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Summary
Aim. Assessment of the selected aspects of memory in Polish patients with multiple
sclerosis (MS) and the associations between memory and clinical course, neurological status,
mood, fatigue, and employment status.
Material and methods. The initial five learning trials of the California Verbal Learning
Test (CVLT), the initial three learning trials of the Brief Visuospatial Memory Test-revised
(BVMT-R), the Hospital Anxiety and Depression Scale and Modified Fatigue Impact Scale
were administered to 100 MS patients and 150 healthy participants (HP).
Results. The MS group performed worse than the HP group on both the CVLT and the
BVMT-R. The lowest scores were obtained by secondary progressive MS patients. There
were significant differences between the MS and HP group on fatigue and depression, but
not anxiety. Multivariate analysis showed worse neurological status was the only clinical
predictor of memory disturbances. CVLT scores were significantly associated with employment status.
Conclusions. Memory impairment occurs in patients with MS and affects employment
status. Depressive symptoms, anxiety and fatigue, unlike neurological status, were not directly
related to memory status.
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Introduction
Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous
system, associated with the presence of disseminated demyelinating lesions and axonal injury in the brain and spinal cord. MS is the most common cause of disability
in young adults [1–3].
Neuropsychiatric symptoms, including cognitive impairment (CI), are one of
the most common symptoms. CI affects 43–70% of patients with MS [4–6]. CI in
the course of MS concerns mainly memory, information processing speed, attention,
executive functions, and visual-spatial dysfunctions [6]. CI has been observed in all
MS clinical courses, affecting patients at all stages, even rarely as a first manifestation
of MS. CI is most common and severe in patients with primary progressive multiple
sclerosis (PPMS) and secondary progressive multiple sclerosis (SPMS). The incidence
and severity of cognitive deficits are typically associated with duration of the disease.
This partly explains the highest prevalence and severity of CI in SPMS [7–10].
Memory impairment is one of the most common cognitive symptoms in MS. It affects 40–65% of patients. 20% of relapsing remitting MS (RRMS) patients have memory
dysfunction in the context of intact information processing speed [11]. The nature of
the memory deficits is not entirely clear. Early data suggested that memory impairment
results from inefficient retrieval process in long-term storage with preserved encoding. However, more recent data suggest a problem in learning new information and
processing it, rather than a primary long-term storage problem [5, 12]. Both verbal
episodic memory impairment and visual-spatial dysfunctions are observed in MS.
Memory difficulties occur in all clinical courses [13].
Mood disorders and fatigue are also frequent symptoms found in patients with MS.
Up to 50% of people with MS experience clinical depression [14]. Anxiety affects 40%
of patients [15], whereas fatigue has been reported in up to 83% of patients with MS
[16]. The influence of mood disorders on memory disturbances is not entirely clear
[17]. It seems that depression has a negative impact on the information processing
speed and working memory [18]. It was suggested that episodic memory impairment
at least partially results from decreased information processing speed, attention and
working memory deficits [19, 20].
Most studies did not show a significant relationship between fatigue and CI,
although there was little effect on verbal and visual memory impairment [21, 22].
The newer data indicate that there is a complex relation between fatigue and memory
function in MS [23].
Assessments of cognitive impairment in MS, including memory deficits, should
be carefully chosen because of the subtle and selective character of MS cognitive
dysfunction and in the context of physical disability. For this reason targeted test
batteries are used. The most widely used are the Brief Repeatable Battery of Neuropsychological Tests (BRB-N) [24], the Minimal Assessment of Cognitive Function
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in MS (MACFIMS) [25] and the Brief International Cognitive Assessment in Multiple
Sclerosis (BICAMS) [26]. There is no Polish adaptation available for these methods.
The BICAMS includes the initial five learning trials of the California Verbal Learning
Test-II (CVLT-II) [27] measuring verbal memory and the initial three learning trials of
the revised Brief Visuospatial Memory Test (BVMT-R) [28] assessing visual memory.
International standards for validation have been agreed [29] and the BICAMS has been
shown to be feasible and valid in many countries [30].
The aims of this study were to assess memory status among Polish patients with
MS using components of the BICAMS in the context of clinical course, depressive
symptoms, anxiety, and fatigue, and to verify whether memory impairment is associated with employment status.
Material and methods
One hundred patients over 18 years of age with a diagnosis of MS based on the
revised McDonald’s criteria [31] were included in the study. Patients were treated at the
