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Cognitive dysfunction affects 40-65% of multiple sclerosis (MS) patients and can occur in the early stages of the disease. This study
aimed to explore cognitive functions by means of the Italian version of the minimal assessment of cognitive function in MS
(MACFIMS) in relapsing-remitting MS (RRMS) patients with very mild clinical disability to identify the primarily involved
cognitive functions. Ninety-two consecutive RRMS patients with Expanded Disability Status Scale (EDSS) scores < 2.5 and forty-
two healthy controls (HC) were investigated. Our results show that 51.1% of MS patients have cognitive dysfunction compared
to HC. An impairment of verbal and visual memory, working memory, and executive functions was found in the RRMS group.
After subgrouping RRMS by EDSS, group 1 (EDSS<1.5) showed involvement of verbal memory and executive functions;
moreover, group 2 (2 <EDSS <2.5) patients were also impaired in information processing speed and visual memory. Our results
show that utilizing a comprehensive neuropsychological assessment, approximately half of MS patients with very mild physical
disability exhibit cognitive impairment with a primary involvement of prefrontal cognitive functions. Detecting impairment of
executive functions at an early clinical stage of disease could be useful to promptly enroll MS patients in targeted rehabilitation.

1. Introduction

Cognitive impairment (CI) is a common deficit of multiple
sclerosis (MS), with prevalence rates ranging from 40 to
65% [1]. It can have a dramatic impact on a patient’s quality
of life, influencing role fulfilment in work as well as in social
life independent of physical disability [2]. The cognitive
domains mostly affected are attention, visuospatial abilities,
learning and memory, information processing speed, and
problem solving, while “simple” attention and essential
verbal skills are not usually compromised [3, 4]. To identify
cognitive impairment, scores on the single test are usually

used. Recently, Migliore et al. [5] considered also the
cognitive domains rather than the single tests to better iden-
tify patients with multidomain cognitive impairment. This
classification may be more specific to identify MS patients
with a clear cognitive impairment; in fact, patients with two
tests failed in the same domain are not considered multido-
main cognitively impaired.

Cognitive dysfunction can be detected even at the earliest
stages of the disease [6, 7]; nevertheless, its prevalence is
higher in chronic progressive patients [7]. Longitudinal stud-
ies indicate that CI, if present, progresses over time [4, 8, 9].
Moreover, CI has a prognostic value as it indicates a shifting


https://doi.org/10.1155/2017/7404289

2 Behavioural Neurology
TaBLE 1: Demographic and clinical characteristics of the study sample.
MS patients (92) HC (42) p
Age years (mean, SD) 41.5 (10.7) 42.0 (9.8) 0.766
Education, years [median (min-max)] 13.0 (5-18) 13.0 (8-18) 0.633
Women—N (%) 64 (69.6) 28 (66.7) 0.737
EDSS [median (min-max)] 1.0 (0-2.5)

(i) EDSS < 1.5: ND—N (%)
(i) 2 < EDSS < 2.5: VMD—N (%)

73 (79.3%)
19 (20.7%)

Disease duration, years [median (min-max)]

9.5 (0.3-30.1)

MS = multiple sclerosis patients; HC = healthy control subjects; ND = no physical disability; VMD = very mild disability.

to a progressive phase and motor impairment [8, 10]. The
disease course influences cognitive performance profiles: at
the very early stage of the disease, that is, in clinically isolated
syndrome (CIS) patients, the main domains involved are
processing speed and executive functions [7, 9], while in the
relapsing-remitting MS (RRMS) course, verbal and visual
memory [7, 11] is also affected. Patients with a chronic pro-
gressive course, however, tend to exhibit a more frequent,
severe, and widespread CI [7, 12].

Many other clinical variables have been explored to
determine which one mostly influences cognition in MS
patients, and results have been controversial. In particular,
Cl is scarcely correlated with disease duration [8, 13]. These
results may be explained by the difficulty in determining
the disease onset. It should be noted, however, that patients
with the same disease duration and activity may have
completely different levels of physical disability. The evi-
dence of a relationship between CI and level of physical dis-
ability is also conflicting [8]. Rao and colleagues [14]
reported a slight but significant correlation between phys-
ical disability and the presence or degree of CI, whereas
other studies failed to find any significant association
[15]. More recently, a significant correlation of CI with
physical disability was found in a heterogeneous sample
of MS patients [7, 16].

