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Cognitive Dysfunction and Assessment in Multiple Sclerosis
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Cognitive impairment is a common and disabling feature of multiple sclerosis (MS), affecting
up to 65% of patients. It primarily manifests as deficits in processing speed, memory, executive
function, and verbal fluency, significantly influencing daily activities and work performance.
Despite its clinical relevance, cognitive assessment in MS remains underutilized. Several
neuropsychological tools, including the multiple sclerosis neuropsychological questionnaire, the
symbol digit modalities test, and the brief international cognitive assessment for MS, facilitate
early detection of cognitive impairment. Moreover, depression, anxiety, and fatigue often worsen
cognitive decline. Recent research has identified distinct cognitive phenotypes in MS, aiding
in personalized management strategies. Integrating cognitive assessments with neuroimaging
biomarkers and cognitive rehabilitation is essential for improving patient outcomes. Future
studies should focus on refining diagnostic tools and exploring targeted interventions to better
support MS patients. Received
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Table 1. Cognitive screening tools in multiple sclerosis
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Screeningtool Time to administer

Cognitive domains measured

Recommendations/comments

BICAMS 15-20 minutes Information processing speed, verbal
memory, visuospatial memory

PASAT 10-15 minutes Information processing speed,
attention

SDMT 5 minutes Information processing speed

MMSE 10 minutes Orientation, memory, attention,
language, visuospatial abilities

MoCA 15 minutes Executive function, visuospatial

ability, attention, memory,
language, orientation

- Includes SDMT, CVLT-Il, and BVMT-R

- Shorter alternative to comprehensive batteries

- Standardized scores consider demographic factors
- Useful for tracking cognitive decline in MS

- Reliable and sensitive screening tool
- Relies on math ability
- May cause anxiety

- Recommended for baseline and periodic MS screening
- Used in clinical trials and sensitive to changes
- Included in all cognitive batteries

- Widely used for general cognitive assessment

- Commonly applied in dementia screening

- Less sensitive for detecting subtle cognitive changes in
MS

- More sensitive than MMSE for mild cognitive impairment
- Includes executive function tasks
- Used in stroke, Parkinson’s disease, and MS

BICAMS, brief international cognitive assessment for multiple sclerosis; SDMT, symbol digit modalities test; CVLT-II, California verbal
learning test-1l; BVMT-R, brief visuospatial memory test-revised; MS, multiple sclerosis; PASAT, paced auditory serial addition test;
MMSE, mini-mental state examination; MoCA, montreal cognitive assessment.
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Table 2. Detailed comparison of cognitive test batteries in multiple sclerosis and SNSB-II
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Cognitive domain

BRB-N

MACFIMS

SNSB-II

Attention and information
processing speed

Memory

Frontal-executive function

Visuospatial function

Language&related function

Other domains

Strengths

Limitations

Brief description

SDMT, PASAT

Selective reminding test,
10/36 spatial recall task

None

None

Word list generation

None

- Shorter testing time (30-35
minutes)

- Well-validated in MS
cognitive impairment

- Sensitive to processing
speed and memory deficits

- Lacks executive function and
visuospatial assessment

- Requires trained
neuropsychologists for
interpretation

A brief neuropsychological
battery designed for MS,
assessing processing speed,
verbal memory, and basic
executive functions

SDMT, PASAT

California verbal learning test-II,
brief visuospatial memory test

Delis-Kaplan executive function
system sorting test, controlled
oral word association test
(COWAT)

Judgment of line orientation test

None

None

- Comprehensive evaluation of
multiple cognitive domains

- Well-standardized and widely
used in MSresearch

- Provides detailed executive
function assessment

- Time-consuming (90-120
minutes)

- Requires specialized training
for administration and
interpretation

A comprehensive cognitive
assessment tool for MS, covering
memory, processing speed,
visuospatial skills, and executive
function

Digit span (forward/backward), letter
cancellation

Seoul verbal learning test, Rey-Osterrieth
complex figure test (recall and
recognition)

COWAT, Korean-color word stroop test,
motor sequencing test, perseveration
test

Rey-Osterrieth complex figure test

Korean-boston naming test, spontaneous
speech/comprehension/repetition/
reading/writing (Western aphasia
battery)

