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Prevalence of cognitive impairment (CI) in patients with 
multiple sclerosis (MS): A systematic review and meta-analysis  
 

 

Abstract  

Background: One of the complications of multiple sclerosis (MS) is cognitive 

impairment (CI). The prevalence of CI is reported variously in previous studies. The 

goal of this systematic review and meta-analysis to estimate pooled prevalence of CI in 

patients with MS and also the prevalence of CI based on the type of applied test.  

Methods: Two independent researchers systematically searched PubMed, Scopus, 

EMBASE, Web of Science, and google scholar as well as gray literature (conference 

abstracts, references of the references) which were published before up January 2022. 

Results: We found 4089 articles by literature search, after deleting duplicates 3174 

remained.  Ninety articles remained for meta-analysis. The pooled prevalence of CI 

using all types of tests was 41% (95% CI: 38-44%) (I2=91.7%, p<0.001). The pooled 

prevalence of CI using BRB test was 39% (95%CI: 36-42%) (I2=89%, p<0.001). The 

pooled prevalence of CI using BICAMS was 44% (95%CI: 37-51%, I2=95.4%, 

p<0.001). The pooled prevalence of CI using MACFIMS was 44% (95% CI: 36-53%) 

(I2=89.3%, p<0.001). 

Conclusions: The pooled prevalence of cognitive impairment in patients with MS is 

estimated as 41%, so CI it should be considered by clinicians. 

Keywords: Multiple sclerosis, Cognitive impairment, Systematic review. 
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Multiple sclerosis (MS), an autoimmune disease of central nervous system (CNS) 

has lots of physical and psychological complications (1, 2). Cognitive impairment (CI) 

is one of the disabling complications of MS affecting between 40-65% of patients with 

MS (4). It has negative impacts on daily activities, social functioning, employment, 

education continuation, and finally the total quality of life (5). CI could be detected from 

earlier stages and progress during the time (6). CI is more prominent and more domains 

of cognition are affected in patients with progressive form of the disease (7). There is 

heterogeneity regarding degree and scope of CI in MS while the most common deficit 

is slowing of information processing speed and learning/memory inefficiency (8). 

Different tests such as Paced Auditory Serial Addition Test (PASAT), Symbol Digit 

Modalities Test (SDMT), Brief Repeatable Battery (BRB), minimal assessment of 

cognitive function in multiple sclerosis (MACFIMS) or its brief form (BICAMS) are 

applied for cognitive assessment in patients with MS(9). Each test evaluates different 

aspects of cognition and has its own advantages and disadvantages. 

Up to now, lots of studies reported prevalence of cognitive impairment using 

different tests, but the pooled prevalence of CI based on different available tests are not 

present. So, we designed this systematic review and meta-analysis to estimate pooled 

prevalence of CI in patients with MS and also the prevalence of CI based on the type of 

applied test. 

 

https://caspjim.com/article-1-3964-en.html
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Methods 

Study design: Systematic review, and meta-analysis. Two 

independent researchers systematically searched PubMed, 

Scopus, EMBASE, Web of Science, and Google scholar as 

well as gray literature (conference abstracts, references of 

the references) which were published before up January 

2022. The search was done on January 1st 2022. 

The search terns was: (“Multiple Sclerosis” OR “MS” 

OR “Relapsing-Remitting Multiple Sclerosis” OR “Chronic 

Progressive Multiple Sclerosis” OR “demyelinating 

diseases” OR “demyelinating disorders” OR “autoimmune 

demyelinating disease" AND “Cognitive Behavior 

Therapy” OR “Cognitive Therapy” OR “Cognitive 

Behavior Therapy” OR “Cognitive Psychotherapy” OR 

“Cognitive Therapy” OR “Cognition Therapy” OR 

(cognitive* AND behavior* AND therapy*)). 

Inclusion criteria were: Cross-sectional studies, and 

articles which had been published in the English language 

were included. Studies which used only one of the cognitive 

tests. 

Exclusion criteria: Clinical trials, cohorts, case-reports, 

letters to the editors.Two independent researchers collected 

data regarding first author, country of origin, number of 

enrolled patients, mean age, applied test for CI evaluation, 

F/M ratio, mean EDSS, and the number with CI. 

Risk of bias assessment: We evaluated the risk of potential 

bias using the Newcastle-Ottawa Scale (NOS) for Assessing 

the Quality adapted for cross sectional studies (10). 

Statistical analysis: All statistical analyses were performed 

using STATA (Version 14.0; Stata Corp LP, College 

Station, TX, USA). We used random effects model. To 

determine heterogeneity, Inconsistency (I2) was calculated. 

 

 

Results 

We found 4089 articles by literature search, after deleting 

duplicates 3174 remained.  Ninety articles remained for 

meta-analysis (figure 1). The basic characteristics of 

included studies are summarized in table 1. The pooled 

prevalence of CI using all types of tests was 41% (95% CI: 

38-44%) (I2=91.7%, p<0.001) (Figure 2). The pooled 

prevalence of CI using BRB test was 39% (95%CI: 36-42%) 

(I2=89%, p<0.001) (Figure 3). The pooled prevalence of CI 

using BICAMS was 44% (95%CI: 37-51%, I2=95.4%, 

Pm<0.001) (Figure 4). The pooled prevalence of CI using 

MACFIMS was 44% (95% CI: 36-53%) (I2=89.3%, 

p<0.001) (Figure5). The pooled prevalence of CI in female 

patients was 33% (95%CI: 29-37%, I2=88%, p<0.001) 

(Figure 6). The pooled prevalence of CI in male cases was 

40% (95%CI: 36-44%) (I2=68.7%, p<0.001) (Figure 7).

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow diagram summarizing the selection of eligible studies 
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Table 1. Basic characteristics of included studies 
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E.Portaccio/Italy/2009 (4) 

1
1
6
 RRMS:116 

8
1
/3

5
 

43.1(9.1) 

 

B
R

B
 

15.9 (9.3) 1.7 (1.2) 

5
2
 

 

N
R

 

N
R

 

9
 

M D. corte/Italy/2018 (11) 

1
4
7
 

RRMS:128 

SPMS:19 

1
0
7

/5
0
 

37.76(10.96) 

 
B

R
B

 
10.06 

(9.41) 
3.27 (2.11) 

3
5
 

N
R

 

3
8
.5

4
 (1

0
.9

4
) 

9
 

G. Arronda/spain/2009 (12) 

2
7
 

RRMS:13 
SPMS:7 

PPMS:5 

PRMS:2 
1

7
/1

0
 

44.11(11.45) 

 

B
R

B
 

11.41(9.68) 3.7 (0-7.0) 

1
5
 

N
R

 NR 

8
 

L. Ruano/Italy/2016 (7) 

8
7
3
 

RRMS:759 
SPMS:74 

PPMS:40 

5
9
3

/2
8

0
 

RRMS:39.9 
(10.2) /759 

SPMS:51.6 

(9.5) /74 

PPMS:49.3 

(10.9) /40 

B
R

B
 

RRMS:11.2 
(8.4) 

SPMS:19.4 

(10.0) 

PPMS:12.8 

(6.7) 

RRMS:2 
(1.5-3.5) 

SPMS:6 

(4.5-6.5) 

PPMS:5.25 

(5.0-6.0) 

4
3
3
 

R
R

M
S

:3
3

8
 

S
P

M
S

:5
9
 

P
P

M
S

:3
6
 

F
:2

8
3
/4

2
2
 

M
:1

3
9
/4

2
2
 

43.2 
(11.2) 

/422 

9
 

F. Mashayekhi/Iran/ 2021 

(13) 

7
1
 RRMS:71 

5
3
/1

8
 

31.43 
(8.75;19-53) 

 

M
A

C
F

IM
S

 

65.64 

(52.44;8-

192)-
months 

1.26 (1.22) 

1
0
 

N
R

 NR 

8
 

E. Portaccio/ 

Italy/2009 (14) 

8
5
 RRMS:85 

5
8
/2

7
 

43 (8.4) 

 

B
R

B
 

15.8 (9.6) 1.7 (1.0) 

2
8
 

N
R

 NR 

9
 

M. ozcan/Turkey/2014 (15) 

4
4
 

RRMS:34 
SPMS:7 

PPMS:3 

2
2
/2

2
 

NS:34.92 

(12.5) /24 
HS:40.10 

(7.25) /20 

 

B
R

B
 

NS: 5.88 

(6.35) /24 

HS: 6.4 
(5.88) /20 

NS:1.7 

(1.0-7.0) 

HS:1.5 
(1.0-6.5) 

1
9
 

N
R

 NR 

6
 

A. Carotenuto 
/Italy/2019 (16) 

5
1
 RRMS:51 

2
6
/2

5
 

NR 

B
R

B
 

3 (2.9;0-6) 
2.5 (1.0-

6.0) 

1
4
 

N
R

 NR 

1
0
 

R. Lazeron/ 
netherlands/2005 (17) 

8
2
 

RRMS:31 

SPMS:33 

PPMS:18 

4
9
/3

3
 

47 (27-73) 

