STUDYING GENERALIZABLE MULTIVARIATE
ASSOCIATIONS IN BIOLOGICAL SCIENCES: BRAIN
STRUCTURE, BEHAVIOR AND PHYSICAL HEALTH

8/05/2025 ELIANA NICOLAISEN-SOBESKY, LEONARD SASSE,

DR. KAUSTUBH R. PATIL & PROF. DR. SARAH GENON " J(jLICH

Forschungszentrum

Member of the Helmholtz Association



MEDICAL NEUROIMAGING

.

@) JULICH
Member of the Helmholtz Association 28 May 2025 Page 2 J Forschungszentrum



MEDICAL NEUROIMAGING: URUGUAY

[psvchopvsiowoey .7 | \yy\ ey

Training: W ORIGINAL ARTICLE
UNIVERSIDAD
. . . ; DE LA REPUBLICA
e Licenciatura en Biologia Humana URUGUAY . . . .
~ Event-related potentials during the ultimatum game in
2 * Maestria en Ciencias Cognitivas people with symptoms of depression and/or social anxiety
&

e Supervisor: PhD. Victoria Gradin

Eliana Nicolaisen-Sobesky™” | Valentina Paz'** | Francisco Cervantes-Constantino’© |

e Co-su pervisor: PhD. Alvaro Cabana Cr:.'ea. re] g I gg ORIGINAL ARTICLE [rsvonormvsmiont 55 vy, ey | Eduar(ll(: Martinez-Montes® |
B. Gradin™

P I'Oje CtS c Event-related potentials of social comparisons in depression
and social anxiety
° Fa CUI tad de PSICO'OC] | a co Valentina Paz'*?© | Eliana Nicolaisen-Sobesky'*© |
Gabriela Fernéindez Theoduloz!?© | Alfonso Pérez® | Journal of Abnormal Psychology
g ) H Francisco Cervantes Constantino' © | Eduardo Martinez-Montes® |
. . . . g BN - p 28 ctoria B. Gradin®
» Major depression, social anxiety, self-esteem : o
Social Avoidance in Depression:
° E Iect roen Cep hal Og ra phy Effect of self-esteem on social interactions during the Ultimatum Game @f"wm A S[Ud}’ Using a Social Dec1s1on-Makmg Task
V. Paz, E. Nicolaisen-Sobesky, E. Collado, S. Horta, C. Rey, M. Rivero, P. Berriolo, M. Diaz, s s g .
a Pére: andez-Theoduloz, A. Cabana, V.B. Gradin” G‘a>br|cla _l‘emgndcz-Theoduloz, Valentina I;’az‘ -~ _ Abre‘lhe}m P B‘uunk o
' iali i e ; — - Eliana Nicolisen-Sobesky, and Alfonso Pérez  Usivesty of Gsingenmnd Nelherads ooy
* Neuroeconomics (social interactions, decision making) s
Rece Revised 12Apr11 2023 | Accepled:27pri Gl 50 Alvaro Cabana and Victoria B. Gradin
. . . , O 10.100: 2400 Develmeenta‘ Psychobiology ﬁ? Universidad de la Repiiblica
e Facultad de Medicina (Dr. Daniel Olazabal) ReseaRen axmicte WILEY —
. : Oxytocin system polymorphisms rs237887 and rs2740210 Neural processing of iterated prisoner’s dilemma outcomes indicates next-round
O POS partu m dep ression ] OthO cine vafriants increase the risk of depression in pregnant women choice and speed to reciprocate cooperation
” with early abuse Francisco Cervantes Constantino(2°, Santiago Garat®, Eliana Nicolaisen-Sobesky™, Valentina Paz®,
1 Eduardo Martinez-M: ®, Domini Kessel (<, Al Cab: ® and Victoria B. Gradin®
° I I B CE D r. An gel Ca putl Olazébal Daniel Ernesto’ © | Bertoni Bernardo® | Grandi Graciela® Musetti Dora* vardo Martinez-Nontes?, Dominique fesse vero tabana (7 and Victoria e
Rey Grazzia® | Sandberg Natalia® Fernindez Lucia’ | Laporte Gabriela® |

e Electroencephalography, cognition o — ' ’ J U L I c H

Member of the Helmholtz Association 28 May 2025 Page 3 Forschungszentrum



MEDICAL NEUROIMAGING: GERMANY
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GENERALIZABILE MULTIVARIATE ASSOCIATIONS

