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Multiple sclerosis (MS) is a severe chronic disease with a complex pathogenesis characterized by a wide range of clinical manifestations,
among which cognitive and motor disorders are especially pronounced.

The aim of the present article is to study the relationship between the degree of neurological deficit and cognitive functions in patients with
relapsing multiple sclerosis. The Expanded Disability Status Scale (EDSS) was used to assess neurological deficit, and cognitive functions
were analyzed through the Schulte test and the Luria test "Memorizing 10 words".

The study included 93 patients with RRMS, who were divided into two groups depending on the level of EDSS (group 1: EDSS
< 3 points — 43 patients; group 2: EDSS > 3 points — 50 patients).

The research findings uncovered major disparities amongst the clusters. Individuals with an EDSS score > 3 points demonstrated
notably weaker outcomes in cognitive evaluations compared to individuals with less severe neurological conditions. The velocity of the
Schulte test was significantly slowed down in this cluster, reflecting the exhaustion of cognitive resources. Furthermore, recall assessments
indicated troubles in keeping facts within short-term memory, predominantly under the conditions of repetitious tasks. These cognitive
deficits showed interrelation with the level of neurological impairment and the advancement of the illness.

Conclusions: The study proves that the level of neurological impairment strongly influences the cognitive status of MS patients. Those
with a higher EDSS score demonstrate significantly poorer performance on tests measuring attention, memory, and processing speed. Such
an effect is particularly evident in test situations that require high concentrations and repetitions of tasks. The findings underscore the urgent
need to integrate cognitive assessments into routine monitoring of MS patients.

Keywords: multiple sclerosis, cognitive function, EDSS, Schulte test Luria, test short-term memory.
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B3AEMO3B’A3KN MI’)K KOTHITUBHUMU NIOPYIIEHHSMU TA PIBHEM HEBPOJIOTTYHOT'O AE®IIUTY
Y XBOPHUX HA PPPC

Hninposcwruil Oeporcasnuti meouuHuil ynisepcumem, M. /[ninpo, Yxpaina

MeTa: 10CTIIUTH B3a€EMO3B’ 30K MiXK CTyHEHEM HEBPOJIOTIYHOTO Ae(ilUTy Ta KOTHITHBHUMH (QYHKUISIMH Y HALI€HTIB i3 peLUANBYIOYO-
pemityiodoio dopmoio PC. Oninka HeBponoridHoOro nedinuTy 3AiiCHIOBaTACk 32 PO3MIMPEHOI0 MIKANO cTaHy inBamigHocti EDSS, kormi-
THBHI (yHKIIT aHaNi3yBanu 3a gornomoroo tectiB LllymsTe Ta Tecty Jlypis «3amam’stoByBanns 10 ciiBy.

Jocnimpkenns Brimodano 93 nauientu 3 PPPC, skux mopimwnmu Ha jBi rpynu 3anexHo Bix piBus EDSS (1 rpyma EDSS < 3 6am —
43 manietn, 2 rpyna EDSS > 3 6amu — 50 narmienTis).

Pesynbratu [ochipKeHHS BUABIIIN, 10 MAIlieHTH 3 Moka3HUKOM EDSS > 3 Ganu Manu Hk4i pe3yabTaTd y KOTHITHBHUX TECTax y MOpiB-
HSHHI 3 TPYIIOI0 3 MEHII BUPAXKEHUM HEBPOJIOTTYHUM JieinuToM. 3a3HadeHi KOTHITUBHI HOPYIICHHS KOPEIIOBAIIN 31 CTYIICHEM HEBPOJIOTid-
HOTO JeiluTy Ta MpOrpecyBaHHsIM 3aXBOPIOBAHHS.

Kumrouosi ci1oBa: poscisauii ckiepos, mkana EDSS, tect Illynsre, Tect Jlypis, kopoTkodacHa am’ sIThb.

