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Abstract- Type 2 diabetes mellitus (T2DM) substantially increases the risk of acute coronary syndrome (ACS)
through the combined effects of chronic hyperglycemia, dyslipidemia, oxidative stress, endothelial dysfunction,
and myocardial injury. This study aimed to comprehensively evaluate metabolic, oxidative stress, and cardiac
biomarkers in patients with T2DM complicated by ACS, and to investigate their diagnostic performance and
interrelationships. A case-control study was conducted including 60 patients with T2DM complicated by ACS
and 30 apparently healthy controls. Fasting blood glucose (FBS), glycated hemoglobin (HbAlc), lipid profile,
glutathione, lipid peroxidation, superoxide, homocysteine (HCY), Na+/K+ATPase, and cardiac troponin were
determined using standard laboratory methods. Compared with healthy controls, patients with T2DM and ACS
exhibited significantly elevated FBS, HbAlc, total cholesterol (TC), triglycerides, low-density lipoprotein
cholesterol (LDL-C), very-low-density lipoprotein cholesterol (VLDL-C), HCY, and lipid peroxidation,
whereas high-density lipoprotein cholesterol (HDL-C), glutathione, and Na+/K+ATPase activity were
significantly reduced (all P<0.001). Superoxide levels were also significantly decreased in patients compared
with healthy controls (P<0.001). Correlation analysis demonstrated a significant positive correlation between
cardiac troponin and Na+/K+ATPase activity (r=0.337, P=0.008), while no significant correlations were
observed between FBS, HbAlc, lipid profile parameters, oxidative stress biomarkers, HCY, and the remaining
investigated biomarkers. ROC analysis demonstrated excellent diagnostic performance for Na+/K+ATPase,
glutathione, lipid peroxidation, superoxide, and HCY, with high sensitivity and specificity for discriminating
patients from healthy controls. In conclusion, patients with T2DM complicated by ACS exhibit profound
metabolic disturbances coupled with pronounced oxidative stress, hyperhomocysteinemia, altered
Na+/K+ATPase activity, and myocardial damage, highlighting the utility of integrated biomarker profiling.
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Introduction

Type 2 diabetes mellitus is a chronic, progressive
disease influenced by a multifaceted interaction of
genetic, physiological, and behavioral factors (1).
Cardiovascular disease is the leading cause of morbidity
and mortality among diabetic individuals, with a
markedly higher incidence compared to non-diabetics.
Patients with T2DM develop accelerated atherosclerosis
at an earlier age, characterized by larger, more vulnerable

plaques and narrower coronary arterial lumens than non-
diabetic individuals (2). Moreover, diabetic dyslipidemia,
characterized by increased triglycerides and atherogenic
lipoprotein levels with decreased HDL-C cholesterol,
exacerbates plaque development and instability, thereby
leading to acute coronary incidents (3). Diabetic patients
have a two- to four-fold higher risk of coronary artery
disease, myocardial infarction, heart failure, and stroke
compared with non-diabetic individuals (4).

The excess cardiovascular risk in T2DM arises from
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a complex interplay between insulin resistance, chronic
hyperglycemia,  oxidative  stress,  dyslipidemia,
inflammation, endothelial dysfunction, and accelerated
atherosclerosis (5). Chronic elevation of glucose
stimulates various interconnected biochemical pathways,
such as the polyol pathway, activation of protein kinase
C, hexosamine biosynthetic pathway, the synthesis of
advanced glycation end-products, and oxidative stress.
These mechanisms hasten cardiovascular damage
through oxidative injury, endothelial impairment,
inflammation, and detrimental cardiac remodelling (6).

The association between metabolic dysfunction and
cardiovascular complications among patients with T2DM
might occur through increased reactive oxygen species
and impaired antioxidant defence mechanisms, which
contribute to several complications, including lipid
peroxidation, endothelial dysfunction, reduction of nitric
oxide bioavailability, and structural myocardial damage.
Subsequently, oxidative stress biomarkers may provide
more detailed data beyond conventional glycemic and
lipid parameters when assessing cardiovascular risk in
diabetic patients (7,8).

