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Abstract:

Introduction: Type 2 Diabetes Mellitus (T2DM) is a chronic metabolic disorder characterized by insulin
resistance and impaired insulin secretion, resulting in hyperglycemia. Key biomarkers such as Tumor Necrosis
Factor-alpha (TNF-a), oxidized low-density lipoprotein (OxLDL), and glycated hemoglobin (HbAlc) are
involved in the pathophysiology of T2DM. TNF-a contributes to insulin resistance, OxLDL is linked to vascular
complications, and HbAlc is a critical indicator of long-term glycemic control and diabetic risk.

Material and Methods: This hospital-based case-control study was conducted at Sai Tirupati University in
Udaipur, Rajasthan, and the World College of Medical Sciences and Research Hospital in Jhajjar, Haryana. It
included 200 Type 2 diabetic patients (cases) aged 35 to 60 years with fasting blood glucose levels >126 mg/dL,
and 200 age- and gender-matched healthy controls. Serum TNF-a and OxLDL levels were measured using
commercially available ELISA kits, while HbAlc was determined through the immunoturbidimetry method in
whole blood.

Results: The study found significantly higher fasting blood glucose levels in Type 2 diabetic patients (206.23 +
57.34 mg/dL) compared to controls (90.21 + 10.48 mg/dL), with a statistically significant difference (p < 0.05).
Serum TNF-a levels were also significantly elevated in diabetic patients (14.50 + 7.51) compared to controls (7.52
+ 3.04) with a p-value < 0.05. OXxLDL levels were notably higher in diabetic patients (6.65 + 3.08) than in controls
(1.14 + 0.66), showing a significant difference (p < 0.05). HbAlc levels in diabetic patients (9.59 + 2.15%) were
significantly higher than in controls (5.13 + 0.38%) with a p-value < 0.05. A negative correlation was observed
between serum TNF-a and HbA lc levels in the diabetic group (r =-0.01, p < 0.05).

Conclusion: This study emphasizes the critical role of biomarkers such as HbAlc, TNF-a, and OxLDL in both
the diagnosis and prognosis of T2DM. The findings further underscore the need for early intervention and
comprehensive management strategies targeting hyperglycemia, inflammation, and oxidative stress to mitigate
the risk of complications and improve patient outcomes.

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided
original work is properly credited.

Introduction

Type 2 Diabetes Mellitus (T2DM) is a chronic
metabolic disorder characterized by insulin
resistance and impaired insulin secretion, leading to
elevated blood glucose levels. Unlike Type 1
diabetes, which is an autoimmune condition
resulting in the destruction of insulin-producing beta
cells, T2DM develops gradually over time and is
predominantly influenced by lifestyle factors such as
poor diet, physical inactivity, and obesity.[1]
Diagnosis is generally determined by fasting plasma
glucose levels of 126 mg/dL or higher, a 2-hour
plasma glucose measurement of 200 mg/dL or
greater during an oral glucose tolerance test, or a
glycated hemoglobin (HbAlc) level of 6.5% or
above.[2]
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Tumor Necrosis Factor-alpha (TNF-a) is a pro-
inflammatory cytokine that plays a significant role
in the regulation of immune and inflammatory
responses. In Type 2 Diabetes Mellitus (T2DM),
TNF-a has emerged as a key mediator of chronic
low-grade inflammation, which is considered a
hallmark of the disease. Hyperglycemia in T2DM
exacerbates the production of TNF-a through the
activation of inflammatory pathways, such as the
nuclear factor kappa B (NF-xB) signaling pathway.
Elevated concentrations of TNF-o can disrupt
insulin signaling by enhancing the serine
phosphorylation of insulin receptor substrate-1
(IRS-1), leading to a decrease in glucose absorption
by peripheral tissues.[3]
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Serum oxidized low-density lipoprotein (OxLDL) is
a critical biomarker associated with oxidative stress
and lipid peroxidation, playing a significant role in
the pathogenesis of metabolic and cardiovascular
disorders. Assessing the serum levels of OxLDL in
diabetic patients and comparing them with healthy
controls is crucial for understanding its role in
diabetes-related complications. It provides insight
into the relationship between oxidative stress and
vascular damage, helping to identify high-risk
individuals and evaluate the efficacy of antioxidant
therapies.[4, 5]

