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Abstract
Cognitive impairment is common in multiple sclerosis (MS), and research has emphasized the crucial role of cognitive assess-
ment in disease monitoring. The minimal neuropsychological assessment of MS (MACFIMS) represents one of the neuropsy-
chological batteries most widely used throughout the world. To date, a complete validation, as well as normative values of an
alternative form, is lacking in the Italian population, limiting the use of this tool in longitudinal assessment. A total of 200 healthy
subjects (127 females and 73 males) were recruited from the community in 8 Italian cities and were evaluated with the
MACFIMS at baseline and reassessed with an alternate form of the same battery after 12 months. Regression-based norms that
account for demographic influences on test performance were calculated at each time point (baseline and follow-up). The study
provides, for the first time, normative values of two forms of the MACFIMS battery for the Italian population. Data application
allows clinicians to monitor the performance of cognitive functions over time and to better understand the efficacy of both
pharmacological and non-pharmacological interventions in clinical practice and research.
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Background

Cognitive dysfunction is common and often severe in multiple
sclerosis (MS) and can represent a major clinical aspect of the
disease. Studies suggest the crucial role of neuropsychological
evaluation in monitoring disease progression and in predicting
an earlier conversion to MS in patients with CIS compared
with physical symptoms/signs [1, 2]. Cognitive impairment

upsets lives, employment status, and can have meaningful
negative consequences, caregiver burden, and social function-
ing, thereby affecting overall quality of life of the person with
MS and the family [3–7]. Cognitive deficits are more frequent
in progressive MS and appear to be mainly related to an older
age and higher levels of disability [8, 9]. Prevalence rates,
based on several studies, lie in a wide range between 40 and
70% of MS patients with cognitive dysfunction [10].
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Symptoms and severity can be extremely variable and may be
influenced by the presence of mood disorders (i.e., depression
and anxiety) and/or fatigue [5, 11]. In adult MS, attention and
concentration, information processing speed, executive func-
tions, and memory are the most affected cognitive domains,
whereas dementia is rare [12]. Considering the high costs of
an extended neuropsychological assessment in terms of time
and money in the routine evaluation of MS patients, a number
of brief cognitive screening batteries have been developed
[13–15].

The National Multiple Sclerosis Society (NMSS) in the
USA has recently published recommendations for cognitive
screening and management in MS care [16]. In particular, the
NMSS suggests the use of the Symbol Digit Modalities Test
or similar validated instrument for screening adults with stable
MS. In order to monitor the progression of the disease over
time as well as the effects of treatment (e.g., starting/changing
disease-modifying therapy), experts recommend the use of the
same test annually, integrating this with a more comprehen-
sive neuropsychological assessment when impairment or
worsening cognitive performance on the screening tool
emerges. Several instruments have been developed specifical-
ly for the evaluation of cognitive impairment in individuals
with MS. The Brief Repeatable Battery (BRB) and the mini-
mal neuropsychological assessment of MS (MACFIMS) rep-
resent the most widely used neuropsychological batteries,
both in clinical practice and in research, due to excellent psy-
chometric properties, as well as the availability of alternate
forms for longitudinal assessment [17, 18]. The BRB and
MACFIMS overlap on a number of measures, although the
latter includes tasks exploring executive functions. A recent
study compared the sensitivity of these two batteries in detect-
ing cognitive impairment in patients with MS and reported
that the BRB and MACFIMS are comparable in their overall
sensitivity. Although the comparison of the two batteries re-
vealed a greater discriminative validity of the visuospatial
memory test of the MACFIMS, the sensitivity of the verbal
memory test was similar in the two batteries [19]. Currently,
the BRB has normative values for the Italian population and
represents the only available battery for detecting cognitive
dysfunction in clinical practice. With this background, the
aim of the study was to complete the translation of the
MACFIMS in Italian and to validate two alternate forms, pro-
viding normative values adjusted for age, sex, and education.

Methods

A total of 200 healthy subjects were recruited from the commu-
nity in 8 Italian cities across the country (Bari, Brescia, Catania,
Chieti, Crema, Florence, Milan, Rome). The sample size was
determined on the basis of recent normative neuropsychological
battery studies in the Italian population [20, 21], assuring

representativeness of the MS population through adequate strat-
ification according to age, sex, and education. Exclusion criteria
included severe visual or hearing impairment, any neurological
or psychiatric diagnosis, history of alcohol or drug abuse, and
learning or intellectual disability. Depression was assessed with
the Beck Depression Inventory II. A score of 14 or above is
indicative of depressive symptoms [22–24]. Subjects with a
Beck Depression Inventory score of greater or equal to 14 were
excluded fromparticipating in the study. Subjects were evaluated
at baseline and reevaluated with an alternate form of the same
battery after 12 months.

