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Attention related performance in two cognitively
different subgroups of patients with multiple
sclerosis

Paivi Kujala, Raija Portin, Antti Revonsuo, Juhani Ruutiainen

Abstract
To evaluate the underlying mechanisms
of cognitive decline in multiple sclerosis,
two clinically and demographically
matched multiple sclerosis groups differ-
ing in cognitive status were assessed with
attention related tasks. In addition to the
attention tests recommended by the
Cognitive Function Study Group of the
American National Multiple Sclerosis
Society, a test of sustained attention was

used to evaluate the role of possible
fatigue on cognitive performance. The
cognitively mildly deteriorated group was
slower than the cognitively preserved
group and the controls on all tests of
attention. The mildly deteriorated group
did not, however, consistently differ from
the other groups in the error scores ofthe
attention tests. The preserved group
exhibited slowness at the end ofthe visual
vigilance test, but no deficits were found
on the other attention related tests in this
group. It is suggested that dissociable
kinds of processing slowness are the ori-
gin of the deficits found on the attention
tests in the two multiple sclerosis groups.
Our preserved group exhibited signs of
motor and fatigue related slowness,
whereas the mildly deteriorated group
also had extensive cognitive slowness. As
sensitive indicators of cognitive slowness,
attentional tests should be included in
evaluation of the cognitive status of
patients with multiple sclerosis.
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Disturbances of attention have been used as
sensitive indicators of cognitive decline in var-
ious diseases. In multiple sclerosis attention
has been evaluated with several methods: the
paced auditory serial addition test
(PASAT),'-5 the Stroop test,2 3 68 the
Steinberg memory scanning test,'-39 and dif-
ferent kinds of vigilance tasks.0'-3 In some
studies, performance of patients with multiple
sclerosis on the PASAT has been deficient
only on the most demanding conditions'
whereas others have found deficiencies also
on the easier conditions.'-5 On the Stroop test,
both attention related deficiencies23 and also
intact68 attention performance have been
found. The same holds true with respect to

the Stemnberg test in which Rao et al 2 3 9 have
found patients with multiple sclerosis to be
impaired whereas Litvan et al9 have found
them to be intact. In most multiple sclerosis
studies with wide neuropsychological batter-
ies, the digit span has also been used as a mea-
sure of short term memory, attention, and
concentration. On this test, performance of
patients with multiple sclerosis has usually
been intact' 4 14-23 but deficits have also been
found.'24 Hence the findings on attentional
deficits in multiple sclerosis are clearly hetero-
geneous.
The controversy concerning attentional

deficits in multiple sclerosis may be due to the
differences in the multiple sclerosis popula-
tions studied, especially in the cognitive status
of the patients. Cognitive performance of
patients with multiple sclerosis has typically
been studied by assessing the performance of
one cognitively heterogeneous patient group
or by classifying the patients into subgroups
according to physical disability, disease onset,
and duration,16 21 course of multiple sclero-
SiS,23 or certainty of diagnosis.'6 These subdi-
vision principles are useful when evaluating
the relation between cognitive impairment
and different disease variables, but are not
sensible in studying the underlying mecha-
nisms of cognitive decline in multiple sclero-
sis. Subdivision according to cognitive status,
instead, is a useful method in analysing the
mechanisms of cognitive deterioration.25
To evaluate the mechanisms of cognitive

decline in multiple sclerosis, we assessed two
matched multiple sclerosis groups differing
only with respect to cognitive status, one with
preserved and the other with cognitively
mildly deteriorated capacities, with various
attentional tests. As well as the attention tests
recommended by the Cognitive Function
Study Group of the American National
Multiple Sclerosis Society,26 we used a test of
sustained attention to evaluate the role of
fatigue on cognitive performance. With this
design we attempted to answer the question:
What can the attentional deficits of cogni-
tively different patients with multiple sclerosis
tell us about the underlying mechanisms of
early cognitive decline in multiple sclerosis-
that is, in what way and why are the patient
groups deficient in cognitive measures?

