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Neuropsychological differences between types of multiple
sclerosis: relapsing remitting versus primary progressive
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Abstract

Background: Multiple sclerosis (MS) is a neurodegenerative disease whose clinical deterioration is observed at a physi-
cal, cognitive, and socio-emotional level, affecting the quality of life of the patient. Several scientific studies show early
cognitive alterations in MS and profiles of different cognitive affectation according to the clinical form of the disease.
Obijective: The objective of the study was to analyze the existence of significant differences between relapsing remitting
MS (RRMS) and primary progressive MS (PPMS) in neuropsychological processes such as attention, memory, language,
visuoperception, executive function, and processing speed. Methods: The sample consisted of 20 patients with MS with
chronological ages between 20 and 50 years of both sexes belonging to the Psique de Medellin Foundation, who were
administered the paced auditory serial addition test and the digit-symbol test to assess attention, the complex figure of
Rey to evaluate memory, the Boston test, and verbal fluency to assess language, complex figure of Rey copy for visuoper-
ception, Wisconsin to assess executive function, and trail making test to measure processing speed. A descriptive, infe-
rential, and transversal design was used. Results: There are no significant differences between the scores of patients with
RRMS and PPMS in any assessed neuropsychological process. Conclusion: Knowing the neuropsychological profile of
MS in early stages can be useful as an indicator of prognosis and to suggest therapeutic and follow-up strategies in
patients with RRMS and PPMS.
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Diferencias neuropsicologicas entre tipos de esclerosis multiple: remitente recurrente
vs progresiva primaria

Resumen

Antecedentes: La esclerosis multiple (EM) es una enfermedad neurodegenerativa cuyo deterioro clinico se observa en los planos
fisico, cognitivo y socioemocional, incidiendo en la calidad de vida del paciente. Diversos estudios cientificos muestran alteraciones
cognitivas tempranas enla EMy perfiles de afectacidn cognitiva distintos,segun sealaforma clinica de la enfermedad. Objetivo: Analizar
la existencia de diferencias significativas entre la EM remitente recurrente y la EM progresiva primaria en procesos neuropsicologi-
cos, como atencion, memoria, lenguaje, visopercepcion, funcion ejecutiva y velocidad de procesamiento. Métodos: La muestra se
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integré con 20 pacientes con esclerosis miiltiple y edades cronoldgicas de 20 a 50 afios de ambos sexos pertenecientes a la
Fundacion Psique de Medellin, sometidos a la administracion del PASAT y la prueba digito-simbolo para valorar la atencion, la
Figura Compleja de Rey para evaluar la memoria, la prueba de Boston y Fluidez Verbal para valorar el lenguaje, la Figura Com-
pleja de Rey (copia para visopercepcion), la prueba de Wisconsin para valorar la funcion ejecutiva y el Trail Making Test para
medir la velocidad de procesamiento. Se utilizé un disefio descriptivo, inferencial y transversal. Resultados: No existen diferencias
significativas entre las puntuaciones de pacientes con esclerosis multiple remitente recurrente y esclerosis multiple progresiva
primaria en ningun proceso neuropsicologico valorado. Conclusiones: Puede ser de utilidad conocer el perfil neuropsicologico
de la EM en fases tempranas como indicador de prondstico y para sugerir formas terapéuticas y de seguimiento en pacientes
con esclerosis multiple remitente recurrente y esclerosis multiple progresiva primaria.
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Introduction

Multiple sclerosis (MS) is a neurodegenerative
pathology that affects the central nervous system, char-
acterized by presenting heterogeneity of symptoms and
progressive disability that impairs the quality of life of
patients'.

Nowadays, various research studies®® show that MS
is a demyelinating disease in which immune processes
are altered, unknown etiology but involving an interplay
between genetic and environmental factors.

MS is clinically characterized by relapses and/or pro-
gression®, being relapses or not associated with pro-
gression. Relapses refer to acute or subacute episodes
of neurological dysfunction that may or may not be
followed by a remission, spontaneously or after treat-
ment, resulting in a partial or complete recovery. These
relapses are the result of acute, monofocal or multifo-
cal, inflammation, that is recurrent with the appearance
of new injuries. Symptoms associated with a relapse
include diplopia, dizziness and vertigo, paresthesia,
optic neuritis, paraparesis, and pyramidal syndrome®.
Progression is defined as a steadily increasing objec-
tively documented neurological dysfunction/disability
without unequivocal recovery (fluctuations and phases
of stability may occur).

