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ABSTRACT 

BACKGROUND 

Poorly controlled blood glucose levels accelerate hyperglycaemia, induces excess free radical generation, and causes Oxidative 

stress. Thereby it is a condition of increased Oxidative stress and it requires antioxidants. The total antioxidants provide greater 

protection against damage caused by reactive oxygen species or reactive nitrogen species, than any single compound alone. Thus, 

overall antioxidant capacity may provide more relevant biological information compared to that obtained by the measurement of  

individual components. 

Aims and Objectives- To evaluate whether Total Antioxidant Capacity and Malondialdehyde can be used for early screening of 

Oxidative Stress, and its correlation with HbA1c of both cases and controls. 

 

MATERIALS AND METHODS 

Study was conducted at a Tertiary Care Hospital. 50 T2DM patients were taken as cases of 40-60 age group, with 50 healthy 

subjects of similar age group. TAC, MDA and HbA1c of both cases and controls were assessed. 

Statistical Analysis- Statistical Analysis done using SPSS 20 version software. 

 

RESULTS 

The mean HbA1c levels are higher in Cases {7.09 ± 0.38}% than in Controls {4.55 ± 0.41}% [p value-< 0.001 ]. The mean TAC is 

decreased in Cases- {1.28 ± 0.19} mM than in Controls- {2.3 ± 0.18} mM [p value-< 0.001], and an increase in MDA level is noted in 

Cases {2.11 ± 0.34} than in Controls {0.74 ± 0.13} nmol/mL [p value- < 0.001]. A negative correlation of TAC of Cases {- 0.959,                

p value-<0.001} & Controls {-0.991, p value- <0.001} is noted, and a positive correlation of MDA of Cases {0.624, p value -<0.001} & 

Controls {0.936, p value-0.001} are noted with respect to HbA1c. 

 

CONCLUSION 

The above assays could be employed to detect complications early and revert the conditions to a certain extent. This would 

increase the longevity and quality of life of patients with diabetes. 
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BACKGROUND 

Type 2 diabetes mellitus (T2DM) has reached global epidemic 

proportions,1 and certain population subgroups are 

vulnerable to the disease. The incidence of type 2 diabetes 

mellitus (T2DM) is increasing rapidly, a figure that will soon 

make the disease one of the world’s most prevalent causes of 

preventable mortality. As per the International Diabetes 

Federation (IDF), the estimated cases of diabetes in India in 

the age group of 20-70 years were 6.68 crore and 6.91 crore 

in 2014 and 2015 respectively. The number of people with 

diabetes is expected to rise to 642 million by 2040.2 Diabetes 

mellitus is characterised by chronic hyperglycaemia with 

disturbances of carbohydrate, fat and protein metabolism 

resulting from the defects in insulin secretion, or insulin 

action or both.3 
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Concept of Oxidative Stress 

Chronic hyperglycaemia results in the generation of free 

radicals due to increased production of mitochondrial ROS 

(Reactive Oxygen Species) by non-enzymatic glycation of 

proteins and glucose autoxidation. Elevated Free fatty acid 

can also result in oxidative stress due to increased 

mitochondrial uncoupling and oxidation leading to the 

increased production of ROS. In addition to an increase in 

free radical, a decrease in antioxidant capacity occurs in 

diabetes mellitus. In the absence of an appropriate 

compensatory response from the endogenous antioxidant 

network, the system becomes overwhelmed (Redox 

imbalance), leading to the activation of stress-sensitive 

intracellular signalling pathways leading to the production of 

gene products that causes cellular damage and are ultimately 

responsible for the late complications of diabetes.4,5,6 

 