Glycated hemoglobin (HbAIc) is a well-established
biomarker used to assess long-term glycemic control
in individuals with diabetes. Elevated HbAlc levels
are linked to oxidative stress, inflammation, and
endothelial dysfunction, which further exacerbate
diabetes-related complications. This study aims to
measure serum levels of TNF-a, OXLDL and HbA lc¢
in diabetic patients and healthy individuals to better
understand its clinical significance in diabetes
pathophysiology and its potential use as a biomarker
for metabolic and vascular complications.
Additionally, exploring the correlation between
serum TNF-a levels and HbA1c could offer valuable
information for early detection and risk
stratification.[6]

Material and Methods

The present hospital-based case-control study was
conducted in the Department of Biochemistry in
collaboration with the Department of Medicine at
Sai Tirupati University, located in Udaipur,
Rajasthan, and the World College of Medical
Sciences and Research and Hospital in Jhajjar,
Haryana. The research involved 200 Type 2 diabetic
patients, identified as cases, exhibiting fasting blood
glucose levels exceeding 126 mg/dL, within the age
range of 35 to 60 years. In parallel, 200 healthy
volunteers who matched in age and gender served as
controls. Individuals with chronic diseases, renal
issues, or a history of clinical treatment were
excluded from the case group. The ethical approval
for this study was granted by the committee of Sai
Tirupati  University in Udaipur, Rajasthan
(STU/IEC/2022/89). Prior to the collection of
samples, informed written consent was obtained
from each participant after thoroughly explaining
the objectives and details of the study.

After a fasting period of 12 to 14 hours, 5 ml of
venous blood was collected into a sterile vial
employing strict aseptic techniques. Subsequently,
the serum was obtained by centrifuging the sample
at 3500 rpm for a duration of 10 to 15 minutes. The
serum levels of TNF-a and OxLDL were estimated
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by commercially available ELISA kits. The
immunoturbidimetry method was employed to
directly determine the HbA lc in whole blood.

Statistical Analysis: The statistical analysis was
performed using version 23.0 of the Statistical
Package for the Social Sciences (SPSS), following
the importation of data into Microsoft Excel.
Continuous variables were summarized through the
means and standard deviations. Graphical data were
represented using bar charts. To compare the TNF-
a, OxXLDL and HbAlc between type-2 diabetic
patients and healthy controls, the Student's
independent t-test was utilized. Pearson's correlation
coefficient was employed to investigate the
correlation between TNF-a and HbAlc. A p-value
of less than 0.05 was considered statistically
significant for all analyses.

Results

In this study, fasting blood glucose levels were
significantly elevated in diabetic patients (n=200),
with a mean of 206.23 + 57.34 mg/dL, compared to
the control group (n=200), which had a mean of
90.21 + 10.48 mg/dL. The difference was highly
statistically significant, with a t-value 0f 29.51 and a
p-value of <0.05, confirming a strong correlation
between elevated fasting blood sugar levels and
diabetes. Similarly, TNF-a levels were markedly
higher in the diabetic group (n=200), with a mean of
14.50 = 7.51, compared to the control group
(n=200), which had a mean of 7.52 + 3.04. The t-
value of 12.77 and a p-value of <0.05 indicated a
statistically significant increase in TNF-a levels in
T2DM patients, suggesting the involvement of
inflammation in the disease process. Ox LDL levels
were also significantly elevated in the diabetic
patients (n=200), with a mean of 6.65 + 3.08,
compared to the control group (n=200), which had a
mean of 1.14 + 0.66. The t-value of 25.88 and a p-
value of <0.05 further supported the strong
association between Ox LDL and diabetic
pathogenesis, particularly its role in vascular
complications. Additionally, HbAlc levels were
significantly higher in diabetic patients (n=200),
with a mean of 9.59 + 2.15%, compared to the
control group (n=200), which had a mean of 5.13 +
0.38%. The difference, with a t-value of 30.28 and a
p-value <0.05, emphasized the poor glycemic
control in T2DM patients and its association with
long-term complications. Notably, the serum TNF-a
and HbAlc levels in T2DM patients were shown to
have a negative correlation (r = -0.01, p < 0.05),
suggesting that while both markers are elevated,
their relationship may involve complex mechanisms
that warrant further investigation.
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Figure 2:2 Graphical representation of TNF-a ratio in Diabetic patients.
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Figure 4: Graphical representation of HBA1C in Diabetic patients.
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Figure 5: Scatter plot of HbAlc & TNF alpha. It is showing Negative correlation with r value is -0.01.

