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Abstract


Type 2 diabetes mellitus (T2DM) affects 90% of diabetes cases and worsens cardiovascular health by causing oxidative stress, which leads to oxidized LDL (oxLDL) and foam cell formation, contributing to atherosclerosis. This study examined the relationship between CD36 gene variants, soluble CD36 (sCD36), oxLDL, and MDA-LDL in T2DM and ST-segment elevation myocardial infarction (STE-T2DM) patients in western Mexico. The analysis included 400 T2DM patients, 400 STE-T2DM patients, and 400 healthy controls. Results showed that STE-T2DM patients were older, mainly male, and had higher rates of smoking, sedentarism, and hypertension. Both diabetic groups exhibited elevated triacylglycerols and low HDL, with significantly higher C-reactive protein in STE-T2DM (p < 0.0001). No significant differences in CD36 gene variant frequencies were found, but sCD36 levels were elevated in STE-T2DM, with associations to specific genotypes. oxLDL was higher in STE-T2DM compared to controls (p = 0.0268). Binary logistic regression analysis identified male sex, younger age, sedentarism, and rs3173798 T/T genotype as independent risk factors for myocardial infarction (AUC: 0.9267, p < 0.0001). Elevated sCD36 levels may reflect atherosclerosis progression in diabetes, indicating the need for further studies to clarify CD36’s role in cardiometabolic dysfunction. These findings highlight CD36’s involvement in oxidative stress responses through its interaction with oxLDL and MDA-LDL, suggesting its potential role as a molecular target in antioxidant defense mechanisms.
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1. Introduction


Type 2 diabetes mellitus (T2DM) accounts for 90% of diabetes cases worldwide, and its prevalence is increasing globally [1]. T2DM is a significant comorbidity in myocardial infarction (MI) patients, present in 30% of hospitalized MI cases [2]. T2DM is associated with greater short- and long-term morbidity and mortality in patients with ST-segment elevation myocardial infarction (STEMI), who have a higher risk of bleeding, arrhythmias, heart failure, and death compared to non-T2DM patients [3].



Type 2 diabetes mellitus (T2DM) increases the risk of myocardial infarction through multiple mechanisms. Hyperglycemia and hyperinsulinemia impair endothelial function by reducing vasodilation and increasing oxidative stress [4]. T2DM also alters lipid metabolism by increasing small dense LDL particles that are prone to oxidation. These oxidized particles, including MDA-LDL and oxLDL, are taken up by macrophages via CD36, promoting foam cell formation and accelerating atherosclerosis [5,6]. These mechanisms contribute to the elevated cardiovascular morbidity and mortality observed in diabetic patients [7].



CD36 is an 88 kDa transmembrane glycoprotein involved in the uptake of oxLDL and regulation of lipid homeostasis. It plays a key role in various metabolic and cardiovascular disorders, including obesity, insulin resistance, dyslipidemia, and atherosclerosis [8,9]. Its expression is linked to insulin resistance due to increased fatty acid availability, and its role in foam cell generation is mediated by the uptake of MDA-LDL [5,10,11]. Elevated MDA-LDL levels have also been proposed as prognostic markers in coronary artery disease among individuals with T2DM [12,13].



The CD36 gene, located on chromosome 7q11.2, comprises 15 exons. Single nucleotide variants (SNVs) such as rs3211938, rs3173798, and rs1761667 have been linked to T2DM and atherosclerosis by altering CD36 expression and function, potentially affecting lipid profiles and contributing to cardiovascular risk [9,14,15]. To date, these variants have not been studied in the Mexican population. Given that oxLDL and MDA-LDL are key products of lipid peroxidation during oxidative stress and that CD36 mediates their uptake in macrophages, this receptor plays a central role in redox imbalance and atherogenesis [8,16]. Therefore, understanding CD36’s genetic and soluble variants may provide insight into antioxidant pathways relevant to cardiometabolic diseases. Therefore, this study aimed to evaluate the association of these CD36 SNVs with circulating levels of soluble CD36 (sCD36), MDA-LDL, and oxLDL in T2DM patients with and without STEMI, as well as in healthy individuals from western Mexico.




2. Materials and Methods


2.1. Study Population


The study included 800 clinically diagnosed patients; of these, 400 had ST-segment elevation myocardial infarction (STE-T2DM), and 400 had type 2 diabetes mellitus (T2DM) without a history of ischemic heart disease.



	
Inclusion Criteria:






For the cases, patients diagnosed with Type II Diabetes Mellitus (T2DM) according to the American Diabetes Association (ADA) were included, along with the co-occurrence of Acute Coronary Syndrome (ACS). This includes unstable angina or myocardial infarction (MI), with or without ST-segment elevation, classified based on the criteria set by the American College of Cardiology. These patients were selected from western Mexico.



Unstable angina refers to recent onset of angina pain or worsening of previously stable or prolonged angina at rest, with or without minimal electrocardiographic changes, and no increase in cardiac markers.



NSTEMI (Non-ST Elevation Myocardial Infarction) involves prolonged angina pain at rest, minimal electrocardiographic changes, no ST-segment elevation, or transient elevation, along with increased cardiac markers.



STEMI (ST-Elevation Myocardial Infarction) is characterized by prolonged angina pain at rest with characteristic electrocardiographic changes, including ST-segment elevation and a significant increase in cardiac markers.



The control group was based on a population of individuals without a history of ischemic heart disease, matched by age to the cases (over 45 years old) and recruited at the Mexican Institute of Social Security. These controls also had a diagnosis of Type II Diabetes Mellitus (T2DM) as per the ADA.



For all groups, participation was voluntary, and informed consent was obtained from each participant.



