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ABSTRACT
Background: Cognitive dysfunctions are often 
presented as a symptom in multiple sclerosis 
which is associated with both structural and 
functional imapirments of neuronal networks 
in the brain. Objective: The aim of the study 
was to evaluate the influence of dysability, 
duration and type of disesase on cognitive func-
tions in multiple sclerosis patients. Methods: 
This study included 60 MS patients treated at 
the Department of Neurology, Clinical Center 
University of Sarajevo. Inclusion criteria were 
clinically definite diagnosis of multiple scle-
rosis, 18 years of age or older and were able 
to give written informed consent. Cognitive 
function was evaluated by the Montreal Cogni-
tive Assessment (MoCa) screening test. Mann-
Whitney and Kruskal-Wallis test were used for 
comparisons between clinical characteristics 
and MoCa test scores. Results: Out of 63.33% 
of patients had EDSS <=4.5. Disease lasted lon-
ger than 10 years in 30% of patients. 80% had 
relapsing-remitting MS and 20% had secondary 
progressive MS. 84,2 % of patients with EDSS ≤ 
4.5 had cognitive dysfunction. Higher disability 
(rho=0,306, p<0,05), progressive type of dis-
ease (rho=0,377, p< 0,01) and longer disease 
duration (rho=0,282, p<0,05) were associated 
with worse overall cognitive functions. Level of 
disability showed statistical significant correla-
tion with the executive functions and language 
domains of cognition (p<0.01). Longer disease 
duration was significant correlated with execu-
tive functions (p<0,01) and language domains 
(p<0,01), while progressive type of disease was 
signifacant correlated only with executive func-

tions domain (p<0,01). MoCa score variables did 
not show a statistically significant difference in 
relation to the number of relapses per year and 
the use of imunoterapy. Statistically significant 
negative correlation was obtained between 
executive functions domain and level of dis-
ability, disease duration and progressive type of 
disease, while language domain significantly cor-
related only with disability level and progressive 
type of disease. Conclusion: High percentage of 
MS patients has cognitive impairment. Patients 
with higher disability were presented with lower 
cognitive abilities, especially in executive func-
tions and language domains. Higher frequency of 
cognitive impairment were presented in proges-
sive forms of disaese and longer disease duration 
with strong influence on executive functions 
domains of cognition.
Keywords: Multiple sclerosis, cognitive func-
tions, clinical characteristics.

1.	BACKGROUND
Cognitive impairment (CI) is a often pre-

sented in multiple sclerosis (MS), with fre-
quency between 40% and 70% of subcortical 
types reported by epidemiological studies (1, 
2). Multiple sclerosis as chronic and progres-
sive inflammatory, immunomediated disease 
of the central nervous system (CNS) is charac-
terized by great clinical heterogeneity with no 
valid multidimensional measure covering all 
aspects of disease (3). It is a complex diesase 
that may be presented by different neurologi-
cal symptoms causing impairment of physi-
cal, psychological and cognitive functions. 
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Remission of cognitive symptoms is not common, and 
cognitive decline may indicate progressive disease de-
spite stable physical symptoms (4). Sustained attention, 
speed of information processing, abstract reasoning, 
executive functions, and long-term verbal and visual 
memory are the most frequently affected cognitive func-
tions in MS patients (5). Previous studies reported that 
dysability and disease duration did not have an influ-
ence on the results of the neuropsychological functions 
tests in multiple sclerosis by more than 10% to 15 % (6). 
These results could have been explained by heterogen-
ity in investigated samples and metodologies that has 
been used. On the contrary, some studies suggest exist-
ing correlation between dysability and cognitive status 
in MS (7, 8). However, underlying MS pathology includes 
focal demyelination and neurodegeneration in different 
regions of central nervous system such as the cerebral 
white matter, hippocampus, cortical and deep gray mat-
ter, that are anatomically or functionally related to the 
both physical and cognitive functioning (9-11). Recent 
studies presented that cognitive dysfunctions in MS 
are associated with both structural injury and func-
tional impairment of neuronal networks in the brain 
(12). Cortical functions such as aphasia or negligence are 
not frequently involved (13). Although cognitive impair-
ment is usually presented in advanced disease stages, it 
may occure at any time during disease even as the first 
manifestation of the disease (14). MS-related cognitive 
decline may also be related to disease duration (15). 
Many studies showed that existing cognitive impairment 
progresses over time (16, 17). On the other side, some 
studis showed that cognitive imapirment is barely cor-
related with disease duration (18). These results could 
be explained by different level of dysability in patients 
with the same disease duration and also by difficulties 
in precise detremination of onset of the disease. It is 
proved that cognitive dysfunctions may be presented in 
the subclinical radiologically isolated syndrome, clini-
cally isolated syndrome, and all phases of clinical MS. 
Progressive forms of MS are more often presented with 
cognitive dysfunction, especially with severe forms than 
relapsing MS. It is also discussed that immunomodula-
tory drugs have a beneficial effect on MS cognitive func-
tions (19). CI also has a prognostic value in evalution of 
transition to progressive phase of disease (16, 20). It is 
known that some specific cognitive performances are 
influenced at different stages of disease such as pro-
cessing speed and executive functions at the very early 
stage of the disease (17). Verbal and visual memory in the 
relapsing-remitting MS are mostly affected (21). A more 
frequent and severe all types of cognitive dysfunctions 
are presented in a chronic progressive MS (22). The re-
sults of this study are expected to help in early detection 
of factors influencing cognitive impairment in multiple 
sclerosis patients.