Our aim was to explore cognitive function in RRMS
patients with very mild clinical disability by means of an ad
hoc comprehensive neuropsychological assessment (Italian
version of the minimal assessment of cognitive function in
multiple sclerosis (MACFIMS)) [5], to identify early affected
cognitive domains regardless of disease duration. Moreover,
we aimed to evaluate potential correlations among CI and
clinical parameters such as Expanded Disability Status Scale
(EDSS), disease duration, and neuropsychiatric features.

2. Materials and Methods

2.1. Subjects. Our study included ninety-two patients with a
diagnosis of RRMS (according to McDonald’s criteria) [17]
and forty-two healthy controls (HC) comparable by age,
sex, and education. From September 2013 to December
2014, patients were selected at the MS centers of the Neu-
roscience Department at San Giovanni Calibita “Fatebene-
fratelli” Hospital (Rome), at the Policlinico “Tor Vergata”
(Rome), and at the Neurology Outpatient Clinic of
Campus Bio-Medico University (Rome). We contacted

the research participants (including all HC) either by
mail/telephone or approaching them during their periodic
clinical examinations. Considering our patients’ study
population, about 25% of the RRMS patients were moni-
tored about their cognitive functioning, 25% of them were
investigated for specific clinical reasons (i.e., disability
evaluation, differential diagnosis of CI versus depressive
disorder, suspected cognitive impairment), and about
50% were assessed as research volunteers (i.e., they had
no cognitive problems). Our MS sample may be consid-
ered representative of the MS population referred to MS
centers. Hospital employees (physicians, nurses, clerks,
cleaners, and porters) and their relatives were included in
the HC group. Table 1 shows demographic and clinical
characteristics of the MS and HC groups.

Inclusion criteria were as follows: age 18 or older, fluent
in Italian, able to provide informed consent to all procedures,
and EDSS<2.5 (for patients only).

Exclusion criteria were as follows: neurological disorders
other than MS; psychiatric disorder other than mood, per-
sonality, or behavior change following the onset of MS; med-
ical condition that might influence cognition; history of
developmental disorder (e.g., ADHD, learning disability);
history of substance or alcohol dependence or current abuse;
motor or sensory deficits that might interfere with cognitive
test performance; and relapse and/or corticosteroid pulse
within four weeks of assessment (for patients only).

We decided not to include or exclude patients on the
basis of the medication they were taking. However, none of
the participants were under treatment that has a significant
impact on their cognitive performance; all patients were
under immunomodulant therapy (interferon or glatiramer
acetate). A detailed clinical interview was performed to verify
the inclusion and exclusion criteria, and each patient under-
went complete neurological examinations including EDSS
rating. According to Kurtzke’s criteria [18], patients were
separated into two different subgroups in line with EDSS: in
particular, patients with EDSS<1.5 were not considered to
have any disability [group 1, no physical disability (ND)],
while patients with EDSS between 2 and 2.5 were considered
to have very mild disability (group 2, VMD) (Table 1). We
considered EDSS <2.5 a cut-off in order to investigate only
the cognitive function in patients with very mild levels of dis-
ability. Each HC and MS patient signed an informed written
consent (previously approved by the local ethical committee)
to participate in the study.
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FiGurek 1: Cognitive performance pattern (z-score mean and 95% confidence interval) in MS patients (closed circles), compared to HC (mean
set at 0, with grey band indicating 95% confidence interval). All raw scores, for each scale, were transformed into z-scores using the mean and the
standard deviation (SD) of healthy controls. CVLT TL: California Verbal Learning Test total learning; CVLT LTM: CVLT long-term memory;
BVMT TL: Brief Visuospatial Memory Test total learning; BVMT LTM: BVMT long-term memory; SDMT: Symbol Digit Modalities Test;
PASAT 3" and 2" Paced Auditory Serial Addition Test; JLO: Judgment of Line Orientation; DKEFS CS: Delis-Kaplan Executive Function
System sorting test correct sort; DEKEFS DS: DEKEFS description score; COWAT: Controlled Oral Word Association Test.