Table 1: Mean levels of Fasting blood glucose, TNF-a, Ox-LDI and HbAlc in cases and controls

Parameters Cases(mean+STD) n=200 |control(mean+STD) n=200 |t value |p value
Blood Sugar Fasting 206.23+57.34 90.21+10.48 29.51 <.05

TNF Alpha 14.50+7.51 7.52+3.04 12.77 <0.05

Ox LDL 6.65+3.08 1.14+0.66 25.88 <.05
HbAIC 9.59+£2.15 5.13+0.38 30.28 <.05
Discussion disease, where elevated blood glucose levels are a

Type 2 Diabetes Mellitus (T2DM) is a complex
metabolic disorder characterized by consistently
elevated blood glucose levels, resulting from a
combination of insulin resistance and inadequate
insulin secretion by the pancreatic beta cells. T2DM
represents more than 90% of all diabetes cases
worldwide, presenting considerable public health
concerns due to its rising incidence and its links to
serious complications such as cardiovascular
diseases, nephropathy, retinopathy, and
neuropathy.[7] Insulin resistance, a defining
characteristic of type 2 diabetes mellitus (T2DM), is
caused by the inability of peripheral tissues,
including muscle, adipose tissue, and the liver, to
effectively take up glucose. This condition results in
increased blood glucose levels. Simultaneously,
dysfunction of the B-cells in the pancreas diminishes
its capacity to meet the heightened demand for
insulin. The persistent high blood sugar levels
further intensify both insulin resistance and B-cell
impairment, establishing a detrimental cycle that
continues to advance the disease.[8] In the present
study, the fasting blood glucose levels of diabetic
patients were found to be markedly elevated (206.23
+ 57.34 mg/dL) when compared to the control group
(9021 + 1048 mg/dL), confirming the
hyperglycemic state characteristic of T2DM. This
result aligns with the current understanding of the
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primary feature of T2DM and serve as a cornerstone
for diagnosis. The statistical significance (p < 0.05)
further emphasizes the robust association between
impaired glucose metabolism and diabetes. Studies
such as that by Wang et al. (2022) (a) have
consistently demonstrated the association between
hyperglycemia and T2DM, reinforcing the
diagnostic significance of fasting blood glucose
levels.[9]

In particular, the analysis of serum levels of TNF-a,
OxLDL, and HbAlc in diabetic patients compared
to healthy controls reveals significant differences,
supporting the growing body of evidence that
inflammatory and oxidative stress processes are
integral to T2DM progression.[10, 11] TNF-a has
been identified as a crucial mediator of chronic low-
grade inflammation, recognized as a characteristic
feature of the disease. This cytokine is
predominantly secreted by macrophages in adipose
tissue and various immune cells, with increased
concentrations associated with insulin resistance and
dysfunction of beta cells.[11] The study highlighted
a significant increase in TNF-a levels in diabetic
patients (14.50 + 7.51) compared to controls (7.52 +
3.04), with a p-value of <0.05. Elevated blood
glucose levels in Type 2 Diabetes Mellitus (T2DM)
intensify the synthesis of tumor necrosis factor-
alpha (TNF-o) by activating inflammatory
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pathways. Increased TNF-o concentrations can
hinder insulin signaling by facilitating the serine
phosphorylation of insulin receptor substrate-1
(IRS-1), ultimately leading to diminished glucose
uptake in peripheral tissues. Furthermore, TNF-a is
instrumental in the development of vascular
complications through its role in promoting
endothelial dysfunction, oxidative stress, and
inflammation, all of which are critical factors in the
advancement of diabetic nephropathy, retinopathy,
and cardiovascular diseases.[12] Chen YL et al.
(2021) found that TNF-o plays a pivotal role in
insulin resistance by impairing insulin signaling
through the serine phosphorylation of IRS-1. Given
the statistically significant difference between the
two groups, TNF-a could serve as a promising
biomarker for monitoring the inflammatory
component of diabetes.[13] Moreover, a meta-
analysis, conducted by Li et al., underscores that
numerous  proinflammatory  cytokines  and
inflammation-associated  nuclear  transcription
factors, such as interleukin-13 (IL-1f), tumor
necrosis factor-a (TNF-a), and nuclear factor-xB
(NF-xB), are linked to decreased insulin production
and have a role in the pathophysiology of type 2
diabetes.[14]

