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Cognitive assessment of Brazilian 
patients with multiple sclerosis: 

weighing the impact of disability 
and depressive symptoms 

Patricia Semionato Andrade1,2 , Ana Cláudia Rodrigues de Cerqueira2 , Ana Carolina Colodetti2 , Felipe da 
Rocha Schmidt2 , José Maurício Godoy Barreiros2 , Antônio Lúcio Teixeira1,3 , Leonardo Cruz de Souza1 

ABSTRACT. Multiple sclerosis (MS) is the most common demyelinating disease of the central nervous system. Cognition is not 
routinely assessed in patients with MS though they frequently have cognitive complaints or dysfunction. Objective: The aim 
of this study was to compare the cognitive status of patients with MS with age, sex, and schooling matched controls and to 
evaluate the potential influence of clinical parameters on cognition. Methods: A total of 35 patients with MS (mean±SD age 
37.9 years±11.44, M/F: 12/23) and 33 healthy controls (mean±SD age 38.8 years±12.6, M/F: 12/21) were enrolled in this study. 
All subjects underwent a structured clinical assessment and the cognitive tools are as follows: Paced Auditory Serial Addition Test 
(PASAT), Symbol Digit Modalities Test (SDMT), Rey Auditory Verbal Learning Test (RAVLT), Digit Span, and Verbal Fluency Tests 
(letters F, A, and S and animal category). Psychopathology was assessed with the Mini International Neuropsychiatric Interview 
and the Beck Depression Inventory (BDI). The Expanded Disability Status Scale (EDSS) was used for patients. Results: Patients 
performed worse than controls in almost all tests, with approximately 70% of patients presenting cognitive impairment. The most 
affected cognitive domain was episodic memory (45.7%), followed by verbal fluency (42.8%) and information processing speed 
(22.8%). SDMT was inversely correlated with disease severity, as assessed by the EDSS. Depression did not influence cognitive 
performance in this cohort. Conclusions: Cognitive dysfunction is common among patients with MS. While motor impairment 
was associated with information processing speed, depression did not influence cognitive performance.
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AVALIAÇÃO COGNITIVA DE PACIENTES BRASILEIROS COM ESCLEROSE MÚLTIPLA: ANÁLISE DO IMPACTO DA INCAPACIDADE E 
DOS SINTOMAS DEPRESSIVOS

RESUMO. A esclerose múltipla (EM) é a doença desmielinizante mais comum do sistema nervoso central. A cognição não é 
rotineiramente avaliada nos pacientes apesar da ocorrência frequente de queixas ou disfunção cognitivas. Objetivo: Comparar 
o perfil de pacientes com EM com controles pareados por idade, sexo e escolaridade e investigar a potencial influência de 
parâmetros clínicos na cognição. Métodos: Trinta e cinco pacientes com EM (idade média±desvio padrão [DP] 37,9 anos±11,44, 
H/M: 12/23) e 33 controles saudáveis (idade média±DP 38,8 anos±12,6, H/M: 12/21) foram incluídos neste estudo. Todos 
os participantes passaram por avaliação clínica estruturada e por testagem cognitiva com os seguintes instrumentos: Paced 
Auditory Serial Addition Test (PASAT), Symbol Digit Modalities Test (SDMT), Rey Auditory Verbal Learning Test (RAVLT), Digit 
Span e testes de fluências verbais (letras F, A e S e categoria-animais). A psicopatologia foi investigada com a Mini International 
Neuropsychiatric Interview e com o Beck Depression Inventory (BDI). A Expanded Disability Status Scale (EDSS) foi aplicada 
nos pacientes. Resultados: Pacientes tiveram desempenho pior que os controles na maioria dos testes — 70% deles tiveram 
déficit cognitivo. A função cognitiva mais frequentemente afetada foi memória episódica (45,7%), seguida por fluência verbal 
(42,8%) e velocidade de processamento (22,8%). A pontuação no SDMT correlacionou-se inversamente com a gravidade 
da doença, medida pela EDSS. A depressão não influenciou o desempenho cognitivo nesta série de pacientes. Conclusões: 
Declínio cognitivo é comum em pacientes com EM. Enquanto o déficit motor se associou com a velocidade de processamento, 
a depressão não influenciou o desempenho cognitivo. 

Palavras-chave: Esclerose Múltipla; Testes Neuropsicológicos; Cognição; Depressão; Memória.

1Universidade Federal de Minas Gerais, Programa de Pós-Graduação em Neurociências, Belo Horizonte MG, Brazil.

2Universidade do Estado do Rio de Janeiro Ambulatório de Neuroimunologia, Hospital Universitário Pedro Ernesto, Rio de Janeiro RJ, Brazil.

3Faculdade Santa Casa Belo Horizonte, Programa de Pós-Graduação, Belo Horizonte MG, Brazil.

Correspondence: Leonardo Cruz de Souza; Email: leocruzsouza@hotmail.com.

Disclosure: The authors report no conflicts of interest.

Funding: none.