Department of Neurology and Clinical Neuroimmunology of Regional Specialist Hospital in Grudziadz, Poland. The study was conducted in 2017. Patients were recruited
cross-sectionally, no selection for cognitive impairment was performed before enrollment. Exclusion criteria were as follows: evidence of other neurological, psychiatric,
systemic diseases or taking medications affecting cognitive function, alcohol or drug
abuse (current or in the past), motor, sensory, vision or hearing dysfunction which
could influence the test performance, MS relapse or glucocorticosteroid treatment in
the last 4 weeks. 150 healthy volunteers with no evidence of neurological, psychiatric
or systemic diseases affecting cognitive function were also assessed. The first language
of all participants was Polish.
Structured demographic and clinical interview was performed, and subjects completed these self-administered questionnaires: Hospital Anxiety and Depression Scale
(HADS) and Modified Fatigue Impact Scale (MFIS). Then the following neuropsychological tests were administered: the initial five learning trials of the CVLT and the
initial three learning trials of the BVMT-R, as it was recommended by the BICAMS
committee. Finally, the neurological examination with the Expanded Disability Status
Scale (EDSS) assessment was performed. All participants were examined by the same
clinical psychologist and neurologist.
The CVLT is a tool for measuring verbal memory. The Polish adaptation of the
CVLT [32] was used in this study. The initial five learning trials of the CVLT were
administered. The score was the total number of correct responses recorded across
the five trials.
The BVMT-R [28] is a tool to evaluate visual memory. The initial three learning
trials of the BVMT-R were administered. The total score was the sum of all 3 trials.
The instructions were given in a standardized Polish translation.
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The HADS [33] is a quick self-reported questionnaire containing 14 items, seven
questions probing anxiety (HADS-A) and seven for depression (HADS-D). The HADS
has been validated in MS [34]. The Polish version of the HADS [35] was used in this
study.
The Polish version of the Modified Fatigue Impact Scale (MFIS) was used to
measure fatigue [36]. The MFIS is a modified form of the Fatigue Impact Scale [37].
The MFIS contained 21 items, 9 questions related to physical fatigue, 10 questions
to cognitive fatigue, and 2 questions to psychosocial fatigue. Each item was rated on
a scale from 0 to 4. The scoring ranged between 0 and 84, a higher score reflected
greater impact of fatigue. A cut-off value of 38 was used to discriminate fatigued from
non-fatigued patients.
The study was approved by the Bioethical Committee at the Regional Chamber of
Physicians and Dentists in Bydgoszcz, Poland (no. 39/2017 of 19.09.2017). Written
informed consent was obtained from all participants.
Statistical analysis
Statistical analysis was performed using licensed software Statistica 13.1, StatSoft.
The statistical significance value was set at p <0.05. Normal distribution of data was
verified using the Shapiro–Wilk test. The mean (with standard deviation) was used as
a measure of central tendency for data with normal distribution. Otherwise, the median (with 25 and 75 percentile) was presented. The comparison between two groups
for continuous variables was performed using: t-test for independent variables – for
variables with normal distribution and homogenous variance in the groups (the homogeneity of variance was tested using Levene’s test), t-test for independent variables
with Welch’s correction – for variables with normal distribution but unequal variances
in the groups, Mann–Whitney U test – for variables not meeting the assumption of
normality. The comparison between more than two groups for continuous variables
was performed using Kruskal–Wallis H test. The chi-square test was used to compare
between two groups for categorial variables. To assess correlation between two variables parametric test (Pearson’s correlation) or nonparametric test (Spearman rank
correlation) was used, depending on the character of variable’s distribution. In the
analysis regarding more than one predictor of independent variable, multiple regression model was applied.
Results
The main characteristics of patients with MS and healthy participants (HP) are
detailed in Table 1. MS patients performed significantly below HP on both the CVLT
and BVMT-R (Table 2). 7 MS patients and 5 HP did not complete the HADS, whereas
the MFIS was not completed by 4 MS patients and 6 HP. The depression subscale
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and anxiety subscale of the HADS were analyzed separately. In the case of the MFIS,
overall MFIS score and subscale for cognitive aspect of fatigue were analyzed (Table
2). Statistically significant differences between MS patients and HP were demonstrated
regarding the depression subscale of the HADS, the MFIS total score and the MFIS
cognitive fatigue subscale. There was no significant difference in the case of anxiety
symptoms. Significant anxiety symptoms were reported by 35 MS patients (37.6%)
and 42 HP (29%). Significant depressive symptoms were reported by 15 MS patients
(16.1%) and 11 HP (7.6%). 42 MS patients (43.8%) and 18 HP (12.5%) reported
significant fatigue.
Table 1. Demographic and clinical characteristics of the study population