Methods
SUBJECTS
The study group consisted of 45 right handed
patients with multiple sclerosis who met the
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Table 1 Background variables of the controls and the two patient groups

Controls Preserved Mildly deteriorated
(n = 35) (n = 23) (n = 22)

Male/female 17/18 11/12 11/11
Age (y) 43-5 (9-1) 43-3 (8-7) 43-3 (7 2)
Formal education (y) 11-3 (3 2) 11-6 (3-5) 11-0 (2-9)
Depression score (BDI)33 2-5 (3 0)* 7-4 (6-1) 9-0 (6-2)
Sight 1-6 (0 3)* 1-4 (0-3) 1-4 (0 3)
Colour sight3' 23-1 (3.6)* 20-3 (7 0) 19-0 (6 2)
Duration ofMS (y) 8-7 (5 9) 8-7 (6-0)
Physical disability (EDSS)32 5 0 (1-8) 5-5 (1-3)
Course of MS (C-P/R-R/SP) 11/9/3 6/13/3

Values (excepting sex and course of multiple sclerosis (MS) are means (SD)).
*The controls differ significantly from the two patient groups. R-R = relapsing-remitting;
C-P = chronic-progressive; SP = secondary progressive.

criteria of clinically definite multiple sclerosis
according to the definition of Poser et al.27
The same patient group was also used in the
study of Kujala et al.25 Patients with drug or
alcohol misuse, psychiatric history, dementia
according to DSM III criteria,28 severe
dysarthria, hearing loss, active phase of
disease, or nervous system disorder other than
multiple sclerosis were excluded from the
study. All patients were assessed with a neu-
ropsychological battery2930 for the purpose of
selecting patients suitable for either the cogni-
tively preserved or the cognitively mildly dete-
riorated group. The patients were selected so
that the two patient groups were as similar as
possible with regard to non-cognitive vari-
ables: age, sex, education, depression, sight
and colour sight,3' duration of multiple sclero-
sis, physical disability (Kurtzke expanded dis-
ability scale)32 and course of multiple sclerosis
(table 1). The statistical analyses showed that
the patient groups did not differ from each
other on these variables. All patients were
clients of the Masku Neurological
Rehabilitation Centre and they were informed
about the study during the neurological exam-
ination at the beginning of their rehabilitation
course.
The control group consisted of 35 right

handed healthy subjects with normal hearing.
None misused alcohol or drugs, had a psychi-
atric history, or had a history of brain trauma
or disease. The control subjects were staff of
the rehabilitation centre and other voluntary
participants. The control group was statisti-
cally similar to the patient groups with respect
to age, sex, and education (table 1). The con-
trols had better sight and colour sight than the
patients, but even in the patient groups, visual
acuity was normal. All subjects gave their
informed consent for participation in this
study. The study was approved and carried
out in the Masku Neurological Rehabilitation
Centre of the Finnish Multiple Sclerosis
Society.

DIVISION OF PATIENTS INTO SUBGROUPS
All subjects were first examined with a neu-
ropsychological battery, which was completed
in a single session lasting 60-90 minutes. On
the basis of their performance the patients
were allocated to one of two groups. The
screening tests we used were Finnish versions
of the Wechsler adult intelligence scale

(WAIS)34 subtests: similarities, digit span,
digit symbol, block design and, in addition,
the following memory tests: the Benton visual
retention test,35 30 paired word associates
(immediate recall), immediate recall of 20
objects; also naming time of 20 objects was
recorded. The patients received deterioration
points if their performance on any of the tests
was below - 1-5 SD compared with norms
based on the control group reported by Portin
and Rinne.29 If the patient scored below - 1.5
SD compared with the norms, he received
one deterioration point; if below - 2-0 SD,
two points; and below - 3 0 SD, three
points.25 30
The classification of patients into the sub-

groups was made on the basis of deterioration
points. Our 45 patients represented the two
groups as follows: group 1: cognitively pre-
served, 0-2 deterioration points (23 patients);
group 2: cognitively mildly deteriorated, 4-12
deterioration points (22 patients). The inclu-
sion criterion for the controls was 0-2 deterio-
ration points.
The results of the tests that were used to

