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INTRODUCTION

Diabetes mellitus is a metabolic condition marked by persistent hyperglycemia, along with disturb-
ances in carbohydrate, fat, and protein metabolism resulting from defects in insulin secretion, insu-
lin action, or both (Liu et al., 2020). Surfacing evidence indicates an undeniable link between high
body iron stores associated with the occurrence of insulin resistance and T2DM. Disturbances in
iron metabolism are recognized as an important contributor to the onset and progression of T2DM.
However, the exact strength and mechanism of this relationship remain unclear (Kunutsor et al.,
2013). Iron is vital for several metabolic enzymes, including those involved in the mitochondrial
electron transport chain. Iron assists in ATP production necessary for insulin secretion in p-cells,
and plays a role in oxygen transport, indirectly aiding tissue glucose uptake. Serum ferritin, a key
iron storage protein, is commonly used as a marker for assessing body iron stores and it varies sig-
nificantly between sexes, ferritin also functions as an inflammatory marker, high iron stores may
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promote lipid peroxidation thereby accelerating free radical generation (Kundu et al., 2013; Feng et
al., 2023), Lipid peroxidation involves the oxidative degradation of polyunsaturated fatty acids,
generating products such as malondialdehyde (MDA), which is commonly assessed using the thio-
barbituric acid reactive substances (TBARS) assay (Tummalacharla et al., 2022). Oxidative stress
has been implicated in pancreatic -cell destruction, leading to impaired insulin secretion, insulin
resistance, and ultimately the progression of Type 2 Diabetes Mellitus (T2DM). An imbalance
characterized by excessive free radical production and diminished antioxidant defenses reduces the
cell's capacity to neutralize reactive species, such as superoxide anions (O2¢—) and hydroxyl radi-
cals (*OH) (Ayala et al., 2014; Su, 2022). This oxidative burden, driven by the overproduction of
reactive oxygen species (ROS), is considered a central mechanism linking molecular disturbances
to insulin resistance, f-cell dysfunction, impaired glucose tolerance, and the eventual development
of T2DM.

Understanding the elements affecting the onset and course of T2DM has become increasingly criti-
cal. Among its various forms, T2DM represents an impactful and substantial public health chal-
lenge in Libya. (Kunutsor et al., 2013), this study aimed to explore the effect of serum ferritin levels
on T2DM by examining the correlation between glycated hemoglobin, fasting blood glucose and
serum ferritin levels, and to investigate the relationship between serum ferritin and insulin re-
sistance, to assess the level of ROS by measuring malondialdehyde (MDA) using thiobarbituric ac-
id reactive substances (TBARS) assay, Through this study we seek to provide deeper insight into
the role of iron metabolism in the development and progression of T2DM.

MATERIALS AND METHODS

A cross-sectional study included 80 subjects, recruited from the diabetic center. Participants were
aged between 30 and 60 years. 46 males and 34 females were divided into two age-matched groups:
individuals diagnosed with type 2 diabetes mellitus (investigated group) and non-diabetic individu-
als (control group). Both groups underwent identical biochemical and anthropometric assessments
to evaluate parameters related to diabetic profile, and ferritin levels, Participants with clinically sig-
nificant hepatic, neurological, endocrinological or other major systemic diseases including malig-
nancies were excluded, and patients with acute illness at the time, anemic or underwent repeated
blood transfusion were also excluded from the study, participants were provided with detailed in-
formation about the study, informed consent was obtained from all participants prior to their inclu-
sion in the study, all collected data were treated with strict confidentiality and participants anonymi-
ty was maintained throughout the study, ethical clearance code (NBC 004. H. 24. 1) was obtained
from The Libyan National Committee for Biosafety and Bioethics.

Before sample collection, all participants fasted for 8 hours, blood pressure, weight, and height
were measured, family history was documented to recognize any potential confounding factors, ap-
proximately 12 ml of blood was collected from each patient, and blood samples were immediately
placed in an iced container to inhibit metabolic activity and prevent sample degradation. Partici-
pants of (FBG > 126 mg/dL and/or HbAlc > 6.5%) were considered as diabetes, individuals with
FBG < 120 mg/dL, HbAlc <5.6% with no history of diabetic mellitus were considered controls,
with no medication use or other systemic illness.

