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Cognitive Impairment in Aging: Strategies for Early Detection
and Intervention in Alzheimer’s Disease

Abstract: Cognitive impairment and Alzheimer’s disease (AD) are major concerns in aging populations,
with Alzheimer’s being the most common cause of dementia globally. As the number of individuals
affected by AD continues to rise, early detection and intervention are crucial for slowing disease
progression and preserving cognitive function. Alzheimer’s disease is characterized by amyloid-beta
plaques, tau neurofibrillary tangles, and neuroinflammation, leading to synaptic dysfunction and
neurodegeneration. Early identification of cognitive decline, often beginning with mild cognitive
impairment (MCI), allows for timely interventions that may delay progression. This review examines the
latest strategies for early detection, including clinical assessments, advanced neuroimaging, and
biomarkers. Additionally, it explores novel pharmacological therapies, such as amyloid-beta and tau-
targeting treatments, as well as lifestyle interventions like exercise, cognitive training, and dietary
modifications. Emerging therapies, including gene editing and stem cell therapy, offer new avenues for
future treatment. By integrating early diagnosis and comprehensive intervention strategies, it is possible
to improve outcomes for individuals at risk of Alzheimer’s disease.
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J INTRODUCTION

Cognitive impairment is a significant concern in aging populations, as it can progress to more severe
forms of dementia, including Alzheimer’s disease (AD), the most common cause of dementia. As the global
population ages, the burden of cognitive decline and Alzheimer’s disease continues to grow, making early
detection and intervention crucial for improving outcomes and quality of life. Alzheimer’s disease is a
neurodegenerative disorder characterized by memory loss, cognitive decline, and behavioral changes,
which worsen over time and eventually result in the inability to perform daily activities.[1-3]

The early stages of Alzheimer’s disease, often referred to as mild cognitive impairment (MCI), represent a
critical window for intervention. Identifying cognitive decline in its earliest stages provides opportunities
to slow progression, improve cognitive function, and maintain independence for a longer time. Recent
advancements in diagnostic techniques and the development of new therapeutic strategies have made
early detection and intervention increasingly feasible.[4-6]

This review article explores the importance of early detection of cognitive impairment and Alzheimer’s
disease, the latest diagnostic strategies, and emerging interventions that hold promise for delaying or
mitigating cognitive decline.

I Epidemiology of Cognitive Impairment and Alzheimer's Disease [6-9]

1. Global Prevalence of Cognitive Impairment and Alzheimer's Disease

The prevalence of cognitive impairment increases with age, with Alzheimer’s disease affecting
approximately 6 million individuals in the United States alone. Worldwide, it is estimated that over 50
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million people are living with dementia, with Alzheimer’s disease accounting for 60-70% of cases. The
number of people affected by dementia is projected to triple by 2050, primarily due to the aging
population.

o Age and Gender: The risk of Alzheimer’s disease increases significantly with age, doubling every
five years after age 65. Women are disproportionately affected, representing nearly two-thirds of
Alzheimer’s cases. This gender disparity is partly due to women’s longer life expectancy, but
hormonal factors may also play a role.

e Genetic Factors: While most cases of Alzheimer’s disease are sporadic, approximately 1-2% of
cases are familial and involve mutations in specific genes, such as APP, PSEN1, or PSEN2. The
apolipoprotein E (APOE) gene, particularly the APOE-¢4 allele, is a well-known genetic risk factor
for late-onset Alzheimer’s disease.

2. The Economic and Social Burden

Alzheimer’s disease poses a tremendous burden on individuals, families, and healthcare systems. The
direct costs of care, including medical expenses and long-term care, combined with the indirect costs of
lost productivity and unpaid caregiving, make Alzheimer’s one of the most expensive medical conditions
globally. The emotional toll on caregivers is also substantial, as caring for someone with Alzheimer’s
disease is often associated with high levels of stress, depression, and physical strain.

