
ORIGINAL ARTICLE

The relationship between cognition, depression, fatigue,
and disability in patients with multiple sclerosis

Pinar Yigit1 & Ayla Acikgoz2 & Zaur Mehdiyev3 & Ayfer Dayi4 & Serkan Ozakbas1

Received: 1 September 2020 /Accepted: 22 September 2020
# Royal Academy of Medicine in Ireland 2020

Abstract
Background Multiple sclerosis (MS) is a chronic, progressive, and neurodegenerative central nervous system disorder. MS
usually causes disability, cognitive deficiency, fatigue, and depression symptoms.
Objectives To assess cognitive functions of people with MS (pwMS) and investigate the impact of depression, fatigue, and
disability on cognitive functions.
Methods We administered the Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) battery to assess 200
pwMS. The ExpandedDisability Status Scale (EDSS) was used to evaluate disability levels. Fatigue Severity Scale (FSS) and the
Beck Depression Inventory (BDI) were used, respectively, for fatigue and depression levels.
Results EDSS and FSS scores were significantly higher in those with a disease duration of 5 years or more. Those with the EDSS
≥ 4 were found to have lower BICAMS performances and higher FSS scores. There was a significant difference in Symbol Digit
Modalities Test (SDMT) performances between the groups with and without fatigue (FSS ≥ 4 and FSS < 4, respectively). When
depression and fatigue symptoms concur or in the existence of just one of them or none of them, significant differences in terms of
SDMT performances have been shown.
Conclusion The level of disability and fatigue adversely affects the cognitive functions of pwMS; depression has no significant
effect. BICAMS that is specific for MS can be beneficial to assess the cognitive state of pwMS.

Keywords Cognitive functions . Depression . Disability . Fatigue .Multiple sclerosis

Introduction

Multiple sclerosis (MS) is a chronic, progressive, autoim-
mune, neurodegenerative disorder that occupies the central
nervous system (CNS); its pathogenesis includes axon loss
and demyelination [1]. MS causes brain atrophy and wide-
spread lesions or plaques in the brain and spinal cord [2].
These involvements in the CNS may result in disability in

various areas, including motor, sensory, visual, balance-coor-
dination, and cognitive impairment (CI) [3]. Different studies
have reported the prevalence of cognitive decline in MS as
43–73% [4]. Cognitive areas affected are information process-
ing speed, complex attention, visual learning, episodic mem-
ory, delayed recall, and executive functions [5, 6]. CI is a
frequent symptom is explained by the existence of a signifi-
cant number of separate lesions, diffuse axonal injury [7], and
white and gray matter damages [8].

The diagnostic ratio of lifelong major depression in people
with MS (pwMS) is approximately 50% [9]. Moreover, the
prevalence of fatigue, which is considered closely related to
depression, is 50–90% [10]. The composite effect of CI, de-
pression, and fatigue affects the decision-making processes of
pwMS, limiting their mental flexibility capacities; therefore,
they can take a toll on daily activities, quality of life, and
mental health [11]. Apart from the objective neurological sta-
tus, evaluation of cognitive function, fatigue, and depression
in pwMS is essential in terms of adherence to treatment, ben-
efit from treatment, and planning of individual rehabilitation
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programs in order to improve the disability of pwMS. This
study aimed to evaluate the cognitive functions of pwMS and
investigate the relationship between depression, fatigue, dis-
ability, and cognitive functions.

Materials and methods

Participants

We interviewed 203 pwMS, who were followed by the MS
Clinic of the Dokuz Eylul University (DEU) Hospital. Patients
who applied to our clinic were invited to this study according
to the order of application. It was informed that their partici-
pation in the study would not provide interest for them, but
cognitive involvement would be determined. We could not
complete tests in three pwMS because they had to back to
work. The criteria for patient inclusion were (a) aged 18–55
years, (b) diagnosed with MS according to the “McDonald
2010 criteria”, and (c) signed the informed consent form.
The exclusion criteria were (a) absence or non-completion of
the data form, (b) having additional neurological and/or psy-
chological disorders that could influence the clinical evalua-
tion and cognitive tests, (c) antipsychotic drug use, severe
head trauma history, (d) having a learning disability or mental
retardation, (e) being a pregnant or lactating woman, (f) prior
or current history of substance or alcohol dependence, (g) MS
relapse and/or taking corticosteroid treatment within four
weeks of the assessment.