Introduction. Multiple sclerosis (MS) is a complex
chronic autoimmune disease that causes demyelination,
axonal loss, and progressive damage to the central nervous
system (CNS). A key characteristic of MS is its predomi-
nance in young adults between the ages of 20 and 40, mak-
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ing it the leading cause of neurological disability in this age
group. The vast majority of patients (80-85%) suffer from
relapsing-remitting MS (RRMS), which is characterized by
alternating periods of exacerbation and remission. In addi-
tion to motor disorders, this form of the disease is accompa-
nied by cognitive impairments such as impaired attention,
reduced processing speed, memory impairment, and emo-
tional difficulties including anxiety and depression [1-3].
Human movement relies on the fusion of many systems,
which are motor functions, balance, and cognitive control all
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coming together under the central nervous system (CNS).
In patients with multiple sclerosis (MS), demyelination and
axonal degeneration disturb this synergy and present diffi-
culties in simultaneous applications of cognitive and motor
tasks. For instance, sometimes even simply walking and
talking at the same time is hard because of the scarcity of
cognitive resources. On top of that, motor impairments, such
as limb weakness, coordination problems, and balance dis-
order, make mobility very difficult and are usually the first
sign of how far MS has progressed. These combined with
chronic fatigue severely compromise the functional ability
of patients and thus their quality of life [4, 5].

Progressive cognitive dysfunction of the gradual type,
in particular, appears to be highly correlated with motor
dysfunction, accompanied by increasing severity over time
within a characteristic clinical pattern. The demyelination
process affecting both white and gray matter reduces the
efficiency of neural connections required for advanced,
complicated cognitive and motor tasks. This patient popu-
lation exhibits more pronounced difficulties with attention
and quick information processing, making the integration
of new environments exceedingly challenging [6]. Emo-
tional disorders enhance the impact of cognitive problems
in multiple sclerosis, with depression and anxiety being the
primary variants. For instance, highly anxious patients may
find themselves struggling with attention on an occasional
basis as well as organization of thinking. In turn, cogni-
tive impairment seems to exacerbate emotional distress,
thus creating a vicious cycle with worsening outcomes for
patients [7-9].

In multiple sclerosis, knowledge of the interplay
between motor and cognitive impairments contributes
to the formulation of an integrated treatment plan. Using
rehab approaches that are multidisciplinary, interven-
tions have been able to yield better results in patients. For
instance, cognitive therapy on the domains of attention,
memory, and executive functions, together with rehabilita-
tion in the motor aspects, can really enhance the adaptabil-
ity of patients.

Moreover, testing of thinking skills can show how
a sickness is getting worse and whether a treatment is
working. People with higher EDSS scores need extra care
because they have a greater chance of having thinking skill
problems.

The study was aimed at assessing the dynamics of cog-
nitive tests (Schulte test and Luria ten-word test) in patients
with multiple sclerosis depending on the level of neurolog-
ical deficit EDSS to determine the characteristics of disor-
ders and changes in cognitive functions.

Materials and research methods. The study included
93 patients with a confirmed diagnosis of relapsing-remit-
ting multiple sclerosis (MS), who were treated in the neu-
rological department No. 1 of the Dnipropetrovsk Regional
Clinical Hospital named after I.I. Mechnikov of the Dni-
propetrovsk Regional Council from 2021 to 2023.

Among the patients, there were 56 women (60.2%)
and 37 men (39.8%). The patients’ age ranged from 19 to
65 years, and the median age was 37.0 years [32.0; 42.0].
The largest proportion of patients belonged to the age
group of 18-40 years (62.3%). The gender structure was
dominated by women aged 30-39 — 38 people (40.9%).
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The ratio of women to men in the entire sample was 1.5:1,
with the largest ratio noted in the age group of 50+ (2:1).
Differences in age between sexes were not statistically sig-
nificant (p=0.67). The study was approved by the Bioethics
Commission of the Dnipro State Medical University of the
Ministry of Health of Ukraine (protocol No. 76 dated Octo-
ber 25, 2021) and was performed in accordance with the
requirements of the Declaration of Helsinki.

Statistical data processing was performed using the
software packages LibreOffice and R (version 4.4.0) [10].
The Shapiro-Wilk test was applied to check the type of
distribution of quantitative data. Since the distribution of
quantitative data in the study was non-parametric, non-par-
ametric statistical methods were used. Quantitative data
were presented as median with 25th and 75th percentiles
(Me [25%; 75%]). The Mann-Whitney test was used to
compare quantitative data between groups. The Jonk-
heer-Terpstra test was used to analyze trends in quantitative
indicators when comparing three or more groups. Quali-
tative data were presented as n (%), and the Pearson Chi-
square test without Yates's correction for continuity was
used for comparison between groups.

