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ABSTRACT: 
Background: Type 2 Diabetes Mellitus is a major growing health issue worldwide.  Role of micronutrients is not well 

established. Studies have suggested that magnesium, chromium, calcium and iron have a possible role in Insulin Resistance or 

Diabetes. 

Objectives: To study the levels of Serum Ferritin, Total Iron Binding Capacity, Iron and Hemoglobin in Type 2 diabetes patient 

and to observe for any statistically significant relationship exists between iron status and diabetes mellitus. 

Materials & Methods: A total of 120 subjects were included in this study (60 with type 2 diabetes mellitus, and 60 normal 

subjects). Fasting plasma glucose was done on blood samples obtained after overnight fasting and 2-hour post-prandial plasma 

glucose was also done along with iron, total iron binding capacity (TIBC), Ferritin and hemoglobin. 

Results: The level of serum Ferritin which is considered as sensitive marker of iron status is significantly higher in diabetic 

group. The other parameters like Hemoglobin, TIBC and Iron do not show any positive correlation. 

Conclusion: We can conclude that serum Ferritin can be considered as sensitive marker of iron status in diabetic group. Serum 

Ferritin can be assessed in non-diabetic first-degree relatives of diabetic people for identifying the risk. Serum Ferritin can also 

be correlated with serum insulin and C – Peptide levels. There is no significant relationship between hemoglobin, TIBC, serum 

iron and diabetes mellitus. Excess tissue iron will increase the production of free radicals which in turn amplifies the steps 

involved in inflammatory lesion.  Even though the level is not significant, serum iron and TIBC may be monitored at regular 

intervals in those with diabetes mellitus so that appropriate measures can be taken. 
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INTRODUCTION 

In India, in the year 2000, people with 

diabetes were 31.7 million and by 2030 it will be 

79.4million. India is expected to have the highest 

number of people with diabetes by 2030. Type 2 

Diabetes is diagnosed by elevation of Plasma 

Glucose greater than126 mg/dl in fasting state and 

greater than 200 mg/dl in 2hrs after 75gm of glucose 

load. Diabetic complications include retinopathy, 

neuropathy, IHD and stroke (1). 

In the prevention of Type 2 Diabetes, diet 

and lifestyle plays a major role. The macronutrients 

like fat and carbohydrate have an impact on Type 2 

Diabetes. Role of many micronutrients is not well 

established. Studies suggest that magnesium, 

chromium, calcium and iron may have a role in 

Insulin Resistance or Diabetes. 

Iron, a potential catalyst involves in cellular 

reactions which produces Reactive Oxygen Species. 

These Reactive Oxygen Species induces oxidative 

stress and damage to tissues which alters the risk for 

Type 2 diabetes (2). 

 

AIM 

 To study the levels of Serum Iron, TIBC, 

Ferritin and Hemoglobin in Type 2 diabetes 

patient and normal healthy individuals 

 To see whether there is any relationship 

between the iron status and diabetes 

 

METHODS AND MATERIALS 

 The study was conducted over a period of 

four months. The study was done using oral glucose 

tolerance test for control, and fasting and post 

prandial plasma glucose for type 2 diabetes, among 

subjects attending SRMC & RI clinical lab as out 

patients or inpatients. The study includes 120 

subjects of South Asian Urban Population. Out of 

which 30 were female and 30 were male with normal 

glucose tolerance; and 30 were female and 30 were 

male who were known diabetic. They were in the age 

group of 35 to 55 years. Each group was classified as 

Diabetic and Non Diabetic based on WHO criteria. 

 The data on family history and personal 

history of diabetes, smoking habits, alcohol 

consumption,  dietary habits, recent blood donation, 

hypertension and treatment for any other diseases 

were collected through a standard questionnaire. 

Anthropometric measures like waist circumference 

measured at the level of umbilicus, height and 

weight, hip circumference etc were measured. Blood 

samples were collected after 12 hrs fasting in the 

vacutainers for estimation of glucose, iron, TIBC, 

Ferritin and hemoglobin. The samples were separated 

by centrifugation at 2400 rpm. Plain vacutainer is 

used for serum iron, TIBC, Ferritin and for plasma 

glucose sodium fluoride vacutainer were used.  

Glucose was analyzed in Konei lab 60 automated 



Manikandan et al.                                                                                                     Study of Iron Status in Type 2 Diabetes Mellitus 

International Journal of Clinical Biochemistry and Research, April-June 2015;2(2):77-82                                                           78 

systems using commercial kits. Ferritin was 

estimated by Automated Chemiluminescence’s 

method using commercially available kit by BAYER 

DIAGNOSTICS (U.S.A) and Iron &TIBC were 

estimated by RXL Dimensions and commercial kits, 

reference material and standards from DADE 

BEHRING (Germany) were used. 