In addition, other biochemical markers such as HCY,
Na+/K+-ATPase activity, and cardiac injury biomarkers,
particularly cardiac troponin, emerged as promising
biomarkers to improve cardiovascular risk stratification
in patients with T2DM. Therefore, integrating
conventional metabolic indices, oxidative stress
biomarkers, and cardiac molecular markers may provide
a more comprehensive identification of disease severity
and prediction of cardiovascular complications than
depending on single biomarkers alone (9,10).
Unfortunately, few studies have comprehensively
investigated these biomarkers simultaneously in patients
with T2DM complicated by ACS. Therefore, this study
aimed to perform an integrated profiling of metabolic,
oxidative, and cardiac biomarkers to elucidate their
combined clinical utility in patients with T2DM
complicated by ACS.

Materials and Methods

Study Design

This hospital-based case-control study was conducted
at the Educational Laboratories, Medical City, Baghdad,
Iraq, between January and June 2026. The study was
approved by the Scientific and Ethics Committee of the
College of Health and Medical Technologies, Middle
Technical University. Written informed consent was
obtained from all participants before enrollment.
Individuals with autoimmune diseases, chronic liver

Sh.H. Jwaid, et al.

disease, malignancy, severe renal disease, acute
infectious diseases, and pregnant women were excluded
from the study.

Subjects and Sample Size

This study included 90 participants in two groups: the
control group, which included 30 apparently healthy
participants and the case group, comprising 60 patients
diagnosed with T2DM complicated by ACS. The larger
patient group was selected to increase the statistical
power for correlation and diagnostic performance
analyses. The diagnosis of T2DM and ACS was
established by consultant physicians according to
standard clinical and laboratory criteria.

Blood sample collection

Venous blood specimens were obtained from all
subjects after an overnight fast in accordance with
conventional aseptic protocols. Blood specimens were
allowed to coagulate, and serum was isolated by
centrifugation at 3000 rpm for a duration of 10 minutes.
Serum aliquots were preserved at —80° C until
biochemical assessment.

Methods

Serum concentrations of HCY, Na+/K+-ATPase, total
glutathione, superoxide radical, lipid peroxidation
markers (malondialdehyde), and cardiac troponin were
measured using commercial enzyme-linked
immunosorbent assay (ELISA) kits according to the
manufacturers' instructions.

Fasting blood sugar (FBS), glycated haemoglobin
(HbA1lc), total cholesterol (TC), triglycerides (TG),
HDL-C, LDL-C, and VLDL-C were measured using an
automated clinical chemistry analyzer CS-T180
Automated Chemistry Analyzer (DIRUI Industrial Co.,
China). All assays were performed according to the
manufacturers' protocols

Statistical analysis

Statistical analysis was performed using SPSS
software version 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as meanzstandard
deviation (SD). Comparisons between patients and
controls were performed using the independent samples
Student's t-test. Pearson's correlation coefficient was used
to evaluate the relationships among the investigated
biomarkers. ROC curve analysis was performed to
determine the diagnostic performance of the studied
biomarkers. A two-tailed P<0.05 was considered
statistically significant.
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Results

A total of 90 participants were enrolled in the present
study, including 60 patients with T2DM complicated by
ACS and 30 apparently healthy controls. No statistically
significant differences were observed between the case
and control groups regarding age (P=0.099) or sex
distribution (P=0.230), as shown in Table 1.

The mean levels of FBS, HbALC, and cardiac
troponin were statistically significantly higher in the case
group compared to the control group (P=0.001 for all), as
displayed in Table 2.

The mean values of TG, TC, and LDL-C were
significantly higher in the case group compared to the
control group (213.67+84.3 versus 126.43+17.6 mg/dl,
219.63+60.7 versus 160.17+£12.5 mg/dl, and 115.46+35.2
versus 91.10+7.4 mg/dl, respectively, P-values=0.001 for
all) while the mean value of HDL-C was significantly
lower in the case group compared to the control group
(45.92+13.3 versus 81.57+£17.3 mg/dl, P=0.001). The
mean values of lipid peroxidation and HCY were
significantly higher in the case group compared to the
control group (6.04+15 wversus 1.25+0.5 and
1718.85+353.5 versus 398.67+92.2, respectively, P-
values=0.001 for both). The mean values of
Na+/K+ATPase, glutathione, and superoxide were
significantly lower in the case group compared to the
control group (0.80£0.1 versus 3.06+1.9, 5.88+1.3 versus

18.94+5.8, and 1.24+0.5 versus 5.23+1.0, respectively,
P=0.001 for all), as shown in Table 3.