Chronic hyperglycemia enhances the generation of
reactive oxygen species (ROS), resulting in
oxidative stress and the oxidation of low-density
lipoprotein (LDL). OxLDL is implicated in the
pathogenesis of both diabetes-related vascular
damage and cardiovascular disease. This study
revealed increased OxLDL levels in diabetic
patients (6.65 + 3.08) compared to the control group
(1.14 £+ 0.66), with a p-value of <0.05. OxLDL is
implicated in the pathogenesis of both diabetes-
related vascular damage and cardiovascular disease.
Increased concentrations of oxidized LDL (OxLDL)
have been associated with endothelial dysfunction,
the process of atherogenesis, and the onset of
macrovascular complications, including coronary
artery disease. Furthermore, OxLDL can trigger an
inflammatory response by stimulating macrophages
and facilitating the formation of foam cells, which
further aggravates vascular injury. These findings
highlight the significance of evaluating OxLDL
levels in the risk stratification of diabetic patients, as
it may provide further prognostic insights related to
vascular health. L Xu et al (2022) reported
OxLDL/LDL-C ratio is considered as a potential
biomarker in patients with diabetes for early
recognition and intervention of severe coronary
atherosclerosis.[15]

The HbA Ic test indicates the average blood glucose
concentrations over the span of 8 to 12 weeks, as it
assesses the non-enzymatic glycation of hemoglobin
within red blood cells. Owing to its reliability and
capacity to predict outcomes, HbAlc is extensively
used for the diagnosis and ongoing management of
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diabetes and its associated complications.
Additionally, HbAlc functions as a crucial indicator
for assessing the success of treatment strategies
designed to enhance glycemic regulation.[16] The
HbA 1c levels in diabetic patients were significantly
higher (9.59 +2.15%) than those in the control group
(5.13 £ 0.38%), with a highly significant p-value of
<0.05 in this study. Moreover, AD et al (2022)
highlighted that elevated HbAlc is a critical risk
factor for the progression and complication of Type
2 Diabetes Mellitus. It is closely associated with
both microvascular and macrovascular
complications and is indicative of poorly controlled
glycemia.[17] The elevated HbAlc in T2DM
patients correlates with an increased risk of
microvascular and macrovascular complications,
reinforcing the critical role of maintaining optimal
glycemic control in preventing the progression of
the disease. Moreover, elevated HbAlc levels are
linked to oxidative stress, inflammation, and
endothelial dysfunction, which further exacerbate
diabetes-related ~ complications.[18]  Elevated
HbAlc levels are not only indicative of poor
glycemic control but also act as a precursor to lipid
imbalances, such as increased cholesterol and
triglycerides, and reduced HDL levels. These lipid
abnormalities are well-established risk factors for
cardiovascular diseases. Thus, maintaining optimal
glycemic control becomes essential in mitigating the
risk of both lipid-related and cardiovascular
complications.[19]

The elevated levels of OXxLDL and TNF-a in our
study reinforce the role of oxidative stress in diabetic
complications. Our study demonstrated significantly
elevated TNF-a levels in diabetic patients, further
supporting its role in chronic inflammation. While
our study did not find strong correlations between
TNF-a and specific lipid markers, the overall
elevation of TNF-o suggests that inflammation
remains a key mediator in diabetes progression. One
of the most notable findings in this study was the
negative correlation observed between TNF-o and
HbAlc levels (r =-0.01), suggesting that while both
markers are elevated in T2DM patients, their
relationship may not be as direct as previously
thought. This could imply that while TNF-a
contributes to the inflammatory environment of
T2DM, the relationship between inflammation and
glycemic control may involve more complex
mechanisms. Further research is required to
understand the precise interplay between these
markers and their impact on long-term disease
progression.

Conclusion

This study underscores the significant impact of
elevated HbAlc, TNF-o, and OxLDL on the
advancement of Type 2 Diabetes Mellitus (T2DM).
High levels of fasting blood glucose and HbAlc are
indicative of inadequate glycemic management,
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while increased TNF-a and OxLDL levels reflect
persistent inflammation and oxidative stress, which
contribute to both microvascular and macrovascular
complications. The inverse relationship observed
between TNF-o and HbAlc points to a complex
interplay that warrants further exploration. In
summary, achieving optimal glycemic control and
addressing inflammatory processes are essential for
preventing complications and enhancing patient
outcomes in T2DM.
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