Cognitive assessment

Brief International Cognitive Assessment for MS (BICAMS)
is a test battery with robust psychometric features [12]; it
consists of the Symbol Digit Modalities Test (SDMT) [13],
initial learning trials of the California Verbal Learning Test–
second edition (CVLT-II) [14], and Brief Visuospatial
Memory Test–Revised (BVMT-R) [15]. A Turkish validity
study for BICAMS was conducted by Ozakbas et al. [16] in
Turkey. As no validated threshold of CI for BICAMS was
available, CI for a single test was defined as 1.5 standard
deviations (SD) below the control group mean in the validity
study [17].

The SDMT primarily measures visuospatial scanning, con-
stant attention and concentration, information processing
speed, and narrowly, working memory [13]. In this study,
the Rao (oral version) adaptation of the SDMT was individu-
ally used. On top of the test page, there is a key in divided
blocks that matches nine numbers and symbols. The partici-
pant is asked to pair the pseudo-randomized digits with each
symbol as quickly as possible over 90 s. The oral version of
the task was selected, and the number of correct answers was
recorded (highest score, 110).

The CVLT-II is the standard scale for auditory/verbal
learning and memory in clinical neuropsychology [18]. It con-
sists of 16 words divided into four categories (four tools,
fruits, and animals, and furniture). In this study, the applica-
tion covered the first five trials of the test, which assesses
verbal memory. The total learning score indicates the total
number of words recalled (highest score, 80).

The BVMT-R includes three recall trials for visuospatial
learning and memory [15]. Participants are shown a stimulus
card for 10 s onwhich six geometric shapes are printed in a 2 ×
3 pattern. They are asked to draw asmany symbols as they can
remember. These symbols are scored from 0 to 2 based on
accuracy and location. The total score consists of the sum of
scores across the three trials (highest score, 36).

Other measurements

The Fatigue Severity Scale (FSS) consists of nine statements
on a 7-point scale. The patient is asked to mark the level of
fatigue in the last week, including the day the test was applied.
The result is calculated by dividing the total score by the
number of items [19]. The cutoff value of fatigue was defined
as four and above in this study [20].

The Beck Depression Inventory (BDI) is administered to
evaluate the degree of self-reported depression, with 21 items
rated on a scale of 0–3. If the total score is 17 or above, it
indicates depression [21] (highest score, 63).

Functional systems are evaluated based on the clinician’s
interview and neurological examination, then the Expanded
Disability Status Scale (EDSS) score is obtained. In this scale,
consisting of 20 steps with 0.5 intervals, 0 indicates a normal
neurological exam, while 10 refers to death due to MS [22].

Procedures

These procedures were approved by the Non-Invasive
Research Ethics Committee of DEU. All pwMS provided
written informed consent to participate in the study (code:
2016/12-21). First, they completed the demographics ques-
tionnaire, and then the medical history was obtained; this
was followed by administered of the FSS and BDI.
BICAMS neuropsychological battery was administered by a
board-certified psychologist (SDMT, CVLT-II, BVMT-R re-
spectively), and a neurologist evaluated the Expanded
Disability Status Scale (EDSS) scores.

Statistical analysis

Data analysis was conducted using the SPSS Statistics
Version 20.0 software package. Descriptive statistics were
shown as means and SD for numerical variables and numbers
with percentages for categorical variables. Two group com-
parisons were obtained by t tests in the individual groups. A
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composite effect of depression and fatigue was expressed by a
one-way analysis of variance (ANOVA). The Pearson corre-
lation coefficient r was used to determine the relationship
between the numerical variables. CI for a single test was de-
fined as 1.5 SD below the control group mean in the Turkish
validity study [16], we carried out a risk analysis of our study
group (mean age 36.5 vs 37.5, mean education level 11.9 vs
13.9). To examine independent predictors of CI, binary logis-
tic regression analysis was used to evaluate associations
among all three BICAMS raw scores (SDMT, BVMT-R,
and CVLT-II total learning), age, gender, education level, dis-
ease duration, fatigue, depression, and disability level (A pre-
dictor assessed was not examined while controlling for anoth-
er predictor). As p value ≤ 0.05 was considered statistically
significant.

