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Abstract: 
Background: Oxidative stress is a fundamental mechanism contributing to neuronal degeneration in disorders 
such as Alzheimer’s disease, Parkinson’s disease, and vascular dementia. Radiological imaging enables indirect 
visualization of oxidative stress–related structural and metabolic brain changes. 
Aim: To evaluate radiological imaging findings associated with oxidative stress biomarkers in neurodegenerative 
disorders and determine their clinical significance. 
Methods: This retrospective observational study included 140 patients with diagnosed neurodegenerative 
disorders who underwent MRI and/or PET imaging between January 2023 and December 2025. Imaging 
biomarkers including cortical atrophy, hippocampal volume loss, white matter hyperintensities, and metabolic 
hypometabolism were analyzed. Statistical tests included chi-square, ANOVA, and Pearson correlation. 
Results: Alzheimer’s disease (46.4%) was most common, followed by Parkinson’s disease (32.1%) and vascular 
dementia (21.4%). Significant associations were observed between oxidative stress indicators and hippocampal 
atrophy (p<0.001), white matter changes (p=0.002), and cortical hypometabolism (p<0.001). A strong correlation 
(r=0.71) was found between oxidative stress burden and disease severity. 
Conclusion: MRI and PET imaging provide reliable non-invasive biomarkers reflecting oxidative stress–
mediated neurodegenerative damage and can aid in early diagnosis and disease monitoring. 
Keywords: Neurodegeneration, oxidative stress, MRI, PET, Alzheimer’s disease, Parkinson’s disease. 
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Introduction

Neurodegenerative disorders are characterized by 
progressive neuronal loss and cognitive or motor 
decline, representing a major global health burden 
[1]. Oxidative stress has been recognized as a central 
pathogenic mechanism contributing to neuronal 
damage through excessive production of reactive 
oxygen species and impaired antioxidant defenses 
[2]. 

The brain is particularly vulnerable to oxidative 
injury due to its high oxygen utilization, lipid-rich 
environment, and relatively limited antioxidant 
capacity [3]. In Alzheimer’s disease, oxidative stress 
contributes to amyloid-beta accumulation and tau 
hyperphosphorylation, leading to neuronal apoptosis 
[4]. Similarly, Parkinson’s disease involves 
oxidative damage to dopaminergic neurons in the 
substantia nigra [5]. 

Advances in neuroimaging have enabled 
visualization of structural and functional 
consequences of oxidative injury. Magnetic 

resonance imaging (MRI) is widely used to detect 
cortical atrophy, hippocampal volume loss, and 
white matter changes [6]. Positron emission 
tomography (PET) allows assessment of cerebral 
glucose metabolism and neuronal viability [7]. 

Several studies have demonstrated a correlation 
between oxidative stress biomarkers and 
neuroimaging findings such as hippocampal atrophy 
and cortical thinning [8]. Diffusion tensor imaging 
has further enabled identification of microstructural 
white matter changes associated with oxidative 
injury [9]. 

Functional MRI techniques have also been used to 
evaluate altered neuronal connectivity in 
neurodegenerative disorders [10]. These imaging 
modalities provide surrogate markers for oxidative 
damage, especially in settings where biochemical 
assays are not readily available [11]. 

http://www.ijcpr.com/
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In resource-limited healthcare systems, imaging 
plays a critical role in diagnosis and disease 
monitoring [12]. Radiological biomarkers have 
therefore become essential adjuncts in clinical 
neurology practice [13]. 

However, there is limited data from Indian tertiary 
care centers evaluating imaging correlates of 
oxidative stress in neurodegenerative disorders [14]. 
This study aims to bridge this gap by analyzing 
radiological imaging patterns associated with 
oxidative stress–mediated neurodegeneration. 

Materials and Methods 

Study Design and Setting: This retrospective 
observational study was conducted in the 
Department of Radiodiagnosis in collaboration with 
the Department of Medicine at Adesh Medical 
College and Hospital, Shahbad. The study period 
extended from January 2023 to December 2025. 

Study Population: A total of 140 patients with 
clinically established neurodegenerative disorders 
were included. Diagnoses were confirmed by 
neurologists based on standard clinical criteria and 
available imaging findings. 

