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Abstract

Introduction Cognitive dysfunction can be seen in patients with MS (PwMS) and has been gaining attention in recent years.
This study aimed to assess cognitive function and its determinants in PwMS using Addenbrooke Cognitive Assessment
Battery (ACE-R).

Material and methods This case—control study was conducted at an outpatient MS clinic in Istanbul. The sample consisted
of 60 consecutive patients with definite MS and 60 matched controls. Cognitive function was evaluated by using the ACE-R.
Subjective cognitive function, anxiety, depression, and fatigue were evaluated by validated scales.

Results The mean age of the patients was 38.8, and the time since diagnosis was nine years. The majority of the patients
had relapsing—remitting MS. Compared to age, sex, and education-matched healthy controls, all ACE-R scores, attention/
orientation (p =0.020), memory (p =0.003), verbal fluency (p =0.002), language (p =0.002), visuospatial (»p =0.001), and
general cognitive functioning (p <0.001), were found to be lower in PwMS. The patients obtained the lowest scores in
memory and fluency and the highest in the visuospatial domain. Age, education, mobility, subjective cognitive dysfunction,
anxiety, depression, and fatigue were associated with cognitive test scores. However, only education, depression, and fatigue
remained significant in the multivariable analysis.

Conclusion This study revealed impaired domains of cognitive functioning and its predictors in PwMS. Understanding
cognitive dysfunction and its predictors in PwMS may enable healthcare providers to identify patients who might benefit
from interventions to improve cognitive function. Assessment of PwMS at outpatient clinics with a practical cognitive test
that does not require special competence can be suggested.
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Introduction

Multiple sclerosis (MS) is a chronic, progressive, and neu-
rodegenerative central nervous system disease. Depending
on the location and extent of the damage, a wide variety of
symptoms can be seen in patients with MS. One of these
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symptoms is a cognitive dysfunction, which has been gain-
ing attention in recent years. Studies have shown that cog-
nitive impairment may affect up to 75% of MS patients,
not only in advanced disease but also from the early period
[1-4]. It has been reported that patients, compared to healthy
controls, obtained lower scores in cognitive tests. Impair-
ments may be seen in information processing (speed and
efficiency), executive function, attention, working and long-
term memory, visual and spatial perception, and verbal flu-
ency [3, 5-7].

Cognitive impairment may lower the work performance
of these patients and may cause financial problems. Cogni-
tive impairment may also have an impact on disease manage-
ment, decision-making for medical or financial issues, par-
ticipation in daily life, social and personal relations, family
roles, driving, and emotional well-being [8—11].
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All these aforementioned consequences of cognitive
dysfunction highlight the importance of cognitive assess-
ment in this patient population. In the neuropsychological
assessment of a patient with MS, the most frequently used
tests in studies are, among others, PASAT (Paced Auditory
Serial Attention Test), SDMT (Symbol Digit Modalities
Test), TMT (Trail Making Test), verbal fluency tests, WCST
(Wisconsin Card Sorting Test), Brief Visuospatial Memory
Test—Revised (BVMT-R), and SRT (Selective Remind-
ing Test). Each test used to evaluate cognitive functions
can only measure certain domains. Therefore, in studies, a
separate test is applied for each domain that is thought to be
impaired. There are also cognitive batteries (such as Brief
International Cognitive Assessment for Multiple Sclerosis
[BICAMS], Brief Repeatable Battery [BRB], or Minimal
Assessment of Cognitive Function in MS [MACFIMS])
that combine some of these domains [12]. However, most
of these tests have limitations in their use in practice, i.e.,
they may require competence (being neuropsychologist) and
often available for a fee; their use is time-consuming [13];
and although they are used in studies, most of them (except
for BICAMS) have not been validated in the Turkish lan-
guage. This situation poses an obstacle to the application
of tests, especially in the absence of a psychologist or in
busy outpatient clinic conditions. There is a clear need for
brief, easy-to-practice clinical settings, and sensitive and
specific cognitive screening tests. Researches in the litera-
ture indicate that ACE-R, which is a short battery evaluating
attention/orientation, memory, verbal fluency, language, and
visuospatial functions, seems to be a good candidate to meet
this need. The ACE-R is widely used for the assessment of
cognition in dementia [14—16], amyotrophic lateral sclerosis
[17], migraine [18], and multiple sclerosis [13, 19, 20]. The
test is available free of charge and without restrictions, not
only for doctors or neuropsychologists but also for other
broadly defined healthcare professionals. Learning the tech-
nique is simple and takes a few hours; free training materials
are available. Therefore, our study was carried out to evalu-
ate the cognitive function of MS patients using ACE-R and
determine predictors of cognitive functioning.

