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Project description (Number of characters, including spaces: 2.000 - 3.000): 
Meta-analytic evidence supports persistent cognitive impairment in patients with mood 
disorders in remission across several cognitive domains, namely: memory, attention, processing 
speed and executive functions. In particular, 12-40% of patients have global cognitive 
impairments across several domains, 29-40% have selective deficits in attention and 
psychomotor speed, and 32-48% are ‘cognitively intact’. Importantly, memory and executive 
functions domains have a significant impact on the patients’ outcome in psychosocial 
functioning (e.g., workplace performance) and quality of life. Poor outcomes are also detected in 
decision-making abilities, theory of mind, emotional processing, appraisal, and response to 
reward. Cognitive and psychosocial functioning can be successfully ameliorated by cognitive 
remediation treatments.  

Previous research by our group focused on Major Depressive Disorder (MDD) and the depressive 
phase of Bipolar Disorder (BD), validating instruments, and associating cognitive impairments 
with circadian rhythm disruption, with spread white & grey matter (WM, GM) pathology, with 
exposure to stress, and with the interaction of stress and gene variants affecting 
monoaminergic neurotransmission, glutamatergic neuroplasticity, and the biological clock. We 
associated distorted depressive cognitions and suicide with MRI phenotypes resulting in a 
decreased connectivity in the frontolimbic network, and showed that WM disruption associates 
with elevated biomarkers of cell-mediated immune activation and inflammation, and with 
metabolic disturbances and obesity. Furthermore, imaging genetic studies allow to understand 
the impact of genetic variations on both brain’s structure and function, and to capture the 
implication of those genes and the associated brain alterations on the behavioural domain. 

In this project, we will study the biological underpinnings of persistent cognitive impairment in 
depressed patients by collecting neuropsychological and MRI measures both during acute and 
remitting phases. Genetic variants will also be evaluated focusing on single nucleotide 
polymorphisms (SNP) variants associated in GWAS studies to psychiatric disorders and risk 

https://www.unisr.it/docenti/b/benedetti-francesco
https://research.hsr.it/en/divisions/neuroscience/psychiatry-and-clinical-psychobiology/francesco-benedetti.html
https://research.hsr.it/en/divisions/neuroscience/psychiatry-and-clinical-psychobiology/francesco-benedetti.html


PROPOSAL AS DIRECTOR OF STUDIES & RESEARCH 
PROJECT 

MO-PHDSCC-1 
Rev. 00 del 07/03/2022  

Page 2 di 3 

(psychiatric genomic consortium). Individual Poligenic risk score for different disorders will be 
extracted (eg., bd, mdd, schizophrenia) and associated with mmMRI and neuropsychological 
performances. Lastly, cytokines and chemokines gene expression, as well as multiplexed 
sandwich immunoassays of cytokines concentrations in peripheral blood will be assessed. The 
hypothesis is that genetic vulnerability to the disorders, MRI measures, and immune activation 
account for cognitive deficits. This might highlight new biological endophenotypes for depressed 
patients, thus providing novel important targets for future treatments. Furthermore, the 
association between biological and neuropsychological measures in MDD and BD patients is 
expected to be found in course of major mood episodes (both, depressive and manic) and in 
euthymic conditions’  

The project is part of an ongoing research on the relationship between mood disorders, 
cognition, and brain imaging biomarkers. The specific research activities of the student will 
exploit an existing database (n=300) of depressed patients with multimodal MRI (mmMRI), 
neuropsychological, genetic and immune measures. In the first 1 & ½ year,  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, seed-
based connectivity, regional homogeneity, fractional amplitude of Low Frequency Fluctuations, 
and 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, etc) will be calculated, data dimensionality reduced (e.g. principal 

component analyses). The following ½ year will be dedicated to optimizing statistical procedures 
and calculate effects. Finally, in the last year, classification and prediction algorithms will be 
applied to explore the ability of considered phenotypes to predict the clinical and 
neurocognitive outcomes, and to drafting papers. 

Skills to be acquired by the student: 

The PhD student will acquire skills in experimental psychology, clinical psychobiology and in 
statistical analyses including univariate, bivariate and multivariate analyses in General and 
Generalized Linear Model, penalized regression, and in Bayesian statistics.  

Neuropsychological assessment: Administration and scoring of a neuropsychological battery for 
the assessment of cognitive functions in major psychoses, that we have validated in general 
Italian populations and for common use in clinical settings, including the mood disorder clinic 
(BACS, Brief Assessment of Cognition in Schizophrenia: verbal memory, digit sequencing for 
working memory, token motor, semantic fluency, letter fluency, symbol coding for speed of 
processing, tower of London for executive functions); and deeper evaluation of specific domains 
through further integrative testing (e.g., Trail Making Test A, B; Rey–Osterrieth complex figure test). 
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Genetic data: genotyping of participants will be performed using the Illumina Infinium 
PsychArray 24 BeadChip (Illumina, Inc., San Diego). The PhD candidate will conduct data 
management, normalization, and pre-processing: advanced multidimensional data inspection 
and visualization for batch effects detection; if necessary, data harmonization for inter-cheap 
variability mitigation; and computation of the polygenic risk score based on SNP variants. 

Multimodal neuroimaging techniques: MRI analyses to explore functional & structural networks: 
BOLD fMRI (SPM12), VBM, subcortical volumes (Freesurfer) and cortical thickness (CAT12), Tract-
Based Spatial Statistics (TBSS; FSL) and tractography analysis of WM tracts, Dynamic Causal 
Modelling (DCM; SPM12), new fMRI tools for the analysis of seed-to-voxel connectivity maps, ROI-
to-ROI connectivity and graph metrics, Independent Components (ICA networks), local 
homogeneity, intrinsic connectivity, centrality, etc.; resting state fMRI (RestPlus, CONN); 1H-MRS.  

Neuroimmunology: The Psychiatry & Clinical Psychobiology unit has been closely collaborating 
for years with the Clinical Neuroimmunology unit (Dr Roberto Furlan) for FACS 
immunophenotyping, Bio-Plex Multiplex Cytokine Assay, Real-time (RT)-PCR to measure mRNA 
levels of chemokines, chemokine receptors, cytokines and T-reg markers. The PhD candidate will 
not be asked to learn these techniques, but he/she will manage these outputs as regressors 
potentially influencing MRI and cognitive outcomes of patients. 
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