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Table 1: The proportion of variance in different cognition measures explained by
the proposed models. Gray matter volumes have the most explanatory power in
models for maze completion time, choice reation time and emotional resilience;
white matter volumes matter most for working memory capacity, negativity bias
and and motor tapping; EEG matters most for memory recall and social skills.

Figure 1: The posterior probabilities that each variable is codependent on each other
variable, after conditioning on the remaining variables. The strongest codependencies
exist between measures of a single modality, with limited codependency between
cognition measures and brain activity and structure measures.

Age has a multitude of effects on both the physiology and the functionality of the
brain. In this work, we analyse data from the world’s largest brain structure and
activity database' to assess:

e the dependency structure of the dataset; and,

- the extent to which variation in brain functionality can be explained by either age, Mage £ Ch"ti.ce Motor vorking /. mory Emotional Social Negativity
. . value | aze tlime reaction . memory oge . .
or brain anatomy and thSIOIOgy- l 1.00 o ocetl () - [] time tapping capacity recall resilience skills bias
.
WM parietal (R) [] l Total explained variance (R?)
0.50 WM parietal (L) = l
DATA 025 WMol () - Age 0.283 0.127 0.143 0.225 0.119 0.025 0.052 0.007
sy Wit exemaloapsle () - Structure & activity 0.439 0.211 0.178 0.313 0.383 0.196 0.196 0.111
. . . . ' WM ihternal capsule (R) —
Up to 250 separate measures are available for each subject, including demography v nernal capsue () i EEG 0.078 0.037 0.196 0.328 0.061 0.167 0.011
(age, sex, etc.), mood (anxiety, depression, etc.), personality (extroversion, i ceepatum (1) » = MRI 0.439 0.132 0.141 0.117 0.055 0.135 0.029 0.100
GM cerebellum (R) =
openness, etc.), cognition (verbal memory, reaction time, maze completion, etc.), o omporel () e , )
GM subcortical (L) = m .. . Adjusted R
electroencephalography (EEG; eyes-open and closed power spectra), and structural o el : Age 0257 016 0110 0 7o 0117 0,073 0,050 0,005
. . o . . GM parietal (R) =
magnetic resonance imaging (MRI; gray and white matter volumes). Staria 1) - u Structure & activity 0.420 0.165 0.107 0.267 0.291 0.150 0.169 0.098
GM limbic (L) —
o) .
METHODS G ) - N
Eyes open theta power (Cz) =
Eyes open delta power (Cz) = Individual contributions (R? contribution averaged over orderings among regressors)
Eyes open beta power (Cz) =
Eyes open alpha power (Cz) =
I I I il " Maze completion time = r .
« We c.letermlne the dependency structure of the dataset by estlmatlng a pI’Obab.IIIStIC i u Eyes open EEG 0,023 0017 0,089 0153 0004 0.054 0011
graphical model. Such models offer powerful methods for decoding the underlying el s 1) Eves closed EEG 0,055 0,020 0107 0175 0017 0113
conditional dependency structure in high-dimensional data.”? We use a trans- Spotthe ealword -
dimensional Markov chain Monte Carlo approach based on a continuous-time birth- 7 ot apoing - Gray matter 0.374 0.079 0.035 0.055 0.078 0.038
Word generation (animals) =
death process to estimate the graphical model.’ Wordgeneraion (o fer) — Frontal volume (R) 0.174 0.031
Conscienciousness =
reeableness = Frontal Volume L 0.047
.. . . . . " Opbelnness— ( )
« We model each of the cognition variables using a subset of 60 candidate brain Extaversion - Occipital (R) 0.046
structure and brain activity explanatory variables. The number of included variables povioy — ] Occipital (L) 0.046
Depression =
