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Abstract: Metabolic syndrome may contribute to myocardial remodeling and
electrical instability in patients with coronary atherosclerosis. This study assessed
electrocardiographic biomarkers of metabolic cardiomyopathy and their
associations with metabolic syndrome components in 77 men aged 4277 years.
Resting 12-lead ECG and measurements of waist circumference, body mass index,
blood pressure, lipid profile, glucose, and C-peptide were performed. Metabolic
syndrome was identified in 80.5% of participants, while left ventricular
hypertrophy, T-wave abnormalities, ST elevation, arrhythmias, and ST depression
were frequently detected. Increased LDL cholesterol was associated with a 3.8-fold
higher risk of ECG signs of left ventricular hypertrophy, whereas elevated C-
peptide increased the risk of ST depression 3.3-fold.
Keywords: metabolic syndrome; metabolic cardiomyopathy; electrocardiographys;
coronary atherosclerosis; ECG biomarkers.
KOMITIOHEHTbI METABOJIMYECKOI'O CHUHIPOMA n
SJIEKTPOKAPIUOTPAOUYECKHUE  MAPKEPbI JIUCOYHKIUU
MUOKAPJA Y MY KUUH C KOPOHAPHBIM ATEPOCKJIEPO30M
XycannoBa MyHupa AjumepoBHa
ACCHCTEHT Kadeapbl NPoneaeBTUKYA BHYTPEHHHUX 00J1e3Hel
CamapkaHICKuil TOCyIapCTBEHHbIH MeIMIMHCKN YHUBEPCUTET
AHHOTALINA: MertalonuecKkuit CUHJIPOM MOJKET CIIO0COOCTBOBATH
PEMOJICTUPOBAHUIO MUOKAp/ia U HAPYIICHUSM €r0 AJIEKTPUUYECKOW aKTUBHOCTU Y

MalMeHTOB C KOPOHApHBIM aTepOCKIepOo3oM. B uccieoBaHHM  OLEHEHbI
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AIEKTpOKapauorpapuyeckre OHMoMapKepbhl METa0OJIMYECKON KapAuOMHUONATHHA M
UX CBSA3b C KOMIIOHEHTAMU METab0IMYECKOTO0 CUHIpOMA y 77 MY>KUMH B BO3pacTe
4277 ner. Bcem manumentam mpoBeneHa peructpamus JKI' B 12 cranmapTHbIX
OTBEJICHUSIX U OMpPEAENICHbI OKPYXHOCTh TAJIMW, WHIEKC MACChl Tela, MOKA3aTEeNH
apTepHabHOTO JAaBJICHUSA, JUMUAHOTO Tpodwis, Taoko3sl u  C-mentupa.
Metabonuueckuii cuHapoM BeIsiBiieH y 80,5% o0cne0BaHHbBIX, IPU 3TOM YacTO
PETUCTPUPOBAINCH TUNEPTPODPUS JIEBOro KeiyJouka, u3MeHeHus 3ybma T,
noBbiieHue cermenra ST, aputmum u genpeccus ST. IloBbIIEHHBI YpOBEHb
JIHII-xonectepuna OblT cBsizaH C 3,8-KpaTHbIM yBenuueHueM pucka OKI'-
NPU3HAKOB TUNEPTPOGUH JIEBOTO KETy104Ka, a noBbimenue C-nentuaa — ¢ 3,3-
KpaTHBIM YBEJIIMYEHHEM PUCKa Jenpeccuu ST.

KiroueBbie cJI0Ba: METa0OIUIECKUN CHUHJIPOM; MeTaboaudecKas
KapJIMOMUOIIATHS; dJeKTpokapauorpadus; KOpoHapHBIM aTepockiepo3; IKI'-
OHOMapKephl.

Introduction: Metabolic syndrome is a complex cluster of abdominal obesity,
elevated blood pressure, dyslipidemia, impaired glucose regulation, and insulin
resistance that increases cardiovascular risk. In patients with established coronary
atherosclerosis, the coexistence of metabolic abnormalities may increase
myocardial stress and contribute to structural and electrical changes. Metabolic
cardiomyopathy develops through interacting mechanisms that include oxidative
stress, insulin resistance, hyperglycemia, lipid toxicity, inflammation, and altered
myocardial energy metabolism. These processes may precede clinically evident
contractile dysfunction and can be reflected by electrocardiographic abnormalities.
Resting electrocardiography provides a practical method for identifying changes in
ventricular repolarization, myocardial hypertrophy, rhythm, and conduction.
Parameters such as the QT interval, corrected QT interval, ST-segment
displacement, T-wave morphology, the TVI>TV6 pattern, and left ventricular
hypertrophy may therefore provide useful information about myocardial

involvement. The relationship between these ECG findings and individual
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metabolic syndrome components remains clinically relevant in coronary
atherosclerosis. Assessment of waist circumference, body mass index, blood
pressure, lipid concentrations, glucose, and C-peptide can help characterize the
metabolic background associated with cardiac electrical abnormalities. Identifying
these associations may improve cardiovascular risk stratification and support
earlier recognition of metabolic myocardial injury. Therefore, an integrated
evaluation of metabolic and electrocardiographic parameters is important for
understanding the contribution of metabolic disturbances to myocardial
dysfunction in patients with coronary atherosclerosis.

