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Abstract
Cognitive dysfunction occurs in almost 50–60% of patients with multiple sclerosis (MS) even in early stages of the disease and
affects different aspects of patient’s life. Aims of the present study were (1) to introduce and validate an Italian version of the
minimal assessment of cognitive functions in MS (MACFIMS) battery and (2) to propose the use of the Cognitive Impairment
Index (CII) as a scoring procedure to define the degree of impairment in relapsing-remitting (RRMS) and secondary-progressive
(SPMS) patients. A total of 240 HC and 123 MS patients performed the Italian version of the MACFIMS composed by the same
tests as the original except for the Paced Auditory Serial Addition Test. The CII was derived for each score of the 11 scales for
participants of both groups. The results of the study show that cognitive impairment affects around 50% of our sample of MS
patients. In RRMS group, only the 15.7% of patients reported a severe impairment, while in the group of SPMS, the 51.4% of
patients felt in the Bseverely impaired^ group. Results are in line with previously reported percentages of impairment in MS
patients, showing that the calculation of the CII applied to the Italian version of the MACFIMS is sensitive and reliable in
detecting different degrees of impairment in MS patients.
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Introduction

Cognitive impairment (CI) affecting different domains is fre-
quent in patients with multiple sclerosis (MS). It occurs in
almost 50–60% of patients [1] and has a great impact on their
quality of life [2, 3], rate of employment and vocational status
[2, 4–6], instrumental activities of daily living [7], and adher-
ence to and benefits from rehabilitation programs [8]. CI varies
greatly among individuals. It can occur in early stages and

throughout the disease. Given the frequency and impact of
CI, a great effort is being made to develop neuropsychological
assessment batteries that are able to detect it in MS patients.

Various neuropsychological batteries have been pro-
posed over the years. They range from brief to comprehen-
sive and vary for the tests selection and the cognitive do-
mains assessed. Some batteries were developed for an easy
non-time-consuming administration in clinical practice,
whereas others were developed to thoroughly investigate
all cognitive domains affected by MS. Both approaches
have limitations: The former may result in loss of impor-
tant information about the cognitive functioning of a single
patient, and the latter may be too time-consuming to be
administered in clinical practice.

The Brief Repeatable Battery of Neuropsychological Tests-
BRB-N is the most used brief battery [9]. The five tests that
comprise this battery were chosen by means of statistical cal-
culations of a pool of 23 tests selected on the basis of the
guidelines for Neuropsychological Research in MS: Selective
Reminding Test-SRT [10], 7/24 Spatial Recall Test-SPART-7/
24 [11], Symbol Digit Modality Test-SDMT [12], Controlled
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OralWord Association Test-COWAT [13], and Paced Auditory
Serial Addition Test-PASAT [14]. Subsequently, in the newest
version, SPART-7/24 was replaced by SPART-10/36 and a
Word List Generation-WLG [15] test was added; total admin-
istration time is 25–30 min [16].

It has been proposed that a short but complete neuropsy-
chological assessment can be carried out with the minimal
assessment of cognitive functions in MS (MACFIMS). For
this purpose, seven tests have been recommended: the
PASAT, SDMT, California Verbal Learning Test-II-CVLT-II
[17], Brief Visuo-Spatial Memory Test-Revised-BVMT-R
[18], Delis–Kaplan Executive Function System Sorting Test-
DKEFS [19], Judgment of line orientation test-BJLO [20],
and COWAT. The MACFIMS provides a complete assess-
ment of the cognitive domains most affected in MS patients;
it takes about 90 min to administer [21].

To surpass the limits of more extended batteries, a screen-
ing battery (Brief International Cognitive Assessment for MS-
BICAMS) has been proposed; it consists of three sub-tests
derived from the MACFIMS [22], the short forms of both
the CVLT-II and BVMT-R and the SDMT; total administra-
tion is about 15 min [23].

A recent study also introduced the MS-COG. This is a new
battery that is easy to administer and is aimed at determining
the effects of disease and modifying therapies for cognitive
functioning in MS patients [24]. This battery consists of the
SRT, BVMT-R, PASAT, and SDMT; administration time is
about 20 min.

Different studies have also compared tests assessing the
same cognitive domain to determine those most useful for that
domain. A recent study comparing PASAT and SDMT found
that SDMT is more reliable and valid than PASAT for the
assessment of information processing speed in MS [25].