	
Non-Inclusion Criteria:






Individuals with underlying chronic heart diseases, such as myocarditis, pericarditis, hypertrophic cardiomyopathy, valvopathies, Tako–Tsubo cardiomyopathy, cardiac trauma, or congestive heart failure, were excluded. Additionally, those with non-cardiac diseases such as pulmonary embolism, pulmonary infarction, pneumothorax, pleuritis, pneumonia, anemia, aortic dissection, aortic aneurysm, esophageal spasm, or cerebrovascular disease were also excluded. Individuals with familial hypercholesterolemia, relatives of patients with hypercholesterolemia, or those who had received a blood transfusion within the last two months were also excluded.



For the control group based on the population, individuals with a personal history of ischemic heart disease, familial hypercholesterolemia, relatives, or those who had received a blood transfusion within the last two months were excluded.



	
Exclusion Criteria:






Exclusion was also applied to those who had incomplete molecular typing due to insufficient or poor-quality samples, lacked complete clinical history data, or requested to withdraw from the study.




2.2. Variables and Definitions for Study Participants


For the definition of clinical variables, the criteria were based on the 2019 ACC/AHA Guideline on the Primary Prevention of ASCVD [17], as described in Supplementary Table S6.




2.3. Ethical Approval and Informed Consent


Participants were recruited at the National Medical Center of the West, Jalisco, Mexico, and all subjects provided informed consent in accordance with the 2013 Declaration of Helsinki. This study was registered in the Research Committee (CI-CUCS), the Biosafety Committee (CBS-CUCS), and the Research Ethics Committee (CEI-CUCS) of the University Center of Health Sciences at the University of Guadalajara, under registration number CI-01614 (July 2019).




2.4. Biochemical Measurements


Venous blood samples were collected after overnight fasting. The biochemical parameters measured included glucose, triacylglycerols, total cholesterol, LDL cholesterol, HDL cholesterol, apolipoproteins A-I and B, and high-sensitivity C-reactive protein (hsCRP). Serum parameters were measured with standard kits of Biosystems (Costa Brava 30, Barcelona (Spain)) on an automated analyzer Mindray BS-120 (Reactivo Germania #9, Hermosillo, Sonora, México). In STE-T2DM patients, samples were collected approximately 48 h after the ischemic event, taking into account the patients’ pharmacological treatment, which included medications such as acetylsalicylic acid, clopidogrel, statins, heparin, enoxaparin, among others, all of which were considered in the statistical analysis.




2.5. Genotyping


Genomic DNA (gDNA) was extracted from whole venous blood using the modified Miller method, and its concentration was determined spectrophotometrically. Samples were stored at −20 °C until use. Genetic variants of the CD36 gene (catalog numbers: C_8314999_10, C_12101686_10, and C_27468957_10 for rs1761667, rs3211938, and rs3179798, respectively) were genotyped using TaqMan Assays (Thermo Fisher Scientific Inc, Mexico City, México), following the manufacturer’s protocol. To ensure quality, double-blind genotyping was performed on one-fourth of the samples, with no variation in genotype assignment. Additionally, 15% of the samples were replicated to verify the genotypes.




2.6. Measurement of sCD36, oxLDL, and MDA-LDL


Plasma levels of soluble CD36 (sCD36), oxidized low-density lipoproteins (oxLDL), and low-density lipoproteins modified by malondialdehyde (MDA-LDL) were measured in duplicate by ELISA assays using the human soluble CD36 kit from MyBioSource (MBS011248) (MyBioSource, Inc., San Diego, CA, USA) and human oxLDL and MDA-LDL kits (MBS265658 and MBS7254336, respectively) (MyBioSource, Inc., San Diego, CA, USA), following the manufacturer’s instructions. As a quality control, a coefficient of variation below 10% between replicates was accepted.



The term “oxidized LDL” refers to a variety of LDL preparations that have been oxidatively modified under defined ex vivo conditions. The main challenge when comparing results from different oxidized LDL studies is the heterogeneity of the preparations used. There is no widely accepted “gold standard” for preparing oxidized LDL ex vivo, and isolated tissue preparations can vary greatly between laboratories in terms of both composition and biological effects. Typically, oxidized LDL preparations are classified into two categories: “minimally modified” LDL (MM-LDL) and “oxidized” LDL (OxLDL). The main difference between them is that MM-LDL, although chemically distinct from unmodified LDL, is still recognized by the LDL receptor, while OxLDL is recognized by various scavenger receptors but not by the LDL receptor. The chemical and biological properties of oxidized LDL depend on the oxidizing agent and the oxidation conditions used, but most studies do not report the exact composition of LDLox or the oxidation conditions, making it difficult to compare their biological effects [18].



To obtain reference values, 400 healthy individuals (reference group, RG) were recruited, all with a normal glucose tolerance test and fasting glucose levels within the normal range. Additionally, they were ensured to have no personal pathological history of chronic diseases.



The RG was not intended for genetic comparisons. Instead of genotyping, a more accessible and feasible methodology was used, such as ELISA tests, which provides relevant information about biomarkers associated with type 2 diabetes and other metabolic diseases. This approach is particularly suitable given the high prevalence of type 2 diabetes and related metabolic issues in the Mexican population. Additionally, the costs associated with genetic testing are substantial and exceed the resources available for this study, which justified the choice of alternative methods like biochemical tests to analyze metabolic health indicators.



While these approaches are limited in genetic analysis, they are feasible within budgetary constraints and allow for meaningful research that contributes to understanding metabolic transitions and their link to chronic diseases in a high-risk population like the Mexican one.



In addition to the manufacturer’s instructions, the samples were analyzed in duplicate on each plate, and serial dilutions of the standard were included. It was verified that the coefficient of variation was below 10% for each replicate. Furthermore, efforts were made to ensure the representativeness of the three possible genotypes and clinical spectrum in the case of patients. Whenever possible, pairing was achieved based on sex, age, and the presence of cardiovascular risk factors.