B
R

B
 

15.3 (9.3) 1.7 (1.2) 

5
5
 

N
R

 NR 

9
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G. Fenu 

/Italy/2021 (18) 

9
5
 RRMS:95 

6
8
/2

7
 

43.65 (11.9) 

 

B
IC

A
M

S
 

12.1 (7.8) 2 (0-5.5) 

5
1
 

N
R

 NR 

9
 

L. Marstrand 

/Denmark/2020 (19) 

6
5
 RRMS:65 

4
1
/2

4
 

37.2 (8.8;19-

56) 

B
IC

A
M

S
 

3.9 (2.7;1-

10) 

1.8 (1.2;0-

4.0) 

2
1
 

N
R

 NR 

6
 

L. WALKER 

/canada/2016 (20) 

5
7
 

RRMS:44 
SPMS:9 

PPMS:4 

4
1
/1

6
 

45.44 (9.93) 

B
IC

A
M

S
 

10.11 

(7.72) 

2.7 (1.85;0-

7.0) 

3
3
 

N
R

 NR 

9
 

M. prez-martin/spain/2017 
(21) 

1
7
6
 RRMS:176 

1
3
3

/4
3
 

CI:40.06 

(9.31) / 62 
CU:44.22 

(10.01) / 114 

B
R

B
 

CI:12.23 

(7.17) 
CU:8.29 

(7.17) 

CI:2 (1.0-

6.5) 
CI:1.5 (0-

6.5) 

6
2
 

4
5
/1

7
 

40.06 
(9.31) 

9
 

M. Pitteri/ 

Italy/2021 (22) 

6
4
 

RR:61 

PPMS:3 

5
4
/1

0
 

37.3 (11.6) 

B
R

B
 

3.4 (4.8) 2 (0-4.0) 

3
9
 

R
R

M
S

: 3
7
 

P
P

M
S

:2
 

N
R

 

mCI:3

5.4 

(10)/2
4 

sCI:38.

1 
(3.8)/ 

17 

8
 

A. Renner/ 
Germany/2020 (23) 

1
0
9
4
 

RRMS:978 

SPMS:87 
PPMS:29 

8
0
8

/2
8

3
 o

u
t o

f 1
0
9

1
 

T:42.48 
(11.20) 

RRMS:41.47 

(10.66) 
SP:52.28 

(11.49) 
PP:51.66 

(11.21) 

B
IC

A
M

S
 

T:9.61 

(7.78) 

RRMS:9.11 
(7.34) 

SPMS:15.8
9 (9.43) 

PPMS:7.74 

(8.66) 
 

NR 

3
0
6
 

R
R

M
S

:2
5

3
 

S
P

M
S

:4
0
 

P
P

M
S

:1
3
 

N
R

 NR 

9
 

F.Caceras 

/multicenter/2014 (24) 

1
1
0
 RRMS:110 

7
4
/3

6
 

36.6 (10.6) 

 

B
R

B
 

NR 2.07 (0-6.5) 

3
8
 

N
R

 NR 

9
 

M. Hardmeier 

/Netherlands/2012 (25) 

3
4
 RRMS:34 

1
7
/1

7
 

41.4 (0.8) 

 

B
R

B
 

8.1 (1.6) 2 (0-4.5) 

8
 

2
/6

 NR 

8
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N.Botchorishvili/ 

Georgia/2021 (26) 

6
8
 

RRMS: 52 
SPMS:12 

PPMS:4 

4
8
/2

0
 

39.2 (9.9) 

 

B
IC

A
M

S
 

7 (5.7) 3.3 (1.6) 

3
2
 

R
R

M
S

:2
1
 

S
P
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S

:8
 

P
P
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S

:3
 

 

2
0
/1

2
 

41.2 

(8.9) 

8
 

J Campbell/uk/2016 (27) 

6
2
 

RRMS:44 

SPMS:18 

 

4
3
/1

9
 

49.35 (8.88) 

 

B
IC

A
M

S
 

12 (8;1-40) 4 (1.0-6.5) 

4
0
 

R
R

M
S

: 2
7
 

S
P

M
S

: 1
3
 

2
8
/1

2
 

48.3 

(8.33) 

8
 

R.Sacco/ 

Italy/2015 (28) 

4
6
 RRMS:46 

2
9
/1

7
 

39.6 (7.7) 

 

B
R

B
 

11.7 (6.5; 

1-25) 

2.5 (1.0-

6.0) 

2
0
 

1
2
/8

 

39.1 

(9.8) 

7
 

S M Tobyne/ 
USA/2017 (29) 

3
1
 RRMS:31 

2
2
/9

 
CI:41.33 
(3.17) /16 

CP:41.19 

(2.47) /15 
 

M
A

C
F

IM
S

 

CI:9.07 

(6.49) 
CP:6.69 

(5.99) 

CI:2 (1.0-

6.5) 
CP:2 (1.0-

4.0) 

1
6
 

1
1
/5

 

41.33 
(3.17) 

8
 

M. Moccia/ 
Italy/2015 (30) 

1
5
5
 RRMS:155 

9
9
/5

6
 

32.1 (8.5) 
 

B
R

B
 

3.2 

(2.5;0.1-

9.1) 

1.8 

(0.4;1.0-

3.0) 

4
1
 

3
0
/1

1
 

35.1 
(8.5) 

8
 

C, Potagas 
/Greece/2007 (31) 

1
2
7
 

RRMS:75 

SPMS:29 

PPMS:23 

T
:8

0
/4

7
 

RRMS:34.3 

(8.9) 

SPMS:42.0 
(8.5) 

PPMS:42.8 

(9.9) 

B
R

B
 

RRMS:6.2 

(4.9) 

SPMS:15.3 
(7.9) 

PPMS:4.7 

(5.3) 

RRMS:1.9 

(1.6) 

SPMS:5.6 
(1.3) 

PPMS:4.7 

(5.3) 

T
:6

7
 

R
R

M
S

:3
0
 

S
P

M
S

:2
4
 

P
P

M
S

:1
3
 

  

N
R

 NR 

8
 

D. Coric/netherlands 

/2017 (32) 

2
1
7
 

RRMS:133 

SPMS:56 

PPMS:28 

1
5
0

/6
7
 

54.30 (9.96) 

B
R

B
 

20.34 

(6.99) 
4 (1.0-8.0) 

9
6
 

2
2
/1

9
 

57.66 

(9,59) 

9
 

S.Miglioro/Italy/2017 (33) 

9
2
 RRMS:92 

6
4
/2

8
 

41.5 (10.7) 

M
A

C
F

IM
S

 

9.5 (0.3-

30.1) 
1 (0-2.5) 

4
7
 

N
R

 NR 

9
 

S. Batista/USA /2012 (34) 

5
8
 

RRMS:50 

SPMS:5 
PPMS:1 

4
2
/1

6
 

43.5 (6.5) 

M
A

C
F

IM
S

 

9.6 (6.6) 2.5 (0-4.5) 

2
7
 

2
0
/7

 

43.4 

(6) 

8
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A. Ruet 

/France/2013 (35) 

6
5
 

RRMS:54 

PMS:11 

4
5
/2

0
 

39 (10.4) 

B
R

B
 

31.2 (38.2) 2 (0-6.0) 

3
4
 

N
R

 NR 

8
 

M. Altieri/ (36) 

Italy/2021 

8
2
 RRMS:82 

5
6
/2

6
 

45.8 (11) 

B
IC

A
M

S
 

3.9 (2) 2.8 (1.8) 

1
9
 

1
2
/7

 

NR 

9
 

S. Hansen 

/Germany/2016 (37) 

1
1
6
 

RRMS:90 

SPMS:26 

7
7
/3

9
 

42.8 (11.5) 

B
R

B
 

T:10.5 (8.5) 

RRMS:9 
(7.3) 

SPMS:16.5 

(10.3) 

T:2.5 (1.7) 

RRMS:2 
(1.3) 

SPMS:4 

(1.4) 

6
9
 

N
R

 NR 

8
 

A. Bisecco 

/MULTICENTER/2015 

(38) 

5
2
 RRMS:52 

3
3
/1

9
 

40.3 (8.5) 

B
R

B
 

8.4 (2-33) 2 (0-6) 

2
2
 

1
5
/7

 

43.4 
(8.6) 

7
 

X. Zhang 
/China/2017 (39) 

3
9
 RRMS:39 

2
3
/1

6
 

38.26 (9.05) 

M
A

C
F

IM
S

 

92.33 

(71.54)-

months 

2.24 (1.58) 

1
4
 

N
R

 

38.86 

(9.02) 

 

8
 

E. Curti/ 
Italy/2018 (40) 

6
0
 

RRMS:47 

SPMS:11 

PPMS:2 

4
2
/1

8
 

39.5 (11.13) 
 

B
R

B
 

101.2 

(86.87)-

months 

2 (1.0-6.5)  

