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Viewing the Brain Through Retina: 
A New Avenue for Early Diagnosis 
of Alzheimer’s Disease
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Hareer Fatima1 , Areeba Tufail Shaikh2 and Abdullah Mussarat1

Introduction

Alzheimer’s disease (AD) is a leading cause of dementia, 
affecting 55 million people worldwide.1 The neurodegenerative 
process begins around 60–65 years with the formation of 
amyloid β-protein plaques and neurofibrillary tangles in the 
brain. The disease remains subclinical for decades, during which 
cellular changes occur without noticeable symptoms. Memory 
loss, cognitive decline, confusion, and mood abnormalities 
appear in advanced stages at which point extensive neuronal 
damage has occurred.2 There is an urgent need for early detection 
methods for AD to identify candidates for antidementia 
treatments before significant neuronal damage occurs.3 Early 
detection is crucial for identifying candidates for antidementia 
treatments like Lecanemab, which can delay clinical symptoms 
and slow down disease progression.4

Diagnostic Guidelines and Its Limitations

The National Institute on Aging and Alzheimer’s Association 
recognised the preclinical stage of AD in 2011 and stressed the 
need for intervention during this phase for better treatment 
outcomes. However, current diagnostic methods for the 
preclinical stage are limited. Brain scans, memory, and cognitive 
tests are recommended5 but are applicable only for symptomatic 
AD. Several neuroimaging techniques, blood, and CSF 
biomarkers such as Aβ, pTau, and neurofilament light chains 
have been proposed as early indicators.6 The reliability of these 
biomarkers and neuroimaging techniques in the preclinical 
phase is uncertain. Additionally, their invasiveness and high 
costs, such as lumbar puncture, PET scans, and MRI, make 
them impractical for population-level use. Therefore, there is 
still a critical need for accurate and cost-effective indicators to 
diagnose AD in its non-symptomatic stage.

Main Text

Recent findings linking retinal changes with early-stage AD have 
opened up intriguing possibilities for utilising ophthalmological 
examinations and retinal biomarkers in the early detection of the 
disease. The retina, an extension of the brain, provides a unique 
and accessible window to analyse brain pathology directly, 
offering a cost-effective, and non-invasive approach.7

Research has found significant retinal degeneration, 
neuroretinal thinning, and other structural and functional 
changes in the retina of AD patients.8 The studies revealed 
the occurrence of characteristic AD lesions such as Aβ40, 
Aβ42, and pTau inclusions in the retina, similar to the lesions 
found in the brain of AD patients.9 A study of retinal and 
brain samples from 86 human donors found significantly 
increased levels of Aβ42 in the retinas of patients with Mild 
Cognitive Impairment (MCI), particularly in the entorhinal 
and temporal cortices of the brain; a hub for memory and 
perception. Higher levels of retinal Aβ42 were observed in 
AD dementia patients compared to those with MCI, 
indicating continued accumulation as the disease 
progresses.10 PET scans have demonstrated that the retinal 
amyloid load has a direct quantitative relationship with 
amyloid load in the brain which strongly implies that amyloid 
deposition in the retina and the brain are the results of the 
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same pathological process.11 Disruption of retinal 
microvasculature and accumulation of Aβ40 and Aβ42 in 
capillaries, similar to that in the brain, further supports that 
the brain and retina follow a parallel trajectory in the 
development of AD. These changes were associated with a 
reduction in the retinal vascular platelet-derived growth 
factor receptor-beta and progressive loss of pericytes, which 
are integral components of the blood-retina and blood-brain 
barriers.12 Therefore, assessment of retinal microvasculature 
through ophthalmic investigations like Optical Coherence 
Tomography (OCT) and Retinal amyloid-fluorescence 
imaging can provide valuable information for prompt 
diagnosis of AD. Additionally, astrocytes and muller glial 
cells were found to be hyperreactive in the retina of patients 
with MCI and early-stage AD. These astrocytes and muller 
glial cells expressed high levels of glial fibrillary acidic 
protein and S100β, which are important inflammatory 
markers in the retina of patients with MCI. The 
neuroinflammatory process is a driving factor in the 
pathogenesis of AD, and identifying these inflammatory 
markers can be key to early diagnosis of AD.13

Conclusion

OCT, retinal amyloid-fluorescence imaging, and retinal 
hyperspectral imaging are valuable ophthalmological 
investigations for neurological diagnosis. These widely 
available and non-invasive modalities are suitable for 
population-level use due to their lower cost. However, 
concerns persist among neurologists regarding their accuracy 
in AD diagnosis. Some observed changes in OCT, like retinal 
nerve fibre thinning and vasculopathy, are nonspecific and 
can be found in other retinopathies14 or normal aging. To 
address these discrepancies, more precise and sensitive 
imaging techniques are needed to differentiate AD-related 
retinal changes, quantify pathology, determine the stage, and 
predict prognosis. Expanding research in this field is crucial 
to enable early and optimal treatment, delay dementia onset15 
and empower patients to plan for their future while reducing 
the disease’s financial burden.