Received on May 26, 2021; Received in its final form on December 08, 2021; Accepted on January 12, 2022.

https://doi.org/10.1590/1980-5764-DN-2021-0050
https://orcid.org/0000-0003-2291-7410
https://orcid.org/0000-0001-6994-5908
https://orcid.org/0000-0002-1641-9549
https://orcid.org/0000-0003-0491-5526
https://orcid.org/0000-0002-8575-2169
https://orcid.org/0000-0002-9621-5422
https://orcid.org/0000-0001-5027-9722
mailto:leocruzsouza@hotmail.com


Andrade PS, et al.    Cognition and depression in multiple sclerosis.    277

Dement Neuropsychol 2022 September;16(3):276-283

INTRODUCTION

Multiple sclerosis (MS) is a chronic autoimmune 
disease of the central nervous system caused by a 

complex interaction among genetic and environmental 
factors. Several pathophysiological mechanisms, including 
neuroinflammation, demyelination, and axonal degener-
ation, are implicated1-3. MS affects approximately 2.5 mil-
lion people worldwide2,3. It is the most common cause of 
nontraumatic neurological disability in young adults1,4.

Cognitive impairment affects a range of 40–70% 
of patients2,5-7. It can be identified in all stages of the 
disease, including very early in its course, i.e., clinically 
isolated syndrome6,8,9. Typical cognitive impairment in-
volves attention, memory, and executive functions, nota-
bly information processing speed (IPS)5,6,10-12. Cognitive 
impairment has a major effect on patients with MS, 
affecting their daily living and socio-occupational func-
tioning6,9,12. Besides contributing to patients’ poor per-
ception of their quality of life, cognitive impairment also 
reduces adherence to treatment and rehabilitation10,13,14. 
Despite those facts, cognitive function is not routinely 
assessed in patients with MS. Accordingly, cognitive im-
pairment is frequently overlooked and underdiagnosed 
in patients with MS6,10,13,15,16.

There is an emerging interest on the study of cog-
nitive dysfunction in Brazilian patients with MS17-20. 
For instance, Schmidt et al. showed that patients with 
less than 3 years of MS diagnosis and low disability have 
preserved cognitive performance in neuropsychological 
tests (Rey Auditory Learning Test, Controlled Oral Word 
Association Test, Hooper Visual Organization Test, and 
Symbol Digit Modalities Test (SDMT)), except for the 
number of errors in the SDMT21. Conversely, Damasceno 
et al. showed that patients with relapsing-remitting MS 
evolved with cognitive decline even if they had minimal 
or no evidence of disease activity22,23.

Understanding the profile of MS cognitive dysfunction 
in Brazilian patients is important given the particularities 
of this population, including its unique genetic back-
ground and limited formal literacy. Therefore, the aims of 
this study were twofold: (i) to compare the cognitive sta-
tus of MS patients with age, sex, and schooling matched 
controls and (ii) to evaluate the potential influence of 
sociodemographic and clinical parameters (focus on de-
pression) on the cognitive performance of these patients.

METHODS

Subjects
We enrolled 35 patients with relapsing-remitting 
MS diagnosis according to revised 2010 McDonald 

criteria24. These patients were followed at the Neuro-
immunology Outpatient Clinic, Pedro Ernesto Uni-
versity Hospital (HUPE), UERJ, Rio de Janeiro, Brazil. 
For comparison, 33 healthy subjects who matched by 
sex, age, and educational level were also invited to 
participate in the study. 

All individuals aged 18–65 years and had at least 
5  years of formal education. We did not include 
subjects who had any preexisting condition (e.g., 
intellectual disability and dementia) that could poten-
tially interfere with neuropsychological assessment. 
The exclusion criteria were the Expanded Disability 
Status Scale (EDSS) value of >7.5 or any relapse or 
steroid therapy within 2 months before the clinical 
assessment. Volunteers were not included if they had 
a clinical diagnosis of major depression, as assessed 
by the Mini International Neuropsychiatric Inter-
view25, or had a score ≥25 in the Memory Complaint 
Questionnaire26 or failed on the Mini-Mental State 
Examination27 or on the component A7 of Rey Audi-
tory Verbal Learning Test (RALVT)28,29.

This study was approved by the HUPE Ethics 
Committee, and all participants gave written in-
formed consent.

Clinical and cognitive evaluation
We collected sociodemographic and clinical data from 
all subjects. Neuropsychological tests were selected 
based on the most impaired cognitive domains in 
patients with MS5,6,10. Paced Auditory Serial Addition 
Test (PASAT), 3 seconds version30, was chosen to assess 
sustained attention, working memory, and IPS; Symbol 
Digit Modalities Test (SDMT)31 to assess sustained 
attention and IPS; Rey Auditory Verbal Learning Test 
(RAVLT)28,29 to evaluate learning and verbal episodic 
memory; Digit Span Test32 to assess attention and 
working memory; and F-A-S and animal category33,34 

to assess verbal fluency.
Test scores below 1.5 SD of the Brazilian popula-

tion normative data mean were considered altered. 
Cognitive impairment was defined as a failure in at least 
one of the following tests: Component A7 of RAVLT, 
PASAT, and SDMT35,36.

Data analysis
Database and statistical analyses were performed with 
Statistical Package for the Social Sciences (SPSS) soft-
ware, version 19.0. The level of significance adopted 
was 5%. Group comparisons on clinical and cognitive 
tests were performed with Mann-Whitney and χ2 tests. 
Correlation between variables was analyzed by the 
Spearman test.



278    Cognition and depression in multiple sclerosis.    Andrade PS, et al.

Dement Neuropsychol 2022 September;16(3):276-283

RESULTS
A total of 52 patients were originally invited to 
participate in the study, but only 35 met inclusion/
exclusion criteria. Table 1 shows the sample’s so-
ciodemographic and clinical profile. MS group was 
predominantly composed of young women who 
developed the first symptoms around 30 years old. 
They had less than 10 years of disease and mild neu-
rological impairment. The most frequent treatment 

for MS was interferon-beta. Approximately 30% 
had major depression, characterized mainly by 
mild symptoms.

