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BMRC Aging Cohort Study. This is an ongoing study which aims to investigate the structural and
functional changes in the brain due to the aging process. This year, we specifically examined age-
related changes in microscopic fiber density (FD) and macroscopic fiber morphology (fiber cross
section, FC) of white matter fiber bundles using diffusion-weighted MRI data. Our findings showed
significant and widespread age-related alterations in FD and FC across the whole brain over the
adult lifespan. These changes were non-uniform across white matter with some fiber bundles
showing greater vulnerability to the aging process than others [1]. Using resting state functional
MRI, we also examined age-related alterations in brain networks. For this, we first developed a
novel network measure called functional connectivity overlap ratio (FCOR) [2] that could be used
to identify cortical hubs, regions considered critical for the flow of information between neural
systems. We then examined how hub regions are affected with the aging process [3]. We have
identified a limited number of hub regions with functional connectivity that significantly decreased
with age across the adult lifespan suggesting that even healthy aging could significantly impact the
efficiency of regions critical for facilitating information transfer among different functional brain
networks. The extent of the regions involved, however, was limited.

Real-time Functional MRI. In this study, we examined the effect of the dynamic changes in brain
activation during neurofeedback training, where participants were trained to control their brain
activity in real-time, in the classification of the different brain states associated with the target
tasks [4]. Using real-time functional MRl and machine learning approaches, we classified, in real-
time (during the scan), the different brain states associated with several motor imagery tasks. A
significant improvement in the accuracy of the classification of the different brain states was
achieved by constantly updating the trained classifier in order to account for brain activation
changes during neurofeedback training.

Structural and functional changes in the brain in psychiatric and neurological disorders. In
collaboration with researchers from other departments in the Graduate School of Medicine, we
also investigated alterations in structural and functional organization of the brain in patients with
psychiatric or neurological disorders. Specifically, we examined whether structural alterations in
the brain of patients with schizophrenia can be used to classify patients from healthy controls [5].
Our findings indicated that, using only structural MRI data, higher classification accuracy could be
achieved. This indicates the potential of the approach to be used as a neuroimaging biomarker for
schizophrenia. Aside from this, we also examined alterations in functional connectivity in patients
with Parkinson’s disease using resting state fMRI [6,7], localization of epileptic focus for pre-
surgical planning using sub-second EEG-fMRI analysis [8], the neural basis of altered decision-
making in patients with amyotrophic lateral sclerosis [9], and the effect of head motion during
resting state fMRI scans in the evaluation of age-related changes in brain networks [10].
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2) BEIEH

For this academic year, | gave one lecture for the Introduction to Data Science course and two
lectures for the Introduction to Health Science Data Analysis.
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