2.	OBJECTIVE
The aim of the study is to investigate the relationship 

of different cognitive functions domains with dysability, 
disease duration and type of multiple sclerosis.

3.	PATIENTS AND METHODS
This study included 60 patients with multiple sclerosis 

treated in the hospital and through the multiple sclerosis 
counseling center at the Department of Neurology, Clini-
cal Center University of Sarajevo. Patients included in the 
study satisfied the following criteria: clinically definite 
diagnosis of multiple sclerosis, 18 years of age or older 
and were able to give written informed consent. Exclu-
sion criteria were age younger than 18, patients with an 
unconfirmed diagnosis of multiple sclerosis, and those 
who provided incomplete data or refused to cooperate. 
This was an independent, observational, cross-sectional 
study. Discipline for Science and Teaching, Organiza-
tional Unit for Science, Teaching and Clinical Trials of the 
Clinical Center of the University of Sarajevo gave consent 
to conduct research and access to data from the Clinic 
for Neurology KCUS (number: 45-30-5-6187/22). Each 
patient gave informed written consent to use the results 
obtained for publication before enrollment.

Each respondent was asked to fill out a questionnaire 
which includes sociodemographic data and clinical data. 
For evaluation of cognitive functions, we used the Bos-
nian version of Montreal Cognitive Assessment (MoCa) 
screening test (24). MoCa is a rapid screening instrument 
for mild cognitive dysfunction based on testing eigt cog-
nitive functions (visuospatial/executive skills, naming, 
memory, attention, language, abstract thinking, delayed 
recall/MIS and orientation). The maximum score is 30, 
and based on the score, patients are divided into the 
following groups: 26-30 normal cognitive status, 18-25 
mild cognitive impairment, 10-17 moderate cognitive 
impairment, < 9 severe cognitive impairment.

Statistical analysis
Statistical data processing was done using the com-

puter program Excel (Microsoft Office Excel 2010) and 
the SPSS computer program for statistical analysis 
(SPSS–Statistical Package for 27Social Sciences), version 
22.0. The data were processed using standard statistical 
methods and presented in the form of tables and charts. 
Mann-Witney and Kruskal Wallis tests were used for 
comparisons between clinal characteristics and MoCa 
scores.

