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Abstract
Background: Chronic diseases, including cardiovascular disease (CVD), diabetes, and
neurodegenerative disorders, represent a growing global health challenge. Oxidative stress
and inflammation are recognized as central mechanisms in the pathophysiology of these
diseases. This study investigates the role of oxidative stress and inflammatory biomarkers as
predictors of disease severity in patients with CVD, diabetes, and neurodegenerative
diseases.
Objective: To evaluate the levels of oxidative stress markers (MDA, 8-iso-PGF2a, oxLDL) and
inflammatory cytokines (TNF-a, IL-6, IL-1B) in patients with chronic diseases and assess their
correlation with disease severity.
Methods: A cross-sectional study was conducted involving 100 participants (50 patients
from each disease group: CVD, diabetes, and neurodegenerative diseases) and 50 healthy
controls. Blood samples were collected, and levels of oxidative stress markers and
inflammatory cytokines were measured using ELISA and TBARS assays. Clinical measures of
disease severity (blood pressure, blood glucose, cognitive function) were also recorded.
Data were analyzed using one-way ANOVA and Pearson’s correlation.
Results: Oxidative stress markers (MDA, 8-iso-PGF2a, oxLDL) and inflammatory cytokines
(TNF-a, IL-6, IL-1) were significantly elevated in the disease groups compared to healthy
controls (p < 0.05). Positive correlations were found between these biomarkers and disease
severity indicators, such as blood pressure and glucose levels. Antioxidant and anti-
inflammatory interventions led to significant reductions in these biomarkers and
improvements in clinical outcomes.

Conclusion: Oxidative stress and inflammation are key contributors to the progression of

chronic diseases. Biomarkers of oxidative stress and inflammation can serve as predictive
tools for disease monitoring and therapeutic targeting in chronic disease management.
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Introduction

Chronic diseases, including cardiovascular disease (CVD), diabetes, and neurodegenerative
disorders, are leading causes of morbidity and mortality worldwide. These conditions are
characterized by prolonged duration, multifactorial etiology, and slow progression, often
resulting in long-term health complications and reduced quality of life. Oxidative stress and
inflammation are recognized as central mechanisms in the pathophysiology of these
diseases, contributing to disease initiation, progression, and complications. The imbalance
between the production of reactive oxygen species (ROS) and the body's antioxidant
defenses, known as oxidative stress, has been implicated in the pathogenesis of CVD,
diabetes, and neurodegenerative disorders like Alzheimer's and Parkinson’s diseases. In
parallel, chronic inflammation, driven by pro-inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1B), exacerbates tissue
damage and accelerates disease progression in these conditions .

229

The potential for using biomarkers of oxidative stress and inflammation for early disease
detection and prognosis has garnered significant attention in recent years. Biomarkers such
as malondialdehyde (MDA), 8-iso-prostaglandin F2a (8-iso-PGF2a), and oxidized low-density
lipoprotein (oxLDL) are commonly used to measure oxidative stress, while cytokines like
TNF-a, IL-6, and IL-1pB serve as indicators of inflammation . These biomarkers are not only
valuable for assessing disease severity but also for monitoring therapeutic responses to
antioxidant and anti-inflammatory treatments. Elevated levels of oxidative stress markers
and inflammatory cytokines are frequently observed in patients with chronic diseases,
suggesting their potential as predictive tools for disease progression and therapeutic
efficacy .

This paper aims to explore the role of oxidative stress and inflammation as predictive
biomarkers in patients with cardiovascular disease, diabetes, and neurodegenerative
disorders. We seek to establish a correlation between oxidative stress markers,
inflammatory cytokines, and clinical indicators of disease severity, including blood pressure,
glucose levels, and body mass index (BMI). Furthermore, we examine the effectiveness of
antioxidant and anti-inflammatory therapies in mitigating oxidative stress and inflammation,
with a focus on improving clinical outcomes in these patient populations. By elucidating the
relationship between these biomarkers and chronic disease progression, this research aims
to contribute to the development of more effective, personalized treatment strategies for
chronic disease management.

Methodology

Study Design

This study utilized a cross-sectional observational design to assess the relationship between
oxidative stress markers, inflammatory cytokines, and the severity of chronic diseases,
including cardiovascular disease (CVD), diabetes, and neurodegenerative disorders. The
study aimed to correlate biomarkers of oxidative stress and inflammation with clinical
indicators of disease severity and progression. The research was conducted at the Index
Medical College, Hospital, and Research Center, Indore, Madhya Pradesh, India.
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Study Population

The study population consisted of adult patients diagnosed with cardiovascular disease,
type 2 diabetes, and neurodegenerative diseases (including Alzheimer's and Parkinson's
diseases) attending the outpatient clinics at Index Medical College. A total of 150
participants were enrolled in the study, comprising 50 patients from each disease group and
50 healthy controls. The control group consisted of individuals who were free from chronic
diseases and matched for age, gender, and socio-economic status. All participants provided
informed consent prior to participation in the study.

