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Abstract. Mitochondrial dysfunction is increasingly recognized as a pivotal mechanism
contributing to age-related neurodegenerative disorders (ANDDs), yet its role remains poorly
defined. This study employs a longitudinal cohort design with advanced imaging and biochemical
assays to analyze mitochondrial parameters in patients diagnosed with Alzheimer's and Parkinson's
diseases. We found significant correlations between mitochondrial impairment and cognitive
decline, highlighting a 35% reduction in ATP production linked to altered mitochondrial dynamics.
These findings suggest a paradigm shift in our understanding of mitochondrial contributions to
ANDDs and pave the way for targeted therapeutic strategies.
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Introduction

Mitochondrial dysfunction has emerged as a central theme in the etiological understanding
of age-related neurodegenerative disorders (ANDDs), notably Alzheimer’s disease (AD)
and Parkinson’s disease (PD). The increasing prevalence of these disorders, which affect
millions worldwide, underscores the urgency of investigating their underlying mechanisms.
Recent statistics indicate that by 2026, the global burden of dementia could exceed 131
million cases, amplifying the need for innovative research approaches (World Health
Organization, 2023). Despite extensive studies on ANDDs, a considerable gap persists
regarding the specific pathways through which mitochondrial dysfunction exacerbates
neurodegenerative processes. Previous research has mainly focused on oxidative stress or



the amyloid hypothesis as primary factors, often overlooking the nuanced interplay between
mitochondrial dynamics and neuroinflammation. Additionally, confounding variables such
as genetic predisposition and environmental toxins have hindered a clear understanding of
mitochondrial contributions, leading to often contradictory findings in the literature. This
paper aims to address these critical gaps by posing the following research questions: (1)
How does mitochondrial dysfunction correlate with the progression of ANDDs? (2) What
are the mechanisms through which mitochondrial impairment contributes to
neurodegenerative pathology? By employing a comprehensive, multi-method approach, this
study seeks to elucidate the multifactorial roles of mitochondria in ANDDs. The structure
of this paper proceeds as follows: we will discuss the theoretical framework addressing
mitochondrial dynamics, outline the methodologies employed, present our findings with a
focus on quantitative metrics, and conclude with implications for future research.
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Methodology

This study utilized a longitudinal cohort design involving 150 participants, aged 60-85,
diagnosed with Alzheimer’s or Parkinson’s diseases. Participants underwent a series of
assessments, including advanced neuropsychological tests and in vivo mitochondrial
imaging, using the latest version of the Siemens Magnetom Skyra 3T MRI scanner. Blood
samples were collected for biochemical analysis, and mitochondrial function was assessed
via high-resolution respirometry (Oroboros O2k) and ATP production assays. Statistical
analysis was conducted using R (version 4.1.0), employing the Ime4 and ggplot2 packages
for mixed-effects modeling and data visualization, respectively. We specifically analyzed
mitochondrial membrane potential (A¥Ym) with a TMRM fluorescence assay and ROS
production with DCFDA. Data were normalized to control populations to ensure reliability.
Our analytical models incorporated both linear regression and machine learning classifiers
(using the caret package) to predict cognitive outcomes based on mitochondrial
parameters—yielding a predictive accuracy of 87% with significant p-values (p < 0.01) for
all tested metrics. This comprehensive methodology aimed to elucidate the intricate
relationships between mitochondrial health and neurodegenerative progression.

Results and Discussion

The results indicate a substantial association between mitochondrial dysfunction and
cognitive decline in ANDD patients. Specifically, our analysis revealed a 35% decrease in
ATP production coupled with a 50% increase in oxidative stress markers compared to
controls (p < 0.01). Furthermore, machine learning analyses identified mitochondrial
dynamics features that serve as robust predictors of cognitive deterioration, achieving an
accuracy of 92% for distinguishing AD from PD. This contrasts sharply with traditional
clinical assessments, underscoring the potential for mitochondrial metrics to revolutionize
diagnostic strategies. The findings provoke a critical discussion regarding the established



paradigm that predominantly emphasizes neuroinflammation without adequately
recognizing mitochondrial roles—suggesting a reorientation of therapeutic targets towards
mitochondrial health. These insights not only contribute to theoretical advancements in
ANDD research but also hold significant implications for clinical practice, potentially
leading to more personalized treatment modalities that focus on mitochondrial restoration
as a primary intervention.

Conclusions

This study significantly contributes to the growing body of evidence implicating
mitochondrial dysfunction in age-related neurodegenerative disorders. Our findings
underscore the necessity for a paradigm shift towards mitochondrial-centric approaches in
the understanding and treatment of these conditions. Future research should focus on
therapeutic interventions targeting mitochondrial restoration, which may provide novel
avenues for enhancing cognitive resilience in affected populations.
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