4.	RESULTS
Out of 63.33% of patients had EDSS <=4.5. Disease 

lasted longer than 10 years in 30% of patients. 80% 
had relapsing-remitting MS and 20% had secondary 
progressive MS. 78.33% had less than or equal to 2 re-
lapses per year, and 45% of them used immunotherapy. 
84,2% of patients with EDSS ≤ 4.5 had cognitive dys-
function. 68,4% of them have mild, 15,8 % had moder-
ate and none had severe cognitive dysfunction. Higher 
disability (rho=0,306, p<0,05), progressive type of dis-
ease (rho=0,377, p< 0,01) and longer disease duration 
(rho=0,282,p<0,05) were associated with worse overall 
cognitive functions. Level of disability showed statistical 
significant correlation with the executive functions and 
language domains of cognition (p<0.01) (Table 1). Longer 
disease duration was significant correlated with execu-
tive functions (p<0,01) and language domains (p<0,01), 
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while progressive type of disease was signifa-
cant correlated only with executive functions 
domain (p<0,01). The median values of MoCa 
score variables did not show a statistically sig-
nificant difference in relation to the number of 
relapses per year and the use of imunoterapy. 
Correspondingly, the investigation obtained a 
statistically significant negative correlation 
between executive functions domain and level 
of disability, disease duration and progres-
sive type of disease, while language domain 
significantly correlated only with disability 
level and progressive type of disease (Table 2).

5.	DISCUSSION
High precentage of patients in our study 

had cognitive impairment including the group 
of patients with lower level of disability. This 
is similar to the results of the study that in-
vestigated cognitive impairment in relapsing-
remitting multiple sclerosis patients with very 
mild clinical disability , showing that more 
than 50 % of patient with mild disability have 
cognitive dysfunction (24). These results con-
firm that cognitive dysfunction are present 
also in early disease stages. The highest influ-
ence of disabilty on cognitive functions, in our 
study, was found within language and execu-
tive domains. Executive functions are cogni-
tive processes that include planning, decision 
making, problem solving, action sequencing, 
task assignment and organization (25). 

Acoording to the previous results execu-
tive functions and verbal memory could be 
impaired even before the onset of significant 
disability and can remain stable in patients 
with mild disability (24). Information process-
ing speed and visual memory are relatively 
preserved in patients with no dysability and 
tend to deteriorate with the progresion of dys-
ability level (24). 

Another study showed that MS patients with 
lower disability has mostly fronto-subcortical 
type of cognitive impairment especially in 
memory, decision-making, working memory, 
planning and goal-oriented behavior domains 
(26). This type of impairment is found to be in 
correlation with structural and functional dis-
organization in frontolateral areas of fronto-subcortical 
brain regions (26). These areas are especially linked to 
executive cognitive dysfunction, including planning , 
inhibitory control, strategy development, cognitive flex-
ibility and working memory (27). 

Unfortenatelly, executive dysfunctions are often un-
recognised because patients rarely complain about these 
problems by themselves. Importance for recogniton of 
these problems is even bigger since executive func-
tion impairment significantly lower patient’s quality of 
life and their everyday life functioning (28). One study 
showed that MS patients with higher level of dysability 

presented more impairment in language domains and 
also attention, memory, information processing speed, 
and to a lesser extent task switching for executive func-
tions (19). Level of disability influenced negatively the 
overall cognitive functions in our study which is in 
correlation with the results of previous studies that 
used different neuropsychological batteries (4, 8, 24, 
29-34). Cognitive impairment might be present at any 
time of disease course. Some studies investigate neu-
ropsychological performances in patients with clinical 
isolated syndrom (CIS) and found out presence of cogni-
tive imapirments (35,36). Cognitive dysfunctions were 

MoCa domains *                                     EDSS**                                                  p 
                                                                        (25th-75th percentile)   

                                                                                               
                                                  <=4,5                                                     4 (2-4) 
Executive functions                                                                                                                         < 0,01 
                                                   > 4,5                                                 1 (0-3,25) 
  
                                                  <=4,5                                                     3 (3-3) 
Naming                                                                                                                                0,873 
                                                   > 4,5                                                     3 (3-3) 
                 
                                                  <=4,5                                                     5 (5-6) 
Attention                                                                                                                              0,413 
                                                   > 4,5                                                     5 (5-6) 
  