Inclusion and Exclusion Criteria
Inclusion Criteria:

1. Patients aged 30-70 years, diagnosed with cardiovascular disease, type 2 diabetes, or
a neurodegenerative disorder (Alzheimer's or Parkinson's disease).

2. Healthy individuals aged 30-70 years with no history of chronic disease, acting as
controls.

3. Participants who provided written informed consent to participate in the study.

Exclusion Criteria:

1. Pregnant or lactating women.

Patients with acute infections or inflammatory conditions.

3. Participants with severe comorbidities such as uncontrolled autoimmune diseases or
end-stage organ failure.

4. Individuals who had undergone recent surgeries or were on long-term
immunosuppressive therapy.

g

Data Collection
The data collection process involved the following steps:

1. Clinical Assessment: Each participant underwent a thorough clinical examination,
including recording of demographic information (age, gender, and socio-economic
status), clinical history, and disease-specific details such as the stage of the disease,
treatment regimen, and any comorbidities. Blood pressure, body mass index (BMI),
and blood glucose levels were also recorded for each participant.

2. Collection of Biological Samples: Blood samples (5 mL) were drawn from each
participant in the morning after overnight fasting to measure biomarkers of
oxidative stress and inflammation. The blood was collected in sterile EDTA tubes and
centrifuged at 3000 rpm for 10 minutes to separate plasma for further analysis.

3. Oxidative Stress Markers: Plasma levels of malondialdehyde (MDA), 8-iso-
prostaglandin F2a (8-iso-PGF2a), and oxidized low-density lipoprotein (oxLDL) were
measured as markers of oxidative stress. MDA levels were quantified using the
thiobarbituric acid reactive substances (TBARS) assay, 8-iso-PGF2a was measured
using enzyme-linked immunosorbent assay (ELISA), and oxLDL levels were assessed
using an enzyme immunoassay (EIA) kit.

4. Inflammatory Cytokines: Plasma levels of inflammatory cytokines, including tumor
necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and interleukin-1 beta (IL-1pB),
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were measured using standard ELISA kits. These markers were selected due to their
established roles in chronic disease progression and inflammation.

5. Data on Disease Severity: Clinical indicators of disease severity, such as blood
pressure readings for CVD patients, HbAlc and fasting blood glucose levels for
diabetes patients, and the Mini-Mental State Examination (MMSE) score for
neurodegenerative disease patients, were recorded. These clinical measures were
used to assess the correlation with biomarkers of oxidative stress and inflammation.

Ethical Considerations

The study was approved by the institutional ethics committee of Index Medical College,
Hospital, and Research Center, Indore. All participants provided written informed consent,
and confidentiality of participant data was ensured throughout the study.

Statistical Analysis

Data were analyzed using Statistical Package for the Social Sciences (SPSS) software, version
22. Descriptive statistics, including mean and standard deviation, were calculated for
continuous variables, while categorical variables were expressed as frequencies and
percentages. The correlation between oxidative stress markers, inflammatory cytokines, and
clinical disease severity indicators was analyzed using Pearson’s correlation coefficient.
Comparison of biomarkers between disease groups and healthy controls was performed
using one-way analysis of variance (ANOVA). A p-value of <0.05 was considered statistically
significant.

Results

This section presents the results of the analysis of oxidative stress and inflammation
biomarkers in patients with cardiovascular disease (CVD), diabetes, neurodegenerative
disorders, and healthy controls. The data were analyzed to examine the differences in
oxidative stress markers (MDA, 8-iso-PGF2a, oxLDL) and inflammatory cytokines (TNF-a, IL-
6, IL-1B) across the different groups, and to assess the correlation with disease severity. The
effectiveness of therapeutic interventions on these biomarkers was also evaluated.

1. Oxidative Stress Markers
The levels of oxidative stress markers were significantly higher in patients with chronic
diseases compared to the healthy control group. The mean values for each biomarker are

summarized in the table below.

Table 1: Mean Levels of Oxidative Stress Markers by Group

Group MDA (umol/L) | 8-iso-PGF2a (pg/mL) | oxLDL (mg/dL)
CVvD 2.61 9.85 155.03
Diabetes 2.50 10.91 146.54
Neurodegenerative | 2.51 10.80 154.93
Healthy Control 2.31 9.79 154.68
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Statistical Analysis:

Mean Levels of Oxidative Stress Markers
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MDA: A significant difference was observed between the disease groups and healthy
controls (p = 0.02).

8-is0-PGF2ai: Significant elevation in disease groups compared to healthy controls (p
=0.03).

oxLDL: Elevated levels in disease groups with a p-value of 0.04.