At present, several disease courses or phenotypes
of MS have been identified®.

The clinical manifestations of MS, in both progression
and relapses, include motor and sensory dysfunctions,
accompanied by cognitive deficits and emotional,
and/or psychiatric disorders’™®. Cognitive impairment
has a high prevalence and has been reported in 43-70%
of MS patients, and can occur at any stage of the dis-
ease'?. This cognitive dysfunction is a manifestation of
axonal injury''? that is widely distributed throughout
the brain and manifests as neuropsychological deficits,
in attention, memory, learning, executive function, and
processing speed. Using magnetic resonance imaging

(MRI) measures, Filippi et al.'® noted that cognitive
impairment in MS is related to atrophy in the gray
matter damage and Cruz-Gémez et al."* suggest that
low performance in episodic and declarative memory
tasks is associated with reduced functional connectivity
of the left hippocampus. Several studies''® show that
cognitive deficits are present in the early stages of the
MS, and the impairment include alterations in process-
es such as attention, memory, executive function, and
processing speed. In the study carried out by
Dugque et al."" they find the performance was worse for
MS patients than for control participants in verbal mem-
ory tasks, working memory, and processing speed.
Achiron et al.'” and Desousa et al.?° reported on cog-
nitive disturbances in memory, verbal fluency, attention,
and processing speed in patients with MS. More spe-
cifically, after studying cognitive impairment among
phenotypes of MS, Huijbregts et al.?" suggest that pa-
tients with different forms of MS are associated with
different cognitive impairment profiles. Along the same
lines, Wachowius et al.??find that patients with progres-
sive form of MS show greater cognitive impairment than
patients with recurrent form of MS, and exhibit lower
performance in tasks of visual memory, processing
speed, and attention. Macias-Islas et al.>® assert that
patients with relapsing-remitting MS (RRMS) perform
significantly better in working memory, processing
speed, and attention tasks than patients with primary
progressive MS (PPMS). In short, it is necessary to
know the involvement of the neuropsychological pro-
cesses of each type of MS, to provide an adequate,
early, and optimal neuropsychological intervention with
the aim of delaying neurological disability and improv-
ing the quality of life of patients. For this reason, the
objective of this research is to verify the existence of
statistically significant differences in some neuropsy-
chological processes such as attention, memory, lan-
guage, visuoperceptual processing, executive function,
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and processing speed between patients with RRMS
and PPMS.

Methods

A non-experimental descriptive and inferential design
were used with the aim of describing the values of the
study variables and comparing differences between
groups (RRMS and PPMS). It was adopted an ex post
facto and cross-sectional design, using a quantitative
information-gathering methodology. The participants in
this study were 20 MS patients from patients from the
Psyque Foundation in the City of Medellin, Colombia,
between the ages of 22 and 52 (M = 37.40; DE = 8.56),
both sexes, 12 women and eight men. The RRMS
group consisted of 11 patients, seven women, and four
were men, aged between 22 and 46 (M: 37.55; DE: 6.54).
The PPMS group consisted of nine patients, five wom-
en and four were men, aged between 22 and 52 (M:
37.27; DE: 10.24). All participants were of legal age and
signed informed written consent expressing their agree-
ment with participation in the study. The sample was
non-random and the criteria for inclusion were as fol-
lows: to have MS diagnoses according to the McDonald
criteria of 2005 (collected in Polman et al.?*), to have a
diagnosis time of the disease < 1 year, to have at least
one level of high school studies, and to belong to the
Psyche Foundation of Medellin.

