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DESCRIPTION

One of the most challenging aspects of aging is the decline in
cognitive function, which often stems from neurodegenerative
changes in the brain. While mild cognitive decline can be a
natural part of aging, more severe conditions such as Alzheimer’s
disease, Parkinson’s disease and other dementias arise when
neurodegeneration  progresses  beyond
Understanding the biological mechanisms behind these changes
is central to developing strategies for prevention and treatment.

The

modifications. Neuronal loss, synaptic dysfunction and reduced

normal  levels.

aging brain undergoes structural and functional
neuroplasticity gradually impair communication between brain
regions. Imaging studies reveal that brain volume, particularly in
the hippocampus and prefrontal cortex, decreases with age,
correlating with declines in memory, learning and executive
function. White matter integrity is also compromised, disrupting

connectivity and slowing information processing.

At the
neurodegeneration. Accumulation of protein aggregates such as
a hallmark of
Alzheimer’s disease. These abnormal proteins interfere with
and neuronal death. In

molecular level, several factors contribute to

amyloid-beta plaques and tau tangles is

synaptic communication trigger
Parkinson’s disease, aggregation of alpha-synuclein forms Lewy
bodies, disrupting dopamine-producing neurons in the
substantia and motor and  cognitive

nigra leading to

impairments.

Oxidative stress also plays a significant role in agerelated
neurodegeneration. The brain consumes large amounts of
oxygen, making it particularly vulnerable to Reactive Oxygen
Species (ROS). Excessive ROS damages lipids, proteins and
DNA, disrupting cellular function. Mitochondrial dysfunction
further exacerbates this damage by impairing energy production
and increasing oxidative load. Over time, this contributes to
neuronal death and reduced brain function.

Chronic inflammation, often described as neuroinflammation,
is another key contributor. Microglia, the brain’s resident
immune cells, play an essential role in clearing debris and
maintaining neuronal health. However, with aging, microglia
become overactive, releasing pro-inflaimmatory molecules that
healthy This

environment accelerates neurodegeneration and contributes to

damage neurons. sustained  inflammatory

the progression of dementia-related disorders.

Genetics also influence susceptibility to neurodegenerative
diseases. Similarly, mutations in genes linked to mitochondrial
function, synaptic maintenance, or protein clearance can
predispose individuals to agerelated brain disorders. While
genetics alone do not determine disease onset, they interact with
environmental and lifestyle factors to shape outcomes.

Lifestyle plays an important role in cognitive aging. Lack of
physical activity, poor diet, social isolation and chronic stress all
accelerate neurodegeneration. Conversely, protective factors
include regular exercise, intellectually stimulating activities,
strong social connections and diets rich in antioxidants and
omega-3 fatty acids. These interventions promote neuroplasticity,
improve vascular health and reduce inflammation, supporting
cognitive resilience in older age.

Current treatments for neurodegenerative diseases remain
limited, focusing largely on symptom management rather than
curing the underlying pathology. For Alzheimer’s disease,
medications and NMDA
receptor antagonists provide modest improvements in memory
and function. In Parkinson’s disease, dopamine replacement
therapies alleviate motor symptoms but do not halt progression.

such as cholinesterase inhibitors

Despite decades of research, disease-modifying therapies have
proven difficult to achieve.

However, emerging. Advances in
immunotherapy seek to clear protein aggregates by using

antibodies that target amyloid-beta or tau. Similarly, gene

promising avenues are
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therapy approaches are being explored to restore or protect
neuronal function. Stem cell research offers another potential
pathway by replacing lost or damaged neurons. While these
strategies are still in development, they represent an important
shift toward targeting the biological root of neurodegeneration
rather than its symptoms.

strategies remain one of the most practical

Population suggest that
cardiovascular risk factors such as hypertension, diabetes and
high cholesterol reduces the risk of dementia, likely due to
improved blood flow to the brain. Cognitive training, lifelong

learning and engagement in meaningful activities also help

Preventive

approaches. studies managing

maintain mental sharpness. These observations support the
concept that neurodegeneration is not solely determined by
genetics or aging but is strongly influenced by lifestyle and
environment.

CONCLUSION

Neurodegeneration and cognitive decline are complex outcomes
of aging, shaped by interactions between genetics, environment
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and lifestyle. Structural brain changes, protein aggregation,
oxidative stress and chronic inflammation collectively disrupt
neuronal health, leading to agerelated cognitive impairment
and dementia.

While limited,

immunotherapy, gene editing and regenerative medicine hold

current treatments  are advances in
promise for addressing the root causes of neurodegeneration. In
the meantime, lifestyle interventions such as exercise, balanced
nutrition, cognitive engagement and social interaction remain
practical tools for protecting brain health and reducing the

burden of agerelated decline.

As populations worldwide continue to age, understanding and
addressing neurodegeneration becomes increasingly urgent. By
combining biomedical research with public health strategies, it is
possible to extend not only lifespan but also the quality of
cognitive function, ensuring that aging is accompanied by
independence and dignity.
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