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Abstract

Introduction. Cognitive impairment (CI) is a common manifestation of multiple sclerosis (MS), which significantly affects patients’ daily life and
professional activity. Despite the development of methods to screen MS patients for CI, data on its prevalence in the Russian population are still lacking.
Aim: to comprehensively assess cognitive functions in patients with different types of MS.

Materials and methods. The study included MS patients who did not have any other possible causes of CI and no diseases or conditions that
confounded this assessment. Cl was determined using the Brief International Cognitive Assessment in Multiple Sclerosis (BICAMS) test battery and
the Stroop test as a decrease in the scores below the mean by at least 1.5 standard deviations. CI was subjectively assessed using the Perceived
Deficit Questionnaire; fatigue was subjectively assessed using the Modified Fatigue Impact Scale (MFIS). The Mann—Whitney test and Fisher’s exact
test were used for comparison, and the Spearman test was used to evaluate correlations.

Results. We evaluated 77 MS patients (30 men; age 40 [30; 48] years; 47 with relapsing-remitting MS, 30 with progressive MS). CI incidence was
23.4% in patients with relapsing-remitting MS and 77% in patients with progressive MS, while multi-domain CI was statistically significantly more
common in patients with progressive MS. Impairment of processing speed was the most common. Patients with relapsing-remitting MS and CI were
statistically significantly older and had longer disease duration than those without CI. There was a statistically significant correlation of subjective
CI severity with MFIS scores but not with testing results.

Conclusion. CI incidence in MS patients was relatively high with greater severity and involvement of more domains in patients with progressive
MS. No correlation was found between subjective and objective CI assessment results, which may suggest that patients underestimated their deficit.
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Hayunvui yenmp nesponozuu, Mockea, Poccus

AHHOTaug

Beedenue. KozrnumusHbie Hapywenus (KH) sensiomes pacnpocmpanénHsim nposeneHuem paccesiiozo ckaeposa (PC), sHauumo 8nusiouum a no-
6ce0He8HYI0 U npocheccUoHanbHylo akmusHocmy nayueHmos. Hecmomps Ha passumue memoodux ckpunutzosoti oyenku KH npu PC, coxpansemcs
Hedocmamok 0arHbIX 00 UX pacnpocmMpaHEHHOCMU 8 POCCULICKOL NONYNAYUL.

Llenv uccnedosanus — KOMNJEKCHAA OYEHKA KOZHUMUBHbLX (YyHKYUil y nayuenmos ¢ pasibtmu munamu mevexus PC.

Mamepuanst u memodst. B uccriedosarue exniodersl nayuermst ¢ PC, He umeioujue uHbLx 803MosxHsix npudur passumus KH u sabonesanuii unu
cocmogHutl, 3ampyonsiowux mecmuposarue. KH onpedensau ¢ nomowsio 6amapeu mecmog Brief International Cognitive Assessment in Multiple
Sclerosis u mecma Cmpyna kak cHueHue nokasameneti Huxe cpedrezo Ha 1,5 u Gonee cmandapmubix omknoHenus. Cy6sexmushyio oyenky KH
nposoduu ¢ nomoujbio onpockuka Perceived Deficit Questionnaire, ymomnenus — wikanet Modified Fatigue Impact Scale (MFIS). /ins cpasHenus
ucnonw3osanu kpumepuii Manna—Yumnu u mounsili kpumeputi Quuwiepa, 0ns oyenku koppensayuii — kpumeputi Cnupmena.

Pesynemamet. Obcnedosanvi 77 nayuermos ¢ PC (30 mysxuu, sospacm 40 [30; 48] nem, 47 — ¢ pemummupyiowum PC, 30 — ¢ npoepeccupyrouum
PC). Yacmoma KH y nayuenmos ¢ pemummupytouum PC cocmasuna 234%, ¢ npoepeccupyioujum PC — 77%, npu amom y nayuexmos c npozpec-
cupyrougum PC emamucmuvecku 3Hauumo uaue ecmpeuanucs Mynbmudomentvie KH. Haubonee uacmo pezucmpuposanuch Hapyuienus ckopocmu
obpadomku urpopmayuu. Mayuernmst ¢ pemummupyiowum PC u KH Gbiiu cmamucmuuecku 3Ha4umo cmapuie u umeny 06buiyio 0numesnsHocy
3abonesanus no cpaskenuto ¢ nayuenmamu 6es KH. Cyosexmueras evipaxenrocmy KH cmamucmuuecku 3Hauumo KOppenuposand ¢ nokasamensmu
MEFIS, Ho He ¢ pe3ynemamamu mecmuposaHusl.