Biochemical Measurement

Fasting blood glucose was estimated by the hexokinase enzymatic method, and HbA1C was esti-
mated using turbidmetric inhibition immunoassay (TINIA) by the Cobas C 111 analyzer. Insulin
levels were estimated using Electrochemiluminescence Immunoassay (ECLIA) using the Cobas e
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411 analyzer. Homa IR was calculated via the equation: HOMA-IR = [Glucose (mg/dL) x Insulin
(MLU/mL)] / 405 (Sama et al., 2021). Ferritin levels were estimated by using an Electrochemilumi-
nescence Immunoassay (ECLIA) on a Cobas e 411 analyzer. Determination of plasma thiobarbitu-
ric acid-reactive substances (TBARSs) concentrations was done according to (Ohkawa, 1978). The
absorbance of the sample was measured against a blank at 532 nm.

Statistical Analysis

Data were calculated using mean and standard deviation (SD). Differences in means between the
diabetic group and the control group were evaluated using the independent t-test. While compari-
sons of medians were performed using the Mann-Whitney U test. Correlation coefficients were ap-
plied to examine relationships between variables, with p < 0.05 considered statistically significant.
Data analysis was carried out using SPSS 26.

RESULTS

The mean ages of both control and investigated were age matched as shown in Table 1, the mean of
BMI of the control group was 25.00 kg/m? and the mean of BMI of the diabetic group was 28.88
kg/m?, the difference in BMI of control group and diabetic group was statistically significant indi-
cating higher BMI values in the diabetic group as shown in Table 1.

Table (1). characterization of participants

Variable Control (n=40) T2DM (n=40) P value
Age (years) 42.95 (£ 9.97) 42.77 (£ 7.09)

Weight (Kg) 74.17 (£ 9.65 86.95 (£ 9.7)

Height (cm) 171.7 (£ 8.38) 173.67 (£ 9.48)

BMI (kg/m?) 25.00 + (2.93) 28.88 + (3.16) Significant

BMI: body mass index, Underweight<18.5, Normal weight (18.5-24), Overweight (25-29.5), Obesity > 30, (p < 0.05).

The mean HbALc level of the control group was 5.28%, Meanwhile, in the diabetic group it was
8.37% as described in Table 2, this suggests that the difference in HbAlc of control and diabetic
group was statistically significant indicating that the diabetic group showing elevated HbAlc, The
mean fasting blood glucose level in the control group was 92.23 mg/dl opposed to 160.32 mg/dl in
the diabetic group, reflecting a significant difference among two groups, Similarly, the mean Insulin
Level of control group was 6.21 ulU/mL, while the diabetic group had significantly higher mean
insulin level of 21.87 ulU/mL, the median HOMA IR level of the control group was 1.3 versus the
median of diabetic group that was 7.06, suggesting significant statistical difference where the dia-
betic group had increased levels of HOMA IR, The median serum ferritin level in the control group
was 85.8 ng/ml, compared to the diabetic group that was 211.0 ng/ml, reflecting a significant in-
crease in ferritin in the diabetic group.

Table (2). Glycemic control and ferritin levels of the participants

Variable Control (n=40) T2DM (n=40) P value

HbAlc (%) 5.28 (+.477) 8.37 (x1.73) Significant
F.B.G (mg/dl) 92.23 (£11.05) 160.32 (+£50.36) Significant
Insulin Level (uIU/mL) 6.21 (£2.68) 21.87 (x12.32) Significant
Homa IR 1.3 (1.1-1.49)* 7.06 (3.96-10.16)* Significant
Ferritin levels ng/ml 85.8 (62.75-108.85)* 211.0 (41.2-380.9)* Significant

N.R: normal range, HbA1C: glycated hemoglobin, good control: 4.5-6.3%; fair control: 6.5-8.5%, uncontrolled: >8.5%, F.B.G: fasting blood glu-
cose, Homa IR: homeostatic model assessment for insulin resistance, *median (Interquartile Range (Q1-Q3), (p < 0.05).



Al-Mukhtar Journal of Sciences 40 (2): 93-101, 2025 page 960f 9

The mean TBARS level in the control group was 0.834 nmol/ml, while in the diabetic group, it was
0.897 nmol/ml, as shown in Table 3. This difference is statistically significant with a P value of
0.025, indicating elevated oxidative stress in the diabetic group.