Results

Demographic and clinical characteristics

One hundred and forty females (70%) and 60 males (30%)
diagnosed with MS were included in the study. Of the 200
pwMS, 191 had relapsing remitting-MS (RRMS) (95%), 6
secondary progressive-MS (SPMS) (6%), and 3 primary
progressive-MS (PPMS) (2%). The sample included pwMS
receiving immunomodulation therapy (oral: 38%; injectable:
56%) and who had stopped treatment for a while (6%; due to
pregnancy plan, stable PPMS). The mean age of pwMS was
36.53 ± 9.73 years, and the mean length of education was
11.98 ± 3.55 years. The sociodemographic characteristics
are shown in Table 1.

The average depression score of the group was 9.93 ± 9.06,
fatigue score was 3.15 ± 1.84, and EDSS score was 1.78 ±
1.58; the average disease duration was 6.17 ± 4.85 years. 124
pwMS did not suffer from depression or fatigue (62.0%),
while 22 pwMS have both depression and fatigue (11%).
The clinical characteristics are shown in Table 2.

Cognitive outcome and correlation analyses

The mean scale scores for pwMS were as follows: SDMT,
47.99 ± 12.15; CVLT-II, 52.87 ± 11.13; and BVMT-R,
25.10 ± 6.53. CI was identified in 66 pwMS (33%) in one or
more BICAMS sub-tests. The raw BICAMS values of pwMS
with and without CI are shown in Table 3.

A moderate association was found between BICAMS and
both the age and years of education (Table 4). Age, education
years, disease duration, EDSS, BDI, occupation/employment
status (females employed 31.4%, males 41.7%), and monthly
income did not differ significantly between female and male
pwMS. However, it was observed that the CVLT-II scores of
females were significantly higher than those of males (r =
2.95, P < 0.05) (Table 5). The FSS scores of females were
significantly higher than those of males (M = 3.33 versus 2.73,
P = 0.031). A weak negative correlation between the FSS and
both SDMT and BVMT-R (respectively, r = − 0.24, P =
0.001, r = − 0.14, P = 0.04), but not between the BDI and
BICAMS, was found . The re l a t i onsh ip among
sociodemographic, clinical features, and BICAMS scores
were shown in Table 4.

Table 1 Sociodemographic characteristics of pwMS

N = 200

Gender

Female (%) 140 (70.0)

Male (%) 60 (30.0)

Age (years), mean±SD 36.53 ± 9.73

Education (years), mean±SD 11.98 ± 3.55

Educational Status (%)

Educational years ≤ 8 years 44 (22.0)

Educational years > 8 years 156 (78.0)

Monthly income level of family (%)

2000 and below 41 (20.5)

2001 and above 158 (79.5)

Occupation/employment status (%)

Not employment 81 (40.5)

Employment 119 (59.5)

SD, standard deviation

Table 2 Clinical characteristics of pwMS

N = 200

Disease duration (years), mean±SD 6.17 ± 4.85

EDSS, mean±SD 1.78 ± 1.58

BDI, mean±SD 9.93 ± 9.06

FSS, mean±SD 3.15 ± 1.84

Relapsing remitting MS (%) 191 (95.0)

Secondary progressive MS (%) 6 (3.0)

Primary progressive MS (%) 3 (2.0)

Neither depression nor fatigue* (%) 124 (62.0)

One of depression and fatigue** (%) 54 (27.0)

Both depression and fatigue*** (%) 22 (11.0)