Patients had worse cognitive performance in 
almost all neuropsychological tests when com-
pared with healthy controls, except for the Digit 
Span Test, both versions, and variables A1 and B1 
of RALVT (Table 2). The most significant results 
were related to the following tests: PASAT, SDMT, 

Table 1. Sociodemographic and clinical profile of controls and patients.

Controls (n=33) Patients (n=35) p-value

Age (years)

Mean±SD 38.82±12.6 37.91±11.44

0.94*(min–max) (21–63) (18–61)

Median [IQR] 36 [27.5–50.5] 33 [28–49]

Education (years)

Mean±SD 12.7±2.7 11.6±2.4

0.06*(min–max) (5–15) (5–15)

Median [IQR]  14 [11–15]  11 [11–12]

Sex (%) Female 63.6% 65.7 0.85**

EDSS

Mean±SD

NA

2.7±1.9

NA(min–max) (0–6.5)

Median [IQR] 2.5 [1–4.5]

MS first symptoms (years)

Mean±SD

NA

29.7±10.3

NA(min–max) (13–60)

Median [IQR] 27 [24–37]

Disease duration (years)

Mean±SD

NA

8.2±5.3

NA(min–max) (1–22)

Median [IQR] 8 [3–12]

Medication (%)

Interferon-β

NA

57.1

NA

Glatiramer 22.9

Fingolimode 2.9

Natalizumab 2.9

Azathioprine 2.9

No medication 11.4

Depression (MINI) (%) Depression 0 28.6 0.001**

BDI

Mean±SD 8±5.6 11.8±9.2

0.10*(min–max) (0–28) (0–39)

Median [IQR] 7 [6–11] 10 [6–16]

SD: standard deviation; IQR: interquartile range; *Mann-Whitney; **χ2; EDSS: Expanded Disability Status Scale; BDI: Beck Depression Inventory; MINI: Mini International Neuropsychiatric 

Interview; min: minimum value; max: maximum value; n: sample size; NA: not applicable; p: level of confidence. Significant values (p<0.05) in bold.
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Table 2. Results of the neuropsychological tests between groups.

Test Controls (n=33) Patients (n=35) p-value

PASAT

Mean±SD 39.6±13.3 31.4±12.1

0.008(min–max) (11–60) (6–54)

Median [IQR] 41 [29.5–49.5] 30 [21–41]

SDMT

Mean±SD 56.3±13.5 45±16

0.003(min–max) (17–80) (17–73)

Median [IQR] 55 [46–67] 43 [33–57]

Direct SPAN

Mean±SD 8.1±2.7 8.2±2.3

0.69(min–max) (4–14) (4–14)

Median [IQR] 7 [6–10] 8 [6–10]

Inverse SPAN

Mean±SD 5.4±2.9 5.1±2.1

0.30(min–max) (3–11) (0–9)

Median [IQR] 4 [4–5] 5 [4–6]

Fluency (F)

Mean±SD 14.9±4.2 11.9±5

0.007(min–max) (5–26) (4–24)

Median [IQR] 15 [12.5–18] 11 [7–16]

Fluency (A)

Mean±SD 13.1±4.2 10.7±4.5

0.015(min–max) (3–22) (3–21)

Median [IQR] 14 [10.5–16] 10 [8–14]

Fluency (S)

Mean±SD 12.8±4.2 10.6±4.1

0.03(min–max) (3–19) (3–19)

Median [IQR] 13 [10–16] 11 [7–14]

Total FAS

Mean±SD 40.8±11.1 33.2±11.6

0.008(min–max) (13–63) (15–61)

Median [IQR] 41 [35.5–48] 33 [24–42]

Animals fluency

Mean±SD 21.9±5.9 17±4.3

0.001(min–max) (12–35) (9–28)

Median [IQR] 21 [17.5–26.5] 17 [14–20]

RALVT – A1

Mean±SD 6.2±1.9 5.4±1.5

0.72(min–max) (1–10) (2–8)

Median [IQR] 6 [5–7.5] 6 [4–7]

RALVT – A2

Mean±SD 9.7±2 7.9±1.9

0.001(min–max) (5–13) (4–12)

Median [IQR] 10 [8–11] 8 [7–9]

RALVT – A3

Mean±SD 11.2±1.9 9.4±2.2

0.003(min–max) (8–14) (4–13)

Median [IQR] 11 [10–13] 10 [8–11]

Continue...
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Table 2. Continuation.

Test Controls (n=33) Patients (n=35) p-value

RALVT – A4

Mean±SD 12.2±1.6 10.1±2.3

0.000(min–max) (9–15) (6–15)

Median [IQR] 12 [11–13.5] 10 [9–12]

RALVT – A5

Mean±SD 12.7±1.8 11±2.5

0.004(min–max) (10–15) (6–15)

Median [IQR] 13 [11–14.5] 11 [9–13]

Total A1–A5

Mean±SD 52.2±7.4 44±9.1

0.000(min–max) (40–65) (25–62)

Median [IQR] 53 [45–59] 43 [39–49]

RALVT – B1 (interference)

Mean±SD 5.9±2.2 5.1±1.6

0.20(min–max) (3–12) (1–8)

Median [IQR] 6 [4–7] 5 [4–6]

RALVT – A6

Mean±SD 10.6±2.5 8.4±3.4

0.007(min–max) (6–15) (1–15)

Median [IQR] 10 [8–12.5] 8 [7–11]

RALVT – A7 (late recall)

Mean±SD 10.8±2.7 7.6±3.4

0.000(min–max) (6–15) (1–14)

Median [IQR] 11 [9–13] 8 [5–10]

RALVT (recognition)

Mean±SD 28.7±1.5 28.3±4

0.018(min–max) (24–30) (7–30)

Median [IQR] 29 [28.5–30] 28 [27–30]

SD: standard deviation; IQR: interquartile range; PASAT: Paced Auditory Serial Addition Test; SDMT: Symbol Digit Modalities Test; RALVT: Rey Auditory Verbal Learning Test; min: minimum 

value; max: maximum value; n: sample size; p: level of confidence; Significant values (p<0.05) in bold.

