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Abstract 
Background: Type-II Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterized by insulin 
resistance, hyperglycemia, and β-cell dysfunction. Oxidative stress plays a significant role in diabetes 
pathogenesis and complications by promoting lipid peroxidation, DNA damage, and chronic inflammation. This 
study aims to investigate the correlation between biochemical markers and oxidative stress in T2DM patients 
compared to healthy individuals. 
Methods: A case-control study was conducted at Index Medical College, Hospital, and Research Center, Indore, 
under Malwanchal University (2022–2024). The study included 100 T2DM patients (cases) and 100 age- and 
sex-matched healthy individuals (controls). Oxidative stress markers (Malondialdehyde [MDA], Superoxide 
Dismutase [SOD], Catalase [CAT], and Glutathione Peroxidase [GPx]) were measured using 
spectrophotometric assays. Glycemic and lipid parameters were assessed, and statistical analysis was performed 
using SPSS v25.0 (p < 0.05 considered significant). 
Results: T2DM patients exhibited significantly higher MDA levels (4.5 ± 0.6 nmol/L) compared to controls (2.3 
± 0.4 nmol/L, p < 0.001). Antioxidant enzyme levels (SOD, CAT, GPx) were significantly reduced in cases (p < 
0.001). MDA positively correlated with HbA1c (r = 0.62, p < 0.001), while SOD and CAT negatively correlated 
with fasting glucose (r = -0.58, p < 0.001). 
Conclusion: Oxidative stress is significantly elevated in T2DM, as indicated by increased lipid peroxidation and 
decreased antioxidant defenses. Strong correlations between oxidative stress markers and glycemic control 
suggest that antioxidant-based interventions could mitigate diabetes complications. Further research should 
explore personalized antioxidant therapies for improved diabetes management. 
Keywords: Type-II Diabetes Mellitus, oxidative stress, lipid peroxidation, antioxidants, glycemic control, 
Malondialdehyde, Superoxide Dismutase. 
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Introduction 

Type-II Diabetes Mellitus (T2DM) is a progressive 
metabolic disorder characterized by insulin 
resistance, β-cell dysfunction, and chronic 
hyperglycemia. It is a major public health concern, 
affecting over 537 million people worldwide, with 
projections indicating an increase to 783 million by 
2045 [1]. T2DM is associated with microvascular 
and macrovascular complications, including 
retinopathy, nephropathy, neuropathy, and 
cardiovascular diseases, leading to increased 
morbidity and mortality [2]. 

One of the key underlying mechanisms 
contributing to diabetes pathogenesis and 
complications is oxidative stress, which occurs due 
to an imbalance between reactive oxygen species 

(ROS) production and the antioxidant defense 
system [3]. Under physiological conditions, ROS 
play a crucial role in cellular signaling, immune 
defense, and homeostasis. However, excessive 
ROS generation in diabetes, resulting from chronic 
hyperglycemia, mitochondrial dysfunction, and 
advanced glycation end-products (AGEs), leads to 
lipid peroxidation, protein oxidation, and DNA 
damage [4]. This oxidative damage exacerbates β-
cell dysfunction, insulin resistance, and systemic 
inflammation, further accelerating diabetes 
progression [5]. 

Several biochemical markers have been identified 
to assess oxidative stress and metabolic 
disturbances in T2DM. Malondialdehyde (MDA) is 
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a well-established biomarker of lipid peroxidation, 
reflecting the extent of oxidative damage [6]. 
Superoxide Dismutase (SOD), Catalase (CAT), and 
Glutathione Peroxidase (GPx) are key antioxidant 
enzymes that neutralize ROS; their reduced activity 
in T2DM suggests impaired antioxidant defense 
mechanisms [7].  

Additionally, inflammatory markers such as high-
sensitivity C-reactive protein (hs-CRP), 
Interleukin-6 (IL-6), and Tumor Necrosis Factor-
alpha (TNF-α) are significantly elevated in diabetes 
and are closely linked to oxidative stress and 
metabolic dysfunction [8]. 

This study aims to investigate the correlation 
between biochemical markers and oxidative stress 
in T2DM patients compared to healthy controls. 
Understanding these relationships can provide 
insights into the mechanisms of diabetes 
pathogenesis, aid in early diagnosis, and identify 
potential therapeutic targets for managing oxidative 
stress in diabetic patients. 

Methodology 

Study Design and Setting: This case-control study 
was conducted at Index Medical College, Hospital, 
and Research Center, Indore, under Malwanchal 
University, from 2022 to 2024. The study aimed to 
evaluate the correlation between biochemical 
markers and oxidative stress in Type-II Diabetes 
Mellitus (T2DM) patients compared to healthy 
controls. 

