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Abstract:

Background: T2Diabetes is occurring more frequently and is now a big problem in India. Glycated hemoglobin
(HbAlc) is the main indicator doctors use for checking long-term blood sugar levels. Serum ferritin is known to
relate to insulin resistance and stress caused by molecules known as reactive oxygen species. Studies so far show
a possible link between high ferritin levels in the blood and unstable blood sugar levels, but there is not a lot of
research from India.

Aim: To determine the levels of serum ferritin and HbAlc in patients with T2DM and look at the connection
between the two.

Methodology: The present work was organized as a descriptive, cross-sectional study and carried out at the
Department of Biochemistry, ICARE Institute of Medical Sciences and Research & Dr.Bidhan Chandra Roy
Hospital, Haldia, West Bengal, India for one year. The study was done on 100 participants who had type 2
diabetes. High-performance liquid chromatography (HPLC) was used to test HbAlc, and estimate serum ferritin,
CLIA was used. SPSS version 27 was utilized and Pearson’s correlation coefficient was applied to find out if there
is any link between serum ferritin and HbAlc.

Results: There was a strong link (r = 0.52 and p < 0.001) found between serum ferritin and HbAlc levels. Those
individuals with poorly controlled blood sugar had a mean ferritin value of 298.2 ng/mL, and those with balanced
blood sugar had the least amount at 185. According to the findings, higher serum ferritin is related to poor blood
sugar levels in people with T2DM.

Conclusion: Levels of serum ferritin in T2DM patients are related to how well glycemic control is maintained
and could help doctors manage diabetes. diagnosing serum ferritin in everyone could assist doctors in early
recognizing patients who are more likely to have poor glucose results.

Keywords: Type 2 Diabetes Mellitus, HbAlc, Serum Ferritin, Control Of Blood Sugar, Stress On Cells Due To

Oxidation, Iron In The Body, Inflammation.
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Introduction

Type 2 diabetes mellitus (T2DM) is a long-term
disease where the body cannot entirely use insulin
and homemade insulin is not well produced. All
around the world, obesity is becoming a significant
health problem, but it has the heaviest impact in
countries like India [1]. The IDF points out that
India’s current diabetes population is more than 77
million, and this number is expected to grow to over
100 million by 2030 [2]. The rising number of
T2DM cases in India is caused by rapid
urbanization, little physical activity, changes in diet,
and certain genes [3].

It is important to carefully monitor blood sugar in
people with T2DM to stop complications affecting
both the small and large blood vessels. To most,
glycated hemoglobin (HbAlc) is the standard
marker used to assess long-term blood sugar status
because it provides the average glucose level over
several weeks. According to the ADA, trying to
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maintain HbAlc below 7% may help most patients
avoid complications from diabetes. Besides
glycemic indices, researchers are finding that new
markers tied to inflammation and oxidative stress
are factors in the development and growth of T2DM

[4].

Serum ferritin is being considered as a possible
marker for T2DM, since it functions as a storage
protein for iron and also acts as a reaction to disease
and regulator of iron in the body [5]. It is thought
that having high serum ferritin levels in people with
T2DM is due to chronic low-grade inflammation,
which is important for understanding insulin
resistance and metabolic problems. Also, having too
much iron can lead to oxidative stress due to the
Fenton reaction, increasing lipid peroxidation and
disturbing both B-cells and the use of insulin.
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Several research studies point out that high serum
ferritin levels are linked to a greater risk of T2DM
even if usual risk factors are considered [6]. Jiang et
al. performed a study and revealed that those with
greater ferritin levels at the beginning were more
likely to develop T2DM in both sexes. Likewise, it
has also been observed that a higher level of ferritin
increases the risk of diabetes in several groups [7].

Apart from triggering diabetes, serum ferritin is
involved in maintaining blood glucose control
among people who already have T2DM. Having
high ferritin in the bloodstream is associated with
poor management of blood sugar, as shown by the
presence of high HbAlc [8]. Those with T2DM
whose ferritin levels were higher usually developed
worse glycemic problems and more problems
related to insulin resistance [9]. Therefore, ferritin
could be included as a secondary test for diabetes
care together with HbAlc.