In any case, an extended test battery that does not require
excessive administration time is very useful. Therefore, the
primary aim of this study was to propose an Italian version
of theMACFIMS battery to a sample of healthy controls (HC)
representative of the Italian population and to obtain a
Cognitive Impairment Index (CII) for each single test score
and a total CII representative of performance on the whole test
battery. The second aim was to assess the validity of this
scoring procedure for discriminating between HC and patients
with MS in terms of degree of impairment and between the
two main phenotypes ofMS (relapsing-remitting-RRMS; sec-
ondary-progressive-SPMS).

Method

Participants

A total of 240 HC (127 females) from the community
volunteered to participate in this study. An attempt was made

to recruit them from different regions of Italy and from urban
and rural areas based on the distribution of the Italian popula-
tion (ISTAT, 2010). Inclusion criteria were as follows: being
Caucasian and Italian native speakers, age from 20 to 80 years,
and formal education from 5 to 18 years. Following the pro-
cedure of a previous study [26], we followed a specific pro-
cedure to obtain homogeneous groups for demographics in
which a minimum of five subjects were collected for each
group. Table 1 shows participants’ characteristics.

Participants were designated as Bhealthy^ after a clinical
interview in which inclusion and exclusion criteria were veri-
fied; those above 65 years of age were also assessed with the
Mini-Mental State Examination (MMSE) to verify their suit-
ability [27]. Exclusion criteria for HC were a score < 23 on the
MMSE, adjusted following the Italian norms of [28], a history
of central nervous system diseases, protracted treatment or hos-
pitalization for psychiatric illness or substance abuse, and other
medical pathologies (such as hypertension and diabetes).

By using the same inclusion and exclusion criteria as for
HC (except for the MMSE), a total of 130 patients with a
definite diagnosis of MS (McDonald’s criteria, 2005) [29]
with the RRMS or SPMS phenotype were also recruited.

Three trained neuropsychologists administered the battery
to the subjects in a quiet room with adequate light. Their
auditory acuity had to be adequate to complete the test in a
1-day session of around 60 min. All participants gave their
written informed consent, as required by the Local Ethics
Committee.

Neuropsychological assessment

After having ascertained their eligibility, all participants per-
formed the entire test battery in the same fixed order: CVLT-II,
BVMT-R, SDMT, JLO, COWAT, and D-KEFS.

& CVLT-II [17]: verbal learning and memory test consisting
of a 16-item word list from four semantic categories. As in
previous studies [23, 30, 31] the CVLT-II word list used
was forward translated from English into Italian by a pro-
fessional native-speaking Italian translator. Outcome mea-
sures derived from this task were total learning over five
trials (CVLT2-IR) and the number of correct recalls fol-
lowing the delay (CVLT2-DR).

& BVMT-R [18]: visuo-spatial learning and memory test
consisting of six geometric figures on a sheet of paper
presented in three, 10-s trials. The instructions of the
BVMT-R were applied as in a previous study [26], and
the outcome measures were Immediate Recall (BVMTR-
IR) and Delayed Recall (BVMTR-DR).

& SDMT: sustained attention and processing speed test
consisting of a grid with nine meaningless symbols, each
one associated with a number from 1 to 9. Test procedures
were the same as those described in [32].
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& BJLO [23]: test measuring the accuracy of orientation-
based judgments about a pair of angled lines that visually
match with an identical pair hidden within an 11-line
semicircular array. The outcome measure is the total score
of all pairs of lines correctly indicated.

& COWAT [13]: phonemic fluency test in which the subject
is given 60 s to name asmanywords as possible beginning
with one specific letter (F-A-S). The outcome measure
obtained is the total number of the correct word named
the total number of words named correctly in the three
trials.

& DKEFS [19]: test measuring concept-formation skills,
modality-specific problem-solving skills (verbal/nonver-
bal), and the ability to explain sorting concepts abstractly.
The Italian version of the test used in this study was the
one reported in [33]. Outcomes for each card set were the
number of corrected free card sorting concepts (DKEFS-
CS) and the verbal description score (DKEFS-DS).

Data analysis

Behavioral and clinical data were analyzed using SPSS (SPSS
Inc., Chicago, Illinois). Demographic data of MS and HC
were compared using an independent sample t test for age
and education and a chi-squared test for gender group
difference.

