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Introduction: Type 2 DM (formerly known as Non-
insulin dependent DM) is the most common form of  
DM characterized by hyperglycemia, insulin resistance, 
and relative insulin deficiency.1 The gigantic leap in the 
diabetic population is a serious health concern worldwide 
including in our country. The complication of  diabetes is 
preventable in case of  early diagnosis and management.

Measurement of  glycated proteins primarily HbA1c 
(glycated hemoglobin) is effective in monitoring long-term 
glucose control in people with diabetes mellitus.2

Serum ferritin is an acute phase reactant, and is a marker of  
iron stores in the body.3 Raised serum ferritin may possibly 
be related to the occurrence of  long term complications 
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Background: Diabetes is one of the most common disease which is observed in every household 
of Indian population. The longevity of the diabetic patients is dependent upon the frequency 
of complication and comorbidity that they encounter. Serum iron and ferritin, both being the 
aggravators to the oxidative stress accelerating the development of complications, gives us the 
reason to venture into the territory exploring the possibility of monitoring the body iron stores 
and taking prevent measures to control such complication. The current study was designed 
with an aim to knot the relationship between body iron stores and glycemic control in patients 
of type-II diabetes mellitus. Aims and Objectives: To measure the levels of serum ferritin, serum 
Iron, transferrin saturation and HbA1C and  finding out the relationship between body iron stores 
and glycemic control in patients  of Type-II Diabetes Mellitus. Materials and Methods: A total 
of 50 diagnosed cases of type II DM and 50 healthy controls between the age group of 35-65 
years were taken following inclusion and exclusion criteria. Body iron stores were assessed 
by measuring serum ferritin, Serum iron and Transferrin saturation and Glycemic control was 
assessed by measuring levels of HbA1C.  Results: A significant increase in serum ferritin, serum 
iron and Transferrin saturation (P<0.001) was noted in diabetic patients as compared to 
controls. There was a positive correlation between serum iron and transferring saturation in the 
diabetic patients. Conclusion: The co-morbidities and complications in the Diabetic population 
can be prevented by monitoring Body iron stores as they can significantly contribute to the 
oxidative stress leading to the complication and decreased life expectancy. Early detection in 
the abnormality in the body iron store can help us in employing proper measures for a better 
management of Type-II diabetic patients and thereby improving their survival.
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of  diabetes, both microvascular and macrovascular4,5 also 
elevated iron stores may induce diabetes through a variety 
of  mechanisms, including oxidative damage to pancreatic 
beta cells, impairment of  hepatic insulin extraction by the 
liver, and interference with insulin’s ability to suppress 
hepatic glucose production.6 Recent studies have shown 
that serum ferritin was proportional to serum glucose 
concentration, diastolic blood pressure, HDL cholesterol, 
and insulin resistance. In fact, the higher the ferritin levels, 
the higher the incidence of  type 2 diabetes mellitus.7 

Hence, this study was carried out to assess quantitatively 
the body iron status and its relationship with glycemic 
control in patients of  Type 2 diabetes mellitus in a tertiary 
care hospital focussing to those group of  population in 
whom such type of  data was lacking.

MATERIALS AND METHODS

The present study was conducted in the Department of  
Biochemistry, Department of  Medicine and Department 
of  Obstetrics and Gynaecology, IPGMER and SSKM 
hospital, Kolkata, on 50 patients between the age group 
of  35-65 years of  type 2 diabetes mellitus, diagnosed as 
per criteria of  American diabetes association are taken for 
the study from the outdoor and Indoor of  Department of  
Medicine, SSKM Hospital. Fifty age-sex matched healthy 
controls were included as control. Patients with a history 
overt thyroid dysfunction, chronic kidney disease, 
chronic liver disease, on corticosteroid therapy trauma, 
instrumentation, familial haemochromatosis, liver disease, 
any recent infection, infectious disease, malignancy and 
iron replacement therapy were excluded from the current 
study. The Study protocol was approved by Research and 
Ethical committee, IPGMER and SSKM hospital, Kolkata. 
Oral informed consents were obtained from all subjects 
prior to the start of  the study. By taking all aseptic and 
antiseptic precautions, 3ml of  blood was drawn from 
the anti-cubital veins of  the patients. Serum Ferritin was 
estimated by immunoenzymometric assay (ELISA), serum 
iron was estimated by Ferrozine method, Serum TIBC 
was estimated by Chromazurol B dye using colorimetric 

method and Glycated Hemoglobin (HbA1C) was estimated 
by Latex Enhanced Immunoturbidometric method. 
The percentage  saturation  of   transferrin  with  iron  is 
calculated by dividing the serum iron concentration by the 
total iron binding capacity (TIBC) and multiplying by 100.

