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Background: In the early phases of multiple sclerosis (MS), patients exhibit slight neuropsychiatric 

deficits that can only be detected using reliable tools.

Aim: The present investigation aimed to examine neuropsychological performance in 35 patients 

with incipient MS.

Patients and methods: For the MS group, the inclusion criteria included time of 

disease ,3 years and low disability. The neuropsychological battery consisted of Rey Auditory 

Learning Test, Controlled Oral Word Association Test, Hooper Visual Organization Test, and 

Symbol Digit Modalities Test (SDMT).

Results: After correction for the educational level, no significant effect of MS on perfor-

mance was found for all the tests except for the number of errors of the SDMT (NE-SDMT). 

Higher levels of education were associated with better performances in all tests, except for the 

NE-SDMT. MS patients made more errors than the controls.

Conclusion: The effect on the NE-SDMT may reflect difficulties in the ability to inhibit inad-

equate responses. Patients may exhibit impulsive control disorders in incipient MS, independent 

of their educational level.

Keywords: processing speed, cognitive impairments, neuropsychology

Introduction
Multiple sclerosis (MS) is a chronic neurological disease associated with both white 

matter and cortical lesions.1 It is estimated that cognitive and psychiatric impair-

ments affect up to 65% of patients with MS.2,3 For the evaluation of the neurologic 

disability, the Expanded Disability Status Scale (EDSS) is commonly used.4 Higher 

EDSS scores reflect central nervous system (CNS) dysfunctions and progressive 

walking impairments.4 However, the scale is insensitive to changes in cognitive and 

behavioral dysfunctions.5 Since the neuropsychological symptoms are not related 

to physical disability, it has been proposed that they can be used to evaluate disease 

progression despite stable physical symptoms.6,7 In this regard, Rao demonstrated the 

clinical utility of the brief repeatable battery of neuropsychological tests in patients with 

MS.8 Langdon et al recommended the Symbol Digit Modalities Test (SDMT) if only 

5 minutes were available for the cognitive assessment.9 Benedict et al reinforced the use 

of the SDMT.10 More recently, it was suggested that assessing information processing 

speed could be easily and quickly evaluated with the SDMT in MS patients.11

It should be mentioned that studies about neuropsychiatric impairments in MS 

patients mostly come from North America and Western Europe.12 Previous studies 

in South America described the frequency and the clinical characteristics of MS 
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patients in different countries, including Brazil.13,14 These 

studies have stressed the importance and the specificities 

of MS and related disorders in South America. Therefore, 

there is a need for clinically valid measures of cognitive and 

behavioral performance in this population. In this regard, 

previous investigations on the Brief International Cognitive 

Assessment for MS (BICAMS)15,16 have reported excellent 

test–retest reliability of the Portuguese16 and the Spanish12 

translations of tests such as the SDMT. However, the neu-

ropsychological profile of Brazilian MS patients is relatively 

unknown.17 Unfortunately, the clinical utility of these tests 

remains to be demonstrated in the incipient phases of MS 

especially in patients from Latin-American countries.

In the early phases of MS, the patients may exhibit slight 

deficits that can only be detected using valid and reliable 

assessment tools.18 In Latin America, there is an additional 

problem related to the possible effect of educational back-

ground on test performance because the grouping of subjects 

based on years of formal education is particularly difficult in 

Brazil and other Latin American countries. Indeed, years of 

education cannot be directly compared among the subjects 

unless they come from the same region of the country and 

have same socioeconomic status. In the present study, we 

used years of formal education as a cofactor because the MS 

patients and their relatives (control group) lived in the same 

region of the country. Therefore, MS patients and controls 

could be directly compared in terms of years of education.

As mentioned, cognitive impairments are frequent in MS 

patients. However, most studies of cognitive dysfunction 

examined MS patients in later stages. There are only a few 

studies of cognitive impairments in the early stages of MS, 

all of them done in North America and Europe. The cognitive 

performance of Latin American subjects may be particularly 

affected by cultural and socioeconomic variables. The present 

investigation aimed to examine the cognitive performance of 

Brazilian MS patients in the early stages of the disease and 

with low functional disability. A brief battery was used to 

verify which test variables were affected by the disease. Age, 

gender, and years of education were used as cofactors.

Patients and methods
The MS subjects were sampled from patients of a reference 

hospital for MS located in the city of Rio de Janeiro, Brazil. 