In the case group, there was a significant positive
correlation  between the troponin level and
Na+/K+ATPase level (Pearson Correlation=0.337;
P=0.008). In contrast, there were no significant
correlations between lipid profile, FBS, HbA1C, and
troponin level with glutathione, lipid peroxidation,
superoxide, and HCY (Table 4 and Table 5).

The ROC curve was used to estimate the cut-off
points of Na K ATPase, glutathione, lipid peroxidation,
superoxide, and HCY with the best sensitivity and
specificity in the diagnosis of DM and ACS. The cut-off
point of glutathione was <8.178 with sensitivity and
specificity of 98.3 and 96.7, respectively. The cut-off
point of Na K ATPase was <1.101 with sensitivity and
specificity of 100% for both. The cut-off point of
superoxide was <2.859 with sensitivity and specificity of
100% for both. The cut-off point of lipid peroxidation
was >2.807 with sensitivity and specificity of 100% for
both. The cut-off point of HCY was >597.726 with
sensitivity and specificity of 100% for both. As shown in
Figure 1.

According to multivariate binary logistic regression,
the studied variables were not significant independent
factors that affected the incidence of ACS among T2DM
patients (Table 6).

Table 1. Distribution of age and sex according to the study groups

Case groups

Control group

Group studies N(%) N(%) P-value
<40 18(30.0) 16(53.3)
Age (years) 40-49 20(33.3) 7(23.3) 0.099
50-59 9(15.0) 5(16.7)
>60 13(21.7) 2(6.7)
Male 52(86.7) 23(76.7)
Sex Female 8(13.3) 7(23.3) 0230

Table 2. Distribution of FBS, HbA1C, and cardiac troponin according to the study groups

Case groups

Control group

Parameters Mean+SD Mean+SD P

FBS (mg/dl) 193.17+38.0 102.27+11.36 0.001
HbA1C (mg/dl) 10.97+10.6 5.200.2 0.001
Cardiac troponin (mg/dl) 758.31+997.2 0.03+0.009 0.001

566 Acta Medica Iranica, Vol. 64, No. 9 (2026)



Sh.H. Jwaid, et al.

Table 3. Distribution of lipid profile, Na+/ K+ -ATPase, glutathione, lipid peroxidation, superoxide, and
HCY according to the study groups

Case groups Control grou
Parameters Mea?w iSS Mean:rgSD P P-value
TG (mg/dl) 213.67+84.3 126.43+17.6 0.001
TC (mg/dl) 219.63+60.7 160.17+12.5 0.001
HDL-C (mg/dl) 45.92+13.3 81.57£17.3 0.001
LDL-C (mg/dl) 115.46+35.2 91.1047.4 0.001
Na+/K* -ATPase 0.80+0.1 3.06+1.9 0.001
Glutathione 5.88+1.3 18.9445.8 0.001
Lipid peroxidation 6.04+1.5 1.25+0.5 0.001
Superoxide 1.24+0.5 5.23+1.0 0.001
HCY 1718.85+353.5 398.67+£92.2 0.001

Table 4. Correlations between FBS, HbA1C, and troponin levels with the studied markers in the case group

FBS HBALC Troponin (ng/ml)
(mo\dl) (%) ponin thg

Pearson Correlation -0.238 0.033 0.337"

Na+/ K+ ATPase P 0.067 0.805 0.008
N 60 60 60

Pearson Correlation 0.005 -0.163 0.104

Glutathione P 0.968 0.213 0.430
N 60 60 60

Pearson Correlation -0.072 0.077 -0.014

Lipid peroxidation P 0.584 0.558 0.915
N 60 60 60

Pearson Correlation -0.074 -0.076 0.156

Superoxide P 0.576 0.562 0.235
N 60 60 60

Pearson Correlation -0.017 -0.102 0.057

HCY P 0.896 0.437 0.663
N 60 60 60

“P is significant at a value of <0.05

Table 5. Correlations between TG, TC, HDL-C, and LDL-C levels with Na* /K* -ATPase, glutathione,
lipid peroxidation, superoxide, and HCY

