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Abstract Behavioural Components of the HCP and ABCD Combining fMRI states is just as good as

Several studies have investigated the correlation of structural and functional brain . L . . . = =g =
variations, as captured by brain imaging, to behavioural and demographic variation (e.g. Llera Scores In each dataset under went a principal component analysis and varimax rotation Comblnlng dCross a" mOdalltleS

et al.). However, there have not been many direct comparisons between the ability of these ‘ Cognition Connits ‘ * The best performing single model for each dataset (HCP: fMRI language / ABCD fMRI
variations to predict behavior at an individual level. Furthermore, the ability of these findings to ognition nback) was compared to 2 methods of combining modalities — multiKRR and stacking
generalize across datasets has scarcely been explored. Life dissatisfaction Adolescent Brain > ; o
Here, we compared imaging features derived from structural, diffusion and functional (e.g. Sadness, Human Cognitive .el:.slg.n.a 'ty (ek'g' HCP Prediction Results ABCD Prediction Results
MRI in predicting behavioural scores derived from the Human Connectome Project [HCP] (Van stress, Cor,mecmrcne Development e l't,'(?n tas If 07 T dg  [EEmvesmm - e
Essen et al, 2013) and the Adolescent Brain Cognitive Development study [ABCD] (Volkow et loneliness) [ Project (HCP) (ABCD) impulsivity tasks) .ﬁ B -tacing (all modaities) — B atocking (ol modainies)
.y . . . . . . . 0.6 0.6 - T e
al., 20.18). Addltlonally, we |_nvest|gate whether using a combination of imaging features can . 53 behaviours 36 behaviours Mental Health (e.g. -
result in an improved prediction. Emotional I aggressiveness, rule o5 5 ;
We found that in both datasets, functional MRI outperforms other modalities in the Recognition breaking behavior) S04 5 .
prediction of behaviour, especially in the field of cognition. Furthermore, we find that combining §~ § | .
task and resting state functional MRI gives an increase in prediction accuracy equivalent to * The resulting scores from these components were used as the target variables for prediction g0 % 303 e
combining all features from all modalities. o, . ﬂ R |HH
fMRI gives the best prediction of behaviour ﬁ%ﬁ &
Methods -
HCP PrEdICtlon RESUltS ’ * ° [~ 1 Statistically significant
¢ Stage 1 . Dataset Structural features Diffusion features (TBSS) Mean over each modality Cogr;ition Dissatislfaction Emotiolnal Rec Cogr;ition Perso[nality MentaI[HeaIth
< HCP: n=753; 53.1% male; mean age 28.6 | 07) —rr 3 « Combining information across modalities always improved prediction of cognition
% ABCD: n=1506: 45.6% male; mean age 10.1 N I = 0.7 - — *Al rdn_otdac:'t'es « Combining information from resting and task fMRI had an equivalent or better performance
3 E B functional redicte - s
. Stage 2: Processing imaging features - - " o] Eognition better than combining all features from all modalities
*» Structural features: Cortical area, thickness and volume were calculated for each ROI of ERIELL ¥ ﬁ%‘? | 0 - than other
th.e Sc.;haefer parcellation (Schaefer et al., 2018) | | e . '0 . *;fﬁ : aspec’ss of - | CO“CI usion |
*» Diffusion features: A DTI and relaxed NODDI model (Dadduci et al., 2015) were fitted to Salls | [slinte Snbles | Sl G Gkl > behavior 1) Cognition is predicted more accurately compared to other aspects of behavior, regardless of
. } . . . Functional features Diffusion features (tractography) © :
the diffusion data. Probablistic tractography was run for each subject. The metrics of the - — 3 0.3 %' the modality
models were sampled using the TBSS skeleton (Smith et al., 2006), and along the tracts L = - = T . "". MRl gave the 2) We show that fMRI outperforms other modalities in predicting behavior, especially in the field
generated by the tractography. MK B = ; best prediction of cognition
< Functional features: A functional connectivity matrix was calculated by finding the pairwise . oo| A 01 - » % across all aspects 3) Combining information from different modalities increases prediction accuracy for cognition
correlation of each ROI for task and resting fMRI - . AN N - i 'H% - of behavior. this 4) Combining task and rest fMRI gives an improvement to prediction of cognition, that is
] : +++ E% : ! | | | .5 . . . ngn
Structural features Diffusion features Functional features o o coonon pssmiecen s Was especially equivalent to or better than combining all modalities
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true for cognition

