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Retinal Biomarkers of 
Alzheimer’s Disease

1. Develop an understanding of the epidemiology, 
pathology and current diagnostics in Alzheimer’s 
Disease

2. Identify retinal and non-retinal biomarkers of 
Alzheimer’s Disease

3. Explore current and potential imaging techniques for 
the screening and detection of Alzheimer’s Disease

Learning Objectives

•Epidemiology
•Pathology
•Clinical Course
•Genetics
•Diagnosis
•Retinal Biomarkers
•Other Ocular Markers
•Treatment / Future Directions

Agenda Epidemiology
• Prevalence: 36.5 million 

worldwide

• Incidence: 5-7 million per year

• 6th leading cause of death in 
USA

• $215B in 2010

• 13.8 million in USA by 2050

• 15% of population over 65
Source: https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm

(2016 data)

Epidemiology

Source: The United Nations 2017 Interactive Data: Profiles in Ageing

World Population by AgePopulation by Age (%)

Epidemiology
Protective factors

Mediterranean diet
Mentally demanding activities
Walking

Source: Abbott, R. D., et al. 
(2004). Walking and dementia in 
physically capable elderly men. 
Jama, 292(12), 1447–1453
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Epidemiology
Risk factors

Age
Genetics
DM, HTN
Smoking
Obesity
Depression
Cognitive inactivity
Physical inactivity

Source: Xu, W. L., et all. (2009). Uncontrolled diabetes increases the risk of Alzheimer's disease: a population-
based cohort study. Diabetologia, 52(6), 1031–1039

Pathology
Brain structure 
positive features: AB, tau, 
NFT, cerebral amyloid 
angiopathy

negative features: loss of 
neurons, synaptic elements

Time Course
AB, tau deposition first
elevated hippocampal 
activity 
loss of hippocampal volume

Neuropathology
synapse loss
neuronal degeneration

Source: https://qbi.uq.edu.au/dementia/dementia-causes-and-treatment

Pathology

Source: Hane, F. T., et al (2017). Recent Progress in Alzheimer’s Disease Research, Part 1: Pathology. Journal of Alzheimer's Disease, 57(1), 1–28. 

Pathology

Source: Hane, F. T., Lee, B. Y., & Leonenko, Z. (2017). Recent Progress in Alzheimer’s 
Disease Research, Part 1: Pathology. Journal of Alzheimer's Disease, 57(1), 1–28.

Amyloid

Pathology
AB amyloid

Precursor: 
ABPP

Cleavage proteins:
secretases

Amyloid Cascade 
Hypothesis

Source: Hoyer, W., Grönwall, C., the, A. J. P. O., 2008. (n.d.). Stabilization of a β-hairpin in 
monomeric Alzheimer's amyloid-β peptide inhibits amyloid formation. National Acad

Sciences

Pathology

Tau Protein
in axons of neurons
stabilizes microtubules
interacts with AB 

Source: Jouanne, M., Rault, S., & Voisin-Chiret, A.-S. (2017). Tau protein aggregation in Alzheimer's 
disease: An attractive target for the development of novel therapeutic agents. European Journal of 

Medicinal Chemistry, 139, 153–167. 
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Clinical Course
Phases

Source: Hane, F. T., et al (2017). Recent Progress in Alzheimer's Disease Research, Part 3: Diagnosis and 
Treatment. Journal of Alzheimer's Disease

Genetics
Genes
- early -

ABPP
PSEN1
PSEN2

- late -
APOE

Source: Robinson, M., et al. (2017). Recent Progress in Alzheimer’s Disease Research, Part 2: Genetics and Epidemiology. Journal of 
Alzheimer's Disease

Diagnosis

Source: Hane, F. T., et al (2017). Recent Progress in Alzheimer's Disease Research, Part 3: Diagnosis and Treatment. Journal of Alzheimer's Disease

Diagnosis
Cognitive Testing

MMSE source: 
https://www.ihpa.gov.au/sites/d
efault/files/publications/smmse-
tool-v2.pdf

MoCA source 
https://www.mocatest.org/?

Diagnosis
Current biomarkers: CSF AB, CSF tau

Source: Ferreira, D., et al. (2014). Meta-Review of CSF Core Biomarkers in Alzheimerâ€™s Disease: The State-of-
the-Art after the New Revised Diagnostic Criteria. Frontiers in Aging Neuroscience, 6(Suppl. 179), 270. 