Study Population: A total of 200 participants were 
enrolled in the study, comprising 100 diagnosed 
T2DM patients (cases) and 100 age- and sex-
matched healthy individuals (controls).  

Participants were selected from the outpatient and 
inpatient departments of Index Medical College. 

Inclusion Criteria 

1. Cases: 

• Diagnosed with T2DM as per ADA 2023 
criteria (FPG ≥126 mg/dL, 2-hour OGTT ≥200 
mg/dL, HbA1c ≥6.5%). 

• Age 30–65 years with a diabetes duration of at 
least 5 years. 

• Not on antioxidant supplementation. 

2. Controls: 

• Healthy individuals with FPG <100 mg/dL, 
HbA1c <5.7%. 

• No history of diabetes, hypertension, or 
chronic inflammation. 

Exclusion Criteria 

• Type-I Diabetes Mellitus, gestational diabetes, 
or secondary diabetes. 

• Chronic diseases, pregnancy, renal/hepatic 
dysfunction, alcohol abuse. 

Data Collection and Biochemical Analysis 

Venous blood samples (5 mL) were collected after 
overnight fasting (8-12 hours) and analyzed for: 

1. Oxidative Stress Markers: 

• Malondialdehyde (MDA): Lipid peroxidation 
marker (TBARS assay). 

• Superoxide Dismutase (SOD), Catalase 
(CAT), Glutathione Peroxidase (GPx): 
Assessed using spectrophotometric methods. 

2. Biochemical and Glycemic Markers: 

• FPG, HbA1c, lipid profile (LDL, HDL, total 
cholesterol, triglycerides) using enzymatic 
assays. 

• Inflammatory markers (hs-CRP, IL-6, TNF-α) 
via ELISA. 

Statistical Analysis: Data were analyzed using 
SPSS v25.0. 

• Descriptive statistics (mean ± SD, 
percentage). 

• Independent t-tests for case-control 
comparisons. 

• Pearson correlation to assess oxidative stress-
biochemical marker relationships. 

• p < 0.05 considered statistically significant. 

Ethical Considerations: Ethical approval was 
obtained from the Institutional Ethics Committee of 
Index Medical College, Indore. Informed consent 
was secured from all participants. 

Results 

Baseline Characteristics: A total of 200 
participants were enrolled in the study, including 
100 Type-II Diabetes Mellitus (T2DM) patients 
(cases) and 100 healthy age- and sex-matched 
controls. The mean age of participants was 52.3 ± 
7.4 years, with no significant difference between 
the two groups (p = 0.58). The male-to-female ratio 
was 1.2:1. 

Oxidative Stress Markers and Biochemical 
Parameters: The biochemical parameters and 
oxidative stress markers in T2DM patients and 
controls are summarized in Table 1. 
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Table 1: Oxidative Stress Markers and Biochemical Parameters in Cases and Controls 
Biochemical Parameter Cases (Mean ± SD) Controls (Mean ± SD) p-value 
Total Cholesterol (mg/dL) 210.4 ± 28.5 180.1 ± 22.4 <0.01 
LDL Cholesterol (mg/dL) 140.3 ± 20.1 110.2 ± 18.5 <0.01 
HDL Cholesterol (mg/dL) 38.2 ± 6.5 50.6 ± 7.3 <0.05 
Triglycerides (mg/dL) 190.8 ± 25.3 140.5 ± 20.4 <0.01 
 
Key Findings: 

• Fasting Plasma Glucose (FPG) and HbA1c 
levels were significantly higher in cases (160.4 
± 20.3 mg/dL, p < 0.001) compared to controls 
(90.3 ± 10.2 mg/dL). 

• Malondialdehyde (MDA), a marker of lipid 
peroxidation, was significantly elevated in 
diabetic patients (4.5 ± 0.6 nmol/L) compared 
to controls (2.3 ± 0.4 nmol/L, p < 0.001). 

• Antioxidant enzyme activities were 
significantly reduced in T2DM patients: 

• Superoxide Dismutase (SOD): 2.1 ± 0.4 
U/mL (cases) vs. 4.3 ± 0.6 U/mL 
(controls), p < 0.001. 

• Catalase (CAT): 30.2 ± 5.6 U/mg protein 
(cases) vs. 50.4 ± 6.8 U/mg protein 
(controls), p < 0.001. 

• Glutathione Peroxidase (GPx): 55.4 ± 8.2 
U/L (cases) vs. 75.3 ± 9.1 U/L (controls), 
p < 0.001. 