 For adequate quality control both normal, 

abnormal reference control serum solutions and 

calibrators were run before each batch. Other factors 

influencing the quality, like proper functioning of 

instrument, temperature, glassware, cuvettes, distilled 

water were taken care. 

  

RESULTS 

A total number of 120 samples were 

selected to study the level of Hb, Iron, TIBC, Ferritin, 

FPG, and PPPG in Type 2 Diabetes patients and 

normal individuals. The subjects were divided into 2 

groups. The 2 group include Normal Glucose 

Tolerance (NGT) and Type 2 Diabetes Mellitus 

(DM). 60 subjects were NGT and 60 subjects were 

DM. 

Data evaluation was done using SPSS 

programme. The results were expressed as Mean 

(standard deviation). The P value was used to 

compare the different groups. The P value <0.05 was 

considered significant. 

The mean and standard deviation of both 

clinical and biochemical characteristics of the two 

groups were calculated. The clinical parameters 

include the age and BMI. The biochemical parameter 

include Fasting Plasma Glucose (FPG), Post prandial 

Plasma Glucose (PPPG), Hemoglobin (Hb), Iron, 

TIBC and Ferritin   

 

The results are depicted in tables 1 to 7 and in figure 

1 to 6. 

 

Table 1: Demographic table of 2 groups 

Parameters NGT (n-60) Diabetes (n-60) 

Age 43.5 (5.9) 48.7 (5.7) 

Sex M/F 30 / 30 30 / 30 

Family History % 36.7 53.3 

Smoking % 26.7 30 

HT % 35 60 

  

Table 2: Comparison of age between Male and 

female NGT group and DM group. 

Parameters Sex NGT DM P 

value 

Age (yrs) 

 

Male 49.03 (5.9) 44.8 (5.8) 0.008 

Female 48.4 (5.5) 42.2 (5.7) 0.000 
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Fig 1: Age for Male and Female DM and NGT 

Group 

 

Table 3: Comparison of BMI between Male and 

female NGT group and DM group. 

Parameters Sex NGT DM P 

value 

BMI Male 20.9 (1.5) 24.7 (3.6) 0.000 

Female 19.8 (1.7) 23.9 (3.1) 0.000 

 

0

5

10

15

20

25

30

NGT DM

Male

Female

 
Fig 2: BMI for Male and Female DM and NGT 

Group 

 

Table 4: Comparison of biochemical parameters 

for male NGT and DM group 

Parameter Male NGT 

(n-30) 

Male DM 

(n-30) 

P 

value 

FPG (mg/dl) 95.7 (8.1) 156.8 (61.5) 0.000 

PPBG (mg/dl) 109.1 (13.5) 234.2 (76.6) 0.000 

Ferritin (ng/ml) 73.38 (31.5) 100.75(55.8) 0.002 

Hb (gms %) 14.57 (1.5) 14.27 (1.8) 0.502 

TIBC (µg/dl) 337.6 (52.2) 324.7 (71.7) 0.429 

Iron (µg/dl) 111.3 (42.7) 91.3 (29.0) 0.039 
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Fig 3: Biochemical Parameters of Male DM and 

NGT Group 

 

Table 5: Comparison of biochemical parameters 

for female NGT and DM group 

Parameter Female NGT 

( n-30) 

Female DM 

(n-30) 

P 

value 

FPG (mg/dl) 91.7 (15.6) 182.0 (84.2) 0.000 

PPBG (mg/dl) 107.3 (17.0) 267.7 (121.9) 0.000 

Ferritin (ng/ml) 35.14 (16.8) 58.02 (40.8) 0.006 

Hb (gms %) 12.26 (1.3) 12.36 (1.1) 0.747 

TIBC (µg/dl) 378.4 (72.4) 342.7 (105.0) 0.131 

Iron (µg/dl) 76.9 (28.1) 66.2 (43.8) 0.266 

 

 
Fig 4: Biochemical Parameters of Female DM and 

NGT Group 

 

Table 6: Comparison of biochemical parameters 

for male NGT and female NGT group 
Parameter Male NGT 

(n-30) 

Female NGT 

(n-30) 

P 

value 

FPG (mg/dl) 95.7 (8.1) 91.7 (15.6) 0.217 

PPBG (mg/dl) 109.1 (13.5) 107.3 (17.0) 0.553 

Ferritin 

(ng/ml) 

