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Abstract

Aim: To investigate the correlation between glycated hemoglobin and serum ferritin levels in individuals with
type 2 diabetes.

Materials and Methods: This study was conducted in the Department of Biochemistry, Homi Bhabha Cancer
Hospital (HBCH), Lahartara and Mahamana Pandit Madan Mohan Malaviya Cancer Centre (MPMMCC),
Sundarbagiya, BHU Campus, Varanasi, Uttar Pradesh, India for one year. The study consists of total 100 subjects
out of which 50 were diabetic patients compared with 50 ages and sex matched normal healthy controls. Blood
samples were analyzed for Ferritin, HBA1C and fasting plasma glucose. A written informed consent was taken
from the subjects. Clinically diagnose type 2 diabetes mellitus patients on treatment in the age group of 35-70
years. For the diagnosis of diabetes mellitus, FPG >126 mg/dl or previous history of diabetes mellitus was
required. Controls: Healthy controls in the age group of 35-70 years with no history of any medical disorder. They
had fasting plasma glucose levels of <110 mg/dl and hemoglobin levels of more than 12 g/dl.

Results: In the present study we recruited total 100 subjects, out of which 50 subjects were in the cases group (29
males & 21 females) and 50 subjects were in the control group (26 males & 24 females). All the subjects belong
to the age groups of 35-70 years. The mean age of the case group and the control group were 50.16 + 7.0 years
and 49.58 + 6.70 years, respectively (Table 1). Both the groups were statistically similar in the age with the p-
value of 0.76. There was no statistical significant difference between the mean hemoglobin level in diabetics
(13.65 £ 1.3 g/dl) and normal controls (13.5 £ 1.3 g/dl). The mean BMI in diabetics was 27.5 £ 4.2 kg/m2 and for
control group was 23.4 + 2.8 kg/m2 (p < 0.001). The mean FPG, HbAlc and serum ferritin levels were
significantly higher with P<0.001 in diabetic group compared to controls (Table 2). In addition, there was a
positive correlation between serum ferritin and FPG, HbA1c. Serum ferritin is significantly correlated with FPG
(r-0.20, P< 0.05) in diabetic patients. Serum ferritin is also positively related to HbAlc (r-0.9, P<0.01).
Conclusion: Serum ferritin and HBAlc level were elevated in patients with type 2 diabetes mellitus when
compared to healthy individuals and it indicates that serum ferritin can be used as a marker.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is a metabolic
disorder characterized by chronic hyperglycemia
due to insulin resistance and B-cell dysfunction.
Glycated hemoglobin (HbAlc) is the most widely
used biomarker for assessing long-term glycemic
control in diabetic patients, as it reflects average
blood glucose levels over the preceding 2-3 months.
However, various factors can influence HbAlc
levels independently of glycemia, including iron
status, which is measured by serum ferritin levels.
The relationship between HbAlc and serum ferritin
levels in T2DM has garnered significant research
interest due to its potential implications for the
accuracy of HbAlc as a marker of glycemic control
and its broader metabolic consequences. [1-4]

Serum ferritin is a marker of iron storage and is often
elevated in individuals with iron overload
conditions. In T2DM, elevated serum ferritin levels
can indicate not only increased iron stores but also
inflammation, as ferritin is an acute-phase reactant.
The dual role of ferritin complicates the
interpretation of its association with HbAlc. Several
studies have reported a positive correlation between
serum ferritin and HbAlc levels in T2DM patients,
suggesting that higher iron stores or inflammatory
states may contribute to increased HbAlc levels,
independent of glucose control . [5,6] Iron overload
has been implicated in the pathogenesis of insulin
resistance and T2DM. Excessive iron deposition in
tissues can lead to oxidative stress and damage to
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pancreatic  B-cells, thereby impairing insulin
secretion and action. This iron-mediated B-cell
dysfunction may contribute to hyperglycemia and
elevated HbA ¢ levels. Conversely, iron deficiency
anemia can also affect HbAlc levels by altering red
blood cell turnover and lifespan, leading to falsely
elevated HbAlc readings. Thus, both iron overload
and deficiency can influence HbA 1c measurements,
complicating the assessment of glycemic control in
T2DM patients . [7-10] Inflammation, commonly
present in T2DM, can also elevate serum ferritin
levels. Chronic low-grade inflammation is a
hallmark of T2DM and is associated with insulin
resistance. Inflammatory cytokines can increase
hepatic ferritin synthesis, leading to elevated serum
ferritin ~ levels.  This  inflammation-induced
hyperferritinemia may be associated with higher
HbAlc levels, reflecting both poor glycemic control
and the inflammatory state. Understanding the
interplay between inflammation, iron metabolism,
and HbAlc is crucial for accurately interpreting
HbAlc levels in T2DM patients . [11] The clinical
significance of the association between HbAlc and
serum ferritin in T2DM extends beyond glycemic
monitoring. Elevated serum ferritin has been
associated with an increased risk of diabetes-related
complications, including cardiovascular disease and
nephropathy. Ferritin may serve as a marker for
identifying T2DM patients at higher risk of
complications, prompting more  aggressive
management strategies. Moreover, understanding
this association can guide the development of
therapeutic interventions targeting iron metabolism
and inflammation to improve glycemic control and
reduce the risk of complications in T2DM . [12-14]