The study was approved by the Ethics Committee for the
Region of Liguria (P.R. 549REG2015). Study subjects pro-
vided signed informed consent.

Methods

Subjects at each site were evaluated by the same neuropsy-
chologist who received training in order to standardize the
administration, registration, and scoring procedures. Tests
were administered in the same order according to the recom-
mendations of the panel of experts who developed the
MACFIMS battery [18].

MACFIMS neuropsychological battery

The Controlled Oral Word Association Test (COWAT) mea-
sures phonemic fluency or language efficiency and research
speed [25]. During the task, the subject has 1 min to generate
as many words as possible that start with a stimulus letter pro-
vided by the test administrator. Three trials with three different
letters are conducted. For use in an Italian population, the stim-
ulus letters, typically part of the COWAT, were substituted with
letters more common to the Italian language [26, 27].

The Brief Visuospatial Memory Test-Revised (BVMT-R) is a
measure of visuospatial learning and memory [28]. The subject
is asked to observe a matrix containing 10 abstract figures for
10 s and reproduce the drawing as faithfully as possible with a
pencil on a white sheet of paper. The matrix is presented and
reproduced three times. Each design is given a score of 0, 1, or 2,
depending on whether the reproduction is accurate and posi-
tioned correctly on the page. The total score is the sum of the
scores obtained in the three presentations. After about 20–
25 min, the subject is asked to reproduce the matrix again as
shown previously, from memory. The test also provides the as-
sessment of visuospatial memory through a recognition task.

The Paced Auditory Serial Addiction Test (PASAT) is a mea-
sure of sustained attention and information processing speed
[29]. The subject listens to an audio recording of a voice stating
61 one-digit numbers. The subject must add the last number
heard to the previous one. The two versions of the PASAT
administer the numbers at 3- and 2-s intervals. The total score
is the number of correct answers in each trial (range 0–60).
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The Judgment of Line Orientation (JLO) test is a measure
of visuospatial perception [30]. Subjects are asked to match
two lines to a set of 11 lines arranged in a 180° semi-circle.
The total score is the number of correct answers over 30 items.

The California Verbal Learning Test-II (CVLT) is a mea-
sure of episodic verbal learning and memory [31]. The admin-
istrator reads a list of 16 words, at 1-s intervals, in a fixed
order, over five learning trials. After each trial, the subject is
asked to recall as many words as possible in any order (free
recall). After 30 min, the subject is asked to recall the words
learned previously (long delay recall). The CVLT contains
standard and alternate forms. At baseline, the word list
contained in the short Brief International Cognitive
Assessment for MS (BICAMS) battery was used since it
was available in Italian [21]. An alternate form was used to
minimize practice effect at follow-up. The alternative version
was translated by a bilingual translator into Italian and subse-
quently back translated by an independent translator in order
to verify correctness (copyright permission Pearson, 2017).

The Symbol Digit Modalities Test (SDMT) is a measure of
attention, information processing speed, and visual scanning
by substitution [32]. Using a reference key, subjects are re-
quired to match nine abstract symbols paired with numerical
digits as quickly as possible. A pre-test with 10 items was
performed. The total score is the correct number of pairings
in 90 s, and scores range between 0 and 110. The oral response
format of the SDMTwas administered.

The Delis–Kaplan Executive Function System Sorting Test
(D-KEFS ST) free condition is a measure of executive function,
in particular, assessing concept formation and the ability to ex-
plain sorting concepts abstractly [33]. At baseline and follow-up,
the words on card sets 1–2 (standard form) and 3–4 (alternate
form) were used since it was available in Italian [34]. A screen-
ing pre-test precedes the examination during which each partic-
ipant reads 24 words and the administrator verifies the subject’s
knowledge of each word. Six cards (practice set) are shown to
explain the task. Subjects observe different card sorting and clas-
sification possibilities (perceptive and verbal criteria). The
sorting task consists of dividing the six stimulus cards into two
groups (categorization) of three cards each (description) on the
basis of perceptive (e.g., color, shape, ...) or semantic lexical

characteristics (words displayed on the cards). Eight sorting,
three verbal, and five perceptive criteria are possible for each
card set. The maximum categorization and description score
are 8 and 32, respectively, for each card set.

