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ABSTRACT  7 
 8 
Aims: To estimate fasting plasma glucose (FPG), serum ferritin, HbA1c and serum nitric oxide levels in type 
2 diabetes mellitus (DM) subjects and compare the values with non diabetic individuals and also to assess 
the correlation analysis between the biochemical parameters in type 2 DM subjects. 
 
Study design:  A case control study. 
Place and Duration of Study:  Study was carried out from June 2012 to June 2013 in Bapuji Hospital and 
Chigateri General Hospital, Davangere, Karnataka, India. 
Methodology:  A total of 87 subjects were included in the present study of which 56 type 2 Diabetes 
Mellitus patients and 31 control subjects. FPG, serum ferritin, HbA1c and serum nitric oxide were 
estimated in all subjects. 
Results:  Intergroup comparison of biochemical parameters was done by unpaired “t” test and correlation 
between the parameters by Pearson’s coefficient analysis. The estimated mean levels (mean ± SEM) of 
FPG, serum ferritin, HbA1c and serum nitric oxide in control group were 98.06±1.30, 84.6±6.61, 5.46±0.15  
and 39.0±0.84 respectively. Similarly, in type 2 diabetic patients mean levels of 179.5±7.11, 457.9±53.7, 
9.49±0.25, and 100.9±3.5 were obtained for respective parameters. Mean values of all parameters were 
found to be significantly increased In DM subjects (P=.001) when compared to control group. Moreover, 
Serum ferritin has shown significant positive correlation with HbA1c and serum nitric oxide in type 2 DM 
patients with ‘P’ value of .05. 

Conclusion:  The present study suggests that iron over load is one of the major factors in the 
pathogenesis of type 2 DM. Decreasing iron stores may reduce the oxidative stress, improve the vascular 
endothelial dysfunction and also improves insulin sensitivity in type 2 DM subjects. 
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1. INTRODUCTION  13 
 14 

Diabetes Mellitus (DM) is a heterogeneous group of diseases, characterized by a state of chronic 15 
hyperglycemia, resulting from a diversity of etiologies, environmental and genetic, acting jointly. The 16 
underlying cause of diabetes is the decreased production or action of insulin, a hormone that controls 17 
glucose, fat and amino acid metabolism. Diabetes is a chronic disease with variable clinical manifestations 18 
and progression. Chronic hyperglycemia leads to a number of complications such as cardiovascular, renal, 19 
neurological, ocular and recurrent infections. [1] 20 
                  Recently, it has been found that increased body iron stores are associated with the development 21 
of glucose intolerance, gestational diabetes, type 2 DM and insulin resistance syndrome. Frequent blood 22 
donation leads to decrease in the iron stores, which in turn leads to improvement in both beta cell function 23 
and peripheral insulin action followed by the drop in serum glucose, cholesterol and triglycerides in DM 24 
patients. It is also found that patients with uncontrolled diabetes have hyperferritinemia which correlates with 25 
diabetic complications.[2] 26 
              Previous studies have shown that abnormalities in the ferritin metabolism following glycation in 27 
chronic hyperglycemic state might be a primary cause of hyperferritinemia in type 2 diabetes mellitus. 28 
Glycosylated ferritin has a longer serum half life and glycemic control itself influence serum ferritin 29 



 

concentration.[3] Elevated iron stores may induce diabetes and its complications through a variety of 30 
mechanisms including oxidative damage to the pancreatic β cells, impairment of insulin extraction by liver, 31 
and interference with insulin’s ability to suppress hepatic glucose production.[4] Free iron is toxic to cells and 32 
leads to production of free radicals by undergoing Fenton reaction.                  33 