SD, standard deviation; EDSS, expanded disability status scale; FSS, fa-
tigue severity scale; BDI, Beck depression inventory

*BDI ≤ 16.9 “No Depression” and FSS < 4 “No Fatigue”

**BDI ≥ 17.0 “presence of depression” or FSS ≥ 4 “presence of fatigue”

***BDI ≥ 17.0 “presence of depression” and FSS ≥ 4 “presence of
fatigue”
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Between-group analyses

The disease duration was categorized as ≤ 5 years or > 5 years
[23], and disability was categorized as EDSS < 4 or ≥ 4 [24,
25]. Furthermore, it was found that the BICAMS scores of the
group with EDSS < 4 were significantly higher than those of
pwMS with EDSS ≥ 4 (SDMT r = 5.60, CVLT-II r = 5.36,
BVMT-R r = 4.42, P < 0.001). SDMT scores of pwMS with-
out fatigue (FSS < 4) were significantly higher than those of
pwMS with fatigue (FSS ≥ 4) (r = 2.99, P = 0.003). The
cognitive functions of the pwMS according to their
sociodemographic and clinical characteristics are shown in
Table 5.

Disability and fatigue levels for pwMS with a disease du-
ration of ≥ 5 years (long-term group) were significantly higher
than those in the group with < 5 years since diagnosis (short-
term group) (χ2 = 11.853, P < 0.001 for EDSS, χ2 = 1,021, P

= 0.034 for FSS). Depression scores were found to be higher
for the short-term than the long-term group (χ2 = 0.821, P >
0.05). Education years, occupation/employment status, and
monthly income did not differ significantly between the
short- and long-term groups. When the composite effect of
depression and fatigue was examined, a significant difference
was found between the groups in terms of SDMT scores (F =
3.771, P = 0.025).

Binary regression analyses

Gender was not significantly predictive in the binary regres-
sion analysis, so it was dropped from further analysis. The
disease duration, FSS, and BDI scores were not significantly
predictive either. When the education level was increased by 1
year, the SDMT scores increased by 0.8 points (P < 0.001
Exp(B): 0.827, 95% C.I. 0.744–0.919) and the CVLT-II

Table 3 Results of the BICAMS raw value in pwMS with and without CI

BICAMS Number of pwMS with CI (N = 66) %

On 1 test 45 22.50

On 2 tests 19 9.50

On 3 tests 2 1.0

BICAMS PwMS with CI (n = 66) PwMS without CI (n = 134) t test p value

SDMT, mean ± SD 32.46 ± 6.95 53.43 ± 2.23 16.419* < 0.001*

CVLT-II, mean ± SD 35.20 ± 6.50 56.61 ± 7.80 7.902* < 0.001*

BVMT-R, mean ± SD 5.00 ± 2.82 25.30 ± 6.23 8.373* < 0.001*

BICAMS, Brief International Cognitive Assessment for Multiple Sclerosis, SDMT, Symbol Digit Modalities Test; CVLT-II, California Verbal Learning
Test second edition; BVMT-R, Brief Visuospatial Memory Test revised; SD, standard deviation

Being below 1.5 SD of healthy controls’ BICAMS scores in one or more tests of BICAMS; cutoff scores for SDMT,CVLT-II, and BVMT-R (39.25, 42.4,
8.7 respectively)

*p < 0.001

Table 4 The relationship among sociodemographic, clinical features and BICAMS scores in pwMS

SDMT CVLT-
II

BVMT-
R

EDSS FSS

Age r
p value

− 0.43
0.001*

− 0.31
0.001*

− 0.36
0.001*

Education years r
p value

0.52
0.001*

0.27
0.001*

0.36
0.001*

Disease Duration r
p value

− 0.18
0.009*

− 0.14
0.048

− 0.07
0.349

0.25
0.001*

0.17
0.017*

BDI r
p value

− 0.05
0.489

− 0.05
0.502

− 0.01
0.937

0.11
0.126

0.51
0.001*

FSS r
p value

− 0.24
0.001*

− 0.78
0.271

− 0.14
0.043*

0.37
0.001*

SDMT, Symbol Digit Modalities Test; CVLT-II, California Verbal Learning Test second edition; BVMT-R, Brief Visuospatial Memory Test revised;
EDSS, expanded disability status scale; FSS, fatigue severity scale; BDI, Beck depression inventory