A linear mixed-effects model with random effects on
intercept and slope was used to examine the relationship
between patient group EDSS scores, Schulte and Luria
test attempt order, and test results [11]. The fixed effects
were EDSS group and test attempt order, while the random
effects were the test results for each patient. Since the soft-
ware used to calculate the mixed-effects model does not
provide p-values for the model coefficients, the statistical
significance of the coefficients was assessed by t-value:
t > 1.96 corresponded to a significance level of <0.05, and
t > 2.6 indicated p<0.01. Comparisons of linear mixed-
effects models were performed using ANOVA.

The critical p-value for hypothesis testing was set at
<0.05.

All study participants assessed neurological deficits
using the EDSS (Expanded Disability Status Scale). Atten-
tion and memory impairments were assessed using vali-
dated psychodiagnostic methods: the Schulte Table Atten-
tion Test and the O. R. Luria 10-Word Memory Test.

All participants were divided into two groups — Group 1
and Group 2 — depending on their EDSS scores. Patients
with EDSS scores < 3 were assigned to Group 1, and
patients with EDSS > 3 were included in Group 2. The
number of participants in Group 1 was 43 (46.2%), Group 2
included 50 patients (53.8%).

The EDSS (Expanded Disability Status Scale) is a
measure of the level of neurological deficit and physical
activity in patients with multiple sclerosis. It was develo-
ped by John Kurtzke as one of the standardized methods that
quantifies the status of the patient on a scale from 0 to 10.
The EDSS has been used as the primary scale for fol-
low-up assessments of disease progression and effective-
ness of treatment in clinical trials. This gives the possibi-
lity for quantitative evaluation of the neurologic status of
patients in a number of functional systems (FS) including
vision, coordination, motor functions, sensation, bladder,
cerebellar and brainstem functions.

The final score is arrived at by adding up the scores of
all the systems that are functioning and assessing mobility.
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Schulte attention test: This helps to measure atten-
tion, sensorimotor reaction speed, and mental perfor-
mance. There are five tables containing numbers from 1 to
25 arranged in random order. The patient names these num-
bers in order, saying them aloud. The time taken to com-
plete each table normal is 30-40 seconds and the number of
errors made is noted down. Decreased speed or increased
errors indicate decreased performance or concentration.

"Memory for 10 words" by O. R. Luria: It is a test of
verbal memory. A list of 10 words, neutral from an emo-
tional point of view, is read to the patient at intervals
of 1 second. The patient is asked to repeat the list up to
five times until he/she can remember it fully. Recall after
50—60 minutes, unannounced, tests long-term memory for
delayed recall.

Results and discussion. The study of the dynamics of
cognitive tests depending on the EDSS score revealed a
number of important patterns that confirm the close rela-
tionship between the level of neurological deficit and cog-
nitive abilities of patients with multiple sclerosis.

As shown in Figure 1, there was a tendency that with
each subsequent attempt to perform the Schulte test, the
test time generally increased in most patients. An increase
in the Schulte test time was observed in both groups, taking
into account the EDSS score. However, when studying this
trend, it became clear that the rate of increase in the Schulte
test time in patients with EDSS > 3.0 was higher than in
patients with EDSS < 3.0. This indicates a progressive
depletion of cognitive resources during repeated attempts
to perform tasks that require attention and speed of senso-
rimotor reaction.

EDSS Scores
— <30
— 230

50

Result, seconds

3
Attempt

Fig. 1. Results of 5 Schulte test attempts depending
on EDSS score

The medians and 25th and 75th percentiles of the
Schulte test scores rose with each next attempt, confirming
the progressive decline in cognitive abilities. (Figure 2).
The rise in the interquartile percentiles (25th and 75th)
indicates that the variability of results among patients had
also increased, underscoring individual differences in the
progression of cognitive decline.

