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Abstract 

Background:  Cognitive impairment (CI) is a common finding in multiple sclerosis (MS); however, there is a limited 
information about its prevalence in mildly disabled cases. We aimed to determine the most affected domains, and 
also the relation between the demographic factors and cognitive outcomes in mildly disabled relapsing–remitting MS 
(RRMS).

Results:  Ninety-one mildly disabled RRMS patients with expanded disability status scale (EDSS) < 4 and literacy level 
above 9 years, were recruited. Based on Minimal Assessment of Cognitive Function in MS (MACFIMS) battery, CI was 
observed in 19.8% of the patients while 40.60% of the patients had at least one failure in cognitive tests. The most 
common impaired cognitive domain was information processing speed and working memory (27.5%). There was 
no significant difference between men and women in terms of CI in our sample (p-values > 0.05). Disease duration 
(p = 0.01), EDSS (p = 0.01), and education (p < 0.01) were significantly different between CI and non-CI patients, while 
age (p = 0.72), sex (p = 0.50), diagnostic gap (p = 0.89), and frequency of relapses (p = 0.22), did not differ considerably.

Conclusions:  RRMS patients experience some degrees of CI that may present even before the onset of remarkable 
physical disability; nevertheless, a higher EDSS score and longer disease duration increases the risk of CI. These find‑
ings suggest routine cognitive assessment of MS patients.

Keywords:  Multiple sclerosis, Neuropsychological assessment, Cognitive impairment, MACFIMS, Relapsing–remitting 
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Background
Cognitive impairment (CI) can present in all stages of 
multiple sclerosis (MS) [1, 2]. MS-related CI affects 
40–60% of patients [3] and it is one of the leading causes 
of disability in these patients [4, 5]. The reported preva-
lence of MS-related CI in hospital-based studies is dif-
ferent from population-based ones [6–8]. Also, it greatly 

varies between different types of MS and it is more fre-
quent in progressive forms of the disease [6, 9–11].

The reported prevalence of CI in relapsing–remit-
ting multiple sclerosis (RRMS) varies from 10.5% to 50% 
[12–17]. This variety is probably due to the different neu-
ropsychological (NP) batteries, applied cut-off values, 
patients’ demographic characteristics, and also the stage 
of the disease. All cognitive domains may be impaired in 
RRMS patients, but based on previous studies, informa-
tion processing speed (IPS), working memory, and learn-
ing memory are the most affected cognitive domains 
[18–21].
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There are limited studies about the prevalence of CI 
in mildly disabled MS patients. Significant impairment 
was observed in learning, visual, and long-term verbal 
memory, and information process speed in a sample of 
Spanish RRMS patients with Expanded Disability Status 
Scale (EDSS) < 4 [22]. Also, a study has reported a higher 
prevalence of isolated verbal fluency impairment in early 
RRMS patients (disease duration < 3  years) compared to 
a healthy control group [23]. A study of 92 Italian RRMS 
patients with EDSS scores ≤ 2.5, found that 51.1% of MS 
patients have CI with primary involvement of prefrontal 
cognitive functions [24]. Severe impairment of visual IPS 
and attention as well as moderate impairment in sus-
tained attention and complex IPS has been stated in a 
sample of mildly disabled RRMS patients [25].

Information about the impact of demographic factors 
on MS-related CI is contradictory. Some reports have 
indicated that there is a relationship between CI and dis-
ease duration [26, 27], while others have not reported 
such a relation [28, 29]. The same is true of the EDSS 
so that there are reports of a correlation between CI 
and EDSS [6, 27, 30], but some have reported the oppo-
site [31]. There are limited studies about the correlation 
between the frequency of relapses and the diagnostic gap 
with MS-related CI.

In this study, we aimed to determine the prevalence 
of CI and impaired cognitive domains in mildly disa-
bled RRMS patients. Also, we investigated the impact 
of demographic factors including the disease duration, 
EDSS, frequency of relapses, and diagnostic gap on cog-
nitive outcomes of MS patients.