There are special factors to think about in the context
of India. How much iron they get from meals,
hereditary traits, and other missing nutrients can lead
to different ferritin levels in Indian diabetic patients
[10]. In addition, differences in society and
healthcare affect the levels of control and
complications from diabetes across various areas in
India. Even though many studies on this subject
have been written around the world, there are not
many Indian studies on HbA 1¢ and serum ferritin in
T2DM, where people may have different dietary
habits and healthcare access than those in big cities

[11].

Having knowledge of this relationship helps find
better ways to classify risks, spot complications, and
select proper treatment options for the local
population. That is why, patients with elevated
ferritin are more likely to develop diabetes
complications or problems related to blood
circulation, and must be carefully looked after and
managed medically. Besides, using strategies such
as iron chelation or phlebotomy has been proposed
to boost better insulin sensitivity and lower blood
sugar in combination with standard diabetic care
[12].

Therefore, the present study seeks to examine
HbA1c and serum ferritin levels in patients with type
2 diabetes mellitus and see if there is any link
between the two. To reach this aim, the research
offers regional data, which may enhance the
understanding of ferritin and its role in diabetes
management in India and have clinical significance.

Methodology

Study Design: The present work was organized as a
descriptive, cross-sectional study and carried out at
the Department of Biochemistry, ICARE Institute of
Medical Sciences and Research & Dr.Bidhan
Chandra Roy Hospital, Haldia, West Bengal, India.
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The researchers wanted to study whether serum
ferritin is connected to HbAlc in patients with type
2 diabetes mellitus. The research examined how
these two biomarkers are connected to each other to
gain insight into their use in diabetes treatment and
preventive actions. The hospital caters to a mixed
population of rural and semi-urban patients, making
the data relevant for regional policy-making in India.

Study Duration: The study was conducted over a
period of 12 months.

Sample Size: A total of 100 people with type 2
diabetes mellitus (T2DM) were selected for the
study from the hospital’s outpatient and inpatient
departments according to the eligibility criteria and
if they agreed to take part.

Inclusion Criteria

e Patients aged > 30 years diagnosed with type 2
diabetes mellitus.

e Patients willing to provide informed written
consent for participation.

Exclusion Criteria

e Patients with type | diabetes mellitus.

e Patients with chronic liver disease, chronic
kidney disease, or hematological disorders
affecting ferritin levels.

e Patients with acute or chronic infections or
inflammatory diseases at the time of study.

e Patients on iron supplementation, blood
transfusions, or those with known iron overload
disorders.

Procedure: After getting written permission from
everyone, we wrote down the detailed medical
stories and measurements for all participants. Blood
samples were taken from veins after people had not
eaten anything for about 8-10 hours overnight.
HbAlc was detected using HPLC, while the
chemiluminescent immunoassay method (CLIA)
was used to estimate serum ferritin. Blood was also
taken to measure the plasma glucose level in hunger.
Further studies were carried out when required to
exclude other possible conditions from the
diagnosis. Groups were then made using HbAlc
level: Patients with HbAlc less than 7% had good
control, 7% to 9% had moderate control, and greater
than 9% had poor control.

Statistical Analysis: All the data were put together
on Microsoft Excel 2019, and afterward, they were
analyzed using SPSS. Measurements such as
HbAlc, serum ferritin, and fasting plasma glucose
were given as the mean and standard deviation,
whereas gender and duration of diabetes were
reported as frequency and percentage. To see if there
is any relationship between serum ferritin and
HbAlc, Pearson’s correlation coeffcient was used.
To find out if there were any significant differences,
ferritin levels were compared among the HbAlc
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groups using analysis of variance and then the Tukey
Test was applied to identify the pairs. When the p-
value was below 0.05, it was accepted as statistical
significance for each test.

