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ABSTRACT

Aim Multiple sclerosis (MS) is a chronic, inflammatory, (auto)immune disease of the central nervous sys-
tem. Cognitive impairments are common in MS patients and significantly affect their quality of life. This
study aimed to assess the impact of cognitive disorders on the quality of life in MS patients.

Methods A prospective study included 135 MS patients and 50 healthy individuals. Participants were di-
vided into three groups: 85 patients with MS lasting over one year, 50 newly diagnosed MS patients, and 50
healthy individuals. Clinical assessment included the Mini-Mental Status Examination and cognitive func-
tion tests (Wechsler Intelligence Scale, Revised Beta Test, Raven’s Coloured Progressive Matrices, Wechsler
Memory Scale, Audio-Verbal Learning Test, Rey-Osterrieth Complex Figure Test, Verbal Fluency Test, and
the SF-36 quality of life scale).

Results Cognitive impairments were found in 40-60% of MS patients, with mnestic functions most affected
(30-60%). Patients with longer disease duration had poorer visuospatial, visuoconstructive, and visuoper-
ceptual abilities. Immediate working memory, attention, and logical memory were also more impaired. Qual-
ity of life was significantly reduced in both MS groups, with lower MMSE score correlating with greater
impairment.

Conclusion Cognitive impairments in MS patients affect memory, executive function, and attention, with
global intellectual decline occurring later. A strong link between cognitive dysfunction and reduced quality
of life highlights the importance of cognitive assessment for evaluating disease severity and therapy effects.

Key words: cognition, executive function, neuropsychological tests

INTRODUCTION

Multiple sclerosis (MS) is a chronic, inflammatory, autoim-
mune disease of the central nervous system (CNS), charac-
terized by inflammation, demyelination, gliosis, and neuronal
loss (1). Although the exact etiology remains unknown, it is
believed that a combination of genetic predisposition and en-
vironmental factors such as vitamin D deficiency, birth season,
tobacco exposure, and Epstein-Barr virus, play a role in the
disease development (2,3).

The prevalence of MS worldwide ranges from 5 to 300 per
100 000 people and increases at higher latitudes (4).

Although the overall prevalence of MS generally decreases
with increasing proximity to the equator, recent epidemiolog-
ical data indicate a rising incidence in certain regions, which
may reflect changes in environmental exposure, genetic sus-
ceptibility, or improved diagnostic practices (5-7).
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The clinical course varies, with the relapsing-remitting form
being most common, often progressing to a secondary-pro-
gressive form. Less common types include primary progres-
sive and progressive-relapsing MS. Symptoms may present in
episodes or as gradual progression (8,9).

Cognitive dysfunction is a common, yet often under recog-
nized manifestation of MS, affecting up to 65% of patients
(10). It typically involves deficits in working memory, atten-
tion, and executive functions, while global intellectual capac-
ity often remains preserved in the early stages of the disease
(11). These higher cognitive functions are supported by intri-
cate neural networks encompassing the associative cortex and
limbic structures particularly the hippocampus and anterior
cingulate gyrus (12,13).

Disruption of these systems is closely associated with cognitive
decline in MS and contributes significantly to reduced quality
of life. Cognitive impairment interferes with daily functioning,
including interpersonal relationships, work performance, and
emotional well-being, and is frequently accompanied by other
“invisible” symptoms such as fatigue and depression (14).
The World Health Organization defines quality of life (QoL) as
an individual’s perception of their position in life, within their
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cultural context and value system, in relation to personal goals
and expectations (15). QoL encompasses physical, psycholog-
ical, social, and functional dimensions.

In routine clinical practice, an increasing number of patients
with MS present with cognitive difficulties, including impair-
ments in memory, attention, verbal expression, and concentra-
tion, despite being physically relatively stable (16).

These so-called “invisible symptoms” are frequently underdi-
agnosed and inadequately addressed, although they substan-
tially compromise quality of life, occupational performance,
and interpersonal relationships (17).

A deeper understanding of cognitive dysfunction in MS, along
with its quantification and correlation with clinical manifesta-
tions, contributes to the advancement of individualized treat-
ment, patient education, and rehabilitation strategies. Further-
more, cognitive decline may serve as an early predictor of MS
progression (18).

The majority of available literature addresses cognitive impair-
ments in patients with longer disease duration, often without
comparative analysis involving control groups or longitudinal
follow-up (19).

In the region of Southeast Europe such studies remain scarce.
Notably, investigations that explore the association between
objective neuropsychological findings and quality of life pa-
rameters are especially underrepresented.