Multivariate associations:

e Canonical Correlation Analysis (CCA)

v
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MULTIVARIATE ASSOCIATIONS IN BIOLOGY

They are everywhere and can obscure interpretation of results
6 6o
? g B
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CANONICAL CORRELATION ANALYSIS (CCA)

To study multivariate associations between two sets of data

INPUTS — CCA E— OUTPUTS
weights scores ]
Brain data: . N Latent Space or Loadings
' e T ' Canonical Correlation (one value per feature,
X u' X (each dot is a subject) indicates how each feature
X u _ is correlated with the latent
LITIT] = 8 dimension)
(,8, ’ Brain loadings:
Behavioral data: -é Txn
W e I corr(X, «"X")
Y % g
X I = Brain scores Behaviour loadings:
1Txm
corr(Y,vY)

Mihalik et al., 2022 Biological Psychiatry: CNNI ' oo
J JULICH
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BRAIN STRUCTURE AND BEHAVIOR

Data and Methods

communications
biology

ARTICLE

A cross-cohort replicable and heritable latent
dimension linking behaviour to multi-featured brain
structure

oy ® ', Agoston Mihalik @ 234, Shahrzad Kharabian-Masouleh® %,
elix Hoffstaedter ', Holger Schwender®, Somayeh Maleki Balajoo® ', Sofie L. Valk'57,
8 Janaina Mouras-Miranda® 23 & Sarah Genon@ 5%

Sample: Human Connectome Project Young Adult (n=1047, 560 females, Age=28.78 £ 3.67) @ CDNNECTOME

X > Brain data (673 features):

e X matrix concatenating:

e Grey matter volume (GMV, 273 regions)
e Cortical thickness (CT, 200 regions)
e Surface area (SA, 200 regions)

Schaefer parcellation

» CCA was combined with Machine Learning

» Age and gender were regressed out from X and Y.

» Brain data was normalised within subjects by brain size
Nicolaisen-Sobesky, ... Genon, 2022 Communications Biology.
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» Behavioural data
(60 features):

* Y matrix with features spanning:

e Cognition
¢ Emotion
¢ Mental health
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BRAIN STRUCTURE AND BEHAVIOR

Results: Behavioral side of the latent dimension

r=0.25-0.41
p =0.005-0.02

Behaviour score

Brain score

Nicolaisen-Sobesky, ...
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» Cognitive performance
» Positive emotions

> Sleep problems
> Negative emotions
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BRAIN STRUCTURE AND BEHAVIOR

Results: Brain side of the latent dimension

a) Cortical Thickness

b) Surface Area
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Cardiometabolic health, cortical thickness, and neurotransmitter
systems: a large-scale multivariate study

BRAIN STRUCTURE VS PHYSICAL HEALTH

Eliana Nicolaisen-Sobesky'*", Somayeh Maleki Balajoo'2, Mostafa Mahdipour!,
Agoston Mihalik*+*, Felix Hoffstaedter', Janaina Mourao-Miranda’*,
Masoud Tahmasian"?*, Simon B. Eickhoff!, Sarah Genon'?*

UK Biobank (n=7370, 3685 females, Age=62.3 £+ 7.6)
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Nicolaisen-Sobesky, ... Genon, 2025 bioRxiv. Under review in PLOS Biology. ' ’ J U L I C H
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GENERALIZABILE MULTIVARIATE ASSOCIATIONS

Generalizability:
e Machine learning

e | eakage

IJ JULICH
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WHAT IS GENERALIZABILITY?

And cross-validation

Sample 1 Sample 2
(the sample we have now and we can analyse) (for instance, from the future, another age range, another country, etc)

Fold 1 Fold 2 Fold 3 Fold 4 Fold 5

IJ JULICH
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WHAT IS GENERALIZABILITY?