TC HDL-C LDL-C
TG (mg\dl) (mg/dI) (mg/dI) (mg\dl)
Pearson Correlation -0.145 -0.188 -0.123 -0.166
Na+/K* -ATPase P 0.269 0.150 0.349 0.206
N 60 60 60 60
Pearson Correlation -0.030 -0.251 -0.021 -0.240
Glutathione P 0.820 0.053 0.875 0.064
N 60 60 60 60
Lipid Pearson Correlation -0.048 0.044 0.121 0.143
. . P 0.718 0.737 0.357 0.275
peroxidation N 60 60 60 60
Pearson Correlation -0.199 -0.136 0.057 -0.182
Superoxide P 0.128 0.300 0.667 0.165
N 60 60 60 60
Pearson Correlation -0.136 -0.040 -0.122 -0.251
HCY P 0.301 0.761 0.352 0.053
N 60 60 60 60
Table 6. Multivariate binary logistic regression
B S.E. Wald df Sig. Exp(B)
Agefroup -0.319 5632.263 0.000 1 1.000 0.727
Sex.ACS(1) -4.740 14919.695 0.000 1 1.000 0.009
FBS (Mg\dl ) -0.004 248.969 0.000 1 1.000 0.996
HbAlc % -2.100 4440.610 0.000 1 1.000 0.122
Troponin ng/ml -0.001 20.805 0.000 1 1.000 0.999
TG (mg\dl) -0.007 117.749 0.000 1 1.000 0.993
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Cont. table 6
TC (mg/dl) -0.027 104.245 0.000 1 1.000 0.974
HDL (MG/DL) 0.047 281.268 0.000 1 1.000 1.048
LDL (MG\DL) 0.078 233.902 0.000 1 1.000 1.081
Glutathione 0.180 1401.139 0.000 1 1.000 1.197
Lipid peroxidation -1.701 5391.706 0.000 1 1.000 0.182
Superoxide 3.194 6530.660 0.000 1 1.000 24.379
HCY -0.011 31.131 0.000 1 1.000 0.989
Constant 20.582 71524.062 0.000 1 1.000 868503619
Glutathione NaKATPase Superoxide
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Figure 1. ROC test for the studied markers
Discussion generally develop coronary artery disease at an earlier

These findings indicate that both groups were
comparable with respect to their baseline demographic
characteristics, thereby reducing the likelihood that age-
or sex-related differences influenced the biochemical
outcomes observed in the present study. Age and sex are
well-recognized determinants of cardiovascular risk in
patients with T2DM. However, recent evidence suggests
that although advancing age increases the absolute
incidence of cardiovascular disease, the excess
cardiovascular risk associated with diabetes persists even
after adjustment for age and sex because metabolic
dysfunction and chronic vascular injury are considered
major contributors to disease progression. Therefore,
ensuring comparable age and sex distributions between
study groups is essential for improving the internal
validity of biomarker-based clinical investigations
(11,12). Sex-related differences in cardiovascular disease
among individuals with diabetes have also attracted
considerable attention in recent years. Although men
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age, women with T2DM frequently experience a greater
relative increase in cardiovascular risk compared with
women without diabetes, thereby attenuating the
traditional sex-related differences in cardiovascular
outcomes.  Nevertheless, because no significant
difference in sex distribution was observed between the
present study groups, the influence of sex on the
measured biomarkers is expected to be minimal (12,13).

In the current study, lipid profiles, oxidative and
antioxidant biomarkers, HCY concentrations, and
Na+/K+-ATPase activity exhibited marked dysregulation
in patients with T2DM complicated by ACS relative to
healthy controls. These findings indicate that metabolic
and molecular abnormalities coexist and contribute to
vascular injury in patients who had diabetes and an
accompanying ACS. Recent studies have highlighted
those cardiovascular complications in diabetes result
from the interaction of several factors rather than from
hyperglycaemia alone (14,15).

In the current study, diabetic patients had



dyslipidaemia in the form of abnormal cholesterol,
triglycerides, LDL-C, VLDL-C, and HDL-C. This might
be attributed to the fact that insulin resistance promotes
hepatic overproduction of VLDL-C, increases the
formation of LDL-C, and impairs HDL-C metabolism,
leading to accelerated progression of cardiovascular
diseases (15,16).

The present study revealed a significant increase in
lipid peroxidation and a significant depletion of
glutathione, which indicate an imbalance between
oxidant production and antioxidant defence. In agreement
with these findings, other studies concluded that
oxidative stress biomarkers can be considered as valuable
indicators for cardiovascular risk assessment among
diabetic patients. The proposed mechanism is that
persistent hyperglycaemia enhances reactive oxygen
species generation through mitochondrial dysfunction,
activation of NADPH oxidase, and advanced glycation
end-product  formation, leading to endothelial
dysfunction and progression of atherosclerosis, and
finally, myocardial injury (17,18).

