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ABSTRACT Diabetes Mellitus is a group of metabolic disorders characterized by hyperglycemia due to decreased insulin
secretion and glucose utilization and increased glucose production depending on the etiology. The systemic iron

overload causes abnormalities in glucose metabolism as a result of oxidative stress on pancreatic beta cells leading to cell death contributing
to T2DM. Ferritin is a key protein which regulates iron homeostasis and High levels of circulating ferritin were observed in type 2 diabetes
patients. The present study was conducted with the aim to estimate and compare iron profile and glycated hemoglobin in diabetic patients
and control group. It was observed that diabetic patients have significantly increased levels of HbA1C, serum ferritin whereas have
decreased levels of serum iron and TIBC. Serum ferritin can be used as a sensitive marker of iron status while the biochemical markers like
serumiron and TIBC can be monitored atregularintervals.

INTRODUCTION

Diabetes Mellitus (DM) is a group of metabolic disorders that often
share the phenotype of hyperglycemia. The factors that contribute
to hyperglycemia include reduced insulin secretion, decreased
glucose utilization and increased glucose production depending on
the etiology of diabetes mellitus.(1) Its prevalence in South East Asia
including India was 82 million in 2017 and will expect to increase up
to 51 million in 2045 as per the International Diabetes Federation
(IDF).(2) The diabetic patients suffer from various microvascular
(that includes neuropathy, nephropathy, and retinopathy),
macrovascular (like atherosclerosis) and miscellaneous (like
diabetic cardiomyopathy) complications.(3) The presence of
complications depends not only on the duration of the diabetes
mellitus but also influenced by the average level of blood glucose
along with glycated haemoglobin. The estimation of glycated
proteins chiefly HbA1c (glycated hemoglobin) is effectual in
monitoring long-term glucose control in people with diabetes
mellitus.(1) Chronic hyperglycemia leads to increased glycation of
proteins including hemoglobin which results in the formation of
Advanced Glycated End products (AGE).(4) The various
complications of diabetes are due to the presence of reactive
oxygen species (ROS) generated by free radicals like free iron
leading to oxidative damage. Iron is one of the key micronutrients
required for good health and deranged iron metabolism leads to
oxidation of lipids and proteins and causes damage to the RBC
membrane. In the various research studies, it was shown that the
reactive freeiron oriron overloads was responsible for diabetes. (5)
Some researchers interpreted that systemic iron overload causes
abnormalities in glucose metabolism contributing to T2DM due to
insulin deficiency as a consequence of oxidative stress on pancreatic
beta cells leading to cell death and diminish insulin secretion or
insulin resistance caused straightway by iron overload and hepatic
dysfunction. However, few researchers observed that influence on
glucose metabolism occurs by serum iron even in absence of
considerable iron overload or even in a state of iron deficiency. The
excess iron stores have been shown to be associated with increased
risk of metabolic disorders including hypertension, cardiovascular
disease and metabolic syndrome. (6)

Another key protein which regulates iron homeostasis and widely
used as a parameter to evaluate iron homeostasis in the body is
ferritin. High levels of circulating ferritin were observed in type 2
diabetes patients complicated with hereditary hemochromatosis.
Several clinical studies have investigated the association of
increased serum ferritin levels with an increased risk of type 2
diabetes but the results were incoherent between different
populations. (7)
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Thus, the following study was conducted with the aim to estimate
and compare iron profile and glycated hemoglobin in diabetic
patientsand control group.

MATERIALS AND METHODS

The study was conducted in the Department of Biochemistry, Super
Specialty hospital, Government Medical College, Jammu. 50
patients with type 2 diabetes mellitus diagnosed on the basis of
raised serum glucose levels and 50 healthy adults in the age group
of 20 years and above were selected irrespective of their sex. 5 ml of
fasting blood samples were withdrawn from the antecubital vein
under aseptic conditions from each individual with his/her consent,
duly following the guidelines and norms of the hospital. Blood
samples were collected in plain vacutainers, fluoride vacutainers
and EDTA vacutainers. The estimation of serum iron, unbinding iron
binding capacity (UIBC) and the total iron binding capacity (TIBC)
was estimated in fully automated chemistry analyzer in both the
groups. Blood glucose levels were estimated by Abott Architect c-
Systems by hexokinase method. (8) HbA1c was estimated on
Architect c-Systems (9) following the principle consisting of two
separate concentrations measurements: glycated Hb and total
hemoglobin.Total Hb is oxidized to stable methemoglobin azide by
the action of sodium nitrite and sodium azide and the concentration
of the hemoglobin is determined by measuring absorbance. The
ferritin levels were estimated in abbott architect chemiluminescent
microparticle immunoassay.(10) The serum iron and TIBC were
performed outside the hospital and the data was collected from the
patients.(11)

TIBC=Serum Iron+UIBC

The normal levels of serum iron are 50-170 pg/dl (women) and 65-
175 pg/dl (men), UIBC levels 110-370 pg/dl, TIBC 228-428 ug/dl,
serum ferritin levels are 30-300 ng/ml for males and 10-160 ng/ml
forfemales.

