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Abstract

Primary objective: The cognitive profile of patients with Multiple Sclerosis in the Brazilian population is relatively unknown
and no cognitive screening instruments have been developed for this population. The purpose of the present study was to
develop a neuropsychological screening instrument battery to identify cognitive impairment in epidemiological research

15 protocols in this country.
Methods and procedures: Fifty-four patients with Relapsing-Remitting Multiple Sclerosis (RRMS) and 54 controls matched
by sex, age and educational level were evaluated through a long and comprehensive neuropsychological test battery.
Main outcomes and results: In comparison to the control group, 51.8% of the patients with RRMS presented some form of
cognitive impairment. Three neuropsychological tests—Verbal Fluency, Rey Auditory Verbal Learning and Enhanced Cued

20 Recall—presented an 80.6% sensitivity and 97.2% specificity in differentiating RRMS patients with cognitive deficits from
paired control subjects.
Conclusions: These three tests constitute a Brief Battery that represents a first Brazilian MS cognitive screening instrument.
However, further validation study is necessary to achieve better normative scores in a larger sample and to establish
feasibility of this battery.
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Introduction

Multiple Sclerosis (MS) is an inflammatory,

demyelinating and idiopathic disease of the central

nervous system with a chronic and progressive

30 course [1]. The disease affects young adults with

typical central nervous systems symptoms, i.e. motor,

sensitivity, brainstem, cerebellar, sphincter and

mental (cognitive and emotional) dysfunctions [2].

There are three main clinical MS sub-types:

35 Relapsing-Remitting (RR), Primary Progressive

(PP) and Secondary Progressive (SP). Each of them

have different clinical [3], physiopathological [4] and

cognitive [5–7] profiles.

Neuropsychological studies estimated that
40�40–60% of MS patients present some sort of

cognitive impairment [8–10]. The most common

cognitive deficits are seen in attention, episodic

memory, speed of information processing and

executive functions. General intelligence, language
45and semantic memory are usually spared,

highlighting a pattern of subcortical cognitive

dysfunction [6,10–21], although cortical pathologies

have been also associated with cognitive impairment

in MS [4,22,23].
50Cognitive deficits have a major impact on patient’s

quality of life. They can cause high rates of

unemployment, difficulties with household tasks
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and social interaction problems [13,24–26].

Depression and fatigue are frequent but their
55 relationships to cognitive dysfunctions are not

consistent. Depression as well as cognitive dys-

function seems to be a result of subcortical lesions

[11,27].

The clinical neurological evaluation, as well as
60 other common measures such as the Expanded

Disability Status Examination Scale (EDSS) [2] or

the Mini-Mental Status Examination (MMSE) [28]

are usually unable to detect the mild cognitive

deficits in MS patients [10,16,29–31]. Neuro-
65 psychological tests have been shown to be the best

instruments for evaluating cognition in MS and a

large number of neuropsychological test batteries

have been developed for this purpose [10,29,32–34].

Cross-cultural differences are considered to be an
70 important issue in any research that deals with

cognition assessment and neuropsychological eva-

luation [35–37]. In this regard, there are very few

data available on cognitive impairment among

Brazilian MS population. In fact, only one study
75 [38] has been carried with 25 Brazilian RRMS

patients. According to this study, patients’ general

intelligence was well-preserved but a low perfor-

mance was observed in verbal and visual long-term

memory tests as well as in time-based tasks.
80 A tendency towards depression, but not in anxiety,

was also observed. Unfortunately, this study did not

attempt to develop a brief cognitive test battery for

screening purposes.

In the present paper, the cognitive profile of
85 a Brazilian RRMS patients sample was investigated

with a long and comprehensive neuropsychological

battery. Based on this profile, a brief neuropsy-

chological screening battery with the ability to

identify cognitive deficits among this population is
90 proposed. The main goal is to use this instrument

in research protocols in order to investigate

epidemiological prevalence of cognitive impairment

in the MS population. Furthermore, after a

validation study, this screening battery can be
95 incorporated in clinical practice as the starting

point of reference for a comprehensive neuropsy-

chological evaluation.

Method

Participants

100 Patients were consecutively admitted for neuro-

logical assistance at the Demyelinating Disease

Sector at Lagoa Hospital in Rio de Janeiro. All

patients were diagnosed with RRMS according

Poser’s criteria [39] for clinically-defined MS
105 and having mild-to-moderate levels of impairment

(1–6.5) in the Expanded Disability Status

Scale–EDSS [2]. Four excluding criteria were

employed in order to prevent possible interferences

in neuropsychological test performance: (1) presence
110of visual or motor deficits that compromise adequate

response on cognitive tests; (2) state of acute bout or

worsening of the symptoms; (3) use of psychoactive

substances other than prescribed anti-depressants;

and (4) co-existent clinical conditions (clinical
115depression, thyroid alterations, systemic high blood

pressure, HIV, syphilis and other neurological and

psychiatric diseases) that interferes with cognition.