divide the patients into two groups according
to their cognitive status are reported in the
study of Kujala et al.25 The mildly deteriorated
group differed significantly from both the
other groups in all screening tests. Individual
patients did not, however, receive deteriora-
tion points from every screening test. For
example, on the WAIS similarities, only one
patient received one deterioration point. In
addition, the preserved group differed from
the controls on two of the tests: on the visuo-
motor WAIS digit symbol and on the immedi-
ate recall of 20 objects. The mean (SD) of the
deterioration points was 0 4 (0.7) for the con-
trols, 0 7 (0-8) for the preserved group, and
7 0 (2.0) for the mildly deteriorated group.
The mini mental state examination
(MMSE)36 was also given to all the subjects.
The mildly deteriorated group differed signifi-
cantly from both the other groups (controls
29-2 (0 8), preserved 29-3 (0-9), mildly dete-
riorated 27-1 (1.9); P < 0-001). The perfor-
mance of all patients, apart from one, was,
however, within the normal range (24 points
or more) on this test.

ATTENTION MEASURES
Performance on attentional tests was mea-
sured in a session in which different neuro-
psychological tests were carried out, within
one week after the screening tests. All tests
were given in the same order and at roughly
the same time of day for every subject. The
PASAT, the Stroop test, the auditory As and
trails A tests were recommended by the
Cognitive Function Study Group of the
American National Multiple Sclerosis
Society.26 One test of sustained attention was
specifically designed for the purpose of
studying the effects of fatigue.

Paced auditory serial addition test (PASA T)738
The PASAT primarily measures attention and
processing speed. Subjects are instructed to
listen to 61 single digits presented at three
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= Correct - Errors Missing]

C P MD C P MD

Easy condition Hard condition

Performance of controls (C) and two patient groups (preserved (P); mildly deterioriated
(MD)) on the easy and hard conditions of the PASAT. The means of correct, erroneous,
and missing answers (easy condition: correct P < 0.001, errors P = 0 12, missing
P < 0-001; hard condition: correct P < 0 001, errors P < 0 001, missing P < 0 001).
*The MD group differs significandy from the other two groups.

second intervals (easy condition) or at two
second intervals (hard condition). The subject
is instructed to add every consecutive two dig-
its in a row and give the answer to the exam-

iner. Before the final tests, practice rounds of
10 digits are presented to ensure that the sub-
ject has understood the addition procedure.
The number of correct, erroneous, and miss-
ing answers on the two subtests and the num-
ber of correct consecutive additions serve as

variables in this test.

Stroop colour word test 39
The Stroop colour word test measures a

somewhat different attentional component,
associated with focused attention and interfer-
ence effects. On the control condition, the
subjects are instructed to name the colour of
the ink of 100 rectangles as quickly as possi-
ble. On the interference condition, the subject
names the colour of the ink of 100 written
colour words. The meaning of the word and
the colour of the ink are contradictory (for
instance, the word "blue" might be printed in
red). A practice round precedes the initial test
on the interference condition. The colour
naming times on the two conditions and the
difference between them (interference time)
serve as variables on this test. The number of
flounderings (partly produced inappropriate
word which is spontaneously corrected), cor-

rected errors (spontaneously corrected inap-
propriate word), and errors (inappropriate
word without correction) are also recorded.

Auditory As and auditory trails A
The auditory As and auditory trails A tests
assess sustained attention and concentration
via the auditory modality.40 On the auditory
As, the subject has to detect the 14 As from
auditorily presented 160 letters. On the audi-
tory trails A, the first 16 alphabet letters
should be found in order from auditorily pre-

sented 180 letters. Before starting the test, the
subject is instructed to recite the alphabet to

ensure that the right presentation order is in
the subject's mind. On both subtests, the sub-
ject is instructed to tap the table with a pencil
as soon as the target letter is heard.
Furthermore, before both subtests, a practice
round is presented. The number of omissions
(false negatives) and commissions (false posi-
tives) serve as variables in these tasks. Possible
effects of fatigue are studied by recording the
error rates both of the half and whole tests.