Statistical analysis

Group comparisonswere assessed through the Student’s t test for
unpaired samples, theMann–Whitney test, and the χ2 test, when
appropriate. An alpha = 0.05 was considered statistically signif-
icant. Regression-based normswere calculated at each time point
(baseline and follow-up) following the previously described pro-
cedure used for the English version of the MACFIMS [35] In
particular, the control group’s raw scores on each neuropsycho-
logical measure were converted to scaled scores using the cumu-
lative frequency distribution of each measure (M = 10, SD = 3).

Table 2 Neuropsychological performance

Baseline (#200) Follow-up (#200) p

COWAT 39.9 + 10.4 43.0 + 11.4 NS

JLO 24.4 + 4.2 25.3 + 3.4 NS

CVLT-II total learn 56.0 + 10.0 56.3 + 9.3 NS

CVLT-II delay rec 12.9 + 2.6 12.7 + 2.7 NS

BVMT-R total learn 28.1 + 5.4 28.5 + 5.9 NS

BVMT-R delay rec 10.8 + 1.7 10.9 + 1.4 NS

PASAT 3 44.0 + 10.6 46.4 + 10.7 NS

PASAT 2 33.5 + 10.1 36.4 + 10.6 NS

SDMT 55.3 + 10.5 55.5 + 12.5 NS

D-KEFS correct sort 10.6 + 2.9 10.1 + 2.8 NS

D-KEFS descript 37.8 + 15.2 38.1 + 10.5 NS

Administration time (min) 52.0 + 12.3 53.0 + 7.0 NS

NS, not significant; COWAT, Controlled Oral Word Association Test;
JLO, Judgment of Line Orientation Test; CVLT-II total learn, California
Verbal Learning Test-II total learning; CVLT-II delay rec, California
Verbal Learning Test delay recall; BVMT-R total learn, Brief
Visuospatial Memory Test-Revised total learning; BVMT-R delay rec,
Brief Visuospatial Memory Test-Revised delay recall; PASAT 3, Paced
Auditory Serial Addiction Test 3 s; PASAT 2, Paced Auditory Serial
Addiction Test 2 s; SDMT, Symbol Digit Modalities Test; D-KEFS cor-
rect sort, Delis–Kaplan Sorting Test correct sorting; D-KEFS descript,
Delis–Kaplan Sorting Test Description score

Table 1 Characteristics of the study sample

Total Center 1
BA

Center 2
BS

Center 3
CH

Center 4
CR

Center 5
CT

Center 6 FI Center 7MI Center 8
RM

p

Age 39.2 + 12.2 38.9 + 11.7 39.0 + 12.4 38.9 + 13.6 38.7 + 11.4 38.5 + 12.0 40.5 + 12.5 38.7 + 13.5 40.1 + 11.9 0.999

Sex

Female #
(%)

127 (63.5) 15 (60.0) 16 (64.0) 16 (64.0) 16 (64.0) 16 (64.0) 16 (64.0) 16 (64.0) 16 (64.0) > 0.9

Male # (%) 73 (36.5) 10 (40.0) 9 (36.0) 9 (36.0) 9 (36.0) 9 (36.0) 9 (36.0) 9 (36.0) 9 (36.0)

Education 14.4 + 3.2 13.7 + 3.4 14.4 + 4.3 13.6 + 3.4 14.5 + 3.3 15.2 + 2.7 14.7 + 2.9 14.5 + 2.3 14.2 + 3.1 0.746

BA, Bari; BS, Brescia; CH, Chieti; CR, Crema; FI, Florence; MI, Milan; RM, Rome
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We then regressed the resulting scaled scores on age, age-
squared, sex (male = 1; female = 2), and education entered en
bloc. The inclusion of a term of age-squared allowed the correc-
tion for the nonlinear relationship between age and cognition.
The assumptions of regression analysis were tested by
conducting a Kolmogorov–Smirnov test to evaluate the normal-
ity of the residuals (the Kolmogorov–Smirnov test should not be
significant). Normative data was established as follows: partici-
pants’ raw test scores were converted to scaled scores using the
raw-to-scale score conversions derived from healthy controls.
Next, the multiple regression equations derived from healthy
controls were applied to compute demographically predicted
scores for each participant. These predicted scores were then
subtracted from each participant’s actual scores and the differ-
ences divided by the standard deviation of the control group’s
raw residuals for each measure (obtaining the z-score). All anal-
yses were performed using the SPSS 24 for Windows (SPSS,
Chicago, IL, USA).

