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Modern neuropsychological assessment
methods for cognitive impairments
in multiple sclerosis: a literature review

Multiple sclerosis (MS) is a chronic inflasnmatory autoimmune disease that according to the Atlas of MS of the
Multiple Sclerosis International Federation affects nearly 3 million people worldwide, predominantly young adults
(70—80 %) and 3—5 % of children. Motor impairments are among the leading MS symptoms as well as cognitive
impairments (Cl) which occur in 40—60 % of MS patients. However, due to their minimal impact on the overall EDSS
score, disorders of cognitive functions are often overlooked, negatively affecting patients' quality of life and work
capacity. Diagnosing Cl is a crucial aspect of providing proper care, improving social adaptation, and expanding
cognitive rehabilitation opportunities. This review aimed to systematize current knowledge about neuropsychological
diagnostic methods for Cl in patients with MS. We conducted a computerized search in PubMed, Scopus, and Web
of Science using the keywords «multiple sclerosis», «cognitive impairment», and «assessment». In neuropsychology, Cl
is usually defined as performance falling more than 1.5 standard deviations below normative expectations, adjusted
for demographic variables such as age and educational level. When diagnosing Cl in MS, it is essential to consider
comorbid psychiatric conditions, adverse effects of pharmacological treatment, and MS-related symptoms that
may negatively influence cognitive function. Despite the wide range of existing methods for assessing Cl in patients
with MS, there is no consensus or clear recommendation regarding the use of specific fests, as no single tool provides
comprehensive coverage of the patients’” cognitive profile. The existing batteries of tests are well-constructed, yet
have their limitations and challenges as long duration, necessity of experienced well-trained personnel or restricted
coverage of cognitive domains. Further research is needed to identify the optimal assesssent approach.
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ultiple sclerosis (MS) is a chronic inflamma-
tory autoimmune disease that affects the myelin
sheath of neural pathways in the central nervous sys-
tem (CNS). According to the Atlas of MS of the Multiple
Sclerosis International Federation, MS affects nearly
3 million people worldwide, predominantly young
adults (70—80 %) and 3—5 % of children [3, 23].
Motor impairments are among the leading symp-
toms in patients with MS and often serve as the
primary reason for seeking neurological care. Motor
function plays the most significant role in calculating
the Expanded Disability Status Scale (EDSS) score.
However, cognitive impairments (Cl) occur in 40—
60 % of patients [11, 16] and may arise independently

of the degree of neurological deficit [2, 19]. Despite
this, due to their minimal impact on the overall
EDSS score, cognitive functions are often overlooked,
negatively affecting patients’ quality of life and work
capacity. Diagnosing Cl is a crucial aspect of providing
proper care, improving social adaptation, and expand-
ing cognitive rehabilitation opportunities [11].

Although CI can be present in patients with all MS
phenotypes, they are more pronounced in individuals
with progressive forms (primary and secondary pro-
gressive MS) [17]. This review aimed to systematize
current knowledge about neuropsychological diag-
nostic methods for Cl in patients with MS and analyze
the limitations of these tools.
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Materials and methods

This review aimed to systematize current knowl-
edge about neuropsychological diagnostic methods
for Cl in patients with MS and analyze the limitations
of these tools. We conducted a computerized search
in PubMed, Scopus, and Web of Science using the
keywords «multiple sclerosis», «cognitive impairment»,
and «assessment».

Results and discusion
Diagnostic criteria for cognitive impairment

According to the fifth edition of the «Diagnostic
and Statistical Manual of Mental Disorders» (DSM-5),
Cl are evaluated across six major cognitive domains:
(1) complex attention; (2) learning and memory;
(3) language abilities; (4) executive function; (5) per-
ceptual—motor function; (6) social cognition. DSM-5
considers Cl of various origins and classifies them by
severity as either «<major» or «mild». In the context of
MS, cognitive impairment is typically classified under
«mild neurocognitive disorders» [16].

In neuropsychology, Cl is usually defined as perfor-
mance falling more than 1.5 standard deviations be-
low normative expectations, adjusted for demographic
variables such as age and educational level. When di-
agnosing Cl in MS, it is essential to consider comorbid
psychiatric conditions, adverse effects of pharmaco-
logical treatment, and MS-related symptoms that may
negatively influence cognitive function [2, 17].

At the same time, neither the current international
literature nor DSM-5 provides recommended, stan-
dardized, and globally accepted neuropsychological
tests or cutoff scores for domain-specific cognitive
impairment, which represents a critical barrier to
accurate and consistent identification of cognitive
dysfunction in MS [16].