Age (years)
Female-to-male ratio
Duration of education (years)
Employment status (employed/unemployed)
Disease duration (years)

MS patients

Control group

(n = 100)

(n = 150)

40 (33–49)

37 (29–48)

0.15

71/29

109/41

0.77

13 (12–17)

15 (12–17)

0.02

72/28

150/0

<0.001

p-value

8 (3–14)

Clinical course
RRMS

68 (68%)

SPMS

23 (23%)

PPMS

9 (9%)

EDSS

3.25 (2–4)

Values are presented as medians (25–75th percentile) or n (%). MS – multiple sclerosis; RRMS –
relapsing-remitting MS; SPMS – secondary progressive MS; PPMS – primary progressive MS;
EDSS – Expanded Disability Status Scale. Mann–Whitney U test was used to assess differences in
age and duration of education, whereas a chi-square test was used to assess female-to-male ratios
and employment status.
Table 2. CVLT, BVMT-R, HADS, and MFIS scores in MS and HP groups
MS patients

Control group

p-value

49.8 ± 11.9

54.1 ± 10.3

0.003

BVMT-R

24 (18.5–30.0)

29 (24–32)

<0.001

HADS-A

6 (3–8)

5 (2–8)

0.08

HADS-D

3 (1-6)

2 (1–5)

0.02

MFIS total score

34 (22.0–44.5)

17.0 (7.0–28.5)

<0.001

MFIS cognitive fatigue

15.5 (6.0–20.5)

9 (4–13)

<0.001

CVLT

Values are presented as mean ± SD or medians (25–75th percentile). MS – multiple sclerosis; CVLT
– California Verbal Learning Test; BVMT-R – Brief Visuospatial Memory Test – Revised; HADS-A
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– anxiety subscale of the Hospital Anxiety and Depression Scale; HADS-D – depression subscale of
the Hospital Anxiety and Depression Scale; MFIS – Modified Fatigue Impact Scale. T-Test was used
to assess the difference for CVLT. For other variables Mann–Whitney U Test was used.

In the MS group, both the CVLT and BVMT-R results correlated with age
(R = – 0.27, p = 0.008; R = – 0.52, p <0.001, respectively) and duration of education
(R = 0.48, p <0.001; R = 0.31, p = 0.002, respectively). Similar associations were
demonstrated in the HP group for age (R = – 0.34, p <0.001; R = – 0.47, p <0.001)
and duration of education (R = 0.42, p <0.001; R = 0.38, p <0.001). Only the CVLT
scores differentiated gender in the MS group – women performed better in this test
(females 55.1 ± 11.6; males 44.2 ± 11.0; p = 0.002). However, in the control group no
association with gender was observed. Unemployed patients with MS performed worse
than employed subjects on the CVLT (45.5 ± 12.2; 51.4 ± 11.5, respectively, p = 0.03).
There was no relationship between employment status and BVMT-R performance. Association between the employment status and disability was not observed – the median
value of EDSS in the employed subjects was 2.75 (Q25–Q75: 2.00–4.00), while in the
unemployed ones it was 3.50 (Q25-Q75: 2.75–4.00; p = 0.07).
Table 3 presents demographic and clinical characteristics and memory tests results of patients with MS by disease course. Significant differences in performance
on both memory tests were observed between RRMS and SPMS (p = 0.05 for the
CVLT; p = 0.002 for the BVMT-R) as well as between SPMS and HP (p = 0.002 for
the CVLT; p <0.001 for the BVMT-R). There was no difference between RRMS and
PPMS, RRMS and HP, SPMS and PPMS, PPMS and HP. Patients with higher EDSS
performed worse on both the CVLT and BVMT-R (R = – 0.38, p <0.001; R = – 0.46,
p <0.001, respectively). Both memory tests were also negatively correlated with duration of the disease (R = – 0.26, p = 0.01; R = – 0.27, p = 0.007, respectively).
Table 3. Demographic and clinical characteristics, and memory tests results of patients
with MS by disease course