Verbal Fluency Test (letter F, FAS total, and animal 
category), and RALVT (A2–A6, total A1–A5 and 
late recall).

Cognitive impairment was detected in 68.6% of 
patients. Episodic memory (late recall) was affected 
in 45.7% of patients, information processing speed 
in 22.8% of patients, and verbal fluency in 42.8% of 
patients. Patients with or without cognitive impair-
ment did not differ in sociodemographic and clinical 
parameters (Table 3).

In an exploratory analysis, neuropsychological 
performance was correlated with clinical parameters. 
The only significant association that emerged was the 
inverse correlation between EDSS and SDMT (rho=-
0.58; p=0.003). 

DISCUSSION
Cognitive dysfunction has been recognized as a central 
problem in patients with MS2,5,6,12 By affecting daily 
living activities, work capacity, and social relationships, 
it h.as a significant effect on the patients’ quality of 
life9,12,14. Its early recognition and management may 
have a relevant meaning for patients with MS9,37.

In the current study, patients with MS performed 
worse compared to controls in almost all neuropsycho-
logical tests. The most significant differences were in 
the PASAT, SDMT, Verbal Fluency Test (total FAS and 
animal category), and RALVT (learning and late recall), 
corroborating the concept that IPS and episodic memo-
ry/learning are the most affected cognitive domains in 
patients with MS5,6,10-12. While 45.7% of the patients with 

http://h.as
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Table 3. Comparisons between patients with and without cognitive impairment.

Preserved cognition 

(n=11, 31.4%)

Impaired cognition (n=24, 

68.6%)
p-value

Age (years)
Mean±SD 36±11 38.7±11.7

0.70*
Median [IQR] 33 [28–47] 34.5 [28–49.7]

Education (years)
Mean±SD 11.4±1.2 11.6±2.8

0.40*
Median [IQR] 11 [11–12] 11.5 [11–15]

EDSS
Mean±SD 2.9±2 2.7±1.9

0.84*
Median [IQR] 2.5 [1–5] 2.2 [1–3.8]

Disease duration (years)
Mean±SD 7.,1±4.9 8.6±5.4

0.50*
Median [IQR] 6 [2–13] 8.5 [3.2–11.7]

Depression (MINI) (%) n – % 2 – 18% 8 – 33% 0.35**

BDI
Mean±SD 12.2±8.8 11.6±9.8

0.64*
Median [IQR] 10 [6–15] 9 [4–16.7]

Sex (%)
Female 8–35% 15–65%

0.55**
Male 3–25% 9–75%

Medication (%)

Interferon-β 46% 63%

0.51**

Glatiramer 27% 21%

Fingolimode 9% 0%

Natalizumab 0% 4%

Azathioprine 0% 4%

No medication 18% 8%

SD: standard deviation; IQR: interquartile range; *Mann-Whitney; **χ2; EDSS: Expanded Disability Status Scale; MINI: Mini International Neuropsychiatric Interview; BDI: Beck Depression 

Inventory; n: sample size; p: level of confidence.

MS had deficits in episodic memory, IPS was impaired 
in 22.8% of patients who performed below the norma-
tive data for the PASAT (17.1%) and/or SDMT (11.4%). 
Similar results have been described in other Brazilian 
and Latin American studies: 22.5% in SDMT according 
to the study by Negreiros et al. 38; 12 and 21.8%, respec-
tively, in PASAT and SDMT, according to the study by 
Caceres et al.39 When analyzing verbal fluency, 42.8% 
of impairment was observed. Negreiros et al.38 found a 
similar rate of 40.7%. In contrast, other studies reported 
lower indexes of around 16–19%36,39,40.

The performance in the Digit Span was similar 
between patients and controls. A similar finding was 
reported by Balsimelli et al. 41, while Negreiros et al.38 
reported differences in both direct and inverse compo-
nent scores of the Digit Span. In international studies 
on patients with MS, the direct component is usually 
not impaired, whereas deficits have been reported in 

the indirect component5,32,42. Differences in sample 
characteristics (e.g., disease severity and comorbidities) 
might explain these discrepant results.

Cognitive impairment was identified in approxi-
mately 70% of patients. Although this frequency is high, 
it is in accordance with data from international5,6 and 
national studies38,43. It is worth emphasizing that inter-
pretation and comparison of the studies on cognitive 
impairment in MS are challenging as there is no consen-
sus about its definition. Some authors define cognitive 
dysfunction as the impairment in one of the three tests, 
regardless of the cognitive domain, in a series of tests 
applied12,44. Neuropsychological tests also vary signifi-
cantly among studies. Another issue is the definition 
of neuropsychological test alteration. In general, an 
altered result is determined by the performance below 
a threshold chosen by authors (SD below the normative 
population or control data mean). This choice has varied 
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among Brazilian studies: from 1 SD45,46, to 1.5 SD40,43, 
up to 2 SD36,47 below the mean.

