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Overview of today’s session

Introduction – and overview of the UKB imaging data 
Baptiste Couvy-Duchesne

Focus on structural brain MRI (T1w)
Elise Delzant

Connectomes from brain data (structural and functional)
Caio Seguin
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What does your imaging 
assessment visit involve?
The imaging assessment lasts 
around 4-5 hours and involves 
taking imaging scans of your 
internal organs and the 
collection of more information 
about your health and lifestyle, 
along with a small donation of 
blood. 

https://www.ukbiobank.ac.uk/explore-your-
participation/imaging-study-updates 

Repeat imaging – aiming for 
>60,000 individuals re-
imaged

https://www.ukbiobank.ac.uk/explore-your-participation/imaging-study-updates
https://www.ukbiobank.ac.uk/explore-your-participation/imaging-study-updates
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Summary of the Imaging visits

MRI
Brain 
Heart 
Abdominal/body 

Utrasound
carodid

Dual energy X 
ray (DXA)
whole body

Electrocardiogr
am (ECG)
Heart

Retinal optical 
coherence 
tomography *

Refractometry *

* Brought back in repeat imaging 
session



Data types

Imaging derived 
phenotypes - IDPs

Bulk files
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Eye imaging 
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Eye measures – Refractometer 
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Eye measures - Retinal optical coherence tomography 

Age-related macular degeneration (AMD)
Glaucoma
Retinopathy.
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Heart imaging 
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Heart measurements

https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/cardiac_mri_explan.pdf 

https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/cardiac_mri_explan.pdf
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Heart (Chest) MRI

“The cardiovascular magnetic resonance (CMR) scan provides 
detailed assessment of cardiac structure and function 
comprising bright blood anatomic assessment (sagittal, 
coronal, and axial), left and right ventricular cine images (long 
and short axes), myocardial tagging, native T1 mapping, aortic 
flow, and imaging of the thoracic aorta”

A gif of one chest MRI
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“Classification and sub-classification of diseases can be enhanced through combining the diverse phenotypic 
and genotypic data with medical records. The large sample size enables researchers to perform risk stratification 
on well-defined phenotypes to focus on high- and low-risk populations for cardiovascular disease, e.g. those 
with the lowest and highest levels of circulating lipid levels. Additionally, mechanistic pathways between risk 
factors and outcomes can be explored using the genetic, biomarker and imaging data.”
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From INFORMATION LEAFLET for participants

Real-life heart monitoring
Irhythm or
Preventice
device –

Data restricted 
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Body composition
DXA scan
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From INFORMATION LEAFLET for participants

Bones and body composition - DXA

https://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/DXA_explan_doc.pdf 

https://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/DXA_explan_doc.pdf
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Bones and body composition - DXA

https://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/DXA_explan_doc.pdf 

Bone size, mineral content and density
Osteoarthritis
Bone mass 
Fat mass
Lean mass
Fat percentage 

https://biobank.ctsu.ox.ac.uk/crystal/crystal/docs/DXA_explan_doc.pdf


17

Abdominal MRI
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Abdominal (Body) MRI scan

https://biobank.ctsu.ox.ac.uk/crystal/ukb/docs/body_mri_explan.pdf 

https://biobank.ctsu.ox.ac.uk/crystal/ukb/docs/body_mri_explan.pdf
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Kidney

Uppsala University, Sweden
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Liver
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Abdominal composition

https://biobank.ctsu.ox.ac.uk/crystal/ukb
/docs/AMRA_derived_explan_doc.pdf
https://biobank.ctsu.ox.ac.uk/crystal/lab
el.cgi?id=149 

AMRA® Medical AB (Linköping, Sweden)

Calico (Calico Life Sciences LLC, South 
San Francisco, USA) and the University 
of Westminster
https://biobank.ctsu.ox.ac.uk/crystal/lab
el.cgi?id=158 