Visual vigilance test
The visual vigilance test is designed to be a
measure of sustained attention. Different
letters (5 x 5 mm) are presented in the middle
of a computer screen (an IBM compatible
PC). The presentation time of the letters is
500 ms, and the interval between the letters is
1000 ms. In the 15 minute test, 600 letters are
presented, of which 120 are target letters (Y,
L). The subject is instructed to keep the pre-
ferred hand near the space bar and press it as
soon as possible every time he or she sees the
letter Y or the letter L. The subject is told that
the computer records, in addition to the cor-
rect presses, all omissions and commissions.
Furthermore, the time it takes to press the
space bar after the target letter has appeared
on the screen is recorded. The correct and
erroneous presses and reaction times are cal-
culated separately for three five minute peri-
ods (0-5 minutes, 5-10 minutes, 10-15
minutes). This is done to study the effects of
possible fatigue. The percentage of correct
presses, the number of errors, and the group
mean of the individual reaction time medians
in every three periods serve as variables.

DATA ANALYSES
Where the two patient groups alone were
compared, t tests and x2 tests were used.
Where all three groups were compared, analy-
ses of variance (ANOVAs) and Duncan's
multiple comparisons test (P < 0-05) were
used for parametric variables and Kruskal-
Wallis test and Wilcoxon two sample
procedures (P < 0 05) for non-parametric
variables. Correlation analyses were employed
to measure the relation between different
variables.

Results
On the PASAT, the preserved group per-
formed similarly to the controls on all vari-
ables measured, whereas the mildly
deteriorated group exhibited processing slow-
ness. The mildly deteriorated group produced
significantly fewer correct responses and sig-
nificantly more missing answers than the
other two groups both on the easy and on the
hard condition of the PASAT (figure). The
error rates of the three groups did not differ
from each other on the easy condition. On
the hard condition, however, the mildly
deteriorated group made significantly fewer
errors than the other two groups. The mildly
deteriorated group gave significantly fewer
correct consecutive answers than the other
groups (easy condition: controls 20x8 (18-0),
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Table 2 Performance of the controls and the two patient groups on the Stroop test: the
means of the naming times, the number of different types of errors, and the interference time

Controls Preserved Mildly deteriorated
Mean (SD) Mean (SD) Mean (SD) P value

Control condition (colour naming):
Naming time (s) 62 9 (11 5) 71 3 (14-1) 105 4 (25 9) p < 0001*
Flounderings 1.0 (1 4) 1.0 (1 4) 1.0 (1 2) p = 0 96
Corrected errors 0 5 (1 0) 0 7 (1-0) 1 3 (1 5) p = 0 04t
Errors 0 1 (0 3) 0 3 (0 6) 1.2 (1 9) p = 0.001*

Interference condition (colour word naming):
Naming time (s) 104 6 (18 6) 112 1 (28 7) 182 2 (69-5) p < 0001*
Flounderings 1 3 (1 5) 1 4 (1 5) 1 1 (1-3) p = 0-88
Corrected errors 0 8 (1 3) 0 6 (1 0) 1.1 (1-4) p = 0 31
Errors 05(09) 05(1 5) 1-4(25) p=008
Interference time (s) 41 8 (13 2) 40 8 (19 9) 76 9 (49-9) p < 0.001*

*The mildly deteriorated group differs significantly from the other two groups.
tThe mildly deteriorated group differs significantly from the controls.