The aim of this study was to examine the impact of cognitive im-
pairments on the quality of life in patients with MS, emphasizing
their effect on physical, psychological, and social functioning.

PARTICIPANTS AND METHODS

Participants and study design

This prospective study was conducted at the Clinic of Neurolo-
gy, University Clinical Centre Tuzla, Bosnia and Herzegovina.
The duration of the study was 2.5 years during the period June
2021 — December 2023.

A total of 185 patients were included in the study, comprising
135 patients diagnosed with multiple sclerosis (MS) and 50
healthy patients as controls. Patients were divided into three
groups: Group I consisted of 85 patients with MS duration lon-
ger than one year, Group II included 50 patients newly diag-
nosed with MS with disease duration less than one year, and
Group III consisted of 50 healthy patients, matched by age,
gender, and education level to the MS groups. Patients were
selected consecutively during the study period.

Table 1. Demographic and clinical characteristics of the patients
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Inclusion criteria for Group I and Group II were a confirmed
MS diagnosis based on the current McDonald criteria and in
group I patients had to have a brain magnetic resonance scan
no older than one year prior to the initial testing (20, 21).
Group III included patients without a history or clinical signs
of neurological or cognitive disorders. Exclusion criteria for
MS patients included comorbid diseases and central nervous
system (CNS) injuries, such as trauma, metabolic disorders,
epilepsy, and vascular lesions. Demographic data including
age, gender, and education level were collected for all patients.
The approval from the Ethics Committee from University
Clinical Centre Tuzla was obtained.

Methods

All MS patients underwent brain MRI at baseline. Neu-
rological examinations were conducted by a neurologist,
while neuropsychological testing was performed by both a
psychologist and a neuropsychiatrist. Clinical evaluation in-
cluded the Expanded Disability Status Scale (EDSS) (22),
the Mini-Mental State Examination (MMSE) (23), and the
SF-36 Quality of Life Scale (24). To assess cognitive func-
tions, a comprehensive neuropsychological battery was used,
consisting of the Wechsler Intelligence Scale WB-II (25),
Revised Beta Test (26), Raven’s Coloured Progressive Matri-
ces (27), Wechsler Memory Scale (28), Audio Verbal Learn-
ing Test (AVLT) (29), Rey-Osterrieth Complex Figure Test
(RCFT) (30), and the Verbal Fluency Test (FAS) (31). All
participants underwent initial testing, with follow-up testing
performed one year later.

Statistical analysis

The Mann—Whitney U test, Wilcoxon test, and x2 test were
used to examine differences between the groups. Associations
among variables test scores, and scale domains were evaluated
using regression analysis and Spearman’s correlation coeffi-
cient. A p< 0.05 was considered statistically significant.

RESULTS

Group I included 85 MS patients (70.5% female; mean age
42.0£9.3 years), Group II included 50 newly diagnosed MS pa-
tients (82% female; mean age 37.5+10.8 years), and Group III
included 50 healthy patients matched by age, gender, and edu-
cation. Among MS patients, 121 (82%) had relapsing-remitting
and 14 (18%) had secondary-progressive MS (Table 1).

Testing 1 Testing 11

Variable

Control Group 1 Group II Control Group I Group I1
Number of patients 50 50 50 80 45
RRMS 0 50 0 66 45
SPMS 0 0 0 14 0
Age (mean+SD) (years) 38+5.8 4249.3 37.5£10.8 39+5.8 43+9.3 38.5+£10.8
Gender (M/F) (N) 35/15 60 /25 41/9 35/15 59/21 39/6
Education (mean+SD) (years) 16£1.8 12+£2.5 12424 16£1.8 12+£2.5 12+2.4
EDSS (mean+SD) 0 2.542.3 1.9+1.8 0 3£2.6 1.6£1.5
Duration of disease (mean+SD) (years) 0 6+4.0 <1 0 7+4.0 1

*Testing I, initial testing; Testing II, testing after one year; Control, patients without multiple sclerosis; Group I, patients with multiple sclerosis which lasted
more than one year; Group II, patients with newly diagnosed multiple sclerosis; RRMS, relapsing remitting form of multiple sclerosis; SPMS, secondary
progressive form of multiple sclerosis; EDSS, extended scale of disability status in multiple sclerosis
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Table 2. Distribution of cognitive disorders, initial testing

No (%) of patients
Variable Group I (N=85) Group II (N=50)
Normal Below average Pathological Normal Below average Pathological