The normality, linearity, and homoscedasticity of the dis-
tribution of data were statistically ascertained. In the HC
group, all 11 scores of the battery were correlated (using
Pearson’s correlation coefficient) with demographic/gender
characteristics. Multiple linear regression analyses (MRA)
were performed for each score that reached significance
(p < .05) in the previous analysis using sex, age, and education
as independent variables. Consequently, a regression model
was developed that made it possible to calculate (for each
index) the scores corrected for significant variables
(Table 3).With this model, the adjusted scores were calculated
for the performance of both MS and HC by adding or
subtracting the contribution of each demographic variable.

After all performances of each participant in both groups
were adjusted, the corrected scores obtained were converted
into z-scores by using the mean and standard deviation (M ±
SD) of HC performances for all scores of the battery.

Then, a procedure was applied for each variable to define
degrees of impairment by using the number of SDs below the
mean normative value, as proposed by [34]. With this proce-
dure, a grade of zero was attributed when the participant
scored at or above the mean of HC; a grade of 1 was assigned
when the score was below the controls’mean, but above 1 SD
of the same mean; then a grade of 2 was given to scores < 1
SD and ≤ 2 SD from controls’ mean; and finally, a grade of 3
was given for scores < 2 SD from controls’ mean [35]. These
grades were then summed across all variables to obtain an

Table 1 Comparisons of
demographic variables and raw
scores of MACFIMS scales
between MS and HC

HC (n = 217) MS (n = 123)

Mean SD Range Range Sig

Min Max Mean SD Min Max

Education 13.08 4.13 5 24 13.59 3.59 5 21 .253

Age 51.28 16.81 20 82 43.77 10.18 22 71 .000

CVLT2-IR 46.76 10.93 21 75 48.75 12.53 8 76 .127

CVLT2-DR 11.21 3.09 4 16 10.07 3.92 0 16 .003

SDMT 46.71 14.05 18 83 47.10 17.10 9 85 .820

BJLO 24.28 3.93 10 33 24.36 4.52 7 32 .864

COWAT 39.65 12.23 16 73 34.74 10.96 11 62 .000

DKEFS-CS1 5.1 1.5 1 8 4.6 1.8 0 8 .009

DKEFS-DS1 19.6 6.3 2 32 15.6 8.1 0 32 .000

DKEFS-CS2 5.1 1.3 1 8 4.3 1.6 1 8 .000

DKEFS-DS2 19.9 5.6 2 32 14.6 7.3 2 32 .000

BVMTR-IR 23.75 7.01 4 36 20.46 8.34 3 36 .000

BVMTR-DR 8.96 2.60 0 16 7.86 3.22 0 12 .001

HC healthy controls,MS patients withMultiple Sclerosis,CVLT2-IRCalifornia Verbal Learning Test 2-Immediate
Recall, CVLT2-DR California Verbal Learning Test 2-Delayed Recall, SDMT Symbol Digit Modalities Test,
BJLO Benton Judgment of Line Orientation, COWAT Controlled Oral Word Association Test, DKEFS-CS1
Delis–Kaplan Executive Function System-Card Sorting 1, DKEFS-DS1 Delis–Kaplan Executive Function
System-Description Score 1, DKEFS-CS2 Delis–Kaplan Executive Function System-Card Sorting 2, DKEFS-
DS2 Delis–Kaplan Executive Function System-Description Score 2, BVMTR-IR Brief Visuo-Spatial Memory
Test Revised-Immediate Recall, BVMTR-DR Brief Visuo-Spatial Memory Test-Revised-Delayed Recall
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overall measure of cognitive dysfunction (t-CII). A non-
parametric mean group comparisonwas obtained for all scores
as well as for t-CII between MS and HC and within SPMS
(EDSS 4.87 ± 1.10; disease duration 18.10 ± 9.48) and RRMS
(EDSS 2.40 ± 1.03; disease duration 9.21 ± 7.51) by means of
a Mann-Whitney analysis test. Finally, the mean and SD of t-
CII of HC were used to define three degrees of global perfor-
mance: Cognitively Preserved (up to 1 SD >mean), Mildly
Impaired (from 1 to 2 SD above the controls’ mean), and
Severely Impaired (more than 2 SD above controls’ mean).
The percentage of SPMS and RRMS in these three groups
was computed, and a chi-square analysis was performed in
order to assess the statistical difference between groups.

