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INTRODUCTION 

Cardiovascular disease is the major cause of mortality in 

patients with both type 1 and type 2 diabetes mellitus.1 

The risk of cardiovascular events is two to four times 

more in diabetic subjects compared to general population. 

Some of the studies have been reported that glycaemia 

was associated with cardiovascular disease and death in 

general population with and without diabetes.2,3 Among 

diabetic patients glycaemic control may be an important 

factor for predicting cardiovascular events.2 

Last two decades it has clear that reactive oxygen species, 

including free radicals are involved in cardiovascular 

disease. In current days, clinical importance of oxidants is 

growing interestingly.4 Oxidative stress is frequently 

involved in the pathogenesis and development of 

cardiovascular diseases including hypertension, 

dyslipidemia, diabetes mellitus, atherosclerosis, 

myocardial infarction and heart failure.5,6  

A meta-analysis study has been reported that 18% greater 

risk of cardiovascular events in patients with every 1% 

higher level of HbA1c. While some of the large-scale 

clinical trials failed to demonstrate beneficial effect of 

near-normal HbA1c on major cardiovascular events and 

death. Thus, it is unclear that whether HbA1c levels were 

involved in cardiovascular events and mortality in 
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ABSTRACT 

 

Background: Cardiovascular disease (CVD) is a major cause of death in diabetic subjects. Glycaemic status is one of 

the vital factor involved in vascular complications. It was clear the effect of glycaemia on microvascular 

complications, but uncertain on macrovascular complications. As we know oxidative stress plays a major role in the 

development of atherosclerosis and cardiovascular disease. Since oxidative stress is a risk factor for cardiovascular 

disease, the study has designed to perceive an association between HbA1c and oxidative stress in patients with type 2 

diabetes mellitus for early prediction of cardiovascular events.  

Methods: 120 subjects were taken into the study, among these 60 type 2 diabetic subjects and remaining 60 subjects 

were healthy controls. The parameters like HbA1c, MDA and FRAP were estimated by established methods. ‘Kruskal 

Wallis’ test was used for variables in the parameters and Pearson correlation test was used to perform correlation 

between HbA1c and oxidative stress. 

Results: High level of HbA1c and MDA, low level of FRAP were found in patients with type 2 diabetes than healthy 

controls. The study was also found HbA1c have positive association with malondialdehyde (MDA) and negative 

association with FRAP. 

Conclusions: HbA1c was positively associated with oxidative stress in patients with type 2 diabetes mellitus. In this 

scenario, type 2 diabetic patients with high level of HbA1c might have risk of cardiovascular events.  
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patients with diabetes mellitus.3 Since, Oxidative stress is 

an initiator for pathogenesis and development of 

cardiovascular disease. The study has designed to 

perceive an association between HbA1c and oxidation 

stress in patients with type 2 diabetes mellitus for early 

prediction of cardiovascular events.  

METHODS 

The study was conducted on 120 subjects; among these 

60 were type 2 diabetes mellitus subjects and remaining 

60 were healthy subjects. Type 2 diabetic subjects were 

selected from Vinayaka Missions Kirupananda Variyar 

Medical College and Hospital at Salem. Type 2 diabetic 

patients without any complications were included in this 

study. The blood samples were collected from patients 

after ethical clearance from institutional ethical 

committee. 4 ml of blood sample was collected after 

overnight fasting of 12 hours from each patient and 1ml 

transferred in fluoride tube for blood sugar, 1 ml in 

EDTA tube for HbA1c, 2 ml in heparin tube for MDA 

and FRAP. 1 ml of post-prandial blood sugar was 

collected after 2 hours of breakfast from each subject. 

Blood sugar was estimated by GOD-POD method, 

HbA1c was estimated by immunotubidimetric method in 

auto-analyzer. MDA was measured by TBARS 

(Thiobarbituric acid reactive substances) method and 

total antioxidant capacity was estimated as FRAP in 

spectrophotometer. 

Statistical analysis 

Statistical analysis was done by using SPSS software. 

“Kruskal Wallis” test was performed to analyze 

significant variables of parameters between the study 

groups. “Pearson correlation” test was used to perform 

correlation between HbA1c and oxidative stress. P<0.05 

was considered as statistically significant. 