WBac 50 (58.82) 12 (14.12) 23 (27.06) 40 (80.00) 4 (8.00) 6 (12.00)
WBc 33(38.82) 46 (54.12) 6(7.06) 22 (44.00) 23 (46.00) 5(10.00)
CPM 82(96.47) 2(2.35) 1(1.18) 47 (94.00) 2 (4.00) 1 (2.00)
B 56 (65.88) 11 (12.94) 18 (21.18) 40 (80.00) 3 (6.00) 7 (14.00)
WB mc 33 (38.82) 28 (32.94) 24(28.24) 25 (50.00) 18 (36.00) 7 (14.00)
WB Im 35 (41.18) 9(10.59) 41 (48.24) 23 (46.00) 8(16.00) 19 (38.00)
AVIT 1-5 42 (49.41) 18 (21.18) 25(29.41) 27 (54.00) 11 (22.00) 12 (24.00)
AVIT 6 19 (22.35) 17 (20.00) 49 (57.65) 13 (26.00) 13 (26.00) 24 (48.00)
AVLIT 7 18 (21.18) 15 (17.65) 52 (61.18) 14 (28.00) 16 (32.00) 20 (40.00)
RCFT rc 48 (56.47) 7(8.24) 30(35.29) 37 (74.00) 6 (12.00) 7 (14.00)
RCFT vm 31 (36.47) 8(9.41) 46 (54.12) 24(48.00) 5(10.00) 21 (42.00)
FAS 56 (65.88) 5(5.88) 24 (28.24) 38 (76.00) 4 (8.00) 8 (16.00)

Whbac, Wechsler Bellevue scale form II -subtest: Assembling cubes; WBc, Wechsler Bellevue scale form II - subtest: Common terms; CPM, Raven’s Coloured
Progressive Matrices; B, Revised Beta test maze; WB mc, Wechsler Bellevue scale form II - subtest: mental control; WB Im, Wechsler Bellevue scale form II
— subtest: logical memory; AVLT , Auditory-verbal learning test; RCFT rc, Rey Complex Figure Test - recognition trial; RCFT vm, Rey Complex Figure Test -

visual memory; FAS, FAS verbal fluency tests

Significant differences in test performance were found be-
tween MS groups and healthy controls (p<0.05). Visuospatial
and visuoconstructive abilities were more impaired in Group
I than in Group II: cube subtest (WB ac) in 23 (27%) versus
6 (12%), crossing out subtest (RCFT re) in 30 (35.3%) ver-
sus 7 (14%) cases. Executive functions, as measured by the
maze subtest, were preserved in 67 (79%) patients of Group
I and 43 (86%) of Group II. Verbal fluency (FAS) was within
normal range in 24 (28%) patients of Group I and 8 (16%) of
Group II. Working memory, attention, and short-term mem-
ory were impaired in 24 (28.2%) patients of Group I and 13
(16%) of Group II, while logical memory was impaired in 41
(48.2%) and 19 (38%), respectively. Short-term verbal mem-
ory (AVLT A6) was impaired in 49 (57%) of Group I and 24
(48%) of Group II, while long-term verbal memory (AVLT
A7) showed deficits in 52 (61%) of Group I and 20 (40%) of
Group II patients. Non-verbal recall (RCFTvm) was impaired

Table 3. Distribution of cognitive disorders, testing after one year

in 46 (54%) of Group I and 21 (42%) of Group II patients.
Verbal fluency impairment due to demyelination was present
in 24 (28.2%) patients of Group I and 8 (16%) of Group II
(Tables 2, 3).

In Group 1, all psychological tests correlated significantly
with physical QoL (p<0.05); the mental and total QoL score
correlated significantly with all tests except numerical mem-
ory. In Group II, SF-36 dimensions correlated significantly
with all tests except the beta maze and numerical memory
(Table 4).

At follow-up, Group I showed the strongest correlation be-
tween quality of life and the RCFT test. In Group II, the
strongest correlation was with MMSE, WB mc, and RCFT.
Physical and mental QoL dimensions, as well as total SF-36
score, correlated positively and significantly with MMSE in
both MS groups. During the second testing, correlations in
Group II remained significant for most psychological tests,

No (%) of patients

Variable Group I (N=80) Group IT (N=45)
Normal Below average Pathological Normal Below average Pathological