preserved 17*6 (13-8), mildly deteriorated 3-3
(2-3), P < 0-001; hard condition: controls 9-2
(8 3), preserved 7-3 (5.6), mildly deteriorated
1-8 (1.1), P < 0-001).
The results on the Stroop test were of a

similar kind to those on the PASAT. The pre-
served group performed like the controls. By
contrast, the mildly deteriorated group exhib-
ited signs of processing slowness, occurring as
long naming and interference times (table 2).
The numbers of flounderings, corrected
errors, and errors were small. The mildly
deteriorated group made more corrected
errors than the controls and more errors than
the other two groups on the control condition;
no differences were seen on the interference
condition.
As was found on the other two attentional

tests of the core battery,26 our patients with
preserved cognitive capacities did not exhibit
signs of deficits either on the auditory As or
auditory trails A. On the auditory As test, no
commissions were present and only the mildly
deteriorated group made omissions. In the
mildly deteriorated group, the number of
omissions was no larger than in the other two
groups on the first half of the test (controls
0-0, preserved 0 0, mildly deteriorated 0 1; P
= 0 07) but was larger where the whole test
was concerned (controls 0-0, preserved 0 0,
mildly deteriorated 0 5; P < 0-001). On the
more difficult auditory trails A test, the
deficits of the mildly deteriorated patients
were seen throughout the test (omissions and
commissions for the first half: controls 0-6,
preserved 0 4, mildly deteriorated 1-6; P <

Table 3 Performance of the controls and the two patient groups on the visual vigilance
test: means of the observed targets (%O), the errors rate, and the reaction times

Controls Preserved Mildly deteriorated
Mean (SD) Mean (SD) Mean (SD) P value

Vigilance, observed (%):
First period 99 6 (1 3) 97.8 (7 7) 89-3 (13 2) p < 0001*
Second period 99 9 (0 5) 98.6 (4 7) 88.6 (14 4) p < 0.001*
Third period 99 9 (0 5) 98-3 (7 5) 90 9 (13 7) p < 0 001*

Vigilance, error rate:
First period 0 3 (0-5) 0-6 (0 9) 3-1 (5-8) P < 0.001*
Second period 0 4 (0 5) 0 6 (1 0) 4-6 (8-2) p < 0 001*
Thirdperiod 0-4 (1 0) 1 0 (1-6) 2-2 (3 8) P < 0 11

Vigilance, reaction time (ms):
First period 466-8 (70 5) 511 9 (64 4) 643-4 (119 9) p < 0.001*
Second period 467-9 (74-9) 521 7 (76 8) 682 5 (128 5) P <0OOlt
Third period 462-8 (73 9) 518-6 (70 4) 679 6 (115 5) P < 0O0Olt

*The mildly deteriorated group differs significantly from the other two groups.
tAll three groups differ significantly from each other.

0-001; for the whole test: controls 1-0, pre-
served 1-2, mildly deteriorated 3-3; P <
0-00 1). The errors were mainly omissions,
which indicates that the deteriorated patients
probably did not have enough time to scan the
alphabet in their own memory.
On the visual vigilance test, the controls

detected, on average, 99-8%, the preserved
group 98-2%, and the mildly deteriorated
group 89-5% of the targets (P < 0-001).
Although the mildly deteriorated patients dif-
fered from the other subjects in this measure,
they detected on average 107 of the 120 tar-
gets, which indicated that the test was easy.
The error rates were low; on the whole test,
the controls made on average 1.1, the pre-
served group 2-2, and the mildly deteriorated
group 9 9 commissions out of a total of 480
letters (P < 0.001). The mildly deteriorated
group made significantly more errors than the
other two groups on the first and second
period of the test (table 3). In the present
study, the preserved group exhibited slowness
during the last 10 minutes of the test. By con-
trast, the mildly deteriorated patients were
slow throughout the test. All three groups dif-
fered from each other in the mean reaction
times of the whole test (controls 466 2, pre-
served 514-5, mildly deteriorated 669-9 ms; P
< 0o001).
The correlations between the main atten-

tion variables and depression, sight, and
colour sight were non-significant for the
whole multiple sclerosis group. In the pre-
served group, the correlation between colour
sight and colour word naming time of the
Stroop test was significant (r = - 0-58, P =

0-004). In the mildly deteriorated group all
correlations were non-significant.