Generation of Free Radical 

Formation of ROS and RNS (Reactive nitrogen species) can 

occur in the cells by two ways: enzymatic and non-enzymatic 

reactions. Enzymatic reactions generating free radicals 

include those involved in the respiratory chain, the 

phagocytosis, the prostaglandin synthesis and the 

cytochrome P450 system. Non-enzymatic reactions of oxygen 
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with organic compounds as well as those initiated by ionising 

radiations. The non-enzymatic process can also occur during 

oxidative phosphorylation (i.e. aerobic respiration) in the 

mitochondria. ROS and RNS are also generated from either 

endogenous or exogenous sources. Endogenous free radicals 

are generated from immune cell activation, inflammation, 

mental stress, excessive exercise, ischaemia, infection, cancer, 

ageing. Exogenous ROS/RNS result from air and water 

pollution, cigarette smoke, alcohol, heavy or transition metals 

(Cd, Hg, Pb, Fe, As), certain drugs (Cyclosporine, tacrolimus, 

gentamycin, bleomycin), industrial solvents, cooking 

(Smoked meat, used oil, fat), radiation. After penetration into 

the body by different routes, these exogenous compounds are 

decomposed or metabolised into free radicals.7,8,9 

 

Oxidative Stress & Type 2 Diabetes Mellitus 

Oxidative stress plays a pivotal role in the development of 

diabetes complications, both microvascular and 

cardiovascular. The metabolic abnormalities of diabetes 

cause mitochondrial superoxide overproduction in 

endothelial cells of both large and small vessels, as well as in 

the myocardium. This increased superoxide production 

causes the activation of 5 major pathways involved in the 

pathogenesis of complications: polyol pathway flux, increased 

formation of AGEs (Advanced glycation end products), 

increased expression of the receptor for AGEs and its 

activating ligands, activation of protein kinase C isoforms, and 

over-activity of the hexosamine pathway. Through these 

pathways, increased intracellular reactive oxygen species 

(ROS) cause defective angiogenesis in response to ischaemia, 

activate a number of pro-inflammatory pathways, and cause 

long lasting epigenetic changes that drive persistent 

expression of pro-inflammatory genes after glycaemia is 

normalised. Thereby atherosclerosis and cardiomyopathy in 

type 2 diabetes are caused in part by pathway- selective 

insulin resistance, mitochondrial ROS production from free 

fatty acids and by inactivation of anti-atherosclerotic 

enzymes by ROS.10 

 

MATERIALS & METHODS 

The study was carried out at the outpatient clinic of 

Department of Medicine, patients were chosen & all the 

biochemical studies & investigations were carried out in 

Department of Biochemistry, in a Tertiary Care Hospital, 

Kolkata. Our study group consists of 50 Type 2 Diabetic 

patient Cases of age ranging from 40-60 yrs. & 50 Controls of 

the similar age group. 

The Case & Control subjects were randomly selected with 

age & sex matched. The Case subjects age ranging from 40-60 

years, fitted the inclusion criteria of type 2 diabetes. The case 

subjects were on oral hypoglycaemic drugs and were not on 

any kind of oral antioxidants. The exact duration of type 2 

diabetes according to the history given by the Case subjects 

themselves were around 6-7 years. The Control subjects were 

healthy patients aged (40 - 60 years) with no history of T2DM 

or antioxidant supplements, and they were included in the 

“Healthy criteria’’. With proper understanding, the subjects 

have accepted to undergo this procedure and have 

accordingly given their consent. 

 

 

 

Inclusion criteria of Case subjects 

HbA1c or Glycated haemoglobin ≥ 6.5%. 

OR 

Fasting Plasma Glucose >126 mg/dL. 

OR 

Postprandial Plasma glucose >200 mg/dL after oral glucose 

intake. The test was to be performed as described by the 

World Health Organisation after a glucose load containing the 

equivalent of 75 g anhydrous glucose dissolved in water OR 

Random plasma glucose > 200 mg/dL. 

 

Inclusion Criteria for Control Group 

 Fasting Plasma glucose < 100 mg/dL. 

 2-hour Plasma glucose level <140 g/dL. 

 HbA1c ≤ 5.7%. 

 

Exclusion Criteria for Case & Control 

 History of alcohol consumption. 

 History of severe renal, hepatic & neurological disease. 

 Pregnant women. 

 Individuals refusing to provide informed consent. 

 History of hypertensive crisis. 

 History of known cardiovascular disorders. 

 Not on any kind of Antioxidant supplementations. 

 

Venous blood samples from all the participants were 

drawn after an overnight fast from an antecubital vein into 

clotted and EDTA tubes. Serum was separated and retained 

for analysis of TAC, MDA and HbA1c respectively. 