Korean-mini mental state examination,
geriatric depression scale, barthel
activities of daily living, clinical dementia
rating scale

- Culturally adapted for Korean patients

- Covers all major cognitive domains

- Provides additional assessments for
mood and functional status

- Lengthy administration time (90-120
minutes; SNSB-C: 30-40 minutes)

- Requires extensive training for
administration and scoring

A comprehensive neuropsychological
battery standardized for Korean
populations, assessing cognition,
language, visuospatial abilities, and mood

SNSB-II, Seoul neuropsychological screening battery-II; BRB-N, brief repeatable battery of neuropsychological tests; MACFIMS,
minimal assessment of cognitive function in MS; SDMT, symbol digit modalities test; PASAT, paced auditory serial addition test; MS,
multiple sclerosis; SNSB-C, Seoul neuropsychological screening battery-core.
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Evaluation and treatment according to
findings:
disease activity, comorbidities,
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MFIS,FSS), interactions and side-effects

-
( Brief annual assessment of cognitive function in routine follow up.

- ™
Persistent cognitive
decline

(@ = = E - . =3
Extended | Mental exercise |
Neuropsychological Pharmacological treatment -
. evaluation ) Cognitive rehabilitation programs |
Figure 1. Proposed algorithm for the monitoring of cognitive
dysfunction in MS. Adopted from Bakirtzis et al.** BICAMS,
brief international cognitive assessment for multiple sclerosis;
MSNQ-I, multiple sclerosis neuropsychological questionnaire
informant version; SDMT, symbol digit modalities test; BDI-II,
Beck depression inventory-ll; MFIS, modified fatigue impact
scale; FSS, fatigue severity scale; MS, multiple sclerosis.
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International classification of cognitive disorders in MS*’

Latent profile analysis (LPA)*

Approach Algorithm-based classification using predefined cognitive
domain impairments

Cognitive phenotypes Four categories: intact; single-domain impairment; bi-
domain impairment; and multi-domain impairment

Criteriafor A domain is impaired if two tests within that domain score

classification below-1.0SD or-1.5SD

Strengths

languages

-Aligns with neuropsychological classification used in other

neurological diseases

Limitations
cognitive deficits

-Standardized taxonomy for MS cognitive impairment
-Flexibility in test selection across different studies and

-Broad categories may overlook finer distinctions in

Data-driven clustering using LPA on cognitive test
z-scores

Five phenotypes: preserved cognition; mild-verbal
memory/semantic fluency; mild-multidomain;
severe-executive/attention; and severe-multidomain

Pattern of cognitive deficits in multiple tests using
z-score thresholds

-ldentifies clinically meaningful subgroups
-Incorporates MRI correlates of cognitive
impairment

-Useful for individualized treatment strategies

-Requires complex statistical modeling
-May not generalize to all clinical settings

-Cutoff-based classification may be sensitive to normative

dataset variations

MS, multiple sclerosis; SD, standard deviation; MRI, magnetic resonance imaging.

Significant Significant Mild Mild
I Preserved mnmn
(SMD) (s50) MmD) sD)

@

Figure 2. Cognitive phenotypes. (A) International classification of cognitive disorders in MS (Adopted from Hancock et al.*’). (B)
Latent profile analyses (Adopted from De Meo et al.*°). MS, multiple sclerosis.
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Table 4. Prevalence of cognitive deficits in different subtypes of multiple sclerosis*

CIS/RIS RRMS SPMS PPMS Total Cl
Johnen et al.* (2017) (meta-analysis) 50.0-75.0 >50.0
Ruano et al.* (2017) 34.5 445 79.4 99.3 46.3
Clough et al.** (2022) 619
Ozakbas et al.* (2018) 53.7
Branco et al. (2019) 42.8 (younger);

77.0% (>55 years)

Lott et al.*® (2022) 42.9
Perrenoud et al.*’ (2023) 30.0-45.0 50.0-75.0
Altieri et al.*® (2020) 23.0

CIS, clinically isolated syndrome; RIS, radiologically isolated syndrome; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary
progressive MS; PPMS, primary progressive MS; Cl, cognitive impairment; MS, multiple sclerosis.
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