Results

Following the ISTAT data and in order to obtain homo-
geneous data for demographics, the final sample of HC
consisted of 44% of participants from high-density
areas, 39% from areas with middle density, and 16%
from low-density areas; finally, a total of 38 groups of
participants were obtained according to different gender
and demographic characteristics.

Multiple regression analysis

In the HC group, before correlating the scores of each of the
11 scales of the battery with age, sex, and years of education,
the normality of the distribution of each variable was
ascertained by calculating linearity and homoscedasticity. As
reported in Table 2, all scales were significantly correlated
with age and education. The BJLO score was also correlated
with sex, with males performing better than females. The sig-
nificantly correlated demographic variables were then used to
build the regression model to transform the raw scores into
corrected scores.

The regression equation was as follows:

y ¼ −B age� age−51:28ð Þ−B education− education−13:08ð Þ
þ B sex=2ð Þif female or− B sex=2ð Þif male:

The B-scores corresponded to the unstandardized B-coeffi-
cients of the influence of, respectively, age, education, and
sex, on the performance on each given variable, all of which
were derived from the previous multiple regression analysis
(Table 3).

Both MS and HC participants’ scores were corrected using
this formula and then transformed into z-scores by using the
mean and SD of the corrected scores of the HC group.

Group comparisons

The final sample was composed of 217 HC (114 women) and
123 MS (77 women; the chi-squared significance for sex was
.088) (Table 1). The between-group demographic comparison
showed no significance for education but a significant differ-
ence for age (p = .000).

Cognitive Impairment Index estimation

The CII was derived for each score on the 11 scales for both
groups of participants. Table 4 reports the results of the
between-group comparison showing a significant difference
for CII scores between MS and HC on all scales except for the
CVLT2-IR and COWAT. Furthermore, for the MS (RRMS
and SPMS), a significant difference was found in all CII
scores except for the BJLO and the second card set of the
DKEFS for both sorting and description scores (Table 4).

Finally, the t-CII performance of HC was used to define
three degrees of global performance: BCognitively preserved^
performance included subjects who obtained 0–11 points on the
t-CII (from the mean of HC up to 1 SD >mean); Bmildly
impaired^ included subjects who obtained 12–16 points (from
1 to 2 SD above the mean of HC); Bseverely impaired^

Table 2 Correlations between MACFIMS scales and demographic
variables

Pearson’s correlation Chi-squared

Age Education Sex

CVLT2-IR .000 .000 .079

CVLT2-DR .000 .000 .164

SDMT .000 .000 .261

BJLO .000 .000 .000

COWAT .000 .000 .812

DKEFS-CS1 .000 .000 .298

DKEFS-DS1 .000 .000 .273

DKEFS-CS2 .000 .000 .137

DKEFS-DS2 .000 .000 .161

BVMTR-IR .000 .000 .654

BVMTR-DR .000 .000 .992

CVLT2-IR California Verbal Learning Test 2-Immediate Recall, CVLT2-
DR California Verbal Learning Test 2-Delayed Recall, SDMT Symbol
Digit Modalities Test, BJLO Benton Judgment of Line Orientation,
COWAT Controlled Oral Word Association Test, DKEFS-CS1 Delis–
Kaplan Executive Function System-Card Sorting 1, DKEFS-DS1
Delis–Kaplan Executive Function System-Description Score 1,
DKEFS-CS2 Delis–Kaplan Executive Function System-Card Sorting 2,
DKEFS-DS2 Delis–Kaplan Executive Function System-Description
Score 2, BVMTR-IR Brief Visuo-Spatial Memory Test Revised-
Immediate Recall, BVMTR-DR Brief Visuo-Spatial Memory Test-
Revised-Delayed Recall

Each box in the table reports the p value of each combination
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included subjects who obtained a t-CII of 17 or more points (2
SD above HCmean). Table 5 reports the percentages of RRMS
and SPMS in the three degrees of impairment. As reported,
about 46% of our MS patients showed frommoderate to severe
CI, whereas the percentage of HC with CI was around 15%. In
the MS group, the RRMS included 63% of preserved patients
and 37%who showed some degree of impairment. Conversely,
the SPMS group consisted of 32% preserved patients and 68%
mildly to severely impaired patients. The difference in the dis-
tribution of patients in the three conditions was statistically
different in the two groups of patients (Table 5).

