
FR-CCA: Fair Multimodal Representation Learning for Equitable 
Alzheimer’s Disease Diagnosis

1. Introduction

● Canonical Correlation Analysis (CCA) is widely used for multimodal 
data analysis but lacks fairness considerations

● Traditional CCA can amplify societal biases related to sensitive 
attributes (sex, race, age)

● Previous fair CCA methods focus only on correlation analysis, ignoring 
downstream classification tasks
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Problem Statement:

● Novel Fair Representation CCA (FR-CCA) that ensures independence 
between learned representations and sensitive attributes

● Jointly optimizes for both fairness and classification performance
● Maintains high correlation while improving fairness in subsequent tasks

Our Contribution:

2. Illustrations

● Step 1: Project data onto nullspace orthogonal to sensitive attributes
● Step 2: Apply standard CCA on projected data
● Step 3: Train fair classifiers on resulting representations

FR-CCA Framework:

● Enforces statistical independence: U^T X^T ẑ = 0, V^T Y^T ẑ = 0
● Where ẑ is the centered sensitive attribute vector

Key Innovation:

Algorithm Overview:

Optimization Problem:

4. Experimental Setup3. Methods
Dataset: 

● Synthetic Data: 500 samples, 55+60 features, simulated sex bias
● ADNI Real Data: 375 subjects (182M, 193F)

○ MRI: 66 cortical thickness features
○ AV1451 PET: 68 tau accumulation features
○ Labels: CN (224), MCI (121), AD (30)

Baselines: 
● Standard CCA
● Single-objective Fair CCA (SF-CCA)
● Multi-objective Fair CCA (MF-CCA)
● Standard SVM

Fairness Metrics: 
● Demographic Parity Gap (DPG)
● Equalized Odds Gap (EOG)
● Group Sufficiency Gap (GSG)

5. Results

Key Findings: 
● FR-CCA achieves best fairness across all metrics (lowest DPG, EOG, GSG)
● Maintains competitive accuracy while significantly improving fairness
● Consistent performance across both synthetic and real datasets

Key Brain Regions (MRI): 
● Entorhinal cortex, temporal regions
● Memory and language processing areas

Key Brain Regions (AV1451):
● Postcentral gyrus, temporal pole
● Sensory processing and emotional 

regulation areas
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