2.7. Statistical Analysis


Statistical analysis was performed using R Studio 2024.09.1+394 (Bell Labs, Murray Hill, NJ, USA). The Mann–Whitney U test was used to analyze quantitative variables. Genetic variants were compared between groups using the chi-squared (χ2) test with a 95% confidence interval (CI). Associations were expressed as odds ratios (OR). The Hardy–Weinberg equilibrium was calculated from the genotype distribution. To estimate the relationship between cardiovascular risk factors (comorbidities, sex, medication use), binary and multivariable regression models were used. To control type I error due to multiple comparisons, Bonferroni correction was applied.





3. Results


A total of 800 patients with T2DM (400 with STEMI and 400 without) and 400 healthy controls were included. The patients with STE-T2DM were older, predominantly male, and had higher frequencies of smoking, sedentarism, and hypertension compared to the T2DM patients. The T2DM patients exhibited higher total cholesterol, triacylglycerols, LDL, Apo-AI, and Apo-B levels, while the CRP was significantly elevated in the STE-T2DM group. The HDL was low in both diabetic groups. (see Table 1 and Table 2).



As all participants had a previous clinical diagnosis of type 2 diabetes mellitus (T2DM), elevated glucose levels were expected in both groups. While the glucose levels in both groups were elevated and outside the normal range, the STE-T2DM group showed slightly higher values (median 187.5 mg/dL vs. 159 mg/dL, Table 2), though not statistically significant. This lack of significance may be due to the timing of sample collection in the STE-T2DM group, which occurred approximately 48 h after the ischemic event, during hospitalization and active pharmacological management. This likely mitigated the acute hyperglycemia typically seen in myocardial infarction. Therefore, the observed results might reflect post-infarction stabilization under standard care. In the T2DM group, the glucose levels were also elevated and exceeded the reference range. This finding is consistent with reports indicating that a substantial proportion of patients with type 2 diabetes mellitus do not achieve optimal glycemic control, despite being under medical treatment. Factors such as disease duration, treatment adherence, and presence of comorbidities may contribute to persistent hyperglycemia in this population [19]. In addition, HbA1c data were not included in the analysis due to inconsistent availability and the known limitations of interpreting HbA1c levels during acute cardiovascular events, which is acknowledged as a limitation of this study.



No significant differences were observed in the allelic or genotypic frequencies of the CD36 SNVs (rs1761667, rs3173798, and rs3211938) between the STE-T2DM and T2DM groups. All variants conformed to the Hardy–Weinberg equilibrium. The rs3211938 G allele was rare in both groups (0.5% in STE-T2DM vs. 1.0% in T2DM), and no G/G homozygotes were detected. For rs3173798, the C allele frequencies were 13.1% in STE-T2DM and 14.1% in T2DM. For rs1761667, the G allele was present in 37.0% of STE-T2DM and 37.9% of T2DM cases. No significant differences were found under codominant, dominant, or recessive inheritance models (p > 0.25 for all comparisons). Haplotype analysis and linkage disequilibrium (LD) between rs1761667 and rs3173798 (D’ = 0.85) revealed no significant associations between groups. Full genotypic frequencies, odds ratios, and LD data are available in Supplementary Tables S1 and S2.



The sCD36 levels were significantly higher in STE-T2DM patients (10.66 ng/mL) compared to T2DM (9.38 ng/mL) and controls (7.26 ng/mL, p < 0.0001). In STE-T2DM, the rs1761667 A/G genotype was associated with increased sCD36 levels (p = 0.0068). In T2DM, rs3173798 T/C and T/T genotypes were associated with reduced sCD36 levels (p < 0.0001). These associations remained significant after Bonferroni correction. A positive association was also observed between sCD36 and clinical factors such as reinfarction and hypertension, while overweight was associated with lower sCD36 (Figure 1A).



oxLDL levels were elevated in STE-T2DM compared to the reference group (1888.6 pg/mL vs. 1312.5 pg/mL, p = 0.0268). No other significant differences in oxLDL or MDA-LDL concentrations were detected across groups (Figure 1B,C). However, in T2DM patients, overweight and obesity were associated with higher MDA-LDL, and the rs3173798 T/C genotype was inversely associated with its levels. These associations did not remain significant after Bonferroni correction. Correlation analysis revealed a negative correlation between sCD36 and MDA-LDL in STE-T2DM (r = –0.30, p = 0.0402).



Binary logistic regression identified male sex, younger age, sedentary lifestyle, and rs3173798 T/T genotype as independent risk factors associated with STEMI in T2DM (AUC = 0.93, p < 0.01). The full regression outputs are available in Supplementary Tables S3–S5.




4. Discussion


4.1. Clinical and Biochemical Characteristics of the Study Population


This study analyzed three oxidative stress markers and their relationship with genetic variants located at their respective loci by comparing T2DM patients with and without a history of STEMI. We identified a high prevalence of cardiovascular risk factors—particularly smoking, sedentary lifestyle, metabolic syndrome, and hypertension—consistent with data from the Mexican population [20,21]. This clinical profile was reflected in biochemical alterations typical of T2DM, such as elevated ApoB and glucose levels. Interestingly, the T2DM group showed higher concentrations of total cholesterol, triacylglycerols, LDL-C, and ApoB than the STE-T2DM group, possibly due to intensive pharmacological management during hospitalization. This aligns with reports documenting post-infarction reductions of up to 39% in LDL-C, 47% in triacylglycerols, and 11% in HDL-C due to inflammation and lipid redistribution [22].




