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Abstract

Neurodynamic biomarkers are crucial for accurate diagnosis and effective treat— ment of mental
illnesses. Our goal is to find potential biomarkers for major depressive disorder (MDD), a debilitating
disorder that has worldwide impact. Depression biomarker research has been active now, more than
ever before. How— ever, current neurodynamic biomarkers for MDD are based on functional connec-
tivity (FC), which are incapable of capturing higher—order interactions between multiple brain regions.

In this thesis, we introduce energy landscape analysis (ELA), a data—driven framework for modeling
multilevel brain network dynamics from resting—state fMRI data using pairwise maximum entropy model
(P-MEM). We explore two paradigms towards characterizing depression. First is a singular model
paradigm, focused on building an unbiased baseline for classifying depressed individuals. Second is a
separate model for melancholic depression, a subtype of depression known for greater severity. In our
pursuit of MDD biomarkers, we find distinctive neurodynamics of melancholic depression, which
enriches our understanding of depression heterogeneity, and of ways to confront it.
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