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Traditional Brain 
scan (i.e. CT, 

MRI)

Alzheimer's Disease (AD) is associated with 
pathological changes in the brain that result from 

neurodegeneration and vascular disease processes

Difficult to identify early AD 

Sensitivity and specificity 
are relatively LOW

Amyloid- and  
Tau-PET scan Expensive 

Invasive 
Not widely availableCerebrospinal fluid

(CSF) analysis via 
lumber puncture

Early diagnosis and early intervention for AD are considered important mechanisms 
to delay progression of disease for managing the worldwide impact of dementia. 

Biomarkers of amyloid-β & pathologic tau 

Olsson B, et al. CSF and blood biomarkers 
for the diagnosis of Alzheimer's disease: a 
systematic review and meta-analysis. Lancet 
Neurol 2016;15:673-84.



Retinal vasculature can be imaged, measured and 
monitored over time....

....provide early “signals” of microvascular 
pathways and end-organ damage (e.g. brain)
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Ocular Imaging
Optical Coherence Tomography (OCT)Fundus photography Slit-lamp photography
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Retinal fundus photography



D) Late stage of AMD 

Diabetic retinopathy (DR) 

Glaucoma

Diabetic macular edema (DME)



Changes in the retinal vasculature are source 
of potential biomarkers for AD

Fractal Dimension TortuosityCaliber



Retinopathy signs are associated with 
prevalent dementia and prevalent Alzheimer's disease



ADControl

…AD have narrower, sparser & more tortuous vessels…



 ORs for presence of ≥2CMB  ORs for increase in CMB number 

Retinal Parameter 
Model I‡ 

OR (95% CI) 
Model II§ 

OR (95% CI) 
 Model I‡ 

RR (95% CI) 
Model II§ 

RR (95% CI) 
 
Caliber, per SD 

     

Arteriolar 2.17 (1.04-4.51) 2.07 (0.98-4.38)  1.48 (1.01-2.17) 1.42 (0.98-2.05) 
Venular 2.40 (1.20-4.77) 2.23 (1.09-4.56)  1.39 (1.00-1.93) 1.31 (0.93-1.84) 
 
Fractal dimension, per SD 

    

Arteriolar  1.84 (1.22-2.78) 1.79 (1.17-2.73)  1.39 (1.08-1.80) 1.37 (1.06-1.78) 
Venular  1.22 (0.82-1.83) 1.24 (0.82-1.88)  1.15 (0.91-1.45) 1.15 (0.91-1.46) 
 
Tortuosity, per SD 

     

Arteriolar  1.17 (0.80-1.38) 1.29 (0.87-1.93)  1.25 (1.01-1.55) 1.29 (1.03-1.61) 
Venular 
  

0.96 (0.64-1.45) 0.96 (0.64-1.44)  0.99 (0.76-1.29) 0.98 (0.76-1.27) 

 

…patients with CMB and AD have narrower, 
sparser & more tortuous vessels… Cerebral microbleeds

(CMB): preclinical 
MRI imaging markers 
of cognitive decline 

in AD



Patients with AD have reduced retinal vascular 
density & enlarged FAZ (capillary dropout in fovea)



New Retinal Imaging Technologies & AD
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Optical Coherence Tomography (OCT)

macula

RGC axon
RGC cell bodies
RGC dendrites



Meta-analysis: RNFL thinning in AD

(Chan V et al. Ophthalmology 2018)



Meta-analysis: GC-IPL thinning in AD

(Chan V et al. Ophthalmology 2018)



RNFL thinning is associated with 
future cognitive decline 



RNFL thinning is associated with 
development of dementia



AD has a unique “Retinal Fingerprint” 
that can be detected by retinal imaging 

So is retinal Imaging a viable biomarker of AD?



• A biomarker is defined as an objective substance, characteristic, or other 
parameter of a biological process that enables the assessment of a 
disease risk or prognosis and provides guidance for diagnosis or monitoring 
of treatment. 

• Biomarkers may aid in risk profiling to identify those at greatest risk, 
detection of pathology at the earliest possible stage, and by providing end 
points for trials that identify benefit earlier in the natural history of the 
disease, thus accelerating the development of new treatments. 

• For example, measures of amyloid-β and tau pathology using PET or CSF 
are biomarkers of AD

Biomarker

Yassine, H. N. Targeting prodromal Alzheimer's disease: too late for prevention? Lancet Neurol 16, 946-947, (2017).
Livingston, G. et al. Dementia prevention, intervention, and care. Lancet 390, 2673-2734, (2017).



• Current retinal measures not specific to AD. 
– Associated with aging, vascular, neurological and systemic diseases 

• Strength of the associations relatively modest. 
– Missing some ‘”retinal features”, not fully represented by currently defined 

parameters (e.g., retinal vessel caliber, RNFL, GC-IPL). 