Methods
This study was performed on adult patients (age ≥ 18) 
with a definite diagnosis of RRMS (McDonald 2017 
revised diagnostic criteria) [32], literacy level above 
9  years, and mild level of disability (EDSS < 4). Partici-
pants were recruited from 1 October 2019 to 1 April 
2021 through the outpatient services of the MS clinic 
at Tabriz University of Medical Science (TUOMS). The 
study protocol was reviewed and approved by the Eth-
ics Committee of TUOMS (Approval No. IR.TBZMED.
REC.1397.791). Written informed consent was obtained 
from all patients before study entry. Exclusion crite-
ria were relapsing of the disease or corticosteroid treat-
ment in the last 3  months; psychiatric disorders; major 
depressive disorder (Diagnostic and Statistical Manual 
of Mental Disorders [DSM-5] criteria) [33]; neurological 
disorders other than MS; brain injuries; using psychoac-
tive drugs like anticholinergics, anti-epileptic drugs, or 
antidepressant drugs; a systemic disease that could influ-
ence cognitive function; learning disabilities; history of 
alcohol abuse; the presence of physical impairments that 

could interfere with NP assessment; clinically isolated 
syndrome (CIS); and progressive forms of MS.

All patients underwent the neurological examination 
and a validated Persian version of minimal assessment of 
cognitive function in multiple sclerosis (MACFIMS) bat-
tery was performed to assess the cognitive outcomes [34, 
35]. Depression was assessed using the validated Persian 
version of the Beck Depression Inventory-Fast Screen 
(BDI-FS) questionnaire [36, 37].

MACFIMS battery consists of the following seven NP 
tests covering the five cognitive domains: (1) California 
Verbal Learning Test, Second Edition (CVLT-II) to assess 
auditory/verbal episodic memory, with immediate recall 
(IR) and delayed recall (DR) components; (2) Symbol 
Digit Modalities Test (SDMT) to assess visual processing 
speed and working memory; (3) Paced Auditory Serial 
Addition Test (PASAT) to assess auditory processing 
speed and working memory; (4) Controlled Oral Word 
Association Test (COWAT) to assess expressive lan-
guage; (5) Judgment of Line Orientation (JLO) to assess 
spatial processing; (6) Brief Visuospatial Memory Test-
Revised (BVMT-R) to assess visuospatial episodic mem-
ory with IR and DR components, and (7) Delis–Kaplan 
Executive Function System Sorting (DKEFS) to assess 
executive function [38]. It takes approximately 90 min to 
complete the battery.

A trained psychologist under the supervision of an 
expert neurologist administered this battery to each 
participant. Impairment in each test of the battery was 
defined as ≤ 1.5 standard scores below the mean nor-
mative values for each cognitive task [35]. Overall CI 
was defined as the failure on at least two tests of the 
MACFIMS battery. Based on CI patients were separated 
into 2 groups of CI and non-CI. All NP tests were per-
formed on all patients in the evening and in a quiet room. 
Before cognitive testing, the EDSS score was assessed by 
a neurologist. the Beck Depression Inventory-Fast Screen 
(BDI-FS) was completed by a psychologist.

Disease duration assessed from the onset of symptoms 
indicating MS. The diagnostic gap was calculated from 
the beginning of the symptoms, which indicates MS, to 
the time of definite diagnosis by a neurologist. Education 
levels are divided into four groups of < 12 (9–12 years of 
education), diploma (complete 12  years of education), 
university (12–16 years of education), and higher educa-
tion (> 16 years of education). Also, patients were divided 
into 5 age groups: ≤ 20, 21–30, 31–40, 41–50, and 51–60.