Discussion

MACFIMS is one of the most widely used batteries for
assessing all potential cognitive domains that may be involved
in MS [21]. Until now, some of the tests chosen by an expert
panel of psychologists and neuropsychologists to construct
the MACFIMS have been separately validated for Italian.
For example, the BVMT-R [26], DKEFS [33], and SDMT
[32] have been validated in samples with different character-
istics and using different statistical methods (e.g., regression-
based versus discrete norms analysis). Thus, for the purpose of
the present study, we decided that it was preferable to use data
derived from the administration of the battery to a unique
group of HC than to use norms derived from separate test
validations.

Furthermore, in both clinical and research practice, it is
important to have statistical thresholds to define different de-
grees of CI. In fact, it is not only necessary to detect the
presence and degree of CI in MS patients but also to

longitudinally compare the progression of the pathology
among patients, and to compare degrees of impairment in
different samples. Cognitive assessment is also important in
clinical practice to facilitate decisions about pharmacological
(disease modifying drugs or symptomatic treatments) and
non-pharmacological (cognitive rehabilitation) interventions
and to longitudinally monitor progress [36, 37].

All of this requires the availability of an easy and reliable
procedure to transform the scores obtained on different tests
into comparable scores. A first attempt was proposed in a
previous study that introduced the BCognitive Impairment
Index^ [34], in which higher scores were attributed to greater
degrees of impairment. Therefore, we proposed to apply a
scoring procedure, i.e., the CII, that can provide clinicians
with comparable scores that indicate a graduated levels of
cognitive efficiency in MS patients.

When we collected the available Italian validated versions
of all tests in the battery, we decided to include the word list of
the CVLT-II (which is included in the Italian version of the
BICAMS [23]) but added a free delayed recall in order to have
further information about long-term verbal memory efficien-
cy.We also decided not to include the PASAT because a recent
study showed the higher validity of the SDMT compared to
the PASAT-3 s, resulting in a further reduction of about 10min
of administration time [25].

Table 1 shows that HC and MS patients were statistically
different only for age. However, this was acceptable because
the sample of HC had to be representative of the whole pop-
ulation, whereas MS had to represent the MS characteristics.
Furthermore, all test scores had to be corrected for significant
demographic variables before any other analysis could be car-
ried out.

Table 3 MRA equation variables
Constant Age Education Sex R2 SD of residuals

CVLT2-IR 55.486 − .302 .517 n.s. .316 9.076

CVLT2-DR 13.685 − .077 .112 n.s. .239 2.711

SDMT 64.765 − .498 .573 n.s. .452 10.477

BJLO 29.288 − .057 .142 − 2.575 .221 3.493

COWAT 37.532 − .155 .767 n.s. .150 11.323

DKEFS-CS1 4.533 − .191 .109 n.s. .163 1.380

DKEFS-DS1 16.719 − .061 .453 n.s. .145 5.840

DKEFS-CS2 5.665 − .023 .045 n.s. .133 1.236

DKEFS-DS2 21.520 − .092 .233 n.s. .135 5.263

BVMTR-IR 31.117 − .191 .186 n.s. .255 6.077

BVMTR-DR 10.262 − .050 .097 n.s. .160 2.395

CVLT2-IR California Verbal Learning Test 2-Immediate Recall, CVLT2-DR California Verbal Learning Test 2-
Delayed Recall, SDMT Symbol Digit Modalities Test, BJLO Benton Judgment of Line Orientation, COWAT
Controlled Oral Word Association Test, DKEFS-CS1 Delis–Kaplan Executive Function System-Card Sorting 1,
DKEFS-DS1 Delis–Kaplan Executive Function System-Description Score 1, DKEFS-CS2 Delis–Kaplan
Executive Function System-Card Sorting 2, DKEFS-DS2 Delis–Kaplan Executive Function System-
Description Score 2, BVMTR-IR Brief Visuo-Spatial Memory Test Revised-Immediate Recall, BVMTR-DR
Brief Visuo-Spatial Memory Test-Revised-Delayed Recall

Neurol Sci (2018) 39:1237–1244 1241



Results of the correlation analysis in the HC sample
showed that all test scores were significantly correlated with
age and education, as expected; by contrast, BJLO perfor-
mances were also influenced by sex, with men outperforming
women, as expected for visuo-spatial tasks [38, 39].