WBac 50 (62.50) 12 (15.00) 18 (22.50) 35(77.78) 6(13.33) 4 (8.89)
WBc 26 (32.50) 49 (61.25) 5(6.25) 13 (28.89) 29 (64.44) 3(6.67)
CPM 74 (92.50) 0 (0.00) 6 (7.50) 43 (95.56) 2 (4.44) 0 (0.00)
B 57 (71.25) 8(10.00) 15 (18.75) 37 (82.22) 4 (8.89) 4 (8.89)
WB mc 23 (28.75) 31 (38.75) 26 (32.50) 20 (44.44) 14 (31.11) 11 (24.44)
WB Im 33 (41.25) 12 (15.00) 35 (43.75) 19 (42.22) 9 (20.00) 17 (37.78)
AVLT 1-5 34 (42.50) 17 (21.25) 29 (36.25) 19 (42.22) 15 (33.33) 11 (24.44)
AVLT 6 17 (21.25) 19 (23.75) 44 (55.00) 11 (24.44) 13 (28.89) 21 (46.67)
AVLT 7 17 (21.25) 16 (20.00) 47 (58.75) 8 (17.78) 13 (28.89) 24 (53.33)
RCFT rc 47 (58.75) 4 (5.00) 29 (36.25) 34 (75.56) 2 (4.44) 9 (20.00)
RCFT vm 29 (36.25) 13 (16.25) 38 (47.50) 24 (53.33) 6 (13.33) 15 (33.33)
FAS 57 (71.25) 6 (7.50) 17 (21.25) 32 (71.11) 7 (15.56) 6(13.33)

Whbac, Wechsler Bellevue scale form II -subtest: Assembling cubes; WBc, Wechsler Bellevue scale form II - subtest: Common terms; CPM, Raven’s Coloured
Progressive Matrices; B, Revised Beta test maze; WB mc, Wechsler Bellevue scale form II - subtest: mental control; WB Im, Wechsler Bellevue scale form 1T
— subtest: logical memory; AVLT , Auditory-verbal learning test; RCFT rc, Rey Complex Figure Test - recognition trial; RCFT vm, Rey Complex Figure Test -

visual memory; FAS, FAS verbal fluency tests
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Table 4. Correlation of psychological testing results with SF - 36
quality of life scale of two study groups, initial testing

Group I (N = 85) Group IT (N =50)

Tests
b p b P

MMSE 1.8715 0.0308* 1.7793 0.2432
Whac 0.1448 0.9032 -0.7157 0.7833
WBc 1.2413 0.3767 0.2402 0.8874
CPM -0.6093 0.5278 0.2281 0.8831
B 0.3079 0.8088 0.0432 0.9846
WB mc¢ -4.4289 0.0016* -1.6309 0.4819
WB Im 1.3079 0.228 1.7972 0.3536
AVLT 1-5 0.9852 0.4016 -3.2439 0.2642
AVLT 6 2.2738 0.2714 2.6429 0.3723
AVLT 7 -1.2207 0.5215 -0.1473 0.9652
RCFT rc 0.1747 0.5549 0.9593 0.2157
RCFT vm 0.5844 0.0899 0.0259 0.9727
FAS 0.0195 0.9602 0.409 0.5703

(R)=0.6113 0.0005* (R)=0.5834 0.1915
D - W test

AC 2.1109 AC2.0517

b, Partial correlation coefficient of multiple regression correlation analysis; p,
Possibility of random difference two-sided testing of the hypothesis; MMSE,
Mini mental status examination; Wbac, Wechsler Bellevue scale form IT
-subtest: Assembling cubes; WBc, Wechsler Bellevue scale form II - subtest:
Common terms; CPM, Raven’s Coloured Progressive Matrices; B, Revised
Beta test maze; WB mc, Wechsler Bellevue scale form II - subtest: mental
control; WB Im, Wechsler Bellevue scale form II — subtest: logical memory;
AVLT, Auditory-verbal learning test; RCFT rc, Rey Complex Figure Test -
recognition trial; RCFT vm, Rey Complex Figure Test - visual memory; FAS,
FAS verbal fluency tests; (R), multiple correlation coefficient; D - W test,
Durbin Watson test; AC, autocorrelation

Table 5. Correlation of psychological testing results with SF - 36
quality of life scale of two study groups, testing after one year

Group I (N =80) Group II (N =45)

Tests
b p b p

MMSE 0.6482 0.4613 5.759 0.0018*
Whbac -2.4887 0.1886 -9.1236 0.0038*
WBc 0.7909 0.6231 0.358 0.874
CPM 0.3813 0.4621 1.4019 0.3466
B -0.0546 0.9706 0.6627 0.7973
WB mc -0.2788 0.8991 -0.653 0.7925
WB Im 0.6237 0.7189 0.2282 0.9215
AVLT 1-5 -2.9256 0.1095 0.0268 0.9922
AVLT 6 1.9576 0.4079 -1.8345 0.6923
AVLT 7 -0.7322 0.683 2.0087 0.637
RCFT rc 1.3474 0.0188* 1.5841 0.0420%*
RCFT v 0.8836 0.061 0.0789 0.9163
FAS 0.1797 0.708 0.2756 0.7155