RESULTS 

In our study, Table 1 shows significantly high level of 

BMI, fasting and postprandial blood sugar in type 2 

diabetic subjects (24.45±3.11, 159.85±68.49, 

277.98±85.90) compared to healthy controls (20.48±0.81, 

87.62±9.95, 119.65±6.07).  

Significantly high level of HbA1c (9.11±2.42) was 

observed in type 2 diabetic subjects than healthy controls 

(5.21±0.29). P<0.05 considered as statistically significant 

(Figure 1). 

 
Data expressed as Mean±SD, statistical analysis was performed 

by “Kruskal Wallis” test. *Significant at ‘p’ value <0.05. 

Figure 1: HbA1c level between the study groups. 

Figure 2 shows significantly high level of MDA 

(2.48±1.70) and lower level of FRAP (0.70±0.10) were 

identified in type 2 diabetic subjects compared to healthy 

controls (0.72±0.17, 0.91±0.30). The study was also 

found, HbA1c have positive correlation with MDA and 

negative correlation with FRAP (Table 2). 

 

Table 1: Clinical characteristics of the study subjects. 

Parameters Control (n-60) T2DM (n-60) p values 

Age 49.30±10.27 50.85±10.23 >0.05 

BMI (kg/m2) 20.48±0.81 24.45±3.11 <0.05* 

FBS (mg/dl) 87.62±9.95 159.85±68.49 <0.05* 

PPBS (mg/dl) 119.65±6.07 277.98±85.90 <0.05* 

Data expressed as Mean±SD, Statistical analysis was performed by “Kruskal Wallis” test. *Significant at ‘p’ value <0.05. 

Table 2: Association between HbA1c and oxidative stress. 

Statistical correlation was performed by “Pearson correlation” test. 

 

 

Parameters 
HbA1c 

‘r’ Value ‘p’ Value 

MDA 0.466 0.000** 

FRAP -0.315 0.001** 
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Data expressed as Mean±SD, Statistical analysis was performed 

by “Kruskal Wallis” test. *Significant at ‘p’ value <0.05. 

Figure 2: Comparison of oxidant/ antioxidant 

markers between study groups. 

DISCUSSION 

HbA1c and oxidative stress are important factors seen in 

type 2 diabetes mellitus. Oxidative stress is common in 

diabetic subjects and HbA1c can be seen in uncontrolled 

diabetic subjects. The treatment for type 2 diabetes 

mellitus is targeted to reduce the risk of diabetic 

complications in patients. The intensive treatment was 

moderately reduces the risk of microvascular 

complications, but benefits of macrovascular 

complications are less clear.7 Biochemical, physiological 

and pharmacological data were supported a link between 

free radicals and cardiovascular tissue injury. The major 

vascular risk factors include hypertension, dyslipidaemia, 

diabetes and smoking and these factors are associated 

with increase production of ROS in vascular tissues.4  

Body mass index (BMI) 

The present study has shown significantly high level of 

BMI in patients with type 2 diabetic subjects compared to 

control subjects (Table 1). Ganz, et al has reported that 

individual type 2 diabetic subjects have higher level of 

BMI compared to control and it also shown an 

association between increased BMI and overweight or 

obese.8 The main cause of weight gain in type 2 diabetes 

is due to excess of calorie intake, physical inactivity 

which has revealed by Hollanderl.9 Weight gain is a well-

known factor for adversely effect of cardiovascular risk.10  

Insulin is a major hormone which effects on metabolism 

in the determination of body weight. Increased Insulin 

sensitivity has been associated with the expansion of 

adipose tissue in the body; the reason behind this is 

increased action of insulin on muscle and liver.11 Insulin 

suppresses the lipase action and reduced lipolysis, finally 

increase the deposition of fat in adipose tissue and leads 

to weight gain. Development of Insulin resistance is an 

adaptive physiological mechanism to prevent the 

additional weight gain due to the enhancing insulin action 

in adipose tissue.12  

Most of the prospective studies have been reported an 

association between BMI and CVD.13-15 Song and 

Hardisty has found that type 2 diabetic patients have 

higher risk of cardiovascular disease with irrespective 

difference in the level of BMI.16 There is evidence that 

individual type 2 diabetic patients are at risk of CVD and 

mortality in both obese and non-obese subjects.17,18 BMI 

is considered as a risk factor for T2DM and 

cardiovascular disease; it shows that once diabetes 

develops other factors are more important in the 

development of CVD. UKPDS has not considered obesity 

as a risk factor for the development of CVD in type 2 

diabetes.19 Hence, BMI cannot be considered as an 

independent risk factor for cardiovascular disease in 

diabetic subjects. 