And cross-validation

Sample 1
(the sample we have now and we can analyse)

Sample 2
(for instance, from the future, another age range, another country, etc)

Fold 1 Fold 2 Fold 3 Fold 4

Training sample: Pretend to be sample 1

Member of the Helmholtz Association 28 May 2025

Fold 5

Testing sample: Pretend to be sample 2
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THE LATENT DIMENSION REPLICATES ACROSS SAMPLES

With different age ranges
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THE LATENT DIMENSION REPLICATES ACROSS SEXES
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Nicolaisen-Sobesky, ... Genon, 2025 bioRxiv. Under review in PLOS Biology.
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THREAT TO GENERALIZABILITY: LEAKAGE

Family structure Without relatives in sample 1

Sample 1 Sample 2
. . I . ' A B Somms
COORDINATION FACILITY
[} J [ | J
) ' Leakage
Training sample Testing
sample
Sasse, Nicolaisen-Sobesky, ... Patil, 2024 arXiv. Accepted in Journal of Big Data. ' J U L I c H
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TEST-TO-TRAIN LEAKAGE

Fold 1 .
Training data
Dataset N 1) Preprocess | Preprocessed 2) Split (Fold1+Foldz)
o — Dataset E — Fold 2
Features | Features |
o b 3) Define 4) Learn
training and ML model
Fold 3 test data
Test data
(features)
Test data 5) Predict
7) Average (target)
1
| ]
- =\ -
/ ‘ N A
| Error 1y Error |
| Foldl !} Foldz ! 6) Evaluate
~ 7N s
N - N =

Forschungszentrum

Sasse, Nicolaisen-Sobesky, ... Patil, 2024 arXiv. Accepted in Journal of Big Data. ' | J U L I c H
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HOW TO AVOID LEAKAGE

e Ensure strict training-test set separation.

* Ensure that performance metrics are calculated on truly unseen data that has not been used anywhere in the

pipeline previously.

e More recommendations: Sasse, Nicolaisen-Sobesky et al., 2024 arXiv

On Leakage in Machine Learning Pipelines

Hamdan: 8_1.2; Komeyer, V.1'2'6; Kulkarnl’ AT, Lahnakoskl, J.‘].Z; I_O\",el B.C.8'9’10;
Raimondo, F."?; Patil, K.R."?""

Sasse, L.*"2% Nicolaisen-Sobesky, E.*"?; Dukart, J."2; Eickhoff'2, S.B.; Gétz, M.*5;

Sasse, Nicolaisen-Sobesky, ... Patil, 2024 arXiv. Accepted in Journal of Big Data.
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CONCLUSIONS

e Multivariate effects in biology are common and they can be studied with
Canonical Correlation Analysis (CCA). I

e Using CCA we identified latent dimensions linking:

e Brain structure to behavior / “( | l’

e Brain structure to risk factors for non-communicable diseases

e The appropriate use of Machine Learning (ML) pipelines improves

the generalizability of the findings. m . m

e Leakage is a threat.

| encourage researchers to use ML and CCA (combined or not) in biological sciences.

IJ JULICH
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REFLEXIONES

i
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Contactos:
« Conocer investigadores en el Instituto donde trabajo y colaboradores de mis tutores
» Facilita oportunidades

» Canales de ofertas de trabajo (linkedin, etc)

Oportunidad para aprender:
» Técnicas, métodos o tematicas

* Formas de hacer investigacion

Trabajar en el exterior es una experiencia muy linda pero que viene con dificultades.

No pienso que ir al exterior sea necesario para tener una carrera exitosa.

La formacioén en ciencia en Uruguay es muy buena.

La formacion interdisciplinaria que me brindaron la Licenciatura en Biologia Humana y la Maestria en
Ciencias Cognitivas me facilita trabajar en un ambiente interdisciplinario con profesionales de la ingenieria,
medicina, filosofia, psicologia, ciencias de la computacion...
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CONCLUSIONS

e Multivariate effects in biology are common and they can be studied with
Canonical Correlation Analysis (CCA). I

e Using CCA we identified axes latent dimensions linking:

e Brain structure to behavior / “( | 1

e Brain structure to risk factors for non-communicable diseases

e The appropriate use of Machine Learning (ML) pipelines improves

the generalizability of the findings. m . m

e Leakage is a threat.

| encourage researchers to use ML and CCA (combined or not) in biological sciences.
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LEAKAGE

Test-to-train leakage
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Sasse, Nicolaisen-Sobesky, ... Patil, 2024 arXiv. Under review in Journal of Big Data.
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