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ABSTRACT 

Introduction: Acute myocardial infarction (AMI) is a leading cause of death, and diabetes mellitus is one of its 

strongest risk factors. 

Aim: To compare biochemical markers, namely homocysteine, glycemic parameters, cardiac markers (troponin I, 

CK-MB, AST) and lipid profile, in AMI patients with and without diabetes mellitus. 

Methods: A total of 94 AMI patients were studied: 50 with diabetes and 44 without. 

Results: Mean age was similar in the two groups (53.2 ± 17.8 vs 54.6 ± 18.6 years), as was the sex distribution (66.0% 

vs 61.4% male). As expected, random blood sugar (237.6 ± 65.4 vs 111.2 ± 18.1 mg/dL) and HbA1c (9.8 ± 1.9 vs 5.2 

± 0.3%) were markedly higher in diabetic patients (both P < 0.001). Mean serum homocysteine was more than 80% 

higher in diabetic patients (25.3 ± 7.2 vs 13.8 ± 4.6 μmol/L, P < 0.001); hyperhomocysteinemia (≥15 μmol/L) was 

present in 84% of diabetic and 23% of non-diabetic patients, and severe hyperhomocysteinemia (≥30 μmol/L) in 36% 

and 5%, respectively (both P < 0.001). CK-MB (211.4 ± 141.8 vs 179.2 ± 108.6 U/L, P = 0.024) and AST (187.6 ± 

109.8 vs 156.8 ± 101.4 U/L, P = 0.034) were higher in diabetic patients, whereas mean troponin I was 12.27 ± 16.68 

ng/mL in diabetic and 14.15 ± 17.11 ng/mL in non-diabetic patients. 

Conclusion: These findings indicate that AMI patients with diabetes carry a heavier burden of hyperglycemia, 

hyperhomocysteinemia and enzymatic evidence of myocardial injury than those without diabetes. Homocysteine 

estimation alongside conventional cardiac markers may help refine risk assessment in diabetic AMI patients, although 

prospective studies are needed to establish its prognostic value. 
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INTRODUCTION 

Cardiovascular diseases are the leading cause of death worldwide and in India, where coronary artery disease also 

tends to present at a younger age than in Western populations [1, 2]. Acute myocardial infarction (AMI) results from 

sudden interruption of coronary blood flow with myocardial ischemia and irreversible myocyte injury, and its 

diagnosis rests on a rise and fall of cardiac biomarkers in the appropriate clinical setting [3]. 

Diabetes mellitus is a major and independent risk factor for AMI. Diabetic patients have a risk of coronary events 

approaching that of non-diabetic patients with a previous infarction [4], and they have higher mortality after acute 

coronary syndromes [5]. Chronic hyperglycemia promotes endothelial dysfunction, oxidative stress, inflammation 

and accelerated atherosclerosis [6, 7]. Hyperglycemia at the time of infarction also carries an adverse prognosis in 

patients with and without diabetes [8]. 

Cardiac troponin I is the preferred marker of myocardial necrosis because of its sensitivity and specificity [3, 9]. 

Creatine kinase-MB (CK-MB) and aspartate aminotransferase (AST) are less specific but rise in infarction and are 

used to gauge the extent of myocardial damage [10, 11]. Dyslipidemia is characteristic of diabetes and further 

increases coronary risk [12]. 

Homocysteine, a sulfur-containing amino acid formed during methionine metabolism, has emerged as a risk marker 

for vascular disease. Meta-analyses of observational studies link higher homocysteine concentrations to ischemic 

heart disease [13, 14], and proposed mechanisms include endothelial dysfunction, oxidative stress and a prothrombotic 

state [15, 16]. Homocysteine concentrations are frequently raised in type 2 diabetes, and the combination of 

hyperhomocysteinemia and diabetes appears to carry a particularly high mortality risk [17, 18]. 

Few studies have compared homocysteine, glycemic indices, cardiac markers and lipids together in AMI patients with 

and without diabetes. The aim of the present study was therefore to measure and compare homocysteine, random 

blood sugar (RBS), glycated hemoglobin (HbA1c), lipid profile, troponin I, CK-MB and AST in AMI patients with 

and without diabetes mellitus. 
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MATERIAL AND METHODS 

Study place: Tertiary care center 

Study design: Cross sectional study 

Study duration: 18 months 

Study population: All the patients admitted in ICU for management of MI. 

Study subjects: 94 Sample of MI patients 

Study Setting 

This was a hospital-based comparative study conducted in the Bharati Vidyapeeth (Deemed to be University) Medical 

College & Hospital, Sangli, Maharashtra, India. The study protocol was approved by the Institutional Ethics 

Committee BV(DU)MC&H/Sangli/IEC/Dissertation2023-24/543 Dated: 04/04/2024 and written informed consent 

was obtained from all participants. 