M. Fisher et al. proposed identifying such impair-
ments based on the following neuropsychological as-
sessment criteria [9, 18]:

= Performance falling 1.5 or 2 standard deviations
(SD) below the normative mean in at least 20—
30 % of the test parameters.

= Performance falling 1.5 or 2 SD in at least two
cognitive domains.

Cognitive domains being affected

The cognitive domains most frequently affected
in patients with MS were first described by S.M. Rao
and colleagues in 1991 [26] and have since been
confirmed by subsequent studies [2, 12, 19]. These
domains include [11, 15, 19, 27]:

= Information processing speed.

= Complex attention.

= Learning and memory.

= Executive functions (problem solving).
= Visuospatial abilities.

Cl observed at the earliest stages of MS, such as
during a clinically isolated syndrome, typically involve

reduced information processing speed and execu-
tive function. In contrast, patients with a relapsing-
remitting course (RRMS) additionally show deficits in
verbal and visual memory [19].

Patients with primary and secondary progressive
MS exhibit a broader spectrum of cognitive dysfunc-
tions, including impairments in attention, working
memory, executive functions, as well as the aforemen-
tioned deficits in processing speed and verbal and ep-
isodic memory [27]. These patients often experience
a reduced ability to sustain attention over time and to
perform multiple tasks simultaneously. They may also
show signs of visuospatial dysfunction and spatial dis-
orientation, ultimately leading to reduced capacity for
processing new information and learning [15].

A study by V. Planche et al. demonstrated that pro-
cessing speed is the most commonly affected domain
in MS, regardless of disease course. Other frequently
impaired domains included:

Verbal episodic memory.
Executive functions.
Visuospatial construction.
Verbal fluency/speed.
Working memory.
Language abilities.

Notably, patients with secondary progressive MS
showed more severe cognitive impairment than those
with late-stage relapsing—remitting MS (disease du-
ration over 10 years), across all cognitive domains
except language abilities [25].

Based on the severity of cognitive deficits, patients
may be categorized into five cognitive phenotypes:
preserved cognition (56 %), mild impairment in a
single domain (15 %), mild impairment in multiple
domains (9 %), severe impairment in a single domain
(12 %), and severe impairment in multiple domains
(8 %) [6, 10, 20].
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Assessment methods of cognitive function

A wide variety of neuropsychological tests have been
developed to assess specific cognitive domains. Some
of these tools have been grouped into diagnostic bat-
teries for more practical application in patients with MS.

The most commonly used tools for assessing cog-
nitive impairment in MS include:

= Paced Auditory Serial Addition Test (PASAT) —
assesses working memory;

= Symbol Digit Modalities Test (SDMT) — evaluates
processing speed and complex attention;

= Word List Generation (WLG) — measures language
functions and verbal fluency;

= Trail Making Test(TMT) — assessesvisual attention,
task-switching ability, and cognitive flexibility;

= 10/36 Spatial Recall Test (SPART) — evaluates
visuospatial and perceptual—motor memory, as
well as aspects of executive function;

= Wisconsin Card Sorting Test (WCST) — assesses
executive function and the ability to adapt to
changing task rules;
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= Brief Visuospatial Memory Test—Revised
(BVMT-R) — measures visuospatial memory;

= California Verbal Learning Test—Second Edition
(CVLT-Il) — assesses verbal memory;

= Selective Reminding Test (SRT) — evaluates

learning and verbal memory [1, 14, 25].

Among these, the SDMT is considered the most
sensitive tool for detecting cognitive impairment in
MS. Itis a quick test based on pairing nine single-digit
numbers with nine unique symbols. These symbols
are presented in random sequences over eight rows,
and the participant is required to name the corre-
sponding digit for each symbol within 90 seconds.
SDMT is sensitive to subtle cognitive shifts, even in
cases where EDSS score remains stable, and it is
frequently used to detect isolated cognitive relapses
[2, 21, 27].

The PASAT is part of the Multiple Sclerosis Func-
tional Composite (MSFC) and has historically been
regarded as the gold standard for assessing cognitive
functions [4, 22]. In this test, the participant hears
a series of 60 single-digit numbers, presented one
every three seconds over a span of three minutes.
The task is to continuously add each new number to
the one immediately preceding it. PASAT evaluates
processing speed, working memory, and complex
auditory attention. However, it has several limitations:

= it requires a well-trained examiner to administer;

= audio equipment is necessary;

= it is often poorly tolerated by MS patients;

= performance may be affected by mathematical

ability, dysarthria, and anxiety [4].

