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Background: Protein glycation is a spontaneous reaction that is believed to play a key role in the pathogenesis of many clinical disorders. 

The glycation of proteins is enhanced by elevated blood glucose concentrations. The major form of protein glycation with a clinical 

consideration is glycated haemoglobin (HbA1c). HbA1c is majorly affected by the blood glucose levels alone. Diabetes mellitus is a 

metabolic disorder characterized by hyperglycemia. Studies have suggested that HbA1c levels in type-2 diabetes mellitus patients mostly 

remains elevated, yet some such patients, with or without tight glycemic control, have HbA1c levels nearly close to or within the normal 

reference range. Subjects and Methods: In this study HbA1c, fasting blood glucose levels and post prandial blood glucose levels in normal 

subjects as well as in patients with Type-2 diabetes mellitus excluding the complicated ones were studied. Results: The present study 

confirms earlier studies that all these levels are tightly correlated and the corresponding p values were < 0.001 which were significant and was 

estimated by using student t-test. Conclusion: Thus indicating that glycated hemoglobin (HbA1c) can be used to assess the glycemic status of 

an individual for attaining the treatment goal of preventing long term complications of diabetes mellitus. 
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Introduction 

 
World population of diabetics is projected to touch 366 

million by 2030.[1] Such people are at greater risk of cardiac, 

peripheral arterial and cerebrovascular disease.[2] Diabetes 

mellitus has a major and increased deleterious impact on 

individual as well as national productivity.  

HbA1c (glycated hemoglobin) was identified in 1980s as a 

potential useful marker index for use in clinical practice.[3,4] 

In case of patients suffering from diabetes mellitus, it 

reflects on average plasma glucose over the previous 8-12 

weeks.[5] It is formed by post translational, non enzymatic, 

substrate concentration dependent irreversible glycation 

with glucose and other hexoses at the amino terminal of 

beta chain of Hb.[6,7] 

An international expert committee described HbA1c value 

between 6.0-6.4% (40-42mmol/l) indicative of  high risk of 

impaired glucose regulation (IGR).[8] In 2011 WHO 

recommended use of glycated hemoglobin (HbA1c) alone 

as an alternative diagnostic test, suggesting an HbA1c level 

of > 6.5% (>48mmol/l) as cut off for diagnosing diabetes.[9] 

HbA1c was recommended as a widely accepted parameter 

for complication risks of type-2DM.[10] HbA1c has thus 

been suggested as a better indicator of chronic 

hyperglycemia and its long term complications. 

The relationship between HbA1c and plasma glucose is 

however quiet complex. Mostly elevated HbA1c levels are 

found in those diabetic patients whose blood glucose levels 

remain persistently high. On the other hand, diabetic 

patients with tight glycemic control sometimes do also have 

HbA1c levels that are nearly close or within the reference 

range. For a non-diabetic individual the recommended 

HbA1c level is 3.5-5.5% whereas in case of diabetes 

mellitus, a value of 6.5% is considered as good glycemic 

control. 

 

subjects and Methods 

 

The present retrospective study was conducted on two 

groups of people (135 each) of both sexes and aged 40-

65yr, attending the medicine out-patient department at 

ASCOMS JAMMU. Group- 1 consisted of normal subjects 

whereas Group-2 included patient’s with type-2DM.  

 

Inclusion criteria:  
Type-2 Diabetes mellitus patients without complications 

and between patients of age 40-60 years.  

 
Exclusion criteria:  
Patients with history of impaired glucose tolerance, type-1 

Diabetes mellitus, chronic renal diseases, retinopathies, 

chronic alcoholism, pregnancy. Patients with complications 

were excluded from the study. All the subjects of both the 

groups were studied for Fasting blood glucose(FBG),Post 
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prandial glucose (PPG) and Glycated Hemolobin (HbA1c) 

levels. 2 ml venous blood sample were drawn aseptically 

and put in EDTA vials. Blood sugar as well as HbA1c 

estimation were done using cobas c-311 auto-analyzer. The 

blood sugar was estimated by Hexo- kinase (Gen-3),[11,12] 

and normal fasting plasma glucose value is 4.11-

5.89mmol/L.[12] The HbA1c was estimated by turbidimetric 

inhibition immunoassay and its normal value was 29-

42mmol/L.[13-16]  

Statistical analysis was done by comparing both the group 

values and p- value was estimated by using student t- test. 

 

Results  

 

Table 1: Statistical comparison of parameters studied in 

group1 of normal healthy subjects and group 2 of type-2 

diabetes mellitus. 