Data were analyzed using SPSS statistical software 
(2015; Version 23.0. Armonk, NY, USA). Descriptive 
data were presented using frequencies (and percent-
ages) and mean ± standard deviation (SD). The Student’s 
t-test or Mann–Whitney U test was applied to compare 
the parametric data between two groups, based on the 
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normality of distribution which was assessed by the Kol-
mogorov–Smirnov test. For comparing the non-paramet-
ric variables Chi-square test was utilized. The Spearman 
correlation was utilized for assessing the correlations 
and multivariate logistic regressions were performed to 
identify the associated factors of CI. In all comparisons, 
p < 0.05 was considered statistically significant and 95% 
levels of confidence of intervals was observed.

Results
Ninety-one RRMS patients including 65 women and 
26 men were involved in this study. Table  1 shows the 
demographic characteristics of the patients. The sex ratio 
was not significantly different between the two groups 
(p = 0.504). Patients with CI were slightly older than cog-
nitively normal patients, but this difference was not sig-
nificant (p > 0.05). For assessment of the impact of age 
on CI, we also divided patients into five age groups. In 
the patients under 20 years old, we had no case of CI. As 
patients got older, CI increased and reached its peak at 
51–60 age group.

Compared to the cognitively normal group, the 
mean EDSS score was significantly higher in the CI 
group (p = 0.014). The detailed percentage of CI in 

each EDSS score is presented in Fig. 1. In our sample, 
50% of patients with EDSS score 3 or 3.5 had CI. The 
diagnostic gap and the frequency of relapses were not 
significantly different between the two groups. The 
mean disease duration in the CI group was significantly 
longer than the cognitively normal group (p = 0.014).

Table 1  Demographic and clinical characteristics of the participants

SD standard deviation, MS multiple sclerosis, CI cognitive impairment, EDSS expanded disability status scale, BDI-FS beck depression inventory-fast screen

Parameters Overall (n = 91) MS with CI (n = 18) MS without CI (n = 73) p value

Age 31.60 ± 8.64 34.88 ± 9.42 30.79 ± 8.31 0.72

Age groups  ≤ 20 7 (7.7%) 0 (0%) 7 (100%) 0.39

21–30 43 (47.3%) 7 (16.27%) 36 (83.72%)

31–40 28 (30.8%) 7 (25.00%) 21 (75.00%)

41–50 11 (12.1%) 3 (27.27%) 8 (72.72%)

51–60 2 (2.2%) 1 (50.00%) 1 (50.00%)

Sex (male:female) 26:65 4:14 22:51 0.50

EDSS 1.29 ± 1.27 1.94 ± 1.48 1.13 ± 1.17 0.01*
Disease duration (months) 70.67 ± 55.18 98.66 ± 55.15 63.76 ± 53.32 0.01*
Diagnostic gap (months) 5.25 ± 11.23 5.55 ± 8.03 5.17 ± 11.93 0.89

Frequency of relapse 2.84 ± 2.29 3.44 ± 2.72 2.69 ± 2.17 0.22

BDI-FS score 4.76 ± 3.95 5.33 ± 3.91 4.63 ± 3.97 0.50

Education 14.05 ± 2.60 14.61 ± 2.27 11.77 ± 2.66  < 0.01*
Education groups  < 12 7 (7.7%) 6 (85.7%) 1 (14.3%)  < 0.01*

12 33 (36.3%) 9 (27.3%) 24 (72.7%)

12–16 39 (42.9%) 2 (5.1%) 37 (94.9%)

 > 16 12 (13.2%) 1 (8.3%) 11 (91.7%)

Disease-modifying drugs Dimethyl fumarate 26 (28.6%) 3 (11.5%) 23 (88.5%) 0.02*
Rituximab 9 (9.9%) 5 (55.6%) 4 (44.4%)

Interferon beta-1 30 (33.0%) 26 (86.7%) 4 (13.3%)

Natalizumab 8 (8.8%) 8 (100%) 0 (0%)

Fingolimod 13 (14.3%) 7 (53.8%) 6 (46.2%)