Diagnosis
Imaging

amyloid/tau PET, MRI, DTI

Source: Hane, F. T., et al (2017). Recent Progress in Alzheimer's Disease Research, Part 3: Diagnosis and 
Treatment. Journal of Alzheimer's Disease
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Retinal Biomarkers
RNFL and Optic Nerve changes

Source: Hinton, D. R., et al. (1986). Optic-nerve degeneration 
in Alzheimer's disease. The New England Journal of 
Medicine, 315(8), 485–487. 

Source: Berisha, F., et al. (2007). Retinal abnormalities in early Alzheimer's disease. 
Investigative Ophthalmology & Visual Science, 48(5), 2285–2289. 

Retinal Biomarkers
RNFL and Optic Nerve changes

Source: Danesh-Meyer, H. V., et al. (2006). Reduction of optic nerve fibers in patients with 
Alzheimer disease identified by laser imaging. Neurology, 67(10), 1852–1854.

Retinal Biomarkers
RNFL and Optic Nerve changes

Source: Cheung, C. Y.-L., O., et al. (2015). Retinal Ganglion Cell Analysis Using High-Definition 
Optical Coherence Tomography in Patients with Mild Cognitive Impairment and Alzheimer's Disease. 

Journal of Alzheimer's Disease, 45(1), 45–56. 

Retinal Biomarkers
Retina vascular changes

Source: Williams, M. A., McGowan, A. J., Cardwell, C. R., Cheung, C. Y., Craig, D., 
Passmore, P., et al. (2015). Retinal microvascular network attenuation in Alzheimer's 

disease. Alzheimer's & Dementia: Diagnosis, Assessment & Disease Monitoring, 1(2), 
229–235. 

Source: Feke, G. T., Hyman, B. T., Stern, R. A., & 
Pasquale, L. R. (2015). Retinal blood flow in mild 
cognitive impairment and Alzheimer's disease. 

Alzheimer's & Dementia: Diagnosis, Assessment & 
Disease Monitoring, 1(2), 144–151. 

Retinal Biomarkers
Retina vascular changes

Source: Gharbiya, M., et al. (2014). Choroidal thinning as a new finding in Alzheimer's 
disease: evidence from enhanced depth imaging spectral domain optical coherence 

tomography. Journal of Alzheimer's Disease : JAD, 40(4), 907–917. 

AD

Control

Retinal Biomarkers
AB and tau detection

Source: More, S. S., & Vince, R. (2015). Hyperspectral imaging signatures detect 
amyloidopathy in Alzheimer's mouse retina well before onset of cognitive decline. ACS 

Chemical Neuroscience, 6(2), 

control

AD

Brain Tissue

Retina
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Retinal Biomarkers
AB and tau detection

Source:  Koronyo-Hamaoui, M., Koronyo, Y., Ljubimov, A. V., Miller, C. A., Ko, M. K., Black, K. L., 
et al. (2011). Identification of amyloid plaques in retinas from Alzheimer's patients and noninvasive 

in vivo optical imaging of retinal plaques in a mouse model. NeuroImage, 54 Suppl 1, S204–17. 

Other Ocular Markers

Source: Lim, J., et al. (2016). The Eye As a Biomarker for Alzheimer's Disease. Frontiers in 
Neuroscience, 10, 536. 

Other Ocular Markers
Corneal Nerve Imaging
Ocular Fluid
Lens

Deposits
Eye Movements

Saccades
Pupil Responses

ERG

Goldstein, L. E., et al. (2003). Cytosolic beta-amyloid 
deposition and supranuclear cataracts in lenses from 

people with Alzheimer's disease. Lancet (London, 
England), 361(9365), 1258–1265.

Source: Fletcher, W. A., & Sharpe, J. A. (1986). Saccadic eye movement 
dysfunction in Alzheimer's disease. Annals of Neurology, 20(4), 464–

471. 

Treatments
Current: Symptom management

- Donepezil: cholinesterase inhibitor
- Memantine: NMDA receptor antagonist

*not disease modifying

Targets
- Amyloid production
- Immunotherapy

Early detection = early treatment
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