4.2. CD36 Gene Variants and Haplotype Distribution


Regarding the analyzed variants, the rs1761667 A>G polymorphism showed a distribution consistent with that reported by Ramos-López et al. [23] in western Mexican populations, with allele frequencies of 63% for A and 37% for G. The most frequent genotype was A/G, and no significant differences were observed between the STE-T2DM and T2DM groups under the dominant model (p = 0.4261).



Similarly, for rs3173798 T>C, the C allele frequency was 13.1% in STE-T2DM and 14.1% in T2DM, with low prevalence of the C/C genotype (~2%). This is consistent with its location in a conserved splice site of intron 3, which may limit its variability [24], and slightly lower than the 16% reported by Wojcik et al. (2019) in Mexican populations [25]. No inheritance model showed significant association with STEMI.



As for rs3211938 T>G, the G allele was rare (1% in STE-T2DM, 2% in T2DM), and no G/G homozygotes were detected. While Martín-Márquez et al. (2021) [26] reported complete absence of this allele in Mexican individuals, our findings are consistent with global reports that describe its near absence in non-African populations. Its limited frequency aligns with the estimated genetic ancestry in western Mexico, which includes approximately 9% African origin [27], but its rarity constrains its predictive value for CD36 deficiency in this population. Significant linkage disequilibrium between rs3173798 and rs1761667 was identified in the reference group (D’ = 0.85, p < 0.05), indicating cohesive inheritance between these loci. This association may be due to their physical proximity within CD36 or evolutionary pressures conserving certain allele combinations.



Haplotype analysis (rs3173798–rs1761667) revealed three common combinations—TA (~60%), TG (~23%), and CG (~17%)—with no significant differences between STE-T2DM and T2DM groups, suggesting haplotype stability despite linkage disequilibrium in the reference population. This supports the notion that CD36-related cardiometabolic risk is more likely driven by the independent effects of specific variants: rs3173798, associated with splicing and lipid metabolism [14,28], and rs1761667, known to influence transcriptional activity [14]. A similar lack of haplotype association with T2DM or dyslipidemia was reported in a Jordanian population [9], reinforcing that haplotypes may not underlie disease susceptibility. Nonetheless, gene–environment or gene–gene interactions—particularly with obesity, hypertension, or sedentary lifestyle—cannot be ruled out [11]. Larger, multilocus studies are needed to better understand the functional impact of CD36 in cardiometabolic disorders.




4.3. Soluble CD36 as a Potential Biomarker


Plasma sCD36 levels were significantly higher in STE-T2DM patients compared to the T2DM and reference groups. Elevations of this marker have been linked to carotid intima-media thickening—a preclinical indicator of cardiovascular disease in both diabetic and non-diabetic individuals [16,29,30]. Nonetheless, its clinical role remains debated, as other studies have found no correlation between sCD36 and atherosclerosis imaging parameters [28].



From a molecular standpoint, hyperglycemia may activate PPAR-γ, promoting CD36 overexpression in macrophages and accelerating atherogenesis in diabetes [16,30]. CD36 is also implicated in lipid-induced insulin resistance and increased oxidized LDL uptake by monocytes, even in metabolically normal individuals. Additionally, its activation contributes to β-cell dysfunction and loss of pancreatic mass, thereby impairing insulin secretion [31].



Although no significant sCD36 differences were observed between the T2DM and reference groups—consistent with Castelblanco et al. (2017) [32]—other studies have reported elevated levels in diabetic subjects versus healthy controls [26,29] supporting its potential utility as a cardiovascular risk marker in specific populations.




4.4. Associations Between CD36 Variants and sCD36 Levels


No direct association was found between CD36 polymorphisms (rs1761667, rs3173798, rs3211938) and STEMI risk in T2DM patients, nor with circulating sCD36 levels overall.



Regarding rs3173798, its C allele has been associated with lower HDL and increased cardiovascular risk [14]. Although no relationship was found with sCD36 levels in STE-T2DM, the T/T and T/C genotypes in T2DM were associated with reduced sCD36, suggesting a possible genotype-context regulatory effect. This aligns with evidence linking the variant to dyslipidemia, obesity, and diabetes—conditions closely tied to cardiovascular risk [14,33,34] It is important to note that several clinical variables, including sex, smoking status, hypertension, and sedentary lifestyle, differed significantly between the STE-T2DM and T2DM groups. These factors are known contributors to cardiovascular risk and could potentially confound the associations under study. To minimize bias, we incorporated these variables into the multivariable logistic and linear regression models. This adjustment allowed us to evaluate the independent effects of CD36 gene variants and oxidative biomarkers on myocardial infarction risk. The significant associations observed—particularly for sCD36 levels and the rs3173798 T/T genotype—remained robust after controlling for these covariates.




4.5. Interpretation of Oxidative Biomarker Results


Regarding oxidative biomarkers, no significant MDA-LDL level differences were detected between groups. This contrasts with studies reporting elevated MDA-LDL in acute myocardial infarction patients (p < 0.001). Myocardial ischemia promotes reactive oxygen species generation and lipid peroxidation products like F2-isoprostanes, which enhance platelet aggregation and drive LDL oxidative modification in the vascular intima [35].



Statins use was associated with lower MDA-LDL levels, consistent with studies demonstrating these drugs’ oxidative stress-reducing effects [36]. A positive correlation between MDA-LDL and hypertension was also observed, aligning with Geshi et al. (2005) [37]. In T2DM, overweight and obesity were associated with higher MDA-LDL levels, while the rs3173798 T/C genotype showed an inverse association, suggesting genotype-dependent modulation influenced by body weight.



Regarding oxLDL, no significant group differences were found; however, in STE-T2DM, its concentration was negatively associated with amlodipine use. Previous studies have demonstrated that this drug reduces LDL oxidizability and enhances antioxidant defenses via the glutathione system and nitric oxide synthase activity, which may explain the observed trend [38].



