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Pasquale Calabrese Neuropsychology of multiple sclerosis
An overview

Introduction

Multiple sclerosis (MS) is one of the most common neu-
rological diseases, and compared to other neurological
conditions it has an early onset in young adult life. In ad-
dition, although a number of descriptions concerning
the mental symptoms were given in early studies [13,
53], investigations in this area developed significantly
only in the last thirty years. This is partly due to the
modern brain-imaging techniques which allow a more
precise lesion quantification even in early disease stages
[62]. Together with the improvement of neuropsycho-
logical methodology, important advances have been
made in attempting to relate the behavioral distur-
bances to structural involvement. From socioepidemio-
logical studies, it is known that MS leads to unemploy-
ment in 50 to 80 % of the cases within a ten year disease
course [22]. Furthermore, neuropsychological studies
indicate that cognitive dysfunctions are present in al-
most 50 % of patients [36] and result in significant func-
tional impairment at work and at home, sometimes de-
spite minimal physical disability [17].

Given these facts, including its negative psychosocial

impact, the study of multiple sclerosis is of importance
for many professions both in the medical and in the so-
cial sciences. We herein will concentrate on the neu-
ropsychological aspects of this disease, differentiating
its neuropsychological features from other brain-involv-
ing pathologies with similar performance by postulat-
ing a possible explanation for some neuropsychological
characteristics.

Neuropsychology of multiple sclerosis

Although psychopathological symptoms in multiple
sclerosis have been known since the early descriptions
of the disease and mental functions in MS were investi-
gated in some detail already almost 90 years ago (e. g.
[51]), essential contributions to the understanding of
cognitive deficits were made in the last five decades
(e. g., [12, 50]). Whereas Kurtzke and coworkers [29] re-
ported a 3 % prevalence of cognitive and affective dis-
turbances, more recent investigations revealed preva-
lence rates of about 50 % [36, 45].

More recent research has resulted in a growing field
of knowledge on distinct MS-related neuropsychologi-JO
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overview of the main findings of
recent decades. The pros and cons
of considering the cognitive
deficits of multiple sclerosis pa-
tients as a form of ‘subcortical de-
mentia’ are discussed. By compar-
ing the neuropsychological
descriptions of multiple sclerosis
patients as given in the literature to
other neurological diseases which
are also associated with neuropsy-
chological deficiencies, we propose
the term ‘multiple disconnection

syndrome’ to describe the variety
of neuropsychological deficits en-
countered in this demyelinating
disease. Furthermore, a ‘ threshold
of cerebral tolerance’ is assumed
which must be crossed before cog-
nitive dysfunctions are manifested
clinically.
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cal deficiencies. The most frequently impaired cognitive
domains are attention, information processing speed,
memory, mental flexibility and visuoconstruction.

■ Attention and information processing

Attention and information processing are important
cognitive functions that have been largely neglected
[41]. Matthews, Cleeland, and Hopper [34] found a sig-
nificant impairment of MS-patients compared to con-
trols in tasks requiring cognitive speed. In the same
study, the authors showed that the motor performance,
e. g., in a finger tapping paradigm, was also substantially
slowed in the patient group, thus, making it difficult to
decide whether the poor performance is due to a slowed
motor or mental processing rate. The same problem re-
mained for the findings of Elsass and Zeeberg [16]. MS-
patients manifested definitely delayed reaction times
when compared with neurologically healthy patients.
The authors could not exclude the effects of motor per-
formance on their reaction time measures and therefore
it is not clear which function – pure motor performance
or information processing speed – causes the increased
reaction times in MS.

Using a two choice reaction time-paradigm separat-
ing motor components from mental decision speed, Rao
and coworkers [45] failed to show differences between
patients and controls and therefore concluded that in-
formation processing speed, as measured by this para-
digm, may not be impaired in MS.

Some other studies used tests of attention/informa-
tion processing which (a) were not influenced by motor
impairments and (b) examined some other components
of attention than reaction time. This research was
mainly based on auditory tests such as the Paced Audi-
tory Serial Addition Task (PASAT), although concerns
have been raised about the scoring method [14]. In gen-
eral, MS patients performed inferior to controls in this
task [15, 31, 45, 47]. Since arithmetic functions appear to
be intact in MS patients and, in addition,performance in
the Sternberg Memory Scanning Paradigm is undis-
turbed (e. g., [31]; but see [45]), the deficits in the PASAT
seem to result from the demands on memory load. The
most convincing hypothesis proposed to explain these
deficits appears to be a working memory impairment
[19].According to Baddeley [3],only a restricted amount
of information can be held in short-term memory and
therefore rehearsal loops must exist. Recently, Paulesu,
Frith, and Frackowiak [38] inferred from their PET data
that the Broca area in the left hemisphere should be as-
sociated with the subvocal rehearsal system. An inter-
ruption of these loops, for instance due to white matter
lesions, may cause the observed information processing
and attention deficits. Attention deficits in MS were also
found in other auditory and visual attention tasks not

requiring motor functions [49]. Furthermore, attention
deficits were detected also in MS patients with clinically
isolated lesions [11].