The patients in the current study had
hyperhomocysteinaemia ~ compared  to  healthy
participants. Current suggestions indicate that elevated
HCY contributes to cardiovascular disease oxidative
stress amplification and its complications, leading to
accelerated atherosclerotic progression (19,20).

The significant reduction in Na® /K* -ATPase
activity among patients compared to healthy participants
was another important finding of the present study.
Na* /K* -ATPase is recognized as an important
signalling molecule involved in regulating oxidative
stress, calcium homeostasis, inflammatory conditions,
and cardiomyocyte survival. In therapy, any oxidative
modification of membrane lipids and proteins may impair
enzyme activity, leading to electrical instability and
myocardial dysfunction (21,22).

The correlation analysis performed in the present
study demonstrated a significant positive association
between cardiac troponin and Na+/K+-ATPase activity in
patients with T2DM complicated by ACS, whereas no
significant correlations were observed between glycemic
parameters (FBS and HbA1c) and the remaining
investigated biomarkers. These findings suggest that
myocardial injury occurring during ACS may be more
closely associated with alterations in membrane ion
transport than with the degree of glycemic control or the
oxidative stress biomarkers measured in the present
study. Recent evidence indicates that myocardial injury
in diabetic patients is a multifactorial process involving
disturbances in membrane signalling, mitochondrial
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function, and cardiomyocyte integrity in addition to
metabolic abnormalities, thereby supporting the observed
association between cardiac troponin and Na+/K+-
ATPase activity (21,22).

The significant positive association between cardiac
troponin and Na+/K+-ATPase activity may reflect the
important role of this membrane enzyme in maintaining
myocardial cellular homeostasis during ischemic injury.
The Na+/K+-ATPase maintains intracellular sodium and
potassium gradients, but there is increasing evidence that
indicates it can serve as a signalling platform that
regulates several biological mechanisms, including
intracellular  calcium balance, oxidative  stress,
inflammatory pathways, mitochondrial stability, and
cardiomyocyte viability. Diminished Na+/K+-ATPase
performance may therefore lead to electrical instability,
impaired contractility, and ongoing myocardial damage.
This might explain its correlation with increased
circulating cardiac troponin levels in individuals with
ACS (21,23).

In contrast, FBS and HbAlc showed no significant
correlations with glutathione, lipid peroxidation,
superoxide, or HCY. Although chronic hyperglycaemia is
widely accepted as a major initiator of oxidative stress in
diabetes, recent investigations indicate that oxidative
injury in patients with established cardiovascular disease
is influenced by several interacting mechanisms,
including  persistent  inflammation,  endothelial
dysfunction, mitochondrial damage, duration of diabetes,
pharmacological therapy, and individual biological
variability rather than glycaemic status alone.
Consequently, the absence of significant correlations in
the present study does not exclude the contribution of
hyperglycaemia to oxidative injury but rather reflects the
multifactorial pathophysiology of oxidative stress in
patients with T2DM complicated by ACS (16,18).

Among patients in the case group, the lack of
significant correlations between cardiac troponin and
glutathione, lipid peroxidation, superoxide, or HCY
suggests that these oxidative disturbances reflect
background chronic metabolic distress rather than the
acute extent of myocardial necrosis per se. The oxidative
stress biomarkers are particularly valuable for assessing
long-term cardiovascular risk and disease progression,
while troponin is a sensitive and specific biomarker for
detecting acute myocardial injury (24,25). The
correlation analysis performed in the present study
demonstrated no significant associations between serum
lipid profile parameters (TG, TC, HDL-C, and LDL-C)
and Na* /K* -ATPase activity, glutathione, lipid
peroxidation, superoxide, or HCY in patients with T2DM
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complicated by ACS. Similar results have been reported
in other studies (14,16). These findings suggest
dyslipidaemia, oxidative stress, and membrane
dysfunction represent interconnected yet relatively
independent pathophysiological processes rather than
exhibiting direct linear relationships in diabetic
cardiovascular disease.