HbA1c is a glycated hemoglobin formed by a post translational non enzymatic combination of 34 
aldehyde group of glucose and other hexose with the amino terminal valine in the beta chain of hemoglobin. 35 
The level of HbA1c in diabetes is used as a reliable index of glycemic control over the preceding 6 to 8 36 
weeks.[5] 37 
             Nitric oxide (NO) is a potent vasodilator and also an endothelial relaxing factor. NO is a short lived 38 
free radical, involved in variety of physiological functions like smooth muscle relaxation, inhibition of platelet 39 
aggregation and non-noradrenergic-noncholinergic neurotransmission.[6] Uncoupling of endothelial Nitric 40 
oxide synthase enzyme occurs in the blood vessels of diabetic subjects leading to endothelial dysfunction 41 
and excessive production of superoxide anion causing decreased NO bioavailability.[7]  42 
Previous have found that increased levels of FPG, HbA1c and serum nitric oxide levels are responsible for 43 
diabetic complications. However, role of hyperferritinemia in DM is still contradictory. So the present study is 44 
carried out to evaluate iron overload status, endothelial dysfunction; antioxidant and long term glycemic 45 
control status in Indian population. 46 
 47 
2. MATERIAL AND METHODS  48 
 49 
A total of 87 subjects were included in the present study of which 56 type 2 Diabetes Mellitus patients and 50 
31 non diabetic individuals. Study was carried out from June 2012 to June 2013 in  Bapuji Hospital and 51 
Chigateri General Hospital, Davangere, Karnataka, India (Hospitals attached to J.J.M Medical College, 52 
Davangere). The study protocol was confirmed to the ethical guidelines of Declaration of Helsinki (Sixth 53 
revision, 2008). Institutional Ethical Committee approval was taken from J.J.M Medical College, 54 
Davangere Karnataka, India before starting the study. Written informed consent was obtained from each 55 
subject before starting the study. Patients and controls were voluntarily participated in the present study.  56 
 57 
 58 
2.1 Inclusion criteria:  Cases - Clinically diagnosed type 2 diabetes mellitus between the age group of 59 
30-60 years of either sex with five years history of diabetes were included in the present study.  60 
Controls - Healthy individuals of either sex with matching age group were included as control group. 61 
 62 
2.2 Exclusion criteria:  Patients with type 1 diabetes mellitus, gestational diabetes mellitus, 63 
hemochromatosis, Thalassemia, Hemosiderosis, patients on iron supplementation, thiazide diuretics, 64 
antioxidants drugs and steroids, patients with chronic infections and inflammation, neoplasia, renal 65 
disease, liver disease, alcoholics and smokers, critically ill patients admitted in intensive care unit and 66 
pregnant women, were excluded from the study. 67 
 68 
2.3 Collection of blood sample: About 6 ml of venous blood was drawn from all the subjects (from 69 
large peripheral vein) under aseptic precautions, using a sterile disposable syringe. Out of 6ml, 3 ml of 70 
blood was transferred to plain vaccutainer and remaining 3 ml into EDTA containing vaccutainer. 3 ml of 71 
plain vaccutainer blood was subjected to centrifugation and the serum was separated which was used for 72 
estimation of serum ferritin and nitric oxide. Out of 3 ml of anticoagulated blood sample, 1 ml was used to 73 
estimate HbA1c and remaining 2ml was used to separate plasma to estimate fasting plasma glucose.  74 
 75 
2.4 Parameters measured: From the blood sample collected by the above method fasting plasma 76 
glucose, HbA1c, serum ferritin and serum nitric oxide levels were measured in both cases and controls. 77 
Fasting plasma glucose was measured by glucose oxidase method.[8] Kinetic Cadmium-Reduction 78 
method  was used to measure serum nitric oxide levels. For HbA1c and serum ferritin estimation 79 
turbidimetric Immunoassay and Chemiluminescence Immunoassays were followed respectively.[9 ,10] 80 

 81 



 

2.5 Statistical analysis: The values are expressed in mean ± standard error of mean(mean ± SEM). 82 
Unpaired ‘t’ test was used to compare the biochemical parameters between cases and control and 83 
Pearson’s correlation analysis was used to find the correlation between the biochemical parameters in 84 
cases. 85 
 86 
 87 
3. RESULTS AND DISCUSSION 88 
Among 56 DM patients, 24 were male and 32 were female. Similarly in control group 19 were male and 89 
12 were females. Table 1 shows the demographic distribution of cases and controls included in the study. 90 
Mean age for type 2 diabetes mellitus patients was 50.09±8.2 years and 45.64±12.1 years in control 91 
group. Sex matched controls were selected and there was no significant difference between cases and 92 
controls with respect to age and sex of subject. 93 