Approximately 30% of patients had a clinical diag-
nosis of depression, a figure similar to previous stud-
ies39,45,47. We did not observe an influence of depression 
on the cognitive performance of patients with MS. 
In addition, there was no significant correlation between 
BDI and neuropsychological scores, consistent with 
some studies45. In contrast, some authors have shown 
a significant, but weak, association between depression 
and cognitive performance in patients with MS40,48.

In the current sample, as cognitive dysfunction in 
patients with MS does not seem to be influenced by 
mood symptoms, we hypothesized that it is primarily 
a consequence of MS-induced changes in the brain 
structure and/or functioning. Corroborating in part this 
assumption, we found an inverse correlation between 
SDMT and EDSS, an index of disease-related disability. 
The degree of physical disability can inform about the 
extension and/or severity of brain damage and, as a 
consequence, cognitive functioning. Physical disabilities 
have been associated with cognitive performance in 
several Brazilian and international studies35,40,43,45, but 
not in all studies36,38,47.

Disease duration did not influence cognitive per-
formance in our sample, in contrast to some of the 
Brazilian studies36,45. Actually, some studies35,40 have re-
ported an inverse correlation between disease duration 
and cognitive scores, especially SDMT. The exclusion of 
patients with EDSS>7.5, who usually have a longer dis-
ease duration, might explain this contradicting result. 

While our study has strengths, such as well-estab-
lished inclusion and exclusion criteria ruling out clinically 
defined depression and cognitive impairment, it also has 
clear limitations. First, our study involved a relatively 

small (n=35) sample of patients lacking neuroimaging 
results coupled with clinical assessment. Moreover, it was 
not possible to control for different immunomodulatory 
treatments. Most patients were treated using interferon 
and glatiramer (Table 1), which increases the chance of 
subtle MS activity detected only through sensitive neu-
roimaging techniques that can negatively affect cognitive 
performance49. While our sample size is comparable to 
former Brazilian studies35,43,46,47, it is more homogeneous, 
highlighting the presence of cognitive impairment even 
in patients with higher formal education and without 
clinically defined depression, a condition that influences 
cognitive performance. Another limitation concerns the 
cognitive domains tested. We assessed only domains that 
are classically implicated in patients with MS, such as 
attention, episodic memory, IPS, and executive function, 
using well-studied tools in this context. The expansion 
of neuropsychological testing to other functions, such 
as visuospatial skills and social cognition, and the use of 
new tools would provide a more comprehensive under-
standing of MS-related cognitive profile. 

In conclusion, our results support previous findings, 
showing that cognitive impairment is common among 
patients with MS without clinically defined depression, 
suggesting an important role played by MS pathology 
in cognition. 

Authors’ contributions. PSA: collected cognitive/clinical 
data, performed statistical analyses, and drafted the 
first version of the manuscript. ACRC, ACC, FRS, JMGB: 
collected cognitive/clinical data and critically reviewed 
the manuscript for intellectual content. ALT, LCS: de-
signed the study and critically reviewed the manuscript 
for intellectual content. All authors read and approved 
the final manuscript.

REFERENCES
1.	 Kamm CP, Uitdehaag BM, Polman CH. Multiple Sclerosis: Current Know-

ledge and Future Outlook. Eur Neurol. 2014;72(3-4):132-41. https://doi.
org/10.1159/000360528

2.	 McGinley MP, Goldschmidt CH, Rae-Grant AD. Diagnosis and treatment 
of multiple sclerosis: a review. JAMA. 2021;325(8):765-79. https://doi.
org/10.1001/jama.2020.26858

3.	 Reich DS, Lucchinetti CF, Calabresi PA. Multiple sclerosis. N Engl J Med. 
2018;378(2):169-80. https://doi.org/10.1056/NEJMra1401483

4.	 Compston A, Coles A. Multiple sclerosis. Lancet. 2002;359(9313):1221-
31. https://doi.org/10.1016/S0140-6736(02)08220-X

5.	 Chiaravalloti ND, DeLuca J. Cognitive impairment in multiple scle-
rosis. Lancet Neurol. 2008;7(12):1139-51. https://doi.org/10.1016/
S1474-4422(08)70259-X

6.	 Langdon DW. Cognition in multiple sclerosis. Curr Opin Neurol. 
2011;24(3):244-9. https://doi.org/10.1097/WCO.0b013e328346a43b

7.	 Di Filippo M, Portaccio E, Mancini A, Calabresi P. Multiple sclerosis and 
cognition: synaptic failure and network dysfunction. Nat Rev Neurosci. 
2018;19(10):599-609. https://doi.org/10.1038/s41583-018-0053-9

8.	 Anhoque CF, Domingues SCA, Teixeira AL, Domingues RB. Cognitive 
impairment in clinically isolated syndrome: a systematic review. Dement 
Neuropsychol. 2010;4(2):86-90. https://doi.org/10.1590/S1980-
57642010DN40200002

9.	 Kalb R, Beier M, Benedict RH, Charvet L, Costello K, Feinstein A, 
et al. Recommendations for cognitive screening and management in 
multiple sclerosis care. Mult Scler. 2018;24(13):1665-80. https://doi.
org/10.1177/1352458518803785

