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DoS: Benedetta Vai 

Title: Improving health care in depressive disorders: developing prognostic and diagnostic signatures 
based on gene-environment, immunoinflammatory and neuroimaging markers 
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Project description (Number of characters, including spaces: 2.000 - 3.000): 

This project aims to improve the healthcare provided to people with mood disorders (MDD and BD), which are 
top causes of disability worldwide. One of the greatest challenges in providing effective interventions is the 
differential diagnosis between BD and MDD, which often interferes with the selection of the optimal treatment 
response: roughly 60% of individuals affected by BD are initially misdiagnosed as MDD, and on average, 
patients wait 5-10 years for a proper diagnosis (1, 2). Furthermore, even when diagnosis is correctly defined, 
one third of patients do not respond to two or more antidepressant treatments and the majority (57%) has a 
chronic or intermittent disease course, experiencing recurrent relapses, general health deterioration and 
functional impairment  (3, 4). Currently, no reliable predictors of diagnosis, disease course, and treatment 
outcomes are available, leaving prognosis formulation and treatment prescription to general procedures not 
targeted on the individual profile. 
Despite the comparable symptom profiles of depressive episodes in MDD and BD, biological and genetic 
features present relevant heterogeneity both between and within the two disorders (5, 6), which results in 
treatment challenges and prognosis uncertainty. Indeed, one of the main obstacles to a more effective health 
care in these patients is represented by this untracked heterogeneity, which has not yet completely elucidated 
biological correlates. A tremendous need exists to identify reliable biomarkers and tools that can prompt more 
rapid and effective clinical management and treatment. A comprehensive biological and environmental 
characterization of the disorders can define specific signatures and effective prediction of diagnosis and health 
outcomes, as we previously showed by applying machine learning techniques on neuroimaging and peripheral 
immune-inflammatory markers in BD and MDD (7-10).  Using already defined biobanks, a large sample of 
people with MDD (n=29,400) in the UkBiobank and a deep-phenotyped cohort of MDD and BD patients 
(n=360), we will develop classification and clustering algorithms based on genetic (more than 600.000 SNP, 
Infinium PsychArray-24 Psychiatric Genomics Consortium) and environmental (exposure to stress), 
immunoinflammatory (cytokines, chemokines, grow factors, Bioplex human cytokines 40 and 48 plex Bio-Rad), 
and brain imaging (structural and functional MRI) predictors aimed at identifying homogeneous subgroups of 
patients, and predict their class belonging. We will then link these subgroups with diagnosis, relevant health 
outcomes, such as disease recurrency and severity, well-being and functioning, risk of psychiatric and medical 
comorbidities, and clinical and neuropsychological profiles. We will use these results to define biological and 
clinical signatures, translatable in the clinical practice, which can preventively inform on health outcomes in 
mood disorders and provide corresponding clinical indications to optimize the use of health care resources. 
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.  
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• MRI analyses: 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, Structural equation modeling;  

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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