These findings support the protective effect of certain treatments on oxidative stress biomarkers. Nevertheless, a larger cohort and stratified analysis are required to validate these associations and deepen the understanding of pharmacological treatment, genetic profile, and oxidative stress interactions in T2DM patients.




4.6. Study Limitations and Future Directions


Although no significant associations were identified between CD36 polymorphisms (rs1761667, rs3173798, rs3211938) and plasma levels of sCD36, MDA-LDL, or oxLDL, these results do not rule out a functional CDS6 role in oxidative stress and cardiovascular risk in T2DM. Variants not included here, such as rs1527483, or extended haplotype combinations, may influence biomarker variability. Indeed, rs3211938 has been previously linked to glucose, oxLDL, and insulin in Mexican T2DM patients. Moreover, linkage disequilibrium between rs3173798 and rs1761667 observed in the reference group suggests functional haplotypic configurations that our study was underpowered to detect due to sample size or low allele frequencies.



CD36 expression and its soluble form may be modulated by epistatic interactions, clinical conditions (hyperglycemia, obesity, hypertension), and environmental factors like sedentary lifestyle or smoking. Post-transcriptional mechanisms—including microRNA regulation and hyperglycemia-induced mitochondrial dysfunction—also play a role. These complex genetic, metabolic, and environmental interactions may explain the absence of detectable associations, particularly in highly heterogeneous mestizo populations such as western Mexico.



Future studies should include broader CD36 gene analysis, extended haplotype exploration, gene–gene interaction investigation, and multiomic or epigenetic approaches to elucidate mechanisms linking CD36 with metabolic dysfunction and atherogenesis in T2DM.





5. Conclusions


In conclusion, our study highlights the complex interplay between CD36 gene variants, circulating oxidative biomarkers, and cardiovascular risk in Mexican patients with T2DM. While no direct associations were observed between the analyzed polymorphisms and the presence of STEMI, elevated sCD36 levels in STE-T2DM patients suggest its potential role as a marker of cardiovascular stress or endothelial activation. Additionally, the rs3173798 T/T genotype was associated with lower sCD36 levels in T2DM patients, pointing to possible genotype-context regulatory mechanisms.



Although MDA-LDL and oxLDL did not differ significantly between groups, trends observed in relation to pharmacological treatments underscore the importance of medication in modulating oxidative stress. These findings support the relevance of considering clinical context and comorbidities when interpreting biomarker data.



Future studies should explore extended haplotypes, gene–gene and gene–environment interactions, and multiomic approaches to better understand the contribution of CD36 to oxidative stress and atherogenesis. Such insights may pave the way for more personalized prevention strategies in high-risk diabetic populations.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/antiox14080999/s1. Table S1. Genotypic and allelic frequencies of the study groups. Table S2. CD36 Gene Haplotypes. Table S3. Linear Regression Analysis of Factors Associated with Plasma sCD36 Levels in the STE-T2DM Group. Table S4. sCD36 and MDA-LDL linear regression analysis in T2DM group. Table S5. Binary logistic regression. Table S6. Variables and Definitions for Study Participants.





Author Contributions


B.P.-R.: Writing—original draft (lead); formal analysis (lead); writing—review and editing (lead). I.Y.R.-B.: Writing—original draft (lead); formal analysis (lead); writing—review and editing (lead). T.C.G.-G.: Writing—review and editing (equal). L.F.D.-A.: Writing—review and editing (equal). J.R.P.-G.: Conceptualization (supporting); writing—review and editing (equal); formal analysis (supporting). A.Q.-R.: Writing—review and editing (equal); writing—original draft (supporting); resources (supporting); formal analysis (supporting). H.E.F.-S.: Resources (lead); formal analysis (supporting). E.V.-A.: Validation (supporting); methodology (lead). J.F.M.-V.: Supervision (lead); validation (lead); Y.V.: Conceptualization (lead); funding acquisition (lead); writing—review and editing (lead). All authors have read and agreed to the published version of the manuscript.




Funding


This research was partially funded by PROSNI 2023 and 2024, CUCS, University of Guadalajara (UDG). The Article Processing Charge (APC) was funded by APPAC VII 2025, CUCS, UDG, awarded to Yeminia Valle.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, was approved by the Research Ethics Committee of the University Center for Health Sciences (CUCS), and was assigned the registration number CI-01614, February 2022.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is contained within the article and Supplementary Materials.




Conflicts of Interest


The authors declare no conflicts of interest.




Abbreviations


The following abbreviations are used in this manuscript:



	STEMI
	ST elevation myocardial infarction



	NSTEMI
	Non-ST elevation myocardial infarction









References


	



GBD 2021 Diabetes Collaborators. Global, regional, and national burden of diabetes from 1990 to 2021, with projections of prevalence to 2050: A systematic analysis for the Global Burden of Disease Study 2021. Lancet 2023, 402, 203–234. [Google Scholar] [CrossRef]

	



Milazzo, V.; Cosentino, N.; Genovese, S.; Campodonico, J.; Mazza, M.; De Metrio, M.; Marenzi, M. Diabetes Mellitus and Acute Myocardial Infarction: Impact on Short and Long-Term Mortality. In Diabetes: From Research to Clinical Practice; Islam, S., Ed.; Advances in Experimental Medicine and Biology; Springer: Cham, Switzerland, 2020; Volume 4, pp. 153–169. [Google Scholar] [CrossRef]

	



Megaly, M.; Schmidt, C.W.; Dworak, M.W.; Garberich, R.; Stanberry, L.; Sharkey, S.; Brilakis, E.S.; Aguirre, F.V.; Pacheco, R.; Tannenbaum, M.; et al. Diabetic Patients Who Present With ST-Elevation Myocardial Infarction. Cardiovasc. Revasc. Med. 2022, 38, 89–93. [Google Scholar] [CrossRef]