Table (3). Oxidative stress of the control and the diabetic groups

Variable Control (n=30) T2DM (n=30) P value

TBARS (nmol/ml) 0.834 (£ 0.115) 0.897 (+ 0.094 Significant
N.R: (0.006-0.974)

N.R: normal range, TBARS: thiobarbituric acid reactive substances. (p < 0.05).

A moderate positive correlation was found between ferritin level and HOMA IR (r=0.63), as
shown in Figure 1.
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Figure (1). Correlation between ferritin levels and HOMA IR levels

A moderate positive correlation was found between ferritin levels and F.B.G levels (r=0.6) as il-
lustrated in Figure 2.
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Figure (2). Correlation between F.B.G. and Ferritin levels
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A weak correlation between HbA1c and ferritin levels (r=0.4) as in Figure 3.
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Figure (3). Correlation between HbAlc and ferritin levels

A weak to moderate correlation was observed between ferritin levels and oxidative stress mark-
ers.
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Figure (4). Correlation between TBARS level and ferritin level

DISCUSSION

The study showed that diabetic individuals tended to have higher body weight, while the average
height was similar between groups. A notable difference was observed in BMI, with the diabetic
group falling into the overweight category. Meanwhile, the control group remained in the normal
weight category, this difference was statistically significant emphasizing the association between
diabetes and increased BMI as shown in Table 1, this evidence is supported by previous studies
indicating that obesity and overweight contribute tremendously to the prevalence of T2DM ( Klein
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et al., 2022), due to secretion of bioactive substances including pro-inflammatory cytokines like
tumor necrosis factor alpha (TNF- o) and interleukin-6 (IL-6) by the Adipose tissue, particularly
visceral fat which in turns interfere with insulin signaling pathway leading to impairment of cellular
glucose uptake, resulting in elevated blood glucose levels and increase demand on pancreatic 3 cells
to produce more insulin, overtime, this mechanism may fail leading to B cells dysfunction and onset
of T2DM (Samuel & Shulman, 2012). Generally, as BMI increases, the chances of developing dia-
betes also proportionally rise (Klein et al., 2022; Chandrasekaran et al., 2024).

Glycated haemoglobin (HbALc) is a critical biomarker in the management and diagnosis of diabetes
mellitus. The diabetic group exhibited significantly higher HbAlc levels compared to the control
group; this difference highlights the variation in the blood glucose regulation, as illustrated in Table
2. In diabetes, chronic hyperglycemia will lead to elevated HbAlc levels which is linked to higher
risk of diabetes related complications encompassing renal, neurological, ocular and cardiovascular
systems, by estimating HbAlc, we measure the stable glycation of hemoglobin, a process where
glucose non-enzymatically binds to the hemoglobin B-chain making it essential parameter to assess
long term glycemic control (Sherwani et al., 2016; Xiao et al., 2025). Fasting glucose level monitor-
ing provides critical insight into glycemic control and guides therapeutic decisions. In this study,
the fasting blood glucose levels were markedly higher in the diabetic group. The current study re-
sults reflect impaired glucose regulation in individuals with diabetes. Elevated normal range fasting
plasma glucose has been shown to predict the development of T2DM, indicating that glucose pro-
duction by the liver may become dysregulated even in the early stages of diabetes. There is a strong
independent association between fasting plasma glucose levels and the onset of T2DM. The suscep-
tibility to diabetes increases proportionally as fasting plasma glucose increases. These elevations
can indicate insulin resistance, impaired insulin secretion, or excessive hepatic glucose production,
each of which represents a fundamental mechanism involved in the pathogenesis of T2DM (Xiaoyu
et al., 2024).