After the biochemical estimations, the results which were 
obtained were statistically analyzed by using statistical software, 
SPSS, 16. The results which were obtained were presented as 
Mean± SD and they were then compared between different 
groups of  study by applying Students ‘t’– test. A probability 
(p) of  less than 0.05 was considered as significant. Correlations 
were observed on using linear regression analysis.

RESULTS

Comparison of  means of  the different parameters (Table:1) 
revealed significantly higher values of  HbA1C, Ferritin, Iron 
and Transferrin saturation in diabetic patients as compared 
to control.

Table  2 shows correlation between various parameters 
in the Diabetic patients. A positive correlation between 
HbA1C and Iron and also between HbA1C and Ferritin 
can be seen in the Diabetic Patients. Figures 1-3 shows 
the correlational plot between HbA1C, Ferritin, Iron and 
transferrin saturation in the Diabetic patients.

DISCUSSION

The results of  the present study indicates that patients 
with type 2 diabetes have significant increased (P<0.000) 
ferritin levels in patients (mean=99.5ng/ml) than the 
controls (mean=26.5ng/ml). Though the relationship of  
ferritin with HbA1C in the patients has not been significant 
(Figure 1) but a positive trend (R=0.156, P=0.280) indicates 
that type 2 diabetes patients are associated with increased 
ferritin. Significant correlation between ferritin and HbA1C 
has not been established in the study may be due to very 
smaller number of  sample size.

The abnormalities in Ferritin metabolism following 
glycation in hyperglycemic state might be a primary cause 
of  hyperferritinaemia in type 2 DM (Glycated Ferritin 
has longer half-life). Glycation of  transferrin decreases its 

Table: 1 Comparison of means of HbA1C, Ferritin, 
Iron and TIBC between Diabetic Patients and 
Control
Parameters Diabetic 

Patient (Mean)
Control 
(Mean)

T‑Value P‑Value

HbA1c (%) 7.8 4.7 17.3 0.000*
Ferritin (ng/mL) 99.5 26.5 13.9 <0.001*
Iron (µg/dL) 85.2 61.5 14.9 <0.001*
Transferrin 
saturation (%)

32.6 21.6 20.1 0.015

*significance at the level of P < 0.001

Table: 2 Correlation between various parameters 
in the cases (Diabetic Patients)
Parameters 
Correlated

Correlation 
Coefficient

Pearson’s correlation 
significance

HbA1C vs Iron 0.4 0.004
HbA1C vs Ferritin 0.156 0.280
HbA1C vs Transferrin 
saturation (TS)

0.34 0.015
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ability to bind ferrous ion and by increasing the pool of  
free iron and stimulates Ferritin synthesis. Thus, type 2 DM 
is associated with abnormalities of  Ferritin metabolism 
resulting in parallel increase of  serum Ferritin levels.8,9 
Hyperferritininemia is present in 6.6% of  unselected 
patients with type 2 diabetes.10 Serum concentrations 
of  ferritin are usually increased in poorly controlled 
type 1 and type 2 diabetic subjects, and ferritin has been 
shown to predict HbA1c  independently of  glucose,11 

probably reflecting increased oxidative stress. Short-term 
improvement in glycemic control is followed by variable 
decreases in serum ferritin concentration.

The iron and transferrin saturation levels have also shown 
significant increase (p<0.0001) in Type 2 Diabetic patients 
than the healthy control groups. As per the study mean iron 
level in patients were 85.2µg/dl whereas in controls it was 
61.5µg/dl. Simultaneously the mean transferrin saturation 
in patients were found to be32.6% and in otherwise healthy 
control groups 21.6%. The relationship between HbA1C 
and iron (Figure 4) shows a significant positive correlation. 
The relationship between HbA1C and transferrin saturation 
(Figure 2) also shows a significant positive correlation.

The increase in the level of  iron and there by transferrin 
saturation can be explained by reduction in the antioxidant 
level and increase in oxidative stress in diabetes and 
anaerobiosis which facilitates rapid release of  iron from 

Figure 1: Correlations between HbA1C and Ferritin in type 2 diabetic 
patients

Figure 2: Correlations between HbA1C and TS% in type 2 diabetic 
patients

Figure 3: Summary flowchart depicting reasons for the generation of Free Iron in Diabetic patients leading to increased oxidative stress which 
further leads to increased morbidity due to macrovascular complication
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ferritin. The ferroxidase activity of  the heavy chain 
is downregulated in diabetes thereby decreasing the 
incorporation of  iron into ferritin. 