All patients underwent standard medical and

psychological interview, analyses of the medical
120records, neurological examination, MRI exam and

cerebral spinal fluid investigation, in order to fulfil

the above criteria.

Healthy adult subjects matched to RRMS patients

according to their sex, age and education level were
125employed as a paired control group. They were

recruited among relatives and friends of the

medical team of the hospital. The same interview

applied to patients was conducted in order to

exclude healthy participants who had a history of
130substance abuse or were currently using psychoac-

tive substances. Participants who presented neuro-

logical, psychiatric or any other disorder that could

potentially affect cognition were excluded from the

control group.

135Measures

Table I show the neuropsychological battery

employed in the present study. Dementia screening

was performed by the Memory-Information-

Concentration test (MIC) [40] which has several
140advantages over the MMSE since it does not contain

visual or motor tasks [28]. Attention and speed of

information processing were evaluated by the Digit

Symbol-Oral version [16,41]. It was decided to

employ this test (and not ‘gold-standard’ Symbol
145Digit Modality [20]) because it is based on the

graphic equivalent of the WAIS III Battery and was

adapted by this group to eliminate the motor aspect

in response performance [16]. Attention span and

working memory were assessed by the Digit
150Span Forward and Backward, respectively (WAIS

III Battery) [41].

The Rey Auditory Verbal Learning test (RAVLT)

[42] was employed to measure long-term verbal

memory. One phase of late free recall and another
155one related to recognition were included so that

these two memory processes could also be evaluated.

Long-term memory was also accessed by the

Buschke Enhanced Cued Recall Test (BECR)

[43]. This is an important test since it evaluates
160simultaneously verbal and non-verbal memory,

long-term memory with the aid of semantic clues

2 M. A. Negreiros et al.
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during the recall period. Verbal fluency was tested by

the Controlled Verbal Oral Association test

(COWAT). This is a measure of verbal output and
165 executive function which include Phonetic (F.A.S.)

and Semantic (animals and fruits) words [44].

Finally, abstract thinking was evaluated through

the Raven Progressive Matrices [45]. To reduce a

fatigue effect and avoid testing time period, only
170 series A and C of the original form of this test were

employed.

Data analysis

Results are presented as means and their respective

standard error (�SEM). A two-tail student t-test
175 was employed to detect mean significant differences

between RRMS and control groups among the 26

cognitive variable indices. The chi-square test was

used to identify percentage differences between the

two groups. A Pearson correlation analysis was used
180 to assess the relationship between cognitive deficit

among the MS patients and the severity of the

disease according to the Expanded Disability Status

Scale (EDSS). A p-value of 0.05 was considered

statistically significant.
185 Cognitive dysfunction was defined according to

the procedure employed by Rao et al. [10], which

controls for eventual individual differences in

pre-morbid cognitive abilities. A multiple regression

was performed with the raw score for each of the
190 26 cognitive indices as the dependent variable and

the demographic variables (sex, age and level

of education) as the independent variables. Since

sex is not a continuous variable, it was regressed as

a dummy variable. A standardized residual was
195 obtained by subtracting the regressed and the actual

scores of each of the 26 variable indices. Failure in

each of these variables was defined as the fifth

percentile or below of the standardized residual

score among the paired control subjects.
200Cognitive deficit among RRMS patients was

defined as the fifth percentile of the total number

of failed cognitive indices of the control subjects.

The frequency rate of cognitive dysfunction in

this RRMS patient sample was calculated as the
205difference between the percentages of RRMS

patients who presented cognitive deficit from a

false positive rate defined as the percentage of

paired control subjects misclassified as cognitively

impaired. In order to build a brief cognitive battery
210to screen MS patients with cognitive dysfunctions,

sensitivity of the 26 variable across the different

neuropsychological tests was determined by the

percentage of RRMS patients who failed each of

these indices.

215Results

Twenty patients from a total of 74 initially selected

were excluded: six did not fulfil diagnostic criteria,

five had EDSS higher than 6.5, three were using

psychoactive substances, one presented acute bout
220and five did not complete the assessment process.

Therefore, the final sample of this study was

composed of 54 RRMS patients and 54 paired

control healthy subjects.