Glycosylated hemoglobin (HbA1c)  

Graph 1 show that patients with type 2 diabetes have high 

level of HbA1c compared to healthy control. Nathan et 

al. has reported a significantly high level of HbA1c in 

both type 1 and type 2 diabetes compared to non-diabetic 

subjects, and it has also shown an association between 

HbA1c and mean glucose level.20 Moreover, the earlier 

study has identified an increase level of HbA1c along 

with increased mean blood glucose level in patients with 

diabetes than non-diabetes. Since, HbA1c is a compound 

synthesized from non-enzymatic reaction of glucose and 

hemoglobin, especially in uncontrolled diabetic 

patients.21 Hence, HbA1c was associated with fasting and 

post-prandial blood sugar in diabetic patients.22 

ACCORD trial had shown an increased hypoglycemia 

with poor glycaemic control compared with additional 

popular HbA1c level in type 2 diabetes.23 Another study 

has reported that high level of HbA1c mean in 

hypoglycemic subjects compared with non-hypoglycemic 

subjects. The same study also shown diabetic patients 

with <6% and >9% of HbA1c values tended to be a 

higher risk of hypoglycemia compared to HbA1c value 

(7-7.9%) range.7 In our study, poor glycaemic control 

might be the reason for high level of HbA1c in type 2 

diabetic subjects. 

HbA1c and cardiovascular risk 

A prospective study has shown significantly elevated 

levels of HbA1c in patients with coronary artery disease 

(CAD) and it also found the severity of coronary lesions 

in CAD patients. However, the study also reported that 

predictable power of HbA1c exist only in diabetic 

patients with stable CAD, but not in subjects without 

diabetes. This shows the important role of HbA1c to 

predict CAD in diabetic subjects.24 However, other 

studies have reported an association of high normal 

glucose and HbA1c level with the incidence of CAD in 

individual patients with or without diabetes.25,26 Ikeda F 

et al study has suggested that increased HbA1c levels can 

be an independent risk factor for CVD, especially CHD 

(coronary heart disease) and ischemic stroke. But, HbA1c 
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can be additional strong factor along with traditional risk 