Pearson correlation coefficient r

*p < 0.05
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scores by 0.9 points (P < 0.001 Exp(B): 0.869, 95% C.I.
0.777–0.972). When age was increased by 1 year, the
SDMT scores decreased by 1.1 points (P = 0.009 Exp(B):
1.062, 95% C.I.1.015–1.111) (Table 6). When the EDSS in-
creased by 1 point, the SDMT scores decreased by 1.4 points
(P = 0.019 Exp(B): 1.366, 95% C.I. 1.053–1.772), and
CVLT-II scores by 1.5 points (P < 0.001 Exp(B): 1.507,
95% C.I. 1.173–1.937) (Table 6).

Discussion

The present study examined that the relationship between cog-
nitive functions and demographic-clinical features with 200
pwMS. Our findings revealed that pwMS with higher fatigue
level have lower information-processing speeds, and all
BICAMS scores of those with higher disability were signifi-
cantly lower; nevertheless, there were no significant differ-
ences between the groups with/without depression in cogni-
tive performance. Importantly, considering the cognitive ef-
fects of depression and fatigue symptoms coupling, the only

significant difference was seen related to the information-
processing speed.

Several studies have noted that age and education level are
related to BICAMS performance, and substantive predictors
of employment status at an early stage of disease [26, 27]. In
the current study, the correlation results among age, educa-
tion, and BICAMS supported the idea of taking into consid-
eration the demographic characteristics, as well as clinical
variables. Interestingly, verbal memory scores of womenwere
higher than those of men in our study, although there were no
sex differences found in any demographic or clinical charac-
teristics, except fatigue level. Previous studies have suggested
that females establish strategies for organization and spatial
memory tasks via verbal memory [28, 29], and women per-
formed significantly better than men on the verbal memory
test [30].

We have determined the CI group according to the average
BICAMS data of our previous study [16]. In line with the
literature, age was negatively related to SDMT, and education
was positively related to SDMT and CVLT-II in our study
[31, 32]. With cognitive impairment defined as at least one

Table 5 Cognitive functions of pwMS according to sociodemographic and clinical characteristics

SDMT CVLT-II BVMT-R
mean±SD mean±SD mean±SD

t Test
p value

t Test
p value

t Test
p value

Gender

Female 48.26 ± 12.01 0.50(0.621) 54.36 ± 10.86* 2.95 (0.004) 25.36 ± 6.54 0.87 (0.383)
Male 47.33 ± 12.54 49.38 ± 11.06 24.48 ± 6.53

Educational status

Educational years ≤ 8 years 37.34 ± 10.40 − 7.42(0.001) 47.52 ± 13.16 − 3.72 (0.001) 21.02 ± 6.79 − 4.96 (0.001)
Educational years > 8 years 50.99 ± 10.88* 54.37 ± 10.03* 26.25 ± 5.99*

Income status

2000 and below 41.10 ± 11.80 − 4.31 (0.001) 49.45 ± 13.18 − 2.26 (0.025) 23.38 ± 6.72 − 1.93 (0.055)
2001 and above 49.81 ± 11.60* 53.77 ± 10.38* 25.56 ± 6.42

Disease duration

≤5 years 49.16 ± 11.67 1.41 (0.161) 52.91 ± 10.37 0.06 (0.950) 25.25 ± 7.02 0.34 (0.735)
>5 years 46.74 ± 12.58 52.81 ± 11.95 24.94 ± 6.00

EDSS

EDSS < 4 49.48 ± 11.32* 5.60 (0.001) 54.18 ± 10.17* 5.36 (0.001) 25.75 ± 6.09* 4.42 (0.001)
EDSS ≥ 4 34.55 ± 11.33 41.00 ± 12.60 19.25 ± 7.57