2.2. Neuropsychological Assessment. Both MS patients and
HC underwent an Italian version of MACFIMS [5] and neuro-
psychiatric questionnaires by an expert clinical neuropsycholo-
gist. Tests were administered in a standardized manner,
during daytime in a quiet room and in a fixed order, in
accordance with consensus panel recommendations [3, 19].

Moreover, the participants completed the Beck Depres-
sion Inventory (BDI) [20] and State-Trait Anxiety Inventory
Form Y (STAI-Y) [21] to check for psychiatric comorbidity.
The entire test battery required 90/100 minutes of face-to-
face testing time.

Patients were diagnosed as having CI when at least two
tests were found to have more than 1.5 standard deviations
(SD) below the control mean, according to the proposal of
Amato et al. [22]. Moreover, employing 1.5 SD, Benedict
et al. [3] found a strong association between MACFIMS tests
and vocational outcomes, proving that 1.5 SD is a reliable
parameter to detect CI. However, we did a further analysis
taking into account the 5th percentile, in order to have a
more restrictive parameter for detecting CI [5].

On the basis of the number of test in the CI range,
patients were classified as mildly (two tests impaired), mod-
erately (three tests impaired), or severely affected (four or
more tests impaired) [5, 12]. This classification reflects differ-
ent levels of cognitive deterioration in order to highlight
different severity degrees of cognitive dysfunction.

In addition to the number of tests failed, we aimed to
consider the number of cognitive domains impaired, accord-
ing to Migliore et al. [5]. More specifically, the domain was
considered altered when at least one test in the domain had
an impaired result. MS patients were considered multido-
main cognitively impaired (mDCI) when at least two

domains were found to be altered. In total, five cognitive
domains were considered: verbal memory (CVLT total lear-
ning—CVLT TL, CVLT long-term memory—CVLT LTM),
visual memory (BVMT total learning—BVMT TL, BVMT
long-term memory—BVMT LTM), information processing
speed (Paced Auditory Serial Addition Task—PASAT 3"
and PASAT 2", Symbol Digit Modalities Test—SDMT),
executive functions (Delis-Kaplan Executive Function
System Correct Sort—DKEFS CS, DKEFS description
score—DKEFS DS, and Controlled Oral Word Association
Test—COWAT), and visuospatial perception (Judgment of
Line Orientation—JLO). We also considered the cognitive
domains rather than the single tests to better identify those
patients showing a multidomain cognitive impairment. This
classification may result in a greater specificity in identifying
MS patients with a clear cognitive impairment. In fact,
patients with two tests impaired in the same domain were
not classified as multidomain cognitively impaired (mDCI).

2.3. Statistical Analysis. Group differences regarding demo-
graphic and clinical data were assessed using parametric tests
(Student’s t-test or univariate ANOVA). Correlations among
neuropsychological tests and disease duration, BDI and
STAI-Y, were evaluated using Spearman’s correlation coeffi-
cients. Analyses of covariance (ANCOVA) were applied to
examine differences in test performance considering diagno-
sis and sex as factors and BDI as a covariate. To obtain
neuropsychological profiles shown in Figures 1 and 2, we
transformed all raw scores, for each scale, into z-scores using
the mean and the standard deviation (SD) of healthy controls
of the present study. Repeated-measures ANOVA were
performed on these z-score variables to compare the
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F1GURE 2: Cognitive performance pattern (z-score mean and 95% confidence interval) in the EDSS subgroups (closed circles for no disability;
asterisk for very mild disability), compared to healthy controls (mean set at 0, with grey band indicating 95% confidence interval). All raw
scores, for each scale, were transformed into z-scores using the mean and the standard deviation (SD) of healthy controls. CVLT TL:
California Verbal Learning Test total learning; CVLT LTM: CVLT long-term memory; BVMT TL: Brief Visuospatial Memory Test total
learningg BVMT LTM: BVMT long-term memory; SDMT: Symbol Digit Modalities Test; PASAT 3" and 2" Paced Auditory Serial
Addition Test; JLO: Judgment of Line Orientation; DKEFS CS: Delis-Kaplan Executive Function System sorting test correct sort; DEKEFS
DS: DEKEEFS description score; COWAT: Controlled Oral Word Association Test. Post hoc comparisons: *p < 0.05; **p < 0.01.

