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Interconnection between oxidative stress and type 2 diabetes mellitus 
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Abstract  

Total antioxidant capacity (TAC) and malondialdehyde (MDA) are two important biomarkers used in the 

context of diabetes mellitus (DM) to assess oxidative stress and damage. This study aimed to compare TAC 

and MDA levels in diabetic and non-diabetic individuals and find out the correlation between them. Estimation 

of TAC and MDA levels was done in a total of 200 individuals (100 non-diabetic and 100 diabetic individuals) 

by using standard spectrophotometric methods. This case-control study was done from May 2022 to Dec 2022 

in a tertiary care hospital. For statistical analysis, version 20 of SPSS software was used. MDA and fasting 

plasma glucose (FPG) levels were significantly higher (P=0.000) and TAC levels were significantly lower 

(P=0.000) in diabetic than non-diabetic individuals. A significant negative correlation was observed between 

MDA and TAC in both groups. No significant correlation was found between MDA, TAC, and FPG levels. 

With the rise in the duration of diabetes significant increase was found in MDA and FPG levels. Also, there 

was a significant decrease in TAC levels. The combination of increased MDA levels, elevated FPG levels, 

and decreased TAC with increasing duration of diabetes indicates a state of heightened oxidative stress in DM 

patients.  
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INTRODUCTION 

Diabetes mellitus (DM) is a rising challenge in India 

and there are estimated 77 million people above the 

age of 18 years are suffering from type 2 DM. [1] 

DM is a chronic metabolic condition represented by 

elevated blood glucose levels.  Commonly, 

oxidative stress is regarded as a promoting factor in 

the pathogenesis of type 2 diabetes. [2] Oxidative 

stress occurs when there is an imbalance between the 

production of reactive oxygen species (ROS) and the 

body’s antioxidant defense mechanisms. ROS are 

highly reactive molecules that can cause damage to 

cells and tissues if not neutralized by antioxidants. 

[3] 

Total antioxidant capacity (TAC) is a measure of the 

overall antioxidant capacity of a biological sample, 

including blood or tissues. It reflects the combined 

activity of various antioxidants such as enzymes 

(e.g., superoxide dismutase, catalase, etc) and non-

enzymatic molecules (e.g., vitamins C & E, 

glutathione, etc), in neutralizing ROS. TAC levels 

reflect the ability of an individual’s body to 

counteract oxidative stress. In DM, TAC levels are 

often decreased, indicating reduced antioxidant 

defense capacity. [4-6] 

On the other hand, malondialdehyde (MDA) is a 

biomarker of lipid peroxidation, which is one of the 

consequences of oxidative stress. Lipid peroxidation 

refers to the oxidative damage to lipids in cells by 

ROS. [3] MDA is a by-product of lipid peroxidation 

and is considered a reliable marker of oxidative 

damage. In DM, MDA levels are often elevated due 

to increased oxidative stress and lipid peroxidation. 

[4-6]   The decline in TAC and elevation in MDA 

can contribute to the development and progression 

of diabetic complications.  

This study was carried out to assess the 

interconnection between total antioxidant capacity 

and malondialdehyde levels in type 2 diabetes 

mellitus along with the duration of DM.   

MATERIAL AND METHODS   

Study population and design: 

This case-control study was performed at a tertiary 

care hospital starting from May 2022 till Dec 2022. 

Ethical clearance for the study was obtained from the 

Institutional Ethics Committee [Ref. No. 

KIMSDU/IFC/03/2019 Protocol no. 0575/2018-

2019]. With the help of a study by Rani & Mythili 

[5] and from the formula: n= (SD1
2 + SD2

2) (Z 1-α/2 + 

Z 1-β ) 2 /d2, the sample size was calculated which was 

a minimum of 60 in each group.  A hundred 

individuals diagnosed with type 2 DM and 100 non-

diabetic individuals from the outpatient department 

were included in the study.  

Inclusion criteria: For the diabetic group- Age 

>40years, known case of type 2 DM  based on the 

criteria suggested by the American Diabetes 

Association ( fasting plasma glucose ≥126mg/dl, 

postprandial plasma glucose ≥200mg/dl in two 

separate test samples)[7], DM for >10 years on 

treatment. For the non-diabetic group- age >40 

years, age sex matched with the diabetic group, no 

evidence of DM or diabetic complications. 