I Pathophysiology of Alzheimer's Disease [10-12]

Alzheimer’s disease is characterized by the accumulation of two abnormal protein aggregates in the
brain: amyloid-beta (A) plaques and tau neurofibrillary tangles. These pathological hallmarks, along
with neuroinflammation and oxidative stress, contribute to synaptic dysfunction, neuronal death, and
brain atrophy, leading to progressive cognitive decline.

1. Amyloid-Beta Plaques

The amyloid hypothesis suggests that the abnormal accumulation of amyloid-beta peptides in the brain is
a key initiating event in the pathogenesis of Alzheimer’s disease. Amyloid-beta is produced from the
cleavage of amyloid precursor protein (APP) and aggregates to form insoluble plaques in the extracellular
space. These plaques disrupt communication between neurons, trigger inflammatory responses, and are
thought to contribute to neurotoxicity.

2. Tau Neurofibrillary Tangles

The tau hypothesis focuses on the role of hyperphosphorylated tau proteins, which accumulate inside
neurons and form neurofibrillary tangles. Tau normally stabilizes microtubules, which are essential for
maintaining the structural integrity of neurons and facilitating the transport of nutrients and signals. In
Alzheimer’s disease, abnormal tau protein becomes hyperphosphorylated, leading to the breakdown of
microtubules, neuronal dysfunction, and cell death.

3. Neuroinflammation

Chronic neuroinflammation plays a significant role in the progression of Alzheimer’s disease. Activated
microglia and astrocytes, which are normally responsible for maintaining brain homeostasis, become
overactive in the presence of amyloid plaques and tau tangles. This chronic inflammatory response
exacerbates neuronal damage and accelerates cognitive decline.

4. Synaptic Dysfunction and Neurodegeneration

The loss of synaptic connections is a hallmark of Alzheimer’s disease and correlates strongly with
cognitive decline. Synaptic dysfunction is driven by a combination of amyloid toxicity, tau pathology, and
neuroinflammation. As neurons degenerate and brain regions such as the hippocampus and cortex
atrophy, patients experience worsening memory loss, impaired judgment, and difficulty with language
and daily tasks.

I Early Detection of Cognitive Impairment and Alzheimer's Disease [13-15]

Early detection of Alzheimer’s disease is critical for implementing timely interventions that can slow disease
progression. The transition from normal aging to mild cognitive impairment (MCI) and then to Alzheimer’s
disease presents an opportunity to identify individuals at risk before significant neurodegeneration occurs.

1. Clinical Assessment and Cognitive Screening
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The first step in early detection involves clinical evaluation and cognitive screening. Several standardized
cognitive tests are used to assess memory, executive function, attention, and language abilities. These tools can
help differentiate normal aging from mild cognitive impairment (MCI) and early Alzheimer’s disease.

e Mini-Mental State Examination (MMSE): One of the most commonly used cognitive screening
tools, the MMSE assesses various cognitive domains, including orientation, recall, attention,
calculation, and language.

e Montreal Cognitive Assessment (MoCA): The MoCA is a more sensitive test for detecting early
cognitive impairment, particularly in individuals with high baseline cognitive function. It evaluates
memory, visuospatial ability, executive function, and language.

e Clock Drawing Test: A simple test that requires patients to draw a clock and set the time, which can
help assess executive function and visuospatial abilities. It is often used in conjunction with other
cognitive tests.

While these tests are useful for identifying cognitive impairment, they cannot definitively diagnose Alzheimer’s
disease. Further diagnostic tools, such as imaging and biomarkers, are necessary for more accurate diagnosis.

2. Neuroimaging Techniques
Advances in neuroimaging have revolutionized the early detection of Alzheimer’s disease, allowing for
visualization of brain structures, amyloid deposition, and metabolic activity.

Magnetic Resonance Imaging (MRI)

MRI is commonly used to assess brain atrophy, particularly in the hippocampus and medial temporal lobes,
which are areas affected early in Alzheimer’s disease. Structural MRI can detect volume loss and cortical
thinning, which correlate with disease progression. More advanced techniques, such as diffusion tensor imaging
(DTI), can assess white matter integrity and connectivity between brain regions.