10.	 Feinstein A, DeLuca J, Baune BT, Filippi M, Lassman H. Cognitive and 
neuropsychiatric disease manifestations in MS. Mult Scler Relat Disord. 
2013;2(1):4-12. https://doi.org/10.1016/j.msard.2012.08.001

11.	 Grzegorski T, Losy J. Cognitive impairment in multiple sclerosis - a review 
of current knowledge and recent research. Rev Neurosci. 2017;28(8):845-
60. https://doi.org/10.1515/revneuro-2017-0011

12.	 Sumowski JF, Benedict R, Enzinger C, Filippi M, Geurts JJ, Hamalainen 
P, et al. Cognition in multiple sclerosis: State of the field and priorities 
for the future. Neurology. 2018;90(6):278-88. https://doi.org/10.1212/
WNL.0000000000004977

https://doi.org/10.1159/000360528
https://doi.org/10.1159/000360528
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.1001/jama.2020.26858
https://doi.org/10.1056/NEJMra1401483
https://doi.org/10.1016/S0140-6736(02)08220-X
https://doi.org/10.1016/S1474-4422(08)70259-X
https://doi.org/10.1016/S1474-4422(08)70259-X
https://doi.org/10.1097/WCO.0b013e328346a43b
https://doi.org/10.1038/s41583-018-0053-9
https://doi.org/10.1590/S1980-57642010DN40200002
https://doi.org/10.1590/S1980-57642010DN40200002
https://doi.org/10.1177/1352458518803785
https://doi.org/10.1177/1352458518803785
https://doi.org/10.1016/j.msard.2012.08.001
https://doi.org/10.1515/revneuro-2017-0011
https://doi.org/10.1212/WNL.0000000000004977
https://doi.org/10.1212/WNL.0000000000004977


Andrade PS, et al.    Cognition and depression in multiple sclerosis.    283

Dement Neuropsychol 2022 September;16(3):276-283

13.	 Patti F. Cognitive impairment in multiple sclerosis. Mult Scler. 2009;15(1):2-
8. https://doi.org/10.1177/1352458508096684

14.	 Gil-González I, Martín-Rodríguez A, Conrad R, Pérez-San-Gregorio 
MÁ. Quality of life in adults with multiple sclerosis: a systematic re-
view. BMJ Open. 2020;10(11):e041249. https://doi.org/10.1136/
bmjopen-2020-041249

15.	 Benedict RH, Amato MP, DeLuca J, Geurts JJ. Cognitive impairment in 
multiple sclerosis: clinical management, MRI, and therapeutic avenues. 
Lancet Neurol. 2020;19(10):860-71. https://doi.org/10.1016/S1474-
4422(20)30277-5

16.	 Landmeyer NC, Bürkner PC, Wiendl H, Ruck T, Hartung HP, Holling H, 
et al. Disease-modifying treatments and cognition in relapsing-remitting 
multiple sclerosis: A meta-analysis. Neurology. 2020;94(22):e2373-e2383. 
https://doi.org/10.1212/WNL.0000000000009522

17.	 Vasconcelos CC, Thuler LC, Rodrigues BC, Calmon AB, Alvarenga RM. 
Multiple sclerosis in Brazil: a systematic review. Clin Neurol Neurosurg. 
2016;151:24-30. https://doi.org/10.1016/j.clineuro.2016.07.011

18.	 Scheffer M, Becker J, de Azeredo LA, Grassi-Oliveira R, de Almeida RM. 
Subjective and physiological stress measurement in a multiple sclerosis sam-
ple and the relation with executive functions performance. J Neural Transm 
(Vienna). 2019;126(5):613-22. https://doi.org/10.1007/s00702-019-01981-6

19.	 Felippe LA, Salgado PR, de Souza Silvestre D, Smaili SM, Christofoletti G. 
A controlled clinical trial on the effects of exercise on cognition and mobility 
in adults with multiple sclerosis. Am J Phys Med Rehabil. 2019;98(2):97-
102. https://doi.org/10.1097/PHM.0000000000000987

20.	 de Caneda MAG, Cuervo DLM, Marinho NE, de Vecino MCA. The Relia-
bility of the Brief Visuospatial Memory Test - Revised in Brazilian multiple 
sclerosis patients. Dement Neuropsychol. 2018;12(2):205-11. https://doi.
org/10.1590/1980-57642018dn12-020014

21.	 Schmidt SL, da Silva MS, Schmidt JJ, Carvalho ALN, Vasconcelos CCF, 
Paes RA, et al. Neuropsychiatric assessments in patients with multiple 
sclerosis in early phases and with low disability. Neuropsychiatr Dis Treat. 
2018;14:1665-70. https://doi.org/10.2147/NDT.S163480

22.	 Damasceno A, Pimentel-Silva LR, Damasceno BP, Cendes F. Exploring 
the performance of outcome measures in MS for predicting cognitive 
and clinical progression in the following years. Mult Scler Relat Disord. 
2020;46:102513. https://doi.org/10.1016/j.msard.2020.102513

23.	 Damasceno A, Pimentel-Silva LR, Damasceno BP, Cendes F. Cog-
nitive trajectories in relapsing-remitting multiple sclerosis: A longi-
tudinal 6-year study. Mult Scler. 2020;26(13):1740-51. https://doi.
org/10.1177/1352458519878685

24.	 Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. 
Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald cri-
teria. Ann Neurol. 2011;69(2):292-302. https://doi.org/10.1002/ana.22366