Several observations can be made from the different CII
derived from our statistical analysis. Interestingly, in MS, the
presence of CI is estimated to be present in about 50% of all
cases, as expected, and assumes a specific pattern in two
forms: In the RRMS group, 62.7% of the patients were clas-
sified as cognitively preserved and only 37.3% showed mild
to severe impairment. This percentage is in line with that of a
previous study in an Italian sample of RRMS [32]. In this
study, the percentage of impaired patients reached 39.3%.
Conversely, in the SPMS group, the pattern was in the oppo-
site direction: Only 32.4% of SPMS was classified as cogni-
tively preserved, whereas 67.6% ranged from mild to severe
cognitive impairment with 51.4% of SPMS in the severely
impaired group. This percentage is also in line with a previous
study of a sample of Italian MS patients (including a cohort of
SPMS) in which the percentage of patients with CI in the
secondary progressive course was 53% [40].

These results confirm that the CII procedure applied
to the MACFIMS battery has a certain reliability in de-
tecting cognitive impairment in both relapsing-remitting
and secondary- progressive MS patients and that it can
also detect specific degrees of impairment between the
two types of MS courses. This may help clinicians in
their longitudinal work with patients and in adequately
directing cognitive rehabilitation programs that can ben-
efit patients most. Furthermore, it is important to have a
clear definition of the cognitive profile of patients so that
adequate pharmacological and non-pharmacological ther-
apies can be proposed and so that their efficiency can be
monitored longitudinally.

Despite the importance of providing an Italian version of
the MACFIMS battery as a specific and widely recognized
tool for assessing cognitive impairment in MS and proposing
the CII as a procedure to define different degrees of impair-
ment, this study has the limitation of having removed some
scores from each test. However, this choice was made to pro-
vide clinicians with a complete battery that can be adminis-
tered in a clinical setting with a reliable scoring procedure that
can be applied in everyday clinical practice.
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Table 4 Comparison of the CII scores between MS and HC and within
MS

Cognitive Impairment Index

Mann-Whitney Mann-Whitney

CVLT2-IR MS .622 RRMS .000
HC SPMS

CVLT2-DR MS .000 RRMS .005
HC SPMS

SDMT MS .001 RRMS .000
HC SPMS

BJLO MS .000 RRMS .451
HC SPMS

COWAT MS .215 RRMS .000
HC SPMS

DKEFS-CS1 MS .000 RRMS .007
HC SPMS

DKEFS-DS1 MS .000 RRMS .020
HC SPMS

DKEFS-CS2 MS .000 RRMS .471
HC SPMS

DKEFS-DS2 MS .000 RRMS .860
HC SPMS

BVMTR-TR MS .001 RRMS .001
HC SPMS

BVMTR-DR MS .012 RRMS .001
HC SPMS

t-CII MS .000 RRMS .000
HC SPMS

HC healthy controls,MS patients with multiple sclerosis, RRMS patients
with relapsing-remitting MS, SPMS patients with secondary progressive
MS, CVLT-IR California Verbal Learning Test 2-Immediate Recall,
CVLT-DR California Verbal Learning Test 2-Delayed Recall, SDMT
Symbol Digit Modalities Test, BJLO Benton Judgment of Line
Orientation, COWAT Controlled Oral Word Association Test, DKEFS-
CS1 Delis–Kaplan Executive Function System-Card Sorting 1, DKEFS-
DS1 Delis–Kaplan Executive Function System-Description Score 1,
DKEFS-CS2 Delis–Kaplan Executive Function System-Card Sorting 2,
DKEFS-DS2 Delis–Kaplan Executive Function System-Description
Score 2, BVMTR-IR Brief Visuo-Spatial Memory Test Revised-
Immediate Recall, BVMTR-DR Brief Visuo-Spatial Memory Test-
Revised-Delayed Recall, t-CII Total Cognitive Impairment Index

Table 5 Distribution of degrees of impairment in HC, MS, RRMS, and
SPMS

MS HC RRMS SPMS Sig.*

Cognitively preserved 53.7% 83.9% 62.7% 32.4% .000

Mildly impaired 20.3% 10.6% 21.6% 16.2% .000

Severely impaired 26% 5.5% 15.7% 51.4% .000

HC healthy controls,MS patients with Multiple Sclerosis, RRMS patients
with relapsing-remitting MS, SPMS patients with secondary progressive
MS

*Chi-square significance between RRMS and SPMS

Each box in the table reports the p value of each combination
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May 28, 2014 (Prot. CE/PROG.444-09). Informed consent was obtained
from all individual participants included in the study. We thank the pa-
tients for their willing participation in the study.
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