2
3
/7

 

29.5 
(10.7) 

7
 

A J.C Eijlers/ 

Netherlands/2019 (41) 

2
3
0
 

RRMS:179 

SPMS:32 

PPMS:19 

1
5
6

/7
4
 

47.66 (11.07) 

B
R

B
 

14.83 

(8.48) 
3 (0-8.0)  

N
R

 NR 

1
0
 

M..Calabrese/ 

Italy/2009 (42) 

7
0
 

 

RRMS:70 

4
5
/2

5
 

34.8 (15-55) 

 

B
R

B
 

8.4 (1-18) 

CI:2.9 (1.0-
5.0) 

CU:1.9 

(1.0-4.5) 

 

1
6
/8

 

36.1 

7
 

K. Charest 

/canada/2020 (43) 

9
1
 

RRMS:76 

SPMS:15 

7
9
/1

9
 

CI:50.3 (10.4) 
CU:49.5 

(11.8) 

 

M
A

C
F

IM
S

 

CI:9.9 (6.7) 

CU:10.5 
(7.7) 

CI:2-1 (2.2) 

CU:1.7 
(1.9) 

 

1
8
/5

 

50.3 

(10.4) 

7
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A.J.C.Eijlers 

/netherlands/2018 (44) 

1
9
7
 

RRMS:141 
SPMS:30 

PPMS:26 

1
3
8

/5
9
 

No GM 

CU:48.51 

(9.74) /90 
No GM 

CI:51.45 

(12.39) /42 
GM CU:41.32 

(9.35) /16 

GM CI:48.13 

(10.09) /49 

B
R

B
 

No GM 
CU:13.47 

(7.66) /90 

No GM 
CI:13.73 

(7.78) /42 

GM 
CU:13.61 

(8.05) /16 

GM 

CI:16.02 

(9.86) /49 

No GM 
CU:3 (0-

8.0) /90 

No GM 
CI:3.5 (2.0-

8.0) /42 

GM 
CU:2.75 

(1.5-7.5) 

/16 

GM CI:4 

(0-8) /49 

 

5
9
/3

2
 

No 

GM 
CI:51.

45 

(12.39) 
/42 

GM 

CI:48.
13 

(10.09) 

/49 

7
 

J.E.Meca-Lallana 
/Spain/2019 (45) 

1
9
4
 

RRMS:174 
PMS:10 

1
1
5

/7
9
 

42.3 (9) 

B
R

B
 

9.9 (7.1) 2 (1.0-3.5) 

5
2
 

R
R

M
S

:4
4
 

P
M

S
:8

 

2
6
/2

6
 

44.1 

(8.9) 

 

9
 

Z.Keser/USA/2016 (46) 

4
6
 

RRMS:38 
SPMS:8 

N
R

 
40.8 

(11.26;18-56) 

M
A

C
F

IM
S

 

13.29 
(9.21) 

3.51 
(2.03;0-7) 

3
0
 

N
R

 

42.32 
(11.33) 

7
 

S.Mesaros/ 

Serbia/2012 (47) 

8
2
 

RRMS:20 
SPMS:19 

PPMS:23 

BMS:20 

5
3
/2

9
 

44 (22-60) 

B
R

B
 

12.1 (1-40) 3.4 (0-8.5) 

3
3
 

1
2
/1

7
 o

u
t o

f 

2
9
 49 

9
 

M.Deloire/ 

france/2010 (48) 

4
6
 RRMS:46 

3
6
/1

0
 

38.6 (8.7) 

 

B
R

B
 

23.5 (27.1)-

months 
2 (0-5.5) 

2
2
 

N
R

 NR 

8
 

F.Caceres 

/argentina/2011 (49) 

1
1
1
 

RRMS:93 
SPMS:10 

PPMS:4 

RPMS:4 

9
2
/1

9
 

CI:41.5 (11.2) 
/48 

CU:40.3 

(11.4) /63 

B
R

B
 

7.4 (7) 

CI:3.79 
(1.99) 

CU:2.73 

(1.56) 

4
8
 

4
1
/7

 

41.5 

(11.2) 

8
 

M.Rocca/ 

MULTICENTER/2014 (50) 

4
2
 RRMS:42 

2
3
/1

9
 

39.6 (8.5;24-

55) 

B
R

B
 

7.7 (2-15) 2 (1.0-4.0) 

2
0
 

N
R

 

42.6 

(8.1) 

8
 

M.Rocca/ 

Italy/2017 (51) 

2
0
2
 

RRMS:119 

SPMS:41 

PPMS:13 
BMS:29 

1
2
1

/8
1
 

RRMS: 37.5 
(18.9-60.9) 

/119 

SPMS:48.4 
(26.0-66.1) 

PPMS:52.2 

(42.2-67.9) 
BMS:44.7 

(27.1-66.4) 

B
R

B
 

12.1 (0.1-

44.7) 
2 (0-8.5) 

5
9
 

R
R

M
S

:2
9
 

S
P

M
S

:1
4
 

P
P

M
S

:6
 

B
M

S
:1

0
 

4
2
/2

1
 

45.9 
(20.9-

67.9) 

9
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C.M.Rimkus 

/Netherlands/2017 (52) 

1
4
7
 

 

R
R

M
S

:1
2

4
 

S
P

M
S

:8
 

P
P

M
S

:1
5
 

9
8
/4

9
 

41.6 

(8.5) 

B
R

B
 

7.5 (2.3) 2.8 (1.5) 

2
5
 

R
R

M
S

:1
4
 

S
P

M
S

:3
 

P
P

M
S

:8
 

1
0
/1

5
 

47 

(8.2) 

9
 

E.Pravata/Italy/ 

2017 (53) 

1
2
6
 

R
R

M
S

:8
7
 

S
P

M
S

:1
4
 

P
P

M
S

:4
 

B
M

S
:2

1
 

7
4
/5

2
 

37.4 (11.7) 

B
R

B
 

11.5 (0.8-

36) 
1.5 (0-8.0) 

3
4
 

1
7
/1

7
 

40.7 

(11.1) 

9
 

J.Zurawski 

/USA/2020 (54) 

6
0
 

RRMS:49 
SPMS:10 

PPMS:1 

4
1
/1

9
 

49.2 (10.6) 

B
IC

A
M

S
 

9.2 (9) 2.2 (1.2) 

3
9
 

N
R

 NR 

7
 

T.Uher/chzech/2016 (55) 

1
0
5
2
 

RRMS:1052 

7
3
4

/3
1

8
 

CI:39.6 (8.8) 

/282 
CU:37.6 (8.8) 

/770 

B
IC

A
M

S
 

CI: 11.6 

(7.6) 
CU: 8.8 

(6.7) 

CI: 3.4 

(1.4;0–6.5) 
CU: 2.2 

(1.1;0–6.5) 

2
8
2
 

1
8
8

/9
4
 

39.6 
(8.8) 

9
 

B. Goretti/ 
Italy/2010 (56) 

6
3
 

RRMS:55 
SPMS:8 

4
3
/2

0
 

42.6 (10.1) 

B
R

B
 

14.7 (10.8) 2.2 (1.7) 

2
3
 

1
3
/1

0
 

45.9 

(10.8) 

 

9
 

D.Nunnari/ 
Italy/2015 (57) 

5
9
 

RRMS:52/60 
PPMS:8/60 

3
8
/2

1
 o

u
t o

f 

6
0
 39.3 (10.6) /60 

B
R

B
 

6.3 (5.2)/60 
2.4 (1.4) 

/60 

1
6
 

N
R

 NR 

9
 

K A..Meijer 

/netherlands/2017 (58) 

3
3
2
 

RRMS:243 

SPMS:53 

PPMS:36 

2
2
6

/1
0

6
 

48.1 (11) 

B
R

B
 

CI: 18 (5-

46) 
MCI: 13 (5-

35) 

CU: 10 (5-
34) 

 

CI: 4 (2-8) 
MCI: 3 (0-

8) 

CU: 3 (0–8) 
 

1
4
2
 

R
R

M
S

:9
5
 

S
P

M
S

:3
2
 

P
P

M
S

:2
5
 

5
2
/3

5
 

51 

(10.7) 

8
 

G.Farina/Italy/ 
2017 (59) 

9
0
 

RRMS:71 
SPMS:19 

6
2
/2

8
 

42.5 (10.7; 17-
69) 

B
R

B
 

7.9 (5.7;0-
22) 

2.0 (1.0-
8.0) 

2
6
 

N
R

 

 NR 

9
 

A. Feinstein/ 
Canada/2012 (60) 

6
5
 

RRMS:38 

SPMS:18 

PPMS:9 

4
4
/2

1
 

45.75 (8.86) 
 

M
A

C
F

IM
S

 

9.54 (7.15) 3.59 (2.59) 

2
4
 

N
R

 NR 

9
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M. Petraco/ 

USA/2018 (61) 

2
5
 PPMS:25 

1
4
/1

1
 

51.2 (10.41) 

 