Materials and Methods

This study was conducted in the Department of
Biochemistry, Homi Bhabha Cancer Hospital
(HBCH), Lahartara and Mahamana Pandit Madan
Mohan Malaviya Cancer Centre (MPMMCC),
Sundarbagiya, BHU Campus, Varanasi, Uttar
Pradesh, India for one year The study consists of
total 100 subjects out of which 50 were diabetic
patients compared with 50 ages and sex matched
normal healthy controls. Blood samples were
analyzed for Ferritin, HBAIC and fasting plasma
glucose. A written informed consent was taken from
the subjects. Clinically diagnose type 2 diabetes
mellitus patients on treatment in the age group of 35-
70 years. For the diagnosis of diabetes mellitus, FPG
>126 mg/dl or previous history of diabetes mellitus
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was required. Controls: Healthy controls in the age
group of 35-70 years with no history of any medical
disorder. They had fasting plasma glucose levels of
<110 mg/dl and hemoglobin levels of more than 12
g/dl. They did not have a history of medication use,
and were matched with the diabetic group regarding
age and sex. Chronic Infections, Chronic Liver
Disease, Chronic Renal Disease, Overt Thyroid
Dysfunction Patients on Corticosteroids Therapy
Anemia (Hb<10 gm/dL) 5 mL of fasting blood
sample was collected and centrifuged for
serum/plasma separation.

Data Analysis

Sample were analyzed for the measurement of
plasma glucose by glucose oxidase-peroxidase
method, whole blood taken in EDTA vial for HbAlc
by Immuno-turbidimetric method and serum ferritin
was assessed by ELFA method by commercially
available kit provided by Roche Cobas Integra.
Results were analyzed with SPSS software and
student t-test was done for quantitative variables and
Pearson’s regression for correlation between
variables. P-value

<0.05 was considered as a significant.
Results

In the present study we recruited total 100 subjects,
out of which 50 subjects were in the cases group (29
males & 21 females) and 50 subjects were in the
control group (26 males & 24 females). All the
subjects belong to the age groups of 35-70 years.
The mean age of the case group and the control
group were 50.16 + 7.0 years and 49.58 + 6.70 years,
respectively (Table 1). Both the groups were
statistically similar in the age with the p-value of
0.76. There was no statistical significant difference
between the mean hemoglobin level in diabetics
(13.65 £ 1.3 g/dl) and normal controls (13.5 + 1.3
g/dl). The mean BMI in diabetics was 27.5 + 4.2
kg/m2 and for control group was 23.4 + 2.8 kg/m2
(p < 0.001). The mean FPG, HbAlc and serum
ferritin levels were significantly higher with
P<0.001 in diabetic group compared to controls
(Table 2). In addition, there was a positive
correlation between serum ferritin and FPG, HbA lc.
Serum ferritin is significantly correlated with FPG
(r-0.20, P< 0.05) in diabetic patients. Serum ferritin
is also positively related to HbAlc (r-0.9, P<0.01).

Table 1: Baseline characteristics of Cases and Control.

S. No. Parameters Controls Cases
1 No. of Individuals 50 50
2 Age (Years) 49.58 +£6.70 50.16+7.0
3 BMI (Kg/m2) 234+2.8 27.5+42
4 Hemoglobin (g/dL) 13.5+1.3 13.65+1.3
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Table 2: Mean values of different variables among Controls and Cases.