Material and methods
Sample and setting

The sample of this study consisted of 60 consecutive patients
with MS (PwMS) and 60 healthy controls (HC). The sample
size was calculated with the G-power program, with a type I
error of 5% and a type II error of 20%. The calculation was
based on a previous study [16] reporting that the ACE-R
total score was 86/100 in healthy subjects, and the sample
size was determined as 110, predicting that the score could
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be 75/100 or lower in MS patients. Inclusion criteria for
study participants were being between the ages of 18 and 60
(to minimize the confounding effect of age), being literate,
and having Turkish as their native language. Patients with
a diagnosis of definite MS (according to McDonald’s 2010
criteria) were included in the study. Patients who had a com-
munication problem (having hearing or language problem),
had any severe visual, hearing, and/or motor deficits that
could affect their ability to perform the cognitive tasks, had
an attack or steroid use in the previous 3 months, had any
known psychiatric disorder (anxiety, depression, etc.) or a
neurological disease other than MS (dementia, etc.) were
excluded from the study. In the study, the control group con-
sisted of healthy individuals (without any known disease)
who were matched to the patient group in terms of age, sex,
and education. The study was conducted in an MS outpa-
tient clinic of a tertiary-level hospital (Goztepe Training and
Research Hospital) in Istanbul.

Study design

The case—control study was conducted in an MS outpa-
tient clinic between January and July 2015. Patients were
approached during their periodic clinical visits by the first
author, a staff nurse in the hospital where the study was
conducted. A neuropsychological evaluation was conducted
by the first author after getting training to apply the cogni-
tive test. All evaluations were administered in a quiet room
free from distractions. Permission has been received to use
the cognitive test. Written informed consent was obtained
from all participants. Ethical approval was obtained from
the Ethical Board of the Hospital (30.12.2014, 2014/0178).

Study measures

A study measuring ACE-R, Multiple Sclerosis Neuropsy-
chological Screening Questionnaire (MSNQ), Hospital
Anxiety and Depression Scale (HADS), and Fatigue Impact
and Fatigue Severity Scale were used. A patient information
form to collect data regarding sociodemographics, clinical
characteristics, and self-reported walking capacity to assess
functional status was used. Functional status was categorized
as ‘no or mild problem’ (~EDSS 0-3.5) if the patient can
walk without any difficulties, ‘moderate problem’ (~EDSS
4.0-6.0) if the patient has problems in mobility but can walk
500 m without aid, and ‘severe problem’ (~EDSS > 6.0) if
the patient has severe problems in mobility and cannot walk
without two aids.

Addenbrooke Cognitive Assessment Battery (ACE-R) ACE-R
is a brief bedside test for assessing cognitive functions
based on Mini-Mental State Examination (MMSE) [14].
It is treated by clinicians as an extension of cognitive
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performance assessment when the results of shorter tests
are inconclusive [16]. The ACE-R assesses five cognitive
domains (in 26 items), namely attention/orientation (max
18 points), memory (max 26 points), verbal fluency (max 14
points), language (max 26 points), and visuospatial (max 16
points) abilities. Its Turkish version was developed by Yildiz
and Gurvit [21]. Any trained health professional can apply
it without requiring competence. It takes about 15 min to
apply. The maximum score that can be obtained from this
battery is 100, and higher scores indicate better cognitive
functioning.

Multiple Sclerosis Neuropsychological Screening Question-
naire (MSNQ) MSNQ is a self-report form to screen for neu-
ropsychological impairment in MS [22]. It consists of 15
questions asking how often and severe neuropsychological
problems occur. It is a Likert-type questionnaire (5 options).
Lower scores indicate better neuropsychological function,
and the cut-off score is 23.

Hospital Anxiety and Depression Scale (HADS) HADS is a
Likert-type self-evaluation questionnaire with 14 items (7
for anxiety and 7 for depression). The cut-off value is 10
points for anxiety and 7 points for depression for the Turkish
population [23].

Fatigue Impact and Fatigue Severity Scale: The Fatigue
Impact Scale measures the impact of fatigue on a patient's
daily life. The Fatigue Severity Scale measures the severity
of fatigue and its effect on a person’s activities and lifestyle
in patients with various disorders. These scales have been
adapted for the Turkish population [24, 25].

Statistical analysis

Data were presented as frequency, percentage, mean + stand-
ard deviation, and median. The maximum score that can be
achieved is different for each domain of the ACE-R. Consid-
ering the difficulty in comparing the scores among domains,
we converted domain scales by multiplying the adjusted
mean score by 100 and then dividing by the possible maxi-
mum score. Independent samples #-test or Mann—Whitney
U test was used to compare continuous variables, and the
chi-square test was used to compare categorical variables. A
general linear model was used to adjust data for fatigue and
compare cognitive functions between PwMS and HC groups.
The association between ACE-R and the sociodemographic,
clinical, psychological variables, fatigue, and subjective cog-
nitive function was tested one by one in simple linear regres-
sion. Variables that were statistically significant at p <0.01
were entered in a multivariable linear regression analysis.
The standardized regression coefficients  were used to com-
pare the relative correlation between predictors and ACE-R

outcome. In all other analyses, a p-value of <0.05 for two-
sided tests was considered statistically significant. SPSS
program (version 21.0, IBM) was used for analyses.

Results

The sociodemographic characteristics of 60 patients were
compared with 60 healthy controls (Table 1). The patient
and control groups were similar in terms of sociodemo-
graphic characteristics, which may impact cognitive func-
tion. The mean age was 38.8 +9.2 years in the PwMS group
and 38.0+11.6 in the HC group (p =0.665). The mean
educational level was 10.6 +4.8 years in the PwWMS group
and 10.8 +4.8 in the HC group (p =0.778). The majority
of the group was female (71.7% in PwMs vs. 73.3% in HC,
p=0.838). The patients had MS for 9.0 £ 6.0 years, the
majority had RRMS (80%), and again the majority (88.3%)
were on a disease-modifying therapy. Thirty-eight percent of
the patients had no problem or minimal problem in mobility
(Table 1).