B
IC

A
M

S
 

9.04 (4.64) NR 

1
2
 

N
R

 NR 

7
 

Sh.Roy/USA/2017 (62) 

2
7
5
 

RRMS:199 

SPMS:66 

PPMS:10 

2
0
2

/7
3
 

47.41 (10.76) 

B
IC

A
M

S
 

10.31 

(8.74) 
3 (0-8.0) 

1
9
0
 

N
R

 NR 

9
 

E.Portaccio/Italy/ 

2006 (63) 

4
1
 RRMS:41 

3
0
/1

1
 

35.1/34 

(8.6;20-55) 

B
R

B
 

4 (2.8;0.5-

10) 

1.5 
(0.6;1.0-

4.0) 

2
3
 

N
R

 NR 

8
 

K.Romero/Canada/2015 
(64) 

9
7
 

RRMS:81 

SPMS:8 
PPMS:6 

BMS:2 

6
8
/2

9
 

CI:40.86 
(10.76) /43 

CU:42.87 

(12.57) /54 
 

M
A

C
F

IM
S

 

CI:9.49 

(7.22) 
CU:9.14 

(7.53) 

CI:2.71 

(2.13) 

CU:2 (1.97) 

4
3
 

R
R

M
S

:3
6
 

S
P

M
S

:5
 

P
P

M
S

:1
 

B
M

S
:1

 

3
0
/1

3
 

40.86 
(10.76) 

9
 

L.Ruano/Italy/2018 (65) 

8
3
1
 

RRMS:NR 

SPMS:NR 

5
6
9

/2
6

2
 

Adult 

onset:41.9 

(35.0-49.2) 
/712 

Pediatric-

onset:29.7 
(24.4-37.9) 

/119 

B
R

B
 

Adult 

onset:9.2 
(4.7-16.6) 

Pediatric-

onset:13.2 
(8.1-21.5) 

Adult 

onset:2 
(1.5-4.0) 

Pediatric-

onset:2.5 
(1.5-4.0) 

3
9
5
 

N
R

 NR 

9
 

E.Betscher/ 
Poland/2021 (66) 

6
1
 

RRMS:45 

SPMS:12 

PPMS:4 

4
5
/1

6
 

39 (28-49) 

B
IC

A
M

S
 

7 (3-13) 
3.5 (2.0-

4.5) 

2
1
 

N
R

 NR 

9
 

A.J.C.Eijlers/ 
Netherlands/2018 (67) 

2
3
4
 

RRMS:181 

SPMS:33 

PPMS:20 

1
5
9

/7
5
 

47.61 (11.02) 

B
R

B
 

14.8 (8.4) 3 (0-8.0) 

9
6
 

4
3
/2

3
 

49.77 
(10.80) 

9
 

M.Borghi/Italy/2013 (68) 

3
0
3
 

RRMS:303 
SPMS:21 

PPMS:9 

RPMS:6 

2
1
2

/9
1
 

43.07 (10.79) 

B
R

B
 

10.87 

(7.26) 
2.43 (1.92) 

1
0
8
 

N
R

 NR 

9
 

F.Patti/Italy/2015 (69) 

1
2
5
 

RRMS:103 

SPMS:14 
PPMS:8 

7
5
/5

0
 

41.4 (10.3) 

B
R

B
 

8 (3.3) 
2.2 (1.9;0-

8.0) 

5
5
 

2
7
/2

8
 

46.3 

(10.2) 

8
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S. Ozakbas/ 

Turkey/2018 (70) 

4
6
2
 RRMS:462 

3
1
7

/1
4

5
 

T:35.3 (9.39) 

B
R

B
 

7.75 (5.9) 1.9 (1.31) 

2
4
8
 

1
7
2

/7
6
 

37.32 
(9.31) 

 

8
 

D.Sandi/ 

Hungary/2017 (71) 

5
2
5
 RRMS:525 

N
R

 44.91 (11.65) 

B
IC

A
M

S
 

13.71 

(8.14) 

2 (6.5;2.0)-

range;IQR 

3
0
9
 

N
R

 NR 

9
 

M.A ron/USA/2007 (72) 

1
0
0
 

RRMS:70 

SP:30 

7
8
/2

2
 

44.61 (8.39) 

M
A

C
F

IM
S

 

NR NR 

5
5
 

N
R

 NR 

1
0
 

A d. 

Ambrosio/Multicenter/2019 

(73) 

6
2
 

 RRMS:62 

4
0
/2

2
 

39.5 (8.5) 

B
R

B
 

8.2 (6.3) 2 (0-6.0) 

2
3
 

1
6
/7

 

43.3 
(8.3) 

8
 

R.Hawkins/ 
Canada/2020 (74) 

8
0
 RRMS:80 

5
4
/2

6
 

51.8 (8.6) 

M
A

C
F

IM
S

 

15.8 (8.9) 4.3 (2.3) 

2
5
 

1
3
/1

2
 

49.7 
(7.9) 

9
 

A.J.C.Eijlers/ 

Netherlands/2019 (41) 

2
6
7
 

RRMS:197 

SPMS:47 
PPMS:23 

1
8
4

/8
3
 

47.9 (10.8) 

B
R

B
 

14.7(8.5) 

CI:4 (2-8) 

CU:3 (0-
8.0) 

8
7
 

R
R

M
S

:4
9
 

S
P

M
S

:2
6
 

P
P

M
S

:1
2
 

5
2
/3

5
 

51.1 

(10.7) 

8
 

JM Tillema 

/MULTICENTER/2016 
(75) 

5
6
 RRMS:56 

3
5
/2

1
 

39.2 (8.85) 

B
R

B
 

CI:10.8 
(8.4) 

CU:6.8 

(4.4) 

CI:2.5 (1.3) 

CU:1.9 
(1.0) 

2
0
 

N
R

 

43.3 

(8.9) 

8
 

R.Vitorino/ 

USA/2016 (76) 

3
9
 RRMS:39 

2
7
/1

2
 

CI:48.1 (4.7) 

/20 

CU:46.4 (7.2) 
/19 

M
A

C
F

IM
S

 

CI:11.6 

(4.9) 

CU:11.8 
(5.4) 

CI:2.6 (0.7) 
CU:1.8 

(0.7) 

2
0
 

1
2
/8

 

48.1 

(4.7) 

9
 

J.Burggraaff/ 

Netherlands/2017 (77) 

1
5
7
 

RRMS:133 
SPMS:9 

PPMS:15 

1
0
4

/5
3
 

41.1 (8.2) 

B
R

B
 

7.5 (2.2) 2.5 (0-8.0) 

3
2
 

R
R

M
S

:2
1
 

P
M

S
:1

1
 

2
0
/1

2
 

42.9 

(8.5) 

9
 



 

 Caspian Journal of Internal Medicine 2024 (Summer); 15(3): 392-413 

402                                                                                  Askari M, et al. 

Author/Country/Year 

T
o

ta
l M

S
 

Type of MS 

F
/M

 M
S

 

Age(MEAN) 

C
D

 d
ia

g
n

o
sis  

C
r
ite

ria
 

Disease 

duration 

E
D

S
S

 

T
o

ta
l C

D
 

F
/M

 C
D

 

C
D

 A
g

e
 

(M
E

A
N

)/S
D

 

Q
u

a
lity

 

a
ssessm

e
n

t 

F.Rossi/Italy/2012 (78) 

1
4
2
 RRMS:142 

1
0
7

/3
5
 

39.4 (9.1;18.5-

57.5) 

B
R

B
 

11 (9.8) 1.8 (1.2) 

3
6
 

2
7
/9

 

42.8 

(9.12) 

8
 

N.Botchorishvili/ 

Gorgia/2021 (26) 

6
8
 

RRMS:52 

SPMS:12 
PPMS:4 

4
8
/2

0
 

39.2 (9.9) 

B
IC

A
M

S
 

7 (5.7) 3.3 (1.6) 

3
2
 

2
0
/1

2
 

41.2 

(8.9) 

8
 

P.Preziosa/ 

Multicenter/2016 (79) 

6
1
 RRMS:61 

4
0
/2

1
 

39.7 (8.5) 
B

R
B

 
8.2 (6.4) 1.5 (0-6.0) 

2
3
 

1
6
/7

 

43.3 

(8.4) 

8
 

A.Feinstein/ 

Canada/2013 (80) 

1
4
4
 

RRMS:79 
SPMS:45 

PPMS:20 

8
8
/5

6
 

46.8 (10.32) 

M
A

C
F

IM
S

 

11.45 

(8.62) 

CI:5.1 (2.3) 

CU:3.2 
(2.5) 

CP:3.3 

(2.4) 

4
6
 

R
R

M
S

:2
0
 

S
P

M
S

:1
8
 

P
P

M
S

:8
 

2
9
/1

7
 

47 

(10.0) 

9
 

M.M.Schoonheim/ 
Netherlands/2015 (81) 