	



Goshima, Y.; Okada, Y.; Torimoto, K.; Fujino, Y.; Tanaka, Y. Changes in endothelial function during educational hospitalization and the contributor to improvement of endothelial function in type 2 diabetes mellitus. Sci. Rep. 2020, 10, 15384. [Google Scholar] [CrossRef]

	



Orekhov, A.; Bobryshev, Y.; Sobenin, I.; Melnichenko, A.; Chistiakov, D. Modified Low Density Lipoprotein and Lipoprotein-Containing Circulating Immune Complexes as Diagnostic and Prognostic Biomarkers of Atherosclerosis and Type 1 Diabetes Macrovascular Disease. Int. J. Mol. Sci. 2014, 15, 12807–12841. [Google Scholar] [CrossRef]

	



Bonilha, I.; Hajduch, E.; Luchiari, B.; Nadruz, W.; Le Goff, W.; Sposito, A.C. The Reciprocal Relationship between LDL Metabolism and Type 2 Diabetes Mellitus. Metabolites 2021, 11, 807. [Google Scholar] [CrossRef]

	



Mauricio, D.; Alonso, N.; Gratacòs, M. Chronic Diabetes Complications: The Need to Move beyond Classical Concepts. Trends Endocrinol. Metab. 2020, 31, 287–295. [Google Scholar] [CrossRef]

	



Glatz, J.F.C.; Heather, L.C.; Luiken, J.J.F.P. CD36 as a gatekeeper of myocardial lipid metabolism and therapeutic target for metabolic disease. Physiol. Rev. 2024, 104, 727–764. [Google Scholar] [CrossRef] [PubMed]

	



Hatmal, M.M.; Alshaer, W.; Mahmoud, I.S.; Al-Hatamleh, M.A.I.; Al-Ameer, H.J.; Abuyaman, O.; Zihlif, M.; Mohamud, R.; Darras, M.; Al Shhab, M.; et al. Investigating the association of CD36 gene polymorphisms (rs1761667 and rs1527483) with T2DM and dyslipidemia: Statistical analysis, machine learning based prediction, and meta-analysis. PLoS ONE 2021, 16, e0257857. [Google Scholar] [CrossRef] [PubMed]

	



Luiken, J.J.F.P.; Nabben, M.; Neumann, D.; Glatz, J.F.C. Understanding the distinct subcellular trafficking of CD36 and GLUT4 during the development of myocardial insulin resistance. Biochim. Biophys. Acta Mol. Basis Dis. 2020, 1866, 165775. [Google Scholar] [CrossRef]

	



Wondmkun, Y.T. Obesity, Insulin resistance, and Type 2 diabetes: Associations and Therapeutic Implications. Diabetes Metab. Syndr. Obes. 2020, 13, 3611–3616. [Google Scholar] [CrossRef] [PubMed]

	



Kotani, K.; Tashiro, J.; Yamazaki, K.; Nakamura, Y.; Miyazaki, A.; Bujo, H.; Saito, Y.; Kanno, T.; Maekawa, M. Investigation of MDA-LDL (malondialdehyde-modified low-density lipoprotein) as a prognostic marker for coronary artery disease in patients with type 2 diabetes mellitus. Clin. Chim. Acta Int. J. Clin. Chem. 2015, 450, 145–150. [Google Scholar] [CrossRef] [PubMed]

	



Ito, T.; Ichihashi, T.; Fujita, H.; Sugiura, T.; Ohte, N. Impact of malondialdehyde-modified low-density lipoprotein on coronary plaque vulnerability in patients not receiving lipid-lowering therapy: A whole coronary analysis with multislice-computed tomography. Heart Vessels 2017, 33, 351–357. [Google Scholar] [CrossRef]

	



Love-Gregory, L.; Sherva, R.; Schappe, T.; Qi, J.S.; McCrea, J.; Klein, S.; Connelly, M.A.; Abumrad, N.A. Common CD36 SNPs reduce protein expression and may contribute to a protective atherogenic profile. Hum. Mol. Genetics 2010, 20, 193–201. [Google Scholar] [CrossRef]

	



Yazdanpanah, Z.; Mozaffari-Khosravi, H.; Mirzaei, M.; Sheikhha, M.H.; Salehi-Abargouei, A. A systematic review and meta-analysis on the association between CD36 rs1761667 polymorphism and cardiometabolic risk factors in adults. Sci. Rep. 2022, 12, 5916. [Google Scholar] [CrossRef]

	



Griffin, E.; Re, A.; Hamel, N.; Fu, C.; Bush, H.; McCaffrey, T.; Asch, A.S. A link between diabetes and atherosclerosis: Glucose regulates expression of CD36 at the level of translation. Nat. Med. 2001, 7, 840–846. [Google Scholar] [CrossRef]

	



Arnett, D.K.; Blumenthal, R.S.; Albert, M.A.; Buroker, A.B.; Goldberger, Z.D.; Hahn, E.J.; Himmelfarb, C.D.; Khera, A.; Lloyd-Jones, D.; McEvoy, J.W.; et al. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease. A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. Circulation 2019, 140, e596–e646. [Google Scholar] [CrossRef]

	



Levitan, I.; Volkov, S.; Subbaiah, P.V. Oxidized LDL: Diversity, Patterns of Recognition, and Pathophysiology. Antioxidants 2010, 13, 39–75. [Google Scholar] [CrossRef]

	



American Diabetes Association Professional Practice Committee. Introduction and Methodology: Standards of Care in Diabetes. Diabetes Care 2024, 47 (Suppl. S1), S1–S350. [Google Scholar] [CrossRef]

	