FSS

FSS <4 49.67 ± 11.67* 2.99 (0.003) 52.79 ± 10.22 − 0.14 (0.887) 25.51 ± 6.23 1.32 (0.189)
FSS ≥4 44.23 ± 12.45 53.03 ± 13.03 24.19 ± 7.13

BDI

BDI ≤ 16.9 48.26 ± 11.77 0.67 (0.502) 52.95 ± 11.01 0.22 (0.829) 25.18 ± 6.37 0.38 (0.703)
BDI > 17 46.75 ± 13.85 52.50 ± 11.83 24.72 ± 7.30

SDMT symbol digit modalities test, CVLT-II california verbal learning test second edition, BVMT-R brief visuospatial memory test revised, EDSS
expanded disability status scale, FSS fatigue severity scale, BDI beck depression inventory, SD standart deviation

Pearson correlation coefficient r.

*p < 0.05
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or more abnormal tests [33, 34], it was 33% of pwMS with CI
in one or more BICAMS subtests. The lower frequency of CI
in our study group may be explained by the lower disability
level and shorter disease duration.

Fatigue is the most frequently seen complaint in pwMS [3].
PwMS have to cope with the difficulties caused by the dis-
ability, which increases both psychological, physical, and
cognitive fatigue. Our results revealed that those with higher
disability (EDSS ≥ 4) and longer disease duration (> 5 years)
had significantly higher fatigue scores. In contrast, depression
scores were higher in the short-term group (≤ 5 years). It is
possible that pwMS may face difficulties in coping with cog-
nitive, emotional, behavioral, social, and physical factors af-
fecting the adaptation of the individual to the disease in the
early stages. Furthermore, the information-processing speeds
of the group with fatigue were significantly worse than that of
the group without fatigue, using a similar cut-off in a previous
study [20]. Although it is possible to presumptively claim that
fatigue may have adverse effects on the cognitive skills of
pwMS, recent studies indicate that the relationship with cog-
nitive status and subjective fatigue may not be as significant as
expected [35–37].

Some researchers define primary fatigue as the absence of
other indications (pain, depression, poor sleep, life quality,
etc.) related to this condition and secondary fatigue as when
such symptoms are present [20]. Considering the cognitive
effects of depression and fatigue symptoms coupling, the only
significant difference found related to the SDMT. This analy-
sis is necessary because fatigue and depression are frequently

intertwined. They may not be differentiated, or one may ob-
scure the other. This difference is observed in SDMT because
the test requires high-level working memory as Paced
Auditory Serial Addition Test, with the information process-
ing speed measuring primarily as a strong predictor of func-
tional regression [27], suggesting the significant effect of fa-
tigue on information processing speeds. These results demon-
strated that SDMT denoted as a sentinel test [38] should be
prioritized to identify the relationship between cognitive dete-
rioration and disease-related factors in clinical practice.

Our results are consistent with the findings that pwMSwith
higher disability level is lower in cognitive performance [24,
31]. A previous study reported that SDMT, CVLT-II, and
BVMT-R (5.9, 3.7, and 2.3 points, respectively) scores de-
creased when the EDSS was increased by 1 point [31]. We
carried out a risk analysis of our study group using the
BICAMS average of the control group in our study [16].
Finally, the disability was negatively related to SDMT (1.4
points), and CVLT-II (1.5 points) scores also parallel with
the literature. Based on these results, attention should be paid
to the importance of evaluating cognitive changes, for exam-
ple, when assessing disease progression and severity [39].