Volume, fat, and iron in organs and 
tissues

https://biobank.ctsu.ox.ac.uk/crystal/ukb/docs/AMRA_derived_explan_doc.pdf
https://biobank.ctsu.ox.ac.uk/crystal/ukb/docs/AMRA_derived_explan_doc.pdf
https://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=149
https://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=149
https://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=158
https://biobank.ctsu.ox.ac.uk/crystal/label.cgi?id=158
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Carotid ultrasound
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https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/
carult_explan_doc.pdf 

Carotid ultrasound

Left and right measurements 
Manual + automated measurements 
Quality control
Artery intima-media thickness (cIMT) is a 
marker of subclinical atherosclerosis (build-
up of cholesterol plaque in the walls of 
arteries)

https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/carult_explan_doc.pdf
https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/carult_explan_doc.pdf
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Brain MRI
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Brain MRI

Bulk files – raw and processed images
>3,000 IDPs (Imaging Derived Phenotypes)
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Brain MRI – must read

https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/brain_mri.pdf 

https://biobank.ndph.ox.ac.uk/ukb/ukb/docs/brain_mri.pdf
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Brain MRI – defacing & processing 

Non-defaced MRI accessible upon 
request – restricted field
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Structural Brain MRI – T1w, T2-FLAIR, SWI 

Multimodal population brain imaging in the UK Biobank prospective epidemiological study

(g) Manhattan plot (a layout 
common in genetic studies) 
relating all 25 IDPs from the 
T1 data to 1,100 non-brain-
imaging variables extracted 
from the UK Biobank 
database. Effects such as 
age, sex and head size are 
regressed out of all data 
before computing the 
correlations. Here, the 
maximum r2 = 0.045 and the 
minimum r2 = 0.0058. (h) 
Plot relating all 14 T2* IDPs 
to 1,100 non-imaging 
variables. Maximum r2 = 
0.034, minimum r2 = 0.0063. 
Marked Bonferroni and FDR 
multiple comparison 
threshold levels are 
presented as in g.

https://www.nature.com/articles/nn.4393
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Diffusion Brain MRI 

Multimodal population brain imaging in the UK Biobank prospective epidemiological study

(e) Plot relating all 675 
dMRI IDPs (nine distinct 
dMRI modeling outputs 
from tensor and NODDI 
models × 75 tract masks) 
to 1,100 non-imaging 
variables (see Fig. 1g for 
details). Maximum r2 = 
0.057, minimum r2 
(passing Bonferroni) = 
0.0065. Dotted horizontal 
lines (multiple comparison 
thresholds) are described 
in Figure 1g.

https://www.nature.com/articles/nn.4393
https://www.nature.com/articles/nn.4393
https://www.nature.com/articles/nn.4393
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Resting-state fMRI

Multimodal population brain imaging in the UK Biobank prospective epidemiological study

(c) Plot relating the 76 
rfMRI 'node amplitude' 
IDPs to 1,100 non-imaging 
variables (see Fig. 1g for 
details). Maximum r2 = 
0.065, minimum r2 
(passing Bonferroni) = 
0.0059. (d) Plot relating 
the 1,695 rfMRI 
'functional connectivity' 
IDPs to 1,100 non-imaging 
variables. Maximum r2 = 
0.032, minimum r2 = 
0.0059. Dotted horizontal 
lines (multiple comparison 
thresholds) in c and d are 
described in Figure 1g.

https://www.nature.com/articles/nn.4393
https://www.nature.com/articles/nn.4393
https://www.nature.com/articles/nn.4393
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Task fMRI – Emotion processing

Hariri faces/shapes “emotion” task
The participants are presented with blocks 
of trials and asked to decide either which of 
two faces presented on the bottom of the 
screen match the face at the top of the 
screen, or which of two shapes presented 
at the bottom of the screen match the 
shape at the top of the screen. The faces 
have either angry or fearful expressions.

