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Abstract

Background: Type 2 diabetes mellitus is a common metabolic disorder of multiple etiologies. Increased levels of serum ferritin have been
indicated to be associated with the etiology of the diabetic process, as well as in pathogenesis of various diabetic complications. The study aims
to understand the relationship between the serum ferritin and glycated hemoglobin in type 2 diabetes mellitus. Subjects and Methods: The
study was conducted at Medical College Hospital and Research Centre. A total of hundred cases of type 2 diabetes mellitus of the age group 30
— 70 years were taken for the study after satisfying the inclusion and exclusion criteria. Hundred healthy volunteers in the age group 30 — 70
years, sex matched during the same period was included in the study under the control group. Results: Serum ferritin level was significantly
high in cases compared to controls. There was moderate correlation between serum ferritin and glycated hemoglobin. There was significant
increase in serum ferritin levels in type 2 diabetics compared to the controls. There was a moderate correlation between serum ferritin and
glycated hemoglobin. Conclusion: This study explores the possibility of finding serum ferritin as a marker to explain the oxidative stress

process in type 2 diabetes mellitus. This valuable information would be helpful in proper medical intervention.
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Introduction

The term diabetes mellitus derived from the Greek words dia
(through), bainein (to go) and mellitus (sweet). Diabetes
mellitus (DM) means the urine of the patient contains
sugar.ll The best early evidence of a description of the
symptoms of diabetes in the world literature is recorded in
the Ebers Papyrus that appears to date from 1550 B.C. This
links the description of polyuria to Imhotep, a man of
medicine, architecture and magic who was high priest and
minister to Pharaoh Zosser in 3000 B.C. Arateus in his work
acute and chronic diseases, coined the term diabetes meaning
_siphon‘, to explain the liquefaction of the flesh and bones in
urine.

Diabetes mellitus is the most common endocrine disease. It
is described as a group of metabolic disorders of multiple
etiologies characterized by chronic hyperglycemia associated
with disturbances of carbohydrate, fat and protein
metabolism due to absolute or relative deficiency of insulin
secretion and / or action.!?]

The symptoms related to hyperglycemia are polyuria,
polydipsia, polyphagia associated with weight loss but may
not be present in a sizeable proportion of the cases. This
disorder is associated with significant long term sequels,
particularly damage or dysfunction of various organs
especially kidneys, eyes, nerves, heart and blood vessels.[!

Chronic hyperglycemia in type 2 DM leads to oxidative
stress created by an imbalance of pro-oxidants, involves
glucose auto-oxidation, protein glycation, polyol pathway
and over production of superoxide radicals which causes
oxidative stress.

This oxidative stress leads to complications in type 2 DM.
The long term hyperglycemic status favoursglycation
reactions leading to formation of advanced glycated end
products (AGE). This causes tissue damage by cross linking
of collagen. Therefore complications in type 2 DM are
dependent on glycemic control.!

Iron is present in almost all cells of the body. About 75% of
total iron is hemoglobin (Hb), 5% is in myoglobin and 15%
in ferritin. Ferritin is ubiquitous intra cellular protein that
stores iron and releases it in controlled fashion. It acts as a
buffer against iron deficiency and iron overload.[

The relationship between iron metabolism and type 2 DM is
bi-directional.lron influences glucose metabolism, even in
the absence of significant iron overload.lron is a potent pro-
oxidant that increases cell oxidative stress causing inhibition
of insulin internalization and actions, resulting in
hyperinsulinemia and insulin resistance. Free iron exerts a
positive feedback on ferritin synthesis and oxidative stress
increases the release of iron from ferritin. [

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
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half-life. Glycation of transferrin decreases its 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.

In this study estimation of serum ferritin will be carried out
in patients with type 2 diabetes mellitus and a correlation of
these values with the glycated hemoglobin will be studied.
Hence we are exploring the possibility of using serum ferritin
for screening persons at high risk of diabetic complications.

Subjects and Methods

Hundred patients of type 2 diabetes mellitus between age
group of 30-70 years attending General Medicine OPD,
Medical College and Hospital, were included in the study.
Also hundred healthy volunteers in the age group 30-70
years, sex matched during the same period were included in
the study under the control group.

