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PROJECT 2 (optional) 
 

DoS: Maria Assunta Rocca 
 

Title: Features and substrates of cognitive dysfunction of late-onset multiple sclerosis patients 
 
 
Link to OSR/UniSR personal page:  

https://www.unisr.it/docenti/r/rocca-maria-assunta 

https://research.hsr.it/en/institutes/institute-of-experimental-neurology/neuroimaging-of-CNS-white-
matter/maria-assunta-rocca.html ________________________________________________ 
 
 
Project description (Number of characters, including spaces: 2.000 - 3.000): 
 

Multiple (MS) is usually diagnosed during the second or third decade of life. However, an increasing number of patients 

present their first symptoms after the age of 40-50 years (i.e., late-onset [LO]MS patients) and may be very different in 

terms of disease pathophysiology from typical adult-onset (AO)MS. Immunosenescence, a natural consequence of the 

biological process of aging, may partially explain diversity of LOMS features compared to AOMS. A weakening of both 

innate and adaptive components of the immune system has been demonstrated in elderly individuals, which leads to a 

reduced capacity of mounting an adequate immune response. This is accompanied, in MS patients, by a progressive 

iron accumulation within the CNS, resulting in oxidative stress and, ultimately, in accelerated neurodegeneration. In 

young MS patients, the brain shows some ability to compensate pathological changes in the early, inflammatory stage 

of MS. However, in the ageing MS brain, repair capacity is decreased by the undergoing senescence of the innate 

immune cells. Taken together, this leads to a decrease of compensatory reserve and, ultimately, to a faster disease 

progression in elderly MS populations. Finally, in patients with MS (as in the general population), aging is accompanied 

by the development and accumulation of comorbidities, which interact with MS pathology and can further complicate 

disease diagnosis, treatment management and prognosis.  

The cognitive profile of LOMS tends to be worse than that of AOMS, with cognitive dysfunction as primary manifestation, 

a greater impairment in visual learning and memory domains and higher prevalence of depressive symptoms.  

With regards to the MRI features of LOMS patients, some preliminary investigations found a lower frequency of active 

MS lesions in LOMS vs AOMS. However, there is no clear-cut evidence of a higher WM lesion burden in the first group 

compared to the second one. In addition, data about frequency and amount of cortical lesions in LOMS vs AOMS patients 

are not available. A few brain atrophy studies showed a higher rate of brain atrophy in LOMS than in AOMS patients. 

However, information about the association between atrophy and cognition in LOMS vs AOMS are still not available. 

Advanced MRI techniques have been rarely applied to the study of LOMS and the structural and functional MRI 

substrates underlying the pattern of cognitive dysfunction in these patients still need to be defined. A late age at onset 

presents unique challenges in MS patients, due to age-related comorbidities, concomitant degenerative processes and 

transition from an inflammatory to a neurodegenerative disease course. Characterizing the clinical, cognitive, structural 
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and functional MRI features distinctive of LOMS vs typical AOMS is likely to contribute not only to improve our 

understanding of the pathophysiological mechanisms causing a delayed disease onset, but also to identify possible 

predictors of worse clinical outcomes and potential novel targets for therapeutic interventions. 

Aim of this project is to describe the cognitive features of patients with LOMS compared to AOMS and to identify their 

underlying structural and functional substrates by applying advanced MRI techniques. This will be achieved by analyzing 

clinical, neuropsychological, structural and functional MRI data from 500 MS patients already collected at our Unit for 

research purposes. A cohort of 200 healthy controls (HC) acquired with the same MRI protocol will serve as a control 

group for the interpretation of imaging findings. Definition of LOMS will be evaluated using different cut-offs of age at 

disease onset, selected according available literature (i.e., >40, >45 or >50 years).  

Clinical evaluation includes analysis of disability, using the EDSS score, and motor functions, using the nine-hole peg test 

(9-HPT) and 25-foot walk test (25-FWT). Data on the occurrence of clinical relapses and the undergoing disease-

modifying treatment are also available. Finally, data on vascular (hypertension, diabetes, dyslipidemia, ischemic heart 

disease), autoimmune and other (smoke, body mass index and obesity) comorbidities and risk factors were collected 

from MS patients and HC. 

The presence of depressive symptoms was assessed with the Montgomery-Asberg Depression Rating Scale (MADRS). 

Cognitive function was assessed by an expert neuropsychologist, blinded to clinical and MRI data, using the Brief 

Repeatable Battery of neuropsychological tests (BRB-N), which includes tests of verbal memory (Selective Reminding 

Test consistent long-term retrieval, Selective Reminding Test delayed retrieval), visuo-spatial memory (10/36 Spatial 

Recall Test, 10/36 Spatial Recall Test delayed retrieval), information processing speed (Symbol Digit Modality Test), 

attention (Paced Auditory Serial Attention Test 3 and 2 sec), and verbal fluency (word list generation). Scores in each of 

the cognitive tests will be normalized for age, sex, and education, according to Italian normative values.  

 

Specifically, in this project we will:  

1) Determine the cognitive characteristics of LOMS patients compared to AOMS (year 1); 

2) Evaluate the structural substrates underlying cognitive impairment in LOMS vs AOMS patients by analyzing brain 

white matter (WM) and gray matter (GM) lesions, atrophy, and WM microstructural damage (year 1); 

3) Evaluate the functional substrates underlying cognitive impairment in LOMS vs AOMS patients by analyzing resting 

state functional connectivity abnormalities of the main brain large-scale cognitive networks (year 2); 

4) Identify structural and functional MRI correlates of cognitive deficits in LOMS vs AOMS patients, stratified according 

to their clinical disability, disease phenotype and comorbidities (year 3).  

 

Skills to be acquired by the student: 

During the project, the student will acquire the following skills: 
-post-processing of volumetric, diffusion tensor and resting state functional MRI data from patients with MS and 
reference healthy controls; 
-interpretation of MRI data in LOMS patients; 
-interpretation of neuropsychological findings in LOMS patients; 
-understanding MRI correlates of cognitive dysfunction in LOMS patients; 
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-presentation of works at National and International congresses; 
-drafting of research reports and articles. 
 

References (max. 3) 

Noseworthy J, Paty D, Wonnacott T, Feasby T, Ebers G. Multiple-Sclerosis after Age 50. Neurology 1983;33:1537-1544. 

Bonacchi R, Meani A, Pagani E, Marchesi O, Falini A, Filippi M, Rocca MA. Association of Age at Onset With Gray 
Matter Volume and White Matter Microstructural Abnormalities in People With Multiple Sclerosis. Neurology 
2021;97:e2007-e2019. 

Naseri A, Nasiri E, Sahraian MA, Daneshvar S, Talebi M. Clinical Features of Late-Onset Multiple Sclerosis: a Systematic 
Review and Meta-analysis. Multiple Sclerosis and Related Disorders 2021;50. 

 

 


