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Background

• 50-60% of PwMS suffer from cognitive Impairment.

• Cognitive impairment has been associated with unemployment, poor 
quality of life and may be a manifestation of disease activity.  

• Monitoring of cognitive function is limited by time and by staff training 
needed to administer neuropsychological tests. 

• Computerized tools for cognitive assessment offer a possible solution to 
these barriers.  









Aims

• To explore the associations between MRI volumes and computerized 
cognitive scores of PwMS.

• We hypothesized that a substantial degree of the variance in cognitive 
scores would be explained by multiple sclerosis pathology, as captured by 
MRI. 



Methods

• Cognitive assessment was done with NeuroTrax testing battery . 

• Fatigue – modified fatigue impact scale (mFIS). 

• Depression- Beck’s depression inventory (BDI).  

• Disability- Patient determined disease steps (PDDS), and EDSS. 

• Brain MRI: Hitachi Medical Corporation ECHELON scanner, 1.5T. 



Methods

• Inclusion criterion: 

• Patients with MS who had both a computerized cognitive assessment 
and a brain MRI within 40 days, as part of their routine clinical follow-up. 

• Exclusion criteria: 

• Condition known to impact cognitive function other than MS.

• Clinical relapse within 6 months prior to assessments. 



Scan- rescan MRI’s
• on the same day
• on the same scanner
• total of 40 MS patients 0.82%SIENAX

ICOBRAIN CROSS 0.56%

Lysandropoulos et al. 2016 Smeets et al. 2016



Statistical analysis

• Brain volumes,  lesion volumes and cognitive scores were inspected for normal 
distribution and transformed (log 10, X3) as needed. 

• Pearson’s correlation coefficients between normally distributed variables.

• Spearman’s correlation coefficients between brain volumes and number of 
impaired cognitive domains.

• Partial least square regression analysis was used to ascertain the relative 
contribution of the various brain volumes, lesion volumes  and other explanatory 
variable to cognitive scores. This method was chosen over multiple linear 
regression, due to detected collinearity between the various brain volumes. 



Results

• 91 patients with MS (RR-87%; SP-11%, PP-2%). 

• 64( 70%) female.

• Age: 52.1 ± 11.7 

• Years of education: 14.8 ± 2.7

• Disease duration (from first episode): 11.3 ± 6.9

• EDSS: 3.4 ± 2.0 (range:0-7);  PDDS: 2.2 ± 2.1 (range: 0-7).

• 80% treated with DMTs. 





Percent of impairment by domain



N

Whole Brain 

Volume

White Matter 

Volume

Cortical Grey 

Matter Volume

Thalamic 

 Volume

Lateral 

Ventricles Hippocampi

FLAIR 

lesions

T1 Black 

Holes

Global Cognitive 

Score

91 0.41 0.40 0.14 0.44 -0.45 0.22 -0.30 -0.30

# Impaired domains 91 -0.30 -0.29 -0.16 -0.33 0.29 -0.22 0.33 0.33

Memory 91 0.28 0.27 0.12 0.26 -0.26 0.09 -0.21 -0.23

Working Memory 91 0.29 0.22 0.18 0.31 -0.30 0.10 -0.27 -0.24

Executive Function 91 0.28 0.28 0.10 0.35 -0.28 0.25 -0.23 -0.24

Problem Solving 90 0.17 0.21 -0.08 0.22 -0.26 0.04 -0.20 -0.18

Visuospatial 91 0.29 0.30 0.05 0.25 -0.31 0.09 -0.11 -0.14

Verbal 90 0.37 0.41 0.02 0.32 -0.51 0.10 -0.25 -0.23

Attention 91 0.24 0.17 0.17 0.30 -0.24 0.20 -0.18 -0.18

IPS 86 0.37 0.34 0.15 0.41 -0.36 0.33 -0.24 -0.24

Motor Skills 88 0.34 0.28 0.18 0.43 -0.33 0.23 -0.32 -0.33

P<0.01

P<0.05

Correlations between brain volumes and 
computerized cognitive scores



N Depression Fatigue Education

Global Cognitive 

Score

91 -0.19 -0.32 0.23

Memory 85 -0.20 -0.26 0.27

Working Memory 85 -0.23 -0.33 0.21

Executive Function 85 -0.23 -0.36 0.17

Problem Solving 85 -0.03 -0.06 0.12

Visuospatial 85 -0.07 -0.05 0.23

Verbal 85 -0.07 -0.04 0.15

Attention 85 0.05 -0.40 0.15

IPS 85 -0.25 -0.38 0.03

Motor Skills 85 -0.13 -0.32 0.24
P<0.01

P<0.05

Correlations between other variables and 
computerized cognitive scores



Variable importance in the projection



Variance in age and education adjusted 
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Conclusions

• Computerized cognitive scores are significantly associated with brain volumes among people with MS.

• Volumes of the thalami and lateral ventricles are the most important predictors of computerized cognitive scores 

among PwMS.

• Atrophy & lesions accounted for 10%-46% of the variance in cognitive scores, depending on the domain.

• Education is associated with better cognitive function, despite adjusting cognitive scores for education, in line 

with the concept of cognitive reserve. 

• Substantial amount of variance in cognitive scores remains unexplained, and may represent  aspects of brain 

pathology not captured by conventional 1.5T MRI, such as functional connectivity, white matter integrity, cortical 

lesions, inflammatory mediators, etc. 

• Recognizing the limitations of conventional MRI as a biomarker of multiple sclerosis pathology and clinical 

phenotype is important. Clinical evaluation, including multi-domain cognitive testing, is important. 