A comparison of anxiety, depression, and fatigue scores
among patients and healthy controls is presented in Table 2.
When psychological variables were compared between
the two groups, anxiety scores were similar (p =0.539).
Although depression scores were worse in PwMS than in
the HC group, the difference was not statistically significant
(p=0.153). Compared to the HC group, the PwWMS group
had higher fatigue scores (p =0.040 for impact and p =0.539
for severity scale), as expected (Table 2).

The performance of PwMS in various cognitive domains
is presented in Table 3. Since fatigue may impact cogni-
tive test performance, test scores were adjusted for fatigue
and then compared between the two groups. Compared to
age-, sex-, and education-matched healthy controls, the
PwMS group obtained lower scores from all cognitive
domains. The mean ACE-R total score adjusted for fatigue
was 72.39 in the PWMS group when it was 80.27 in the
HC group (F=15.103, p<0.001) (Table 3). Both groups,
including PwMS and the control participants, scored low-
est in the memory (50.08 vs 58.96) and fluency (68.78 vs
79.71) domains and the highest in the visuospatial domain
(86.13 vs 93.56). The difference in converted mean scores
across ACE-R domains for PwMS and HC showed that the
most deteriorated domains in PwMS were fluency and then
memory, and the least deteriorated one was attention (82.72
vs 87.94) (data not shown in tables).

Patients were also asked about their perception of cog-
nitive impairment; their mean score of MSNQ was found
to be 17.6 +11.43 (range 1-45) (data not shown in tables).
When the ACE-R scores of the PwWMS group were evalu-
ated according to the subjective cognitive dysfunction deter-
mined by MSNQ, the objective test scores of the patients
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Table 1 Sociodemographic and
clinical characteristics of the

participants

PwWMS (n=060) HC (n=60)
Characteristics n % n % ya p
Age (mean + SD) (range) (¢, p) 38.8+£9.2 20-60 38.0x11.6 19-60 0.434  0.665
Education (y) (mean + SD) (range) (7, p) 10.6+4.8 0-18 10.8+4.8 022 —-0.282 0.778
Sex
Male 17 28.3 16 26.7 0.042  0.838
Female 43 71.7 44 73.3
Working status
Employed 25 41.7 40 66.7
Other (retired/homemaker/student) 35 58.3 20 333
Disease duration (year) (mean+SD) (range) 9.0+6.0 1-32
Type of MS
Relapsing—remitting MS 48 80.0
Progressive forms 12 20.0
Comorbidity 10 16.7
Use of DMTs 53 88.3
Mobility
No or mild problem (~EDSS 0-3.5) 23 38.3
Moderate problem (~EDSS 4.0-6.0) 31 51.7
Severe problem (~EDSS > 6.0) 6 10.0

PwMS, patients with multiple sclerosis; HC, healthy controls; SD, standard deviation; DMT, disease-mod-
ifying therapy; EDSS, Expanded Disability Status Scale. Chi-square test and independent samples #-test

were used

Table2 Comparison of anxiety, depression, and fatigue scores
among patients and healthy controls
PwMS (n=60) HC (n=060)
Characteristics Mean +SD Mean+SD Z p
HADS: anxiety 6.21+£3.65 6.65+3.83 —0.615 0.539
HADS: depression  7.21+3.71 6.30+335 —1428 0.153
Fatigue Impact 4.06+3.24 3.10+3.40 —2.056 0.040
Scale
Fatigue Severity 4.32+1.32 376+1.51 —=2.014 0.044

Scale

PwMS, patients with multiple sclerosis; HC, healthy controls; SD,
standard deviation; HADS, Hospital Anxiety and Depression Scale.
Mann—Whitney U test was used

Table 3 Comparison of
cognitive test scores among
PwMS and HC groups
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who expressed dysfunction according to the subjective test
were found to be poor. The differences were significant for
memory, fluency, and language domains (Table 4).

To determine which factors predict cognitive function, we
made multivariate analyses in the PwMS group. All sociode-
mographic and clinical factors (age, sex, education, duration
of diagnosis, type of MS, and mobility), subjective cognitive
dysfunction (MSNQ), psychological factors (HADS anxiety
and depression), and fatigue (fatigue severity and impact)
were separately analyzed for association with the ACE-R
score. Analysis showed there was a significant association
between ACE-R and age (p=0.021), education (p <0.001),
mobility (p <0.001), subjective cognitive dysfunction

PwMS (n=60) HC (n=60)

Characteristics Mean SE  95%ClI Mean SE  95%ClI F P

Attention and orientation 14.89 0.28 14.38-15.44 1583 0.28 15.28-16.38  5.580 0.020
Memory 13.02 0.52 11.99-14.06 15.33 0.52 14.29-16.37 9.537 0.003
Fluency 9.64 0.34 8.96-1032 11.16 0.34 10.48-11.85 9.687 0.002
Language 21.02 043 20.17-21.87 2295 043 22.09-23.80 9.792 0.002
Visuospatial 13.78 024 13.33-1426 1497 0.24 14.49-15.44 12.030 0.001
MMSE 23.95 039 23.19-2472 26.83 0.39 26.07-27.59 27.220 <0.001
ACE-R total 7239 142 69.58-75.21 80.27 142 77.46-83.09 15.103 <0.001