Results

The demographic characteristics of the sample are reported in
Table 1. Age of the enrolled subjects ranged from 18 to
65 years. There was no significant difference between healthy
controls recruited in different cities. Neuropsychological per-
formance at baseline and follow-up is reported in Table 2.
There were no significant differences between the scores ob-
tained at baseline and at the 12-month follow-up. Regarding
the baseline assessment (MACFIMS version A), Table 3

Table 3 MACFIMS version A: raw score to scaled score conversions

Scaled
score

COWAT JLO CVLT-II total
learn

CVLT-II
delay rec

BVMT-R total
learn

BVMT-R
delay rec

PASAT
3

PASAT
2

SDMT D-KEFS
correct sort

D-KEFS
descript

18 ≥ 63 ≥ 75 36 60 > 56 > 83 > 63
17 61–62 73–74 53–56 78–83 16
16 60 30 71–72 16 35 59 52 73–77 62–63
15 55–59 70 34 57–58 49–51 69–72 15 57–61
14 51–54 29 66–69 56 47–48 66–68 14 56
13 48–50 28 63–65 15 33 12 53–55 42–46 64–65 13 52–55
12 45–47 27 61–62 31–32 50–52 38–41 60–63 12 46–51
11 42–44 26 59–60 14 30 46–49 35–37 56–59 11 44–45
10 39–41 24–25 56–58 13 28–29 11 44–45 31–34 53–55 40–43
9 35–38 22–23 52–55 12 26–27 40–43 28–30 50–52 10 37–39
8 31–34 20–21 50–51 11 24–25 10 37–39 26–27 47–49 9 32–36
7 28–30 19 44–49 10 22–23 9 30–36 22–25 43–46 8 31
6 25–27 17–18 39–43 8–9 18–21 8 28–29 21 41–42 29–30
5 21–24 16 36–38 7 16–17 6–7 24–27 17–20 38–40 7 23–28
4 15–20 14–15 27–35 6 13–15 5 11–23 8–16 36–37 5–6 17–22
3 14 12–13 17–26 < 13 4–10 < 8 33–35 4 13–16
2 < 14 < 12 < 17 5 < 5 < 4 < 33 < 4 < 13

COWAT, Controlled Oral Word Association Test; JLO, Judgment of Line Orientation Test; CVLT-II total learn, California Verbal Learning Test-II total
learning; CVLT-II delay rec, California Verbal Learning Test delay recall; BVMT-R total learn, Brief Visuospatial Memory Test-Revised total learning;
BVMT-R delay rec, Brief Visuospatial Memory Test-Revised delay recall; PASAT 3, Paced Auditory Serial Addiction Test 3 s; PASAT 2, Paced Auditory
Serial Addiction Test 2 s; SDMT, Symbol Digit Modalities Test; D-KEFS correct sort, Delis–Kaplan Sorting Test correct sorting; D-KEFS descript,
Delis–Kaplan Sorting Test Description score

Table 4 MACFIMS
version A: standard
deviation of the residual

SD Residual

COWAT 2.970

JLO 2.802

CVLT-II total learn 2.931

CVLT-II delay rec 3.100

BVMT-R total learn 2.994

BVMT-R delay rec 2.661

PASAT 3 2.925

PASAT 2 2.807

SDMT 2.720

D-KEFS correct sort 2.736

D-KEFS descript 2.809

SD , s tandard devia t ion; COWAT,
Controlled Oral Word Association Test;
JLO, Judgment of Line Orientation Test;
CVLT-II total learn, California Verbal
Learning Test-II total learning; CVLT-II
delay rec, California Verbal Learning Test
delay recall; BVMT-R total learn, Brief
Visuospatial Memory Test-Revised total
learning; BVMT-R delay rec, Brief
Visuospatial Memory Test-Revised delay
recall; PASAT 3, Paced Auditory Serial
Addiction Test 3 s; PASAT 2, Paced
Auditory Serial Addiction Test 2 s;
SDMT, Symbol Digit Modalities Test; D-
KEFS correct sort, Delis–Kaplan Sorting
Test correct sorting; D-KEFS descript,
Delis–Kaplan Sorting Test Description
score
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Table 5 MACFIMS version A: final regression models