performance of each patient group to each neuropsychologi-
cal test, considering the test type as the within-subjects factor
and the group as the between-subjects factor. If the assump-
tion of sphericity was violated, Greenhouse-Geisser correc-
tion of degrees of freedom was considered.

To describe the effect size, the “Cohen’s d” was calculated;
it is the difference between means divided by the pooled SD,
and its magnitude is assessed using the thresholds provided
by Cohen [23], whereby 0.2 equates to a small effect, 0.5
equates to a medium effect, and effects larger than 0.8 corre-
spond to large effects. Overall, a p value less than 0.05 was
considered significant. Tukey’s adjustment or, in cases of
variance heterogeneity, Dunnett’s adjustment was applied
for post hoc comparisons. A log transformation was applied
to BDI to gain a better fit to Gaussianity, to limit the
dangerous effects of extreme values, and to reduce hetero-
scedasticity in the residuals. All statistical analyses were
performed using SPSS 16.

3. Results

3.1. Comparison between MS Group and HC. Neuropsycho-
logical test scores for both MS patients and HC are shown
in Table 2. According to repeated-measures ANOVA, besides
the expected group effect (F(1,131)=11.006; p =0.001), the
group X test type interaction (F(12,1584)=1.963; p=0.02)
was also significant, indicating that the difference between
the two groups changed across tests (Figure 1). Looking
separately at each test, we found that the patient group
performed significantly worse than HC in verbal memory

total learning (CVLT TL), long-term memory (CVLT LTM),
visuospatial long-term memory (BVMT LTM), working
memory in a subtest with high cognitive load (PASAT 2",
and executive functions (DKEFS CS, DKEFS DS, and
COWAT). No significant differences were observed for the
other neuropsychological (NP) tests.

According to the definition of CI reported above (at least
two tests impaired with 1.5 SD below the control mean),
51.1% of patients were classified as impaired (out of them,
16.3% were mildly, 15.2% were moderately, and 19.6% were
severely impaired). Moreover, even when considering the
5th percentile (1.645 SD below the control mean), 40.2%
of patients had impaired results (out of them, 10.9% were
mildly, 15.2% were moderately, and 14.1% were severely
impaired). Detailed data about each NP test are reported
in Table 2.

Regarding the number of impaired cognitive domains,
according to the cut-off of 1.5 SD below the control mean,
43.5% of MS patients showed at least two domains compro-
mised (out of them, 20.7% were mildly, 9.8% were moder-
ately, and 13.1% were severely impaired). Moreover, if we
consider the 5th percentile, 33.7% of patients were found
compromised (out of them, 15.2% were mildly, 8.7% were
moderately, and 9.8% were severely impaired).