1
5
7
 

RRMS:133 

SPMS:9 

PPMS:15 

1
0
4

/5
3
 

CU:40.13 

(8.06) /108 

MCI:41.96 
(8.91) /22 

SCI:45.70 

(9.27) /27 

B
R

B
 

MCI:7.57 

(2.43) 

SCI:7.42 
(2.09) 

CU:7.49 

(2.21) 

MCI: 2.5 

(1.0-8.0) 
/22 

SCI:4 (2-

7.5) /27 

CU:2 (0-

8.0) /108 

4
9
 

R
R

M
S

:3
5
 

S
P

M
S

:6
 

P
P

M
S

:8
 

2
8
/2

1
 

MCI: 
41.96 

(8.91) 

/22 
SCI:45

.7 

(9.27) 
/27 

9
 

N.Margaritella/ 

Italy/2013 (82) 

2
9
 BMS:29 

2
5
/4

 

31.7 (8.8) 

B
R

B
 

4.1 (4.4) 0.7 (0.6) 

9
 

N
R

 NR 

7
 

S.Sadigh-Eteghad/ 

Iran/2021 (83) 

1
1
5
 

RRMS:87 
SPMS:21 

PPMS:7 

8
0
/3

5
 

34.13 (9.8) 

M
A

C
F

IM
S

 

86.70 
(64.52)-

months 

2 (1.94) 

3
5
 

R
R

M
S

:1
8
 

S
P

M
S

:1
2
 

P
P

M
S

:5
 

N
R

 

28.68 

(8.68) 

9
 

O.Argento/ 
Italy/2018 (84) 

1
2
3
 

RRMS:NR 
SPMS:NR 

7
7
/4

6
 

43.77 (10.18) 

M
A

C
F

IM
S

 

RRMS:9.21 

(7.51) 
SPMS:18.1

0 (9.48) 

RRMS:2.4 
(1.03) 

SPMS:4.48 

(1.10) 
 

5
7
 

 

N
R

 NR 

7
 

S.Freitas/ 

Portugal/ 

2016 (85) 

5
9
 

RRMS:51 
SPMS:8 

3
9
/2

0
 

37.2 (7.58) 

B
IC

A
M

S
 

10.39 
(6.55) 

2.5 (1.4) 

3
3
 

2
0
/1

3
 

39.91 
(7.03) 

8
 

B.Engel-Yeger/ 
USA/2019 (86) 

6
1
 

RRMS:57 
SPMA:4 

5
5
/6

 

CU:48.26 

(10.07) /43 
CI:50.11 

(8.21) /18 

B
IC

A
M

S
 

CI:241.6 

(111.3)-

months 
CU:170.8 

(96.3)=-

months 

NR 

1
8
 

R
R

M
S

:1
6
 

S
P

M
S

:2
 

1
4
/4

 

50.11 
(8.21) 

8
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A.Dinoto/Italy/2021 (87) 

4
4
 RRMS:44 

2
7
/1

7
 

39.36 (11.10) 

B
IC

A
M

S
 

3 (0-10) 1 (1-4.0) 

1
2
 

6
/6

 

40.16 

(12.33) 

8
 

N.Botchorishvili/ 

Gorgia/2021 (26) 

6
8
 

RRMS:52 

SPMS:12 

PPMS:4 

4
8
/2

0
 

39.2 (9.9) 

B
IC

A
M

S
 

7 (5.7) 3.3 (1.6) 

2
9
 

R
R

M
S

:1
8
 

S
P

M
S

:8
 

P
P

M
S

:3
 

N
R

 NR 

8
 

R.H.Benedict/ 

USA/2006 (88) 

2
9
1
 

RRMS:200 

SPMS:78 

PPMS:7 
PRMS:6 

2
2
7

/6
4
 

45.4 (8.9) 

M
A

C
F

IM
S

 

NR 3 (1.8) /186 

1
7
4
 

N
R

 NR 

9
 

MSA Delorie/ 
France/2015 (89) 

5
8
 RRMS:44 

4
4
/1

4
 

37.34 (9.17) 

B
R

B
 

24.33 

(26.49)-

months 

2 (0-6.5) 

4
4
 

N
R

 NR 

8
 

M.P.Amato/ 
Italy/2008 (90) 

4
7
 BMS:47 

3
2
/1

5
 

46.4 (8.4) 
 

B
R

B
 

22.5 (6.0) 1.3 (0.9) 

1
1
 

3
/8

 

49.9 
(7.2) 

8
 

A.Damasceno/ 

Brazil/2019 (91) 

4
2
 RRMS:42 

3
2
/1

0
 

30.52 (6.6) 

B
R

B
 

6.4 (4.94) 2.25 (0-4.0) 

1
3
 

N
R

 NR 

8
 

J.Dackovic/Serbia /2016 

(92) 

1
3
1
 

RRMS:65 

SPMS:31 
PPMS:35 

8
6
/4

5
 

RRMS:37.8 

(11.0) /65 
SPMS:46.8 

(9.1) 

/31PPMS:46.8 
(10.1) /35 

B
R

B
 

RRMS:8.30 

(10.1) 
SPMS:18.6 

(8.7) 

PPMS:6.3 
(5.1) 

RRMS:3 

(1.0-4.0) 
SPMS:6.5 

(4.0-8.5) 

PPMS:5.5 
(5.5-7.5) 

8
4
 

R
R

M
S

:2
4
 

S
P

M
S

:3
0
 

P
P

M
S

:3
0
 

N
R

 NR 

9
 

K.O Cannell/ 

Ireland/2015 (93) 

6
7
 

RRMS:47 

SPMS:19 
PPMS:1 

4
9
/1

8
 

43.9 (12.1) 

B
IC

A
M

S
 

RRMS:10.2 

(8.4) 

SPMS:20.6 
(10.2) 

PPMS:17 

RRMS:1.8 

(0.9) 

SPMS:5.7 
(1.4) 

PPMS:7.0 

3
8
 

R
R

M
S

:2
3
 

P
M

S
:1

5
 

N
R

 NR 

7
 

M.P.Amato/ 

Italy/2006 (94) 

1
6
3
 BMS:163 

1
1
3

/5
0
 

44.5 (7.7) 

 

B
R

B
 

20.8 (5.3) 1.8 (0.8) 

7
4
 

4
9
/2

5
 

45.5 

(8.1) 

9
 

D.Sandi/ 

Hungary/2015 (95) 

6
5
 RRMS:65 

4
9
/1

6
 

41.9 (8.9) 

 

B
IC

A
M

S
 

11.1 (7.6) 2.5 (1.8) 

3
4
 

N
R

 NR 

8
 

CD: Cognitive dysfunction, RRMS: Relapsing-remitting, SPMS: Secondary progressive MS, PPMS: Primary progressive MS, BMS: Benign MS, PRMS: 

Progressive relapsing MS, BRB: Brief repeatable battery, MACFIMS: Minimal assessment of cognitive function in MS, BICAMS: Brief international cognitive 

assessment for MS, GM: Gray matter, NS: Nonsmokers, HS: Heavy smokers, CI: Cognitive impairment, CU: Cognitive unimpairment, mCI: Mild Cognitive 

impairment, sCU: Sever cognitive impairment, T: Total. 
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Figure 2. The pooled prevalence of CI using all types of tests 
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Figure 3. The pooled prevalence of CI using BRB test 
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Figure 4. The pooled prevalence of CI using BICAMS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The pooled prevalence of CI using MACFIMS 
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Figure 6. The pooled prevalence of CI in female patients 
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Figure 7. The pooled prevalence of CI in male patients 

 

 

Discussion 

The result of this sytematic review and meta-analysis 

show that the pooled prevalence of CI in patients with MS 

is 41%, while the prevalence in included studies ranged 

between 14-69%.When we analyzed CI based on the 

applied test, the proportion of CI was higher by using 

MACFIMS and BICAMS (44% vs 39% by BRB). 

We also found that the pooled prevalence of CI in male 

patients was 40% while this rate was 33% in female ones 

which was not correlated with demographic, psychiatric or 

neurologic variables. They suggested that the size or 

location of the lesions plays a role in CI development in men 

(96). They also found that memory and visuospatial 

construction aspects were mostly affected in men than 

women (96). 

Beatty and Aupperle found that male patients with MS 

suffer more from CI than female ones and Campbell et al. 

enrolled 62 patients with MS using BICAMS test for 

cognition evaluation. They found that 65% of enrolled cases 

had CI which was associated with lower quality of life and 

unemployment. Overall, CI is common in MS and patients 
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with progressive form of the disease suffering more from 

this complication. 

 In a cohort study, it was shown that disability status, 

course of the disease, and advanced age are more predictors 

of CI in patients with MS (97). Patients with secondary 

progressive form are at two fold higher risk of developing 

CI than RR form (12). In another study, Coric et al. enrolled 

217 patients with MS and found that 44% had CI using BRB 

test (13). Zhang et al. applied MACFIMS test and reported 

CI in 14 out of 39 enrolled cases (39). 