• Currently no good ways to incorporate retinal features related to AD, and 
identify who is at “high-risk”

So is retinal Imaging a viable biomarker of AD?

Retinal imaging has not yet to meet the 
requirements to be considered a biomarker



Artificial Intelligence  Machine Learning  Deep Learning

Pic Credit: Linked IN | Machine Learning vs Deep Learning



22



body muscle mass and serum creatinine
Age and sex

CVD mortality
Smoking

CKD and diabetes
CVD risk factors





Cheung CY, Ran AR,  Wang SJ, et al (The 
Lancet Digital Health 2022)
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Extracted
Features

Feature Fusion

No dementia / 
AD-dementia

Prediction

[BN1] Batch 
Normalization

[BN2] Batch 
Normalization

Source
domain

Features

Target
domain

Domain-specific Batch Normalization block

ONH-centred

Macula-centred

ONH-centred

Macula-centred

R
ig

ht
 E

ye
Le

ft 
Ey

e

Convolution layer + normalization

Data flow

Fully-connected layer

Features (in different colours)

Concat

Network 
Backbone



The performance of the deep-learning based model in the internal validation 
and the testing datasets

Accuracy, % Sensitivity, % Specificity, % AUROC
AD-dementia vs. no dementia
Internal validation 83·6% ± 2·5% 93·2% ± 2·2% 82·0% ± 3·1% 0·93 ± 0·01

Testing-1 79·6% ± 15·5% 72·0% ± 19·8% 100·0% ± 0·0% 0·77 ± 0·21

Testing-2 89·3% ± 13·7% 91·7% ± 16·7% 90·0% ± 20·0% 0·73 ± 0·24

Testing-3 85·0% ± 9·1% 93·3% ± 14·9% 93·3% ± 14·9% 0·74 ± 0·16

Testing-4 92·1% ± 11·4% 95·0% ± 11·2% 93·3% ± 14·9% 0·88 ± 0·16

Testing-5 91·7% ± 8·4% 100·0% ± 0·0% 90·9% ± 9·1% 0·91 ± 0·10

Aβ-positive vs. Aβ-negative
Testing-1 80·6% ± 13·4% 75·4% ± 22·5% 92·0% ± 11·5% 0·68 ± 0·24

Testing-2 89·3% ± 13·7% 90·0% ± 20·0% 93·8% ± 12·5% 0·86 ± 0·16

Testing-3 85·4% ± 10·5% 86·7% ± 16·3% 100·0% ± 0·0% 0·80 ± 0·14

Aβ-positive (clinically diagnosed AD-dementia cases only) vs. Aβ-negative (no cognitive impairment controls only)
Testing-1 85·6% ± 10·9% 82·5% ± 23·6% 100·0% ± 0·0% 0·77 ± 0·21

Testing-2 90·8% ± 10·7% 91·7% ± 16·7% 93·8% ± 12·5% 0·85 ± 0·17

Testing-3 85·4% ± 17·2% 79·2% ± 25·0% 100·0% ± 0·0% 0·73 ± 0·21



Retinal imaging with deep learning  stratify AD

High risk for AD

Moderate risk for AD

Low risk for AD

1. Confirmatory 
investigations (e.g. PET 
imaging, cerebrospinal 
fluid) at specialized clinics.
2. Implementation of 
potential preventive 
therapies (e.g. lifestyle 
modifications).
3. Recruitment into clinical 
trials.  

1. Screening tool in community.
2. Opportunistic screening tool in 

eye clinics.
3. Assessment for subjects with 

memory or cognitive symptom 
in general or specialized 
clinics.

Retinal imaging 
analysis using AI

Cheung CY, et al. J Neurol Neurosurg Psychiatry 2021;0:1–12.



Arteriolar 
caliber

Venular
caliber

Original 
photograph

Retinal vessel caliber, measured using SIVA-DLS, 
was associated with incident CVD events





DRL: a learning strategy that 
constructs an “Optimal Policy” 
through trial-and-error to solve 
decision-making problems
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“We believe the development of general-purpose artificial 
intelligence that benefits all of humanity must be carried 
out with a knowledge of and respect for the different 
perspectives and experiences that represent the full 
spectrum of humanity.”

Next  Large Language Models (LLMs) 
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Clinicians: Can we accurately 
identify patients VCI and refer 
cases that need treatment? Can we 
predict the risk of VCI? …just 
install your “software” into our 
computers and “read” the fundus 
photos/OCT

Health payers: Help us 
save money, reduce 
manpower….

Different Perspectives
Computer Scientists: Just 
give us millions of images and 
tell us what is/is not “VCI” 
…we will give you a program 
in a few days



• Recent studies have demonstrated a link between retinal 
measures with dementia and AD.

• AI-deep learning has huge potential to automatically 
interpret retinal images for AD detection.

• Keep learning and being innovative to benefit our patients 
and improve our healthcare system

Take home messages
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