Age (years)
Female–to–male ratio

RRMS

SPMS

PPMS

(n = 68)

(n = 23)

(n = 9)

35.5 (30–43)

50 (40–55)

45 (42–50)

49/19

19/4

3/6

13 (12–17)

12 (12–16)

12 (12–17)

5 (3–10)

19 (11–23)

6 (2–10)

EDSS

2.5 (2.0–3.5)

5 (4.0–6.5)

4 (3.5–5.5)

CVLT

53 (43–61)

47 (33–52)

49 (29–52)

26 (19.5–32.0)

21 (14–25)

23 (19–30)

Duration of education (years)
Duration of the disease (years)

BVMT–R

Values are presented as medians (25–75th percentile) or n. RRMS – relapsing-remitting MS; SPMS
– secondary progressive MS; PPMS – primary progressive MS; EDSS – Expanded Disability Status
Scale; CVLT – California Verbal Learning Test; BVMT-R – Brief Visuospatial Memory Test – Revised.
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The anxiety subscale of the HADS was not significantly correlated with the memory
tests in the MS group. The depression subscale of the HADS correlated significantly
only with the CVLT score in this group (R = – 0.21, p = 0.05), whereas the MFIS total
score was significantly associated with both the CVLT and BVMT-R (R = – 0.34,
p <0.001; R = – 0.36, p <0.001, respectively). The MFIS cognitive fatigue score also
correlated with the CVLT and BVMT-R (R = – 0.28, p <0.006; R = – 0.23, p = 0.02,
respectively).
We also analyzed the CVLT and BVMT-R scores within the MS group in a multiple
regression model that included several demographic and clinical factors: age, duration
of the disease, the EDSS, the HADS depression subscale, and the MFIS total score
(Table 4). This analysis revealed that the EDSS was the only predictor for CVLT scores,
whereas both age and the EDSS were predictors of BVMT-R scores.
Table 4. Predictors of memory impairment in MS patients – multiple regression model
CVLT

BVMT-R

F = 4.16; corrected R = 0.15;

F = 10.21; corrected R2=0.38;

p = 0.002

p <0.0001

2

Standardized B

p

Standardized B

p

Age

-0.11

0.35

-0.39

<0.001

Duration of the disease

-0.06

0.57

-0.04

0.71

EDSS

-0.28

0.02

-0.25

0.01

HADS-D

0.02

0.86

-0.14

0.23

MFIS total score

-0.19

0.14

-0.07

0.55

CVLT – California Verbal Learning Test; BVMT-R – Brief Visuospatial Memory Test – Revised;
EDSS – Expanded Disability Status Scale; HADS-D – depression subscale of the Hospital Anxiety
and Depression Scale; MFIS – Modified Fatigue Impact Scale.