CI is common in MS and also neuromyelitis optical 

spectrum disorders (NMOSD). In a recent systematic 

review and meta-analysis, the pooled prevalence of CI in 

NMOSD estimated as 44% which is similar to our findings 

(44% vs 41%) (98). CI could have been detected in early 

stages of the disease or in patients with clinically isolated 

syndrome (CIS) which indicates that CI starts before 

definite diagnosis of MS (99). On the other hand, 

psychological problems such as depression, fatigue, and 

anxiety are common in MS, psychological factors could 

affect cognition in MS (1, 100). Other factors such as 

disease duration, progression of the disease, and gray matter 

atrophy are considered as important items in developing CI 

(101). In a multivariate analysis, Ruano et al. investigated 

that advanced age and physical disability are significant 

predictors of CI in MS (7). 

Physicians should consider CI and its evaluation in 

patients with MS as it has a wide range of consequences for 

patients. Improving psychological well-being (treating 

depression and anxiety), sleep quality improvement, 

attending cognitive rehabilitation courses, administering 

disease modifying therapies (DMTs) such as interferon beta 

(IFNb), natalizumab will impact positively on cognition 

status of patients with MS (102). Other strategies such as 

cognitive–behavioral therapy, transcranial direct current 

stimulation, strategy-oriented neuropsychological 

rehabilitation, and physical exercise training are considered 

as positive therapies for cognitive improvement (103). 

The wide range of prevalence of CI in included studies 

could be due to different inclusion criteria of the patients, 

administration of various tests, ethnicity, and including 

patients with no similar clinical course. On the other hand, 

authors used various scoring systems (2 or 3 SD) for 

defining CI. This systematic review has few strengths. First, 

we included 90 studies. Second, we analyzed based on 

different applied tests.  

Third, we estimated CI based on sex. It seems that the 

pooled prevalence of CI based on various tests ranges 

between 39%-44% which highlights the importance of 

cognitive evaluation by physicians. The pooled prevalence 

of cognitive impairment in patients with MS is estimated as 

41%, so CI should be considered by clinicians. 

 

 

Acknowledgments 

 Not applicable. 

 

Ethics Approval: None. 

Funding: We had no funding. 

Conflict of Interests: The authors declared that they had 

no conflict of interest. 

Authors’ contribution: MA: Study conception, data 

gathering. OM: Data gathering, article writing. FF: Data 

gathering, article writing. HG: Data gathering, article 

writing. EMG: Data gathering, article writing. VS: Data 

gathering, article writing.MG: Data analysis, article writing 

and editing. 

 

 

References 

1. Ghajarzadeh M, Jalilian R, Eskandari G, Sahraian MA, 

Azimi A, Mohammadifar M. Fatigue in multiple 

sclerosis: relationship with disease duration, physical 

disability, disease pattern, age and sex. Acta 

Neurologica Belgica 2013; 113: 411-4. 

2. Askari F ,Ghajarzadeh M, Mohammadifar M, et al. 

Anxiety in patients with multiple sclerosis: association 

with disability, depression, disease type and sex. Acta 

Medica Iranica 2014; 52: 889-92. 

3. Chen MH, Chiaravalloti ND, DeLuca J. Neurological 

update: cognitive rehabilitation in multiple sclerosis. J 

Neurol 2021; 268: 4908-14. 

4. Portaccio E, Goretti B, Zipoli V, et al. A short version 

of Rao's brief repeatable battery as a screening tool for 

cognitive impairment in multiple sclerosis. Clin 

Neuropsychol 2009; 23: 268-75. 

5. Rao SM, Leo GJ, Bernardin L, Unverzagt F. Cognitive 

dysfunction in multiple sclerosis.: I. Frequency, 

patterns, and prediction. Neurology 1991; 41: 685-91. 

6. Amato MP, Ponziani G, Siracusa G, Sorbi S. Cognitive 

dysfunction in early-onset multiple sclerosis: a 

reappraisal after 10 years. Arch Neurol 2001; 58: 1602-

6. 

7. Ruano L, Portaccio E, Goretti B, et al. Age and disability 

drive cognitive impairment in multiple sclerosis across 

disease subtypes. Mult Scler 2017; 23: 1258-67. 

8. Chiaravalloti ND, DeLuca J. Cognitive impairment in 

multiple sclerosis. Lancet Neurol 2008; 7: 1139-51. 

9. Walker LA ,Cheng A, Berard J, et al. Tests of 

information processing speed: what do people with 



 

 Caspian Journal of Internal Medicine 2024 (Summer); 15(3): 392-413 

410                                                                                  Askari M, et al. 

multiple sclerosis think about them? Int J MS Care 2012; 

14: 92-9. 

10. Peterson J, Welch V, Losos M, Tugwell P. The 

Newcastle-Ottawa scale (NOS) for assessing the quality 

of nonrandomised studies in meta-analyses. Ottawa 

Hosp Res Inst 2011; 2:1-12. 

11. Della Corte M, Santangelo G, Bisecco A, et al. A simple 

measure of cognitive reserve is relevant for cognitive 

performance in MS patients. Neurol Sci 2018; 39: 1267-

73. 

12. Arrondo G, Alegre M, Sepulcre J, et al. Abnormalities 

in brain synchronization are correlated with cognitive 

impairment in multiple sclerosis. Mult Scler 2009; 15: 

509-16. 

13. Mashayekhi F, Sadigh-Eteghad S, Naseri A, et al. 

ApoE4-positive multiple sclerosis patients are more 

likely to have cognitive impairment: a cross-sectional 

study. Neurol Sci 2022; 43: 1189-96. 

14. Portaccio E, Goretti B, Zipoli V, Nacmias B, et al. 

APOE-ε4 is not associated with cognitive impairment in 

relapsing—remitting multiple sclerosis. Mult Scler 

2009; 15: 1489-94. 

15. Özcan ME, Ince B, Bingöl A, et al. Association between 

smoking and cognitive impairment in multiple sclerosis. 

Neuropsychiatr Dis Treat 2014; 10: 1715-9. 

16. Carotenuto A, Moccia M, Costabile T, et al. 

Associations between cognitive impairment at onset and 

disability accrual in young people with multiple 

sclerosis. Sci Rep 2019; 9: 18074. 

17. Lazeron RH, Boringa J, Schouten M, et al. Brain atrophy 

and lesion load as explaining parameters for cognitive 

impairment in multiple sclerosis. Mult Scler 2005; 11: 

524-31. 

18. Fenu G, Lorefice L, Carta E, et al. Brain volume and 

perception of cognitive impairment in people with 

multiple sclerosis and their caregivers. Front Neurol 

2021; 12: 636463. 

19. 19.  Marstrand L, Østerberg O, Walsted T, Skov AC, 

Schreiber KI, Sellebjerg F. Brief international cognitive 

assessment for multiple sclerosis (BICAMS): A danish 

validation study of sensitivity in early stages of MS. 

Mult Scler Relat Disord 2020;37:101458. 

20. Walker LA, Osman L, Berard JA, et al. Brief 

international cognitive assessment for multiple sclerosis 

(BICAMS): Canadian contribution to the international 

validation project. Journal of the Neurol Sci 2016; 362: 

147-52. 

21. Pérez-Martín MY, González-Platas M, Jiménez-Sosa A, 

et al. Can fibrinolytic system components explain 

cognitive impairment in multiple sclerosis? J Neurol Sci 

2017; 382: 66-72. 

22. Pitteri M, Magliozzi R, Nicholas R, et al. Cerebrospinal 

fluid inflammatory profile of cognitive impairment in 

newly diagnosed multiple sclerosis patients. Mult Scler 

2021; 28: 768-77. 

23. Renner A, Baetge SJ, Filser M, et al. Characterizing 

cognitive deficits and potential predictors in multiple 

sclerosis: A large nationwide study applying Brief 

International Cognitive Assessment for Multiple 

Sclerosis in standard clinical care. J Neuropsychol. 

2020; 14: 347-69. 

24. Caceres F, Vanotti S, Benedict RHB. Cognitive and 

neuropsychiatric disorders among multiple sclerosis 

patients from Latin America: Results of the 

RELACCEM study. Mult Scler Relat Disord 2014; 3: 

335-40. 

25. Hardmeier M, Schoonheim MM, Geurts JJ, etb al. 

Cognitive dysfunction in early multiple sclerosis: 

altered centrality derived from resting-state functional 

connectivity using magneto-encephalography. PLoS 

One 2012; 7: e42087.  

26. Botchorishvili N, Shiukashvili N, Mikeladze N, et al. 

Screening of cognitive impairment in patients with 

multiple sclerosis: A cross-sectional study in Georgia. 

Neurol Res Int. 2021; 2021: 5591078.  

27. Campbell J, Rashid W, Cercignani M, Langdon D. 

Cognitive impairment among patients with multiple 

sclerosis: associations with employment and quality of 

life. Postgrad Med J 2017; 93: 143-7. 