25.	 Amorim P. Mini International Neuropsychiatric Interview (MINI): va-
lidation of a short structured diagnostic psychiatric interview. Rev 
Bras Psiquiatr. 2000; 22(3):106-15. https://doi.org/10.1590/S1516-
44462000000300003

26.	 Crook TH 3rd, Feher EP, Larrabee GJ. Assessment of memory complaint 
in age-associated memory impairment: the MAC-Q. Int Psychogeriatr. 
1992;4(2):165-76. https://doi.org/10.1017/s1041610292000991

27.	 Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical me-
thod for grading the cognitive state of patients for the clinician. J Psychiatr 
Res. 1975;12(3):189-98. https://doi.org/10.1016/0022-3956(75)90026-6

28.	 Malloy-Diniz LF, Lasmar VA, Gazinelli Lde S, Fuentes D, Salgado JV. The 
Rey Auditory-Verbal Learning Test: applicability for the Brazilian elderly 
population. Braz J Psychiatry. 2007;29(4):324-9. https://doi.org/10.1590/
s1516-44462006005000053

29.	 Salgado JV, Malloy-Diniz LF, Abrantes SS, Moreira L, Schlottfeldt CG, 
Guimarães W, et al. Applicability of the Rey auditory-verbal learning test 
to an adult sample in Brazil. Braz J Psychiatry. 2011;33(3):234-7. https://
doi.org/10.1590/s1516-44462011005000007

30.	 Tilbery CP, Mendes MF, Thomaz RB, Oliveira BE, Kelian GL, Busch R, et al. 
Multiple Sclerosis Functional Composite Measure (MSFC) standardized in 
the Brazilian population. Arq Neuro-Psiquiatr. 2005;63(1):127-32. https://
doi.org/10.1590/s0004-282x2005000100023

31.	 Spedo CT, Frndak SE, Marques VD, Foss MP, Pereira DA, Carvalho L, 
et al. Cross-cultural Adaptation, Reliability, and Validity of the BICAMS in 
Brazil. Clin Neuropsychol. 2015;29(6):836-46. https://doi.org/10.1080/1
3854046.2015.1093173

32.	 de Figueiredo VLM, do Nascimento E. Desempenhos nas Duas Tare-
fas do Subteste Dígitos do WISC-III e do WAIS-III. Psicol. Teor. Pesq. 
2007;23(3):313-8. https://doi.org/10.1590/S0102-37722007000300010

33.	 Brucki SM, Malheiros SM, Okamoto IH, Bertolucci PH. Dados norma-
tivos para o teste de fluência verbal categoria animais em nosso meio. 
Arq Neuropsiquiatr. 1997;55(1):56-61. https://doi.org/10.1590/s0004-
282x1997000100009

34.	 Opasso PR, Barreto SD, Ortiz KZ. Phonemic verbal fluency task in adults 
with high-level literacy. Einstein (Sao Paulo). 2016;14(3):398-402. https://
doi.org/10.1590/S1679-45082016AO3629

35.	 Caneda MA, Vecino MC. The correlation between EDSS and cognitive 
impairment in MS patients. Assessment of a Brazilian population using 
a BICAMS version. Arq Neuropsiquiatr. 2016;74(12):974-81. https://doi.
org/10.1590/0004-282X20160151

36.	 Damjanovic D, Valsasina P, Rocca MA, Stromillo ML, Gallo A, Enzinger 
C, et al. Hippocampal and deep gray matter nuclei atrophy is relevant for 
explaining cognitive impairment in MS: a multicenter study. AJNR Am J 
Neuroradiol. 2017;38(1):18-24. https://doi.org/10.3174/ajnr.A4952

37.	 Marin CE, Kfouri PP, Callegaro D, Lana-Peixoto MA, Gomes Neto AP, 
Vasconcelos CC, et al. Patients and neurologists have different perceptions 
of multiple sclerosis symptoms, care and challenges. Mult Scler Relat 
Disord. 2021;50:102806. https://doi.org/10.1016/j.msard.2021.102806

38.	 Negreiros MA, Landeira-Fernandez J, Kirchmeyer CV, Paes RA, Alvarenga 
R, Mattos P. Alterações cognitivas em indivíduos brasileiros com esclerose 
múltipla surto-remissão. J Bras Psiquiatr. 2011;60(4):266-70. https://doi.
org/10.1590/S0047-20852011000400006

39.	 Caceres F, Vanotti S, Benedict RH; RELACCEM Work Group. Cognitive 
and neuropsychiatric disorders among multiple sclerosis patients from 
Latin America: Results of the RELACCEM study. Mult Scler Relat Disord. 
2014;3(3):335-40. https://doi.org/10.1016/j.msard.2013.10.007

40.	 Nocentini U, Pasqualetti P, Bonavita S, Buccafusca M, De Caro MF, 
Farina D, et al. Cognitive dysfunction in patients with relapsing-re-
mitting multiple sclerosis. Mult Scler. 2006;12(1):77-87. https://doi.
org/10.1191/135248506ms1227oa

41.	 Balsimelli S, Mendes MF, Bertolucci PH, Tilbery CP. Attention impair-
ment associated with relapsing-remitting multiple sclerosis patients with 
mild incapacity. Arq Neuro-Psiquiatr. 2007;65(2A):262-7. https://doi.
org/10.1590/s0004-282x2007000200014

42.	 Grossman M, Irwin DJ. The mental status examination in patients with 
suspected dementia. Continuum. 2016;22(2):385-403. https://doi.
org/10.1212/CON.0000000000000298