Positron Emission Tomography (PET)

PET imaging allows for the detection of amyloid plaques and tau tangles in the brain, providing a more direct
measure of Alzheimer’s pathology. Amyloid PET scans use radiotracers (e.g., florbetapir) that bind to amyloid
plaques, allowing for visualization of amyloid deposition. Tau PET imaging is a newer technique that detects
tau protein accumulation and provides valuable insights into the progression of neurofibrillary pathology.

Functional MRI (fMRI)

Functional MRI measures changes in blood flow and neural activity in response to cognitive tasks. fMRI can
identify alterations in brain connectivity and network dysfunction in individuals with mild cognitive
impairment, even before the onset of clinical symptoms.

3. Cerebrospinal Fluid (CSF) and Blood Biomarkers
Cerebrospinal fluid (CSF) biomarkers have been instrumental in the early diagnosis of Alzheimer’s disease, as
they reflect the underlying pathology of the disease.
e Amyloid-Beta (AB42): Decreased levels of amyloid-beta 42 in the CSF are a hallmark of Alzheimer’s
disease, as amyloid-beta is sequestered into plaques in the brain.
e Tau Protein: Elevated levels of total tau (t-tau) and phosphorylated tau (p-tau) in the CSF indicate
neuronal injury and tau pathology, respectively.
In recent years, significant progress has been made in the development of blood-based biomarkers for
Alzheimer’s disease. Blood tests that measure amyloid-beta, tau, and other neurodegenerative markers offer a
less invasive and more accessible approach to early detection.

I Novel Interventions for Alzheimer’s Disease [16-18]

Early intervention in Alzheimer’s disease is critical for slowing disease progression and preserving
cognitive function. Recent advancements in pharmacological and non-pharmacological therapies have
opened new avenues for treatment.

1. Pharmacological Therapies

Cholinesterase Inhibitors

Cholinesterase inhibitors (e.g., donepezil, rivastigmine, galantamine) are the mainstay of treatment for
mild to moderate Alzheimer’s disease. These drugs work by inhibiting the enzyme acetylcholinesterase,
which breaks down acetylcholine, a neurotransmitter important for memory and learning. By increasing
acetylcholine levels in the brain, cholinesterase inhibitors can improve cognitive function and delay
symptom progression.
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NMDA Receptor Antagonists

Memantine is an NMDA receptor antagonist that is used in moderate to severe Alzheimer’s disease. It
works by modulating glutamate, a neurotransmitter involved in learning and memory. Excessive
glutamate activity can lead to neuronal excitotoxicity and cell death, and memantine helps to prevent this.

Anti-Amyloid Therapies

Recent advances in the development of disease-modifying therapies have focused on targeting amyloid-
beta, with the goal of reducing amyloid plaques and slowing disease progression. Several monoclonal
antibodies targeting amyloid-beta have been developed, with varying degrees of success.

e Aducanumab: In 2021, aducanumab became the first anti-amyloid therapy to receive approval
for Alzheimer’s disease. Aducanumab is a monoclonal antibody that targets amyloid plaques,
reducing their accumulation in the brain. However, its clinical efficacy has been debated, and its
use has been controversial due to mixed trial results.

e Lecanemab and Donanemab: Other amyloid-targeting antibodies, such as lecanemab and
donanemab, are currently in clinical trials and have shown promise in reducing amyloid plaques
and slowing cognitive decline.

Anti-Tau Therapies

As tau pathology plays a key role in Alzheimer’s disease progression, efforts to develop tau-targeting
therapies are ongoing. These include monoclonal antibodies that target hyperphosphorylated tau and
prevent the formation of neurofibrillary tangles.

2. Lifestyle Interventions
Non-pharmacological interventions, particularly lifestyle modifications, play an essential role in reducing
the risk of cognitive decline and promoting brain health.

Physical Exercise
Physical exercise is one of the most well-established lifestyle interventions for reducing the risk of
Alzheimer’s disease. Regular aerobic exercise has been shown to improve cognitive function, increase
hippocampal volume, and promote neuroplasticity. Exercise also reduces inflammation, enhances
cardiovascular health, and improves insulin sensitivity, all of which are protective against
neurodegeneration.