                                             <=4,5                                                     2 (2-2) 
Language                                                                                                                            < 0,01 
                                                   > 4,5                                                1 (0,75-2) 
 
                                             <=4,5                                                1 (1-1,25) 
Abstraction                                                                                                                            0,868 
                                                   > 4,5                                                    1 (1-2) 
 
                                             <=4,5                                                  1,5 (0-2) 
Delayed recall                                                                                                                      0,174 
                                                   > 4,5                                                0 (0-2,25) 
 
                                             <=4,5                                                     6 (6-6) 
Orientation                                                                                                                           0,935 
                                                   > 4,5                                                     6 (6-6) 
 
 

Table 1. MoCA* domains scores according to disability level (EDSS score**) .   
* Montreal Cognitive Assessment ; ** Expanded Disability Status Scale 
 

 

 

 

 

 

 

 

 
 
 
 
 

Table 1. MoCA* domains scores according to disability level (EDSS score**) .* 
Montreal Cognitive Assessment ; ** Expanded Disability Status Scale, MoCA 
domains * EDSS** Disease duration Disease type

MoCA domains *           EDSS**             Disease duration           Disease type 
                                                                                        
(years)                                                                                                                                                                                
                                                                                               
                                                  Rho         - 0,376                            - 0,329                                   - 0,402       
Executive functions                                                                                                                        
                                                   p            < 0,01                               < 0,5                                   < 0,01 
  
                                                  Rho           0,058                             - 0,005                                    0,000 
Naming                                                                                                                                 
                                                   p              0,661                               0,068                                       1 
                 
                                                  Rho            0,028                              0,077                                   - 0,152 
Attention                                                                                                                               
                                                   p               0,830                              0,557                                     0,245 
  
                                             Rho          - 0,463                             - 0,238                                   - 0,390 
Language                                                                                                                             
                                                   p           < 0,01                                 0,067                                    < 0,01 
 
                                             Rho        - 0,046                               - 0,056                                    - 0,061 
Abstraction                                                                                                                             
                                                   p            0,725                                  0,668                                      0,642 
 
                                             Rho         - 0,185                               - 0,186                                   - 0,228 
Delayed recall                                                                                                                       
                                                   p            0,157                                  0,155                                      0,080 
 
                                             Rho         - 0,004                                - 0,087                                  - 0,083 
Orientation                                                                                                                            
                                                   p            0,975                                   0,551                                     0,529 
 
 
Table 2. MoCA* domains scores according to disability level (EDSS score**), disaese duration and 
disease type.     
* Montreal Cognitive Assessment ; ** Expanded Disability Status Scale 

 
DISCUSSION 

High precentage of patients in our study  had cognitive impairment including the group of patients with lower level of 
disability. This is similar to  the results of the study that investigated cognitive impairment in relapsing-remitting multiple 
sclerosis patients with very mild clinical disability , showing that more than 50 % of patient with mild disability have cognitive 
dysfunction  (24). These results confirm that cognitive dysfunction are present also in early disease stages. The highest 
influence of disabilty  on  cognitive functions, in our study,   was  found within language and executive domains. Executive 
functions are cognitive processes that  include planning, decision making, problem solving, action sequencing, task 
assignment and organization (25). Acoording to the  previous results executive functions and verbal memory could be 
impaired even before the onset of significant disability and can remain stable in patients with mild disability (24).  Information 
processing speed and visual memory are relatively preserved in patients with no dysability and tend to deteriorate with the 
progresion of dysability level (24). Another study showed that MS patients with lower  disability has mostly fronto-subcortical 
type of cognitive impairment especially in memory, decision-making, working memory,  planning and goal-oriented behavior 
domains (26). This type of impairment is found to be in correlation with  structural and functional  disorganization in 
frontolateral areas of fronto-subcortical brain regions (26). These areas are  especially  linked to executive cognitive 
dysfunction, including planning , inhibitory control, strategy development, cognitive flexibility and working memory (27). 
Unfortenatelly, executive dysfunctions are often  unrecognised because patients rarely complain about these problems by 
themselves. Importance for recogniton of these problems is even bigger since executive function impairment  significantly 
lower  patient’s quality of life and their everyday life functioning (28). One study showed that MS patients with higher level 
of dysability presented more impairment in language domains and also  attention, memory, information processing speed, 
and to a lesser extent task switching for executive functions (19).  Level of disability influenced negatively the overall cognitive 