PwMS, patients with multiple sclerosis, HC, healthy controls; SE, standard error; CI, confidence interval;
MMSE, Mini-Mental State Evaluation, ACE-R, Addenbrooke Cognitive Assessment Battery-Revised. Gen-
eral linear model (means adjusted for fatigue severity and fatigue impact)
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'I"able 4 Evalgation ?f ACE-R MSNQ <22 MSNQ 22

score.s.accordmg K.) subjective (no dysfunction) (dysfunction) (n=20)

cognitive dysfunction (MSNQ) (n=40)

in PWMS group ..
Characteristics Mean +SD Mean +SD zZ )4
Attention and orientation 15.02+1.86 14.50+3.17 —0.064 0.949
Memory 13.60+£3.92 11.20+5.64 —-2.329 0.020
Fluency 10.22+2.44 7.95+3.66 —-2.195 0.028
Language 21.82+3.31 19.00+5.18 —-2.050 0.040
Visuospatial 13.97+2.01 13.15+2.58 —1.183 0.237
MMSE 24.30+3.13 22.90+4.14 —1.201 0.230
ACE-R total 74.57+9.84 66.05+17.86 —1.562 0.118

PwMS, patients with multiple sclerosis; SD, standard deviation; MMSE, Mini-Mental State Evaluation;
ACE-R, Addenbrooke Cognitive Assessment Battery-Revised; MSNQ, Multiple Sclerosis Neuropsycholog-
ical Screening Questionnaire. Mann—Whitney U test was used

(p <0.001), anxiety (p <0.001), depression (p <0.001)
and fatigue (p =0.004). All parameters with a significance
level <0.01 were entered in a multivariable linear regression
analysis (except for mobility, which did not fit the model).
After this analysis, only education, depression (HADS-D),
and fatigue (fatigue impact) remained significantly related
to ACE-R (Table 5).

Discussion

Cognitive impairment has become an increasingly important
issue in MS in recent years because of its impact on social
and economic issues and also the quality of life [9—-11]. It is
reported that cognitive impairment may occur in any stage
of the disease, even in the early stages [4]. Previous stud-
ies have reported different prevalence rates in PwWMS rang-
ing from 20 to 77%, depending on the methodology (study
design, sample characteristics, the cognitive test used in the
study, etc.) [1, 3, 26]. The prevalence of cognitive impair-
ment in Turkish RRMS patients was determined to be 53.7%
in a national study in which a Brief Repeatable Battery of
Neuropsychological Tests (BRB-N) was used [2]. In the
present study, the ACE-R test was used to assess cognitive

functioning. Although there are numerous batteries to assess
cognitive functions, assessment is time-consuming and chal-
lenging to perform in daily practice. Therefore, we tried to
choose a brief cognitive screening tool that is practical and
does not require special competence in its use but can still
reveal patients’ cognitive problems. To date, ACE-R has
been validated for screening mild cognitive impairment and
used in different groups, such as elder people, patients with
dementia, parkinsonian syndromes, stroke, HIV, and also
MS [13, 20, 27-30].

Studies that compared PwMS with healthy controls
reported that PwWMS obtained worse scores from the cogni-
tive tests [31, 32]. In our study, compared to healthy con-
trols, PwMS had worse scores in all ACE-R test domains
(attention/orientation, memory, verbal fluency, language,
visuospatial, and total general cognitive functioning).
The most impaired domains were fluency and memory
domains, and the best-preserved one was attention. Ear-
lier studies have similarly identified these domains to be
affected by MS [3, 5-7, 13, 20]. Our study confirmed the
results of previous studies. However, we have shown that
results similar to previous studies can be obtained with
the use of a short and practical scale called ACE-R, which
has been used in only a limited number of studies in MS

Table 5 Predictors of ACE-R

total score in PwMS group Predictors B t p F Model (p) Adj. R?
Constant 72.365 13.337 <0.001 17.664 <0.001 0.585
Education 0.398 3.948 <0.001
MSNQ -0.116 —1.155 0.253
Depression —0.245 —2.088 0.042
Anxiety 0.034 0.333 0.740
Fatigue impact —0.258 —2.094 0.041

PwMS, patients with multiple sclerosis; ACE-R, Addenbrooke Cognitive Assessment Battery-Revised;
MSNQ, Multiple Sclerosis Neuropsychological Screening Questionnaire. Multivariable linear regression

analysis was used
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patients. However, it is also known that cognitive tests
may not capture all cognitive functions. As the ACE-R
does not assess information processing speed, it may be
difficult to comment on information processing speed,
which is reported as one of the most impaired cognitive
functions in PwMS [ 12]. However, when the reported
relationships between information processing speed and
attention are taken into account [33], it can be thought that
attention deficit can indirectly inform us about information
processing speed.