Discussion
Cognitive impairment, including memory deficits, is a significant clinical problem
in patients with MS, which has been intensively studied in recent years. Cognitive
impairment affects daily life activity of patients and is not less important than the
progression of physical disability [26, 38, 39]. Therefore it is a significant benefit to
identify a tool for clinical assessment of memory dysfunction, which will be feasible
for routine use in everyday work in centers providing diagnosis and treatment for patients with MS. In this study we used only the initial learning trials of the CVLT and
BVMT-R. The CVLT contains also recall trial after distraction and long-delay recall task
(free-recall and cued-recall), as well as recognition task. The BVMT-R contains also
long-delay recall task. It is stated in the recommendation of the BICAMS committee
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that the initial five learning trials of the CVLT and the initial three learning trials of the
BVMT-R are the most sensitive for memory impairment assessment in patients with
MS, whereas other measures do not significantly increase the sensitivity of these tools
[29]. Using the CVLT and BVMT-R in the short version, we found a significant differences in memory functioning between patients with MS and healthy participants. Our
findings are consistent with the results of studies conducted in other countries[40–44].
We found more severe verbal and visual memory disturbances in the SPMS
group than in PPMS and RRMS. Our data confirm previously described differences in
memory deficits related to the clinical courses of MS with the most severe changes in
progressive forms, especially SPMS [8, 10, 13, 45, 46]. This means that patients with
progressive forms of MS are a group that requires a special attention and monitoring
of increasing cognitive deficits, which may affect compliance with therapeutic recommendations and rehabilitation.
Negative correlations of both CVLT and BVMT-R test scores with age in patients
with MS and healthy participants confirm the previous data that age-related memory
decline affects verbal memory and visuospatial abilities [47]. We observed a significant
association between the duration of education and memory tests scores in MS patients
as well as in the HP group. A correlation of the CVLT with the duration of education
was already described in the Polish and Italian populations [32, 48]. However, earlier
data do not corroborate such relationship between education and the BVMT-R [28, 48].
Parallel observations on gender effect on the CVLT were only made on Italian population [48]. In both the Italian [48] and our study the test results were higher in female
subjects, but in our population this was significant in MS patients only. Previous data
indicate more severe cognitive decline in male patients with MS compared to females
[49]. We found that unemployed patients with MS performed worse on the CVLT. This
may indirectly indicate that verbal memory impairment limits employment among
patients with MS or professional activity supports verbal memory efficiency. Similar
observation was made in the Czech validation of the BICAMS and MACFIMS [40],
as well as in the Irish study [44]. Moreover, verbal memory functioning was associated
with the employment status independently from disability assessed with the EDSS in
our study. This observation is consistent with the results of other study on relation of
cognitive impairment with employment and social functioning of MS patients [38]
and highlights the importance of cognitive dysfunction in a wide spectrum of clinical
symptoms of MS.
Our data confirm earlier findings of correlation between cognitive impairment, motor disability as assessed by the EDSS and the duration of the disease [10, 43]. In the
current study, a higher EDSS score was significantly associated with decreased memory
functioning in MS patients, while duration of the disease positively correlated with
the severity of memory deficits. Moreover, we established the EDSS as the strongest
predictor of worse results in tests assessing memory using a multiple regression model.
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Regarding mood disorders severity, the difference between patients with MS
and healthy participants was significant for depression only. Compared to previous studies, in which clinically significant depression was observed in 30–50%
of patients, in our dataset both prevalence and severity of depression were notably lower [50–54]. In our study the correlation between depression and memory
performance was present only for the CVLT. A relationship between depressive
symptoms and verbal memory deficits was described earlier [55, 56]. However,
a multiple regression analysis allowed us to rule out the direct impact of depressive
symptoms on verbal memory efficiency in patients with MS. The link between the
anxiety symptoms and memory disturbances in MS is less known. Both CVLT and
BVMT-R scores did not correlate with anxiety in the current study, which was also
described previously [57].
One of the potential factors influencing the performance in neuropsychological
tests in patients with MS is fatigue. Fatigue was more prevalent in MS patients compared to controls. Approximately 45% of MS patients presented significant symptoms
of fatigue, which is less than it was observed in the earlier study [16]. In some studies an association between fatigue and cognitive impairment was shown, especially
in tasks requiring prolonged attention [56]. Nevertheless, a recent study on a large
group of patients did not confirm the effect of fatigue on processing speed, attention,
executive function, and memory [58]. Similarly to the Hungarian BICAMS validation
[41], we observed a strong correlation of fatigue with performance on the CVLT and
BVMT-R. However, this relation was not confirmed using the multivariate analysis,
with the EDSS remaining as the only clinical predictor of the CVLT and BVMT-R
performance. Thus the independent effect of fatigue on the memory function was not
confirmed. This suggests a simple co-occurrence of fatigue and a memory decline,
with no causal relation.
Conclusions
Memory function in patients with MS is decreased compared to healthy population. It was found using the initial five learning trials of the Polish version of the CVLT
and the initial three learning trials of the BVMT-R. Depression, anxiety and fatigue
do not affect memory directly, but there is a co-occurrence of memory disturbances
with depressive symptoms and fatigue. Memory impairment is more severe in patients
with greater disability and in SPMS. We found worse verbal memory functioning in
unemployed patients.
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