A statistically significant difference was found between
the results of all attempts at the Schulte test in both EDSS
subgroups (p < 0.01). In addition, a statistically significant
increase in scores on the Schulte test was noted with every
attempt in both EDSS subgroups; this was confirmed by the
Jonkher-Terpstra test. (p < 0.01).
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Fig. 2. Medians with 25th and 75th percentiles
of the results of 5 Schulte test attempts depending
on the EDSS score

Patients with an EDSS score > 3.0 had an average of
4.83 seconds higher Schulte test result. Each subsequent
attempt was associated with an average increase in Schulte
test result of 1.12 seconds. The increase in Schulte test
result with each attempt in patients with an EDSS score
> 3.0 was on average 1.29 seconds higher than in patients
with an EDSS score < 3.0. The t-values for all of the above
indicators were > 2.6, thus they were considered statisti-
cally significant at a significance level of p <0.01 (Table 1).

Table 1
Results of a linear mixed-effects model examining
the influence of EDSS score and Schulte test attempt
number on test results

Parameter Regres.sion Standard t-value
coefficient error

Intercept 34.11 0.35 96.91
EDSS score 23.0 4.83 0.48 10.06
(yes/no)
Attempt 1.12 0.08 14.56
EDSS score >3.0
(yes/no): Trial 1.29 0.11 12.20
(interaction)

The increase in the time to complete the Schulte test
with each subsequent attempt indicates the depletion of
cognitive resources, especially if the task is repeated. The
more pronounced rate of increase in time in the group with
EDSS > 3.0 confirms that the higher level of neurological
deficit is associated with a limitation of attentional reserves
and cognitive flexibility.

Patients with higher EDSS scores had a slower pace of
task completion, which indicates a violation of the speed
of information processing and sensorimotor coordination.
The Schulte test was sensitive to changes in the cognitive
status of patients with MS and can be used to monitor the
progression of cognitive impairment associated with neu-
rological deficit.

Analysis of the results of the 10-word Luria test in
patients with MS revealed significant differences in cogni-
tive functions depending on the level of neurological deficit
on the EDSS scale.

When evaluating Figure 3 with the results of 6 attempts
of the 10-word Luria test depending on the EDSS score,
dependencies were observed (Figure 3). The presence of
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the results of the attempt after 1 hour created a nonlinear
relationship between the result and the ordinal number of
the attempt. With each subsequent attempt, the difference
in the median test results between the groups decreased.
For patients with an EDSS score > 3.0, the decrease in
the median test results after 1 hour was more significant
than for patients with an EDSS < 3.0. The median results
for patients with an EDSS > 3.0 were higher than in the
comparison group. The differences in the medians between
the groups were statistically significantly lower (p < 0.01).
After excluding the test attempt after 1 hour, the Jonk-
heer-Terpstra test showed a statistically significant increase
in the medians with each subsequent attempt in both groups
(p <0.01).

10| EDSS Scores .

Qg - QQQ

23.0

Result, number of words

4 In 1 hour
Attempt

Fig. 3. Medians with 25th and 75th percentiles
of the results of 6 attempts of the Luria 10-word test
depending on the presence of mild dementia

Patients with an EDSS score > 3.0 recalled an average
of 2.72 fewer words on the 10-word Luria test compared
with patients with an EDSS score < 3.0. This suggests that
patients with less neurological deficits retain the best cog-
nitive reserves. Each subsequent attempt was associated
with an increase in test score of an average of 0.35 more
words recalled for patients in both groups. The increase in
Luria 10-word test score with each attempt for patients with
an EDSS score > 3.0 was an average of 0.26 more words
recalled than for patients with an EDSS score < 3.0, indi-
cating the ability to learn even in the presence of cognitive
deficits. The t-value for all the indicators listed above was
> 2.6, meaning that they were considered statistically sig-
nificant with a significance level of p < 0.01 (Table 2).

Patients with higher EDSS scores have marked diffi-
culty in acquiring new information. This is reflected in both

Table 2
Results of a linear mixed-effects model examining the
influence of EDSS score and ordinal number
of attempts on the Luria 10-word test test results

Regression | Standard
Parameter . t-value
coefficient error
Intercept 7.88 0.17 46.55
EDSS score >3.0 (yes/no) -2.72 0.23 -11.79
Attempt 0.35 0.03 12.34
EDSS score >3.0 (yes/
no):Trial (interaction) 0.26 0.04 6.72
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fewer words recalled on the first attempt and a limited abil-
ity to benefit from repeated attempts. Patients with more
pronounced neurological disabilities tend to exhibit greater
loss of information over time, which suggests an impair-
ment in the maintenance of verbal memory.