No drug for MS 5 (5.5%) 4 (80.0%) 1 (20.0%)

Fig. 1  The proportion of patients with cognitive impairment, based 
on the expanded disability status scale (EDSS)
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The mean of the education years was significantly dif-
ferent between the two groups (p < 0.01). In patients with 
a low level of literacy, the frequency of CI was higher. Six 
of the seven patients with less than 12 literacy levels had 
CI. In contrast, only one in 12 patients with literacy lev-
els above 16, had CI. There was a significant difference 
between the CI and non-CI groups in terms of disease-
modifying drugs (p = 0.02).

The most frequently impaired cognitive domains 
were IPS and working memory that assessed by PASAT 
(27.5%). The least impaired cognitive domain was the 
executive function that was assessed by DKEFS with two 
participants involved (2.2%). In women, the most com-
mon impaired cognitive domains were IPS and working 
memory, and the least impaired cognitive domains were 
expressive language and executive function. In men, the 
most common impaired cognitive domains were audi-
tory/verbal episodic memory. The SDMT, BVMT-R 
Total, BVMT.R Delay, and DKEFS tasks did not show any 
impairment in men (Table  2). There was no significant 
difference between men and women in terms of CI in our 
sample (p-values > 0.05).

Overall CI is defined as the failure on at least two tasks 
of the MACFIMS battery. Eighteen patients (19.8%) had 
CI criteria (Fig.  2). The prevalence of CI in men and 
women was 15.4% and 21.5%, respectively. According to 
our assessment, 54 patients (59.3%) were within normal 
limits on all the cognitive function tests.

Based on multivariate analysis, EDSS (OR 1.643; 95% 
confidence intervals: 1.086–2.485) predicted an increased 
risk of CI in mildly disabled RRMS patients. The literacy 

level (OR 0.594; 95% confidence intervals: 0.448–0.789) 
had a protective effect against CI. Disease duration 
although increases the risk of CI (p = 0.02) (Table 3).

Figure  3 presents the correlations between demo-
graphic characteristics and cognitive scores of the 
MACFIMS battery. The literacy levels of the patients 
were significantly correlated to the all of the tests of the 
battery (p-values < 0.01). Except for COWAT (p = 0.54), 
there were a significant negative correlation between dis-
ease duration and all of the subtests of the MACFIMS 
battery (p-values < 0.01). Age was also negatively corre-
lated to PASAT (p < 0.01), SDMT (p < 0.01), BVMT.R total 
(p < 0.01), and BVMT.R (p = 0.02) scores of the patients. 

Table 2  Mean scores of each MACFIMS test, cut-off values and number of patients with impairment

Impairment was defined as ≤ − 1.5 standard deviations from the mean normative values for each cognitive test in the Iranian general population

SD standard deviation, MACFIMS minimal assessment of cognitive function in multiple sclerosis, CI cognitive impairment, BVMT-R brief visuospatial memory test-
revised, COWAT​ controlled oral word association test, CVLT-II California Verbal Learning Test, Second Edition, D-KEFS Delis–Kaplan Executive Function System, JLO 
Judgment of Line Orientation, PASAT Paced Auditory Serial Addition Test, SDMT symbol digit modalities test, CVLT-II T CVLT-II total learning, CVLT-II. D CVLT-II delayed 
recall, BVMT.R D BVMT-R delayed recall