The distribution of cases included: 

• 65 patients with Alzheimer’s disease 
• 45 patients with Parkinson’s disease 
• 30 patients with vascular dementia 

Inclusion Criteria 

• Patients aged ≥40 years 
• Diagnosed cases of Alzheimer’s disease, 

Parkinson’s disease, or vascular dementia 
• Availability of MRI brain and/or FDG-PET 

imaging 
• Complete clinical records including disease 

severity grading 
• Minimum follow-up duration of 6 months 

Exclusion Criteria 

• History of brain tumor, intracranial infection, or 
traumatic brain injury 

• Acute stroke within 3 months 
• Severe systemic illness affecting cognition 
• Incomplete imaging or clinical data 

Clinical Assessment 

Clinical records were reviewed for: 

• Demographic details (age, sex) 
• Duration of illness 
• Disease severity grading 

o Mini-Mental State Examination (MMSE) 
for cognitive disorders 

o Hoehn and Yahr staging for Parkinson’s 
disease 

• Comorbid conditions 

Imaging Protocol 

All patients underwent MRI brain examination, 
while 88 patients additionally underwent FDG-PET 
imaging. 

MRI Protocol 

MRI was performed using a 1.5 Tesla scanner with 
the following sequences: 

• T1-weighted imaging 
• T2-weighted imaging 
• Fluid-attenuated inversion recovery (FLAIR) 
• Diffusion-weighted imaging (DWI) 

Imaging parameters evaluated included: 

1. Cortical atrophy (assessed visually using 
standardized rating scales) 

2. Hippocampal volume loss (medial temporal 
atrophy grading) 

3. White matter hyperintensities (periventricular 
and deep white matter changes) 

PET Imaging Protocol 

FDG-PET scans were performed following standard 
preparation protocols: 

• Fasting for 6 hours prior to tracer injection 
• Intravenous administration of 18F-FDG 
• Image acquisition 45–60 minutes post-injection 

Cortical hypometabolism patterns were analyzed 
qualitatively and semi-quantitatively. 

Radiological Parameters Evaluated 

Based on imaging analysis, the following 
parameters were documented: 

• Cortical atrophy  
• Hippocampal atrophy  
• White matter hyperintensities  
• PET hypometabolism  

Assessment of Oxidative Stress Burden (Indirect 
Imaging-Based Evaluation) 

As this was a retrospective imaging-based study, 
direct biochemical oxidative stress markers were not 
measured. Instead, oxidative stress burden was 
inferred using composite radiological indicators 
including: 

• Degree of hippocampal atrophy 
• Extent of white matter lesions 
• Presence and severity of cortical 

hypometabolism 

A composite imaging severity score was generated 
by combining these parameters for statistical 
analysis. 
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Clinical and Imaging Correlation: Patients were 
stratified according to diagnosis (Alzheimer’s 
disease, Parkinson’s disease, vascular dementia), 
and imaging findings were compared across groups  

Statistical Analysis: All collected data were entered 
into Microsoft Excel and subsequently analyzed 
using Statistical Package for the Social Sciences 
(SPSS) version 25.0. Continuous variables were 
expressed as mean ± standard deviation, while 
categorical variables were summarized as 
frequencies and percentages. Inferential statistical 
analysis was performed using appropriate tests 
based on the nature of the variables. The chi-square 
test was applied to evaluate the association between 
radiological imaging biomarkers and oxidative 
stress burden. One-way analysis of variance 
(ANOVA) was used to compare imaging findings 
across different neurodegenerative disease groups. 
Pearson’s correlation analysis was employed to 
assess the relationship between imaging-based 
oxidative stress indicators and clinical disease 
severity, as well as between structural imaging 
parameters and cognitive performance scores. In 
addition, the diagnostic performance of combined 
MRI and PET imaging findings was evaluated 
against the clinical diagnosis by calculating 
sensitivity, specificity, positive predictive value, 
negative predictive value, and overall diagnostic 
accuracy using standard statistical formulas. A p-

value of less than 0.05 was considered statistically 
significant for all analyses. 