Table 2. MoCA* domains scores according to disability level (EDSS score**), 
disaese duration and disease type. * Montreal Cognitive Assessment ; ** Expanded 
Disability Status Scale
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also found in many studies in recently diagnosed MS 
patients (37,38). Also, cognitive impairment was found 
in patients with mild or no disability in early stages of 
multiple sclerosis (39,40). It was showed that patients 
with chronic progressive or secondary progressive MS 
had more cognitive dysfunctions than patients with re-
lapsing-remitting MS (41,42). In our study patients with 
progressive type of disease were presented with lower 
scores of cognitive impairment especially in executive 
functions domain. One study also showed that patients 
with SPMS had lower cognitive functions especially 
considering executive functions, attention, memory and 
language, information-processing speed, in comparison 
to the patients with RRMS (19). 

A study that investigated cognitive impairment in 
secondary progressive multiple sclerosis also presented 
that the profile of cognitive impairment was different in 
the progressive forms with greater impairment of ex-
ecutive functions, information processing speed, verbal 
memory, and working memory (43). Similar results were 
found in another study showing that patients with pro-
gressive MS had more significant cognitive decline than 
patients witth RRMS (44). A higher frequency of cognitive 
impairment in secondary progessive forms might be 
linked not only to a longer duration of disease but also 
to the progressive phenotype of disease (43). This could 
be explained by the neuro-pathological mechanisms 
specific to progressive forms, including involvment 
of the cortex and the neurodegeneration presented by 
brain atrophy (45). However, progressive type of disease 
is related to the higer extent of brain volume loss which 
leads to cognitive imapirment (46). 

One study also showed that MS patients who expe-
rienced frequent relapses had significant impairment 
in attention, memory, and language (19). In our study 
number of relapses had no impact on cognitive func-
tions at any domain. Disease duration, in this study, had 
significant impact on cognitive functione, mostly execu-
tive function, suggesting that cognitive deficits geting 
worse as the disease progress. Probably, accumulation 
of disability , the progression of both gray matter and 
white matter pathology and loss of brain volume have 
the impact on these results. Similar results were found 
in a study that investigate cognitive function in MS pa-
tients (30). Disease duration also affected the cognitive 
performance especially in memory and language in a 
study that investigate clinical predictors of cognitive 
imoairment in MS patients (19). Previous studies found 
a weak or no correlation between cognition and disease 
duration (6,41,47). Another studies that used diferent 
neuropsychological tests demnostrated worsening of 
cognitive functoins over years (31, 48, 49).

6.	CONCLUSION
This study confirmed high prevalence of cognitive 

dysfunctions in multiple sclerosis patients. Patients with 
higher disability were presented with lower cognitive 
abilities, especially in executive functions and language 
domains. Higher frequency of cognitive impairment 
were found in progessive forms of disaese and longer 

disease duration. All modalities of cognitions were af-
fected. Strong influence of clinical parameters of disease 
on executive functions domains of cognition highlights 
importance of early detection of executive functions 
problem using more specific neuropsyhological tests

•	 Author’s contribution: Author were involved in preparation this re-
view. Also, final proofreading was made by the author.

•	 Conflict of interest: None declared.
•	 Financial support and sponsorship: Nil.

REFERENCES
1.	 DiGiuseppe G, Blair M, Morrow SA. Prevalence of cognitive impair-

ment in newly diagnosed relapsing-remitting multiple sclerosis. 

Int J MS Care. 2018; 20: 153-157.

2.	 Jelinek PL, Simpson S, Brown CR, Jelinek GA, Marck CH, De Livera 

AM, et al. Self-reported cognitive function in a large international 

cohort of people with multiple sclerosis: associations with lifestyle 

and other fac tors. Eur J Neurol. 2019; 26: 142–154.