Table II presents the percentage and the mean of
225the SEM of the demographic variables of the RRMS

and control samples. There were no differences

between age, education and gender distribution

between the two groups (all p’s> 0.1). Results

indicate that the incidence of RRMS in this sample
230was greater in females (61.1%) than in males

(38.9%; �2¼ 7.1, p< 0.05). Table II also presents

the total amount of failed indices among the

26 cognitive variable indices. MS patients presented

a greater number of failed indices as compared to
235paired control subjects (t104¼ 6.67; p< 0.001).

Employing a cut-off of four or more failed

cognitive indices (nine-fifth percentile of the failed

tests among control subjects) an incidence of 59.2%

of RRMS patients and 7.4% of control subjects

Table I. Neuropsychological tests.

Cognitive function Neuropsychological test

Dementia Screening Memory-Information

-Concentration (MIC)

Attention/Concentration Digit Symbol

Memory

Short-term Digit Span (forward and backward)

Long-term Rey Auditorial Verbal

Learning Test(RAVL)

Buschke Enhanced Cued

Recall Test (BECR)

Verbal Fluency Controlled Oral Word

Association Test (COWAT)

Phonetic: F-A-S

Semantic: Animals & Fruits

Abstract Thinking Raven Progressive Matrices

Table II. Percentage and mean with the standard error of the

mean in parenthesis of the demographic variables (sex, age and

level of education) and general cognitive performance (total of

failed cognitive indexes) among multiple sclerosis and healthy

control subjects.

Group Male Age Education Foiled tests

Multiple Sclerosis 38.9% 38.7 (1.4) 11.7 (0.5) 5.4 (0.5)

Paired Controls 35.2% 35.0 (1.7) 11.8 (0.5) 1.3 (0.2)

A brief neuropsychological screening test battery for cognitive dysfunction in Brazilian multiple sclerosis patients 3
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240 with cognitive impairment was found. Therefore,

a frequency rate of cognitive impairment in this

sample was estimated in 51.8%. Interestingly, no

correlation between cognitive deficit among the

RRMS patients and the severity of the disease
245 (EDSS) was found (r¼ 0.03, p>0.8).

Table III depicts the mean (SEM) of each of the

26 cognitive indices tests among RRMS patients

and paired control subjects. A two-tailed t-test

comparison between the two groups indicated
250 that RRMS patients consistently presented lower

performance than control subjects (all p’s < 0.05)

in all 26 indices. Table III also presents the

percentage of RRMS patients below the fifth

percentile of the control group and the sensitivity
255 order of placements of all these percentages.

Phonetic and semantic verbal fluency were the

most sensitive cognitive variables. About 40% of

the RRMS patients presented a deficit in generating

words that start with the letter ‘S’ (phonetic) or fruit
260words (semantic). These two indices were not

redundant since half of RRMS patients who

presented a failure in generating fruit words did

not present any deficit in generating words staring

with the letter ‘S’.
265Long-term memory as measured by RAVLT also

demonstrated a high level of sensitivity. As can be

observed in Table III, 35.2% of the RRMS patients

presented a failure in the RAVLT second recall and

recognition tests, whereas 33.3% of the patients
270failed the first recall in the RAVLT. A considerable

overlap between the first and the second recall in the

RAVLT in the performance among RRMS patients

was detected. Only 17% of the patients who failed

Table III. Mean (SEM) of the 26 cognitive indexes tests among MS patients and healthy control subjects. The p-value of the two-tailed

t-test comparison between the two groups, the percentage of MS patients below the fifth percentile of the control group (%MS<5%ile)

and the order of placements of all these percentage are also presented.