The heavy chain in the apoferritin molecule exerts 
ferroxidase activity, catalyzing the oxidation of  Fe2+ into 
Fe3+, which prevents iron-induced cyclic red-ox reactions 
that would spread and amplify the oxidative damage. 
This activity occurs under aerobic conditions, allowing 
the storage of  intracellular iron. When concentrations of  
antioxidants are low, the reducing potential and anaerobiosis 
progressively increase, facilitating a rapid release of  iron 
from ferritin. Additionally, the ferroxidase activity in the 
heavy chain is downregulated in this setting, decreasing 
the incorporation of  iron into ferritin. The overall result 
of  oxidative reactions is an increase in the availability of  
free iron from the ferritin molecule as well as from other 
molecules undergoing degradation, such as the heme group. 
These events, in turn, can enhance and amplify the process 
of  generation of  free radicals, causing cellular and tissue 
damage. The oxidative stress also downregulates the affinity 
of  IRE for IRE-BP. Thus, ferritin can act both as a source 
or iron, which induces oxidative stress, and as a mechanism 
that protects against iron toxicity.12

The effect of  increase in iron levels may be explained 
in two different ways. Firstly, iron stores in the pancreas 
may lead to defective synthesis and secretion of  
insulin.13 Secondly, excess iron deposition culminates 
in hyperinsulinemia due to obstruction in the insulin 
withdrawing ability of  the liver.14 Such deposits hinder 
insulin action, resulting in insulin resistance, which 
suppresses the yield of  glucose in the liver.15 A similar 
trend has been observed in previous studies.16-20 Poor 
glycaemic control is the root cause of  escalated protein 
glycation—especially haemoglobin, which restores the 
free state of  iron. This amplified free iron pool revitalizes 
oxidant generation, conferring damage to biomolecules 
and leading to complications.21 

 Iron is intimately linked to oxidative stress. Iron 
participates, through the Fenton reaction, in the formation 
of  highly toxic free radicals, such as hydroxide and the 
superoxide anion, which are capable of  inducing lipid 
peroxidation.22 The general effect of  catalytic iron is to 
convert poorly reactive free radicals, such as H2O2, into 
highly reactive ones, such as OH− and O2. Free radicals 
and other oxidation by-products are well known factors 
that impair the mechanisms of  vasodilatation23 and 
cause endothelial depletion of  endogenous antioxidants, 
such as ascorbic acid.24 Iron chelation blocks oxidation 
of  LDL, and iron released from heme and ferritin 
favours oxidation of  this lipoprotein.25 Increased iron 
availability is, theoretically, expected to contribute to 
macrovascular disease because iron has an adverse effect 
on endothelium26 and accelerates the development of  
atherosclerosis. 27

Elevated transferrin saturation in the diabetic subjects 
of  our study hints at ineffective erythropoiesis and 
accumulation of  iron in human tissues, which hampers 
insulin action.21

As demonstrated in three independent studies, transferrin 
saturation can act as an independent risk marker for any 
form of  diabetes mellitus, and a value of  >=50% elevates 
the risk of  developing T2DM by two to three times.28 
Such findings have linked elevated transferrin saturation in 
T2DM patients with earlier age of  onset, and our results 
reflect the same.

The findings of  this study project that estimation of  
serum Ferritin may be useful in screening diabetics with 
poor glycemic control who are at high risk of  developing 
complications. Thus, serum Ferritin estimations in type 2 
DM, can be one of  the adjuvant aids in investigations which 
guides in taking timely medical intervention and preventing 
further progression of  disease.

CONCLUSION

The findings of  the present study suggests that there 
is increase in the level of  ferritin, serum iron and 
transferrin saturation in diabetes patients as compared 
to normal controls. Increase in the levels of  serum iron 
and ferritin indicates the level of  oxidative stress in the 
diabetic population which further leads to microvascular 
and macrovascular complication. Proper monitoring 
of  the body iron stores in diabetic population which 
includes serum ferritin, serum iron and transferrin 
saturation can give us input towards the development of  
complications and co morbidities and help us instituting 
proper preventive measures to reduce the oxidative stress 

Figure  4: Correlations between HbA1C and Iron in type 2 diabetic 
patients
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and thereby improving the quality of  health in diabetic 
population. 
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