3.	 Van Munster CEP, Uitdehaag BMJ. Outcome measures in clini-

cal trials for multiple sclerosis. CNS Drugs 2017; 31(3): 217–236.

4.	 Rima R. A Cohort Study of Cognitive Impairment in Patients of 

Multiple Sclerosis. J Mult Scler. 2015; 3(1): 161.

5.	 Van Schependom J, D’hooghe MB, Cleynhens K, D’hooge M, 

Haelewyck MC, De Keyser J, et al. Reduced information processing 

speed as primum movens for cognitive decline in MS. Mult Scler 

J. 2015; 21(1): 83–91.

6.	 Lynch SG, Parmenter BA, Denney DR. The association between cog-

nitive impairment and physical disability in multiple sclerosis. Mult 

Scler. 2005; 11(4): 469-476. doi:10.1191/1352458505ms1182oa.

7.	 Deloire M, Ruet A, Hamel D, Bonnet M, Brochet B. Early cog-

nitive impairment in multiple sclerosis predicts disabil-

ity outcome several years later. Mult Scler. 2010; 16(5): 581-587. 

doi:10.1177/1352458510362819

8.	 Patti F, Nicoletti A, Messina S, Bruno E, Fermo SL, Quattrocchi G et 

al. Prevalence and incidence of cognitive impairment in multiple 

sclerosis: a population- based survey in Catania, Sicily. J Neurol. 

2015; 262(4): 923-930. doi:10.1007/s00415-015-7661-3.

9.	 Geloso MC, D’Ambrosi N. Microglial pruning: relevance for syn-

aptic dysfunction in multiple sclerosis and related experimental 

models. Cells. 2021; 10: 686.

10.	 Dendrou CA, Fugger L, Friese MA. Immunopathology of multiple 

sclero sis. Nat Rev Immunol. 2015; 15: 545–158.

11.	 DeLuca GC, Yates RL, Beale H, Morrow SA. Cognitive impairment 

in multiple sclerosis: clinical, radiologic and pathologic insights. 

Brain Pathol. 2015; 25: 79–98.

12.	 Gaetani L, Salvadori N, Chipi E, Gentili L, Borrelli A, Parnetti L, 

Di Filippo M. Cognitive impairment in multiple sclerosis: lessons 

from cerebrospinal fuid biomarkers. Neural Regen Res. 2021; 

16: 36–42.

13.	 Gromisch ES, Fiszdon JM, Kurtz MM. The efects of cognitive-

focused interventions on cognition and psychological well-being 

in persons with multiple sclerosis: a meta-analysis. Neuropsychol 

Rehabil. 2020; 30: 767–786.

14.	 Moreno-Torres I, Sabín-Muñoz J, García-Merino A. Multiple sclero-

sis: epi demiology, genetics, symptoms, and unmet needs. Chapter 

1. Emerging drugs and targets for multiple sclerosis. 2019; 1–32.

15.	 Buchanan R, Radin D, Chakravorty BJ, Tyry T. Perceptions of in-

formal care givers: health and support services provided to people 

with multiple sclerosis. Disabil Rehabil. 2010; 32(6): 500–510.



27Mater Sociomed. 2023 Mar; 35(1): 23-27 • ORIGINAL PAPER 

Cognitive Imapirment in Multiple Sclerosis: Relation to Dysability, Duration and Type of Disease

16.	 Langdon DW. Cognition in multiple sclerosis. Current Opinion in 

Neurology. 2011;24, (3): 244–249.

17.	 Amato MP, G. Ponziani G, G. Siracusa, G, Sorbi S. Cognitive dysfunc-

tion in early-onset multiple sclerosis: a reappraisal after 10 years. 

Archives of Neurology. 2001; 58 (10): 1602–1606.

18.	 Gaudino EA, Chiaravalloti ND , DeLuca J, Diamond BJ. A compari-

son of memory performance in relapsing– remitting, primary pro-

gressive and secondary progressive multiple sclerosis. Cognitive 

and Behavioral Neurology. 2001; 14 (1): 32–44.