Table 2 Shows levels of various biochemical parameters in type 2 diabetic patients and healthy controls. 94 
The estimated mean levels of FPG, serum ferritin, HbA1c and serum nitric oxide in control group were 95 
98.06±1.30, 84.6±6.61, 5.46±0.15  and 39.0±0.84 res pectively. Similarly in type 2 diabetic patients mean 96 
levels of 179.5±7.11, 457.9±53.7, 9.49±0.25, and 100.9±3.5 were obtained for respective parameters. 97 

The statistical analysis by Unpaired ‘t’-test has shown that the levels of FPG, serum ferritin, HbA1c, and 98 
serum nitric oxide are significantly increased in type 2 diabetic patients when compared to controls with P 99 
value of  .001. 100 

The Pearson’s correlation analysis was done between the biochemical parameters of type 2 diabetes 101 
patients which showed statistically significant positive correlation between serum  ferritin and HbA1c with  102 
r value of +0.49 and P value .001. Serum nitric oxide and HbA1c also showed statistically significant 103 
positive correlation with r value of +0.35 and P=.05. Similarly,  significant positive correlation was found 104 
between serum nitric oxide and serum ferritin with r value of +0.34 and P value of .05. The results of this 105 
study are in accordance with the previous studies, which also found that serum ferritin, HbA1c, FPG, 106 
serum nitric oxide levels are higher in DM and responsible for diabetic complications.[11-13] However, 107 
study by Nuria Freixenet et al. disproves above concept and rules out hyperferritinemia in DM.[14] 108 

Diabetes mellitus in all its heterogeneity has taken the center stage as one of the ultimate medical 109 
challenges. Diabetic vascular complication is a leading cause of end stage renal failure, acquired 110 
blindness, neuropathies and accelerated atherosclerosis. These complications are the major cause of 111 
morbidity and mortality in patients with DM. [15] 112 
Chronic hyperglycemia is a major initiator of diabetic complications. It induces various metabolic and 113 
hemodynamic derangements, including increased advanced glycation end (AGE) product formation, 114 
enhanced production of reactive oxygen species (ROS), activation of protein kinase C (PKC), stimulation 115 
of the polyol pathway and the renin angiotensin system (RAS), contributing to the characteristic 116 
histopathological changes observed in diabetic vascular complications.[16] 117 
The biochemical process of advanced glycation appears to be enhanced in the diabetic milieu as a result 118 
of hyperglycemia, oxidative stress and lipid peroxidation. A heterogeneous group of chemical moieties 119 
are generated that appears to induce the development and progression of diabetic vascular complications 120 
directly or indirectly via activation of intracellular signaling pathways, generation of proinflammatory and 121 
prosclerotic cytokines.[17] 122 
In diabetes mellitus chronic hyperglycemic state is known to be responsible for increased oxidative stress 123 
resulting in complications. The four major pathways responsible for worsening of diabetic condition are 124 
polyol pathway, increased formation of AGEs, deregulated protein kinase C pathway and increased 125 
hexosamine pathway flux.[18] 126 
Hyperglycemia in DM is caused by both overproduction and under utilization of glucose. There is also a 127 
relative excess of glucagon in DM. As a consequence, glucose is synthesized rather than consumed by 128 
liver and glucose uptake into muscle and adipose tissues are reduced drastically leading to 129 
hyperglycemia.[19]  130 
Serum Ferritin  131 
It has been found that iron influences glucose metabolism, even in the absence of significant iron 132 
overload. Excess of tissue iron amplify the injury caused by free radicals as well as modulate various 133 



 