Aim of the study: To evaluate electrocardiographic biomarkers of metabolic
cardiomyopathy and determine their associations with individual metabolic
syndrome components in men with angiographically verified coronary
atherosclerosis.

Materials and methods. The study included 77 men aged 42-77 years with
coronary atherosclerosis verified by coronary angiography, stable angina of
functional class II-IV, and no acute coronary syndrome. Participants were
residents of Western Siberia and provided informed consent before enrollment.
Patients with myocardial infarction within the previous 6 months, acute
inflammatory disease, exacerbation of chronic inflammatory disease, active liver
disease, renal insufficiency, or malignancy were excluded. Resting
electrocardiography was recorded in 12 standard leads and subsequently coded
according to the Minnesota system. The analyzed ECG markers included QT
duration, corrected QT interval, ST-segment elevation above the isoelectric line,
nonischemic ST depression, T-wave flattening or reduced amplitude, T-wave
inversion, the TVI>TV6 pattern, left ventricular hypertrophy, and rhythm or
conduction abnormalities. Metabolic syndrome and its components were assessed
according to the Russian expert recommendations. Waist circumference, body
mass index, systolic and diastolic blood pressure, total cholesterol, triglycerides,

HDL cholesterol, LDL cholesterol, glucose, and C-peptide were evaluated. Venous
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blood was collected in the morning after a 12-hour fast. Lipid and glucose
concentrations were measured using enzymatic methods, while serum C-peptide
was determined by enzyme-linked immunosorbent assay. Statistical analysis was
performed with SPSS 11.5 using Student's t-tests, correlation, linear and logistic
regression, and one-way ANOVA with Dunnett multiple comparisons between
study variables. Results were interpreted using the threshold. Statistical
significance was accepted at p<0.05.

Results. Among the 77 men with coronary atherosclerosis, metabolic syndrome
was identified in 62 participants (80.5%). Abdominal obesity was present in 62
patients (80.5%), and body mass index >30.0 kg/m? was recorded in 48 (62.3%).
Elevated systolic blood pressure >140 mmHg occurred in 39 men (50.6%), while
elevated diastolic blood pressure was observed in 11 (14.3%). Total cholesterol
exceeded the reference level in 58 participants (75.3%), reduced HDL cholesterol
was found in 45 (58.4%), and elevated LDL cholesterol in 58 (75.3%). Fasting
glucose exceeded 6.1 mmol/L in 21 men (27.3%), whereas C-peptide >0.5 ng/mL
was detected in 22 (28.6%). ECG analysis identified arrhythmias in 38 patients
(49.4%), left ventricular hypertrophy in 55 (71.4%), the TVI>TV6 pattern in 24
(31.2%), T-wave abnormalities in 58 (75.3%), ST-segment elevation in 44
(57.1%), ST depression in 23 (29.9%), and prolonged QT in 5 (6.5%). Correlation
analysis demonstrated a positive association between QT duration and systolic
blood pressure (r=0.317, p<0.01). ECG signs of left ventricular hypertrophy
correlated positively with total cholesterol (r=0.362, p<0.01) and LDL cholesterol
(r=0.263, p<0.05). ST depression was associated with C-peptide concentration
(r=0.262, p<0.01). Patients with elevated LDL cholesterol had a 3.8-fold higher
risk of ECG signs of left ventricular hypertrophy than those with normal LDL
levels (OR=3.8, p<0.05; 95% CI 1.26-13.05). Elevated C-peptide was associated
with a 3.3-fold higher risk of ST depression (OR=3.3, p<0.01; 95% CI 1.12-9.9).
Overall, this considerable metabolic burden was accompanied by multiple

electrical manifestations of myocardial involvement.
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Conclusions: Metabolic syndrome and its individual components were associated
with several ECG biomarkers of metabolic cardiomyopathy in men with coronary
atherosclerosis. Abdominal obesity, dyslipidemia, and metabolic syndrome were
accompanied by frequent ECG manifestations, particularly T-wave abnormalities,
left ventricular hypertrophy, arrhythmias, and ST-segment changes. QT
prolongation was positively related to systolic blood pressure, while left
ventricular hypertrophy was associated with total and LDL cholesterol. Elevated

C-peptide was linked to ST depression and increased its relative risk 3.3-fold.

Elevated LDL cholesterol was associated with a 3.8-fold higher risk of ECG signs

of left ventricular hypertrophy. These findings therefore support combined

metabolic and ECG assessment for identifying myocardial involvement and overall
cardiovascular risk evaluation.
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