19.	 Elshebawy H, Ebtesam Fahmy EM, Elfayoumy NM, Abdelalim 

AM, Rania Shehata Ismai RS. Clinical predictors to cognitive 

impairment in multiple sclerosis patient. The Egyptian Journal 

of Neurology, Psychiatry and Neurosurgery. 2021; 57: 38 https://

doi.org/10.1186/s41983-021-00292.

20.	 Kujala P, Portin R, Ruutiainen J.The progress of cognitive decline 

in multiple sclerosis. A controlled 3-year followup, Brain. 1997; 

120(2): 289–297.

21.	 Schulz D, Kopp B, A. Kunkel A, Faiss JH. Cognition in the early 

stage of multiple sclerosis. Journal of Neurology, 2006; 253 (8): 

1002–1010. 

22.	 Nocentini U, Pasqualetti P, Bonavita S. Cognitive dysfunction in 

patients with relapsing-remitting multiple sclerosis. Multiple 

Sclerosis. 2006; 12(1): 77–87. 

23.	 Nasreddine, Z.S., Phillips N.A., Bédirian V. Charbonneau S. White-

head V. et al. The Montreal Cognitive Assessment, MoCA: A Brief 

Screening Tool for Mild Cognitive Impairment. J Am Geriatr Soc. 

2005; 53: 695–699. 

24.	 Migliore S, Ghazaryan A, Simonelli I, Pasqualetti P, Squitieri F, 

Curcio G, Landi D, Palmieri MG, Moffa F, Filippi MM, Vernieri F. 

Cognitive Impairment in Relapsing-Remitting Multiple Sclerosis 

Patients with Very Mild Clinical Disability. Behav Neurol. 2017; 

2017: 7404289. doi: 10.1155/2017/7404289.

25.	 Elliott R. Executive functions and their disorders: imaging in 

clinical neuroscience. British Medical Bulletin. 2003; 65(1): 49–59. 

26.	 Roca M, Torralva T, Meli F et al. Cognitive deficits in multiple scle-

rosis correlate with changes in fronto-subcortical tracts. Multiple 

Sclerosis. 2008; 14(3): 364–369.

27.	 Cummings JL. “Frontal-subcortical circuits and human behavior. 

Archives of Neurology. 1993; 50(8): 873–880. 

28.	 Kleeberg J, Bruggimann L, Annoni JM, Mellevan G, Bogousslavsky 

J, Schluep M. Altered decision-making in multiple sclerosis: a sign 

of impaired emotional reactivity?. Annals of Neurology. 2004; 

56(6): 787–795.

29.	 Amato MP, Zipoli V, Portaccio E. Multiple sclerosis-related cogni-

tive changes: a review of cross-sectional and longitudinal studies. 

J Neurol Sci. 2006; 245(1-2): 41–46. 

30.	 Al Falaki TA, Farqad B. Hamdan FB, Sheaheed NM. Assess-

ment of cognitive functions in patients with multiple sclerosis. 

Egypt J Neurol Psychiatry Neurosurg. 2021; 57: 127 https://doi.

org/10.1186/s41983-021-00383-4.

31.	 Ruano L, Portaccio E, Goretti B, Niccolai C, Severo M, Patti F, et al. 

Age, and disability drive cognitive impairment in multiple scle-

rosis across disease subtypes. Mult Scler. 2017; 23: 1258–1267., 

54–56.

32.	 Amato MP, Prestipino E, Bellinvia A, Niccolai C, Razzolini L, Pastò 

L, et al. Cognitive impairment in multiple sclerosis: an exploratory 

analysis of environmental and lifestyle risk factors. PLoS ONE. 

2019; 14(10): e0222929. 

33.	 Carotenuto A, Moccia M, Costabile T, Signoriello E, Paolicelli D, 

Simone M, et al. Associations between cognitive impairment at 

onset and disability accrual in young people with multiple scle-

rosis. Sci Rep. 2019; 9: 18074.

34.	 Silva AM, Cavaco S, Moreira I, Bettencourt A, Santos E, Pinto 

C et al. Cognitive reserve in multiple sclerosis: protective 

effects of education. Mult Scler. 2015; 21(10): 1312-1321. 

doi:10.1177/135245851558174. 