 

Methodology 

Total Antioxidant Capacity (TAC) 

By Colorimetric assay (BioVision Assay kit, total antioxidant 

capacity assay Kit, K274-100).11 

 

Malondialdehyde (MDA) 

It was evaluated by the Thiobarbituric Acid test.12 

 

Glycated Haemoglobin (HbA1c) 

It was evaluated by HPLC (Bio-Rad– D10).13 

 

RESULTS 

We have included 100 subjects in our study, where 50 were 

type 2 DM subjects & 50 were healthy individuals. The 

patients were from the Tertiary Care Hospital situated in 

Kolkata, West Bengal. Data analysis were done using SPSS 20 

version software. 

The mean HbA1c level is higher in Cases {7.09 ± 0.38}% 

than in Controls {4.55 ± 0.41} % [p value- < 0.001] which is 

given in Table 1, Figure 1. The mean TAC level is decreased in 

Cases {1.28 ± 0.19} mM than in Controls {2.3 ± 0.18} mM [p 

value-<0.001] which is given in Table 2; Figure 2. The mean 

MDA level is increased in Cases {2.11 ± 0.34} nmol/mL than 

in Controls {0.74 ± 0.13} nmol/mL [p value- < 0.001] which is 

shown in Table 3, Figure 3. A negative correlation of TAC with 

HbA1c of both Cases {-0.959, p value- <0.001} & Controls {-

0.991, p value- <0.001} and is shown in Table 4[a, b], Figure 

4a, 4b respectively. There is a positive correlation of MDA 

with HbA1c of both Cases {0.624, p value -<0.001} & Controls 

{0.936, p value- 0.001} and it is shown in Table 5 [a, b], Figure 

5a, 5b respectively. 
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Group 
  

Case Control 
  

Mean ± Std. 

Deviation 

Mean ± Std. 

Deviation 
p Value Significance 

HbA1c % 7.09 ± 0.38 4.55 ± 0.41 <0.001 Significant 

Table 1. Comparision of HbA1c of Case & Control 

 

 

 

Group 
  

Case Control 
  

Mean ± Std. 

Deviation 

Mean ± Std. 

Deviation 
p Value Significance 

TAC mM 1.28 ± 0.19 2.3 ± 0.18 <0.001 Significant 

Table 2. Comparision of TAC of Case & Control 

 

 

 

Group 
  

Case Control 
  

Mean ± Std. 

Deviation 

Mean ± Std. 

Deviation 

p  

Value 
Significance 

MDA  

nmol/mL 
2.11 ± 0.34 0.74 ± 0.13 <0.001 Significant 

Table 3. Comparision of MDA of Case & Control 

 

 

Correlations 

Group HbA1C 

Case TAC mM 
Pearson Correlation -0.959 

p Value <0.001 * 

Control TAC mM 
Pearson Correlation -0.991 

p Value <0.001 * 

Table 4. Correlation of TAC in relation  

to  HbA1c of (a) Case & (b) Control 

P value: * Significant 

 

Correlations 

Group HbA1C 

Case MDA nmol/mL 
Pearson Correlation 0.624 

p Value <0.001 * 

Control MDA nmol/mL 
Pearson Correlation 0.936 

p Value <0.001 * 

Table 5. Correlation of MDA in  

relation to HbA1c of (a) Case & (b) Control 

P value: * Significant 

 

 

 
 

Figure 1 

 

 
 

Figure 2 

 

 
 

Figure 3 

 

 
 

Figure 4a. Case 

 

 
 

Figure 4 b. Control 
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Figure 5 a. Case 

 

 
 

Figure 5 b. Control 

 

DISCUSSION 

Type 2 diabetes mellitus is a disease which has a tendency to 

progress into a state of various complication, oxidative stress, 

heightened inflammatory process and eventually leading to 

metabolic dysregulation. Countries with the highest number 

of diabetics are in India (19 million), China (16 million), and 

the United States (14 million).14 In our  study, parameters of 

oxidative stress of 50 middle-aged subjects with age ranging 

from 40-60 years, along with healthy subjects (Control 

group) with age & gender  matched, were evaluated  with a 

detailed assessment of  history & is  included in the study 

according to the inclusion criteria already discussed in 

materials & methods, and statistical analysis is done. 