Cognitive test RRMS Paired control P % RRMS <5%ile Order

Dementia Screening

MIC 2.44 (0.40) 1.23 (0.26) <0.014 9.3% 21�

Attention/Concentration

Digit Symbol 44.37 (1.04) 52.81 (1.23) <0.001 22.2% 12�

Memory

Short-term

Digit Span

Foward 5.92 (0.15) 6.57 (0.18) <0.008 11.1% 20�

Backwards 3.87 (0.15) 4.48 (0.21) <0.018 7.4% 22�

Long-term

RAVL

RAVLT 1 5.10 (0.20) 6.24 (0.23) <0.001 27.8% 8�

RAVLT 2 7.72 (0.33) 8.67 (0.34) <0.05 3.7% 23�

RAVLT 3 9.07 (0,35) 10.48 (0.34) <0.005 22.2% 12�

RAVLT 4 10.10 (0.37) 11.46 (0.31) <0.007 18.5% 18�

RAVLT 5 10.64 (0.34) 12.39 (0.30) <0.001 22.2% 12�

RAVLT - Recall 1 7.56 (0.45) 10.39 (0.34) <0.001 33.3% 5�

RAVLT - Recall 2 8.02 (0.44) 10.50 (0.38) <0.001 35.2% 3�

RAVLT - Recog 27.29 (0.30) 28.63 (0.21) <0.001 35.2% 3�

BECR

Free 1 10.22 (0.30) 12.34 (0.26) <0.001 29.6% 6�

Free 2 11.63 (2.12) 13.18 (0.26) <0.001 0.0% 24�

Free 3 12.11 (0.30) 14.16 (0.21) <0.001 20.4% 17�

Cued 1 5.44 (0.25) 3.66 (0.26) <0.001 0.0% 24�

Cued 2 4.15 (0.26) 2.78 (0.26) <0.001 27.8% 8�

Cued 3 3.72 (0.27) 1.74 (0.21) <0.001 0.0% 24�

BECR-Recall 47.27 (0.21) 47.94 (0.04) <0.002 29.6% 6�

BECR-Recog 47.61 (0.12) 47.96 (0.03) <0.002 22.2% 12�

Verbal fluency

COWAT phonetic

Letter ‘‘F’’ 11.88 (0.58) 15.88 (0.67) <0.001 22.2% 12�

Letter ‘‘A’’ 10.83 (0.48) 14.14 (0.63) <0.001 25.9% 11�

Letter ‘‘S’’ 10.02 (0.55) 14.48 (0.65) <0.001 40.7% 1�

COWAT semantic

Animals 16.35 (0.56) 19.61 (0.73) <0.001 18.5% 18�

Fruits 14.11 (0.45) 17.53 (0.57) <0.001 40.7% 1�

Abstract thinking

Raven 16.89 (0.55) 18.70 (0.58) <0.02 27.8% 8�

4 M. A. Negreiros et al.
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the first RAVLT recall performed well in the
275 second RAVLT recall. Conversely, there was no

redundancy between the RAVLT second recall and

the recognition tests. This is due to the fact that 42%

of the RRMS patients who failed to evoke did not

present any deficit in the recognition test.
280 Assessment of long-term memory including

BECR also demonstrated considerable cognitive

deficit sensitivity among MS patients.

Approximately 30% of the patients presented

a failure in the first free recall trial of the BECR
285 (BECR–Free 1) and during total recall (48 points) of

the BECR (BECR–Recall). These two indices were

not redundant since � 58% of the RRMS patients

who presented a deficit in the first free recall trial

performed well during the BECR recall.
290 In order to develop an instrument that could

reliably predict the cognitive deficits observed

among the RRMS patients, sensitivity and specificity

rates of three brief test batteries were determined.

These batteries included the most sensitive indices of
295 the extensive neuropsychological testing: Letter ‘S’

and fruit words from Verbal Fluency; Recall 2 and

Recognition from RAVLT; Free Recall 1 and Recall

from BECR. These results are presented in

Table IV.
300 Battery 1 included the Letter ‘S’ and Fruit words

indices from the COWAT. Battery 2 was composed

of all the variables in Battery 1 plus the Recall-2

and Recog indices from RAVLT. Battery 3 was

composed of all the variables in Battery 2 plus Recall
305 Free-1 and Total Recall indices from BECR.

Classification of the RRMS patients with a cognitive

deficit in each of these three brief batteries occurred

according to two cut-off criteria: a lenient method,

which consisted of one or more impaired cognitive
310 index, and a more conservative method, which

consisted of two or more impaired cognitive indices.

The more conservative cut-off led to high specificity

(97.2–100%), but low sensitivity (30.6–80.6%).

In contrast, the more lenient cut-off resulted in
315 higher sensitivity (77.8–100%) and acceptable levels

of specificity (73.6–84.7%).

Receiver operating characteristic (ROC) curves

for Battery 3 and the Memory-Information–

Concentration Test (MIC) are presented
320in Figure 1. The diagonal across the graph indicates

that the instrument does not have any discrimination

ability since its false and true positive rates have the

same value. The more the curve departs from the

diagonal, the better its discriminating ability. As can
325be observed in Figure 1, the brief cognitive

battery with four indices from three different

tests (COWAT, RAVLT and BECR) presented a

much better ability to discriminate RRMS patients

with cognitive deficits when compared with
330the MIC.

Discussion

The present results indicated that more than half of

the sample of RRMS patients presented some sort

cognitive impairment as assessed by a long and
335comprehensive neuropsychological evaluation.