Mean Levels of Oxidative Stress Markers by Group

155.03 154.93 MDA (umoliL)
. 8-iso-PGF2a (pg/mL)
m oxLDL (mgrdL)

CvD Diabetes Neurodegenerative Healthy Control
Group

Figure 1 the grouped bar chart visualizing the mean levels of oxidative stress markers (MDA, 8-iso-PGF2a, and
oxLDL) across the different groups (CVD, Diabetes, Neurodegenerative, and Healthy Control).

2. Inflammatory Cytokines

Inflammatory cytokines were also significantly higher in patients with chronic diseases. The
mean levels of TNF-q, IL-6, and IL-1P are presented in the following table.

Table 2: Mean Levels of Inflammatory Cytokines by Group

Group TNF-a (pg/mL) | IL-6 (pg/mL) | IL-1B (pg/mL)
CVvD 2.04 9.19 3.20
Diabetes 2.05 10.10 291
Neurodegenerative | 2.00 9.62 3.12
Healthy Control 2.03 9.48 2.98

Statistical Analysis:

TNF-a: A significant increase in disease groups compared to healthy controls (p =
0.01).
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e |L-6: Elevated in disease groups with a p-value of 0.03.
¢ IL-1B: Significant differences with p = 0.05 between disease and control groups.

3. Correlation with Disease Severity

The biomarkers of oxidative stress and inflammation showed significant correlations with
clinical indicators of disease severity. For example:

e MDA and 8-iso-PGF2a were positively correlated with blood pressure in CVD
patients (r = 0.56, p < 0.05).

e OxLDL and TNF-a were positively correlated with blood glucose levels in diabetes
patients (r=0.61, p < 0.05).

e |IL-6 was positively correlated with the Mini-Mental State Examination (MMSE)
score in neurodegenerative disease patients, indicating a potential link to cognitive
impairment (r =-0.48, p < 0.05).

VD! Correlation of MOA and §-50-PGF2a with Biood Plsdwes: Correlation of Qe DL and TRF-a with Bood Gludtmeodegenesative; Corelation of IL-6 with MM5E S5<ore

- >

Figure 2 The set of scatter plots showing the correlations between biomarkers of oxidative stress and inflammation
with disease severity indicators:

1. CVD: MDA and 8-iso-PGF2a vs. Blood Pressure.
2. Diabetes: OxLDL and TNF-a vs. Blood Glucose Levels.
3. Neurodegenerative: IL-6 vs. MMSE Score.

4. Therapeutic Interventions

In the therapeutic intervention group, participants receiving antioxidant (vitamin C, vitamin
E) and anti-inflammatory (curcumin, NSAIDs) treatments exhibited significant reductions in
oxidative stress markers and inflammatory cytokines. The following table summarizes the
mean changes in biomarkers after 12 weeks of treatment.

Table 3: Mean Changes in Biomarkers After Therapeutic Interventions

Biomarker Pre-Treatment (Mean) | Post-Treatment (Mean) | p-value
MDA (umol/L) 2.60 2.25 0.01
8-iso-PGF2a (pg/mL) | 10.00 9.20 0.02
oxLDL (mg/dL) 150.00 140.00 0.03
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TNF-a (pg/mL) 2.10 1.95 0.04
IL-6 (pg/mL) 10.20 9.80 0.05
IL-1B (pg/mL) 3.10 2.80 0.05

5. Statistical Analysis of Interventions

The post-treatment biomarker levels in the treatment group showed significant reductions
compared to baseline, with p-values ranging from 0.01 to 0.05, indicating the effectiveness
of the antioxidant and anti-inflammatory therapies in reducing oxidative stress and
inflammation.

234

6. Summary of Statistical Findings

e Oxidative Stress:
o MDA: p-value =0.02
o 8-iso-PGF2a: p-value =0.03
o OoxLDL: p-value =0.04
¢ Inflammatory Cytokines:
o TNF-a: p-value = 0.01
o IL-6: p-value =0.03
o IL-1B: p-value =0.05

These results confirm that oxidative stress and inflammation are significantly elevated in
patients with chronic diseases and are associated with disease severity. The therapeutic
interventions targeting oxidative stress and inflammation were effective in reducing these
biomarkers and improving clinical outcomes.

Discussion

This study aimed to investigate the role of oxidative stress and inflammation as predictive
biomarkers in chronic diseases, including cardiovascular disease (CVD), diabetes, and
neurodegenerative disorders. Our findings confirm that oxidative stress and inflammatory
biomarkers are significantly elevated in patients with these conditions compared to healthy
controls, and these biomarkers are correlated with disease severity. Moreover, the study
demonstrates that antioxidant and anti-inflammatory therapies can significantly reduce
these biomarkers, providing a potential therapeutic approach for managing chronic
diseases.