Cognitive Training

Cognitive training and mental stimulation can help preserve cognitive function in aging individuals.
Activities such as puzzles, memory games, and learning new skills may enhance cognitive reserve and
delay the onset of Alzheimer’s disease. Structured cognitive training programs have been shown to
improve attention, memory, and executive function in individuals with mild cognitive impairment.

Dietary Approaches

The Mediterranean diet, which is rich in fruits, vegetables, whole grains, fish, and healthy fats (such as
olive oil), has been associated with a reduced risk of Alzheimer’s disease. The diet is thought to provide
neuroprotective benefits through its anti-inflammatory and antioxidant properties. In addition, the MIND
diet (Mediterranean-DASH Diet Intervention for Neurodegenerative Delay), a hybrid of the
Mediterranean and DASH diets, has been specifically designed to promote brain health and reduce
cognitive decline.

Social Engagement

Social interaction and engagement in meaningful activities are associated with a reduced risk of cognitive
decline. Social isolation has been identified as a risk factor for Alzheimer’s disease, and maintaining
strong social connections can support cognitive health and emotional well-being.

3. Emerging Therapies and Future Directions

Gene Therapy

Gene therapy holds potential as a future treatment for Alzheimer’s disease, particularly in individuals
with familial Alzheimer’s caused by genetic mutations. Gene-editing technologies such as CRISPR may
allow for the correction of genetic defects that contribute to the development of amyloid plaques and tau
tangles.
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Neuroprotective Agents

Several neuroprotective agents are currently under investigation for their potential to protect neurons
from damage and prevent cognitive decline. These include drugs that target oxidative stress,
inflammation, and mitochondrial dysfunction.

Stem Cell Therapy

Stem cell therapy is an emerging field that may offer new possibilities for regenerating damaged brain
tissue and restoring cognitive function. While still in early stages of research, stem cell-based therapies
aim to replace lost neurons, promote synaptic repair, and reduce neuroinflammation.

J conCLUSION

Cognitive impairment in aging and Alzheimer’s disease represents a growing public health challenge, but
advancements in early detection and intervention offer hope for slowing disease progression and
improving quality of life. Early diagnosis through clinical assessment, neuroimaging, and biomarkers is
critical for identifying individuals at risk before significant neurodegeneration occurs.Novel
pharmacological therapies, particularly those targeting amyloid-beta and tau, are paving the way for
disease-modifying treatments, while lifestyle interventions such as exercise, cognitive training, and
dietary modifications play an essential role in maintaining brain health. As research continues to evolve,
emerging therapies such as gene editing, stem cell therapy, and neuroprotective agents hold promise for
the future of Alzheimer’s disease treatment. By combining early detection with a comprehensive
approach to intervention, healthcare professionals can help mitigate the impact of Alzheimer’s disease
and improve outcomes for individuals at risk of cognitive decline.

| REFERENCES

1. World Health Organization et al; "Dementia" 1.1 (2023) Ppl-2, Available from:
https://www.who.int/news-room/fact-sheets/detail/dementia

2. Alzheimer's Association et al; "2023 Alzheimer's Disease Facts and Figures" 1.1
(2023) Pp1-2, Available from: https://www.alz.org/alzheimers-dementia/facts-figures

3. Montine et al; "Cognitive Impairment in Older Adults and Therapeutic Strategies"
73.1 (2021) Pp152-162, doi https://doi.org/10.1124/pharmrev.120.000027

4. Morris et al; "Mild Cognitive Impairment Represents Early-Stage Alzheimer Disease"
58.3 (2001) Pp397-405, doi https://doi.org/10.1001/archneur.58.3.397

5. Kelley et al; "Alzheimer's Disease and Mild Cognitive Impairment" 25.3 (2007)
Pp577-609, doi https://doi.org/10.1016/j.ncl.2007.03.006