This result is in conformity with previous studies

reported in the literature which indicated that

�40–60% of MS patients have cognitive deficits

detected through neuropsychological testing [8–10].
340The screening tests for dementia (MIC) and the

attention and concentration measures (Digit Span)

indicated that 9.3% and 11.1% of these RRMS

patients presented a failure in each of these tests,

respectively. These results are somewhat divergent
345from reports in the literature which indicated that

MS patients have preserved attention span and

a smaller dementia scores [10,11,20]. Abstract

thinking deficits detected in 27% of the patient

sample, as well as the difference found in the

Table IV. Sensitivity and specificity of three brief cognitive test

batteries in predicting the cognitive deficit detected with a much

more complex neuropsychological test battery described in

Table I.

One or more

test impaired

Two or more

test impaired

Predictor tests Sensitivity Specificity Sensitivity Specificity

Battery 1 77.8% 84.7% 30.6% 100%

Battery 2 88.9% 79.2% 66.7% 98.6%

Battery 3 100% 73.6% 80.6% 97.2%

Figure 1. 2222.
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350 performance tests for verbal fluency between

patients and paired control subjects, may be

attributed to frontal executive dysfunction described

as an integrating part of MS’s cognitive physio-

pathology [11,46,47].
355 The slowness in the speed of information proces-

sing is considered to be one of the main character-

istics in the MS cognitive disorder [25,48,49].

This deficit has been pointed out to be one of the

most sensitive measure for detecting cognitive
360 disorders [50] and the main cognitive function

affected in MS patients [51]. It has been also

argued that deficits in working memory [52] and

executive functions are the most fundamental

features of cognitive disorder in MS [19,46].
365 The present results indicated that a deficit in

executive function, measured through RAVEN and

COWAT conjointly, is in fact an important feature

among RRMS patients. The high frequencies of

deficits in these tests are in agreement with the
370 above-mentioned studies, which relate cognition in

MS to a sub-cortical frontal executive disorder.

The present results also indicated that recent

memory is significantly impaired in all stages

(learning, recall and recognition) in the RAVLT
375 and BECR tests. The range of recent memory

impairment was between 18.5–29.6% of patients.

Late recall processes were very affected as measured

by RAVLT–recall 1 and 2 and BECR-recall. Recall

deficit in all these measures were fairly high, in the
380 range of 30–35%. Interesting, RRMS

patients presented a 22% and 35% deficit in the

RAVLT–recognition and BECR–recognition tests,

respectively. These results are not in accordance

with the classical view that assumes that recognition
385 memory is preserved in MS patients [11,53,54].

A problem in encoding mechanism in the RRMS

patient sample could explain this particular finding.

This possibility is corroborated by the fact that this

sample also presented a high impairment in gen-
390 erative verbal fluency. However, additional studies

are essential to further investigate this possibility.

The relatively small number of subjects of the

present study can lead to a false positive cognitive

deficit identification. Although a conservative statis-
395 tical method was considered to define cognitive

impairment, further study must be made in a larger

sample.

A number of screening batteries have been

proposed to identify cognitive dysfunction in MS
400 [10,29–31]. One classical study [10] led to con-

struction of the Brief Repeatable Neuropsychological

Battery (BRB-N). This battery is widely employed

but it was constructed without disease’s clinical sub-

type specificity. In fact, recent results indicated
405 different profiles of cognitive alterations in each

clinical type of MS [5,7,52]. The present results

indicated that a brief neuropsychological battery

composed by the COWAT, the Verbal Semantic

Fluency (letter ‘S’ and ‘Fruits’), the BECR and the
410RAVLT might be useful for cognitive impairment

screening among the Brazilian RRMS sub-type. This

brief battery presented high sensitivity and specificity

in differentiating RRMS patients with cognitive

deficits from paired control subjects.
415Since this is a first attempt to develop a brief

neuropsychological screening test for cognitive def-

icits in Brazilian MS patients, subsequent studies are

important to evaluate its validity. In addition to that,

more systematic comparisons with other screening
420instruments described in the literature are necessary

as well.

Finally, it is important to emphasize that, although

a screening instrument is very useful for research,

it should not substitute clinical judgement and the
425relevance of a comprehensive neuropsychological

evaluation, crucial for proper management of the

serious impact of cognitive dysfunction on the daily

life activities of MS patients.
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cognitivo da esclerose múltipla. Arq Neuropsiquiatr

1996;54(suppl):531.
480 16. Negreiros MAGM, Papais-Alvarenga RM, Mattos PE.

Alterações Neurocognitivas na Esclerose Múltipla:
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