In addition to individual tests, several neuropsy-
chological batteries have been developed specifically
for MS populations: The Brief Repeatable Battery of
Neuropsychological Tests (BRB-N), which takes ap-
proximately 45 minutes; The Minimal Assessment
of Cognitive Function in MS (MACFIMS), which takes
around 90 minutes; The Brief International Cognitive
Assessment for MS (BICAMS), a screening battery
that can be completed in 15 minutes [15].

BICAMS combines the SDMT, CVLT-ll, and BVMT-R,
enabling rapid assessment of processing speed,
verbal memory, and visuospatial memory. Due to
its brevity, BICAMS is classified as a screening tool;
however, it is highly practical, particularly in the early
stages of the disease. Research has demonstrated a
strong association between Cl as detected by BICAMS
and MRI-based measurements of total brain volume
in newly diagnosed young MS patients [29].

BRB-N has a sensitivity of 71 % and specificity of
94 %. It includes the following tests [11]: (1) PASAT-3,
(2) SDMT, (3) WLG, (4) 10/36 SPART, (5) SRT). BRB-N is
considered one of the gold standards in the neuropsy-
chological assessment of cognitive impairment in MS
due to its comprehensiveness and effectiveness [16].

According to current understanding, MACFIMS rep-
resents the most comprehensive cognitive battery avail-
able. It includes the SDMT, PASAT, CVLT-Il, BYMT-R, the
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Delis—Kaplan Executive Function System (D-KEFS),
the Controlled Oral Word Association Test (COWAT),
and the Judgment of Line Orientation test (JLO). This
battery allows for in-depth evaluation of processing
speed, episodic memory, executive functions, and
other domains frequently affected in MS. However,
due to its length and complexity, it is often poorly tol-

erated by patients [22].

Among self-assessment tools, the Multiple Sclero-
sis Neuropsychological Questionnaire (MSNQ) serves
as a brief screening instrument. It contains 15 items
that assess self-perceived cognitive symptoms, some
of which correlate with levels of anxiety, depression,
and cognitive function. However, MSNQ scores show
weak correlation with performance on objective neu-
ropsychological tests. A high MSNQ score is more
indicative of depression than CI [31].

Some neuropsychological screening tools not spe-
cific to MS are also commonly used, including the
Montreal Cognitive Assessment (MoCA) and the Ad-
denbrooke’s Cognitive Examination—Revised (ACE-R).
Both tools evaluate five cognitive domains: atten-
tion/orientation, memory, verbal fluency, language,
and visuospatial abilities. According to K. Charest
et al., MoCA demonstrates a sensitivity of 87 % and
specificity of 68 % for identifying cognitive impair-
ment in MS patients [5]. However, these tools assess
domains that are often unaffected in MS — such as
spatial and temporal orientation — and fail to include
key domains like processing speed. Therefore, they
are limited in their utility for comprehensive cognitive
assessment in MS [8].

In parallel with traditional paper-based tests, a
number of digital tools have been developed for use
on smartphones and tablets. These enable longitu-
dinal monitoring of cognitive function in MS patients
in outpatient settings over extended periods. Among
them:

1. NIHTB iPad App, which includes tasks from the
NIH Toolbox aimed at assessing receptive vo-
cabulary, attention control, working memory, pro-
cessing speed, verbal learning, and delayed re-
call [13].

2. The Multiple Screener tool combines two compo-
nents: 1) online questionnaires assessing levels
of anxiety, depression, and subjective cognitive
complaints; 2) three neuropsychological tests for
objective cognitive evaluation — SDMT, CVLT-II,
and SPART [30].

3. DigiCog, a tablet-based digital version of the
BICAMS battery [28].

4. sSDMT, a smartphone-adapted version of the
Symbol Digit Modalities Test. It has demonstrated
a high correlation with the traditional paper-based
version, supporting its potential for broader clini-
cal application [32].

5. The icognition screening battery, designed for
smartphone use, includes three tests: SDMT,
a dot-position test for assessing visuospatial
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short-term memory, and a visual backward digit
span test for evaluating working memory [7].