The comparison group (control) consisted of healthy 

subjects paired by gender, age, and years of formal educa-

tion. An experienced neurologist, who was blinded to the 

neuropsychological findings, assessed disability using the 

EDSS scale. A clinical neuropsychologist, administered 

the neuropsychological battery for the two groups (MS and 

healthy control groups). For the MS group, the inclusion cri-

teria were age .18 years, relapsing remitting MS (RRMS), 

time of disease ,3 years, and EDSS #3; exclusion criteria 

were patients with other idiopathic demyelinating diseases, 

history or evidence of delusions or head trauma in the last 

year, uncorrected visual deficit, and motor abnormalities. The 

ethical review committee of the Federal University of the 

State of Rio de Janeiro approved the research protocol. All 

participants provided signed written informed consent.

All subjects had visual acuity equal to or better than 

20/30 in both eyes (glasses were used when needed). Testing 

sessions were noninvasive and were carried out in a quiet 

room: only the subject and the examiner were allowed to 

stay in the room during the testing session. The test session 

took approximately 35 minutes to complete.

The neuropsychological battery consisted of the following 

tests: Rey Auditory Learning Test (RAVLT),19,20 Controlled 

Oral Word Association Test (COWAT),21,22 Hopper Visual 

Organization Test (VOT),23,24 and the SDMT.16,25

The inclusion of the SDMT is strongly recommended by 

several investigators.10 The selection of the other three tests 

took into consideration that a previous study showed that 

the profile of MS-related cognitive dysfunctions includes 

memory and learning deficits, attention deficits, executive 

dysfunctions and visuo-spatial deficits.11 Negreiros et al 

developed a neuropsychological battery to identify cognitive 

impairment in Brazilian patients with RRMS and concluded 

that the COWAT and the RAVLT had adequate sensitivity 

and specificity to discriminate RRMS patients from con-

trols.17 Here, the visuo-spatial domain was assessed with the 

aid of the VOT, because this test was validated in Brazil.24

Nine variables were directly derived from the RAVLT 

(trials 1 to 5, immediate recall list B, trial 6, delayed recall or 

trial 7, and recognition of words). Regarding the COWAT, 

eight variables were directly measured: number of animals 

(na); number of fruits (nf); total category fluency (na+nf); 

words with the letters F, A, and S (nF, nA, and nS); total 

phonetic fluency (nF+nA+nS); total fluency (sum of the seven 

variables). For the VOT, one variable was used: number of 

correct responses. Finally, from the SDMT two variables 

could be directly derived from the test: number of correct 

responses and number of errors.

Multivariate analysis of covariance (MANCOVA) tests 

were conducted to verify if there were significant changes in 

performance on each test between MS group and the control 

group using gender, age, and years of formal education as 

covariates. Between-subjects factor: disease (two levels, 
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MS and absence of disease). Dependent variables: defined 

for each neuropsychological test as explained above. When 

the MANCOVA showed a significant effect of disease, sub-

sequent univariate tests were conducted to verify the effect 

of disease (MS) on each variable of the test. Sidak correction 

was applied for multiple comparisons. Significance was set 

at P#0.05. For the MANCOVAs and for each one of the 

univariate ANCOVAS, η² was computed to calculate the 

effect size of the results.

The relationship between years of education and the 

depending variables was analyzed with the aid of Person 

correlation coefficients (significance set at P,5%).

Results
We evaluated 35 patients, 80% females, aged between 

21 years and 53 years old (mean age 35 years ± 8.8 years), 

time of onset of disease: 21.2 months ± 11.7 months, and 

15.4 years ± 4.3 years of education. Among the 35 MS 

patients, seven were found to be using a specific drug indi-

cated for the treatment of MS (three on interferon-β1a and 

four on glatiramer acetate), and the other 28 were not taking 

any medication at the time of the neuropsychological test. 

Controls were selected among patient’s relatives to match 

age, gender, and years of education (Table 1).

The MANCOVA(s) indicated that years of education 

reached significant levels for all the variables, except NE-

SDMT (Table 2). In general, for all the variables the mean 

raw score of MS patients was found to be worse than the 

corresponding controls. For the RAVLT, VOT, and COWAT, 

the MANOVAS showed that there was no significant effect 

of MS on performance. In contrast, there was a significant 

effect of disease (MS vs controls) on performance of the 

SDMT (F=14.243, df=2/66, P=0.001, η²=0.301). The uni-

variate tests (Table 3) showed a significant effect of disease 

(MS) on performance in the NE-SDMT (F=6.223 df=1/67, 

P,5%, η²=0.085). Analysis of the mean raw scores indicated 

that the MS patients made significantly more errors than the 

controls in the SDMT.