A significant difference was also found on BDI scores
comparing MS patients and HC (p=0.006). ANCOVA
with diagnosis and sex as factors and BDI (log scale) as a
covariate was applied to compare test scores in MS patients
and HC. In general, the differences between MS patients
and controls still remained significant, with the exception
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TaBLE 2: Neuropsychological tests scores.
Test RRMS (n=92) HC (n=42) p Cohen’s d
Mean (SD) 49.8 (9.6)
CVLT TL % + (mean-1.5 SD) 7.6% 54.6 (9.3) 0.008 0.50
% + 5th percentile 5.4%
Mean (SD) —-0.40 (1.06)
CVLT LTM % + (mean-1.5 SD) 18.5% 0.32 (0.92) <0.001 0.70
% + 5th percentile 9.8%
Mean (SD) 45.6 (13.7)
BVMT TL % + (mean-1.5 SD) 27.2% 47.9 (13.3) 0.372 0.17
% + 5th percentile 23.9%
Mean (SD) 49.9 (13.2)
BVMT LTM % + (mean-1.5 SD) 16.3% 54.9 (10.3) 0.035 0.43
% + 5th percentile 14.1%
Mean (SD) 38.7 (14.1)
PASAT 3" % = (mean-1.5 SD) 22.8% 41.9 (10.1) 0.187 0.25
% + 5th percentile 20.7%
Mean (SD) 26.3 (14.0)
PASAT 2" % + (mean-1.5 SD) 23.9% 324 (13.2) 0.019 045
% + 5th percentile 19.6%
Mean (SD) 42.1(11.2)
SDMT %+ (mean-1.5 SD) 29.3% 452 (6.4) 0.094 031
% + 5th percentile 19.6%
Mean (SD) 8.2 (2.2)
DKEES CS % + (mean-1.5 SD) 10.9% 9.8 (3.3) 0.001 0.62
% + 5th percentile 10.9%
Mean (SD) 8.17 (2.6)
DKEFS DS %+ (mean-1.5 SD) 13.0% 10.2 (3.3) <0.001 0.73
% + 5th percentile 13.0%
Mean (SD) 23.5 (4.5)
JLO % + (mean-1.5 SD) 19.6% 23.6 (5.1) 0.822 0.04
% + 5th percentile 17.4%
Mean (SD) 29.2 (11.1)
COWAT %+ (mean-1.5SD) 20.7% 39.1 (13.6) <0.001 0.83
% + 5th percentile 17.4%
BDI Mean (SD) 13.0 (9.7) 5.1(5.1) <0.001 0.92
STAL-Y state Mean (SD) 0.40 (1.25) —0.09 (0.77) 0.188 0.44
STALY state Mean (SD) —0.09 (1.03) ~0.31 (0.56) 0.474 0.24

CVLT TL: California Verbal Learning Test total learning; CVLT LTM. CVLT long-term memory; BVMT TL: Brief Visuospatial Memory Test total learning;
BVMT LTM: BVMT long-term memory; SDMT: Symbol Digit Modalities Test; PASAT 3”and 2" Paced Auditory Serial Addition Test; JLO: Judgment of Line
Orientation; DKEFS CS: Delis-Kaplan Executive Function System sorting test correct sort; DKEFS DS: DKEFS description score; COWAT: Controlled Oral
Word Association Test; BDI: Beck Depression Inventory; STAI-Y: State-Trait Anxiety Inventory Form Y; RRMS: relapsing-remitting multiple sclerosis

patients; HC: healthy controls. All neuropsychological tests were converted into a standard score using normative data.

of PASAT 2", where the effect of depression (although mar-
ginally significant; F(1,89) =3.69, p = 0.058) tempered down
the difference between the two groups (see Table 4 in the
Supplementary Material available online at https://doi.org/
10.1155/2017/7404289). Moreover, a significant effect of
sex was observed on the COWAT score (F(1,89)=5.15,
p=0.026). STAI-Y did not differ between MS patients
and controls. Also, disease duration did not significantly
influence NP scores (all p values > 0.2).

3.2. Comparison among EDSS Subgroups and HC. Repeated-
measures ANOVA revealed a significant main effect of
the groups (F(2,131)=8.632; p<0.001). According to
pairwise Tukey’s comparisons, the controls’ overall esti-
mated mean was not significantly different from that of
the ND group (p = 0.085) but was significantly higher than
that of the VMD group (p < 0.001) as expected. Also ND’s
overall estimated mean was significantly higher than that of
the VMD group (p =0.015).
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TaBLE 3: Post hoc comparison results. Data are presented as
mean (SD); comparisons between VMD and ND are not showed,
all p values > 0.2. Tukey’s adjustment is applied (+ indicates
Dunnett’s adjustment).