3axmouenue. TTokazana docmamouro evicokas uacmoma KH y nayuenmos ¢ PC, npu smom 607buias ebipaxeHHocms U 0é/ieueHue 00bluie2o
uticzia domeros Habmodanucy npu npozpeccupytowem PC. ObHapyxero omcymemeue koppensyuu cyosekmusHotl u osexmueHoli oyenku KH, umo
Moxem cudemenbCmeosams 0 HedooyeHke nayueHmamu deguyuma.

Kniouegvie cnoea: paCCEHHHblﬁ CKJIEPO3;, KOZHUMUGBHbLE HAaPYWEHUSA, YMOMIIEHUE, 6amapeu KOZHUMUBHbLX mecmoe

druueckoe yTBepxaeHue. VccneoBaHne MPOBOAKIOCH TPY JOOPOBOIBHOM HHGOPMUPOBAHHOM COTTIACHH MalKeHTOB. [IpoTo-
KoJ viceneioanus ofo6pen dtrdeckum komurerom OTBHY «Hayumbiii enTp HeBposorum» (mpotokos N? 1-7/23 ot 25.01.2023).

Wcrounuk ¢unancuposanus. PaboTa BINONHEHA B paMKax Hay4YHO-KCC/Ie/J0BaTeNbCKOM paboTs «BoccTaHoBIeHYe U afamnTa-
115 GO/bHBIX C MOBPEXkKAEHHEM HEpPBHOI CHCTEMbI: COBPEMEHHbIE BO3MOXKHOCTH M3yUeHUs] MEXaHU3MOB, PaKTHKO-OpUeHTH-
pOBaHHBIe TIOZX0/BD» (HOMep rocyzapcTBeHHol peructpauud 122041800162-9).

Kondnukr nnTepecos. ABTOphI IEKIApPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHLMAIbHBIX KOHGIMKTOB UHTEPECOB, CBA3aHHBIX
¢ myOnuKanyeit HacTosel cTaThu.
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Introduction

Multiple sclerosis (MS) is a chronic immune-mediated
disease of the central nervous system with a relatively
high prevalence. MS prevalence is estimated to be 2 to 165
cases per 100 thousand population in different geographical
areas [1] and 50 to 80 cases per 100 thousand population
in Russia [2, 3]. Depending on MS type, activity, and duration,
neuroinflammation or degeneration mechanisms can
predominate in its pathogenesis [4—6]. Despite significant
development of treatment options for MS and improvement
in its course, disability due to MS remains high [7, 8]. Affecting
mostly patients of young or middle age, MS significantly
worsens their professional and daily activities and decreases
their quality of life [9].

Cognitive impairment (CI) in MS patients is quite challenging
to diagnose, often ignored by patients themselves, and,
therefore, often classified as a “hidden” MS symptom [10, 11].
In the Expanded Disability Status Scale (EDSS), the assessment
of cognitive functions is limited to the subjective impression
of the assessor, so CI is often not taken into account when
disease activity is assessed, although its detection can further
increase the sensitivity of relapse detection [12]. CI can also
be a marker of aggressive disease [13].

Possible mechanisms underlying CI in MS patients include
demyelination and gray matter atrophy. Several authors
suggested that CI in MS patients can result from neuronal
network disruption due to white matter lesions [14].
An important role in CI pathogenesis can be attributed to the
atrophy of the gray matter in the thalamus, basal ganglia,
hippocampal cortex, several areas of the cerebral cortex, and
cerebellum [15, 16].