Pearson’s correlation coefficients between years of formal 

education and performance (Table 4) reached significance for 

all the variables except for number of errors on the SDMT. 

For all the variables, the correlation coefficients indicate 

that a higher level of education is associated with a higher 

performance on the tests, except for the NE-SDMT.

Discussion
Among the four neuropsychological tests, only the SDMT 

was found to differ between MS patients and the controls 

after an adequate evaluation of level of education. The uni-

variate analyses indicated that the number of correct answers 

on the SDMT did not differ between the controls and the 

MS patients. On the contrary, the number of errors on the 

SDMT reached significant levels. All variables of the four 

tests except the number of errors on the SDMT were found 

to be related to years of education. Higher education implied 

better performance in all variables except for the number of 

errors on the SDMT. There was a strong correlation between 

years of education and the number of correct answers on the 

SDMT in MS patients.

The finding here that deserves a more detailed explanation 

is the effect of years of education on cognitive performance in 

both controls and MS patients. Education level is a potential 

confounder of the performance in neuropsychological tests 

and thus normative data are needed to cope with different 

educational level. Educational level is commonly associated 

Table 2 Proof values – MANCOVA(s)

Effects/tests RAVLT VOT COWAT SDMT

Gender 0.14 0.95 0.11 0.05
Age 0.69 0.17 0.60 0.06
Years of education 0.002* 0.014* 0.001*** ,0.001***
Disease 0.274 0.44 0.25 0.03*

Notes: *P,5%; ***P,0.1%.
Abbreviations: MANCOVA, multivariate analysis of covariance; RAVLT, Rey 
Auditory Verbal Learning Test; COWAT, Controlled Oral Word Association Test; 
SDMT, Symbol Digit Modalities Test; VOT, Hopper Visual Organization Test.

Table 3 Univariate ANCOVA for the SDMT (proof values)

Effects/variables Number of 
correct responses

Number 
of errors 

Years of education ,0.001*** 0.28 (NS)
Disease 0.102 (NS) 0.015*

Notes: *P,5%; ***P,0.1%.
Abbreviations: ANCOVA, analysis of covariance; SDMT,  Symbol Digit Modalities 
Test; NS, non-significant.

Table 1 Demographic and clinical characteristics of the two 
groups: MS and HC (N=70)

Characteristics MS
(N=35)

HC
(N=35)

Age mean (years)
SD (years) 

35.4
8.8 

35.2
9.7

Gender
Female (%) 28 (80) 28 (80)

EL mean (years)
SD (years) 

15.4
4.3 

15.2
4.3 

Mean time of MS onset (months)
SD (months)

21.2
11.7

–

Note: “–” indicated as not applicable.
Abbreviations: MS, multiple sclerosis; HC, healthy control; EL, educational level.
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with years of formal education. In Brazil, the real meaning of 

years of formal education varies greatly across the different 

regions of the country: students in certain regions are required 

to attend school on a full-time basis, whereas in other regions 

of the country, the schools are only part-time. Thus, the same 

number of years of formal education does not necessarily 

indicate the same educational background across the country, 

since those in a full-time basis spent more time in the school 

as compared to those on a part-time basis even when they have 

the same number of years of education. Moreover, big social 

differences imply distinct types of schools for the rich and the 

poor people. In this regard, the variable denominated number 

of years does not adequately describe the true educational 

level when students from the richest areas of the country are 

compared to students attending public schools located in less 

favorable areas. The disparity reaches the university system. 

The ranking of the Brazilian Universities has an enormous 

deviation, and, again, the same years of graduate studies do 

not necessarily indicate the same level of formal education. 

For these reasons, norms based on years of education do 

not provide acceptable comparisons between controls and 

MS because most times these norms do not reflect the real 

educational background of the groups. It should be stressed 

that in the present study the controls were recruited using 

as many relatives of the patients as possible. This selected 

sample allowed us to use years of formal education as a 

cofactor. When adequately controlled for years of education, 

most of the tests did not show significant differences between 

controls and MS patients.