54.26 (31.82) 35.14 (16.8) 0.000 

Hb (gms %) 14.57 (1.5) 12.26 (1.3) 0.000 

TIBC (µg/dl) 337.6 (52.2) 378.4 (72.4) 0.015 

Iron (µg/dl) 111.3 (42.7) 76.9 (28.1) 0.001 

 

 
Fig 5: Biochemical Parameters of NGT Group 

 

Table 7: Comparison of biochemical parameters 

for male DM group and female DM group 
Parameter Male DM 

(n-30) 

Female DM 

(n-30) 

P 

value 

FPG (mg/dl) 156.8 (61.5) 182.0 (84.2) 0.191 

PPBG (mg/dl) 234.2 (76.6) 267.7 (121.9) 0.207 

Ferritin (ng/ml) 100.75 (55.8) 58.02 (40.8) 0.001 

Hb (gms %) 14.27 (1.8) 12.36 (1.1) 0.000 

TIBC (µg/dl) 324.7 (71.7) 342.7 (105.0) 0.442 

Iron (µg/dl) 91.3 (29.0) 66.2 (43.8) 0.011 

 

 
Fig 6: Biochemical Parameters of DM Group 

 

DISCUSSION 

Type II Diabetes results from the interaction 

of a genetic predisposition, diet and environmental 

risk factor. Diabetes Mellitus is a metabolic disorder 

with increased level of plasma glucose, relative 

deficiency of insulin secretion or with insulin 

resistance at the tissue level. Compared to people 
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with Type 2 DM who have substantial insulin 

resistance, people with Type 1 DM range from 

normal weight or under weight with predominant 

deficiency of insulin secretion (3). 

Scientific evidence suggests, there are 

unsuspected influences between metabolism of iron 

status and type 2 diabetes. Since iron affects 

metabolism of glucose and glucose metabolism 

impinges on several iron metabolic pathways, the 

relationship between them is bidirectional. These 

relationships are influenced by oxidative stress and 

inflammatory cytokines which amplifies and 

potentiates the initiated events (4). 

Recent studies shows increase in iron stores 

(ferritin) predicts the risk of developing type 2 

diabetes, while decrease in iron level is protective. 

Damage caused by iron also triggers the events of 

chronic diabetes complication, in coronary artery 

responses and endothelial dysfunction (4). Tissue 

iron excess will increase the production of free 

radicals which in turn amplifies the steps involved in 

inflammatory lesion (5). 

Absorption of non-heme iron by intestine is 

tightly regulated in keeping with the body 

requirements. When body iron stores are normal, iron 

absorption is minimal. Absorption of heme iron does 

not depend on body iron content. In the steady state, 

the circulating iron is bound to transferrin and is 

taken up by a high-affinity specific transferrin 

receptor from the blood. The transferrin-receptor 

complex is internalized through endocytosis and is 

released into a cellular compartment which is 

nonacidic. Here it can be used in the synthesis of 

essential cellular components (6).  Insulin rapidly 

stimulates iron uptake by fat cells and redistributing 

transferrin receptors to the cell surface from an 

intracellular membrane compartment (7). 

Iron influences insulin action reciprocally. 

Insulin action of inhibiting glucose production by the 

liver is interfered by Iron. As iron stores increases, 

insulin metabolism and hepatic extraction is reduced 

which leads to peripheral hyperinsulinemia (8). Liver 

insulin resistance is the initial and common 

abnormality which occurs in iron overload 

conditions.  Studies also show that skeletal muscle, 

the main effector of insulin action is also affected by 

iron overload (9).  

Iron is intimately linked to oxidative stress. 

Highly toxic free radicals, such as hydroxide and the 

super oxide anion, which induces lipid peroxidation, 

are produced by Iron through the Fenton reaction. 

Iron should be in free form to act as a pro-oxidant 

agent. From ferritin, Iron is released by the action of 

reducing agents that convert Fe3+ into Fe2+ (10). 

Synthesis of ferritin is stimulated by glycation of 

transferrin by reducing its ability to bind ferrous iron 

and by increasing the amount of free iron. Glycated 

holotransferrin also facilitates the production of free 

oxygen radicals, such as hydroxide, that accelerates 

the oxidative effects of iron (11). In diabetes mellitus 

there is an increase in reactive oxygen species (ROS) 

in tissues which leads to cascade of events that result 

in diabetic complications (12). Recent studies suggest 

pancreatic β-cells as a target of oxidative stress-

mediated tissue damage (15). Physiological action of 

insulin causes increased uptake iron. Other factors 

such as aging, repeated infections, weight gain, 

periodontitis causing hyperinsulinemia also amplifies 

this process, resulting in increased deposition of iron, 

which further worsens insulin resistance. 