Measure Predictor B Standard error B Standardized B T Total R2

COWAT Constant 7.517 2.417 3.110 0.069

Age − 0.078 0.119 − 0.310 − 0.658
Age2 0.001 0.001 0.442 0.931

Sex − 0.088 0.441 − 0.014 − 0.199
Education 0.250 0.069 0.260 3.594

JLO Constant 14.700 2.280 6.446 0.167
Age − 0.172 0.112 − 0.683 − 1.533
Age2 0.002 0.001 0.576 1.283

Sex − 2.048 0.416 − 0.322 − 4.923
Education 0.213 0.066 0.222 3.253

CVLT-II total learn Constant 7.671 2.386 3.215 0.105
Age 0.025 0.117 0.099 0.213

Age2 − 0.001 0.001 − 0.279 − 0.601
Sex − 0.107 0.435 − 0.017 − 0.246
Education 0.224 0.069 0.232 3.270

CVLT-II delay rec Constant 7.750 2.524 3.071 0.115
Age 0.066 0.124 0.243 0.528

Age2 − 0.002 0.002 − 0.491 − 1.062
Sex 0.300 0.460 0.044 0.652

Education 0.173 0.073 0.168 2.383

BVMT-R total learn Constant 13.806 2.437 5.664 0.137
Age − 0.161 0.120 − 0.611 − 1.346
Age2 0.001 0.001 0.267 0.585

Sex 0.269 0.445 0.040 0.605

Education 0.080 0.070 0.079 1.137

BVMT-R delay rec Constant 7.986 2.166 3.688 0.124
Age − 0.016 0.107 − 0.070 − 0.153
Age2 0.0001 0.001 − 0.073 − 0.158
Sex − 0.114 0.395 − 0.019 − 0.289
Education 0.265 0.062 0.299 4.259

PASAT 3 Constant 9.618 2.381 4.040 0.152
Age − 0.125 0.117 − 0.480 − 1.068
Age2 0.001 0.001 0.395 0.872

Sex − 0.949 0.434 − 0.144 − 2.184
Education 0.349 0.068 0.351 5.095

PASAT 2 Constant 7.675 2.285 3.359 0.121
Age − 0.012 0.112 − 0.050 − 0.110
Age2 0.0001 0.001 0.066 0.142

Sex − 0.967 0.417 − 0.156 − 2.320
Education 0.300 0.066 0.321 4.569

SDMT Constant 9.731 2.214 4.395 0.191
Age − 0.044 0.109 − 0.176 − 0.401
Age2 − 0.001 0.001 − 0.169 − 0.383
Sex 0.099 0.404 0.016 0.246

Education 0.201 0.064 0.213 3.160

D-KEFS correct sort Constant 10.345 2.378 4.349 0.166
Age − 0.113 0.116 − 0.463 − 0.975
Age2 0.001 0.001 0.287 0.601

Sex − 0.685 0.437 − 0.110 − 1.568
Education 0.316 0.070 0.334 4.528

D-KEFS descript Constant 9.137 2.441 3.742 0.115
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reports the raw-to-scale score conversion (M = 10, SD = 3)
using the cumulative frequency distribution of each measure
of the MACFIMS. Table 4 shows the normal control regres-
sion models for the baseline version of the MACFIMS. All
models include age, age-squared, sex (male = 1; female = 2),
and education. The Kolmogorov–Smirnov test on the distri-
bution of the residuals was negative for all models (p > 0.06).
The standard deviations of the residuals for the MACFIMS
version A are reported in Table 5.

For the follow-up assessment (MACFIMS version B),
Table 6 (online resource 6) reports the raw-to-scale score con-
version (M = 10, SD = 3) using the cumulative frequency dis-
tribution of each measure of the MACFIMS. Table 7
(online resource 7) shows the normal control regression
models for the follow-up version of the MACFIMS. All
models include age, age-squared, sex (male = 1; female = 2),
and education. The Kolmogorov–Smirnov test on the distri-
bution of the residuals was negative for all models (p > 0.06).
The standard deviations of the residuals for the MACFIMS
version B are reported in Table 8 (online resource 8).

These models can be applied to convert raw scores from a
subject with MS to regression-based T score. Figure 1 pro-
vides an example.

Discussion

For years, the literature and scientific organizations have rec-
ognized the importance of cognitive assessment in MS. For
this reason, various neuropsychological batteries have been
developed for both clinical practice and for research.
Recently, an algorithm for the management of cognitive func-
tions in people with MS was proposed [2]. In particular, the
authors suggest that cognitive functions should be evaluated
annually with short batteries such as the BICAMS and, in case
of cognitive decline evidenced at screening, extended to more
in-depth assessment. While brief screening batteries are in-
creasingly recognized as key tools for application in everyday
clinical practice, more extensive and comprehensive neuro-
psychological batteries remain of critical importance in order

to obtain a more precise cognitive profile necessary for plan-
ning tailored rehabilitation.