Participants 

Ninety-four patients with AMI were included, 50 with diabetes mellitus (diabetic group) and 44 without (non-diabetic 

group). AMI was diagnosed according to the Fourth Universal Definition of Myocardial Infarction [3]. Diabetes was 

defined as RBS ≥ 126 and and/or HbA1c ≥ 6.5% detected on more than one occasion as per ADA criteria. 

Inclusion criteria: Subjects of all ages and both gender with of AMI were included. AMI diagnosis was based on 

history of chest pain, ECG changes and elevated cardiac enzymes. Diabetic and non-diabetic MI patients within 24 

hours of diagnosis will be included in this study. 

Exclusion criteria: Subjects who have the history congestive cardiac failure (CCF), valvular heart disease, patients 

with sever co-morbid condition (percutaneous coronary intervention, bypass grafting), patients already taking folic 

acid, vit B12 and vit B6 will be excluded from this. 

Sample Collection and Biochemical Analysis 

Venous blood was collected [timing relative to symptom onset]. Troponin I, CK-MB, AST, RBS, lipid profile (total 

cholesterol, triglycerides, LDL, HDL), HbA1c and serum homocysteine were measured on [analyzer, methods and 

kit manufacturers]. Reference ranges are given in the tables. Hyperhomocysteinemia was defined as homocysteine ≥ 

15 μmol/L and severe hyperhomocysteinemia as ≥ 30 μmol/L. 

Statistical Analysis 

Continuous variables are presented as mean ± standard deviation and categorical variables as number (percentage). 

The two groups were compared with independent samples t-test for continuous variables and the chi-square test for 

categorical variables. A P value < 0.05 was considered statistically significant. Analyses were done with GraphPad 

prism 5.0. 

 

RESULTS 

Characteristics of the study population 

The mean age of the 94 patients was 53.8 ± 18.2 years (range 20-94 years). Age and sex distribution did not differ 

significantly between diabetic and non-diabetic patients (Table 1). 

 

Table 1: Sociodemographic characteristics of AMI patients with and without diabetes mellitus 

 

Characteristic Diabetic (n = 50) Non-diabetic (n = 44) P value 

Age (years), mean ± SD 53.2 ± 17.8 54.6 ± 18.6 0.342a 

Male, n (%) 33 (66.0) 27 (61.4) 0.471b 

Female, n (%) 17 (34.0) 17 (38.6)  
a Independent samples t-test; b chi-square test. 

Glycemic parameters 

RBS and HbA1c were markedly higher in diabetic than in non-diabetic AMI patients (P < 0.001 for both; Table 2). 

Mean values in non-diabetic patients were within the reference range. 

 

Table 2: Glycemic parameters in AMI patients with and without diabetes mellitus 

 

Parameter Reference range Diabetic (n = 50) Non-diabetic (n = 

44) 

P value 

RBS (mg/dL) 70-140 237.6 ± 65.4 111.2 ± 18.1 < 0.001 

HbA1c (%) < 5.7 9.8 ± 1.9 5.2 ± 0.3 < 0.001 

Values are mean ± SD. RBS, random blood sugar; HbA1c, glycated hemoglobin. 

Cardiac markers 

Mean CK-MB and AST were significantly higher in diabetic patients (211.4 ± 141.8 vs 179.2 ± 108.6 U/L, P = 0.024; 

and 187.6 ± 109.8 vs 156.8 ± 101.4 U/L, P = 0.034, respectively; Table 3). Mean troponin I was 12.27 ± 16.68 ng/mL 
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in diabetic and 14.15 ± 17.11 ng/mL in non-diabetic patients (reported P < 0.001). All three markers were well above 

their reference ranges in both groups. 

 

Table 3: Cardiac markers in AMI patients with and without diabetes mellitus 

 

Parameter Reference range Diabetic (n = 50) Non-diabetic (n = 

44) 

P value 

Troponin I (ng/mL) < 0.04 12.27 ± 16.68 14.15 ± 17.11 < 0.001 

CK-MB (U/L) 0-25 211.4 ± 141.8 179.2 ± 108.6 0.024 

AST (U/L) 0-40 187.6 ± 109.8 156.8 ± 101.4 0.034 

Values are mean ± SD. CK-MB, creatine kinase-MB; AST, aspartate aminotransferase. 

 

Homocysteine 

Serum homocysteine was substantially higher in diabetic than in non-diabetic patients (25.3 ± 7.2 vs 13.8 ± 4.6 

μmol/L, P < 0.001; Table 4). Hyperhomocysteinemia was present in 42 (84%) diabetic and 10 (23%) non-diabetic 

patients, and severe hyperhomocysteinemia in 18 (36%) and 2 (5%), respectively (P < 0.001 for both). 

 

Table 4: Serum homocysteine in AMI patients with and without diabetes mellitus 

 

Parameter Diabetic (n = 50) Non-diabetic (n = 

44) 

P value 

Homocysteine (μmol/L), mean ± SD 25.3 ± 7.2 13.8 ± 4.6 < 0.001a 

Hyperhomocysteinemia (≥ 15 μmol/L), n (%) 42 (84) 10 (23) < 0.001b 

Severe hyperhomocysteinemia (≥ 30 μmol/L), n (%) 18 (36) 2 (5) < 0.001b 
a Independent samples t-test; b chi-square / Fisher's exact test. 