28. Sacco R, Bisecco A, Corbo D, et al. Cognitive 

impairment and memory disorders in relapsing-

remitting multiple sclerosis: the role of white matter, 

gray matter and hippocampus. J Neurol 2015; 262: 

1691-7. 

29. Tobyne SM, Ochoa WB, Bireley JD, Smith VM, Geurts 

JJ, Schmahmann JD, et al. Cognitive impairment and the 

regional distribution of cerebellar lesions in multiple 

sclerosis. Mult Scler 2018; 24: 1687-95. 

30. Moccia M, Lanzillo R, Palladino R, et al. Cognitive 

impairment predicts disability and progression in newly-

diagnosed relapsing-remitting multiple sclerosis. Eur J 

Neurol 2015; 22: 87. 

31. Potagas C, Giogkaraki E, Koutsis G, et al. Cognitive 

impairment in different MS subtypes and clinically 

isolated syndromes. J Neurol Sci 2008; 267: 100-6. 

32. Coric D, Balk LJ, Verrijp M, et al. Cognitive impairment 

in patients with multiple sclerosis is associated with 

atrophy of the inner retinal layers. Mult Scler 2018; 24: 

158-66. 

33. Migliore S, Ghazaryan A, Simonelli I, et al. Cognitive 



 

Caspian Journal of Internal Medicine 2024 (Summer); 15(3): 392-413 

Prevalence of CI in patients with MS                                                                 411 
 

impairment in relapsing-remitting multiple sclerosis 

patients with very mild clinical disability. Behav Neurol 

2017; 2017: 7404289. 

34. Batista S, Teter B, Sequeira K, et al. Cognitive 

impairment is associated with reduced bone mass in 

multiple sclerosis. Mult Scler 2012; 18: 1459-65. 

35. Ruet A, Deloire M, Hamel D, et al. Cognitive 

impairment, health-related quality of life and vocational 

status at early stages of multiple sclerosis: a 7-year 

longitudinal study. J Neurol 2013; 260: 776-84. 

36. Altieri M, Fratino M, Maestrini I, Dionisi C, Annecca R, 

Vicenzini E, et al. Cognitive performance in relapsing-

remitting multiple sclerosis: At risk or impaired? 

Dement Geriatr Cogn Disord 2021; 49: 539-43. 

37. Hansen S, Muenssinger J, Kronhofmann S, et al. 

Cognitive screening in Multiple Sclerosis: the Five-

Point Test as a substitute for the PASAT in measuring 

executive function. Clin Neuropsychol 2017; 31: 179-

92. 

38. Bisecco A, Rocca MA, Pagani E, et al. Connectivity-

based parcellation of the thalamus in multiple sclerosis 

and its implications for cognitive impairment: A 

multicenter study. Hum Brain Mapp 2015; 36: 2809-25. 

39. Zhang X, Zhang F, Huang D, et al. Contribution of gray 

and white matter abnormalities to cognitive impairment 

in multiple sclerosis. Int J Mol Sci 2016; 18: 46. (It's 

similar to the reference no 98, please remove one) 

40. Curti E, Graziuso S, Tsantes E, Crisi G, Granella F. 

Correlation between cortical lesions and cognitive 

impairment in multiple sclerosis. Brain Behav 2018; 8: 

e00955-e. 

41. Eijlers AJC, Wink AM, Meijer KA, et al. Reduced 

network dynamics on functional MRI signals cognitive 

impairment in multiple sclerosis. Radiology 2019; 292: 

449-57. 

42. Calabrese M, Agosta F, Rinaldi F, et al. Cortical lesions 

and atrophy associated with cognitive impairment in 

relapsing-remitting multiple sclerosis. Arch Neurol 

2009; 66: 1144-50. 

43. Charest K, Tremblay A, Langlois R, et al. Detecting 

subtle cognitive impairment in multiple sclerosis with 

the montreal cognitive assessment. Can J Neurol Sci 

2020; 47: 620-6. 

44. Eijlers AJC, Meijer KA, van Geest Q, Geurts JJG, 

Schoonheim MM. Determinants of cognitive 

impairment in patients with multiple sclerosis with and 

without atrophy. Radiology 2018; 288: 544-51. 

45. 45.  Meca-Lallana JE, Prieto-González JM, Jimenez-

Veiga J, Carreón-Guarnizo E, Jiménez-Martín I, 

Hernández-Clares R, et al. Development and validation 

of a brief electronic screening test for cognitive 

impairment in multiple sclerosis (SCI-MS Test). Mult 

Scler Relat Disord 2019;28:50-6. 

46. Keser Z, Hasan KM, Mwangi B, Gabr RE, Nelson FM. 

Diffusion tensor Imaging-Defined Sulcal Enlargement 

Is Related to Cognitive Impairment in Multiple 

Sclerosis. J Neuroimaging 2017; 27: 312-7. 

47. Mesaros S, Rocca MA, Kacar K, et al. Diffusion tensor 

MRI tractography and cognitive impairment in multiple 

sclerosis. Neurology 2012; 78: 969-75. 

48. Deloire M, Ruet A, Hamel D, Bonnet M, Brochet B. 

Early cognitive impairment in multiple sclerosis 

predicts disability outcome several years later. Mult 

Scler 2010; 16: 581-7. 

49. Cáceres F, Vanotti S, Rao S. Epidemiological 

characteristics of cognitive impairment of multiple 

sclerosis patients in a Latin American country. J Clin 

Exp Neuropsychol 2011; 33: 1094-8. 

50. Rocca MA, Absinta M, Amato MP, et al. Posterior brain 

damage and cognitive impairment in pediatric multiple 

sclerosis. Neurology 2014; 82: 1314-21. 

51. Rocca MA, Valsasina P, Leavitt VM, et al. Functional 

network connectivity abnormalities in multiple 

sclerosis: Correlations with disability and cognitive 

impairment. Mult Scler 2018; 24: 459-71. 

52. Rimkus CM, Avolio I, Miotto EC, et al. Education level 

and the characteristics cognitive impairment in a 

Brazilian cohort of multiple sclerosis patients. Mult 

Scler 2017; 23: 572. 

53. Pravata E, Rocca MA, Valsasina P, et al. Gray matter 

trophism, cognitive impairment, and depression in 

patients with multiple sclerosis. Mult Scler 2017; 23: 

1864-74. 

54. Zurawski J, Healy BC, Ratajska A, et al. Identification 

of a predominant cognitive phenotype in patients with 

multiple sclerosis. Eur J Neurol 2020; 27: 1083-8. 

55. Uher T, Vaneckova M, Sormani MP, et al. Identification 

of multiple sclerosis patients at highest risk of cognitive 

impairment using an integrated brain magnetic 

resonance imaging assessment approach. Eur J Neurol 

2017; 24: 292-301. 

56. Goretti B, Portaccio E, Zipoli V, et al. Impact of 

cognitive impairment on coping strategies in multiple 

sclerosis. Clin Neurol Neurosurg 2010; 112: 127-30. 

57. Nunnari D, De Cola MC, D'Aleo G, et al. Impact of 

depression, fatigue, and global measure of cortical 

volume on cognitive impairment in multiple sclerosis. 

Biomed Res Int 2015; 2015: 519785. 

58. Meijer KA, Eijlers AJC, Douw L, Uitdehaag BMJ, 

Barkhof F, Geurts JJG, et al. Increased connectivity of 



 

 Caspian Journal of Internal Medicine 2024 (Summer); 15(3): 392-413 

412                                                                                  Askari M, et al. 

hub networks and cognitive impairment in multiple 

sclerosis. Neurology 2017; 88: 2107-14. 

59. Farina G, Magliozzi R, Pitteri M, et al. Increased cortical 

lesion load and intrathecal inflammation is associated 

with oligoclonal bands in multiple sclerosis patients: a 

combined CSF and MRI study. J Neuroinflammation 

2017; 14: 40. 

60. Feinstein A, Lapshin H, O'Connor P. Looking anew at 

cognitive dysfunction in multiple sclerosis: the gorilla in 

the room. Neurology 2012; 79: 1124-9. 

61. Petracca M, Sumowski J, Fabian M, et al. Looking into 

cognitive impairment in primary-progressive multiple 

sclerosis. Eur J Neurol 2018; 25: 192-5. 

62. Roy S, Drake AS, Eizaguirre MB, et al. Trait 

neuroticism, extraversion, and conscientiousness in 

multiple sclerosis: Link to cognitive impairment? Mult 

Scler 2018; 24: 205-213. 

63. Portaccio E, Amato MP, Bartolozzi ML, et al. 

Neocortical volume decrease in relapsing-remitting 

multiple sclerosis with mild cognitive impairment. J 

Neurol Sci 2006; 245: 195-9. 

64. Romero K, Shammi P, Feinstein A. Neurologists ׳

accuracy in predicting cognitive impairment in multiple 

sclerosis. Mult Scler Relat Disord 2015; 4: 291-5. 

65. Ruano L, Branco M, Portaccio E, et al. Patients with 

paediatric-onset multiple sclerosis are at higher risk of 

cognitive impairment in adulthood: An Italian 

collaborative study. Mult Scler 2018; 24: 1234-42. 