In recent years, increasing attention has been paid to
studying cognitive functions using specialized scales and
questionnaires, such as screening assessment tools and
expanded neuropsychological test batteries. Most common
screening tools include Symbol-Digit Modalities Test (SDMT)
anditsmodifications, BriefInternational Cognitive Assessment
in Multiple Sclerosis (BICAMS) battery, and more detailed
ones such as Brief Repeatable Battery of Neuropsychological
tests in multiple sclerosis (BRB-N), Minimal Assessment
of Cognitive Function in Multiple Sclerosis (MACFIMS),
Battery Evaluating Cognitive Functions in Multiple Sclerosis
(BCcogSEP), etc. [17]. Several questionnaires have been
developed to subjectively assess cognitive functions, such
as Multiple Sclerosis Neuropsychological Questionnaire
(MSNQ) [18] and Perceived Deficit Questionnaire (PDQ).
It is assumed that screening tools can be used in all MS
patients to assess them for CI and its changes over time,
while expanded scales are feasible for selected groups
of patients, in particular, those who have complaints of
cognitive decline, or when CI is detected using screening
tools [19].

Cognitive impairment in multiple sclerosis

Both overall incidence and phenotype of CI depend on the MS
type. For instance, mild single-domain verbal memory/semantic
fluency Cl is more typical for relapsing-remitting MS (RRMS).
Patients with progressive MS (PMS) more often have multi-
domain CI or severe attention/executive CI [20]. However,
data on incidence of CI in different domains depending on
MS type remain inconsistent [21].

Study aim. This study aimed to comprehensively assess
cognitive functions in patients with different types of MS.

Materials and methods

This cross-sectional study involved MS patients who received
inpatient treatment at Research Center of Neurology
(Moscow, Russia) from 2021 to 2024. The study was approved
by the Ethics Committee of Research Center of Neurology
(Protocol 1-7/23 dated 25 January 2023) and was conducted
in accordance with the principles of the Declaration of
Helsinki.

Inclusion criteria:

* voluntary informed consent to participate in the study;

* age over 18 years;

* MS diagnosis confirmed according to the McDonald
criteria, 2017.

Exclusion criteria:

» Diagnosed diseases or conditions that can be associated
with CI (such as concomitant neurological disorders that
result in deterioration of cognitive functions; clinically
significant depression; use of medications with a known
effect on cognitive functions; alcohol or drug abuse).

» Diagnosed diseases or conditions that can confound
cognitive test results (uncorrectable visual or hearing
impairment, severe dysarthria, tremor in the dominant
hand, paresis in the dominant hand with a decrease
in muscle strength corresponding to a decrease by up
to MRC Weakness Scale score 2 or lower).

* Diagnosed severe medical or neurological concomitant
conditions.

An MS relapse (clinical manifestations or disease activity
detected using contrast-enhanced MRI) was not an exclusion
criterion for the study.

Once the patients signed the informed consent form,
demographic data, general and medical history were
recorded, severity of neurological deficit was assessed using
the EDSS scale, and severity of depression was assessed
using the corresponding subscale of the Hospital Anxiety
and Depression Scale. Severity of subjective cognitive
impairment was assessed using the PDQ questionnaire;
fatigue was assessed using the Russian version of the
Modified Fatigue Impact Scale (MFIS) [22]. Objective
assessment of CI was performed using the Russian version
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of BICAMS test battery [23], which included the following

tests [24, 25]:

o SDMT, which assesses processing speed. Individuals
tested should quickly pair geometric shapes to one of
nine numbers, based on a provided key, for 90 seconds.
The outcome is total number of correctly paired shapes.
To prevent upper motor extremity weakness from
confounding the written version of this test, the oral
version is used, when the patient calls the numbers
out loud, and the assessor writes them down under the
corresponding symbols.

o Californian Verbal Learning Test — Second Edition (CVLT-1I),
which assesses short-term verbal memory and learning.
The BICAMS battery allows 5 consecutive trials, which test
immediate recall. The researcher reads a list of 16 words
from 4 semantic groups to the patient, who should memorize
them and recall in any order immediately after their
presentation. The presentation is repeated 5 times, and the
final score is the total number of items recalled over 5 trials.

o The Brief Visuospatial Memory Test — Revised (BVMT-R),
a test for non-verbal visual memory and learning.
As with CVLT-I], only trials that test immediate recall are
evaluated. Individuals tested are asked to study a figure
with six geometric shapes for 10 seconds. The figure
is removed and the participant is asked to accurately draw
as many of the geometric shapes as they can remember,
while simultaneously placing them in the correct location

Table 1. Characteristics of RRMS and PMS patients
Parameter

Gender (M : F)

Age

Higher education

Disease duration, months

on the page. The three learning trials are scored based
on accuracy (1 point) of each shape and location (1 point).
A total score is derived from summing up the total number
points across all three learning trials.

