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Brain aging: Complex pathways and therapeutic target.
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Introduction

The current understanding of brain aging emphasizes the critical
distinctions between normal aging, mild cognitive impairment, and
Alzheimer’s disease [1].

This process is far from simple, involving a complex interplay of ge-
netics, individual lifestyle choices, and underlying pathology. The
urgent need for more integrated research is clear, aiming to develop
targeted interventions that can effectively address the multifaceted
challenges of age-related cognitive decline.

Neuroinflammation plays a significant role in brain aging, with spe-
cific attention directed towards microglial epigenetics [2].

Environmental factors profoundly influence these epigenetic
changes, impacting microglial function and contributing to cogni-
tive decline associated with aging. Investigating these molecular
pathways offers promising new avenues for understanding and po-
tentially mitigating age-related cognitive impairment, paving the
way for novel therapeutic approaches.

Cerebral Small Vessel Disease (CSVD) is a major, often over-
looked, cause of cognitive decline and stroke within the aging pop-
ulation [3].

A detailed exploration of its underlying mechanisms is vital for
comprehending its progression. Ongoing clinical trials are actively
discussing and testing potential therapeutic targets and diagnostic
improvements, with the hope of developing more effective strate-
gies to combat this debilitating condition.

The gut microbiome exerts a profound influence on brain aging and
neurodegeneration, establishing a compelling connection often re-
ferred to as the gut-brain axis [4].

Compelling evidence supports its crucial role in maintaining cogni-
tive function. Disruptions in the microbial balance, known as dys-
biosis, can exacerbate age-related brain changes, thereby presenting
potential new therapeutic strategies that focus on modulating the gut
environment for brain health.

Epigenetic modifications accumulate in the brain as a natural part

of the aging process [5].

These modifications include changes in DNA methylation patterns,
various histone modifications, and alterations in the expression of
non-coding RNAs. Collectively, these molecular changes con-
tribute significantly to age-related shifts in gene expression, which
consequently impact neuronal function and increase an individual’s
susceptibility to neurodegenerative diseases.

Vascular aging is intricately linked to cognitive decline, represent-
ing a critical area of research [6].

Arterial stiffness, endothelial dysfunction, and other vascular
changes are major contributors to brain pathology and subsequent
cognitive impairment. Systematic reviews highlight critical gaps in
current knowledge and outline future research directions, empha-
sizing the urgent need for robust intervention strategies targeting
vascular health to preserve cognitive function.

Sleep plays a pivotal and often underestimated role in maintaining
optimal brain health throughout the aging process [7].

Age-related sleep disturbances are not merely inconvenient; they
are directly implicated in contributing to cognitive decline and ac-
celerating neurodegenerative processes. This underscores the pro-
found importance of achieving adequate and restorative sleep for
preserving cognitive function and overall brain vitality in the el-
derly.

Mitochondrial dysfunction is increasingly recognized as a central
player in brain aging [8].

Impaired mitochondrial dynamics, elevated oxidative stress, and
disrupted energy metabolism collectively contribute to increased
neuronal vulnerability and a decline in cognitive abilities. Explor-
ing therapeutic strategies that specifically target and enhance mito-
chondrial health holds significant promise for mitigating age-related
brain disorders.

Synaptic plasticity, particularly within the hippocampus — a brain
region fundamentally crucial for memory formation and recall — un-
dergoes significant changes during the aging process [9].
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Understanding the molecular and cellular mechanisms that underlie
these alterations is key to unraveling their impact on cognitive func-
tion. Proposing and developing potential interventions to preserve
neuronal flexibility and adaptability in the aging brain remains a
critical and active area of scientific inquiry.

Blood-brain barrier (BBB) dysfunction is identified as a key con-
tributor to both brain aging and neurodegeneration [10].

The mechanisms by which BBB breakdown leads to neuronal dam-
age and subsequent cognitive decline are being actively investi-
gated. This highlights the BBB’s considerable potential as a ther-
apeutic target for developing novel treatments for a wide range of
age-related brain disorders and preserving cognitive integrity.

Conclusion

Research into brain aging reveals a multifaceted process involving
distinctions between normal aging, mild cognitive impairment, and
Alzheimer’s disease, influenced by genetics, lifestyle, and pathol-
ogy. Key mechanisms contributing to age-related cognitive decline
include neuroinflammation, particularly through microglial epige-
netics influenced by environmental factors. Cerebral small vessel
disease is a significant contributor to cognitive decline and stroke,
with ongoing research focusing on therapeutic targets and diagnos-
tic improvements. The gut microbiome also profoundly impacts
brain aging and neurodegeneration via the gut-brain axis, where mi-
crobial dysbiosis can worsen age-related brain changes, suggesting
new therapeutic avenues.

Epigenetic modifications like DNA methylation, histone changes,
and non-coding RNAs accumulate in the brain with age, altering
gene expression, impairing neuronal function, and increasing sus-
ceptibility to neurodegenerative diseases. Vascular aging, char-
acterized by arterial stiffness and endothelial dysfunction, signifi-
cantly contributes to brain pathology and cognitive impairment, em-
phasizing the need for targeted intervention strategies. Sleep plays a
critical role in maintaining brain health, as age-related sleep distur-
bances are linked to cognitive decline and neurodegenerative pro-
cesses. Mitochondrial dysfunction, involving impaired dynamics,

oxidative stress, and energy metabolism, contributes to neuronal
vulnerability. Synaptic plasticity in the hippocampus, crucial for
memory, undergoes changes during aging, affecting cognitive func-
tion. Finally, blood-brain barrier dysfunction is identified as a key
contributor to brain aging and neurodegeneration, leading to neu-
ronal damage and cognitive decline, making it a potential therapeu-
tic target. Collectively, these studies underscore the complex bio-
logical pathways involved in brain aging and offer diverse targets
for interventions to preserve cognitive function.
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