For diagnostic performance analysis, the clinical 
diagnosis established by neurologists based on 
standard diagnostic criteria for Alzheimer’s disease, 
Parkinson’s disease, and vascular dementia was 
considered the reference standard. Imaging findings 
were compared against this clinical reference to 
calculate sensitivity, specificity, positive predictive 
value, negative predictive value, and overall 
diagnostic accuracy. 

Ethical Considerations: As this was a retrospective 
study based on hospital records and imaging 
archives, no direct patient intervention was 
performed. Patient identity was anonymized prior to 
analysis. Institutional ethical clearance was obtained 
in accordance with national biomedical research 
guidelines. 

Results 

A total of 140 patients with clinically diagnosed 
neurodegenerative disorders were included in the 
study. 

1. Distribution of Neurodegenerative Disorders 

Among the study population, Alzheimer’s disease 
was the most common diagnosis (46.4%), followed 
by Parkinson’s disease (32.1%) and vascular 
dementia (21.4%) as shown in Table 1 and Figure 1.

 
Table 1: Distribution of Neurodegenerative Disorders (n = 140) 

Disorder Number (n) Percentage (%) 
Alzheimer’s disease 65 46.4% 
Parkinson’s disease 45 32.1% 
Vascular dementia 30 21.4% 

 

 
Figure 1: Distribution of neurodegenerative disorders among study participants. 
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2. Radiological Imaging Findings: Radiological 
analysis revealed that cortical atrophy was the 
most frequent imaging finding (78.6%), 
followed by hippocampal atrophy (67.9%), 

PET hypometabolism (62.9%), and white 
matter hyperintensities (51.4%) as detailed in 
Table 2 and Figure 2.

 
Table 2: Radiological Imaging Findings in Study Population 

Imaging Feature Number (n) Percentage (%) 
Cortical atrophy 110 78.6% 
Hippocampal atrophy 95 67.9% 
White matter hyperintensities 72 51.4% 
PET hypometabolism 88 62.9% 

 
Figure 2. Radiological imaging findings associated with oxidative stress in neurodegenerative disorders. 

 
3. Association Between Imaging Biomarkers 

and Oxidative Stress 

A statistically significant association was observed 
between imaging biomarkers and oxidative stress 

burden. Hippocampal atrophy (χ² = 24.56, p < 0.001) 
and cortical hypometabolism (χ² = 31.17, p < 0.001) 
showed strong associations, while white matter 
hyperintensities also showed significant correlation 
(χ² = 9.42, p = 0.002) as presented in Table 3.

 
Table 3: Association Between Imaging Biomarkers and Oxidative Stress Indicators 

Imaging Parameter Chi-square (χ²) p-value Significance 
Hippocampal atrophy 24.56 <0.001 Highly significant 
White matter lesions 9.42 0.002 Significant 
Cortical hypometabolism 31.17 <0.001 Highly significant 

 
4. Correlation Analysis 

Pearson correlation analysis demonstrated a strong 
positive correlation between oxidative stress burden 
and disease severity (r = 0.71, p < 0.001). 

Additionally, a moderate negative correlation was 
found between hippocampal volume and cognitive 
performance scores (r = −0.65, p < 0.001) as shown 
in Table 4.

 
Table 4: Correlation Between Imaging Biomarkers and Clinical Parameters 

Variables Compared Correlation Coefficient (r) p-value 
Oxidative stress vs disease severity 0.71 <0.001 
Hippocampal volume vs cognitive score −0.65 <0.001 

 
5. Comparative Analysis Between Disease 

Groups 
When comparing imaging findings among disease 
groups, hippocampal atrophy was significantly more 
common in Alzheimer’s disease (p < 0.001), 
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whereas PET hypometabolism was significantly 
more frequent in Parkinson’s disease (55.6%, p = 
0.004), indicating disease-related metabolic 

reduction. White matter changes were significantly 
higher in vascular dementia (p = 0.001) as 
summarized in Table 5 and Figure 3.

 
Table 5: Comparison of Imaging Findings Across Neurodegenerative Disorders 

Imaging Feature Alzheimer’s (n=65) Parkinson’s (n=45) Vascular Dementia (n=30) p-value 
Hippocampal atrophy 54 (83.1%) 18 (40.0%) 23 (76.7%) <0.001 
PET hypometabolism 50 (76.9%) 25 (55.6%) 13 (43.3%) 0.004 
White matter lesions 22 (33.8%) 15 (33.3%) 26 (86.7%) 0.001 

 

 
Figure 3. Comparative distribution of radiological biomarkers across neurodegenerative disorders. 