66. Betscher E, Guenter W, Langdon DW, Bonek R. Polish 

validation of the Brief International Cognitive 

Assessment for Multiple Sclerosis (BICAMS battery): 

correlation of cognitive impairment with mood 

disorders and fatigue. Neurol Neurochir Pol 2021; 55: 

59-66. 

67. Eijlers AJC, van Geest Q, Dekker I, et al. Predicting 

cognitive decline in multiple sclerosis: a 5-year follow-

up study. Brain 2018; 141: 2605-18. 

68. Borghi M, Cavallo M, Carletto S, et al. Presence and 

significant determinants of cognitive impairment in a 

large sample of patients with multiple sclerosis. PloS 

One 2013; 8: e69820-e. 

69. Patti F, Nicoletti A, Messina S, et al. Prevalence and 

incidence of cognitive impairment in multiple sclerosis: 

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

2015; 262: 923-30. 

70. Ozakbas S, Turkoglu R, Tamam Y, et al. Prevalence of 

and risk factors for cognitive impairment in patients 

with relapsing-remitting multiple sclerosis: Multi-

center, controlled trial. Mult Scler Relat Disord 2018; 

22: 70-6. 

71. Sandi D, Biernacki T, Fricska-Nagy Z, et al. The 

incidence of cognitive impairment among Hungarian 

relapsing-remitting multiple sclerosis patients. Mult 

Scler 2017; 23: 706. 

72. Ron MA. Quick screen for cognitive impairment in 

patients with multiple sclerosis. Nat Clin Pract Neurol 

2007; 3: 432-3. 

73. d’Ambrosio A, Valsasina P, Gallo A, et al. Reduced 

dynamics of functional connectivity and cognitive 

impairment in multiple sclerosis. Mult Scler 2020; 26: 

476-88. 

74. Hawkins R, Shatil AS, Lee L, et al. Reduced global 

efficiency and random network features in patients with 

relapsing-remitting multiple sclerosis with cognitive 

impairment. AJNR Am J Neuroradiol 2020; 41: 449-55 

75. Tillema JM, Hulst HE, Rocca MA, et al. Regional 

cortical thinning in multiple sclerosis and its relation 

with cognitive impairment: A multicenter study. Mult 

Scler 2016; 22: 901-9. 

76. Vitorino R, Hojjat SP, Cantrell CG, et al. Regional 

frontal perfusion deficits in relapsing-remitting multiple 

sclerosis with cognitive decline. AJNR Am J 

Neuroradiol 2016; 37: 1800-7. 

77. Burggraaff J, Knol DL, Uitdehaag BMJ. Regression-

based norms for the symbol digit modalities test in the 

Dutch population: Improving detection of cognitive 

impairment in multiple sclerosis? Eur Neurol 2017; 77: 

246-52. 

78. Rossi F, Giorgio A, Battaglini M, et al. Relevance of 

brain lesion location to cognition in relapsing multiple 

sclerosis. PloS One 2012; 7: e44826-e. 

79. Preziosa P, Rocca MA, Pagani E, et al. Structural MRI 

correlates of cognitive impairment in patients with 

multiple sclerosis: A Multicenter Study. Hum Brain 

Mapp 2016; 37: 1627-44. 

80. Feinstein A, Lapshin H, O'Connor P, Lanctôt KL. Sub-

threshold cognitive impairment in multiple sclerosis: the 

association with cognitive reserve. J Neurol 2013; 260: 

2256-61. 

81. Schoonheim MM, Hulst HE, Brandt RB, et al. Thalamus 

structure and function determine severity of cognitive 

impairment in multiple sclerosis. Neurology 2015; 84: 

776-83. 

82. Margaritella N, Mendozzi L, Tronci F, et al. The evoked 

potentials score improves the identification of benign 

MS without cognitive impairment. Eur J Neurol 2013; 

20: 1423-5. 

83. Sadigh-Eteghad S, Abbasi Garravnd N, Feizollahi M, 

Talebi M. The expanded disability status scale score and 

demographic indexes are correlated with the severity of 



 

Caspian Journal of Internal Medicine 2024 (Summer); 15(3): 392-413 

Prevalence of CI in patients with MS                                                                 413 
 

cognitive impairment in multiple sclerosis patients .J 

Clin Neurol 2021; 17: 113-20. 

84. Argento O, Incerti CC, Quartuccio ME, et al. The Italian 

validation of the minimal assessment of cognitive 

function in multiple sclerosis (MACFIMS) and the 

application of the cognitive impairment index scoring 

procedure in MS patients. Neurol Sci 2018; 39: 1237-

44. 

85. Freitas S, Batista S, Afonso AC, et al. The montreal 

cognitive assessment (MoCA) as a screening test for 

cognitive dysfunction in multiple sclerosis. Appl 

Neuropsychol Adult 2018; 25: 57-70. 

86. Engel-Yeger B, DeLuca J, Hake P, Goverover Y. The 

role of sensory processing difficulties, cognitive 

impairment, and disease severity in predicting 

functional behavior among patients with multiple 

sclerosis. Disabil Rehabil 2021; 43: 1129-36. 

87. Dinoto A, Baldini S, Morelli ME, et al. Unveiling the 

relationship between autonomic involvement, fatigue, 

and cognitive dysfunction in early relapsing-remitting 

multiple sclerosis. Neurol Sci 2021; 42: 4281-7. 

88. Benedict RH, Cookfair D, Gavett R, et al. Validity of the 

minimal assessment of cognitive function in multiple 

sclerosis (MACFIMS). J Int Neuropsychol Soc 2006; 

12: 549-58. 

89. Deloire MS, Salort E, Bonnet M, et al. Cognitive 

impairment as marker of diffuse brain abnormalities in 

early relapsing remitting multiple sclerosis. J Neurol 

Neurosurg Psychiatry 2005; 76: 519-26. 

90. Amato MP, Portaccio E, Stromillo ML, et al. Cognitive 

assessment and quantitative magnetic resonance metrics 

can help to identify benign multiple sclerosis. 

Neurology 2008; 71: 632-8. 

91. Damasceno A, Pimentel-Silva LR, Damasceno BP, 

Cendes F. Cognitive trajectories in relapsing–remitting 

multiple sclerosis: A longitudinal 6-year study. Mult 

Scler 2020; 26: 1740-51. 

92. Dackovic J, Pekmezovic T, Mesaros S, et al. The Rao's 

brief repeatable battery in the study of cognition in 

different multiple sclerosis phenotypes: application of 

normative data in a Serbian population. Neurol Sci 

2016; 37: 1475-81. 

93. O'Connell K, Hutchinson M, Tubridy N, McGuigan C. 

Cognition in a newly diagnosed MS patient cohort91. 

Mult Scler 2015; 23: 522-3. 

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

sclerosis. J Neurol 2006; 253: 1054-9. 

95. Sandi D, Kása K, Biernacki T ,et al. Prevalence of 

cognitive impairment among Hungarian patients with 

relapsing-remitting multiple sclerosis and clinically 

isolated syndrome. Mult Scler 2015; 23: 723-4. 

96. Beatty WW, Aupperle RL. Sex differences in cognitive 

impairment in multiple sclerosis. Clin Neuropsychol 

2002; 16: 472-80. 

97. Brochet B, Ruet A. Cognitive impairment in multiple 

sclerosis with regards to disease duration and clinical 

phenotypes. Front Neurol 2019; 10: 261. 

98. Moghadasi AN, Mirmosayyeb O, Mohammadi A, 

Sahraian MA, Ghajarzadeh M. The prevalence of 

cognitive impairment in patients with neuromyelitis 

optica spectrum disorders (NMOSD): A systematic 

review and meta-analysis. Mult Scler Relat Disord 

2021; 49: 102757. 

99. Glanz B, Holland C, Gauthier S, Amunwa E, Liptak Z, 

Houtchens M, et al. Cognitive dysfunction in patients 

with clinically isolated syndromes or newly diagnosed 

multiple sclerosis. Mult Scler 2007; 13: 1004-10. 

100. Ghajarzadeh M, Sahraian MA, Fateh R, Daneshmand 

A. Fatigue, depression and sleep disturbances in Iranian 

patients with multiple sclerosis. Acta Med Iran 2012; 50: 

244-9. 

101. Benedict RH, Zivadinov R. Risk factors for and 

management of cognitive dysfunction in multiple 

sclerosis. Nat Rev Neurol 2011; 7: 332-42. 

102. Oset M, Stasiolek M, Matysiak M. Cognitive 

dysfunction in the early stages of multiple sclerosis—

how much and how important? Curr Neurol Neurosci 

Rep 2020; 20: 1-9. 

103. DeLuca J, Chiaravalloti ND, Sandroff BM. Treatment 

and management of cognitive dysfunction in patients 

with multiple sclerosis. Nat Rev Neurol 2020; 16: 319-

32.  

 