The data indicate that educational background may 

influence performance in a way that is stronger than the impact 

of the disease. This effect of the educational level obscured 

possible minor differences in performance between controls 

and patients. Our data disagree with a recent study conducted 

in Brazil by Spedo et al.16 These authors administered the Bra-

zilian-Portuguese Brief International Cognitive Assessment 

for Multiple Sclerosis (BICAMS) test battery, which included 

the SDMT, the California Verbal Learning Test, and the Brief 

Visuospatial Memory Test-Revised. When controlling for age, 

gender, education, anxiety, and depression, they showed that 

MS patients differed against controls in all neuropsychologi-

cal tests. One possible explanation, aside from our adequate 

control for educational level, might be the fact that we are 

working with incipient RRMS with low disability. Therefore, 

our sample was designed to capture subtle differences, and, 

consequently, only one subtest of the SDMT was able to detect 

the differences between patients and controls.

Among all test variables only the NE-SDMT was found to 

be significantly different between MS and controls. Although 

the number of errors is not commonly included as a vari-

able in the SDMT, it is important to stress that it might be 

measuring an independent domain of attention. In analogy 

with the performance of attention deficits subjects in visual 

Continuous Performance Tests (CPTs), the number of errors 

might be related to the hyperactive/impulsivity domain of 

inattention.26–28 The present finding of an effect of the disease 

(MS) on the number of errors of the SDMT, in analogy with 

commission errors on CPT performance, reflects that MS 

patients with low disability exhibited significant impulse 

control problems. However, caution is necessary regarding 

the speculation that the effect on the errors of the SDMT is 

related to impulse control disorders because the SDMT was 

not designed to measure impulsivity. In fact, the SDMT 

evaluates information processing speed. Therefore, the 

number of correct responses is the only variable commonly 

considered for detecting cognitive abnormalities.

Previous investigators have reported that performance 

on complex processing tasks depends on the connectivity 

between the medial prefrontal cortex and the frontal poles 

in MS patients.29 Furthermore, cognitive performance has 

been found to be associated with frontal and parietal gray 

matter injury in RRMS patients.30 Considering the anal-

ogy between NE-SDMT and commission errors on visual 

Table 4 Pearson’s correlation coefficients between years of 
education and test variables

Tests Variables Pearson’s 
coefficients

RAVLT T1 0.34**
T2 0.53**
T3 0.52**
T4 0.39**
T5 0.34**
IRB 0.48**
T6 0.42**
T7 0.42**

SDMT Number of correct responses 0.55**

Number of errors -0.09 NS

Hooper Correct responses 0.32**

COWAT Fluency – animals 0.33**

Fluency – fruits 0.32**
Total category fluency 0.35**
Letter F 0.33**
Letter A 0.41**
Letter S 0.30*
Total letter fluency 0.37**

Notes: *P,5%; **P,1%.
Abbreviations: RAVLT, Rey Auditory Verbal Learning Test; SDMT, Symbol Digit 
Modalities Test; COWAT, Controlled Oral Word Association Test; T, trial; IRB, 
immediate recall list B; NS, non-significant.
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CPTs, the same brain areas associated with performance on 

the CPTs may be affected in incipient MS. In this regard, a 

previous functional neuroimaging study using fluorodeoxy-

glucose positron emission tomography (FDG-PET) showed 

that the prefrontal and parietal cortices are activated during 

the performance of a visual attention test.31 Therefore, our 

data suggest that these cortical regions may be affected in 

MS patients with low disability.

Limitations
There are some limitations in the present study. First the 

sample size did not allow for the study of the effect of MS 

medication on the attentional performance. Further inves-

tigations with a larger sample are needed to address the 

question of treatments’ possible cognitive benefits. Another 

limitation is the absence of an adequate control of degree of 

depression. In RRMS patients, the prevalence of depression 

may reach 50%.3,32 Here, patients with major depression 

with psychotic symptoms were discarded. However, in the 

present study only one variable of the SDMT was affected 

in the MS patients. Therefore, it seems to be unlikely that 

even subclinical depression could bias only one variable of 

the SDMT. Further research is needed to include the effect 

of the disease over time and correlate the performance of 

the tests with the clinical data, the treatments, and the dis-

ability of the patients. In addition, it would be of interest 

to study the effect of education on the course of cognitive 

impairment. It should be stressed that this is a pilot study 

using all the variables derived from the tests. Each test was 

considered individually, and two tests seemed to be par-

ticularly important in the early phases of MS: SDMT and 

COWAT. Research using only psychologically meaningful 

variables is needed to confirm the hypothesis derived from 

this preliminary analysis.

Conclusion
Our data support that in the early phases of MS, patients may 

exhibit difficulties in the control of impulsive responses. 

However, the effect of the educational level on performance 

limits the use of most tests commonly administered in MS, 

at least in South American countries.
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