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Clinically relevant variables
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Individual 
deviations

Clustering

Autism ‘biotypes’
Participant-level expression profiles 

Matrix Factorization 

=

Low riskHigh risk

Individualised risk scores

Extreme value statistics

Zabihi et al 2020; Holz et al 2022; Fraza et al (2022)
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Modelling non-Gaussianity

Volume of white matter hypointensities

Fraza et al 2021
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N = 60,000 
individuals
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Rutherford et al 2023; Remiszewski et al 2023

Only normative deviations were associated with treatment response

Accuracy = 87% Accuracy = 43%

Predicts schizophrenia diagnosis more accurately than the raw data 



Kia et al 2020, 2021, Berthet et al 2024
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Modelling longitudinal change
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Sensitive detection of longitudinal change

Cole et al 2012
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Fraza et al (2023)

The science of extremes
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The science of extremes

https://vimeo.com/109872288

https://vimeo.com/109872288
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The science of extremes



Fraza et al (2022)

Tail pairwise dependency
Matrix (TPDM)

Extreme PCA (IDPs)

Covariance PCA (IDPs)

The science of extremes

“Extreme PCA”



Deletion 
(1q21.1)

Fraza et al (2024)

Imaging genetics at N=1



Deletion 
(1q21.1)

Fraza et al (2024)

Imaging genetics at N=1



Deletion 
(1q21.1)

Fraza et al 2024

Imaging genetics at N=1



Overview

Parsing structured variation using 
normative models

From group effects to individual predictions

Combining multimodal data for an integrated perspective



Sensitive periods for mental healthEffects of urbanicity on the brain

Xu et al 2022



Traffic
Air pollution
Sound pollution
Greenspace and coastal proximity
Deprivation (IMD score)
Building class
Terrain
Destination accessibilty 
Greenness
Land use density
Street network accessibilty 

Xu et al 2023
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Cohen et al 2023

An
om

al
y 

de
te

ct
io

n 
sc

or
e

Time (days)

Monitoring behaviour



Leaning et al 2025
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Leaning et al 2025

Monitoring behaviour
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Leaning et al 2025b
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Summary

Normative models are promising to 
parse variation in big data cohorts

Psychopathology can be reconceptualized as 
extreme deviations for inference at N=1

An integrated perspective is essential to make progress
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