Parameters Statistics Group1 Group2 

HbA1C Mean 28.50 73.01 

SD 4.5 10.01 

P value <0.0001 

Fasting plasma 

glucose 

Mean 4.67 8.49 

SD 0.44 0.93 

P value <0.0001 

Post prandial 

plasma glucose 

Mean 6.33 13.27 

SD 0.45 1.85 

P value <0.0001 

 

 
Figure 1: Comparison of mean of various parameters in 

group1 and group 2 
 

As shown in the [Table 1], Fasting plasma glucose level in 

normal healthy subject and type-2 diabetes mellitus were 

statistically compared and it was observed that the mean 

and Standard deviation of fasting plasma glucose in group-1 

and group -2 was 4.67 ± 0.44 and 8.49 ± 0.93 respectively. 

The p-value for this was < 0.0001. The postprandial glucose 

level in normal subjects and in type-2 diabetes mellitus 

patients were compared and it was shown in [Figure 1] that 

the mean and standard deviation in both the groups were 

6.33 ± 0.45 and 13.27 ± 1.85 respectively. The 

corresponding p-value for this parameter was < 0.0001. The 

same way mean and standard deviation for glycated 

hemoglobin was compared in both the groups consisting of 

normal healthy subjects and type 2 diabetes mellitus 

patients and it was observed that the corresponding values 

were 28.50 ± 4.52 and 73.01 ± 10.01 respectively. The 

corresponding p-value for this parameter was also < 0.0001. 

As such all the observed parameter values in patients 

suffering from type-2 DM were significantly more higher. 

 

Discussion 

 

Glycated hemoglobin reflects an average plasma glucose 

over previous 8- 12 weeks. It is formed by post translational 

non enzymatic, substrate concentration dependent 

irreversible glycation with glucose and other hexoses at 

amino terminal of beta chain of hemoglobin. As such the 

observed parameter values of glycated hemoglobin and 

plasma fasting and post prandial glucose level in patients 

suffering from type-2 DM were significantly higher. The 

highly positive correlation between HbA1c and plasma 

glucose is in conformity with other studies.[17,18] The 

relationship between HbA1c and plasma glucose levels is 

quiet complex . Mostly elevated glycated hemoglobin levels 

are found in those diabetic patients whose blood glucose 

levels remain persistently high. On the other hand diabetic 

patients with tight glycemic control sometimes do also have 

HbA1c levels that are nearly close or with in reference 

range. American diabetes association recommends HbA1c 

value below 7% for most of diabetic patients. An HbA1c of 

6% on average corresponds to mean plasma glucose of 135 

mg/dl. For every one percent rise of glycated hemoglobin, 

mean plasma glucose level increases by 35mg/dl. For a non-

diabetic individual the recommended HbA1c value is 3.5- 

5.5%. In case of diabetes mellitus, a value of 6.5% is 

considered as a good glycemic control.  

Hyperglycemia causes glycosylation of all proteins and 

gradually causes dysfunctioning of the endothelial cells, 

which is a contributing factor of the atherosclerosis.[2,19,20] 

Therefore the patients are more prone to cardiovascular 

complications.  

Tight glycemic control could improve the lipid profile of 

diabetic patients and can reduce the associated risk 

cardiovascular disease. Patients having HbA1c ≥ 7.0% were 

considered as diabetic dyslipidemic and those who had 

HbA1c was ≤ 7.0%  were diabetic but maintaining a good 

glycemic control. Most of the diabetic patients maintained a 

poor glycemic control that adversely affects their lipid 

profile and makes them prone to cardiovascular 

complications. Higher prevalence of dyslipidemia in 

diabetic patients is seen than in non-diabetic patients. The 

DCCT (Diabetes Control and Complications Trial) 

performed by National Institute of Diabetes Digestive and 

kidney diseases in USA have considered HbA1c as a gold 

standard method of glycemic control. HbA1c levels ≤7.0% 

was said appropriate in order to reduce the risks of 

cardiovascular complications.[21,22] Improving glycemic 

control can considerably reduce the risk of cardiovascular 

diseases upto a great extent. 

 

Conclusion 
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The present study confirms the earlier studies that HbA1c 

can be used to assess the glycemic status of an individual 

for attaining the treatment goal of preventing long term 

complications of diabetes mellitus. Henceforth HbA1c is 

the best indicator of chronic hyperglycemia and its long 

term complications. This glycated protein influences 

various metabolisms and play a key role in pathogenesis of 

various diseases. 
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