Inclusion Criteria

Hundred subjects of type 2 diabetes mellitus between age
group of 30-70 years attending general medicine OPD at
Medical College and Hospital

Exclusion Criteria

e  Type 1 diabetes mellitus

e  Other states associated with altered serum ferritin levels
like-o Hemochromatosis

e  Chronic alcoholics

e  Chronic inflammatory condition like SLE, rheumatoid
arthritis o Hepatitis, pancreatitis

e  Patients with repeated blood transfusions o Iron
deficiency anemia

e  Hypothyroidism

e  History Of Iron Supplimentation, pregnancy.

Method of collection of data

A pre-structured and pre-tested proforma was used to collect
the data. Informed consent was taken from all cases and
control subjects. Base line data including age and sex,
detailed medical history including conventional risk factors,
clinical examinations and relevant investigations were
included as part of the methodology.

For blood investigations, 5ml of blood was collected under
aseptic precautions from selected subjects on overnight
fasting of 12 hours.

Fasting and 2 hours postprandial blood sample were
collected for the analysis in the below mentioned vacuum
evacuated tubes.

o Fluoride EDTA vacuum evacuated tubes for estimation
of blood glucose and glycated hemoglobin.

. Clot activator vacuum evacuated tubes for estimation of
serum ferritin.

e  Serum obtained following centrifugation was used for
estimation of serum ferritin.

e  Fresh random mid stream urine sample was collected in
a sterile container for estimation of micro albumin.

Results

A total of 72 cases admitted to our hospital between Jan 2017
to Dec 2018 were statically analyzed. Most of the dengue
cases presented during the month of August and September
which depicts the role of rainy season for case clustering
during that season.

Table 1(a): Comparison of HbAlc in study group

HbA1C Cases Controls Total
No % No %
<6 0 0 100 100 100
HbA1C 6-8 | 71 71 0 0 71
>8 29 29 0 0 29
Total 100 100 100 100 200

Table 1(b): Comparison of HbAlc in study group

HbAlc Mean SD P Value
Cases 7.56 0.86 0.000<0.001**
Controls 5.22 0.278 Extremely Significant

Table 2: Comparison of Serum ferritin levels in study group

Parameters Cases Controls P Value
FBS 146.94 86.71 0.000<0.001**
Serum Ferritin ng/ml | 177.45 53.82 0.000<0.001**

The mean serum ferritin level among cases was
177.45+111.98ng/ml as compared to 53.82+35.73ng/ml
among controls. There was significant difference in serum
ferritin levels among cases and controls.

Table 3: Pearson correlation of Serum Ferritin ng/ml with FBS
(mg/dl), PBS (mg/dl), and HbA1c%

Cases Cases
Pair r Value | p Value rValue | p

Value
Serum Ferritin 0.130 0.198 0.068 0.638
ng/ml vs FBS
(mg/d),
Serum Ferritin 0.097 0.338 0.018 0.899
ng/ml vs. PPBS
(mg/d),
Serum Ferritin 0.274 0.000<0.006** | 0.109 0.452
ng/ml vs HbA1c%

In the present study, there is a increased serum ferritin level
in diabetes mellitus compared to healthy controls. There is
moderate correlation between serumferritin levels and
Glycated hemoglobin in cases. The data is entered in excel
spreadsheet and statistically analyzed using SPSS software.
The tests like Chi-Square, t-tests etc are applied to analyze
the data.

Descriptive statistical analysis has been carried out in the
present study. Chi square and Fisher extract has been used to
find significance of proportion of serum ferritin levels
between cases and controls. Student‘t‘test has been used to
find the significance of serum ferritin level between
cases/controls.

Discussion

The role of iron in the pathogenesis of diabetes mellitus is,
iron is a potent pro oxidant and reactive oxygen species have
been shown to interfere with insulin signaling at the cellular
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level. Iron is a catalyst in formation of hydroxyl radicals,
which are powerful pro oxidants attack cellular membrane
lipids, proteins andnucleic acids contributes to insulin
resistance initially and subsequently to the development of
type 2 DM.

The central importance of iron in the pathophysiology of
disease is derived because of the ease with which iron is
reversibly oxidized and reduced. This property, which is
essential for its metabolic functions, makes iron potentially
hazardous from its ability to participate in the generation of
powerful oxidant species such as hydroxyl radicals.["!
Because iron participates in the formation of reactive oxygen
species, organisms take care in the handling of iron and
indeed, iron sequestration in transport and storage proteins
may contribute to antioxidant defenses.