factors for the prediction of CVD.27 

Seven years of fallow-up study on 2,851 diabetic 

subjects, 119 subjects has shown the development of 

cardiovascular disease (CVD) with significant increase in 

the level of HbA1c (5.5-6.4 and 6.5).27 Veterans affairs 

diabetes trial (VADT) study has reported that 38% of 

type 2 diabetic patients had CVD risk at baseline by using 

coronary artery calcium (CAC) as measure of 

atherosclerosis. Good glycaemic control (HbA1c) in 

diabetic patients with CAC value below 100 was related 

to the future risk of cardiovascular events, but this effect 

was not seen in diabetic patients with higher CAC 

value.28 Bots SH et al study has shown a significant 

relation of HbA1c with the risk of all-cause mortality in 

diabetic subjects, but not to the risk of cardiovascular 

events.29 

However, an earlier study has reported that HbA1c was 

not associated with the prevalence of cardiovascular 

disease in patients with diabetes.30 In another study has 

shown significant association of HbA1c with severity of 

coronary atherosclerosis in selected men’s undergoing 

coronary angiography.31 Nevertheless, HbA1c alone is 

not a factor to predict cardiovascular risk, but elevated 

level of HbA1c clustered with other risk factors in people 

without diabetes and indicates additional risk factor to 

predict CVD. The increased level of HbA1c may be 

mediated by the clustering of hypertension, dyslipidemia, 

hyperglycemia and smoking. Hence, HbA1c can be an 

additional predictable risk factor for CVD along with 

other risk factors.32  

Oxidative stress in type 2 diabetic subjects 

Free radicals may have a large in the pathogenesis of 

many diseases such as diabetes mellitus, atherosclerosis 

and myocardial infarction. Free radical targets biological 

molecules, especially lipid oxidation. Malondialdehyde is 

the end product of lipid peroxidation commonly used to 

determine the oxidant/antioxidant balance in diabetic 

subjects.33 In our study, Graph 2 shows significantly high 

level of MDA and lower level of FRAP (antioxidant 

power) in patients with type 2 diabetes compared to 

healthy controls. Earlier studies have been shown a 

significantly increased level of MDA and decreased total 

antioxidants levels in type 2 diabetes mellitus.34,35 

Experimental studies have observed the alterations of 

proteins and increase lipid peroxidation in diabetes 

mellitus, high glucose level may be the reason to 

stimulate platelet aggregation and auto-oxidation of 

glucose and produces free radicals in diabetic 

subjects.33,36,37 

Glucose oxidation has been believed to be the main 

reason of free radicals. Glucose is oxidized to an enediol 

radical anion that is further converted into reactive 

ketoaldehydes and to superoxide anion radicals. The 

superoxide anion radicals cannot undergo dismutation 

due to the deficiency of catalase or glutathione 

peroxidase enzyme. Therefore, hyperglycemia can 

promote lipid peroxidation of low density lipoprotein 

(LDL) by superoxide dependent pathway leads to 

produce free radicals.38 This might be the reason behind 

increased oxidative stress and simultaneously decline of 

anti-oxidant defense system along with high level of 

glucose in type 2 diabetic patients. Reactive oxygen 

species generation is the main pathophysiological 

mechanism linked with glucose metabolism to 

endothelial dysfunction and atherosclerosis. Hence, 

hyperglycemia plays an important role in causing 

vascular complications in diabetes.39 

Oxidative stress and cardiovascular disease 

Increased oxidative stress may play a major role in the 

development of diabetic vascular 

complications. Oxidative stress induces cell proliferation, 

hypertrophy, apoptosis and inflammation through 

activation of various signaling cascades redox sensitive 

transcriptional factors. Overload of reactive oxygen 

species (ROS), particularly free radicals oxidizes various 

molecules. Lipid peroxidation and protein oxidation 

induces over-expression of redox genes, intracellular 

calcium overload and DNA fragmentation results in the 

damage of vascular smooth muscle cells (VSMC), 

endothelial cells and myocardial cells. This mechanism 

induces the development of atherosclerosis and 

cardiovascular disease.6 Correlation between HbA1c and 

oxidative stress 

The present study was found significant positive 

correlation between glycosylated hemoglobin (HbA1c) 

and oxidative stress (Table 2). Poor glycaemic control 

was associated with hypoglycaemia due to excess of 

glucose converted to glycated hemoglobin (HbA1c). This 

glycaemia may play an important role in the pathogenesis 

and development of cardiovascular events. In 

hyperglycaemic condition, glucose gets oxidized and 

increases the production of free radicals simultaneously 

declines antioxidants. This oxidative stress plays a 

predominant role in the initiation and progression of 

atherosclerosis and then to cardiovascular disease. Since, 

both HbA1c and oxidative were increased in poor 

glycaemic status of type 2 diabetic patients. It shows a 

strong association of poor glycaemic control with HbA1c 

and oxidative stress. HbA1c may be a significant factor to 

predict risk of cardiovascular disease in type 2 diabetes 

mellitus. 

CONCLUSION 

Increased level of HbA1c and oxidative stress was found 

in patients with type 2 diabetes mellitus. We also have 

found positive association between HbA1c and Oxidative 

stress. This indicates that HbA1c also plays a key role in 

the pathogenesis of atherosclerosis and cardiovascular 

disease. Regular monitoring of HbA1c and MDA along 

with blood sugar level may helpful to forecast the 
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cardiovascular events. A comparative study is required on 

HbA1c level and oxidative stress in type 2 diabetic 

patients with and without cardiovascular disease.  
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