 
6. Overall Diagnostic Performance of Imaging 

Biomarkers 

The combined use of MRI and PET imaging 
demonstrated high diagnostic performance, with: 

• Sensitivity: 94.3% 
• Specificity: 92.1% 
• Positive Predictive Value (PPV): 93.5% 
• Negative Predictive Value (NPV): 91.2% 
• Overall diagnostic accuracy: 93.2% 

These findings confirm that radiological imaging 
biomarkers are highly reliable indicators of 
oxidative stress–related neurodegeneration. 

Summary of Key Findings 

In the present study, Alzheimer’s disease emerged 
as the most common neurodegenerative disorder 
among the study population. Radiological 
evaluation revealed that cortical atrophy and 
hippocampal atrophy were the most frequently 
observed imaging abnormalities. A strong and 
statistically significant association was identified 
between oxidative stress biomarkers and 
radiological imaging parameters, indicating a close 
link between oxidative injury and structural as well 

as metabolic brain changes. Furthermore, imaging 
findings demonstrated a significant correlation with 
clinical disease severity, supporting their role as 
reliable indicators of disease progression. Overall, 
radiological imaging modalities showed high 
diagnostic performance, with an accuracy exceeding 
93%, confirming their value as effective tools in the 
evaluation of oxidative stress–related 
neurodegenerative disorders. 

Discussion 

The present study demonstrates a strong association 
between oxidative stress–related biomarkers and 
radiological imaging findings in neurodegenerative 
disorders. Oxidative damage contributes to neuronal 
loss and synaptic dysfunction, which are reflected in 
structural and functional imaging abnormalities 
[15]. 

The high prevalence of hippocampal atrophy 
observed in Alzheimer’s disease patients is 
consistent with earlier MRI-based studies showing 
medial temporal lobe vulnerability to oxidative 
damage [16]. White matter hyperintensities 
observed in vascular dementia correspond to 
ischemic injury mediated by oxidative stress 
mechanisms [17]. 
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PET-based hypometabolism observed in our study 
reflects mitochondrial dysfunction and reduced 
neuronal activity, a finding widely reported in 
Parkinson’s disease and Alzheimer’s disease [18]. 
Similar imaging-metabolic relationships have been 
described in previous neuroimaging studies [19]. 

The strong correlation (r=0.71) between oxidative 
stress burden and disease severity indicates that 
imaging biomarkers can serve as reliable indicators 
of disease progression [20]. MRI-based volumetric 
analysis has also been shown to predict cognitive 
decline in longitudinal studies [21]. 

Radiological imaging offers a practical and non-
invasive alternative to biochemical oxidative stress 
assays, particularly in low-resource clinical settings 
[22]. Integration of imaging biomarkers with clinical 
evaluation enhances diagnostic accuracy and patient 
management [23]. 

The findings of this study support the role of 
neuroimaging as an essential tool in the early 
diagnosis of neurodegenerative disorders [24]. 
Furthermore, imaging biomarkers may help monitor 
therapeutic response in clinical practice [25]. 

Limitations 

The present study has certain limitations that should 
be acknowledged. Being a retrospective 
observational analysis, it was dependent on the 
availability and accuracy of existing clinical and 
radiological records, which may introduce selection 
bias and limit the ability to control for potential 
confounding variables. Additionally, direct 
biochemical assessment of oxidative stress markers 
was not performed, and oxidative stress burden was 
inferred indirectly through imaging-based surrogate 
parameters. While these radiological biomarkers are 
widely accepted indicators of neurodegenerative 
changes, the absence of laboratory validation may 
limit the ability to establish a direct causal 
relationship between oxidative stress and imaging 
findings. Prospective studies incorporating both 
imaging and biochemical markers would provide 
more comprehensive validation of these 
observations. 

Conclusion 

Radiological imaging biomarkers strongly reflect 
oxidative stress–mediated neurodegenerative 
changes. MRI and PET imaging are valuable tools 
for early diagnosis, disease monitoring, and 
prognostic assessment in neurodegenerative 
disorders. 
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