The finding that no significant difference was found be-
tween the groups with/without depression in terms of
BICAMS is unexpected in the current study. Also, there were
no differences in pwMS with/without depression on any de-
mographic or clinical characteristics. These results supported
the findings of previous studies that used the same neuropsy-
chological assessment [26, 34, 37]. Even if depression does

Table 6 Factors affecting the
developing cognitive impairment SDMT CVLT-II

Risk factors p value OR (95% CI) p value OR (95% CI)

Gender Female

Male

0.104 0.489 (0.206–1.159) 0.130 1.961 (0.821–4.684)

Education (years) < 0.001* 0.827 (0.744–0.919) 0.014* 0.869 (0.777–0.972)

Age (years) < 0.001* 1.062 (1.015–1.111) 0.835 1.005 (0.957–1.056)

Disease duration ≤ 5 years

> 5 years

0.687 1.016 (0.940–1.098) 0.217 1.055 (0.969–1.148)

EDSS EDSS < 4

EDSS ≥ 4

<0.001* 1.426 (1.108–1.835) < 0.001* 1.507 (1.173–1.937)

FSS FSS < 4

FSS ≥ 4

0.154 1.199 (0.934–1.537) 0.824 0.970

(0.744-1.265)

BDI BDI ≤ 16.9

BDI ≥ 17.0

0.294 0.973 (0.925–1.024) 0.493 0.982 (0.931–1.035)

OR, odds ratio 95%; CI, confidence interval; SDMT, Symbol Digit Modalities Test; CVLT-II, California Verbal
Learning Test second edition; BVMT-R, Brief Visuospatial Memory Test revised; EDSS, Expanded Disability
Status Scale; FSS, Fatigue Severity Scale; BDI, Beck depression inventory

Being below 1.5 standard deviations of healthy controls’ BICAMS scores in one or more tests of BICAMS;
cutoff scores for SDMT, CVLT-II (39.25, 42.4, respectively)

*Significant differences (p < 0.05)
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not influence the objective neuropsychological performance
of pwMS, some evidence suggests that it affects their subjec-
tive perception of CI and emphasizes to focus on patient-
informant discrepancies in need of further multifaceted treat-
ments [40, 41].

Research has shown disease duration to be predictive of
SDMT [42] or both SDMT and CVLT-II [43]. As stated in
the results, a significant difference could not be identified in
BICAMS subtests between the short- and long-term groups by
the fifth year from disease onset [44]. This difference stems
from the heterogeneity of the characteristics of the sample
(age, disability level, medications taken) and differences in
evaluation tools. In several studies with larger samples, more
extensive and detailed cognitive batteries, or longitudinal de-
sign, the relationship between the disease duration and cogni-
tive functions was demonstrated [23, 33, 45]. Thus, cross-
sectional or longitudinal studies in pwMS with longer disease
duration are needed.

The current study had several limitations. First, we could
not obtain distinct and robust data about whether demographic
and clinical variables may lead to the probability of increasing
CI during the disease course due to the low representation of
people with SPMS and PPMS. A second limitation of our
study is a lack of cognitive measures related to the effect of
depression and fatigue on delayed verbal recall. In addition to
this limitation, our findings regarding depression and fatigue
frequency probably reflect the low disability level and short
disease duration of the study group. The identification of fa-
tigue and depression may also have been lower because the
adaptation of pwMS to their continuing treatment was high,
the medical team gave them adequate information, and they
participated in activities that could increase their life quality. It
can be considered that the individual differences between the
cognitive profiles of pwMS complicate the act of reaching a
definitive conclusion. Thus, pwMS should be matched in
terms of age, gender, education, and premorbid intellectual
functioning (cognitive reserve) [46]; the collective effects of
factors affecting the cognitive functions should also be exam-
ined in detail in longitudinal studies.

In conclusion, the existence of depression and fatigue
symptoms concur is devastating consequences on information
processing speed, and the increasing severity of fatigue and
disability makes it difficult to cope with the already present
cognitive insufficiency. There is a clear need for research to-
ward the psychological resilience of pwMS in the early stages
for developing the ability to cope with MS-related problems.
Additionally, this study encourages using BICAMS evaluat-
ing cognitive functions quickly, in routine neuropsychological
assessment in MS since it is a predictor of disability. Here,
BICAMSwas applied in a broader MS population when com-
pared with similar studies conducted in Turkey. These data are
supportive that early detection of CI and determining those
who carry risk factors early for boosting the value of

neurorehabilitation can facilitate benefit from early interven-
tion and improve pwMS’s quality of life.
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