• Lipid profile analysis revealed that T2DM 
patients had significantly higher total 
cholesterol (p < 0.01), LDL (p < 0.01), and 

triglycerides (p < 0.01) but lower HDL (p < 
0.05) compared to controls. 

Correlation Analysis: Pearson correlation analysis 
was conducted to evaluate the relationship between 
oxidative stress markers and biochemical 
parameters: 

• MDA levels positively correlated with HbA1c 
(r = 0.62, p < 0.001), indicating that increased 
oxidative stress is linked to poor glycemic 
control. 

• SOD and CAT levels negatively correlated 
with fasting glucose (r = -0.58, p < 0.001) and 
HbA1c (r = -0.61, p < 0.001), suggesting that 
impaired antioxidant defenses are associated 
with hyperglycemia. 

• Inflammatory markers (hs-CRP, IL-6, TNF-α) 
were significantly elevated in T2DM patients 
and correlated with oxidative stress 
parameters, reinforcing the link between 
chronic inflammation and metabolic 
dysfunction. 

Graphical Representation 

 

 
Figure 1: 
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The bar plot compares key oxidative stress markers 
between cases and controls. The significant 
reduction in SOD, CAT, and GPx in diabetic 
patients underscores the impaired antioxidant 
defense mechanism. 

Multivariate Regression Analysis: A stepwise 
regression model identified HbA1c (β = 0.54, p < 
0.001) and MDA (β = 0.47, p < 0.001) as 
independent predictors of oxidative stress in 
T2DM. Additionally, antioxidant enzyme 
deficiencies (SOD, CAT, GPx) were significant 
determinants of diabetes complications.The results 
confirm that oxidative stress is significantly 
elevated in T2DM patients, as evidenced by higher 
MDA levels and reduced antioxidant enzyme 
activity (SOD, CAT, GPx). The strong correlation 
between oxidative stress and glycemic control, 
lipid abnormalities, and inflammation suggests that 
antioxidant-targeted interventions could mitigate 
diabetes complications. 

Discussion 

This study provides strong evidence that oxidative 
stress plays a central role in the pathophysiology of 
Type-II Diabetes Mellitus (T2DM). The significant 
elevation of Malondialdehyde (MDA) levels and 
the reduction in Superoxide Dismutase (SOD), 
Catalase (CAT), and Glutathione Peroxidase (GPx) 
activities in T2DM patients highlight the extent of 
oxidative damage and impaired antioxidant 
defenses. These findings align with previous 
studies demonstrating that chronic hyperglycemia, 
mitochondrial dysfunction, and inflammation 
contribute to excessive reactive oxygen species 
(ROS) production and oxidative stress-related 
damage in diabetes [10]. 

Lipid Peroxidation and Oxidative Stress: MDA, 
a well-established biomarker of lipid peroxidation, 
was significantly higher in T2DM patients 
compared to controls (p < 0.001), consistent with 
previous reports linking increased oxidative stress 
to diabetes-related metabolic dysfunction [11]. 
Elevated MDA levels correlate with HbA1c (r = 
0.62, p < 0.001), reinforcing the role of 
hyperglycemia-induced oxidative stress in 
worsening glycemic control. The oxidation of 
lipids leads to the formation of advanced glycation 
end-products (AGEs), which interact with their 
receptors (RAGEs) to induce further oxidative 
stress and inflammation [12]. 

Impaired Antioxidant Defense in T2DM: The 
significant reduction in SOD, CAT, and GPx 
activities in diabetic patients suggests an impaired 
antioxidant defense mechanism. SOD, which 
converts superoxide radicals into hydrogen 
peroxide, was significantly decreased (p < 0.001), 
indicating increased oxidative burden [13]. 
Similarly, CAT and GPx, which detoxify hydrogen 

peroxide and other ROS, were significantly lower 
in T2DM cases, reflecting decreased antioxidant 
enzyme activity and an inability to neutralize 
oxidative stress effectively [14]. These findings 
support earlier studies demonstrating that persistent 
hyperglycemia and chronic inflammation suppress 
antioxidant enzyme activity, leading to oxidative 
stress accumulation in diabetes [15]. 

Mitochondrial Dysfunction and Hyperglycemia-
Induced ROS: Mitochondria are the primary 
source of ROS in hyperglycemic conditions, where 
excessive glucose metabolism increases electron 
leakage from the electron transport chain (ETC), 
promoting superoxide (O₂⁻) formation [16]. Our 
study’s findings that SOD and CAT levels 
negatively correlate with fasting glucose and 
HbA1c (p < 0.001) suggest that oxidative stress is 
directly linked to glycemic control. This is 
supported by studies demonstrating that 
mitochondrial oxidative stress plays a critical role 
in β-cell dysfunction, insulin resistance, and 
endothelial damage [17]. Additionally, NADPH 
oxidase (NOX), a major contributor to oxidative 
stress, is hyperactivated in T2DM, further 
amplifying superoxide production and vascular 
complications [18]. 