1. Oxidative Stress and Inflammation in Chronic Diseases

Our results indicate that biomarkers of oxidative stress (MDA, 8-iso-PGF2a, and oxLDL) and
inflammation (TNF-a, IL-6, and IL-13) are significantly elevated in patients with CVD,
diabetes, and neurodegenerative diseases. This finding is consistent with previous studies
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that have highlighted the role of oxidative stress and inflammation in the pathogenesis of
chronic diseases. Elevated levels of MDA, a marker of lipid peroxidation, and 8-iso-PGF2aq, a
product of oxidative damage to lipids, have been shown to correlate with disease severity in
CVD and diabetes patients [7]. Similarly, increased levels of oxLDL, a marker of oxidative
damage to low-density lipoprotein, have been associated with the progression of
atherosclerosis and cardiovascular risk factors [8].

Chronic inflammation, as evidenced by the increased levels of TNF-a, IL-6, and IL-1 in our
study, has been well-documented in the literature as a key factor in the development of
insulin resistance, endothelial dysfunction, and neurodegeneration [9]. The pro-
inflammatory cytokines TNF-a and IL-6 are particularly implicated in the activation of the
immune response, leading to tissue damage and exacerbation of disease symptoms [10].
These findings support the hypothesis that oxidative stress and inflammation are closely
intertwined and contribute to the progression of chronic diseases.

2. Biomarker Correlations with Disease Severity

In our study, oxidative stress and inflammatory biomarkers showed significant correlations
with clinical indicators of disease severity. Specifically, MDA and 8-iso-PGF2a were positively
correlated with blood pressure in CVD patients, and oxLDL and TNF-a were correlated with
blood glucose levels in diabetes patients. This finding is in line with previous research, which
has demonstrated that oxidative stress and inflammation are closely associated with
disease-related complications such as hypertension and poor glycemic control [11][12]. In
neurodegenerative diseases, we found that IL-6 levels were negatively correlated with
cognitive function, which corroborates findings from other studies that have linked chronic
inflammation to cognitive decline and the pathogenesis of Alzheimer's disease [13].

These correlations highlight the potential of oxidative stress and inflammatory biomarkers
as reliable indicators of disease progression and severity. By measuring these biomarkers,
healthcare providers may be able to assess disease burden more effectively, monitor
therapeutic responses, and predict disease outcomes.

3. Effectiveness of Therapeutic Interventions

The therapeutic interventions in our study, which included antioxidants (vitamin C and E)
and anti-inflammatory agents (curcumin, NSAIDs), resulted in significant reductions in
oxidative stress markers and inflammatory cytokines. This supports the growing body of
evidence suggesting that antioxidant and anti-inflammatory therapies can mitigate the
harmful effects of oxidative stress and inflammation in chronic diseases. Studies have shown
that vitamin C and E, by acting as potent antioxidants, can reduce oxidative damage and
improve endothelial function in CVD patients [14]. Likewise, curcumin and NSAIDs have
demonstrated anti-inflammatory effects in clinical trials, helping to reduce cytokine levels
and improve clinical outcomes in patients with chronic diseases such as arthritis and
neurodegenerative disorders [15][16].

The reductions in biomarkers observed in our study indicate that targeted therapies may
help alleviate the burden of oxidative stress and inflammation, thus improving disease
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management. These findings are consistent with other studies that have highlighted the
potential of personalized, biomarker-guided treatments to optimize therapeutic outcomes
in chronic disease patients [17].

4. Implications for Personalized Medicine

The results of this study also suggest that personalized medicine, based on individual
biomarker profiles, may offer a more effective approach to managing oxidative stress and
inflammation in chronic diseases. By tailoring antioxidant and anti-inflammatory therapies
to the specific needs of each patient, personalized medicine can enhance treatment efficacy
while minimizing side effects. Recent advancements in genomics and pharmacogenomics
offer the possibility of identifying genetic polymorphisms that influence individual responses
to therapy, thus enabling more targeted interventions [18].

Moreover, lifestyle factors such as diet, exercise, and smoking cessation play a crucial role in
modulating oxidative stress and inflammation. Personalized recommendations that consider
these factors may further optimize patient outcomes, as lifestyle modifications have been
shown to reduce oxidative stress and improve inflammatory profiles in patients with chronic
diseases [19].

5. Limitations and Future Directions

While our study provides valuable insights into the role of oxidative stress and inflammation
in chronic diseases, there are limitations to consider. First, the sample size was relatively
small, and the study design was cross-sectional, making it difficult to establish causality.
Future longitudinal studies with larger sample sizes are needed to confirm the long-term
effects of antioxidant and anti-inflammatory therapies on disease progression. Additionally,
while we focused on a few key biomarkers, other markers of oxidative stress and
inflammation, as well as genetic factors, may further improve our understanding of the
underlying mechanisms and therapeutic targets in chronic diseases.
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