43.	 Brooks JB, Borela MC, Fragoso YD. Assessment of cognition using 
the Rao’s Brief Repeatable Battery of Neuropsychological Tests on a 
group of Brazilian patients with multiple sclerosis. Arq Neuro-Psiquiatr. 
2011;69(6):887-91. https://doi.org/10.1590/s0004-282x2011000700007

44.	 Sumowski JF, Benedict R, Enzinger C, Filippi M, Geurts JJ, Hamalainen 
P, et al. Cognition in multiple sclerosis: State of the field and priorities 
for the future. Neurology. 2018;90(6):278-88. https://doi.org/10.1212/
WNL.0000000000004977

45.	 Patti F, Amato MP, Trojano M, Bastianello S, Tola MR, Goretti B, 
et al. Cognitive impairment and its relation with disease measures in 
mildly disabled patients with relapsing-remitting multiple sclerosis: 
baseline results from the Cognitive Impairment in Multiple Sclero-
sis (COGIMUS) study. Mult Scler. 2009;15(7):779-88. https://doi.
org/10.1177/1352458509105544

46.	 Fuso SF, Callegaro D, Pompéia S, Bueno OF. Working memory impairment 
in multiple sclerosis relapsing-remitting patients with episodic memory 
deficits. Arq Neuro-Psiquiatr. 2010;68(2):205-11. https://doi.org/10.1590/
s0004-282x2010000200010

47.	 Damasceno A, Damasceno BP, Cendes F. Subclinical MRI disease activity 
influences cognitive performance in MS patients. Mult Scler Relat Disord. 
2015;4(2):137-43. https://doi.org/10.1016/j.msard.2015.01.006

48.	 Rodrigues DN, Paes RA, Vasconcelos CC, Landeira-Fernandez J, 
Alvarenga MP. Different cognitive profiles of Brazilian patients with 
relapsing-remitting and primary progressive multiple sclerosis. Arq 
Neuro-Psiquiatr. 2011;69(4):590-5. https://doi.org/10.1590/s0004-
282x2011000500004.

49.	 Damasceno A, Damasceno BP, Cendes F. No evidence of disease activity 
in multiple sclerosis: Implications on cognition and brain atrophy. Mult 
Scler. 2016;22(1):64-72. https://doi.org/10.1177/1352458515604383.

https://doi.org/10.1177/1352458508096684
https://doi.org/10.1136/bmjopen-2020-041249
https://doi.org/10.1136/bmjopen-2020-041249
https://doi.org/10.1016/S1474-4422(20)30277-5
https://doi.org/10.1016/S1474-4422(20)30277-5
https://doi.org/10.1212/WNL.0000000000009522
https://doi.org/10.1016/j.clineuro.2016.07.011
https://doi.org/10.1007/s00702-019-01981-6
https://doi.org/10.1097/PHM.0000000000000987
https://doi.org/10.1590/1980-57642018dn12-020014
https://doi.org/10.1590/1980-57642018dn12-020014
https://doi.org/10.2147/NDT.S163480
https://doi.org/10.1016/j.msard.2020.102513
https://doi.org/10.1177/1352458519878685
https://doi.org/10.1177/1352458519878685
https://doi.org/10.1002/ana.22366
https://doi.org/10.1590/S1516-44462000000300003
https://doi.org/10.1590/S1516-44462000000300003
https://doi.org/10.1017/s1041610292000991
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1590/s1516-44462006005000053
https://doi.org/10.1590/s1516-44462006005000053
https://doi.org/10.1590/s1516-44462011005000007
https://doi.org/10.1590/s1516-44462011005000007
https://doi.org/10.1590/s0004-282x2005000100023
https://doi.org/10.1590/s0004-282x2005000100023
https://doi.org/10.1080/13854046.2015.1093173
https://doi.org/10.1080/13854046.2015.1093173
https://doi.org/10.1590/S0102-37722007000300010
https://doi.org/10.1590/s0004-282x1997000100009
https://doi.org/10.1590/s0004-282x1997000100009
https://doi.org/10.1590/S1679-45082016AO3629
https://doi.org/10.1590/S1679-45082016AO3629
https://doi.org/10.1590/0004-282X20160151
https://doi.org/10.1590/0004-282X20160151
https://doi.org/10.3174/ajnr.A4952
https://doi.org/10.1016/j.msard.2021.102806
https://doi.org/10.1590/S0047-20852011000400006
https://doi.org/10.1590/S0047-20852011000400006
https://doi.org/10.1016/j.msard.2013.10.007
https://doi.org/10.1191/135248506ms1227oa
https://doi.org/10.1191/135248506ms1227oa
https://doi.org/10.1590/s0004-282x2007000200014
https://doi.org/10.1590/s0004-282x2007000200014
https://doi.org/10.1212/CON.0000000000000298
https://doi.org/10.1212/CON.0000000000000298
https://doi.org/10.1590/s0004-282x2011000700007
https://doi.org/10.1212/WNL.0000000000004977
https://doi.org/10.1212/WNL.0000000000004977
https://doi.org/10.1177/1352458509105544
https://doi.org/10.1177/1352458509105544
https://doi.org/10.1590/s0004-282x2010000200010
https://doi.org/10.1590/s0004-282x2010000200010
https://doi.org/10.1016/j.msard.2015.01.006
https://doi.org/10.1590/s0004-282x2011000500004
https://doi.org/10.1590/s0004-282x2011000500004
https://doi.org/10.1177/1352458515604383