Cognitive test Cut-off values Patients (mean ± SD) Impaired test

Overall Male Female p-value

CVLT-II T 42.62 52.05 ± 11.54 19 (20.9%) 5 (19.2%) 14 (21.5%) 0.80

CVLT-II. D 8.71 11.98 ± 2.88 10 (11.0%) 2 (7.7%) 8 (12.3%) 0.52

PASAT 33.71 38.63 ± 10.91 25 (27.5%) 4 (15.4%) 21 (32.3%) 0.10

SDMT 30.86 48.89 ± 13.24 7 (7.7%) 0 (0%) 7 (10.8%) 0.08

BVMT-R Total 13.94 26.40 ± 6.99 6 (6.6%) 0 (0%) 6 (9.2%) 0.10

BVMT.R D 5.45 10.56 ± 2.30 4 (4.4%) 0 (0%) 4 (6.2%) 0.19

COWAT​ 15.38 31.65 ± 11.28 3 (3.3%) 1 (3.8%) 2 (3.1%) 0.85

DKEFS 15.56 36.29 ± 9.12 2 (2.2%) 0 (0%) 2 (3.1%) 0.36

JLO 15.12 20.96 ± 5.05 12 (13.2%) 3 (11.5%) 9 (13.8%) 0.76

Failure in at least 1 task 37 (40.65%) 8 (21.6%) 29 (78.4%) 0.22

Failure in ≥ 2 (overall CI) 18 (19.78%) 4 (15.4%) 14 (21.5%) 0.50

Fig. 2  The proportion of patients with the number of impaired 
cognitive tests, based on scores for Minimal Assessment of Cognitive 
Function in multiple sclerosis (MACFIMS) battery. Impairment in each 
test is defined as ≤ 1.5 standard deviations below the normative 
values
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The level of physical disability, assessed by the EDSS 
score, had significant associations with SDMT (p < 0.01), 
BVMT.R total (p = 0.03) test and diagnostic gap was 
negatively correlated to SDMT (p = 0.01), BVMT.R total 
(p = 0.02), COWAT (p < 0.01), and DKEFS (p = 0.03).

Discussion
In this study, we evaluated the impaired cognitive 
domains in mildly disabled RRMS patients using the 
MACFIMS battery. Also, we determined the impact of 
demographic and clinical factors on cognitive outcomes 
in this group of patients. Based on our assessment, the 
prevalence of CI was 19.8% in RRMS patients with an 
EDSS < 4. There was a significant association between 
disease duration, education level, and EDSS with MS-
related CI, but sex, age, diagnostic gap, and the frequency 
of relapse did not affect this outcome. We observed a 
significant difference between CI and non-CI patients 
in terms of disease-modifying drugs, which could be 
because of the small number of participants in each 
group. We also found that the literacy level, disease dura-
tion, age, EDSS, and diagnostic gap were significantly 

correlated to some cognitive scores of the patients in our 
sample.

The prevalence of MS-related CI in our study was 
lower than the reported rate in previous studies. This 
may be due to the diversity of NP batteries, demographic 
characteristics, and methodology between studies. Our 
patients had a mild disability with a mean EDSS score 
of 1.29 ± 1.27. The EDSS score in most previous studies 
was ≥ 6.0 [6, 39, 40]. The patients’ age and disease dura-
tion were also considerably shorter in our study com-
pared with previous studies [11, 39, 41, 42]. Also, in 
several reports, patients with a single impaired cognitive 
task were considered as CI, while we defined patients 
with at least two impaired cognitive tasks as overall CI 
[43].

Most studies included patients with a progressive 
form of the disease [40, 42, 44]. According to reports, 
CI is more prevalent in primary and secondary progres-
sive MS compared with RRMS [30, 42]. Similar to our 
results, in a study on RRMS patients with a mean EDSS 
score of 1.9, CI was reported in 22% of the cases based 
on three impaired cognitive tests of the Rao’s battery 
[45]. In another study on clinically isolated syndrome or 
newly diagnosed MS patients with a mean EDSS score of 
1.3, CI was seen in 20% of patients based on two NP tests 
impaired [46].

Of the assessed cognitive domains, IPS especially audi-
tory-component and working memory were the most fre-
quently impaired cognitive domains in our sample. These 
results are supported by previous literature, in which the 
most frequently impaired cognitive domains were IPS, 
verbal/visuospatial memory, and executive functions 
[41, 47–49]. The most frequently involved task in our 
study was PASAT, whereas in the mentioned study it was 
SDMT [41]. Both tasks evaluate the processing speed but 
the auditory-component of processing speed evaluates by 
PAST, whereas, visual component evaluates by SDMT.