It is now well established that oxidants can cause release of
catalytic iron, thus interacting a vicious cycle that leads to
the formation of more reactive species.

The major aspect of treatment of type 2 diabetes mellitus is
the requirement of sensitive serum markers that are
associated with the disease. So early diagnosis and medical
interventions can delay or diminish the morbidity associated
with type 2 diabetes mellitus.

Fernandez real J M et al in their study have shown hyper
feritininemia is present in 6.6% of type 2 diabetics, serum
concentrations of ferritin areusually increased in poorly
controlled type 1 and type 2 diabetes subjects and ferritin has
been shown predict HbAic independently of glucose,
probably reflecting increased oxidative stress. Short term
improvement inglycemic control is followed by variable
decreases in serum ferritin concentration.®! Some studies
suggest that free radical formation may play a role by
disrupting insulin action and total body glucose disposal. The
facts that oxidative stress is increased in glucose intolerance
suggests possible mechanisms for iron‘s action.®l In Earl S
Ford et al study, serum ferritin concentration was
significantlyassociated with newly diagnosed diabetes and
association was stronger in men than in women.t%

Nan heekim et al study shows that serum ferritin
concentration was significantly correlated with fasting c-
peptide in type 2 diabetes patients and was significantly
correlated with fasting sugar level in the control group. So
serum ferritin would be a marker of not only glucose
homeostasis but also some components of insulin resistance
syndrome in both diabetic and control subjects.!*]

Van ost BA, VandenBeld B study gave the explanation, that
delayed clearance of glycosylated ferritin in participants with
diabetes may have lead to elevated ferritin concentration.[*
Swaminathan et al findings, indicate that ferritin is associated
with a greater frequency of IFG or diabetes only among
those with high normal Gama-GlutamylTransferase (GGT),
not in those with low normal GGT and suggested ferritin as a
factor for development IFG/Diabetes. The association
between increased GGT and glucose intolerance might be
explained by some underlying, biological mechanisms such
as enhanced oxidative stress, insulin resistance and fatty
liver.[3

Dymock M W J C et al and Facchini F S et al support that
phlebotomy is followed by drop in serum glucose, serum
cholesterol, serum triglycerides and improvement in both
beta cell secretion and peripheral insulin action in type 2
diabetes mellitus and serum ferritin values significantly

decreased.*!

Jehn et al, argue that the modest elevations in ferritin levels
observed in diabetes may be a consequence or marker rather
than the cause of impending insulin resistance and that
elevated ferritin may not reflect elevated body iron stores or
an intracellular labile iron pool that participates in oxidant
injury. 21

In our study we also observed serum ferritin moderately
correlated with glycated hemoglobin. This may be due to
abnormalities in ferritin metabolism following glycation in a
hyperglycemic state. Glycosylated ferritin has a longer serum
half life. Glycemic control itself influences serum ferritin
concentrations.

Derangement in serum parameters of iron metabolism are
frequently found in patients with poorly controlled diabetes
mellitus. In patients with increased serum ferritin, glycemic
control is poor and there isvascular damage.

Jeevan K Shetty et al estimated free iron, both ferrous and
ferric form, protein thiols, lipid hydroperoxides, fasting
blood glucose, HbAlc and serum ferritin levels in serum.
There was a significant increase in free iron in Fe*3 state
(P<0.01), HbA;c (P<0.01) serum ferritin (P<0.01),
lipidhydroperoxides (P<0.01) in diabetics with poor
glyceimic control compared to diabetics cases with good
glyceimic control and healthy controls.[6]

In trial by Cantur K Z et al, poorly controlled patients of
diabetes had hyper ferritinemia. This confirmed that serum
ferritin was increased in diabetics as long as glycemic control
was not achieved. Serum ferritin concentration and
concentrations of insulin, glucose and
glycosylatedhemoglobin were significantly raised
in both men and women.*®! Recently some studies have
investigated the effect of chelator agents such as
desferoxamine on the control of diabetes mellitus. There are
different results in this regard. Some studies have determined
a higher level of ferritin in people who are high risk for
atherosclerosis. Insulin resistance has been considered as the
basic factor in the pathogenesis of atherosclerosis.

Conclusion

This study explores the possibility of utility of serum ferritin
as a marker of the oxidative stress process in diabetics. This
valuable information would be helpful in proper medical
intervention.
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