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A comparative analysis of causal 
discovery algorithms.

Causal Discovery in 
Alzheimer’s Data
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Data Source
- ADNI Database
- ADNI1, ADNI2/GO
- Dataset summary

Existing Literature
- AD Causal Paper

- Discrepancies in dataset
- Addition of prior knowledge (time ordering)
- Recreating results

- Precision and recall metrics (as defined in the paper and more general definition)
- FCI, FCES, SEM

Performance Analysis of other Algorithms
- gCastle Package
- PC Algorithm, LinGAM, No Tears, ANM Non-Linear, GranDAG,

New Algorithm
- GAE Paper

- Algorithm Details
- Performance analysis
- Addition of background knowledge

Discussion
- Justification for algorithm, and causal discovery more generally

Outline
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Cohort Selection
- Deviance from AD Causal Paper
- Split APOE into 2 variables

Data Source

Missing Variables

Follow Up Visits

ADNI Merged
(N = 15751)

ADNI1 + ADNI2/GO
(N = 12762)

ADNI 3

Removing Missing Data 
(N = 6925)

Unique Patient ID
(N = 1008)
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Data Source
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Variable Analysis

Data Source
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Variable Analysis

Data Source



7

Existing Literature
- AD Causal Paper

- Discrepancies in dataset
- Addition of prior knowledge (time ordering)
- Recreating results

- Precision and recall metrics (as defined 
in the paper and more general 
definition)

- FCI, FGES, SEM
Common Metrics

- Precision = # correct or semi-correct edges / 
number of edges in inferred graph

- Recall = # edges correct or semi-correct/ # number 
of edges in true graph

Background
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Algorithm Types
- Constraint based

- Different causal structures imply different independence and conditional independence relationships.
- e.g. X1→X2→X3 implies X1 is independent of X3 when conditioned on X2, while X1→X2←X3 implies X1 and 

X3 are independent unconditionally.
- Constraint based algorithms construct causal relationships based on repeated conditional independence testing i.e. 

condition over power set of all other variables
- Score based

- General a number of possible causal structures and assign scores to each.
- e.g. FGES uses Bayes Information Score (Penalizing extra parameters)

Properties & Assumptions
- Irreducibility
- Acyclicity
- Distinguishability

Background
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Performance Analysis of other Algorithms
- gCastle Package
- PC Algorithm, LinGAM, No Tears, ANM Non-Linear, GranDAG

Comparison

Algorithm Precision Recall

FCI 0.7500 0.1500

FGES

SEM

PC 0.3750 0.1667

LinGAM 0.3750 0.1765

No Tears 0.3750 0.1304

ANM Non-Linear 0 0

GranDAG 0.3750 0.1200

GAE
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New Algorithm
- GAE Paper

- Algorithm Details
- Performance analysis
- Addition of background knowledge
- Uses a smooth characterisation of the acyclicity constraint
- Reduces to a continuous optimisation of real matrices - “NO TEARS”
- Gradient based approach
- Can apply standard continuous optimisation under constraint algorithms!
- Apply Graph Autoencoder

New Algorithm
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Definition of Causality
- We quantify causality by using the notion of the causal relation introduced by Granger (Wiener 1956; Granger 1969), where a 

signal X is said to Granger-cause Y if the future realizations of Y can be better explained using the past information from X and 
Y rather than Y alone.

- Assumes strict time ordering.

Granger-Causality

Transfer Entropy

Better Measures of Causality
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Transfer Entropy Continued

G-Causality and TE Relationship:
- If all variables are jointly Gaussian, TE is equivalent to G-Causality up to a multiplicative factor.

Better Measures of Causality
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Jiheum’s Simulated Data
- Gaussian synthetic data with same dimensions as ADNI Data and gold standard causal structure.
- N = 20000

Issues
- Differences between G-Causal and Transfer Entropy

Better Measures of Causality
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G-Causality:

Transfer Entropy:
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Discussion
- Justification for algorithm, and causal discovery more generally?
- Compare over variety of synthetic data for performance?
- What to do with our ADNI Dataset?
- Explore limitations of Time Ordering in TE & G-Causality

Next