Since PMS patients often have impairment of executive func-
tions, the BICAMS battery was supplemented with a Russian
verbal version of the Stroop test to assess inhibition. The test
consists of 3 parts: in part 1, the participant reads a sequence of
color names (red, blue, yellow, and green) printed in black ink;
in part 2, a sequence of hexagons printed in the same ink is pre-
sented, and the participant names the color of the geometric
shapes. In part 3, the participant is given a card with color names
written in an incongruent ink colour. The participant should voice
the ink colours, ignoring the written word. Only part 3 is used
to evaluate executive functions; the number of correct respons-
es in 45 seconds is recorded [26].

In this study, the patient was considered to have CI if at least
one cognitive test from the BICAMS battery or the Stroop test
differed by at least 1.5 standard deviations from the mean cut
scores [25, 26]. These cut scores have the highest sensitivity
and adequately high specificity [26]. Therefore, processing
speed impairment was recorded if SDMT score decreased
to 44 or less (sensitivity 0.95; specificity 0.848), verbal memory
impairment was recorded if CVLT-II score decreased to 39
or less (sensitivity 0.93; specificity 0.875 ), and spatial memory

Relapse
EDSS
DMT use (yes : no)

test results

SDMT . .
number of patients with Cl
test results

CVLT-II . .
number of patients with Cl
test It

BVMT-R est results . '
number of patients with Cl
test results

Stroop test

Number of patients with Cl

PDQ

MFIS

Note. purc, significance level without correction; peor, Significance level with Bonferroni correction for multiple comparisons. DMTs, disease-modifying therapies.

number of patients with Cl
total

single-domain Cl

Clin> 2 domains

total score

cognitive function subscale

RRMS (n = 47) PMS (n = 30) Punc Peor
14:33 16:14 0,055
34 [27; 42] 47 [40; 58] < 0,001
27 18 1,0
22 [9; 60] 156 [75; 204] < 0,001
45 14 -
3[2,5; 3,5] 6 [4.,5; 6,0] < 0,001
11: 36 15:14 0,014
52 [49,00:58,00]  38(31,00;46,75] <0001 <0,001
7 20 <0001 <0,001
55 [50,25; 61,00] 45 [38,25; 50,75] <0001 <0,001
2 9 0,003 0,015
25 [21,50; 28,50] 23 [15,75; 26,00] 0,022 0,11
7 9 0,15 0,6
43 [38,50; 49,50] 34 [26,25; 39,75] <0001 <0,001
1 10 <0,001 <0,001
11 23 <0001 <0,001
7 9 0,15 0,6
4 14 <0001 <0,001
17 [10; 29] 26 [15; 34] 0,311 1,0
27 [7,0; 45,0] 80 [61,5; 104,5] 0,002 0,01
12 [5,75; 17,00] 15 [7,25; 21,25] 0,475 1,0
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impairment was recorded if BVMT-R score decreased to 17
or less (sensitivity 0.946; specificity 0.933) [25]. A score of 30
and lower was used as a cut score for the Stroop test [26].

Descriptive statistics were calculated using IBM SPSS
Statistics v. 27. Distribution of data was not normal
(Shapiro-Wilk test; p < 0.05), so non-parametric statistical
methods were used for analysis. Cognitive test scores and
questionnaire data were compared between the groups using
the Mann-Whitney test; differences in CI incidence were
assessed using Fisher’s exact test; correlations were assessed
using the Spearman coefficient. Differences were considered
statistically significant if p < 0.05. Adjustment for multiple
comparisons was performed using the Bonferroni correction.

Results

The study included 77 MS patients (30 men, age 40 [30;
48] vyears) (hereinafter data are presented as Me [Q1; Q3]);
of those, 47 patients had RRMS and 30 patients had PMS
(26 secondary progressive MS, 4 primary progressive MS).
Clinical and demographic characteristics and cognitive test
results are shown in Table 1.