Exclusion criteria: Age< 40 years, Type 1 diabetic 

patient or any other type of diabetes, patients with 

liver disease, thyroid disorders or other endocrine 

diseases, diabetic complications, pregnant and 

lactating females, persons using antioxidant 

medications, tobacco users, and smokers. 

Patients were selected consecutively according to 

selection criteria. The participants were explained 

about the study and after taking written consent 

blood was collected. General characteristics like age, 

sex, etc., history, and clinical examination findings 

from their file were filled in a form for every 

individual.  

Sample collection and preparation: 

A fasting venous blood sample (5ml) was collected 

from each patient, 1ml in a fluoride oxalate 

vacutainer tube and 4ml in a plain vacutainer tube. 

Plasma and serum were separated and used for 

investigations.  Plasma was used for the estimation 
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of fasting plasma glucose (FPG) and serum was used 

for the measurement of total antioxidant capacity 

(TAC) and malondialdehyde (MDA). 

Biochemical assay: 

FPG was measured by enzymatic colorimetric 

method using glucose oxidase peroxidase test [8] 

using an auto analyzer. The results were reported as 

mg/dl. Serum total antioxidant capacity (TAC) was 

assessed by the ferric-reducing ability of plasma 

(FRAP) assay [9] using a spectrophotometer. The 

results were reported as mmol/L. Serum 

malondialdehyde was assessed by Thiobarbituric 

acid reactive substances (TBARS)assay, Kei Satoh 

method [10] using a spectrophotometer. The results 

were reported as µmoles/L. 

Statistical analysis: 

Data analysis was done with the help of IBM SPSS 

Statistics Version 20 (SPSS Inc, Chicago, Illinois, 

USA).  The normal distribution of the data was 

assessed using Kolmogorov-Smirnov test. 

Continuous variables were stated as mean ± standard 

deviation (SD) and compared by independent 

sample t-test. Categorical variables were stated as 

numbers (percentages) and compared by the Chi-

square significance test or Fisher’s exact test. 

Analysis for correlation was done using the 

Spearman correlation test which was specified as 

Spearman's correlation coefficient. Statistical 

significance was measured as a P-value ≤ 0.05. 

 RESULTS 

In the present study, a total of 200 individuals were 

studied. General characteristics and biochemical 

parameters in non-diabetic and diabetic individuals 

are displayed in Table 1. Both non-diabetic and 

diabetic groups were age and sex-matched. In the 

non-diabetic group mean age of individuals was 

61.98±7.20 years and in the diabetic group it was 

64.13±8.22 years. Serum TAC levels were 

significantly lower (P =0.000) in the diabetic group 

(1.75±0.38 mmoles/L) than non-diabetic group 

(2.39±0.15 mmoles/L). Serum MDA and fasting 

plasma glucose levels were significantly higher (P 

=0.000) in the diabetic group than in the non-

diabetic group. (Table1) 

 

 

 

Table (1): General characteristics and biochemical parameters in non-diabetic and diabetic individuals  

Parameters Non-diabetic group Diabetic group P value 

Gender     

              Male  56 59 0.387 

             Female 44 41 

Age(years) 61.98±7.20 64.13±8.22 0.56 

MDA(µmoles/L) 1.66±0.55 3.92±1.85 0.000* 

TAC( mmoles/L) 2.39±0.15 1.75±0.38 0.000* 

FPG ( mg/dl) 89.55±9.48 174.33±58.62 0.000* 

*P<0.05. MDA- malondialdehyde, TAC- total antioxidant capacity, FPG- fasting plasma glucose. 
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TAC correlated negatively with MDA in the 

non-diabetic group (P=0.006) and diabetic 

group (P=0.001) (Table 2). Figure 1 shows a 

scatter diagram with a negative correlation 

between TAC and MDA in the diabetic group.  

No significant correlation was found between 

MDA, TAS, and FPG (Table 2).  

Depending upon the duration of diabetes, 

diabetic individuals were divided into 3 groups: 

duration 11-20 years, 21-30 years, and 31-40 

years. On comparing, it was found that TAC 

levels were significantly decreased (P=0.023) 

whereas MDA and FPG levels were 

significantly increased (P=0.001 & P=0.043 

respectively) with the increase in duration of 

DM (Table 3). 