Several factors have been suggested that play a role
in the development of cognitive impairment in PwMS.
These factors included age, sex, educational level,
depression, pain, fatigue, location and extent of lesions,
course, and duration of disease [2, 3, 7, 26]. In the pre-
sent study, the analysis showed that age, education,
mobility, anxiety, depression, and fatigue were associated
with cognitive test scores. Age is a well-defined factor
that may have a significant impact on cognitive function-
ing. The association of age with the ACE-R score found
here is in line with previous findings [2, 34]. Another
associate of cognitive function was mobility in our study.
Our data are in line with the findings of previous stud-
ies reporting a correlation between disability and cogni-
tive performance [2, 5, 6]. These findings show a need
to monitor patients with advanced age, low education,
and mobility problems more closely. Although the dif-
ferences were not significant for all domains, the ACE-R
scores of the patients who reported dysfunction accord-
ing to the subjective test were also found to be poor. It
is known that subjective and objective cognitive tests
have no straightforward relationship, and perceived cog-
nitive impairment may result from depression or fatigue.
Self-reported cognitive dysfunction may denote changes
in cognition, though the absence of subjective impair-
ment does not imply objective cognitive impairment [34,
35]. A partial association of subjective dysfunction with
ACE-R in our study indicates that objective cognitive
measures are required to accurately identify cognitive
impairment [34, 35].

In our study, education, depression, and fatigue were
predictors of cognitive functioning. The model R? val-
ues showed that all the predictors accounted for 58.5% of
the variance in cognitive functioning. Educational back-
ground is a surrogate for socioeconomic status used as a
cognitive performance indicator in MS. Indicating low
socioeconomic status, the low educational background
may lead to an unhealthy lifestyle (i.e., physical inactiv-
ity, obesity), smoking [36], worse adherence to care [37],
increased comorbidity, and other related factors, predis-
posing patients to detrimental effects of the burden of
the disease [38]. As a source of intellectual enrichment,
education attainment can enhance the cognitive reserve in
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MS patients [39]. Our findings were similar to the earlier
studies reporting the positive effect of education on cogni-
tive functions [2, 38, 39]. Our findings also confirm the
widely recognized association of cognitive impairment
with depression [5, 6, 40]. Whether depression is a risk
factor or an early sign of cognitive dysfunction, it needs to
be explored [34]. Another predictor of cognitive function-
ing, fatigue, is a common symptom of MS. It is not easy
to distinguish whether fatigue is due to MS or depression.
The subjective experience of problems in concentrating
and logical thinking and cognitive fatigue lead to an actual
reduction in test scores during or after a cognitively chal-
lenging task [35]. We found that fatigue has a negative
effect on the outcome of cognitive tests, which was com-
patible with previous reports [6].

Some limitations of our study need to be mentioned.
First, the study was performed on a relatively small popu-
lation. The literature, however, includes several studies
with the same objectives and with similar sample sizes.
Second, cognitive functions could have been assessed
by more sophisticated batteries. Although these tests
can give a deeper understanding of a patient’s cognitive
function, they are mostly time-consuming and need com-
petence, so their use in busy and resource-limited clin-
ics is limited. Third, ACE-R does not assess information
processing speed, which is one of the most frequently
impaired functions in PwWMS. However, it is a known fact
that each test battery used to evaluate cognitive functions
can only measure certain domains and each has its own
limitations.

Conclusion

This study demonstrated that, compared to healthy con-
trols, patients with MS obtained lower scores in all ACE-R
test domains, i.e., attention/orientation, memory, verbal
fluency, language, visuospatial, and general cognitive
functioning. The most impaired functions were memory
and fluency, and the best preserved was visuospatial.
Although many factors were associated with cognitive
functions, particularly patients with low education lev-
els, depression, or fatigue, should be monitored more
closely. This study revealed impaired cognitive function-
ing in patients with multiple sclerosis, even without using
sophisticated cognitive batteries. Routine assessment of
MS patients with a cognitive screening test that is practical
and does not require special competence can be suggested.
Understanding cognitive dysfunction and its predictors
in PwMS may enable healthcare providers to identify
patients who might benefit from interventions to improve
cognitive function.



Neurological Sciences (2023) 44:1009-1016

1015

Author contribution Concept: ZT; design: ZT; data collection: DB;
data analysis: ZT; literature search: DB and ZT; manuscript writing:
DB and ZT.

Funding This work was supported by the Scientific Research Projects
Coordination Unit of Istanbul University-Cerrahpasa (Project No:
BEK-2017-26529).

Data availability The datasets generated during and/or analyzed during
the current study are available from the corresponding author upon
reasonable request.

Declarations
Conflict of interest The authors declare no competing interests.

Ethical approval Ethical Board of the Istanbul Medeniyet University
Goztepe Training and Research Hospital (30.12.2014, 2014/0178).

