalii MOCTiZOBHOTO KacKany
«aIMIIOKIiH — aIloNTO3 — HeKpo3». JlenTUH3a/Ie)KHA aKTHBalLlid allONTO3y MOXKe OYTY OfHUM i3 KTI0YOBYX MeXaHi3MiB
MeTabO/IiYHO ONOCePefKOBAHOIO IIOIIKOMKeHHA MioKappa. OTpuMaHi pe3ynbTaTy OOIPYHTOBYIOTb BUKOPUCTAHHA
JIENTHHY Ta Kacnasn-9 K JORaTKOBUX MapKepis cTpaTudikalii pusuky npu rocTpoMy KOpOHapHOMY CUHAPOMI
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