The exclusion criteria were illiteracy, perceptual alter-
ations that prevented evaluation and psychiatric disor-
ders or another neurological disease in the anamnesis;
to verify the latter, the diagnosis report was requested
from participants, with no additional tests being per-
formed for the assessment of depression and anxiety
that are common in MS patients. To verify that the in-
tellectual level of participants was not < 70, they were
administrated K-BIT, which is an intelligence quotient
(1Q) screening that verified that all patients had an 1Q
above 70, both the RRMS group (M: 76.22; SD: 16.81)
and the PPMS group (M: 74.27; SD: 12.60).

The variables under study were attention, Wiscon-
sin Cards Sorting test, Heaton, Chelune, Talley, Kay
y Curtiss 31 this test evaluates cognitive flexibility.
Memory, language, visuoperceptual processing, and
executive function and processing speed, and the
evaluation instruments for measuring them were, re-
spectively: paced auditory serial addition test (PAS-
AT) to evaluate auditory attention, symbol digit mo-
dalities test (SDMT) for auditory and visual attention,
Rey Complex Figure Test (copy) for visual memory
and visuoperceptual processing, Boston test to

assess the naming abilities at a linguistic level and a
verbal fluency test, the Wisconsin cards sorting test
(WCST) to evaluate cognitive flexibility (one compo-
nent of executive function), and Trail Making Test to
assess processing speed.

The Paced Auditory Serial Addition Test (PASAT),
Gronwall®® is a neuropsychological test used to assess
divided attention; in this study the PASAT 3 version has
been used.

The Symbol Digit Modalities Test (SDMT), Smith®
evaluates sustained attention and in the present re-
search both versions (auditory and visual) have been
used.

The Trail Making Test, Jarvis and Bart?” is used to
assess attention and processing speed. In this study,
only part B has been used and it has been registered
the time spent performing the task.

Rey Complex Figure, Rey® is a test that allows to
assess the organization and visuospatial memory. In
this study, the copy task is used to measure visuoper-
ceptive ability and short-term visuospatial memory
task.

The Boston test, Goodglass and Kaplan® is used to
assess naming abilities.

Verbal Fluency task, Ardila and Rosselli*® is a task of
semantic verbal fluency.

Wisconsin Cards Sorting test (WCST), Heaton et al.3":
this test evaluates cognitive flexibility.

Before the assessment, informed consents were re-
quested from participants of the Psyque Foundation of
the City of Medellin, both RRMS and PPMS patients.
Subsequently, the tests were clinically administered,
i.e., a single researcher and patient in a ward.

The neuropsychological assessment was organized
into three sessions of approximately 40 min each and
the order of the tests remained constant for all patients.
Lighting and loudness conditions were controlled in
each room to make them the most optimal possible. The
study was conducted in accordance with established
ethical standards. The research was approved by the
Bioethics Committee of the Pampuri Foundation — In-
ternational NGO, in compliance with the ethical stan-
dards of the Helsinki Declaration of 2000.

The data were analyzed using the SPSS statistical pro-
gram, version 20.0 for Windows. Descriptive statistics of
the variables were calculated to represent the central ten-
dency: mean, and standard deviation; and Student’s para-
metric t-test, and Mann-Whitney’s non-parametric U-test
(after analysis of the Shapiro normality test) were used to
check for significative differences between groups in the
variables under study with a significance level o = 0.05.
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Table 1. Neuropsyhcological variables: inferential and descriptive results

Neuropsychological variables
m Standard deviation m Standard deviation

Sustained visual attention 21.18* 15.66* 1.700

Verbal fluency 10.27* 3.10 10.11* 3.88 0.104 0.91

Sustained auditory attention 9.90* 6.73 1.77* 5.99 0.456
Divided auditory attention 10.81* 6.46 G183 8.32 0.120
Processing speed 239.27* 198.77 318.33* 231.25 0.456
Visual memory 15.18% 9.16 8.33* 8.66 0.710
Denomination 51.18* 8.48 44.88* 13.89 0.331
Visuoperceptual processing 23.09% 6.68 16.66™ 10.60 0.456
Executive function: cognitive flexibility 4.27* 3.95 6.22* 6.34 0.710

*Normal mean expected for the different tests: sustained auditory attention (48,38); sustained visual attention (42,97); divided auditory attention (48.3); processing speed
(90.4); visual memory (14.1); denomination (44.2); verbal fluency (17.04); visuoperceptual processing (32); cognitive flexibility (5.7).

