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Project description (Number of characters, including spaces: 2.000 - 3.000): 
Depression is a leading cause of disability worldwide and the burden of mood disorders (major depression, 
MDD, bipolar disorder, BD) is constantly growing. Around 60% of depressed patients with BD wait 5–10 years 
for a proper diagnosis, even when diagnosis is correct, one third of the depressed patients do not respond 
to antidepressant treatments, experiencing relapses, general health deterioration, and higher risk of 
suicide or somatic comorbidities (cardiometabolic disorders) compared to general population. A 
tremendous need exists to identify reliable biomarkers and tools that can prompt more rapid and effective 
clinical management and treatment. Behavioral and cognitive abnormalities, with their biological 
underpinnings, can provide reliable predictors of diagnosis and health outcomes, as we previously showed 
by applying machine learning techniques on neuroimaging and immune-inflammatory markers in BD and 
MDD [1-3]. However, prediction accuracy may be barriered by an unveiled heterogeneity of the disorder, 
which is exemplified by multiple trajectories of disease course.  
The current project aims to capture the underlying heterogeneity of depression, subtyping patients in 
homogenous subpopulations, and then optimizing prediction of the clinical outcomes within each cluster 
of depressed patients. We first will consider a wide panel of endophenotypes to identify more 
homogeneous subgroups of depressed patients, including neuropsychological (e.g. attention, memory, 
executive functions, psychomotor coordination), environmental (recent and early stress), multimodal 
neuroimaging (structural and functional MRI), genetics (600.000 SNP, Infinium PsychArray-24) and 
inflammatory markers (cytokines, chemokines, grow factors, 40 and 48 plex Bio-Rad) in a sample of 380 
patients with mood disorders. In the first 18 months, the PhD student will be engaged in pre-analyzing the 
dataset, obtaining measures of cortical and subcortical volumes on MRI T1-weighted images, indexes of 
white matter integrity (FA, MD, RD, AD) on DTI images, graph theory measures, seed-based connectivity, 
regional homogeneity, fractional amplitude of Low Frequency Fluctuations, and dual regression on fMRI 
data acquired during both resting state condition and an emotional processing task. Individual polygenic 
risk scores for different traits (e.g. bipolar disorder, major depressive disorders, neuroticism, schizophrenia, 
attention-deficit hyperactivity disorder, coronary artery disease, obesity, and stroke) will be calculated, 
data harmonized for possible batch effects (e.g. ComBat) and data dimensionality reduced (e.g. principal 
component analyses). The following 6 months (18-24) will be dedicated in optimizing clustering routines 
comparing performances of different unsupervised machine learning algorithms (e.g. k-means, 
Topological Data Analyses, hierarchical clustering, HDBSCAN). Clusters will be defined for clinical variables 
of interest: differential diagnosis, response to treatments, suicide and somatic comorbidities. Finally, 
classification and prediction algorithms will be applied to explore the ability of considered 
endophenotypes to predict the clinical outcomes separately for each cluster (24-30 months). Different 
supervised machine learning algorithms, such as support vector machine, multiple kernel learning, and 
elastic net penalized regression will be employed, embedding a K-Fold nested cross-validation. 
We will use these results to define behavioral, cognitive, and biological signatures, translatable in the 
clinical practice, which can preventively inform on health outcomes in mood disorders. 
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Skills to be acquired by the student: 

The project will be developed at Unit of Psychiatry and Psychobiology, Division of Neuroscience, IRCCS 
Ospedale San Raffaele, within the framework of two granted projects for young researchers from the Italian 
Ministry of Health. The PhD student will be also directly engaged in unit and projects activities and trained 
in disseminating results of his research (paper writing, poster presentation to congress, etc.). 
Specific computing skills in neuroimaging, genetics and machine learning:  
• MRI: VBM, subcortical volumes and cortical thickness; Tract-Based Spatial Statistics and 
tractography; seed-to-voxel, ROI-to-ROI connectivity, ICA networks for fMRI. 
• Statistics: General and Generalized Linear Model, SEM,  
Machine learning: PCA, ComBat, K-means, TDA, support vector machine, multiple kernel learning, Gaussian 
Processes, Kernel Ridge Regression, Relevance Vector Regression, penalized regressions, neural networks, 
cross-validations procedures. 
• Matlab, R, Python, FSL, SPM12, Freesurfer, Stata, OS: Linux 
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