References

1. Patti F, Nicoletti A, Messina S, Bruno E, Fermo SL, Quattroc-
chi G et al (2015) Prevalence and incidence of cognitive impair-
ment in multiple sclerosis: a population-based survey in Cata-
nia. Sicily J Neurol 262(4):923-930. https://doi.org/10.1007/
s00415-015-7661-3

2. Ozakbas S, Turkoglu R, Tamam Y, Terzi M, Taskapilioglu O,
Yucesan C et al (2018) Prevalence of and risk factors for cognitive
impairment in patients with relapsing-remitting multiple sclerosis:
multi-center, controlled trial. Mult Scler Relat Disord 22:70-76.
https://doi.org/10.1016/j.msard.2018.03.009

3. Branco M, Ruano L, Portaccio E, Goretti B, Niccolai C, Patti F
et al (2019) Aging with multiple sclerosis: prevalence and profile
of cognitive impairment. Neurol Sci 40(8):1651-1657. https://doi.
org/10.1007/s10072-019-03875-7

4. Skorve E, Lundervold AJ, Torkildsen @&, Myhr KM (2020) A two-
year longitudinal follow-up of cognitive performance assessed by
BICAMS in newly diagnosed patients with MS. Mult Scler Relat
Disord 46:102577. https://doi.org/10.1016/j.msard.2020.102577

5. Sundgren M, Maurex L, Wahlin A, Piehl F, Brismar T (2013)
Cognitive impairment has a strong relation to nonsomatic symp-
toms of depression in relapsing-remitting multiple sclerosis. Arch
Clin Neuropsychol 28(2):144-155. https://doi.org/10.1093/arclin/
acs113

6. Golan D, Doniger GM, Wissemann K, Zarif M, Bumstead B,
Buhse M et al (2018) The impact of subjective cognitive fatigue
and depression on cognitive function in patients with multiple
sclerosis. Mult Scler 24(2):196-204. https://doi.org/10.1177/
1352458517695470

7. Brochet B, Ruet A (2019) Cognitive impairment in multiple scle-
rosis with regards to disease duration and clinical phenotypes.
Front Neurol 20(10):261. https://doi.org/10.3389/fneur.2019.
00261

8. Kobelt G, Thompson A, Berg J, Gannedahl M, Eriksson J, MSCOI
study group; European Multiple Sclerosis Platform (2017) New
insights into the burden and costs of multiple sclerosis in Europe.
Mult Scler 23(8):1123-1136. https://doi.org/10.1177/1352458517
694432

9. Oreja-Guevara C, Kobelt G, Berg J, Capsa D, Eriksson J, Euro-
pean Multiple Sclerosis Platform (2017) New insights into the
burden and costs of multiple sclerosis in Europe: results for Spain.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mult Scler 23(2_suppl):166—178. https://doi.org/10.1177/13524
58517708672

Biernacki T, Sandi D, Kincses ZT, Fiivesi J, R6zsa C, Matyas
K et al (2019) Contributing factors to health-related quality of
life in multiple sclerosis. Brain Behav 9(12):e01466. https://doi.
org/10.1002/brb3.1466

Renner A, Baetge SJ, Filser M, Penner IK (2020) Working
ability in individuals with different disease courses of multiple
sclerosis: factors beyond physical impairment. Mult Scler Relat
Disord 46:102559. https://doi.org/10.1016/j.msard.2020.102559
Benedict RHB, Amato MP, DeLuca J, Geurts JJG (2020) Cog-
nitive impairment in multiple sclerosis: clinical management,
MRI, and therapeutic avenues. Lancet Neurol 19(10):860-871.
https://doi.org/10.1016/S1474-4422(20)30277-5

Figlus M, Obrembska M, Miller E, Gtabinski A (2018) Adden-
brooke’s Cognitive Examination-III (ACE-III) test as a new
potential tool for screening of cognitive dysfunctions in the
course of multiple sclerosis. Adv Psychiatry Neurol/Postgpy
Psychiatrii i Neurologii 27(4):281-288. https://doi.org/10.5114/
ppn.2018.79556

Mioshi E, Dawson K, Mitchell J, Arnold R, Hodges JR (2006)
The Addenbrooke’s Cognitive Examination Revised (ACE-R): a
brief cognitive test battery for dementia screening. Int J Geriatr
Psychiatry 21(11):1078-1085. https://doi.org/10.1002/gps.1610
Velayudhan L, Ryu SH, Raczek M, Philpot M, Lindesay J,
Critchfield M, Livingston G (2014) Review of brief cognitive
tests for patients with suspected dementia. Int Psychogeriatr
26(8):1247-1262. https://doi.org/10.1017/S1041610214000416
Amaral-Carvalho V, Caramelli P (2012) Normative data for
healthy middle-aged and elderly performance on the Adden-
brooke Cognitive Examination-Revised. Cognitive Behav
Neurol 25(2):72-6. https://doi.org/10.1097/WNN.0b013e3182
59594b

Wei Q, Chen X, Zheng Z, Huang R, Guo X, Cao B, Bak TH,
Shang H (2015) Screening for cognitive impairment in a Chi-
nese ALS population. Amyotroph Lateral Scler Frontotemporal
Degener 16(1-2):40-5. https://doi.org/10.3109/21678421.2014.
966311

Petrusic I, Pavlovski V, Savkovic Z, Vucinic D, Filipovic B, Jan-
cic J (2017) Addenbrooke’s cognitive examination test for brief
cognitive assessment of adolescents suffering from migraine
with aura. Acta Neurol Belg 117:97-102. https://doi.org/10.
1007/s13760-016-0655-9