steps involved in the inflammatory lesion.[20] Serum ferritin is a storage form of iron found in the liver 134 
cells, spleen, bone marrow, heart, pancreas and kidney. Normally human serum contains a small quantity 135 
of ferritin.[21] 136 
In this study serum ferritin levels were found to be significantly increased in type 2 diabetes mellitus 137 
patients when compared to healthy controls. This study also showed statistically significant positive 138 
correlation between serum ferritin with serum nitric oxide and HbA1c. Increase in serum ferritin indicates 139 
an iron over load status in type 2 diabetes mellitus cases which has a role in the pathogenesis of 140 
diabetes. These findings are in accordance with previous studies conducted by Sumeet Smotra,  Wei  141 
Bao  and N.G. Fourohi.[2,22,23] 142 
Hyperglycemia causes glycation of proteins, especially hemoglobin, releasing iron in free form. This 143 
makes a vicious cycle of hyperglycemia, glycation of hemoglobin and increase in levels of free iron. 144 
Increased level of free iron pool enhances generation of oxygen free radicals, causing damage to 145 
biomolecules.[24] Glycation of transferrin in diabetes mellitus, decreases its ability to bind ferrous iron 146 
thereby increasing the pool of free iron and hence stimulates ferritin synthesis. Glycated holotransferrin is 147 
also known to facilitate the production of free oxygen radicals, such as hydroperoxide, further amplifying 148 
the oxidative effects of iron. 149 
Furthermore, Iron influences glucose metabolism by inhibiting internalization of insulin and its actions, 150 
resulting in hyperinsulinemia and insulin resistance. Thus, the increased oxidative stress and insulin 151 
resistance results in endothelial and tissue damage. 152 
 153 

NITRIC OXIDE (NO) 154 

Nitric oxide is a pleiotropic mediator of inflammation released from endothelial cells that causes 155 
vasodilatation by relaxing vascular smooth muscle and was therefore called endothelium–derived relaxing 156 
factor.[10] NO is a lipid soluble gas which is ideally suited as a potent inflammatory mediator because of its 157 
strong reactivity with oxygen, superoxide and iron-containing compounds. This inherent reactivity of NO 158 
translates into a relatively short lived radical.[25] NO is generated by the nitric oxide synthase (NOS) enzyme 159 
from molecular oxygen and the terminal guanidine nitrogen of the amino acid L-arginine, yielding L-citrulline 160 
as a co-product. 161 

In our study, the serum NO level was significantly increased (P=.001) in type 2 diabetes mellitus patients 162 
when compared to healthy controls. And also, serum nitric oxide levels were positively correlated with 163 
serum ferritin and HbA1c levels. This finding is in accordance with previous studies of Dilshad Ahmed 164 
Khan and Katsuyuki Maejima.[7,26] 165 
The main cause for increased nitric oxide level in type 2 diabetic patients is due to chronic hyperglycemia 166 
leading to overflow of the polyol pathway products along with depletion in the nicotinamide adenine 167 
dinucleotide phosphate (NADPH). NADPH is an important cofactor for the enzymes in the metabolism of the 168 
reactive nitrogen species (RNS) and reactive oxygen species (ROS). 169 

HbA1c 170 

HbA1c is produced by covalent binding of glucose to hemoglobin. The red blood cell is completely 171 
permeable to glucose; the quantity of HbA1c formed is directly proportional to the average plasma glucose 172 
concentration that the red blood cell is exposed during its 120-day life span (6 to 8 weeks). Thus, in long 173 
term hyperglycemia, HbA1c constitutes a higher percentage of total hemoglobin than in normoglycemia. 174 
Transient elevations in plasma glucose level mildly affect HbA1c levels.[27] 175 

In this study, HbA1c levels were significantly increased in type 2 diabetes mellitus patients when compared 176 
to healthy controls. Statistically significant positive correlation between HbA1c, serum ferritin, and serum 177 
nitric oxide levels were found in this study. These data are in accordance with previous studies done by 178 
Sumeet Smotra,  Elizabeth Selvin and H.K. Choi. [2, 26, 28] 179 

Type 2 DM is a chronic disease with devastating consequences. Both macrovascular and microvascular 180 
complications such as retinopathy, nephropathy and neuropathy are associated with type 2 DM. An elevated 181 
HbA1c level has been shown to be a dominant predictor for the development and progression of 182 
microvascular complications in patients with type 2 DM. Patients with type 2 DM with HbA1c levels ≥7.5% 183 



 

have a 2.5-5 fold increased risk of developing microvascular complications. Retinopathy, nephropathy and 184 
neuropathy have all been shown to correlate with the severity of hyperglycemia. Fortunately, achieving 185 
recommended blood glucose targets can substantially reduce the risk of microvascular complications, and 186 
possibly the macrovascular complications.[29] 187 