35.	 Achiron A, Barak Y. Cognitive impairment in probable multiple 

sclerosis. Journal of Neurology, Neurosurgery and Psychiatry 

2003; 74(4): 443–446. 

36.	 Potagas C, Giogkaraki E, Koutsis G et al. Cognitive impairment in 

different MS subtypes and clinically isolated syndromes. Journal 

of the Neurological Sciences. 2008; 267(1): 100–106. 

37.	 Hankomäki E, Multanen J, Kinnunen E, Hämäläinen P. The prog-

ress of cognitive decline in newly diagnosed MS patients. Acta 

Neurologica Scandinavica. 2014; 129(3): 184–191. 

38.	 Lyon-Caen O, Jouven R. Hauser S, et al. Cognitive function in re-

cent-onset demyelinating diseases. Archives of Neurology. 1986; 

43(11): 1138–1141.

39.	 Amato MP, Portaccio E, Goretti B, et al. Cognitive impairment in 

early stages of multiple sclerosis. Neurological Sciences. 2010; 

31 (2): 211–214.

40.	 Amato MP, V. Zipoli V, B. Goretti B et al. Benign multiple sclerosis. 

Journal of Neurology. 2006; 253 (8): 1054–1059.

41.	  Chiaravalloti ND, DeLuca J. Cognitive impairment in multiple 

sclerosis. The Lancet Neurology. 2008; 7(12): 1139–1151. 

42.	 Denney DR, L. A. Sworowski LA, S. G. Lynch SG. Cognitive impair-

ment in three subtypes of multiple sclerosis. Archives of Clinical 

Neuropsychology. 2005; 20(8): 967–981.

43.	 Brochet B, Clavelou P, Defer G, De Seze J, Louapre C, Magnin E, 

Ruet A, Thomas-Anterion C, Vermersch P. Cognitive Impairment 

in Secondary Progressive Multiple Sclerosis: Effect of Disease 

Duration, Age, and Progressive Phenotype. Brain Sci. 2022; 12(2): 

183. doi: 10.3390/brainsci12020183.

44.	 Borghi M, Cavallo M, Carletto S, Ostacoli L, Zuffranieri M, Picci RL 

et al. Presence and significant determinants of cognitive impair-

ment in a large sample of patients with multiple sclerosis. PloS 

one. 2013; 8(7): e69820.

45.	 Cree BAC, Arnold DL, Chataway J, Chitnis T, Fox RJ, Ramajo AP, 

Murphy N, Lassmann H. Secondary Progressive Multiple Sclero-

sis: New Insights. Neurology. 2021; 97: 378–388. doi: 10.1212/

WNL.0000000000012323.

46.	 Giedraitiene N, Drukteiniene E, Kizlaitiene R, Cimbalas A, Asoklis 

R, Kaubrys G. Cognitive Decline in Multiple Sclerosis Is Related to 

the Progression of Retinal Atrophy and Presence of Oligoclonal 

Bands: A 5-Year Follow-Up Study. Front. Neurol. 2021; 12: 678735. 

doi: 10.3389/fneur.2021.678735. 

47.	 Rogers JM, Panegyres PK. Cognitive impairment in multiple sclero 

sis: evidence-based analysis and recommendations. J Clin Neu-

rosci. 2007; 14: 919–27. 

48.	 Achiron A, Chapman J, Magalashvili D, Dolev M, Lavie M, Bercov-

ich E, et al. Modeling of cognitive impairment by disease duration 

in multiple sclerosis: a cross-sectional study. PLoS ONE. 2013; 

8: e71058. 

49.	 Dackovic J, Pekmezovic T, Mesaros S, Dujmovic I, Stojsavljevic 

N, Marti novic V, et al. The Rao’s Brief Repeatable Battery in the 

study of cognition in diferent multiple sclerosis phenotypes: ap-

plication of normative data in a Serbian population. Neurol Sci. 

2016; 37: 1475–1481.