Mani A, Chohedri E, Ravanfar P, Mowla A, Nikseresht A (2018)
Efficacy of group cognitive rehabilitation therapy in multiple
sclerosis. Acta Neurol Scand. 137(6):589-597. https://doi.org/
10.1111/ane.12904

Elshebawy H, Fahmy EM, Elfayoumy NM, Abdelalim AM,
Ismail RS (2021) Clinical predictors to cognitive impair-
ment in multiple sclerosis patients. Egyptian J Neurol Psy-
chiatry Neurosurgery 57(38):1-6. https://doi.org/10.1186/
$41983-021-00292-6

Yildiz S, & Giirvit H (2011) Addenbrooke Kognitif Degerlendirme
Bataryasi’nin Tiirk populasyonu i¢in adaptasyonu (Adaptation of
Addenbrooke’s Cognitive Examination-Revised to Turkish popu-
lation). Istanbul University Institute of Health Sciences, Depart-
ment of Neuroscience, Unpublished Master Dissertation, Istanbul
Benedict RH, Munschauer F, Linn R, Miller C, Murphy E, Foley
F et al (2003) Screening for multiple sclerosis cognitive impair-
ment using a self-administered 15-item questionnaire. Mult Scler
9(1):95-101. https://doi.org/10.1191/1352458503ms8610a
Aydemir O, Giivenir T, Kuey L, Kiiltiir S (1997) Validity and
reliability of Turkish version of Hospital Anxiety and Depression
Scale. Turk Psikiyatri Derg 8(4):280-287

. Armutlu K, Keser I, Korkmaz N, Akbiyik DI, Siimbiiloglu V,

Giiney Z et al (2007) Psychometric study of Turkish version of

@ Springer


https://doi.org/10.1007/s00415-015-7661-3
https://doi.org/10.1007/s00415-015-7661-3
https://doi.org/10.1016/j.msard.2018.03.009
https://doi.org/10.1007/s10072-019-03875-7
https://doi.org/10.1007/s10072-019-03875-7
https://doi.org/10.1016/j.msard.2020.102577
https://doi.org/10.1093/arclin/acs113
https://doi.org/10.1093/arclin/acs113
https://doi.org/10.1177/1352458517695470
https://doi.org/10.1177/1352458517695470
https://doi.org/10.3389/fneur.2019.00261
https://doi.org/10.3389/fneur.2019.00261
https://doi.org/10.1177/1352458517694432
https://doi.org/10.1177/1352458517694432
https://doi.org/10.1177/1352458517708672
https://doi.org/10.1177/1352458517708672
https://doi.org/10.1002/brb3.1466
https://doi.org/10.1002/brb3.1466
https://doi.org/10.1016/j.msard.2020.102559
https://doi.org/10.1016/S1474-4422(20)30277-5
https://doi.org/10.5114/ppn.2018.79556
https://doi.org/10.5114/ppn.2018.79556
https://doi.org/10.1002/gps.1610
https://doi.org/10.1017/S1041610214000416
https://doi.org/10.1097/WNN.0b013e318259594b
https://doi.org/10.1097/WNN.0b013e318259594b
https://doi.org/10.3109/21678421.2014.966311
https://doi.org/10.3109/21678421.2014.966311
https://doi.org/10.1007/s13760-016-0655-9
https://doi.org/10.1007/s13760-016-0655-9
https://doi.org/10.1111/ane.12904
https://doi.org/10.1111/ane.12904
https://doi.org/10.1186/s41983-021-00292-6
https://doi.org/10.1186/s41983-021-00292-6
https://doi.org/10.1191/1352458503ms861oa

1016

Neurological Sciences (2023) 44:1009-1016

25.

26.

217.

28.

29.

30.

31.

32.

33.

Fatigue Impact Scale in multiple sclerosis patients. J Neurol Sci
255(1-2):64-68. https://doi.org/10.1016/j.jns.2007.01.073
Gencay-Can A, Can SS (2012) Validation of the Turkish version of
the fatigue severity scale in patients with fibromyalgia. Rheumatol
Int 32(1):27-31. https://doi.org/10.1007/s00296-010-1558-1553
Patti F, Amato MP, Trojano M, Bastianello S, Tola MR, Goretti B,
COGIMUS Study Group et al (2009) Cognitive impairment and
its relation with disease measures in mildly disabled patients with
relapsing-remitting multiple sclerosis: baseline results from the cog-
nitive impairment in multiple sclerosis (COGIMUS) study. Mult
Scler. 15(7):779-788. https://doi.org/10.1177/1352458509105544
Scutt P, Blackburn D, Krishnan K, Ballard C, Burns A, Ford GA
et al (2015) Baseline characteristics, analysis plan and report on
feasibility for the prevention of decline in cognition after stroke
trial (PODCAST). Trials 7(16):509. https://doi.org/10.1186/
s13063-015-1033-1032

Uysal-Cantiirk P, Hanagas1 HA, Bilgi¢ B, Giirvit H, Emre M (2018)
An assessment of Movement Disorder Society Task Force diagnos-
tic criteria for mild cognitive impairment in Parkinson’s disease.
Eur J Neurol 25:148-153. https://doi.org/10.1111/ene.13467
Dalpubel D, Rossi PG, de Almeida ML, Ribeiro EB, Aratijo R,
de Andrade LP et al (2019) Subjective memory complaint and
its relationship with cognitive changes and physical vulner-
ability of community-dwelling older adults. Dement Neuropsy-
chol 13(3):343-349. https://doi.org/10.1590/1980-57642018dn
13-030012