The mean glycated haemoglobin (HbA1c) is increased in 

Case group when compared with the Control group and has 

been found statistically significant. 

Results are consistent with the study done by Kodiatte               

et al, Verma et al & Masram et al where Kodiatte et al,15 

Masram et al16 & Verma et al17 stated HbA1c was increased in 

type 2 diabetic subjects compared to control group. 

As of present scenario, hyperglycaemia appears as a 

significant cornerstone, providing a favourable cellular 

environment for increased RONS (Reactive oxygen & nitrogen 

species) production and successively leading to increased 

production of free radicals and impaired antioxidant defences 

resulting in increased oxidative stress (OS) contributing to 

the development and progression of diabetes and its 

complications. Thereby Total Antioxidant Capacity (TAC) is 

being assessed as an “antioxidant marker” & 

Malondialdehyde (MDA) as a marker for elevated lipid 

damage. 

In our study, the mean TAC levels is decreased & MDA 

levels is increased in type 2 diabetic subjects when compared 

to the control group and this has been found statistically 

significant. 

Results are consistent with a study done by Manohar                

et al,18 Eldin et al,19  Hisalkar et al,20 Opara et al,21 Bandeira                  

et al,22 Girona et al,23 Salinas et al24 where they stated that 

there was a decrease in TAC & increase in MDA level type 2 

diabetic  participants when compared. 

We observed that chronic hyperglycaemia influences the 

generation of free radicals, which eventually leads to 

increased lipid peroxidation and depletion of antioxidants, 

and thereby enhancing oxidative stress in subjects with 

T2DM. 

Glycaemic control is the most important aspect in 

management of diabetes mellitus, thereby it has  become a 

cornerstone in reducing morbidity and mortality of the 

diseases.25 The measurement of HbA1c level is  the gold 

standard for assessment of glycaemic control because the 

concentration of HbA1c predicts diabetic complications as  it 

reflects harmful glycation sequelae of diabetes, such as 

retinopathy and nephropathy, which are understood to be 

due to harmful advanced glycation end products.26,27 

A negative correlation is noted in our study when 

glycated haemoglobin (HbA1c) is correlated with TAC in 

Cases when compared to that of Controls. Results are 

consistent with the study done by Song et al, where they 

stated a negative correlation with TAC in respect to HbA1c.28 

Decreased antioxidant activity (TAC) is observed in 

patients with Type 2 diabetes, which is possibly associated 

with the progressive glycation of the enzymatic protein 

caused by high HbA1c levels in the patients.29,30,31 

A positive correlation is noted with MDA of Case, & that of 

Control and has been found statistically significant. 

Results are consistent with the study done by Song et al, 

where they stated a positive correlation with HbA1c in the 

presence of hyperglycaemia.29 

 

CONCLUSION 

Type 2 DM is strongly associated with various risk factors, 

that have the ability to proceed to a complicated state, which 

eventually cause the patients to lead a burdened 

compromised life. 

In our study, we focused on ruling out the panel of test for 

screening of type 2 diabetic subjects who are at early risk of 

developing complication. 

In our study, it has been found that there is a significant 

decrease in evaluated Oxidative stress (TAC) in T2DM Case 

subjects when compared with the Control group, showing 

that excessive free radical generation has been initiated due 

to the incompetency of “antioxidant defence system”. 

A negative correlation is also noted of TAC in respect to 

HbA1c, stating that due to increase in HbA1c there is a 

decrease in “Total Antioxidant Capacity”. 

In our study, there is an increase in MDA, in type 2 

diabetic subjects when compared to Control group, and has 

been positively correlated with HbA1c, stating an increased 

lipid peroxidation in diabetic subjects which is due to 

associated dyslipidaemia. 

Thereby, these panel of tests can be considered for 

screening of the target population for the oxidative stress 

along with routine check-up, and with proper interventions, 

it can slow the process to a certain extent by improving the 

quality and longevity of life of the patient with T2DM. 
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However, additional further studies with larger patient 

populations are needed to replicate the results of this study. 
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