Emotion processing
Visual regions
Face recognition
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Task fMRI – Emotion processing

(e) Plot relating the 16 tfMRI IDPs 
to 1,100 non-imaging variables 
(see Fig. 1g for details). Maximum 
r2 = 0.018, minimum r2 (passing 
Bonferroni) = 0.0062. Dotted 
horizontal lines (multiple 
comparison thresholds) are 
described in Figure 1g.

https://www.nature.com/articles/nn.4393
https://www.nature.com/articles/nn.4393
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GWAS of brain IDPs

2018
3,144 brain IDPs
N=8,428 participants

2021
3,935  brain IDPs
N=39,691 
participants
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Tips about getting 
started with UK 
Biobank images
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Some tips
Check overlap between trait/disease of interest and imaging sessions

Read specific documentation about imaging of interest 

Explore data returned by other research groups  

Are available IDPs enough for the analysis ?

Do you need bulk files ?

If bulk – need resources – e.g. High Performance Cluster, RAP

Imaging expert for processing / analyses

Keep in mind returning data to UK Biobank



36

From IDPs to 
vertex/voxel wise 
analyses



• High dimensional 
• 10M common SNPs
• 1M cortical structure measurements) 

• Complex pattern of correlation (LD / connectome)

37

Starting point
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A unified framework for association and prediction from vertex-wise grey-matter structure, Couvy-Duchesne et al., Human Brain Mapping, 2020
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A unified framework for association and prediction from vertex-
wise grey-matter structure, Couvy-Duchesne et al., Human Brain 
Mapping, 2020

Applications to compare MRI processing
Furtjes et al., Cortex, 2023
Delzant et al., in preparation

N=8,662 UKB participants
M~650,000 brain measurements
168 phenotypes tested

• 58 with significant morphometricity

Morphometricity
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A unified framework for association and prediction from vertex-wise grey-matter structure, Couvy-Duchesne et al., Human Brain Mapping, 2020



41
A unified framework for association and prediction from vertex-wise grey-matter structure, Couvy-Duchesne et al., Human Brain Mapping, 2020



Brain-mapping models

𝐘 = 𝐗𝒊b" + 𝐙𝐜 + 𝐗𝛃 + 𝛆	

𝑿 : Nxp matrix of all standardised vertex-wise measurements,
𝒁 : Nxq of q covariates 
𝒄 ∶	the q fixed effects
𝛃 : vector of joint vertex-trait associations, random effects, allowing 
for p>N, with 𝛃~𝒩 0, 𝐈σ𝛃"

 𝛆 : error term assumed to follow 𝛆~𝒩 0, 𝐈σ𝛆" .
	σ𝛃" and σ𝛆" : the variances of the random effects 𝛃 and 𝛆. 

LMM

𝐘 = 𝐗𝒊𝑏" + 	𝐙𝐜 + 𝛆 GLM

Parsimonious model for mass-univariate vertex-wise analysis  Couvy-Duchesne, et al. J. of Medical Imaging, (2022)

https://www.spiedigitallibrary.org/profile/Baptiste.Couvy-Duchesne-4278219
https://www.spiedigitallibrary.org/journals/journal-of-medical-imaging/volume-9/issue-5


43Thank you

Program for Complex Trait Genomics (PCTG) 
Institute for Molecular Bioscience, the University 
of Queensland

Algorithmes, modèles et méthodes pour les 
images et les signaux du cerveau humain 
(ARAMIS) Paris Brain Institute

To all participants and data collection teams – UKB application 12505

Github/baptisteCD/brainMapR (R-package for brain plots and gifs)
Couvy-Duchesne et al., Human Brain Mapping, 2020
Couvy-Duchesne et al., IEEE 17th ISBI, 2020
Couvy-Duchesne et al., SPIE Medical Imaging, 2021
Couvy-Duchesne et al., JMI, 2022
Furtjes et al,. Cortex, 2023