Campos-Nonato, I.; Oviedo-Solís, C.; Vargas-Meza, J.; Ramírez-Villalobos, D.; Medina-García, C.; Gómez-Álvarez, E.; Hernández-Barrera, L.; Barquera, S. Prevalencia, tratamiento y control de la hipertensión arterial en adultos mexicanos: Resultados de la Ensanut 2022. Salud Pública México 2023, 65, s169–s180. [Google Scholar] [CrossRef] [PubMed]

	



Ortiz-Rodríguez, M.A.; Bautista-Ortiz, L.F.; Villa, A.R.; Antúnez-Bautista, P.K.; Aldaz-Rodríguez, M.V.; Estrada-Luna, D.; Denova-Gutiérrez, E.; Camacho-Díaz, B.H.; Martínez-Salazar, M.F. Prevalence of Metabolic Syndrome Among Mexican Adults. Metab. Syndr. Relat. Disord. 2022, 20, 264–272. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, N.; Kumar, S.; Kumar, A.; Shakoor, T.; Rizwan, A. Lipid Profile of Patients with Acute Myocardial Infarction (AMI). Cureus 2019, 11, e4265. [Google Scholar] [CrossRef] [PubMed]

	



Ramos-Lopez, O.; Roman, S.; Martinez-Lopez, E.; Fierro, N.A.; Gonzalez-Aldaco, K.; Jose-Abrego, A.; Panduro, A. CD36genetic variation, fat intake and liver fibrosis in chronic hepatitis C virus infection. World J. Hepatol. 2016, 8, 1067. [Google Scholar] [CrossRef] [PubMed]

	



Bartoszewicz, M.; Rać, M. Prognostic Value of the Selected Polymorphisms in the CD36 Gene in the Domain-Encoding Lipid-Binding Region at a 10-Year Follow-Up for Early-Onset CAD Patients. Biomedicines 2023, 11, 1332. [Google Scholar] [CrossRef]

	



Wojcik, G.L.; Graff, M.; Nishimura, K.K.; Tao, R.; Haessler, J.; Gignoux, C.R.; Highland, H.M.; Patel, Y.M.; Sorokin, E.P.; Avery, C.L.; et al. Genetic analyses of diverse populations improves discovery for complex traits. Nature 2019, 570, 514–518. [Google Scholar] [CrossRef]

	



Martín-Márquez, B.T.; Sandoval-Garcia, F.; Vazquez-Del Mercado, M.; Martínez-García, E.; Corona-Meraz, F.; Fletes-Rayas, A.; Zavaleta-Muñiz, S. Contribution of rs3211938 polymorphism at CD36 to glucose levels, oxidized low-density lipoproteins, insulin resistance, and body mass index in Mexican mestizos with type-2 diabetes from western Mexico. Nutr. Hosp. Órgano Of. Soc. Española Nutr. Clínica Y Metab. (SENPE) 2021, 38, 742–748. [Google Scholar] [CrossRef]

	



Martínez-Cortés, G.; Salazar-Flores, J.; Fernández-Rodríguez, L.G.; Rubi-Castellanos, R.; Rodríguez-Loya, C.; Velarde-Félix, J.S.; Muñoz-Valle, J.F.; Parra-Rojas, I.; Rangel-Villalobos, H. Admixture and population structure in Mexican-Mestizos based on paternal lineages. J. Hum. Genet. 2012, 57, 568–574. [Google Scholar] [CrossRef]

	



Handberg, A.; Højlund, K.; Gastaldelli, A.; Flyvbjerg, A.; Dekker, J.M.; Petrie, J.; Piatti, P.; Beck-Nielsen, H.; the RISC Investigators. Plasma sCD36 is associated with markers of atherosclerosis, insulin resistance and fatty liver in a nondiabetic healthy population. J. Intern. Med. 2011, 271, 294–304. [Google Scholar] [CrossRef]

	



Jiang, X.; Zhao, X.; Chen, R.; Jiang, Q.; Zhou, B. Plasma soluble CD36, carotid intima-media thickness and cognitive function in patients with type 2 diabetes. Arch. Med. Sci. 2016, 5, 1031–1039. [Google Scholar] [CrossRef]

	



Rać, M.; Krzystolik, A.; Rać, M.; Safranow, K.; Dziedziejko, V.; Goschorska, M.; Poncyljusz, W.; Chlubek, D. Is plasma-soluble CD36 associated with density of atheromatous plaque and ankle–brachial index in early-onset coronary artery disease patients? Kardiol. Polska 2015, 74, 570–575. [Google Scholar] [CrossRef]

	



Puchałowicz, K.; Rać, M.E. The Multifunctionality of CD36 in Diabetes Mellitus and Its Complications—Update in Pathogenesis, Treatment and Monitoring. Cells 2020, 9, 1877. [Google Scholar] [CrossRef] [PubMed]

	



Castelblanco, E.; Sanjurjo, L.; Falguera, M.; Hernández, M.; Fernandez-Real, J.-M.; Sarrias, M.-R.; Alonso, N.; Mauricio, D. Circulating Soluble CD36 is Similar in Type 1 and Type 2 Diabetes Mellitus versus Non-Diabetic Subjects. J. Clin. Med. 2019, 8, 710. [Google Scholar] [CrossRef]

	



Kashyap, S.R.; Ioachimescu, A.G.; Gornik, H.L.; Gopan, T.; Davidson, M.B.; Makdissi, A.; Major, J.; Febbraio, M.; Silverstein, R.L. Lipid-induced Insulin Resistance Is Associated With Increased Monocyte Expression of Scavenger Receptor CD36 and Internalization of Oxidized LDL. Obesity 2009, 17, 2142–2148. [Google Scholar] [CrossRef]

	