Result

Table concludes that the majority of the participants
were middle-aged because the mean age of the study
group was 52.3 years, the fact that the standard
deviation of ages is 10.5 means that some values are
closer while others are further away from each other.
Although there were just a few more females than
males, the gender ratio of individuals in the sample
turned out to be 45:55. Participants had, on average,
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been living with diabetes for 7.8 years, and the
standard deviation added up to 4.1 years, meaning
that most people had experienced diabetes for quite
a while. How long the infection has persisted may
suggest the presence of disease in the population,
which in turn may lead to higher risks of severe
results or additional diseases. According to standard
definitions, the average person in this study was
‘overweight’ because their measured BMI was 26.4
kg/m? with a standard deviation of 3.5. This result
agrees with what is already understood about the
link between high body mass index and diabetes.

Table 1: Demographic and Clinical Characteristics of Study Population
Parameter Value
Mean Age (years) 52.3+£10.5
Gender (Male:Female) 45:55:00
Mean Duration of Diabetes (years) 7.8+4.1
Mean BMI (kg/m?) 264+3.5

Level of HbAlc in the patients is a good indicator of
how well the study group controls their sugar levels.
28% of the patients showed HbA 1c levels below 7%
(Group 1), which means they have well controlled
blood glucose as recommended by regularly seen
guidelines. People in this group most probably
control their diabetes with behavior changes, taking
their medicines, or a combination of both. Patients
in Group 2, or 35% of the group, showed HbAlc
levels between 7% and 9%, which showed that their
diabetes was somewhat well-controlled. This means
that people may be able to keep their blood sugar

under control but it could not be as good as it could
be and could use changes in treatment or more
careful monitoring. There was the highest number of
patients (37%) who were in Group 3, showing bad
glucose control since their HbAlc levels were above
9%. Members of this subgroup have a greater risk of
getting serious issues from diabetes and make
diabetes management difficult for the population.
Since more than one-third of participants had poor
glycemic control, there is a requirement for extra
measures to help those with diabetes.

Table 2: Distribution of Patients Based on HbAlc Levels
HbAlc Group No. of Patients Percentage (%)
Group 1 (<7%) 28 28%
Group 2 (7% — 9%) 35 35%
Group 3 (> 9%) 37 37%

The figures in Table 3 demonstrate that serum
ferritin levels tend to go up as HbAlc levels
increase, which might show there is a connection
between poor glycemic control and ferritin
elevation. Those in Group 1, whose diabetes was
very well-controlled (HbAlc under 7%), had the
least amount of serum ferritin in their blood at 185.4
ng/mL (& 75.3), proving a normal or slightly lower
level of iron reserves. This follows the observation
that better controlled diabetes in Group 2 is linked to
a significant rise in serum ferritin, as the mean
numbers went up to 238.7 ng/mL. This situation
might be linked to increasing inflammation inside
the body or problems with how iron is used due to
low blood sugar.
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Group 3 of patients with hardly controlled diabetes
(HbAlc was over 9%) presented with an average
ferritin level of 298.2 ng/mL (along with a standard
deviation of 125.8). The rise in ferritin levels
supports the belief that such results might point to a
connection between ferritin and worse blood sugar
control, either since it leads to excessive cell
oxidation, slight but noticeable inflammation, or
insulin resistance, all of which occur more often in
poorly controlled diabetes. In brief, the rise in
ferritin among the diabetes patients implies that
serum ferritin could be useful for assessing glucose
levels in diabetes patients.
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Table 3: Mean Serum Ferritin Levels Across HbAlc Groups

HbAlc Group Mean Serum Ferritin (ng/mL) + SD
Group 1 (< 7%) 1854+75.3

Group 2 (7% — 9%) 238.7+95.6

Group 3 (> 9%) 298.2 +125.8

The correlation between the ferritin levels in serum
and the HbAlc measurement is shown in Table 4.
The data shows that there is a moderate positive
connection between the two variables, which
measures 0.52. As a result, when serum ferritin
levels increase, the person’s HbAlc levels often
increase, suggesting that mood swings, high iron
levels, or inflammation are related to higher blood
sugar levels. The p-value is less than 0.001 and this

means the result is highly significant. This means it
is unlikely that the observed connection is just
random, so serum ferritin and HbAlc levels are
connected in the group examined. The results show
that serum ferritin could be used as a biomarker to
determine diabetes and detect chances of
inflammation in patients. Thus, it also confirms
earlier findings shown in Tables 2 and 3 that higher
ferritin levels are linked to increased HbAlc levels.