Acute glucose fluctuations above a mean value may trigger oxidative stress, which contributes to damage 188 
through oxidation of low-density lipoprotein, exacerbation of endothelial dysfunction, and other 189 
proatherogenic mechanisms leading to the development and progression of vasculopathies.[29] Diabetes 190 
control and complication trial (DCCT) has shown that 10% stable reduction in HbA1c results in 35% risk 191 
reduction for retinopathy, 25-44% risk reduction for nephropathy and 30% risk reduction for neuropathy. [30] 192 

 193 
 194 
Table 1. Age and sex-wise distribution of control a nd type 2 diabetic patients  195 

 Cases  Controls  P value  
 
No of subjects 
 

56 31  

Age (years)  
Mean± SEM 
 

50.09±1.0 45.64± 2.1 .07 

    
Gender: Male  
              Female 

24 (42.9%) 
32(57.1%) 

19(61.3%) 
12(38.7%) 

.10 

    
    

*Not Significant 196 

Table 2. Levels (mean ± SEM) of FPG (fasting plasma  glucose), Serum Ferritin, Serum Nitric Oxide 197 
and HbA 1c in patients with type 2 diabetes mellitus and heal thy controls. 198 
 199 
Variables   Cases  Controls  Mean 

Difference 
t value  P value  

FPG 
Mg/dl 
 

Mean±SEM 
Range 

179.5±7.11 
97-288 

98.06±1.30 
78-106 

81.44 11.36 .001** 

Serum 
Ferritin ng/ml 
 

Mean±SEM 
Range 

457.9±53.7 
34.4-174.5 

84.6±6.61 
12.3-162.2 

373.30 6.89 .001** 

       
Serum Nitric 
Oxide µmol/l 

Mean±SEM 
Range 

100.9±3.5 
38.4-146.0 

39±0.84 
30.1-45.8 

70.90 17.03 .001** 

HbA1c  Mean±SEM 
Range 

9.49±0.25 
4.80-13.51 

5.46±0.15 
4.10-6.40 

4.03 13.64 .001** 

       
Unpaired ‘t’ test   ** Highly Significant 200 

 201 
Table 3. Showing the Pearson’s correlation between biochemical parameters in type 2 Diabetes 202 

Mellitus patients   203 



 

CORRELATION  ANALYSIS  

Relationship between  
 
 

r value   P value  

Serum Ferritin and 
HbA1c 

0.49 .001** 
 

   
Serum Nitric oxide and 
HbA1c 

0.35 .009* 

Serum Nitric Oxide and 
Serum Ferritin 

0.34 .01* 

   
r-Pearson’s correlation coefficient *S-Significant; **HS-Highly Significant;  204 
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 208 
Fig. 1. Comparison of  Fasting Blood Sugar levels b etween cases and control 209 

 210 



 

Fig. 2. Comparison of Serum Ferritin levels between  cases of Type 2 Diabetes Mellitus and healthy 211 

controls. 212 

 213 
Fig.3. Comparison of serum Nitric Oxide levels betw een type 2 Diabetes Mellitus patients and 214 

healthy controls. 215 

 216 
Fig. 4.Comparison of HbA1c levels between Type 2 Di abetes Mellitus patients and healthy 217 

controls . 218 

 219 
4. CONCLUSION 220 
 221 
The results of our present study support the concept that increase in fasting blood glucose, HbA1c, serum 222 
ferritin, and serum nitric oxide play an important role in the pathogenesis of type 2 diabetes mellitus. 223 
 224 
Reduction in dietary iron intake by avoiding intake of meat and avoiding excessive iron medications might 225 
decrease the oxidative stress and improves insulin sensitivity in type 2 diabetes mellitus patients. Good 226 



 

glycemic control and consuming diet rich in green leafy vegetables will ensure adequate levels of antioxidant 227 
nutrients in the tissue and help the body to resist disease related oxidative stress.  228 

Limitation of our study is that we could not detect variations in these parameters in relation to diabetes 229 
induced microvascular and macrovascular complications. In future, further studies are required to know 230 
the relationship of these biochemical parameters in type 2 diabetes patients with complications in order to 231 
effectively control and prevent the disease progression. 232 
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