The Luria 10-Word Memory Test has been sensitive
to changes in cognitive status, most of all in patients who
manifest more severe neurological deficits. It may indicate
that the patient is experiencing cognitive decline.

Both tests, Schulte and Luria, are effective in monitor-
ing the progression of cognitive impairment among patients
with multiple sclerosis, particularly when the degree of
neurological deficit is substantial. For this reason, they can
be recommended for monitoring purposes regarding cogni-
tive dysfunction.

The results can also be applied to create individualized
cognitive rehabilitation programs that consider the degree
of cognitive impairment, as well as brain plasticity. In addi-
tion, these data may serve as a prognostic tool for the early
identification of patients who are at high risk for marked
cognitive decline, a possibility that would allow for much
needed intervention.

Results were statistically significant (p<0.01), which means
that facts can neither be denied nor questioned and further
research is needed to find out how the level of EDSS affects the
cognitive function of patients with multiple sclerosis.

Discussion. Ttherefore, the results of the study of the
dynamics of cognitive tests with regard to EDSS scores
are in line with previous studies asserting that there
exists a close relationship between the degree of neuro-
logical deficit and the cognitive abilities of patients with
MS. Specifically, increased EDSS— Schulte test comple-
tion time characterizes higher-grade patients who may be
confirmed by other authors as those in whom cognitive
resources become progressively depleted with increasing
grades of neurological deficit. Similar findings have been
reported in studies that highlight heightened sensitivity to
attentional demands and slowing of information process-
ing speed under long or repetitive task conditions [12—14].

Results of the Luria 10-word memory test also cor-
roborated the association between the extent of cognitive
depletion and the degree of neurological deficit. Patients
with higher EDSS scores exhibited significantly lower
performance, in other studies verifiably consistent with the
decline in MS patients' verbal memory and learning abili-
ty. On the other hand, the capacity to partially enhance
performance (in patients with higher EDSS scores) by
increasing the number of words recalled on repeated
attempts suggests that some level of cognitive plasticity is
preserved even in the face of considerable deficits.

In addition, statistically significant differences between
EDSS groups in Schulte test time and Luria word recall
(p<0.01) emphasize the importance of taking into account
the level of neurological deficit when assessing the cog-
nitive status of patients with multiple sclerosis. These
results also support the findings of other studies on the
importance of sensitive tests that can detect early signs of
cognitive decline [15, 16].

For the diagnosis of cognitive impairments in patients
with multiple sclerosis (MS), neuropsychological tests
such as the Brief Repeatable Battery of Neuropsycho-
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logical (BRB-N) and the Minimal Assessment of Cog-
nitive Function in MS (MACFIMS) are traditionally
used. However, these tests have several drawbacks: their
administration requires a significant amount of time
(BRB-N — 45 minutes, MACFIMS — 90 minutes), and
they are quite complex and exhausting for patients. Some
authors use the Mini-Mental State Examination (MMSE),
but this test does not assess executive and attentional func-
tions, making it less suitable for MS patients [17, 18].

Thus, it is preferable to use rapid, accessible, and reli-
able methods, such as the Clock-Drawing Test, which
evaluates visuospatial skills, planning, and organization
of actions, as well as the Five-Word Test, which examines
memory impairments (both short-term and long-term) and
learning ability [19, 20].

However, it should be noted that the Luria and Schulte
tests proposed in the study are more informative for assess-

KJITHIYHA IIPAKTHUKA

ing cognitive status in MS patients. These tests allow for a
more detailed and in-depth evaluation of cognitive deficits,
particularly attention and information processing speed,
identifying impairments at early stages and being more
sensitive to the dynamics of changes in these parameters.

Conclusions. Result analysis of the Schulte and Luria
cognitive tests proved that the degree of neurological defi-
cit, measured by EDSS, is a decisive factor influencing
the cognitive activity of multiple sclerosis patients. Those
with higher EDSS scores demonstrated graver deficits in
attention, cognitive endurance, and memory functions — a
finding that indicates a progressively depleting cognitive
reserve.

These findings emphasize the need to screen the cogni-
tive status of multiple sclerosis patients on a regular basis
so that any impairment can be detected early and specific
cognitive rehabilitation programs can be formulated.
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