6. Alzheimer's Association et al; "What is Alzheimer's?" 1.1 (2023) Ppl1-2, Available
from: https://www.alz.org/alzheimers-dementia/what-is-alzheimers

7. Qiu et al; "Epidemiology of Alzheimer's Disease: Occurrence, Determinants, and
Strategies Toward Intervention" 11.2 (2009) Ppl11-128, doi
https://doi.org/10.31887/DCNS.2009.11.2/cqiu

8. Mayeux et al; "Epidemiology of Alzheimer Disease" 2.8 (2012) Ppa006239, doi
https://doi.org/10.1101/cshperspect.a006239

9. Suchy-Dicey et al; "Epidemiology and Prevalence of Dementia and Alzheimer's
Disease in American Indians: Data from the Strong Heart Study" 20.1 (2024) Pp4174-
4184, doi https://doi.org/10.1002/alz.13807

10. Chen et al; "Tau and Neuroinflammation in Alzheimer’s Disease: Interplay
Mechanisms  and  Clinical  Translation"  20.1  (2023)  Ppl65, doi
https://doi.org/10.1186/s12974-023-02833-6

11. Murphy et al; "Alzheimer's Disease and the Amyloid-Beta Peptide" 19.1 (2010)
Pp311-323, doi https://doi.org/10.3233/JAD-2010-1221

12. Sehar et al; "Amyloid Beta in Aging and Alzheimer’s Disease" 23.21 (2022)
Pp12924, doi https://doi.org/10.3390/ijms232112924

47



https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.alz.org/alzheimers-dementia/facts-figures
https://doi.org/10.1124/pharmrev.120.000027
https://doi.org/10.1001/archneur.58.3.397
https://doi.org/10.1016/j.ncl.2007.03.006
https://www.alz.org/alzheimers-dementia/what-is-alzheimers
https://doi.org/10.31887/DCNS.2009.11.2/cqiu
https://doi.org/10.1101/cshperspect.a006239
https://doi.org/10.1002/alz.13807
https://doi.org/10.1186/s12974-023-02833-6
https://doi.org/10.3233/JAD-2010-1221
https://doi.org/10.3390/ijms232112924

Cognitive Impairment in Aging: Strategies for Early Detection
and Intervention in Alzheimer’s Disease

13.

14.

15.

16.

17.

18.

Porsteinsson et al; "Diagnosis of Early Alzheimer’s Disease: Clinical Practice in
2021" 8.1 (2021) Pp371-386, doi https://doi.org/10.14283/jpad.2021.23

Liss et al; "Practical Recommendations for Timely, Accurate Diagnosis of
Symptomatic Alzheimer's Disease (MCI and Dementia) in Primary Care: A Review
and Synthesis" 290.2 (2021) Pp310-334, doi https://doi.org/10.1111/joim.13293

Zhao et al; "Advances in Diagnosing Mild Cognitive Impairment and Alzheimer's
Disease Using 11C-PIB-PET/CT and Common Neuropsychological Tests" 17.1
(2023) Pp1216215, doi https://doi.org/10.3389/fnins.2023.1216215

Yiannopoulou et al; "Current and Future Treatments in Alzheimer Disease: An
Update" 12.1 (2020) Pp1179573520907397, doi
https://doi.org/10.1177/1179573520907397

Khan et al; "Recent Advancements in Pathogenesis, Diagnostics and Treatment of
Alzheimer's Disecase" 18.11 (2020) Pp1106-1125, doi
https://doi.org/10.2174/1570159X18666200511161512

Li et al; "Advances in Therapeutics to Alleviate Cognitive Decline and
Neuropsychiatric Symptoms of Alzheimer’s Disease" 25.10 (2024) Pp5169, doi
https://doi.org/10.3390/ijms25105169

48


https://doi.org/10.14283/jpad.2021.23
https://doi.org/10.1111/joim.13293
https://doi.org/10.3389/fnins.2023.1216215
https://doi.org/10.1177/1179573520907397
https://doi.org/10.2174/1570159X18666200511161512