 

 

Table 2: Correlation between biochemical parameters in non-diabetic and diabetic 

individuals 

Correlation between 

parameters 

 Non-diabetic 

group 

Diabetic 

group 

MDA and TAC Spearman's ρ (rho) -0.274 -0.333 

 P- value 0.006* 0.001* 

MDA and FPG Spearman's ρ (rho) 0.146 0.165 

 P- value 0.146 0.102 

TAC and FPG Spearman's ρ (rho) 0.190 0.147 

 P- value 0.059 0.145 

*P<0.05. MDA- malondialdehyde, TAC- total antioxidant capacity, FPG- fasting plasma glucose. 

 

 

 

 

Fig 1: Scatter diagram showing Spearman's correlation between TAS and MDA in the diabetic group 
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Table 3:  Duration of diabetes and biochemical parameters in diabetic individuals 

 Duration of diabetes(years)  

 11-20 (n=58) 21-30(n=36) 31-40(n=6) P value 

MDA(µmoles/L) 3.34±1.78 4.72±1.67 4.94±1.67 0.001* 

TAC(mmoles/L) 1.81±0.41 1.69±0.31 1.36±0.10 0.023* 

FPG ( mg/dl) 167±59.83 176.97±53.13 235±55.67 0.043* 

*P<0.05. MDA- malondialdehyde, TAC- total antioxidant capacity, FPG- fasting plasma glucose. 

 

  

 

 

DISCUSSION 

In the present case-control study, we estimated total 

antioxidant capacity as a measure of the body’s 

defense mechanism against oxidative stress, 

malondialdehyde as a marker of oxidative damage 

along with fasting plasma glucose levels in non-

diabetic and diabetic individuals. Our result showed 

that the diabetic group was exposed to higher 

oxidative stress than the non-diabetic group as 

revealed by a decrease in TAC and an increase in 

MDA. These findings were consistent with previous 

studies by Najafi et al.[4], Rani & Mythili [5] and 

Pieme et al.[6]in which diabetic patients displayed 

lower levels of antioxidants and higher levels of 

ROS markers like MDA. Vincent et al. [11] have 

shown that chronic hyperglycemia in DM stimulates 

the overproduction of ROS which consequently 

attacks lipids in cells and causes increased 

production and release of lipid peroxidation 

products like MDA. [5, 12]  Also, chronic 

hyperglycemia in DM impairs the body’s 

antioxidant defense mechanisms leading to a 

decrease in TAC. [11] As a result, the body becomes 

less efficient in eliminating ROS, allowing oxidative 

stress to persist.  The decrease in TAC further 

exacerbates lipid peroxidation and the accumulation 

of MDA.  

In contrast,  the study by Srivatsan et al. [13] showed 

an increase in Vitamin C, E, and Superoxide 

dismutase among diabetics suggesting that it 

reflected the intense adaptive response of the 

antioxidants to the augmented oxidative stress in the 

diabetic stress.  Also, a study by Savu et al. [14] 

showed increased activity of antioxidants in diabetic 

patients. Total antioxidant capacity measurement is 

more significant than measuring individual 

antioxidants may it be exogenous or endogenous 

antioxidants as it provides combined information 

about antioxidant status.  

The study by Pieme et al.[6]showed a significant 

positive correlation between fasting blood glucose 

and catalase activity, while a significant negative 

association was demonstrated between fasting blood 

glucose and glutathione. On the other hand, our 

study did not show a correlation between FPG and 

TAC. Our study showed a continuing increase in 

oxidative stress with chronicity of diabetes as 

revealed by an increase in MDA and FPG with a 

decrease in TAC with increasing duration of DM. 

This suggests the duration of diabetes is an important 

factor in DM because it indicates a progressive 

deterioration and an increased risk of diabetic 

complications. This oxidative stress contributes to 

the development and progression of diabetic 

complications by damaging cells, tissues, and organs 

throughout the body.  

CONCLUSION 

The combination of increased MDA levels, elevated 

FPG levels, and decreased TAC indicates a state of 
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heightened oxidative stress in DM patients. It is 

important to note that these changes are general 

trends observed in DM and individual variation may 

exist. Regular monitoring of blood glucose levels 

and assessment of oxidative markers, including 

MDA and TAC, can provide valuable information 

about the progression of DM. Proper management of 

blood glucose levels, along with interventions to 

reduce oxidative stress and enhance antioxidant 

defense are key strategies in the management of DM 
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