Oxidative Stress and Systemic Inflammation: 
Our results also indicate significantly elevated 
inflammatory markers (hs-CRP, IL-6, TNF-α) in 
T2DM patients correlated with oxidative stress 
markers. Oxidative stress and inflammation are 
closely linked, as ROS activate the nuclear factor-
kappa B (NF-κB) pathway, leading to increased 
production of pro-inflammatory cytokines [19]. 
TNF-α, a key inflammatory mediator, inhibits 
insulin receptor substrate-1 (IRS-1) 
phosphorylation, impairing insulin signaling and 
worsening insulin resistance [20]. The observed 
correlation between MDA and inflammatory 
markers supports the hypothesis that oxidative 
stress contributes to chronic low-grade 
inflammation in T2DM [21]. 

Oxidative Stress and Lipid Dysregulation in 
T2DM: The significant alterations in lipid profiles 
in T2DM patients—higher total cholesterol, LDL 
cholesterol, and triglycerides, with lower HDL 
cholesterol—further establish the role of oxidative 
stress in metabolic dysregulation. Lipid 
peroxidation-derived oxidative stress promotes the 
formation of oxidized LDL (oxLDL), which 
exacerbates endothelial dysfunction and 
atherosclerosis in diabetes [22]. Our findings show 
a significant correlation between MDA and LDL 
levels (p < 0.01), suggesting that oxidative stress 
may contribute to the worsening of lipid profiles in 
T2DM patients. This aligns with evidence that 
oxidative stress impairs lipid metabolism by 
altering peroxisome proliferator-activated receptor 
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(PPAR) signaling, leading to dyslipidemia and 
cardiovascular risks in diabetes [23]. 

Therapeutic Implications: Antioxidant-Based 
Strategies 

Given the observed elevated oxidative stress and 
impaired antioxidant defenses in T2DM, 
antioxidant-based therapies could play a crucial 
role in diabetes management. Studies have 
suggested that metformin, beyond its glucose-
lowering effects, reduces mitochondrial ROS 
production and improves antioxidant status [24]. 
Similarly, SGLT2 inhibitors (e.g., Empagliflozin) 
have demonstrated significant antioxidant and anti-
inflammatory properties by reducing oxidative 
damage and improving endothelial function [25]. 

Several nutritional antioxidants, including Vitamin 
C, Vitamin E, and α-Lipoic Acid (ALA), have been 
investigated for their potential benefits in reducing 
oxidative stress in T2DM [26]. Dietary 
polyphenols, such as those found in the 
Mediterranean diet, have been shown to improve 
antioxidant status and mitigate oxidative damage, 
emphasizing the role of dietary interventions in 
diabetes management [27]. Moreover, regular 
physical activity has been reported to enhance 
antioxidant enzyme activity and reduce oxidative 
burden in diabetic patients [28]. 

Strengths and Limitations 

The strengths of this study include the 
comprehensive analysis of oxidative stress 
biomarkers and their correlation with glycemic 
control, lipid profile, and inflammation in T2DM 
patients. Additionally, the use of validated 
spectrophotometric assays enhances the reliability 
of biochemical measurements. 

However, the study has certain limitations: 

1. Cross-sectional design—does not establish 
causality between oxidative stress and diabetes 
progression. 

2. Single-center study—conducted at Index 
Medical College, Indore, limiting generalizability 
to other populations. 

3. Lack of intervention analysis—while 
oxidative stress patterns were identified, this study 
did not evaluate the effects of antioxidant therapies 
on diabetes outcomes. 

Future research should focus on longitudinal 
studies and randomized controlled trials (RCTs) to 
assess the efficacy of antioxidant-targeted 
interventions in mitigating oxidative stress-related 
complications in T2DM. 

Conclusion 

This study provides strong evidence that oxidative 
stress plays a key role in the pathogenesis of 

T2DM, contributing to lipid peroxidation, impaired 
antioxidant defenses, and inflammation. The 
significant correlations between oxidative stress 
markers (MDA, SOD, CAT, GPx) and glycemic 
control, lipid profile, and inflammation suggest that 
oxidative stress exacerbates diabetes-related 
metabolic dysfunction. The findings emphasize the 
importance of antioxidant-targeted therapies, 
dietary interventions, and lifestyle modifications in 
managing oxidative stress and reducing diabetes 
complications. Further research is needed to 
explore personalized antioxidant therapies and their 
long-term impact on diabetes progression. 
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