Recent epidemiological studies have shown 

that increased iron stores predicted the development 

of diabetes. Ferritin is the storage form of iron. Iron 

converts reactive free radical into highly reactive 

ones. As the serum Ferritin level increases it affects 

the insulin synthesis and secretion in pancreas and 

interferes with the insulin extracting capacity of liver. 

Deposition in muscles leads to muscle damage and 

decreases glucose uptake. 

The complex process of advanced glycation 

end product formation produces reactive oxygen 

species by metal – catalyzed reactions. Advanced 

glycation end products themselves bind transition 

metals (14) potentiating their toxic effects, including 

insulin resistance. Decreasing iron stores would 

ameliorate insulin resistance by reducing this cascade 

of events. Therefore reactive oxygen species interfere 

with insulin signaling at various levels, impairing 

insulin uptake through a direct effect on insulin 

receptor function and inhibiting the translocation of 

GLUT 4 in the plasma membrane. Perhaps this could 

be one of the reasons for the increased incidence of 

type 2 diabetes in persons with more ferritin. 

The initial and the most common defect in 

patients with an earlier stage of damage induced by 

iron overload is liver – mediated insulin resistance. 

Hepatic iron overload is characterized by 

hyperferritinemia, normal transferrin saturation, and 

increased prevalence of glucose tolerance and 

diabetes. Transition metals play an important role in 

protein glycation induced by hyperglycemia. Plasma 

glucose levels are strongly associated with serum 

ferritin levels even in healthy subjects (15). 

In study done by Salonen et al, serum 

ferritin had significant positive correlation with 

plasma glucose, serum triglyceride and serum 

apolipoprotein B concentration and inversely 

correlated to serum HDL2 cholesterol levels, all of 

which are components of insulin resistant 

syndrome(16). 

In a study by Nan Hee Kim et al, the serum 

ferritin had a positive correlation with fasting plasma 

glucose, BMI, and fasting C Peptide level, an 

indicator of Hyperinsulinemia (17). 

Hemoglobin, Iron, TIBC when compared 

NGT group against DM group in both male and 
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female patients does not show any statistical 

significance. This results in agreement with those in 

the literature. 

Ferritin values are found to be positively 

correlated in the male and female subjects when NGT 

group is compared against DM group. Serum Ferritin 

is a marker of insulin resistance. It is an independent 

determinant of poor metabolic control in diabetic 

patients. Diabetic microangiopathy is associated with 

abnormal increased ferritin level in serum. Men with 

moderately higher ferritin levels had a significantly 

worse coronary risk profile than men with lower 

levels. Mean serum ferritin levels are higher in men 

than in premenopausal women (18). 

Unhealthy diets in affluent countries 

contribute to diabetes risk not only through excess fat 

intake but also through excess iron supply (for 

example, in meat or in iron supplemented food). This 

potentially explains the reduced risks for diabetes in 

premenopausal women and vegetarians. Thus 

lowering body iron stores may become a tool in 

preventing type 2 diabetes in selected groups. 

Ferritin concentration in male NGT is higher 

than female NGT implies that hyperferritinemia 

occurs before the elevation of plasma glucose. NGT 

first degree relatives in the type 2 diabetic pedigrees 

have higher ferritin concentration than normal control 

subjects (19). 

The low levels of serum iron and higher 

levels of TIBC in both female groups than the male 

group may be due to the reason that they are mostly 

anemic due to physiological process like 

menstruation and pregnancy leading to iron deficient 

state. 

Increase in Serum Iron level contribute to 

macro vascular disease as iron has an adverse effect 

on endothelium and accelerates the development of 

atherosclerosis (20). During the course of 

atherosclerotic plaque formation, ferritin gene 

expression increases (21). In our study we observed 

there was no increase in serum iron among those with 

diabetes mellitus.  Even though there is no increase in 

serum iron in diabetes, iron participates in the 

formation of free radicals which are highly toxic and 

capable of inducing lipid peroxidation. Invariably in 

iron overload, insulin resistance is reported. Hence 

periodic monitoring of serum iron may be needed 

among those with diabetes mellitus. Further long 

term prospective studies including all the parameters 

of iron metabolism may throw more information in 

this field. 
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