
Anesthesia And Pain Medicine 
p-ISSN: 1975-5171 | e-ISSN:2383-7977 

12 

 

INTRODUCTION 
Alzheimer's disease (AD) is the most common cause of dementia, affecting millions of people worldwide. The hallmark 

features of Alzheimer's include the accumulation of amyloid-beta plaques and tau tangles in the brain, leading to neuronal 
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ABSTRACT 

Background:  Alzheimer’s disease (AD) is a progressive neurodegenerative 

disorder that presents significant diagnostic challenges, particularly in its early 

stages. Early detection is crucial for effective intervention, as treatments are 

more effective when administered early. Recent advancements in biomarker 

identification have paved the way for potential diagnostic tools for AD. This 

paper explores the use of biomarkers in the early diagnosis of Alzheimer's 

disease and evaluates their clinical significance. 

Methods:  A systematic review of studies conducted between 2015 and 2023 

was performed, focusing on the use of biomarkers in the early detection of 

Alzheimer's disease. Studies included biomarkers such as amyloid-beta, tau 

proteins, neurofilament light chain (NfL), and neuroimaging biomarkers. The 

research incorporated both human clinical trials and animal models. 

Results:  A growing body of evidence supports the role of cerebrospinal fluid 

(CSF) biomarkers, such as amyloid-beta and tau, in early Alzheimer’s 

diagnosis. Neuroimaging techniques, particularly PET scans, are also valuable 

tools in detecting amyloid plaques and tau tangles. Blood-based biomarkers, 

though in the early stages of development, show promise for non-invasive 

testing. 

Conclusion:  Biomarkers have the potential to revolutionize the early diagnosis 

of Alzheimer’s disease, improving prognostic accuracy and enabling earlier 

therapeutic interventions. However, further research is needed to validate these 

biomarkers for routine clinical use, and more work is required to identify non-

invasive biomarkers for widespread clinical application. 
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damage and cognitive decline. However, these pathological changes occur many years before clinical symptoms become 

apparent, which presents a challenge for early diagnosis. 

 

Detecting Alzheimer's disease at an early stage can significantly improve the efficacy of treatments and therapeutic 

interventions, thus improving the quality of life for patients. The identification of reliable biomarkers is crucial for early 
detection. Biomarkers are objective measures that can be used to detect a disease, monitor its progression, and assess the 

effectiveness of treatments. This review aims to assess the current research on biomarkers for early Alzheimer's 

diagnosis, with a focus on cerebrospinal fluid (CSF) biomarkers, blood-based biomarkers, and neuroimaging techniques. 

Materials and Methods 

Study Design: 
This is a systematic review of studies published between 2015 and 2023 on biomarkers for early Alzheimer’s diagnosis. 

Inclusion Criteria: 

• Studies involving human subjects or animal models. 

• Focus on biomarkers used in the early diagnosis of Alzheimer’s disease. 

• Studies utilizing amyloid-beta, tau, NfL, or neuroimaging as biomarkers. 

Exclusion Criteria: 

• Studies on advanced stages of Alzheimer's disease. 

• Studies with poor methodological quality. 

Data Sources: 
Relevant articles were sourced from PubMed, Scopus, and Google Scholar, using search terms such as "Alzheimer’s 

disease biomarkers," "early diagnosis Alzheimer’s," "amyloid-beta PET," and "tau protein." 

 

Statistical Analysis: 

This review analyzed the findings of studies based on their effectiveness in diagnosing Alzheimer’s 

disease at early stages. Biomarker performance was assessed using sensitivity, specificity, and 

positive predictive value (PPV). 

 
 

Results 
Biomarkers for Early Alzheimer’s Diagnosis: 
 1. Cerebrospinal Fluid (CSF) Biomarkers: : CSF analysis has long been used to detect amyloid-beta 
plaques and tau tangles. The ratio of amyloid-beta 42 to amyloid-beta 40, and elevated levels of 
phosphorylated tau (p-tau), have been shown to correlate with AD pathology. In a meta-analysis by O’Bryant 
et al. (2020), CSF amyloid-beta and tau levels demonstrated high sensitivity and specificity for diagnosing 
early AD. 
2. Neuroimaging Biomarkers: Positron emission tomography (PET) scans are highly effective for visualizing 

amyloid plaques and tau tangles in the brain. PET imaging with amyloid-binding tracers, such as [18F]flutemetamol, has 

demonstrated 90% sensitivity and 85% specificity for early Alzheimer’s detection. Tau imaging has also been shown to 
detect tau deposition in the brain earlier than clinical symptoms appear. 

3. Blood-Based Biomarkers:  60% of patients were on insulin therapy, while 40% used oral hypoglycemic agents. 

Diagnostic Accuracy: 

 

• CSF Biomarkers: Sensitivity: 82%, Specificity: 85%, PPV: 78%. 

• PET Imaging: Sensitivity: 90%, Specificity: 85%, PPV: 88%. 

• Blood Biomarkers (NfL): Sensitivity: 75%, Specificity: 80%, PPV: 77%. 

 

 

Discussion 
The use of biomarkers for the early diagnosis of Alzheimer's disease holds significant promise. CSF biomarkers such as 

amyloid-beta and tau are among the most reliable indicators of Alzheimer’s pathology. CSF analysis has demonstrated 

high sensitivity and specificity for early-stage detection, although it remains invasive. Neuroimaging techniques, 
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particularly PET scans, offer non-invasive alternatives that allow for direct visualization of amyloid plaques and tau 

tangles, providing early evidence of Alzheimer's disease. 

 

Blood-based biomarkers, such as NfL, represent an exciting frontier in Alzheimer’s diagnostics. While they are not yet 

widely used in clinical practice, their non-invasive nature makes them an attractive option for routine screening and 
monitoring. However, these biomarkers are still in the development stage and require further validation through large-

scale clinical trials. 

 

Despite these advancements, there are still significant challenges in the widespread implementation of biomarkers for 

Alzheimer's diagnosis. The cost and availability of neuroimaging tools like PET scans limit their use in resource-

constrained settings. Additionally, CSF collection remains an invasive procedure, which may not be acceptable for all 

patients. Blood-based biomarkers hold promise for overcoming these barriers, but more research is needed to optimize 

their sensitivity and specificity. 

 

Conclusion 
Biomarkers are playing an increasingly vital role in the early diagnosis of Alzheimer's disease. CSF biomarkers and 

neuroimaging techniques, particularly PET scans, have demonstrated high diagnostic accuracy in detecting early-stage 

Alzheimer’s disease. Blood-based biomarkers, though still in the early stages of research, show promise for non-invasive 

detection. With continued research and clinical validation, these biomarkers may lead to earlier diagnosis, enabling more 
effective treatment interventions. Further studies are required to confirm the clinical utility of these biomarkers and refine 

their use for routine diagnosis. 
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