A preliminary conclusion, which can be drawn from
the results obtained in the small number of reports on
attention and information processing deficits in MS, is
that these impairments seem to occur early in the dis-
ease course and may be one reason for subsequent dys-
functions in memory or abstract reasoning.

■ Memory

Memory disturbances appear to be the most frequent
cognitive dysfunction in MS [5, 40, 41, 45, 48]. Specifica-
tions on the frequency of these deficits are not com-
pletely identical; the range lies between 40 % and 60 %
[36, 49, 54].

In 1905, Seiffer [53] concluded from his data that in
nine of his ten cases “more or less dramatic intellectual
impairments were found, which most frequently were
observable in the areas of memory, remote as well as re-
cent, and of associative thinking and information pro-
cessing” (p. 298; translated by the author). Seiffer made
quite extensive memory testing with his patients; he
used, for instance, an autobiographical interview and a
questionnaire-like procedure to test school- and world-
knowledge in order to objectify remote memory func-
tions; furthermore, he applied seven measures of verbal
and visual short-term and long-term memory, ranging
from seconds to up to 16 days.

More recently, controlled neuropsychological studies
give a more variable picture of memory functions in MS.
The first data were published early in the 1980s [21, 43,
54]. All these studies found disturbances in short-term
memory and delayed recall for verbal as well as spatial
material. Since these reports include different groups of
patients, i. e., subjects with different disease courses, it
can be concluded that memory dysfunctions appear to be
a core deficit in MS.Most of the studies report span mem-
ory and short-term recognition to be grossly unimpaired
(e. g., [2, 10, 25, 41, 43, 49]), although there is counterevi-
dence from some studies (e. g., [5]). Measures on verbal
memory, involving more complex material or supraspan
tasks,seem to be affected [5,24,41,49,58].In Selective Re-
minding Tasks, MS patients produced less items from
long-term memory than controls,whereas the reproduc-
tion from short-term storage was undisturbed [45]. Fur-
thermore, story recall seems to be impaired, too [9, 37,
45]. Recognition memory is usually less impaired than
recall, indicating that retrieval rather than encoding or
storage processes seem to be most easily impaired in MS
[9,46,58].As shown by Calabrese and coworkers [10],en-
coding capacities may also be influenced by MS. These
findings of impaired verbal memory functions were also
reported for visuo-spatial tasks [9, 43, 59].
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Most recently, some research involving tests to mea-
sure everyday memory functions found lower scores in
MS-patients than in healthy or clinical controls [10, 36].
The main deficits were observed in subtests of long-
term memory for verbal as well as visuo-spatial and
figural items with and without cueing. Furthermore,
prospective memory was also found to be deficient.

The occurrence of remote memory deficits in MS is
still a matter of debate. Using a famous faces recognition
test,Beatty and colleagues [5] found retrograde memory
deficits in a group of patients, while Rao and coworkers
[45] could not confirm these results using a similar pro-
cedure. Naming deficits or impaired acquisition alone
were not sufficient to explain the observed disturbances.
Since the patients in these two studies were not compa-
rable in all variables, further research seems necessary.

Some interesting findings were reported from au-
thors using measures of ‘frontal dysfunctions’. The in-
vestigation of memory for temporal order,metamemory
functions and cognitive flexibility in MS-patients re-
vealed deficiencies and the authors proposed that these
deficits were the product of damage to temporal lobe or
diencephalic memory systems and to fronto-striatal cir-
cuits [7, 8, 45].

A common distinction in the neuropsychology of
memory is that of explicit and implicit learning and
memory domains [18, 23]. Whereas standard recall and
recognition memory tasks demand explicit and con-
scious recollection of facts, implicit learning may occur
without awareness. Studies in MS showed normal im-
plicit memory functions in skill learning, word stem
(lexical) and semantic priming [4, 6]. In this aspect, the
performance of MS-patients differed from that reported
for subjects with Alzheimer’s and Huntington’s disease.
Cognitive dysfunctions in MS seem to be different from
those seen in subcortical or cortical dementia and thus
may better be explained on a basis of a multiple discon-
nection.