Lyu, Q.; Lin, Y.; Pan, Y.; Guan, X.; Ji, X.; Peng, M.; Li, Q.; Wang, Z.; Zhang, Z.; Luo, Z.; et al. The polymorphism analysis for CD36 among platelet donors. Sci. Rep. 2024, 14, 8534. [Google Scholar] [CrossRef]

	



Davies, S.S.; Roberts, L.J. F2-isoprostanes as an indicator and risk factor for coronary heart disease. Free. Radic. Biol. Med. 2011, 50, 559–566. [Google Scholar] [CrossRef] [PubMed]

	



Zinellu, A.; Paliogiannis, P.; Usai, M.F.; Carru, C.; Mangoni, A.A. Effect of statin treatment on circulating malondialdehyde concentrations: A systematic review and meta-analysis. Ther. Adv. Chronic Dis. 2019, 10, 2040622319862714. [Google Scholar] [CrossRef] [PubMed]

	



Geshi, E.; Irie, S.; Katagiri, T.; Goto, S. Usefulness of oxidized-LDL-cholesterol (MDA-LDL) evaluations to estimate cardiovascular organ damage in the early stage of Hypertension and Metabolic Syndrome. J. Hypertens. 2011, 29, e324. [Google Scholar] [CrossRef]

	



Muda, P.; Kampus, P.; Teesalu, R.; Zilmer, K.; Ristimäe, T.; Fischer, K.; Zilmer, M. Effects of amlodipine and candesartan on oxidized LDL level in patients with mild to moderate essential hypertension. Blood Press. 2006, 15, 313–318. [Google Scholar] [CrossRef]








[image: Antioxidants 14 00999 g001] 





Figure 1. (A) sCD36 plasma levels among groups. Data are shown as median and interquartile range. RG: n = 80, 7.26 ng/mL (6.1–9.0 ng/mL); T2DM: n = 71, 9.38 ng/mL (5.83–12.42 ng/mL); STE-T2DM: n = 51, 10.66 ng/mL (8.36–12.65 ng/mL). RG vs. STE-T2DM: p < 0.0001; RG vs. T2DM: p = 0.0605; and STE-T2DM vs. T2DM, p = 0.0124. (B) MDA-LDL plasma levels in the study groups. Data are shown as median and interquartile range. RG: n = 46, 9.9 µg/mL (5.74–12.1 µg/mL), STE-T2DM: n = 47, 11.47 µg/mL (7.94–15.57 µg/mL), and T2DM: n = 42, 11.05 µg/mL (7.38–13.11 µg/mL). (C) oxLDL plasma levels in the study groups. Data are shown as median and interquartile range. RG: n = 23, 1312.5 pg/mL (910.2–1601.1 pg/mL); STE-T2DM: n = 31, 1888.6 pg/mL (1326.7–2341.7 pg/mL); T2DM: n = 23, 1367.3 (1009.0–2133.2 pg/mL). Comparisons were carried out through Kruskal–Wallis test, and p-values were obtained after Bonferroni post hoc test for correction. 
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Table 1. Demographic and clinical characteristics of the studied groups.
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	Variables
	STE-T2DM

(n = 400)

n (%)
	T2DM

(n = 400)

n (%)
	p





	Age, years
	63 (57–66)
	58 (52–64)
	ns



	Male

Female
	329 (82.25)

71 (17.75)
	194 (48.50)

206 (51.50)
	0.0001



	Sedentarism
	260 (65.00)
	92 (23.00)
	0.0001



	MeS
	260 (65.00)
	272 (68.00)
	ns



	Dyslipidemia
	228 (57.00)
	116 (29.00)
	0.002



	Smoking
	301 (75.25)
	153 (38.25)
	0.001



	Overweight
	172 (43.00)
	37 (9.25)
	ns



	Obesity
	100 (25.00)
	31 (7.75)
	ns



	Hypertension
	200 (50.00)
	87 (21.75)
	0.0001







Data are expressed as median (interquartile range) for continuous variables and frequency (percentage) for categorical variables. Diabetic patients with ST-segment elevation myocardial infarction: STE-T2DM, and diabetic patients: T2DM. Fisher’s exact test was used due to expected frequencies. HBP: high blood pressure; MeS: metabolic syndrome; ns: not significant.













 





Table 2. Paraclinical characteristics of the studied groups.
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	STE-T2DM
	T2DM
	Reference Values
	p





	Cholesterol
	108.5 (77–126)
	156 (138–185)
	150–199 (mg/dL)
	<0.0001



	Glucose
	187.5 (162–211)
	159 (118–244)
	75–105 (mg/dL)
	ns



	Triacylglycerols
	84 (76–93)
	114 (84–147)
	≤250 (mg/dL)
	0.00056



	LDL
	39 (28–52)
	68 (52–95)
	<130 (mg/dL)
	<0.0001



	HDL
	18 (12–24)
	34 (25–51)
	>40 (mg/dL)
	<0.0001



	CRP
	24 (8.4–33.7)
	3 (1–4)
	1–10 (mg/dL)
	<0.0001



	Apo-AI
	156 (138–170)
	194 (173–210)
	94–178 (mg/dL)
	<0.0001



	Apo-B
	121 (101–152)
	163 (148–184)
	63–133 (mg/dL)
	<0.001







STE-T2DM: patients with type 2 diabetes mellitus and ST-segment elevation myocardial infarction; T2DM: patients with type 2 diabetes mellitus; LDL: low-density lipoprotein; HDL: high-density lipoprotein; CRP: C-reactive protein; Apo-AI: apolipoprotein-AI; Apo-B: apolipoprotein-B. The Mann–Whitney U test was performed. The values were established according to the AMORIS and INTERHEART studies. Data were expressed as median and interquartile range. TnI: 6.73 (2.04–21.65). ns: not significant.
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