Cl was observed in 11 (234%) RRMS patients; of those,
7 patients had single-domain CI, and 2 patients each had
Cl in 2 and 3 domains, respectively. It should be noted that
RRMS patients with multi-domain CI had MS relapse at the
time of inclusion in the study and did not receive DMTs, and

Cognitive impairment in multiple sclerosis

in patients with 3-domain CI, MS duration was more than
7 years. In PMS patients, CI was reported in 23 (77%) patients,
with 9 of them having single-domain CI, 6 CI in 2 domains,
5 in 3 domains, and 3 in 4 domains. Overall incidence
of CI and multi-domain CI in PMS patients was statistically
significantly higher than in RRMS patients (Fisher’s exact
test, p < 0.001) with no statistically significant differences
in incidence of single-domain CI (Table 1).

RRMS and PMS patients did not have any statistically
significant differences in gender or education level but differed
in age and MS severity (Mann-Whitney test, p < 0.001), as well
as frequency of DMT use (Fisher exact test, p < 0.05; Table 1).
When RRMS and PMS patients were compared, statistically
significant differences were found in SDMT, CVLT-1I, BVMT-R,
and Stroop test scores with no statistically differences in PDQ
and cognitive fatigue scores. After Bonferroni correction
for multiple comparisons, all differences remained statistically
significant except for BVMT-R scores. When the incidence
of CI in different domains was compared, statistically
significant differences were also shown for SDMT, CVLT-I],
and Stroop test (Fisher’s exact test, p < 0.05).

Considering statistically significant differences between
the RRMS and PMS patients in their age, MS duration and
severity, we also evaluated a relationship between cognitive
test results and these parameters using the non-parametric
Spearman coefficient. Mean negative statistically significant
correlations were shown for SDMT with age, for SDMT and

Table 2. Correlations between test parameters and questionnaires

Parameter Age

p -0,402
SDMT

p < 0,001

p -0,272
CVLT-II

p 0,017

p -0,339
BVMT-R

p 0,003

p -0,286
Stroop test

p 0,012

p 0,002
PDQ

p 0,985

Note. p, significance level; p, Spearman correlation coefficient. MFIScoe, Modified Fatigue Impact Scale, Cognitive Subscale.
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Duration EDSS PDQ MFIS MFISog
-0,554 -0,618 -0,087 -0,270 -0,111
< 0,001 < 0,001 0,459 0,020 0,911
-04M -0,509 -0,225 -0,371 -0,257
< 0,001 < 0,001 0,054 0,001 0,027
-0,334 -0,260 -0,092 -0,200 -0,077
0,003 0,023 0,437 0,087 0,514
-0,255 -0,544 -0,149 -0,278 -0,193
0,026 < 0,001 0,204 0,017 0,099
0,097 0,198 - 0,726 0,828
0,415 0,091 - < 0,001 < 0,001
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CVLT-II with disease duration, and for SDMT, CVLT-II, and
Stroop test with MS severity according to EDSS (Table 2).

Differences in cognitive test results and questionnaire scores
were evaluated in patients who used and did not use DMTs at
the time of inclusion in the study. No statistically significant
differences were found for subjective CI severity and fatigue
in the total population and separate subsets.

We evaluated differences between patients with or without
Cl in subsets of RRMS and PMS patients by their age,
MS duration and severity. RRMS patients with CI were
statistically significantly older than those without CI
(Mann-Whitney test, p = 0.010) and had more severe disease
(p = 0.043), while no statistically significant differences
were found in disease duration. There were no statistically
significant differences in patients’ age, MS duration or
severity in PMS patients.

We also evaluated a correlation of subjective CI severity
with cognitive test results and fatigue score (total score and
cognitive fatigue score). When the relationship between
cognitive test results and total PDQ score was evaluated,
no statistically significant correlations were found.
In contrast, the assessment of fatigue (general and
cognitive) had a statistically significant strong correlation
with the subjective CI severity according to PDQ.
We also assessed a relationship between overall fatigue
and cognitive fatigue scores with cognitive test results.
However, only a moderate statistically significant negative
correlation was shown between the total fatigue score and
CVLT-II results (Table 2).