Table 4: Correlation between Serum Ferritin and HbAlc

Parameter

r-value p-value

Serum Ferritin vs HbAlc

0.52 <0.001

Discussion

It was found in this study that there is a strong
positive correlation between serum ferritin and
HbAlc among patients who have type 2 diabetes
mellitus (T2DM). Patients whose glycemic control
is not as good (HbAlc more than 9%) had higher
levels of ferritin, making it likely that more iron
increases blood sugar levels. This is in line with
earlier studies that pointed out the impact of iron on
diabetes. By examining the DESIR study data, Vari
and colleagues stated that having both high ferritin
and low transferrin levels at the beginning was
significantly associated with issues such as
hyperglycemia in a general population, over a period
of time [13]. Iron overload in these patients matches
the iron-related dysregulation of glucose we found
in the diabetic group over a long period. In the same
way, a recent systematic study by Jing et al. noted
that manipulating oxidative stress and iron-
associated pathways is very useful for ensuring
better control of blood sugar levels in T2DM
patients [14]. Even though their study looked at
different diets, it still proves that controlling
inflammatory and metabolic issues — such as higher
ferritin levels — is important in diabetes treatment.
Sameera B. noted that some lab markers, mostly
serum ones, play an important role in determining
the outcomes of critical illness in India [15]. Even
though they explored critical care issues, their study
showed that serum ferritin may replace current
glucose measurements in T2DM patients.

On the molecular level, high amounts of iron lead to
this cellular stress that reduces pancreatic B-cell
performance and makes people more resistant to
insulin. As described by Antonicka et al., the process
of gene expression in mitochondria is easily affected
by oxidative stress and the body’s iron balance [16].
Because mitochondria are essential for the insulin
secretion of B-cells, their results give a reason why
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patients with high levels of ferritin tend to have poor
glycemic control, White et al. also conducted
research on glomerular changes in diabetic patients
and proved that oxidative stress and high iron levels
can intensify diabetic nephropathy [17]. Even
though this study did not assess problems, it points
towards the use of ferritin to predict the risk of
microvascular damage. We should also realize that
there is a link between chronic low-grade
inflammation and iron metabolism. Hyun et al.
determined in their review that the pathways
connected to cell stress and supported by iron are
vital in managing metabolic balance [18] our
findings that high ferritin helps to predict high
HbA 1c are understandable in this way.

The team of researchers indicated in their review
that assessment of iron status is necessary during the
management of chronic diseases — especially
among people at risk for both iron excess and iron
lack [19]. Since we removed patients with anemia
from our analysis, the relationship between ferritin
and HbA 1c reflects true metabolic problems and not
because of nutritional factors. According to the
research and what has been published, serum ferritin
might indicate iron levels as well as stand in for
oxidative stress and inflammation, which have the
potential to make diabetes control more difficult.
Therefore, keeping track of ferritin in patients with
T2DM could aid in deciding how much of a risk they
are, Further multicentric studies comparing northern
and eastern Indian populations may help establish
the region-specific impact of serum ferritin in
diabetes progression.

Even so, as our study proves the significance of high
iron stores and blood sugar, further research on
interventions should be performed to confirm if
taking out iron from the blood or altering the diet
could bring down blood sugar levels, just as other
research proposes.
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Conclusion

It was demonstrated in the present study that high
serum ferritin levels are connected with worse
glycemic control in patients with type 2 diabetes
mellitus. There was a positive relationship between
serum ferritin and HbAlc: patients who had poor
control of their blood sugar most often had high
levels of ferritin. They add more evidence that how
iron is used and the level of oxidative stress might
help in causing type 2 diabetes. Since serum ferritin
testing is easy, it may help doctors determine which
patients with diabetes are at greater risk of blood
sugar problems. Checking for ferritin levels in
diabetes care could make it easier to identify groups
of patients at high risk, as well as their most suitable
treatments. Higher-quality studies should be done to
check these results and find out if controlling iron
stores can help people with diabetes avoid serious
complications.
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