Grafman, Rao, Bernardin, and Leo (1991) used differ-
ent tasks to study effortful and automatic memory
processes. MS-patients showed disturbances on tasks
demanding effortful operations (free and cued recall),
but not on tasks demanding automatic processing
(monitoring frequency and modality). An explanation
for these findings may be that the processing of verbal
information within working memory would be im-
paired [32], thus, causing deficits in processing infor-
mation at the level of the articulatory loop (see [3]), i. e.,
in retrieving and in rapidly processing verbal informa-
tion. Automatic processing which demands intact se-
mantic activation, independent from working memory,
appears to be unaffected in MS (cf. [6]).

In conclusion, memory appears to be the most fre-
quently disturbed cognitive function in MS. But when
studying unselected groups of patients, a strong vari-
ability in test performance between patients is found

[10, 37, 43]. However, several typical memory impair-
ments in MS have been described. The capacity of short-
term memory, recognition memory and implicit learn-
ing seems to be relatively undisturbed, whereas working
memory functions, at least for verbal material, can be
deficient. Retrieval strategies from short-term and long-
term memory are impaired as well. The existence of dis-
turbances in remote memory functions and encoding
processes is not yet clear and needs further investiga-
tion. Research strategies controlling processing capaci-
ties and, in addition, more studies using ecologically
valid instruments investigating everyday memory func-
tions should be undertaken to obtain more information
on the problems to be expected in daily living and to in-
troduce a basis for intervention.

■ Cognitive flexibility

According to Vowels and Gates (1984), one-third of the
MS-patients show deficits in tests requiring planning,
problem solving, concept formation and utilization of
feedback.Furthermore, these patients display additional
memory impairment and flattening of affect; but some
patients may fail on these tests without having impaired
memory functions or affective flattening. Beside the
commonly observed memory problems, conceptual
reasoning seems to be a frequent deficit in MS (e. g.,
(39–41]).

Concept formation tasks, such as the Wisconsin Card
Sorting Task, revealed significant differences between
normal controls and MS-patients [44, 45] or scores
within the same range as brain-damaged patients [34].
The MS-group, especially chronic-progressive patients,
performed less well and produced a greater number of
perseveration errors.

Rao and coworkers [44] used a two-choice visual dis-
crimination task to investigate the abilities to formulate
hypotheses or to use feedback to shift from or to stay
with the hypothesis. Results showed that MS-patients
performed worse than non-neurologic patients. The
MS-group was less able to eliminate irrelevant hypothe-
ses and tended to perseverate despite negative feedback.

Taken together, it can be concluded that MS-patients
appear to be frequently impaired in conceptual reason-
ing. They have difficulties in responding to environ-
mental feedback, in forming concepts and in shifting
sets. These deficits are not necessarily related to atten-
tional, memory or affective factors.

■ Visuospatial and visuoconstructive abilities

Research on visuoconstructive, visuospatial and vi-
suoattentional abilities is rare, although some authors
report domain-specific deficits [30]. These deficits were
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not necessarily attributable to cognitive dysfunctions,as
motor deficits influenced these tasks, too.

The use of non-motor visuospatial/visuoconstruc-
tive tasks revealed different results. Jennekens-Schinkel
et al. [26] used the Raven Standard Progressive Matrices
to measure non-verbal, visuospatial intellectual abilities
and found no differences between MS-patients and con-
trols. On the other hand, Rao and colleagues [45] found
that some visuospatial skills were impaired in MS-pa-
tients. One possible interpretation for these findings is
that the tests used in these investigations, measure (at
least, in part) additional functions besides visual abili-
ties (e. g., conceptual functions, logical reasoning and
organizational skills).

Presently the published data are inconclusive and
more research on MS-patients is needed to obtain de-
tailed information on this cognitive domain.