Structural features Diffusion features (TBSS) Viean over each modality These findings References
" =§‘;§;§§I rea 7 = 5 . Llera et al., (2019). Inter-individual differences in human brain structure and morphology link to Smith et al., (2006). Tract-based spatial statistics: voxelwise analysis of multi-subject diffusion
[ cortical volume I thss AD
0-61 0.6 1 —— i were repl |Cated variation in demographics and behavior. eLife, 8, e44443. https://doi.org/10.7554/elLife.44443 data. Neurolmage, 31(4), 1487-1505. https://doi.org/10.1016/j.neuroimage.2006.02.024
05" 051 ——— 6.7 =ft§;icwral Van Essen et al., (2013). The WU-Minn Human Connectome Project: an overview. Neurolmage, 80, Chen et al., (2020). Shared and unique brain network features predict cognition, personality
§04_ 504_ B sc dClroSsSs bOth 62—79. https://doi.org/10.1016/j.neuroimage.2013.05.041 and mental health in childhood. bioRxiv. https://doi.org/10.1101/2020.06.24.168724
> > , B functional d t t Volkow et al., (2018). The conception of the ABCD study: From substance use to a broad NIH Li et al., (2019). Global signal regression strengthens association between resting-state
] ] e had 0.6 1 adlasels collaboration. Developmental cognitive neuroscience, 32, 4—7. functional connectivity and behavior. Neurolmage, 196, 126-141.
o Stage 3- Process|ng behavioural features <02 + 5 + +% | https://doi.org/10.1016/i.dcn.2017.10.002 o https://doi.org/10.1016/i.neuroimage.2019.04.016 | |
ol + | + oo % | . Schaefer et al., (2018). Local-Global Parcellation of the Human Cerebral Cortex from Intrinsic Kong et al., (2019). Spatial Topography of Individual-Specific Cortical Networks Predicts
RA " " " ; ' + *%H % ' — Functional Connectivity MRI. Cerebral cortex (New York, N.Y. : 1991), 28(9), 3095-3114. Human Cognition, Personality, and Emotion. Cerebral cortex (New York, N.Y. : 1991), 29(6),
* Afactor analysis was conducted for each dataset, and we predicted 3 resulting o s} 3 e - — nttps://doi.org/10.1003/cercor /bl 79 25332551 https.//doi 0rg/10.1093/cercor /bhy123
com ponents Cognition  Persona lity ~ Mental Health Cogniton  Personality  Mental Health § 0.4 Daducci et al., (2015). Accelerated Microstructure Imaging via Convex Optimization (AMICO) from Sina et al., (2021). High-resolution connectomic fingerprints: Mapping neural identity and
Functional features Diffusion features (tractography) > diffusion MRI data. Neurolmage, 105, 32—-44. https://doi.org/10.1016/j.neuroimage.2014.10.026 behavior. Neuroimage, 229, 117695. https://doi.org/10.1016/j.neuroimage.2020.117695
[ | [ ] | | ] u rU
- Stage 4: Single modality behavioural prediction __ __ = b
| — | — g —
\/ ' - 1 - ' 0.6 sst 0.6 SCRD ~M
*» Imaging features from each modality were used as predictors in a Kernel Ridge — — SN
: : : : = =] —— R | —
Regression [KRR] (Kong et al., 2019) and their resulting accuracies were compared over +++ =t * __ + Su PPO rt
600 Sp|ltS in the HCP and 120 Sp|ltS in the ABCD é“‘ + §°‘3' . + | I I 4 &2 + Our research is currently supported by the Singapore National Research Foundation (NRF) Fellowship (Class of 2017), the NUS Yong Loo Lin School of Medicine
] . . . T 0.2 021 I (NUHSRO/2020/124/TMR/LOA), the Singapore National Medical Research Council (NMRC) LCG (OFLCG19May-0035), the Singapore Ministry of Defense
° Stage 9. MUItlple mOdaIIty behaVIouraI predlCtlon Oy ++++ ++++ Oy . L + (Project CURATE) and the USA NIH (RO1MH120080). Our computational work was partially performed on resources of the National Supercomputing Centre,
o2 I\/Iodalities were Combined in 3 1 ) muItIKRR model (Chen et aI. 2020) and 2) StaCking 0 - | 0 - | Cognition personality erital HealH 1 Statistically significant Singapore (https://www.-nscc.sg). Any OpInIOnS:, findings and conclusions or recommendations expressed in this material are those of the authors and do not
) Cognition Persona lity  Mental Health Cognition Personality ~ Mental Health reflect the views Of the Slnga pore NRF or the Slnga pore NMRC.

model and compared to the best performing single modality model



https://doi.org/10.1016/j.neuroimage.2006.02.024
https://doi.org/10.1101/2020.06.24.168724
https://doi.org/10.1016/j.neuroimage.2019.04.016
https://doi.org/10.1093/cercor/bhy123
https://doi.org/10.1016/j.neuroimage.2020.117695
https://doi.org/10.7554/eLife.44443
https://doi.org/10.1016/j.neuroimage.2013.05.041
https://doi.org/10.1016/j.dcn.2017.10.002
https://doi.org/10.1093/cercor/bhx179
https://doi.org/10.1016/j.neuroimage.2014.10.026
http://links.nscc.sg/wf/click?upn=Xr8ZzYUfdJqMgKQU8W-2BweYV2dcBYRgU4ykuTd3Py7Pg-3D_-2BPe06-2FbvfIwPZYvDYsJeB7r5FN5gqxZARjg-2BFiBtsgpfde-2BTJ2JzYIMRE6jaLBB34BX4ures0nBqF9SorM9tVN1PzibFORNP-2BLBtQ6pV0m129kB66IgzksWSOTrT-2FXMaFPFWYIH-2Fhqyb6qWsVC4kqdsXVbozeL95NE7i-2B5Csaf1Aq-2BQGtzzo4Mp7I2QptBAxmoseOZiNQF5IAhNBPLJNB3zq53-2FlXcvN6fQvk9At-2FPrtFhazuoNq1D1XnnbJc-2B7MpZerHWrplQOGn-2FEq3aDP-2BjgtrmGygV1LmP4CsWk5MOyz7ba3YLBW6SxKpmm-2FsBztYmxhfi2BUf3VEqjbJJMNYfr1GLsZoPCKmrMaZG0NOl1rnxWa0wyQVCG1hFoCyipm-2FHdO4Dx0tSc-2BTOnxSQTedw-3D-3D