Table 3  Multivariate analysis of associated factors for MS-related 
cognitive impairment

EDSS expanded disability status scale, OR odds ratio, CI confidence interval

Parameters B OR 95% CI p value

Lower Upper

Literacy level − 0.521 0.594 0.448 0.789  < 0.01*
Age 0.054 1.055 0.994 1.119 0.07

Disease duration 0.011 1.011 1.002 1.020 0.02*
Frequency of relapse 0.125 1.133 0.926 0.926 0.22

Diagnostic gap 0.003 1.003 0.959 1.049 0.89

EDSS 0.496 1.643 1.086 2.485 0.01*
Sex 0.412 1.510 0.446 5.106 0.50

Fig. 3  The correlations between demographic characteristics and cognitive scores. The number inside each cell is “r” for Spearman’s Rho
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In the present study, the number of impaired cognitive 
domains in men was lower than in women. In male cases, 
the tasks of SDMT, BVMT, and DKEFS did not show 
impairment, but in the women, all tasks were affected. 
The limited number of male cases can be a reason for this 
finding. Episodic memory (auditory/verbal) was the most 
frequently impaired cognitive domain in men while pro-
cessing speed and working memory were the most fre-
quently impaired domains in women. Assessing gender 
differences in cognitive function is a controversial con-
cept [50], which should be assessed in future studies.

In this study, the EDSS score in the CI group was sig-
nificantly higher than the cognitively normal group, and 
it was found that the EDSS score can predict the risk of 
MS-related CI. These findings are supported by previ-
ous studies in which there is an association between the 
disability level and MS-related CI [5, 40]. Vice versa, in 
our results, a high education level had a protective effect 
against CI; while regression analysis showed a low pre-
dictor effect of older age on MS-related CI. Sex, fre-
quency of relapse, and the diagnostic gap did not have a 
predictive effect on MS-related CI. Patti and colleagues 
in a study found that age is a significant predictor of MS-
related CI, but they did not find significant associations 
between MS-related CI and education level [45]. On the 
other hand, Sartori and colleagues showed a significant 
correlation between older age and low level of education 
with MS-related CI [51].

It is suggested that MS-related CI could be a factor 
associated with worse outcomes in subsequent stages 
of MS [52]. Previous studies found that using screen-
ing methods with low sensitivity, such as Mini-Mental 
State Exam (MMSE) and Montreal Cognitive Assess-
ment (MoCA), leads to a lack of diagnosis and treatment 
of MS-related CI [34, 53–55]. Also, cognitive assessment 
of patients with MACFIMS battery, as the gold standard 
method [35], is a time-consuming process and needs an 
appropriate cooperation of the patients. Studies sug-
gested computer-based assessments such as Cambridge 
Neuropsychological Test Automated Battery (CANTAB) 
as an alternative method of CI screening in MS patients 
[49], but still, there is a need for developing new fast 
screening methods, with enough specificity for timely 
diagnosis and interventions to the prevention of the 
future possible consequences.

Conclusion
This study indicates that even among mildly disabled 
cases, RRMS patients experience some degrees of CI that 
may present even before the onset of remarkable physi-
cal disability which suggests routine cognitive assessment 
of MS patients. We also observed a difference between 
male and female cases in terms of most affected cognitive 

domains, but the overall sex differences in CI were not 
statistically significant. A higher EDSS score increases 
the risk of CI, whereas a higher level of education has a 
protective effect against it. Literacy level, disease dura-
tion, age, EDSS, and diagnostic gap are significantly cor-
related to cognitive scores of RRMS patients. There is a 
need for future well-designed studies with a larger sam-
ple of MS patients with mild levels of disability to validate 
these findings.
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