Korten V, Ay U, Har1 E, Tigen Tiikkenmez E, Gencer S, Akca
Kalem S et al (2021) Prevalence of HIV-associated neurocognitive
disorder (HAND) in Turkey and assessment of Addenbrooke’s
Cognitive Examination Revised (ACE-R) test as a screening tool.
HIV Med 22(1):60-66. https://doi.org/10.1111/hiv.12957

Yoshii F, Takagi S, Nagata E, Hasegawa Y, Kunika N, Maki F
et al (2015) Cognitive impairment of Japanese multiple sclerosis
patients: follow-up study using BRB-N assessment tool. J Neurol
Sci 359(1-2):323-327. https://doi.org/10.1016/j.jns.2015.11.002
Skorve E, Lundervold AJ, Torkildsen @, Myhr KM (2019) The
Norwegian translation of the brief international cognitive assess-
ment for multiple sclerosis (BICAMS). Mult Scler Relat Disord
36:101408. https://doi.org/10.1016/j.msard.2019.101408
Wojtowicz M, Omisade A, Fisk J (2013) Indices of cognitive dys-
function in relapsing-remitting multiple sclerosis: intra-individual
variability, processing speed, and attention network efficiency. J

@ Springer

34.

35.

36.

37.

38.

39.

40.

Int Neuropsychol Soc 19(5):551-558. https://doi.org/10.1017/
S13556177130000274

D’hooghe MB, De Cock A, Van Remoortel A, Benedict RHB,
Eelen P, Peeters E et al (2019) Correlations of health status indica-
tors with perceived neuropsychological impairment and cognitive
processing speed in multiple sclerosis. Mult Scler Relat Disord.
39:101904. https://doi.org/10.1016/j.msard.2019.101904
Hughes AJ, Bhattarai JJ, Paul S, Beier M (2019) Depressive symp-
toms and fatigue as predictors of objective-subjective discrepan-
cies in cognitive function in multiple sclerosis. Mult Scler Relat
Disord 30:192-197. https://doi.org/10.1016/j.msard.2019.01.055
Almeida L, Szklo A, Sampaio M, Souza M, Martins LF, Szklo M,
Caixeta R (2012) Global Adult Tobacco Survey data as a tool to mon-
itor the WHO Framework Convention on Tobacco Control (WHO
FCTC) implementation: the Brazilian case. Int J Environ Res Public
Health 9(7):2520-2536. https://doi.org/10.3390/ijerph9072520
Bruce JM, Hancock LM, Arnett P, Lynch S (2010) Treatment
adherence in multiple sclerosis: association with emotional status,
personality, and cognition. J Behav Med 33(3):219-227. https://
doi.org/10.1007/s10865-010-9247-y

Pinter D, Sumowski J, DeLuca J, Fazekas F, Pichler A, Khalil M
et al (2014) Higher education moderates the effect of T2 lesion load
and third ventricle width on cognition in multiple sclerosis. PLoS
One 9(1):e87567. https://doi.org/10.1371/journal.pone.0087567
Rimkus CM, Avolio IMB, Miotto EC, Pereira SA, Mendes MF,
Callegaro D et al (2018) The protective effects of high-education
levels on cognition in different stages of multiple sclerosis. Mult
Scler Relat Disord 22:41-48. https://doi.org/10.1016/j.msard.
2018.03.001

Hegediis K, Karpati J, Iljicsov A, Simé M (2019) Neuropsycho-
logical characteristics of benign multiple sclerosis patients: a two-
year matched cohort study. Mult Scler Relat Disord 35:150-155.
https://doi.org/10.1016/j.msard.2019.07.022

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.1016/j.jns.2007.01.073
https://doi.org/10.1007/s00296-010-1558-1553
https://doi.org/10.1177/1352458509105544
https://doi.org/10.1186/s13063-015-1033-1032
https://doi.org/10.1186/s13063-015-1033-1032
https://doi.org/10.1111/ene.13467
https://doi.org/10.1590/1980-57642018dn13-030012
https://doi.org/10.1590/1980-57642018dn13-030012
https://doi.org/10.1111/hiv.12957
https://doi.org/10.1016/j.jns.2015.11.002
https://doi.org/10.1016/j.msard.2019.101408
https://doi.org/10.1017/S13556177130000274
https://doi.org/10.1017/S13556177130000274
https://doi.org/10.1016/j.msard.2019.101904
https://doi.org/10.1016/j.msard.2019.01.055
https://doi.org/10.3390/ijerph9072520
https://doi.org/10.1007/s10865-010-9247-y
https://doi.org/10.1007/s10865-010-9247-y
https://doi.org/10.1371/journal.pone.0087567
https://doi.org/10.1016/j.msard.2018.03.001
https://doi.org/10.1016/j.msard.2018.03.001
https://doi.org/10.1016/j.msard.2019.07.022

	Assessment of cognitive function and its predictors in patients with multiple sclerosis: a case–control study
	Abstract
	Introduction 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Sample and setting
	Study design
	Study measures
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


