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Background

• Retinal manifestations of brain 
disease

• Exemplar: cerebral malaria

• How to understand the brain 
from the retina?

• Relevant to Alzheimer’s

Retinal imaging Malarial retinopathy Severe brain swelling

Amyloid in Alzheimer’s disease (10.1172/jci.insight.93621)
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Analogy applied to retinal biomarkers

• Retina is like the brain
• Analogical inference
• Potential!
• Danger!

• Failure to consider causal structure
Misleading results

• Incorporate structure into analyses
Assumptions are visible and testable
Estimate brain disease and outcome

Assess biomarker validity

Dardashti et al., 2019. Hawking radiation and analogue experiments: A Bayesian analysis. 

Bartha, 2019. Analogy and Analogical Reasoning, in: Zalta, E.N. (Ed.), The Stanford Encyclopedia of Philosophy.



Excluding poor biomarkers

• Getting brain data is hard

• So compare right and left eyes first
• More analogous than retina and brain
• Very easy to get data
• Falsify key assumption before expensive clinical trials

• Γ statistic
• Gamma compares odds of marker in each eye, given disease

• Example: retinal amyloid imaging, n=25
• Γ0 0.46 0.1 to 1.35 (95% CI)
• Γ1 3.29 1 to ∞

 Asymmetry (But underpowered)

• Context: malarial retinopathy, n=214
• Γ0 1.11 0.44 to 3.54
• Γ1 1.17 0.72 to 1.91 Hadoux et al., 2019. Non-invasive in vivo hyperspectral imaging of the retina for potential biomarker use in 

Alzheimer’s disease. Nature Communications 10, 4227. https://doi.org/10.1038/s41467-019-12242-1



Suggestions for better retinal biomarkers

1. Report within-subject data

2. Describe participant selection or stratification

3. Show assumed causal structure with a Directed 
Acyclic Graph

4. Compare biomarker status for each eye, with and 
without causal disease
• e.g. Γ statistic, or Relative Effect*, etc.

5. Report association between eyes, before and after 
controlling for causal disease
• e.g. P(RE│LE) and P(RE│LE,D), or Adjusted Association*

* Buyse M, Molenberghs G. Criteria for the validation of surrogate endpoints in randomized experiments. Biometrics. 1998;54: 1014-1029