Na* /K* -ATPase activity was not significantly
correlated with any lipid profile parameters. Cumulative
clinical and experimental evidence indicates that
oxidative modification of membrane phospholipids,
intracellular calcium overload, mitochondrial
dysfunction, and inflammatory cascades—rather than
circulating lipid levels—serve as primary drivers of
suppressed Na+/K+-ATPase activity (21,23). Based on
these findings, it seems that systemic lipid abnormalities
are less of a reflection of cellular damage and oxidative
damage than membrane ion transport problems (21,23).

The absence of significant correlations between serum
lipid parameters and HCY is also consistent with current
evidence indicating that hyperhomocysteinaemia
represents an independent cardiovascular risk factor.
Elevated HCY contributes to inflammation, endothelial
dysfunction, oxidative stress, vascular damage, and
thrombus formation through mechanisms that are largely
independent of conventional lipid metabolism. Therefore,
dyslipidaemia and hyperhomocysteinaemia are likely to
exert complementary rather than directly correlated
effects on cardiovascular risk in patients with T2DM
complicated by ACS (19,26).

The ROC curve analysis performed in the present
study demonstrated excellent diagnostic performance for
Na* /K* -ATPase, glutathione, lipid peroxidation,
superoxide, and HCY in distinguishing patients with
T2DM complicated by ACS from healthy controls. The
remarkably high sensitivity and specificity observed for
these biomarkers indicate their potential. When
evaluating cardiovascular illness, recent studies have
shown that using a combination of biomarkers that reflect
diverse pathophysiological pathways is more accurate
and thorough than using a single biomarker alone (27,28).

The Na* /K* -ATPase achieved 100% sensitivity and
specificity at the identified cut-off value. This finding
suggests that alterations in membrane ion transport may
represent a sensitive indicator of myocardial injury in
patients with T2DM complicated by ACS. These results
agree with other results, which concluded that Na* /K* -
ATPase can be considered a novel biomarker for
cardiovascular disease (21,23).

Glutathione, lipid peroxidation, and superoxide also
demonstrated excellent diagnostic performance. These
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results reinforce the role of oxidative stress in the
pathogenesis of diabetes-associated cardiovascular
disease. Contemporary evidence indicates that oxidative
stress biomarkers not only reflect the degree of cellular
injury but also improve diagnostic performance when
interpreted together with conventional biochemical and
cardiovascular markers. Therefore, integrating oxidative
stress biomarkers into multimarker strategies may offer a
more thorough assessment of disease severity and
cardiovascular risk (16,17).

The HCY likewise demonstrated excellent diagnostic
performance in the present study. Growing evidence
indicates that hyperhomocysteinaemia contributes to
endothelial ~ dysfunction, vascular  inflammation,
oxidative stress, thrombogenesis, and accelerated
atherosclerosis, thereby increasing the risk of acute
coronary events. Consequently, HCY may assist as a
valuable adjunctive biomarker for cardiovascular risk
assessment, particularly when evaluated together with
oxidative stress biomarkers and established cardiac
biomarkers in patients with T2DM complicated by ACS
(19,20).

Despite the current findings exhibiting very high
sensitivity and specificity, these results must be
approached with caution due to the research being
performed at a single site with a rather small sample size.
Therefore, external validation in larger multicenter
prospective studies is required before these biomarkers
can be recommended for routine clinical application.
Nevertheless, the excellent ROC performance observed
in the present study supports the growing concept that
integrating metabolic, oxidative stress, membrane-
associated, and cardiovascular biomarkers may
substantially improve cardiovascular risk stratification
and facilitate earlier identification of high-risk patients
with T2DM complicated by ACS (14,27,28).

Patients with T2DM complicated by ACS exhibit
profound metabolic abnormalities accompanied by severe
oxidative stress, hyperhomocysteinemia, impaired
Na+/K+-ATPase activity, and increased myocardial
injury. The positive association between troponin and
Na+/K+-ATPase suggests a potential relationship
between altered membrane ion transport and myocardial
damage. Collectively, these findings demonstrate the
coexistence of metabolic dysregulation, oxidative stress,
impaired membrane enzyme activity, and myocardial
injury, highlighting the multifactorial pathophysiology of
ACS in patients with T2DM. Furthermore, the excellent
diagnostic performance of Na+/K+-ATPase, HCY, and
oxidative stress biomarkers supports a possible
mechanistic association between altered membrane ion



transport and myocardial injury in patients with T2DM
complicated by ACS. Larger, multicenter prospective
investigations are warranted to externally validate these
cutoff values and assess the clinical utility of integrated
multi-marker risk assessment strategies.
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