 

DISCUSSION 

In this comparison of 94 AMI patients, those with diabetes had markedly higher homocysteine than those without, 

with a mean about 11 μmol/L higher and hyperhomocysteinemia in more than four of five diabetic patients. Diabetic 

patients also had higher CK-MB and AST, while age and sex were well balanced between the groups, so these 

differences are unlikely to be explained by demographic imbalance. 

The strong association between diabetes and homocysteine agrees with earlier work reporting raised homocysteine in 

type 2 diabetes, particularly in those with macrovascular disease, nephropathy and insulin resistance [17]. It is also 

consistent with prospective data showing that hyperhomocysteinemia carries a greater mortality risk in diabetic than 

non-diabetic individuals [18]. Raised homocysteine predicts adverse outcomes in patients with established coronary 

disease [19] and may contribute to vascular injury through endothelial dysfunction, oxidative stress and thrombosis 

[15, 16]. In the present study the high prevalence of severe hyperhomocysteinemia among diabetic patients (36%) 

deserves attention. Factors that influence homocysteine, such as renal function, vitamin B12 and folate status and 

metformin use, and could contribute to the difference. 

The higher CK-MB and AST in diabetic patients suggest a larger enzymatic footprint of myocardial injury, which fits 

the observation that diabetes is associated with worse outcomes after acute coronary syndromes [5]. Troponin I did 

not show the same pattern: its mean was numerically lower in diabetic patients, and the large standard deviations 

indicate a skewed distribution. The sampling time relative to symptom onset strongly affects troponin and CK-MB 

values [9, 11], so these results should be interpreted with care. 

As expected, RBS and HbA1c were much higher in diabetic patients. The mean HbA1c of 9.8% indicates poor long-

term glycemic control in this group, which is relevant because hyperglycemia in the setting of infarction is associated 

with increased mortality [8]. 

Whether homocysteine is a cause or only a marker of risk remains uncertain, because large trials of homocysteine 

lowering with B vitamins did not reduce cardiovascular events [20]. The present data therefore support homocysteine 

as a marker of risk in diabetic AMI patients rather than as evidence for treatment. 

This study has limitations. It was conducted with a modest sample, and the design does not allow conclusions about 

causality or outcomes. Follow-up data were [not available], so the prognostic value of homocysteine could not be 

assessed. Confounders such as medication, renal function and nutritional status may not have been fully controlled. 

 

FUTURE PERSPECTIVES 

Larger, multicenter prospective cohorts with follow-up are the first priority. Hyperhomocysteinemia and diabetes 

together carry a high mortality risk in population studies [18], and diabetic patients fare worse after acute coronary 
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syndromes [1, 3, 5, 12, 15, 21–25]. Whether admission homocysteine predicts in-hospital and long-term mortality, 

heart failure or recurrent infarction in diabetic AMI patients has not been settled and should be tested with pre-

specified outcomes. 

Genetic studies would be a natural extension. Genotyping of the MTHFR C677T variant together with measured 

homocysteine, folate and vitamin B12 could show how much of the raised homocysteine is inherited, nutritional or 

related to diabetes treatment. Mendelian randomization data suggest that lifelong moderate elevation of homocysteine 

has little or no effect on coronary heart disease [26], so such work should aim to clarify whether homocysteine is a 

marker or a mediator of risk in diabetic patients [2, 9, 27–29]. 

Interventional questions remain open. B-vitamin supplementation lowered homocysteine but did not reduce 

cardiovascular events in patients with vascular disease [20]. Whether a benefit exists in the subgroup with diabetes 

and severe hyperhomocysteinemia (≥ 30 μmol/L) is unknown and could be examined in a targeted, adequately 

powered trial. 

Standardized and serial biomarker sampling should be used. Troponin and CK-MB concentrations depend strongly 

on the time since symptom onset [3, 9], so future studies should record timing, use high-sensitivity troponin assays, 

and report medians with interquartile ranges, including peak values and infarct size, to allow fair comparison between 

diabetic and non-diabetic patients. 

Finally, multi-marker panels combining homocysteine, glycemic indices, lipids and cardiac enzymes could be 

analysed with machine-learning methods. Artificial intelligence approaches are already being applied in 

pharmacokinetic and pharmacodynamic modelling [27] and in microbiome research [30], and similar approaches 

could be explored for risk stratification in AMI, provided that models are validated in independent cohorts [19, 30–

38]. 

 

CONCLUSION 

AMI patients with diabetes mellitus had significantly higher homocysteine, a much higher frequency of 

hyperhomocysteinemia, and higher CK-MB and AST than AMI patients without diabetes. Measuring homocysteine 

together with conventional cardiac markers may help to identify diabetic AMI patients at higher risk. Prospective, 

larger studies with outcome data are needed to establish its clinical value. 
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