ND
50.2 (9.1)
p=0.05

VMD
48.2 (11.5)
p=0.045

ND
-0.3 (1.0)
p=0.007

VMD
-0.7 (1.2)
p=0.001

ND
47.1 (12.8)
p=0.946

VMD
40.1 (15.6)
p=0.094

ND
51.2 (12.7)
p=0.265

VMD
454 (14.2)
p=0.016

ND
39.5 (13.7)
p=0.597

VMD
35.7 (15.8)
p=02
ND

26.5 (14.1)
p=0.075

VMD
25.6 (14.2)
p=0.182

Versus
CVLT TL Controls 54.6 (9.3)

Versus

Versus
CVLT LTM Controls 0.3 (0.9)

Versus

Versus
BVMT TL Controls 47.9 (13.3)

Versus

Versus
BVMT LTM Controls 54.9 (10.3)

Versus

Versus
PASAT 3" Controls 41.9 (10.1)

Versus

Versus
PASAT 2" Controls 32.4 (13.2)

Versus

ND
43.1 (11.2)
p=0.474"

VMD
38.3 (10.6)
p=0.042"

Versus
SDMT Controls 45.2 (6.4)

Versus

ND
8.4 (22)
p=0.014

VMD
7.5 (2.4)
p=0.005

Versus
DKEFS CS Controls 9.8 (3.3)

Versus
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TaBLE 3: Continued.

ND
8.3 (2.6)
p=0.002

VMD
7.6 (2.6)
p=0.003

ND
23.6 (4.8)
p=0.999

VMD
22.8 (3.3)
p=0.813

ND
30.2 (11.5)
p=0.002

VMD
25.4 (8.7)
p<0.001

Versus
DKEFS DS Controls 10.2 (3.3)

Versus

Versus
JLO Controls 23.6 (5.1)

Versus

Versus
COWAT Controls 39.1 (13.6)

Versus

A significant effect of the group X test type interaction
(F(dflGreenhouse—Geisser =12.25and dszreenhouse-Geisser = 80259)
=1.771; p =0.047) was also found, indicating again that the
differences among groups were dependent on the type of test
(Figure 2). Separate ANOVAs were conducted for each NP
subtest to evaluate intergroup differences, revealing significant
differences among groups in verbal memory (CVLT TL:
F(2,131)=3.95, p=0.022; CVLT LTM: F(2,131)=8.597,
p <0.001), visuospatial long-term memory (BVMT LTM:
F(2,131)=3.977, p=10.021), executive functions (DKEFS CS:
F(2,131)=6.441, p=0.002; DKEFS DS: F(2,131)=8.144,
p<0.001; and COWAT: F(2,131)=11.195, p <0.001), and
information processing speed (SDMT: F(2,131)=3.220,
p=0.043).

Post hoc comparisons showed that there were significant
differences between HC and the ND group in verbal memory
(CVLT LTM, p = 0.007) and executive functions (DKEFS CS,
p=0.014; DKEFS DS, p=0.002; and COWAT, p=0.002)
(Table 3). HC and VMD were significantly different in verbal
memory (CVLT TL, p=0.045 CVLT LTM, p=0.001),
visuospatial long-term memory (BVMT LTM, p=0.016),
information processing speed (SDMT, p = 0.042), and execu-
tive functions (DKEEFS CS, p = 0.005; DKEFS DS, p = 0.003;
and COWAT, p<0.001). No significant differences were
observed between the ND and VMD subgroups (Table 3).

It should be noted that with such an unbalanced dis-
tribution of cases in the two subgroups (73 ND versus
19 VMDP), only large standardized effect sizes (>0.8)
have enough probability (power>80%) to be recognized
as statistically significant at the defined significance
threshold (0.05).

In Figure 3, for each subgroup considered, percentages of
pathological scores (1.5 SD below the control mean) for every
NP test are reported, and the VMD, with respect to ND,
reflected a greater rate of cognitive impairment in almost
every test considered.
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FIGURE 3: Percentage of impairment in each multiple sclerosis patient subgroup. CVLT TL: California Verbal Learning Test total learning;
CVLT LTM: CVLT long-term memory; BVMT TL: Brief Visuospatial Memory Test total learning; BVMT LTM: BVMT long-term
memory; SDMT: Symbol Digit Modalities Test; PASAT 3" and 2" Paced Auditory Serial Addition Test; JLO: Judgment of Line
Orientation; DKEFS CS: Delis-Kaplan Executive Function System sorting test correct sort; DEKEFS DS: DEKEFS description score;
COWAT: Controlled Oral Word Association Test. ND: no disability; VMD: very mild disability.