The diabetic group exhibited substantially higher fasting insulin levels as opposed to the control
group. This difference indicates an imbalance in insulin regulation, which reflects the underlying
insulin resistance. Elevated fasting insulin levels were connected with an increased risk of develop-
ing T2DM. Fasting hyperinsulinemia acts as an initial sign of insulin resistance and impaired glu-
cose metabolism, mainly indicating excessive insulin release by pancreatic B cells. Individuals with
elevated fasting insulin levels are more susceptible to developing impaired early-phase insulin se-
cretion, which is an important contributor to the development and progression of T2DM (Park et al.,
2021). The diabetic group exhibited markedly elevated HOMA IR levels compared to the control
group, reflecting a significant difference in insulin resistance, which indicate a reduced insulin sen-
sitivity in individuals with diabetes, elevated HOMA IR levels were associated with an increased
risk of T2DM, which is attributed to insulin resistance & impaired glucose uptake that eventually
leads to B cell dysfunction and worsening hyperglycemia (Park et al., 2021; Gonzalez-Gonzalez et
al., 2022). The dual effect of ferritin as both an indicator of iron overload and inflammation makes
it a crucial in assessing metabolic imbalance in diabetes, a statistically significant difference in fer-
ritin levels of the diabetic group was found as shown in Table 2, suggesting a higher iron storage in
individuals with diabetes, the association between systemic iron overload and abnormal glucose
metabolism was initially noted in conditions such as hereditary hemochromatosis and thalassemia.
However, researches demonstrated that regardless of iron overload causes or the specific gene in-
volved, iron overload is associated with higher risk of developing T2DM, excessive dietary iron
intake and elevated ferritin referring to excess iron stores may also contribute directly into the path-
ogenesis of T2DM by promoting both  cell dysfunction and insulin resistance (Kundu et al., 2013),
elevated ferritin levels are also associated with oxidative stress, in early stages of diabetes, ferritin
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may act as a pro-oxidant, catalyzing ROS formation, thereby contributing to cellular damage and
insulin resistance (Chaudhari et al., 2021). Persistent elevation in levels of ferritin, along with the
extent of these elevations, is strongly associated with diabetes progression (Cheng et al., 2024). Fer-
ritin levels showed a moderate positive correlation with HOMA IR (Figure 1), which can be at-
tributed to iron-induced oxidative stress, inflammation, p-cell dysfunction, and hepatic insulin re-
sistance; these mechanisms collectively impair insulin sensitivity, increase insulin secretion, and
elevate HOMA IR values (Cho et al., 2017; Kim et al., 2018).

A positive moderate to strong correlation between F.B.G. and ferritin levels was found in this study
(Figure 2). Ferritin is an acute-phase reactant, and elevated F.B.G is a sign of poor glycemic control
that contributes to systemic inflammation, which in turn stimulates ferritin production (Gonzalez-
Gonzélez et al., 2022). A weak positive correlation between ferritin levels and HbAlc was also de-
tected, as shown in Figure 3. HbAlc measures the proportion of glycated haemoglobin, mainly in-
fluenced by glucose concentration in the blood, the lifespan of red blood cells, and haemoglobin
types. Iron levels typically do not have a direct effect on HbAlc (Sherwani et al., 2016).

TBARS level is an effective biomarker for assessing oxidative stress, as it reflects the extent of li-
pid peroxidation in the body. A significant increase in TBARS levels was observed in the diabetic
group, as illustrated in Table 3. This suggests elevated oxidative stress in individuals with diabetes.
Chronic hyperglycemia leads to overproduction of ROS through pathways such as mitochondrial
dysfunction and glucose autoxidation (Elfowiris and Banigesh 2022). The excessive ROS genera-
tion results in lipid peroxidation, protein damage, and cellular dysfunction, as demonstrated by ele-
vated malondialdehyde in diabetic patients (Yaribeygi et al., 2020). These oxidative results impli-
cated an insulin resistance, B-cell dysfunction, and inflammation, eventually exacerbating complica-
tions of T2DM (Chaurasiya et al., 2020). A weak to moderate correlation was detected between ox-
idative stress and ferritin levels, as illustrated in Figure 4. This can be caused by iron metabolism
variations, differences in antioxidant defense, and genetic predisposition. These factors can have a
major effect on oxidative stress independently of ferritin. Elevated ferritin levels may not directly
contribute to oxidative stress levels. These findings support and are consistent with previous reports
(Tiwari et al., 2021).

CONCLUSION

This study demonstrated significant biochemical and physiological disparities between diabetic in-
dividuals and non-diabetic controls. The diabetic group exhibited markedly elevated levels of fast-
ing blood glucose, HbAlc, insulin levels, HOMA IR, and ferritin levels, reflecting impaired glyce-
mic control, higher insulin resistance, heightened systemic inflammation, and iron overload. These
findings strongly support the hypothesis that T2DM is not solely a disorder of glucose metabolism,
but can also be linked to systemic inflammation and iron overload, each of which may contribute to
insulin resistance and diabetes related complications.
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