Among the available tools in MS, the BRB and the
MACFIMS are the batteries more extensively used through-
out the world. Further, evidence from several studies have
shown their excellent psychometric properties in detecting
and characterizing cognitive dysfunction in MS. Compared
with the BRB, the MACFIMS has the advantage of exploring
executive functions, providing a more comprehensive picture
of the neuropsychological profile of individuals with MS [18,
19]. In order to be able to use these cognitive batteries in
different countries, validated versions, as well as country-
specific normative data, are essential [36–38].

While both forms of the BRB have been validated and
normative data produced for the Italian population, a com-
plete validation of the MACFIMS was lacking [20, 39].
The current study provides the Italian translation and val-
idation for both baseline and alternate forms of the
MACFIMS. Both baseline and alternate versions were
translated and validated on the same normative sample,
which addresses possible practice effects in longitudinal
evaluations. Normative scoring has been developed

Fig. 1 An example of using the models to convert raw scores from a
subject with MS to regression-based T scores

Table 5 (continued)

Measure Predictor B Standard error B Standardized B T Total R2

Age − 0.045 0.119 − 0.187 − 0.381
Age2 0.0001 0.001 0.071 0.145

Sex − 0.784 0.448 − 0.126 − 1.750
Education 0.265 0.072 0.281 3.698

COWAT, Controlled Oral Word Association Test; JLO, Judgment of Line Orientation Test; CVLT-II total learn, California Verbal Learning Test-II total
learning; CVLT-II delay rec, California Verbal Learning Test delay recall; BVMT-R total learn, Brief Visuospatial Memory Test-Revised total learning;
BVMT-R delay rec, Brief Visuospatial Memory Test-Revised delay recall; PASAT 3, Paced Auditory Serial Addiction Test 3 s; PASAT 2, Paced Auditory
Serial Addiction Test 2 s; SDMT, Symbol Digit Modalities Test; D-KEFS correct sort, Delis–Kaplan Sorting Test correct sorting; D-KEFS descript,
Delis–Kaplan Sorting Test Description score
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following the procedure applied for the original version by
Parmenter and colleagues [35]. This provides regression-
based norms that account for demographic influences on
test performance, using the entire normative sample rather
than smaller subgroups for the computation of demograph-
ic stratification. Moreover, it has been suggested that
regression-based adjustment provides some measurement
advantages as compared with discrete norms [35].

Previously, two Italian validation studies of the MACFIMS
were published [40, 41]. The paper by Migliore and colleagues
mainly focused on criteria and, partially, construct validity, dem-
onstrating good performance of the tests in the Italian population
[40]. The authors did not provide normative values. In the sec-
ond paper [41], demographically adjusted normative valueswere
provided for only the baseline version of the MACFIMS.
Moreover, the authors decided to eliminate the PASAT from
the battery, and to calculate an overall cognitive impairment
index without assessing cognitive performance on each task.
Furthermore, corrected scores were not provided, limiting the
applicability of the procedure. The current study, in comparison
with previous studies, demonstrates higher scores on the major-
ity of neuropsychological tests (in particular, CVLT-II total learn-
ing and SDMT, compared with both studies, and BVMT-R and
D-KEFS scores compared with study by Argento et al. [41]).
This may be, at least in part, due to a younger sample in the
current study. Indeed, scores on the CVLT-II total learning,
SDMT, and BVMT-R were similar to those reported in the
Italian validation of the BICAMS, where the age of the sample
was similar to that of the present study [21].

In interpreting the study findings, a few limitations should
be taken into account. Although healthy subjects were recruit-
ed in 8 different Italian cities covering the entire country, the
study sample could not be entirely representative of the gen-
eral Italian MS population. Further, a cohort of relatively
young subjects (age range 18–65 years) renders it difficult to
apply the normative scores in elderly individuals.

In conclusion, to our knowledge, this is the first calculation
of regression-based normative values of the complete
MACFIMS battery for the Italian population. The application
of these data can assist neurologists and neuropsychologists in
Italy in the characterization of disease-related cognitive im-
pairment, in order to promote a tailored rehabilitation ap-
proach. Moreover, the validation of a longitudinal assessment
tool can contribute to evaluating the efficacy of pharmacolog-
ical and non-pharmacological therapies in both research and
clinical practice.
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