Variables Controls Cases  p-Value Variables
Serum Ferritin (ng/mL) 64.12 £30.38 | 155.58 £48.12 <0.001
Fasting Plasma Glucose (mg/dL) | 94.08 £10.2 164.5 +30.02 <0.001
HBAIC (%) 5.13+0.82 7.98+1.13 <0.001

The mean FPG, HbAlc and serum ferritin levels
were significantly higher with P<0.001 in diabetic

group.
Discussion

The present study concludes positive correlation
between serum ferritin and glycated hemoglobin,
which implies the role of ferritin as an indicator of
glycemia control and diabetic complications. So
serum ferritin can be used as a marker for screening
of insulin resistance & type 2 diabetes mellitus.
From this study, we recommend that more studies
should be performed to confirm the implications of
serum ferritin as a marker for type 2 diabetes
mellitus and its role in pathogenesis of T2DM. High
body iron stores that are serum ferritin have been
linked to insulin resistance [10,11], metabolic
syndrome [10,12,13] and gestational diabetes
[14,15]. In diabetic patient, the HbAlc not only
correlates with blood sugar level but also with the
iron status if the patient happens to be suffering from
iron deficiency anaemia. [16] Serum ferritin level
had a relationship with hyperglycemia and its level
decreased with lowering of serum blood glucose.
[17] Type 2 diabetes mellitus is a chronic metabolic
disorder resulting from insufficient or ineffective
insulin to control blood glucose concentration. [18]
The prevalence of DM-type 2 has been increasing
steadily all over the world. People living with type 2
diabetes mellitus are more vulnerable to short and
long term complications, which often lead to their
premature death. [19] T2D is primarily attributable
to poor lifestyles and excess body weight. Promotion
of healthy lifestyles and weight management,
unfortunately, has been unsuccessful in curbing the
increasing public health burden of T2D. Oxidative
stress plays an important role in the pathogenesis of
the complications seen in T2DM. [20] Superoxide
and hydrogen peroxide appear to be the primary
generated species. These reactive oxygen species
play a role in the generation of additional and more
reactive oxidants, including the highly reactive
hydroxyl radical in which iron salts play a catalytic
role in a reaction. This reaction is referred to as the
metal catalyzed Haber-Weiss reaction. [21] The role
of iron in the pathogenesis of diabetes is suggested
by an increased incidence of type 2 diabetes in
diverse causes of iron overload and reversal or
improvement in diabetes (glycemic control) with a
reduction in iron load achieved using either
phlebotomy or iron chelation therapy. [22] The
importance of protein glycation is well known in the
pathogenesis of diabetic vascular complications.
Transition metals also play a role in protein

glycation induced by hyperglycemia. It has been
shown that glycated proteins have a substantial
affinity for the transition metals, and the bound
metal retains redox activity and participates in
catalytic oxidation. [23] Ferritin has been referred as
a marker for insulin resistance possibly due to iron
deposition in the liver leading to hepatic insulin
resistance and increased hepatic glucose production.
[24,25] Pancreatic damage due to some degree of
subclinical hemochromatosis has been considered in
some cases of diabetes. [26] Studies done by Ford
ES et al. [27] & Tuomainen TP et al. [28] reported a
strong association between elevated serum ferritin
concentration and increased risk for diabetes. In
present study a statistical significant increase in
fasting plasma glucose, glycated hemoglobin and
serum ferritin levels were observed in patients of
T2DM as compared to healthy controls. This finding
is supported by various studies Thanna RC et al.
[29], Momeni A et al. [30], Rawat N et al. [31],
Pramiladevi R et al. [32], Raj Set al.[ 33], Thilip
Kumar G et al. 3, Kimet al. [34.] Cantur K Z et al.
[35] in their studies confirmed that poorly controlled
diabetes patients had hyperferritinemia. This
showed that serum ferritin was increased in diabetes
as long as glycemic control was not achieved. They
also found a correlation between ferritin level and
diabetic retinopathy.

Conclusion

Serum ferritin and HBAlc level were elevated in
patients with type 2 diabetes mellitus when
compared to healthy individuals and it indicates that
serum ferritin can be used as a marker
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