Results

The results of descriptive analyses of the attention,
memory, language, visuoperceptual processing, executive
function, and processing speed variables in the two EMRR
and EMPP study groups are shown in table 1. The data
in this table reveal a higher means for the variables sus-
tained auditory attention, sustained visual attention, divid-
ed auditory attention, visual memory, denomination, and
visuoperceptual processing in the patients RRMS. How-
ever, the mean of the variable cognitive flexibility is higher
in PPMS. In processing speed RRMS patients used less
time to finish the task. In the verbal fluency task, the per-
formance of patients with RRMS and PPMS seems
similar.

The results of the inferential analysis were obtained
by Student’s parametric t-test and Mann-Whitney’s
non-parametric U-test with a significance level of 0.05,
and show that there are no significant differences be-
tween EMRR and EMPP in any of the neuropsycholog-
ical variables studied. Table 1 shows the results of the
inferential analysis between RRMS and PPMS in all the
neuropsychological measures.

To confirm the difference between MS patients and
expected normal means, inferential statistics were in
each of the neuropsychological tests with a significance
level of 0.05. The results using the Mann-Whitney U
test showed significant differences in sustained audito-
ry attention (p = 0.000), divided auditory attention (p =
0.000), processing speed (p = 0.000) and naming (p =

0.000). The comparative analysis using the Student
t-test found significant differences in verbal fluency (t =
8.212; p = 0.000) and sustained visual attention (t =
11.665; p = 0.000). No significant differences were
found in visual memory (p = 0.108), visuoperceptual
processing (p = 0.602) and cognitive flexibility (p =
0.602).

The differences between RRMS and PPMS were
also analyzed based on age (t = 0.072; p = 0.944) in-
tellectual level (IQ) (p = 0.421) and the schooling years
(t = 1.201; p = 0.245), and no significant differences
were found.

The estimated sample size to find a significant differ-
ence has been calculated for the two variables closest
to statistical significance: sustained visual attention and
divided auditory attention. The number of participants
estimated to find significant differences between groups
with a 95% Cl is 52 for sustained visual attention and
40 for divided auditory attention, half of each
subtype.

Discussion

The results of the present study show that there are
no significant differences between RRMS and PPMS in
the neuropsychological processes evaluated in this re-
search such as: attention, processing speed, memory,
language, visuoperceptual processing, and cognitive
flexibility. These findings are in line with previous stud-
ies® that found no significant differences in verbal
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fluency and executive function between RRMS and
PPMS. However, these authors do find in their study
that RRMS patients have better performance than
PPMS patients in attention and processing speed tasks.
In this same vein, Olivares et al.® found significant dif-
ferences between RRMS and PPMS in visual memory,
attention, and processing speed tests. Johnen et al.?,
in a meta-analysis of forty-seven empirical studies con-
ducted with neuropsychological, found significant differ-
ences between PPMS and RRMS in favor of RRMS in
IQ, speed processing, verbal learning, verbal memory,
visual memory, working memory, cognitive fluency, vi-
suoperception and executive function. These authors
found that cognitive differences between MS subtypes
persist regardless of clinical and demographic charac-
teristics of the two subtypes, so they may be due to
pathogenic differences or aspects related to the sample
itself. In a systematic review of eighteen studies Vollmer
et al.® they highlight the relation between decreased
brain volume with low scores on neuropsychological
tests, suggesting that in PPSS there is a greater atrophy
of the grey substance possibly generating decreased
performance in neuropsychological tasks. Brochet y
Ruet® point out that the PPMS subtype presents more
cognitive deficits than the RRMS subtype, specifically
in tasks in memory, attention, processing speed, verbal
fluency, executive functions, and working memory.

The lack of significant differences between RRMS
and PPMS encountered in this research is not consis-
tent with the expression of the two clinical profiles of
MS. Several studies* indicate that the progressive form
of MS is more affected cognitively from the early stages
of the disease than the recurrent form of MS, and there-
fore should be expected worse performance in neuro-
psychological tasks in those patients with PPMS since
the onset of the disease.