Authors’ Contributions

The conceptualisation was done by VZ and AM. The literature 
and drafting of the manuscript were conducted by VZ, AM, 
HSR, ATS, ZM, and HF. The editing and supervision were 
performed by VZ and AM. All authors have read and agreed 
to the final version of the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest concerning the 
research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Zaib Un Nisa Mughal  https://orcid.org/0009-0004-0855-8479 
Abdullah Mussarat  https://orcid.org/0000-0002-5979-5835
Hareer Fatima  https://orcid.org/0009-0002-3823-0349

References

1.  Dementia (no date) World Health Organization. World Health 
Organization. Available at: https://www.who.int/news-room/
fact-sheets/detail/dementia#:~:text=Key%20facts,nearly%20
10%20million%20new%20cases (Accessed: April 1, 2023).

2.  De-Paula VJ, Radanovic M, Diniz BS, et al. Alzheimer’s dis-
ease. Subcell Biochem 2012;65:329–352. doi: 10.1007/978-94-
007-5416-4_14. PMID: 23225010.

3.  Small GW. Early diagnosis of Alzheimer’s disease: Update on 
combining genetic and brain-imaging measures. Dialogues Clin 
Neurosci 2000; 2(3): 241–246. doi: 10.31887/DCNS.2000.2.3/
gsmall. PMID: 22033795.

4.  McDade E, Cummings JL, Dhadda S, et al. Lecanemab in 
patients with early Alzheimer’s disease: Detailed results on 
biomarker, cognitive, and clinical effects from the randomized 
and open-label extension of the phase 2 proof-of-concept study. 
Alzheimers Res Ther 2022; 14(1): 191. doi: 10.1186/s13195-
022-01124-2. PMID: 36544184.

5.  Diagnostic Criteria & Guidelines (no date) Alzheimer’s Disease 
and Dementia. Available at: https://www.alz.org/research/for_
researchers/diagnostic-criteria-guidelines (Accessed: April 1, 
2023).

6.  Earlier diagnosis (no date) Alzheimer’s Disease and Dementia. 
Available at: https://www.alz.org/alzheimers-dementia/research_
progress/earlier-diagnosis (Accessed: April 3, 2023).

7.  Snyder PJ, Alber J, Alt C, et al. Retinal imaging in Alzheimer’s 
and neurodegenerative diseases. Alzheimers Dement 2021; 
17(1): 103–111. doi: 10.1002/alz.12179. PMID: 33090722.

8.  Liao H, Zhu Z, Peng Y. Potential utility of retinal imaging 
for Alzheimer’s disease: a review. Frontiers in aging neuro-
science. Front Aging Neurosci 2018; 10: 188. doi: 10.3389/
fnagi.2018.0018. PMID: 29988470.

9.  Hart de Ruyter FJ, Morrema TH, den Haan J, et al. 
Phosphorylated tau in the retina correlates with tau pathology in 
the brain in Alzheimer’s disease and primary tauopathies. Acta 
Neuropathol 2023; 145(2): 197–218. doi: 10.1007/s00401-022-
02525-1. PMID: 36480077.

10. Koronyo Y, Rentsendorj A, Mirzaei N, et al. Retinal patho-
logical features and proteome signatures of Alzheimer’s dis-
ease. Acta Neuropathol 2023; 145(4): 409–438. doi: 10.1007/
s00401-023-02548-2. PMID: 36773106.

11. Dumitrascu OM, Lyden PD, Torbati T, et al. Sectoral segmen-
tation of retinal amyloid imaging in subjects with cognitive 
decline. Alzheimers Dement (Amst) 2020; 12(1): e12109. doi: 
10.1002/dad2.12109. PMID: 33015311.



Zuhair et al. 221

12. Williams MA, McGowan AJ, Cardwell CR, et al. Retinal 
microvascular network attenuation in Alzheimer’s disease. 
Alzheimers Dement (Amst) 2015; 1(2): 229–235. doi: 10.1016/j.
dadm.2015.04.001. PMID: 26634224

13. Leng F, Edison P. Neuroinflammation and microglial activation in 
Alzheimer disease: Where do we go from here? Nat Rev Neurol 2021; 
17(3): 157–172. doi: 10.1038/s41582-020-00435-y. PMID: 33318676.

14. Ngolab J, Honma P, Rissman RA. Reflections on the utility of 
the retina as a biomarker for Alzheimer’s disease: A literature 
review. Neurol Ther 2019; 8(Suppl 2): 57–72. doi: 10.1007/
s40120-019-00173-4. PMID: 31833024.

15. Gauthier SG. Alzheimer’s disease: The benefits of 
early treatment. Eur J Neurol 2005; 12 Suppl 3: 11–16.  
doi: 10.1111/j.1468-1331.2005.01322.x. PMID: 16144532.