Conclusions

Despite the wide range of existing methods for as-

sessing cognitive impairment in patients with multiple
sclerosis, there is no consensus or clear recommenda-
tion regarding the use of specific tests, as no single
tool provides comprehensive coverage of the patients’
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E.B. BABMY, 10.0. COANOAOBHIKOBA

OAECHKMIA HALUJOHAABHMIN MEAVNYHUIA YHIBEPCUTET

Cy4aCHi MeToAn HENPONCUXOAOTIYHOT OLIHKU KOTHITUBHUX NOPYLUEHb
Y NALIEHTIB 3 PO3CiSIHUM CKAEPO3OM: OIASIA AiTepaTtypu

PoscisHnin ckrepos (PC) — Lie XPOHIYHE 3anAAbHE ABTOIMYHHE 30XBOPIOBAHHS, SIKE, 301 AQHUMK ATAQCY PO3CISIHO-
ro CKAepPO3y MiKHOPOAHOI deaepaLlii PO3CITHOrO CKAEPO3Y, BPOYKAE MAMKE 3 MAH AOAEWV Y BCbOMY CBITi, MEPEBAYKHO
MOAOAMX AOPOCAMX (70—80 %) Ta 3—5 % aiten. Cepea NPOoBIAHMX CUMATOMIB PC € MOTOPHI MOPYLLEHHS, O TAKOX KOr-
HiTVBHI NopyLueHHs (KM, siki BuHMKAOTb Y 40—60 % nauieHTis i3 PC. [MpoTte yepes ixHin MiHIMAAbHM BIAMB HO 3AraAbHI
MOKA3HMK EDSS pO3AaAM KOTHITBHMX OYHKLLIM YOCTO 30AULLAKOTLCS O30 YBArOHD, LLLO HEFATMBHO MO3HAYOETHCS HA SIKOCTI
MKATTS TA MPALE3AATHOCTI XBOPUX. AIArHOCTUKA KIT € BOYKAMBMM QCTIEKTOM HOAQHHST HOAEXXHOT AOMOMOTY, MOKPALLEHHS
COLJOABHOI OAQNTALi TO PO3LUMPEHHST MOXXAMBOCTEM KOTHITWMBHOI peabiAiTauji. Lien orasia MAB HO MeTi CUCTEMATZYBATM
CYYACHI 3HOHHS MPO HEMPOMCUXOAOTYHI MeToaM AiarHoCTUKM KH y naujeHTis 3 PC. My npoBeAU KOMM'KOTEPHMIN MOLLYK Y
PubMed, Scopus 1a Web of Science, BUKOPUCTOBYKOUM KAKOHOBI CAOBA «PO3CIFHNIN CKAEPO3», «KOTHITVBHI MOPYLLEHHS» TO
«OLiHKO», Y HemponcuxoAorii KH 3a3B1MYair BU3HAYAETLCS SIK 3HMIKEHHST MOKA3HMKIB BiAbLLE HDK HO 1,5 CTAOHAQPTHOTO BiA-
XVAEHHS1 BiA HOPMOTUBHMX OYilyBAHb, CKOPUIOBAHUX HO AEMOTPAdIYHI 3MiHHI, TAKI $IK BilK TAl PiBEHb OCBITU. [1PW AIQrHOCTUL
KMy nauieHrTis i3 PC BAXKAMBO BPAXOBYBATU CYMYTHI MCUXIATPWYHI CTOHM, NOGIYHI edekTi GAPMAKOAOMNYHOTO AiKYBAHHSI
TO CUMMATOMMU, NOB’913aHi 3 PC, §Ki MOXYTb HEFOTVMBHO BMAMBOTU HA KOTHITVBHI GyHKLT. HE3BAXKAKOUM HA LUMPOKMIA CNEKTP
HASIBHVX MeTOAIB oLiHKM KMy naujeHTie i3 PC, HO CbOroaHi BIACYTHIM KOHCEHCYC aB0 YiTKi PeKOMEHAQLLT LLLOAO BUKOPWC-
TAHHSI KOHKPETHWX TECTIB, OCKIABKM XXOAEH i3 HUX HE 3a6e3nedye NMOBHOTO OXOMAEHHST KOrHITMBHOTO MPOMIAKO MALLIEHTA.
YUHHI TECTOBI KOMMAEKCK AODPE PO3POBAEHI, OAHOK MAKOTb CBOI OOMEKEHHS TA BUKAMKI, 30KPEMA TPVBOAAICTb MPOBE-
AEHHS1, HEOOXIAHICTb 3AAYYEHHST AOCBIAYEHOTO NEPCOHAAY AB0 OOMEXKEHNM CNEKTD OLHIOBAHWX KOMHITUBHUX AOMEHIB.
HeobxiaHI MTOACQABLLI AOCAIAMKEHHST AASI BUSHOYEHHST ONMTUMOABHOTO MIAXOAY AO OLLHKM,

KAIO4OBi CAOBA: PO3CISIHUIN CKAEPO3, KOTHITVBHI MOPYLLUEHHS!, METOAM OLLIHKMN.
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