4. Discussion

Our results demonstrate that 51.1% of our MS patients with
EDSS <2.5 have cognitive dysfunction (at least two tests < 1.5
SD); in particular, 16.3% had a mild (two tests failed), 15.2%
had a moderate (three tests failed), and 19.6% had a severe
(>four tests failed) level of impairment. Even when we
applied a more restrictive cut-off (5th percentile), 40.2% of
patients were cognitively impaired. Moreover, considering
the number of impaired cognitive domains, we found that
43.5% of MS patients showed at least two compromised
domains. Also, by applying the 5th percentile cut-off to the
number of impaired domains, we observed that 33.7% of
MS patients were significantly altered. Verbal memory
(learning and recall), visuospatial long-term memory, work-
ing memory, and executive functions (DKEFS and COWAT)
were the cognitive functions mostly impaired in MS
patients compared to HC. As shown in Table 2, some
cognitive tests (namely, COWAT, DKEFS DS, and CVLT
LTM) were more sensitive to detect differences between
the RRMS and HC groups.

In ND (EDSS <1.5), an unsatisfactory cognitive perfor-
mance was limited to verbal memory and executive func-
tions, while VMD patients (2<EDSS <2.5) also performed

badly in information processing speed and visuospatial
long-term memory. Overall, the VMD patients received
lower scores than the ND patients in almost every test
considered (Figure 3). Finally, MS patient showed higher
levels of depression than HC (BDI score). Depression mood
can affect cognitive performance; for this purpose, we applied
ANCOVA with diagnosis and sex as factors and BDI as a
covariate to compare cognitive performance of MS
patients and HC. In general, all cognitive differences
between MS patients and healthy controls still remained
statistically significant.

These findings highlight and confirm that even consider-
ing very mildly clinically disabled MS patients, almost half of
them experience some degree of cognitive impairment, sug-
gesting that cognitive dysfunction can occur early in the
disease. Particularly, executive functions and verbal memory
can be impaired even before the onset of significant
disability and can remain stable in VMD patients. In addi-
tion, information processing speed and visual memory are
relatively preserved in ND patients and tend to deteriorate
in the VMD group (see neuropsychological profiles shown
in Figure 2).

Clinical disability generally progresses over the course of
MS [4], although the correlation between cognitive



impairment, clinical disability, and disease duration seems to
be weak. Some studies found a neuropsychological perfor-
mance impairment in recently diagnosed patients [24, 25],
in patients with CIS [7, 26, 27], and in RRMS patients at early
stages of the disease with little or no disability [7, 22, 26, 28].
Otherwise, many studies reported a poorer neuropsycholog-
ical performance in patients with chronic progressive or sec-
ondary progressive MS [1, 6, 7, 9] than in RRMS patients.
These findings imply that the higher the disability in a more
advanced stage of MS, the greater the cognitive impairment.
However, only a few studies investigated cognitive function-
ing in very mildly clinically disabled patients so far. Lynch
and colleagues [16] showed a significant but slight associa-
tion between cognitive impairment and clinical disability,
independent of disease duration.

In the present study, disease duration ranged from three
months to 30 years, but it did not significantly correlate with
NP test scores. On the contrary, a significant correlation
between clinical disability and CI was observed both in
patients without disability and in patients with VMD. These
findings, according to the literature [7, 8, 22, 26, 28],
emphasize the existence of CI even in patients lacking clini-
cal disability or in cases of VMD and show the progressive
impairment of different cognitive domains related to
EDSS worsening.