Discussion

Cl was observed in approximately a quarter of RRMS
patients, while in PMS patients its incidence was
significantly higher (ie. 77%). Cl severity was also higher
in PMS patients; however, this may be partly explained
by the older age and MS duration in patients in this group.
CI spectrum was different: RRMS patients had single-domain ClIs,
most often decreased processing speed or visuospatial memory,
while PMS patients more often had multi-domain Cls. In PMS
patients, a decrease in processing speed was also predominantly
observed; impairments in other domains were less common and
had a similar incidence. No statistically significant correlation
was shown for subjective CI and fatigue assessment with
cognitive test results regardless of the MS type.

Cl incidence in RRMS patients in our study (23.4%) was
consistent with some previous studies [27, 28]. In contrast,
other authors showed a higher incidence of CI, i.e. 30-45%
[29-31]. It should be noted that among RRMS patients in
our study patients with MS relapse predominated, while in
several studies in RRMS patients with a similar or higher
Cl incidence, patients were in remission [27, 30, 31], or

in other studies MS activity was not specified [28, 29].
Since patients during relapses were shown to have a higher
severity of CI [32, 33], this inconsistency requires further
investigation.

The incidence of CI in PMS patients in our study was generally
consistent with literature data [21, 31]. The differences in CI
spectrum in RRMS and PMS patients were consistent with
previous data summarized in a review by B. Brochet et al. [21].
The higher incidence of single-domain CI in RRMS patients
and multi-domain CI in PMS patients is consistent with
a large study by E. De Meo et al. [20], where patients with
early RRMS most often had mild single-domain impairment in
verbal memory/semantic fluency. In our group, impairment of
processing speed was the most common among single-domain
CIs. On the other hand, the highest incidence of impairment in
processing speed in our study is consistent with the pre-viously
proposed model of cognitive impairment, according to which
the earliest impairment is seen in proces-sing speed, followed
by impairment in visuospatial cognition, verbal cognition,
working memory/attention, and executive functions [34].

An association of CI and patients’ age, MS severity and
duration found in our study was also shown in previous
studies [21, 31, 35]. Evidence remains conflicting as to
whether MS type is an independent risk factor for CI or
whether patients’ age and disease severity contribute more
to the differences [29, 31]. Although a meta-analysis by
N.C. Landmeyer et al. [36] showed that cognitive function
parameters improved in patients receiving DMTs, we did
not detect any statistically significant differences between
patients who received DMTs and those who did not.
This may be related to the high proportion of patients with
early RRMS who started their DMTs recently.

Along with previous studies, we did not found any statistically
significant correlation between subjective Cl severity and
objective test results [37]. Severity of subjective CI was
previously shown to be more influenced by depression
and fatigue [38], which is consistent with our results.
The statistically significant moderate correlation of the
overall fatigue score with CVLT-II verbal memory test results
is similar to the results of a study that showed a relationship
between BICAMS battery scores and subjective fatigue,
in which fatigue had the most significant effect on CVLT-II
scores [39]. Consistent with another recent study, we found
a correlation between cognitive fatigue with subjective CI but
not with objective test data [40].

Limitations of our study include small sample size and
relatively high heterogeneity of patients; however, our results
reliably showed the incidence of CI in real-world clinical
practice when assessed using standardized screening tools.
In addition, the use of cut scores for determination of CI
may be considered as an important limitation of the study,
and therefore, in future studies, it may be advisable to
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assess the reliability of CI determination using other normal
values for the Russian-speaking population, such as those
based on regression. Finally, further studies would be useful
to investigate changes in CI depending on disease activity,
assess other cognitive domains, and compare patients with
benign and highly active MS.

To summarize, our study was the first to provide a compre-
hensive assessment of CI prevalence in patients with dif-
ferent types of MS and different MS activity using the
standardized Russian version of the BICAMS test battery and
the Stroop test. Clinical and demographic differences between
patients with CI and intact cognitive functions were also
assessed. A relationship between subjective CI severity with
both cognitive test results and fatigue severity was evaluated
for the first time in the Russian-speaking population.
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