■ Effects of disease characteristics on cognitive
functioning

The influence of disease characteristics on cognitive
processes in MS is a matter of controversy. While some
studies report no correlation between disease duration
and cognition (e. g., [19, 37, 45, 46]), a trend for a higher
frequency of poor scores in a memory test in patients
with a longer disease duration was reported by McIn-
tosh-Michaelis et al. [36]. Conflicting results are also re-
ported regarding the role of physical disability (in most
cases measured with the Extended Disability Status
Scale). Some studies reported significant correlations
between physical disability and cognitive functioning
[10, 32, 36, 45, 56, 58]; other studies were negative [5, 35,
37, 46]. More recently, Lynch and coworkers reported a
strong association between cognitive impairment and
the rate of disability progression. Since this study repre-
sents one of the few larger studies, including 253 inpa-
tients, the authors argue cognitive impairment to be
more closely associated with physical disability than
most previous studies indicate. Further research is nec-
essary to decide the question on the relationship be-
tween these two variables, but it must be noted that the
studies with the greatest number of patients belongs to
the first group [45, 56].

A third characteristic of MS would be the disease
course. Most authors found a relation between disease
course and cognitive functioning [10, 19, 37]. When
comparing patients with primary progressive MS
(PPMS) to patients with relapsing-remitting disease ac-
tivity (RRMS) and individuals with a secondary-pro-
gressive (SPMS) course, most studies find PPMS pa-
tients to be more impaired in their cognitive abilities
(e. g., [60]). Unfortunately, disease course might be con-
founded with several other variables (age, disease dura-
tion) and, thus, might be of limited value as an indepen-

dent predictor for cognitive decline. Recently, Kraus and
coworkers [38] were able to correctly identify 87.7 % of
patients’ courses in general and about 90 % of patients
with chronic progressive MS by using discriminant
analysis on the basis of cognitive test results.

Related to these findings on the disease course are
studies on cognitive functioning early in MS course.
Summing up, it may be said that subtle deficits can also
be found in this group of patients. For instance, Stenager
and coworkers [56] reported that deficits in a specific
memory test (story recall) could be found in patients
with only the mildest physical impairments. Further-
more, Klonoff and colleagues [27] as well as Grant and
coworkers [20] reported learning and memory deficits
in early and mild MS. Calabrese et al. [10] found no
deficits compared to control subjects in MS-patients
with the first manifestation of the disease.

In a longitudinal study,after an average interval of two
years before follow-up, Mariani et al. [33] re-tested their
19 moderately impaired MS-patients with an initially re-
lapsing-remitting course. The group of patients showed
no evidence of cognitive decline at re-testing and, in ad-
dition, no significant change in MRI lesions. Jennekens-
Schinkel and colleagues [26] concluded after a four year
follow-up that “a uniform MS-related development of
cognitive deficits could not be identified, improvement,
stability and further deterioration being found at re-
assessment” (p. 229). Feinstein and coworkers (1993)
tested their patients over a period of six months every two
weeks. Five patients with early relapsing-remitting and
five with long-standing benign multiple sclerosis were
involved.Controls and those patients with stable MRI le-
sion scores showed no cognitive decline over this period
or improved even due to practice effects.Though patients
with increasing lesion load either performed less well
over time or did not benefit from practice effects in this
particular study, cognitive measures were not consis-
tently correlated to structural damage as visualized by
conventional MRI.While some studies failed to establish
correlations between lesion load and cognitive functions
[52], other investigations found high correlations to le-
sion load but not without topographic specificity [60].By
separating total brain volume from neocortical volume,
Amato and coworkers [1] were able to demonstrate a re-
lationship between neocortical atrophy and cognitive
speed. It may be argued that there is a threshold of cere-
bral tolerance which must be trespassed before cognitive
disturbances achieve clinical relevance. However, since
cognitive disturbances might reflect neuroinflammation
as well as degenerative processes, further studies need to
consider these cumulative effects by adopting dynamic
and structural methods representing different levels of
analysis to shed some new light on these relationships.
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Summary

Today, a uniform pattern of cognitive impairments in
MS does not seem to be observable, but some main ar-
eas of deficits can be identified. Primary language func-
tions, immediate and implicit memory and verbal intel-
lectual skills appear to be unaffected. Information
processing abilities, complex visuo-spatial tasks, con-
ceptual reasoning as well as sustained attention are of-
ten impaired. However, the greatest deficits could be
identified in the area of memory. Working memory and
retrieval functions in short-term and long-term mem-

ory seem to be the most essential cognitive deficits in
MS. Emotional disturbances often accompany cognitive
decline, but seem not to be causally linked.

Although there is a growing awareness of these neu-
ropsychological deficits in MS, some deficits are subtle
and therefore might be missed during routine neurolog-
ical evaluation. However, since it becomes clear that
cognitive impairment is a major indicator of psycholog-
ical distress as well as a source of vocational disability,
social impairment and quality of life, a thorough neu-
rocognitive evaluation should be mandatory.
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