Furthermore, our results confirm the primary engage-
ment of verbal memory and executive functions in very mild
levels of clinical disability in accordance with previous stud-
ies 7, 29, 30]. Cerezo Garcia and colleagues [29], in a small
cohort of patients, found that 24% of very mild RRMS
patients had memory deficits and 80% showed information
processing speed and executive function impairment,
especially in the maintenance of nonautomatic strategies
and conceptual/categorization tasks, usually attributed to
prefrontal regions. Roca and colleagues [30] showed that
MS patients with low physical disability presented a
fronto-subcortical pattern with impairment in memory,
decision-making, working memory, and planning, as well
as in goal-oriented behavior. This pattern correlated with loss
of tissue integrity and organization in fronto-subcortical fiber
tracts, particularly in the fronto-lateral (FL) areas, as mea-
sured with magnetic resonance diffusion tensor imaging.
Interestingly, FL areas were specifically linked to executive
cognitive dysfunction, such as poor planning, loss of inhibi-
tory control, strategy development, cognitive flexibility, and
working memory [31]. Ruano and colleagues [7], in a large
Italian multicenter study, show a significant presence of CI
since the earlier stages of MS in patients with RRMS and
CIS with a more frequent involvement of information pro-
cessing speed and executive function compared with other
cognitive domains. In particular, these studies 7, 29, 30] used
a specific executive battery consisting of sensitive tests to
detect prefrontal cortex dysfunction.

Memory and executive impairment is relevant functions
of the cognitive profile observed in MS and closely linked to
prefrontal cortex functions. Memory is the process in which
information is encoded, stored, and retrieved. Executive
functions refer to the cognitive abilities needed for complex
goal-directed behavior and adaptation to environmental
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changes and include several functions (working memory,
reasoning, task flexibility, problem solving, and planning)
[32]. Memory and executive function impairment negatively
influences a patient’s quality of life, as well as their everyday
life functioning [33]. Nonetheless, in clinical practice, execu-
tive deficits are often misunderstood because their detection
and characterization are not easy. Patients do not often
complain about them, and the most used NP tests do not
include specific executive functioning tests. Our study
highlighted that an Italian version of MACFIMS is effective
in assessing cognitive functioning in MS patients with very
mild disability. This analysis method is specific, reliable,
quick, and sensitive for the complete and comprehensive
assessment of cognitive function in MS [3].

The high percentage (51.1%) of cognitive impairment in
our sample of MS patients with very mild clinical disability
could be due to employment of a complete and comprehen-
sive neuropsychological analysis. It would be useful in
clinical practice to use reliable and sensitive tools in order
to early detect executive function impairment and to suggest
an adequate cognitive training. The lack of a significant
difference in the cognitive performance of the two patient
groups can be attributed to the small VMD sample (n = 19).
Future studies should therefore take into account the possi-
bility of increasing the sample to evaluate possible differ-
ences. Another limitation of this study was the lack of a
measure to assess fatigue and nutritional life style, two factors
possibly influencing cognitive performance. Moreover,
comparing different groups of patients, cognitive reserve is
another important variable to be considered in future studies.
Finally, another limitation could be the effect of interferon
and glatiramer acetate on cognitive functioning; it has been
demonstrated that some aspects of cognitive functioning
may improve in patients with MS [34-36] and this may have
had an impact on our results.

In conclusion, our study showed that half of our MS
patients had an impaired performance on at least two cogni-
tive tests, confirming that CI is a common symptom of MS
even among patients with very mild or no clinical disability.
Furthermore, compared to HC, the very mildly clinically
disabled RRMS patients showed impairment of memory
and executive functions with a main involvement of prefron-
tal cognitive functions. These results support the hypothesis
that frontal lobes are highly sensitive, even in the early stage
of the disease, due to their numerous connections with other
cortical and subcortical regions, so that damages in any part
of the brain can trigger effects in these areas [37, 38]. Memory
impairment is probably related more to a failure in executive
functioning, and in particular, organization and use of self-
generated strategies to encode and recall new material could
be less efficient, reflecting a poor performance of prefrontal
functions. Detecting early executive dysfunctions with spe-
cific NP tests could be useful in order to promptly enroll
MS patients in adequate rehabilitation projects.
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