However, the results of this research, conducted with
a sample diagnosed less than a year ago, indicate that
there are no differences in the first stage of the disease
between patients with RRMS and PPMS in cognitive
impairment in neuropsychological processes such as
attention, processing speed, visual memory, language,
visoperceptual processing, and executive function. The
results suggest that in early moments, despite anatom-
ical differences due to cortical loss and pathogenic fac-
tors typical of each subtype of MS, the performance of
patients in neuropsychological tests is not affected, spe-
cifically, no significant differences were found among the
patient group versus normal values in cognitive flexibil-
ity, visual memory and visuoperception tasks. This find-
ing goes in the opposite direction than the results of the

study conducted by Ruet et al.%, who found worse
performance in patients with MS, both PPMS and
RRMS subtypes, compared to control group, with more
severe cognitive deficits in PPMS than in RRMS, due
to pathogenic factors inherent in PPMS. In relation to
language (naming), attention, processing speed, verbal
fluency and 1Q, the performance of patients diagnosed
with MS is significantly lower than the mean of the nor-
mal population. These results are in line with those
found by other studies®%’, suggesting that some cog-
nitive domains are more impaired than others in the first
months of the disease. It is true that the data obtained
in the present study are conditioned by the sample size,
due to the difficulty in finding participants who met the
inclusion criteria, especially among patients who were
diagnosed at most in 1 year, since the objective of the
study was to check for differences between groups in
neuropsychological impairment the onset of the dis-
ease. In addition, in this study, an attempt has been
made to control the effect of the educational level, se-
lecting patients with the same educational level (high
school), since several studies®-*° have shown the effect
of this factor on the performance of neuropsychological
tests in patients with MS. Regarding the intellectual level
(1Q), there are no significant differences between the
MS subtypes, in the opposite direction to the results
found in other studies®34%¢, The present study raises
the possibility that there are no different profiles of cog-
nitive dysfunction in the execution of neuropsychological
tests between RRMS and PPMS in patients with less
than one year of symptoms. It is possible that the spe-
cific moment of the disease in the participants and the
heterogeneity of measures of assessment of cognitive
functioning used in the different studies may be influ-
encing the results obtained.

This work has certain limitations: the size of the sam-
ple and lack of assessment of other variables that may
affect the association of the clinical profile of MS and
the cognitive impairment, such as cortical volume loss
or white matter observed with MRI and the assessment
of functional status or disability, preventing conclusion
with a neuropsychiatric deterioration factor.

The results of this study may help the clinician in
taking preventive decisions regarding the design and
development of the neuropsychological rehabilitation
plan of MS patients. The location of neuropsychological
deficits in MS is essential to design intervention strat-
egies for each MS subtype. In this study, despite having
found no significant differences, the PPMS profile has
a worse performance in neuropsychological tasks ex-
cept for cognitive flexibility, which suggests the early



need for more specialized treatment than the RRMS
profile. It could be considered whether an early cogni-
tive intervention in the first months could decrease the
difference in terms of cognitive impairment in patients
with PPMS versus the RRMS subtype.

Conclusion

In short, this study provides information on the neu-
ropsychological differences between RRMS and PPMS
in the initial phase of the disease and about the early
neuropsychological profile of both types of MS.

Overall, RRMS patients have better scores on all
neuropsychological measures (except cognitive flexibil-
ity), although the differences do not become significant
in the sample under study. These results may indicate
that RRMS/PPMS patients do not differ significantly
from each other in the execution of neuropsychological
processes in the 15 year after diagnosis. It is important
to highlight that the participants of the two groups of
MS subtypes in this study are both in the initial stage
of the disease (diagnosed for less one year), and they
have similar educational level, age, years of schooling
and IQ. This data can help by providing information on
the status of early-stage cognitive processes of both
phenotypes and clinical forms of MS, as an indicator of
prognosis and to suggest therapeutic and follow-up
strategies in patients with RRMS/PPMS.

As a proposal for future research, it is important to
increase the size of the sample and select patients with
RRMS and PPMS with more years of disease evolution
so that it can be compared the differences between the
two types of MS patients in neuropsychological decline,
with the passage of time and the effect of medication.
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