Inclusion Criteria:
Diagnosed T2DM patients having fasting blood glucose > 126mg/dlI
orHbA1c>6.5%and healthy controls.

Exclusion Criteria:

Patients suffering from anemia, thyroid dysfunction, chronic kidney
disease chronic liver disease, patients taking drugs which disturbed
iron metabolism, patients undergo previous blood transfusion,
patients having haemoglobinopathies, genetic mutations which
causes iron overload and pregnant women were excluded from the
study.
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RESULT

The study was conducted in 50 healthy controls (comprising of 22
women and 28 men) and 50 type 2 diabetic patients (19 females and
31 males). The mean age of diabetic patients was 48.35+9.44 years
and the mean age of control group was 43.54+11.32 years. It was
observed that the blood glucose, HbA1C levels and serum ferritin
levels were significantly increased in diabetic patients whereas
serum iron and TIBC levels were significantly decreased in patients
with diabetes.

Table1: Comparison of various parameters in control group and

diabetic patients

Parameter Control Diabetic patients |p value

Blood Glucose (F) [81.76 (10.22) |183.37(59.18) < 0.0001
(mg/dl)

HbA1C (%) 5.79(1.28) 7.97(0.97) <0.0001
Serum Iron (ug/dl) |93.98 (33.79) |65.81 (42.67) <0.0004
Serum 89.07 (12.54) |226.09 (34.02) <0.0001
Ferritin(mg/dI)

TIBC (ug/dl) 346.53 (63.69) [254.39 (56.82) <0.0001
*p value < 0.05 considered significant

DISCUSSION

In our study, it was observed that diabetic patients have significantly
increased levels of blood glucose, HbA1C, serum ferritin whereas
have decreased levels of serum iron and TIBC. It was observed in the
recent studies that increase in iron stores predicts the risk of
developing type 2 diabetes, while decrease in serum iron level is
protective. The damage caused by iron also triggers the events of
complications in chronic diabetes, in coronary artery disease and
endothelial dysfunction. (12) The excess iron in the tissues will
enhance the production of free radicals which further amplifies the
ladderinvolvedininflammatory lesion.(13)

Also when body iron stores are normal, absorption of iron is
minimal. The absorption of iron present in the heme does not
depend on the body iron content. The circulating iron is bound to
ferritin and is taken up by specific transferrin receptor from the
blood. This transferrin-receptor complex is internalized through
endocytosis and is then released into a non-acidic cellular
compartment, where it is used for the synthesis of essential cellular
components.(14) The rapid uptake of iron by the fat cells is
stimulated by insulin, thus redistributing transferrin receptors from
an intracellular membrane compartment to the cell surface. In
various studies, it has been observed that serum ferritin had
significant positive correlation with plasma glucose.(12,15)

Thereis a close relationship between iron profile and T2DM because
deranged glucose metabolism deranges the iron profile and vice
versa. The altered iron profile or free iron induces oxidative stress
and produces inflammatory cytokines. (16) Hyperglycemia
negatively influences numerous metabolic processes including iron
metabolism in type 2 DM. (17) It has been observed in various
studies thatiron overload occursin type 2 diabetes mellitus. (18) The
free iron radicals instigate oxidation of biomolecules leading to
production of hydroxyl radical (OH*) via Haber-Weiss and Fenton
reactions which further damages cellular membrane protein and
nucleic acid. These proceedings lead to insulin resistance and thus
type 2 diabetes mellitus.(19) The free OH* radicals causes non-
enzymatic glycation of protein followed by a series of reactions that
results in the formation of advanced glycation end products (AGEs)
which interact with their receptors (RAGE), induce the production of
ROS. The free iron and oxidative stress also promote the ferritin
synthesis.(5) Iron in a strong pro-oxidant that increases the cell
oxidative stress, causes inhibition of insulin internalization and
actions, hence leading to hyperinsulinemia and insulin resistance.
The oxidative stress increases the release of iron from ferritin and
free iron also has a positive feedback on ferritin synthesis. Serum
Ferritin is also a marker of insulin resistance. It is an independent
determinant of poor metabolic control in diabetic patients. The low
serumiron levelsin females than the males may be due to the reason

that they are generally anemic due to physiological process like
menstruation and pregnancy leading to iron deficient state. (20) In
our study we observed that serum iron levels do not increase in
diabetes mellitus, stilliron takes partin the formation of free radicals
which are highly toxicand capable of inducing lipid per-oxidation.

CONCLUSION

In our study, it was observed that diabetic patients have significantly
increased levels of blood glucose, HbA1C, serum ferritin whereas
decreased levels of serum iron and TIBC. Serum ferritin can be used
as a sensitive marker of iron status while the biochemical markers
like serum iron and TIBC can be monitored at regular intervals in
patients with diabetes mellitus so that suitable actions can be taken.
Therefore, in conformity with prior studies we propose that serum
ferritin should be incorporated in standard screening protocol to
identify the risk of developing type 2 DM and also to evaluate the
glycemic controlin known patients of diabetes mellitus.
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