for each cognition variable is a function of A, the degree to which the model is Faucaton - . = Parietal (R) 0.038
penalised for overfitting. We select the model M that minimises the generalized B o L N L S L L Parietal (L) 0.029
SR I e EE S e R L R |
information criterion GIC(M;A) = 2 x {(M)+A, where ¢ is the log-likelihood. We repeat S EE SNt s L R R RN R SRR RN RS R RN E NN RN E RN Subcortical (L) 0.046 0.033
. . . L § 3501t cileaiicgitiai iR RERIER s ET s REi ity
this for a range of penalty values A, subject to constraints on statistical significance.” 2 i ETafifrrEiEEEEC00 58588 7558 558  Fz585553 Temporal (R) 0.026
We benchmark against a model that only includes age. 5 4 E R FTEEEE Temporal (L) 0.020
) Cerebellum (R) 0.015
« To assess model stability, we bootstrap the residuals and plot the proportion of Cerebellum (L) 0.154
times that each candidate explanatory variable x. is selected in each final model. The Figure 2: Bootstrapped probabilities that each candidate variable would be
. . . . . ' : ' N ti : White matter 0.064 0.053 0.086 0.117 0.057 0.029 0.062
inclusion probability for x.is estimated as® included in models for choice reaction time. The measures most likely to be
important in explaining choice reaction time are the white matter volume in Corpus callosum (L) Wiz2 ——
= the internal capsule and the gray matter volume in the subcortical region. Corpus callosum (R) LI
_ § , Internal capsule (R 0.035 0.023 0.020 0.095
b—1 1.00 MrWvWM2R EODFz External capsule (R) 0.024
— MrG700L — MrG600L Collicul R 5
— MAWWWM4AL  —— MrG8O0L olliculus (R) 0.026 RO
REFERENCES — MAWWWMTR MAVWWMAR Parietal (L) 0.029 0.015
1. Gordon, E., Cooper, N., Rennie, C., Hermens, D., and Williams, L. M. Integrative neuroscience: the role 0.75 _ |I\E/|OCE)2F())ZOR — Eg;gz Parietal (R) 0.030
. . e . . s \/| 1  —— Z .
of a standardized database. Clinical EEG and Neuroscience 36:2 (2005), 64-75. L L
. . . = MrGS00R MrG900R Occipital (R) 0.029 0.030 0.016 0.018
2. Lauritzen, S. Graphical models. Oxford University Press, 1996. S — EOBCz —— MrWvWM6R ' ' ' '
3. Mohammadi, A., and Wit, E. Bayesian structure learning in sparse Gaussian graphical models. Bayesian S — MrwvWM2L MrG200L
Analysis 10:1 (2015), 109-138. S T Mreao0L - MATVIVAATL
Groemping, U, Relathe I Licar Regresson n . The Package relimpo.Journal of —wwmsn —wosn  SUMMARY
4. Groemping, U. Relative Importance for Linear Regression in R: The Package relaimpo. Journal o S o MAWVWMEL  —— MrAWWMAL
Statistical Software 17:1 (2006), 1-27 B = —— EOTCz —— EODOz
o o o . . . . o . — . . .
5. Murray, K., Heritier, S., and Muller, S. Graphical tools for model selection in generalized linear models. S a2 —— MrWVWMA4R MrWVWM3R « We elicit the dependency structure between measures of brain structure and
. L. . . . ] _ g~ ! . — EOBPz — EOAQOz
Statistics in medicine 32:25 (2013), 4438-4451. 0.5 - AP ¢ v lit
: —— MrG800R — z unctionality.
= MrWVvWMS5L —— EOTFz . . . . . (o . .
FUNDING _..-;  osm  EOARs « We demonstrate that whilst age is the single most significant variable in terms
Australian Research Council Discovery Early Career Award DE140101375 (CCK) and UCPH Excellence | Sl SSehian col e T = T -  MGO00L C EOTPy .. : _ : : :
N g r of explaining performance in cognition tests, a combination of brain structure and
Programme for Interdisciplinary Research (RMS) _ i o _— —— MrG700R —— MrG600R o . . o . IR
0.00 ' ' = — MrG400R ~ —— EOBOz activity variables is able to capture significant proportions of the variability in
0 2 4 6 8
CO NTACT = MrWVvWM?7L — RV df[_‘
Penalty  corcs ITferent measures.

robyn@math.ku.dk // www.thekerrlab.com