(R)=0.5986  0.0023* (R)=0.7285 0.0110*
D - W test

AC2.0315 AC 1.4302

b, partial correlation coefficient of multiple regression correlation analysis; p,
possibility of random difference two-sided testing of the hypothesis; MMSE,
Mini mental status examination; Wbac, Wechsler Bellevue scale form II
-subtest: Assembling cubes; WBc, Wechsler Bellevue scale form II - subtest:
Common terms; CPM, Raven’s Coloured Progressive Matrices; 8, Revised
Beta test maze; WB mc, Wechsler Bellevue scale form II - subtest: mental
control; WB Im, Wechsler Bellevue scale form II — subtest: logical memory;
AVLT, Auditory-verbal learning test; RCFT rc, Rey Complex Figure Test -
recognition trial; RCFT vm, Rey Complex Figure Test - visual memory; FAS,
FAS verbal fluency tests; (R), multiple correlation coefficient; D - W test,
Durbin Watson test; AC, autocorrelation
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with fewer associations seen for the cube subtest, Raven’s
Coloured Progressive Matrices (CPM), beta maze, and logi-
cal memory (Table 5).

DISCUSSION

Multiple sclerosis (MS) is a neurodegenerative disease that
most often affects women of reproductive and working age. In
this study, women were more represented in both MS groups
(70.5% and 82%, respectively), which is consistent with pre-
vious findings (4, 32). The majority of patients had the relaps-
ing-remitting form of MS (82%), in line with the distribution
reported in other studies (32, 33).

Cognitive impairments were identified in 50% of patients in
Group I and 42% in Group II, which corresponds to the prev-
alence range of 40-70% reported in the literature (10, 11, 13,
34). These impairments mainly affected memory, attention,
and executive functions, especially in patients with longer dis-
ease duration. Intellectual abilities and executive functions re-
mained relatively preserved in the early stage, which supports
previous findings (35) that executive deficits are less frequent
in newly diagnosed patients.

Visuospatial and visuoperceptual functions were more im-
paired in Group I, while attention and short-term memory
showed slightly worse outcomes in Group II. These results
align with the study (36), which noted early difficulties in at-
tention, concentration, and processing speed among MS pa-
tients. As multiple sclerosis progresses, memory difficulties
tend to worsen. In the early stages, individuals often experi-
ence problems with retrieving information, while later stages
are more commonly associated with challenges in acquiring
new information (37). It was found that longer disease duration
is linked to more severe impairments in verbal episodic mem-
ory and logical thinking (33, 34).

These findings support the observation in our study that ver-
bal learning and memory are more significantly affected in pa-
tients with longer disease duration.

Our results showed the quality of life (QoL) of MS patients
was significantly reduced across all measured dimensions and
strongly correlated with both MMSE and cognitive test results;
physical and mental dimensions of QoL showed statistically
significant associations with most neuropsychological scores,
especially in patients with more advanced disease. This rela-
tionship has been confirmed in previous studies emphasizing
the link between cognitive status and social, emotional, and
functional outcomes (34). Cognitive difficulties reported by
patients with multiple sclerosis are strongly linked to poorer
physical and mental quality of life, as well as a decreased like-
lihood of being employed, even when factors like age, fatigue,
depression, and disability level are taken into account (38).

It is important to note that executive functions and non-verbal
intelligence did not show a significant correlation with quality
of life in the early stages of our study, suggesting that pre-
served higher-order functions may mask deeper cognitive de-
cline. This finding aligns with longitudinal studies that have
examined cognitive functions in MS patients and their associa-
tion with quality of life, emphasizing that even mild cognitive
deficits can substantially impact daily living, even among pa-
tients with minimal physical disability (35).

The limitations of this study include the absence of standard-
ized neuropsychological protocols specifically designed for
MS patients. The tests used were time-consuming and required
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specialized examiner skills. Future studies should incorporate
validated cognitive assessment tools tailored to MS popula-
tions and include larger samples to increase generalizability.
In conclusion, this study confirms that cognitive impairments
are prevalent in MS and significantly reduce patients’ quality
of life. Our longitudinal comparison revealed that early cog-
nitive decline primarily involves attention, working memory,
and short-term verbal memory, whereas more advanced stages
show greater impairments in verbal learning, logical memory,
visuospatial abilities, and long-term memory.

The originality of this study lies in its longitudinal design, in-
volving the assessment of cognitive functions at both early and
advanced stages of the disease, in comparison with a control
group of healthy individuals. Furthermore, the study intro-
duces an innovative approach by integrating a broad range of
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