Discussion
In the present study, we attempted to evaluate
mechanisms of cognitive decline in multiple
sclerosis. We used several tests of attention
because evidence exists that attentional
deficits may be sensitive indicators of multiple
sclerosis related cognitive impairment'°0 and,
furthermore, attentional tests have not been
systematically used in previous multiple scle-
rosis studies. For study purposes, two
matched multiple sclerosis groups differing
only in cognitive status were assessed and dif-
ferences in the attentional performance
between the patient groups and the controls
were evaluated.

Cognitive preservation and different grades
of deterioration presumably represent a con-
tinuum rather than a dichotomy; our patients
were somewhat arbitrarily chosen to exem-
plify two sections of this continuum-namely,
preserved and mildly deteriorated patients."
Our cognitively preserved group differed from
the controls in the digit symbol and in the
immediate recall of 20 objects. Motor and
visual deficits have been found to cause slow-
ness in neuropsychological test performance
in patients with multiple sclerosis.74142 This
kind of slowness probably explained the per-
formance of our preserved patients in the digit
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symbol test. Unfortunately, we did not use a

more direct measure of motor performance
(for example, tapping). Some of our preserved
patients may have had minor cognitive deficits
seen as deficient performance in the immedi-
ate recall of 20 objects. By contrast, all our

mildly deteriorated patients had cognitive
deficits and these patients as a group differed
from the other two groups in all subtests of
the screening battery. The individual patients
showed, however, only selective signs of
impaired performance. Every patient per-
formed within a normal range on at least two
subtests and none of them fulfilled the DSM
criteria of dementia. Thus the mildly deterio-
rated patients can be considered as relatively
mildly affected. The subjects were also stud-
ied with the MMSE in which the mildly dete-
riorated group performed significantly worse.

The mean score of the mildly deteriorated
group was near normal, however, certifying
that the MMSE is not sensitive enough to
measure the first stages of cognitive impair-

met3 43 44ment.3

The results on the PASAT and on the
Stroop test were of a similar kind. The pre-
served group did not differ from the controls
in any of the measures. By contrast, the mildly
deteriorated group exhibited processing slow-
ness. On the PASAT, they produced fewer
correct and consecutive correct answers than
the other subjects, and the number of missing
answers was high. On the Stroop test, the
mildly deteriorated patients had long naming
and interference times. Unexpectedly, the
mildly deteriorated patients did not consis-
tently make more errors than the other sub-
jects. Whereas the mildly deteriorated group
tended to make fewer errors on the harder
subtests of the PASAT and the Stroop test,
the increasing cognitive demands were mani-
fested as slowing of processing rates, not as

increasing error rates. In previous multiple
sclerosis studies with the PASATI-5 and the
Stroop test,3 7 8 the results have been contra-
dictory. This could be due to different test
versions, different variables, and, especially,
differences in the cognitive status of the
patients studied. In this study, patients with
mild cognitive deterioration showed extensive
processing slowness on attentional measures,
whereas the preserved group performed with-
out difficulty.
On the easy tests of auditory and visual sus-

tained attention used in this study, the mildly
deteriorated group differed from the other
two groups. They exhibited processing slow-
ness by detecting fewer targets and having
longer reaction times. On these tests, they also
made more errors than the other subjects.
Interestingly, the mildly deteriorated group

was deficient on the auditory As when the
whole test was evaluated but not on the first
half. The preserved group, on the other hand,
exhibited slowness at the end of the long last-
ing visual vigilance test. Consequently, both
the patient groups exhibited signs of possible
fatigue in the tests of sustained attention. In
agreement with the fatigue assumption is the
fact that the reaction times tended to be short-

est in the last period in the controls compared
with the first period in the patient groups. The
stable course of performance in the controls
throughout this test indicates that the test is
easy and no learning effects are seen. No
analysis of fatigue effects in patients with mul-
tiple sclerosis and controls has been reported
in previous studies with different versions of
attention tests.'s"3 Our findings concerning
fatigue are preliminary and need further sup-
port. Therefore, in future studies, fatigue
should be systematically evaluated by control-
ling the course of performance on neuropsy-
chological tests.
One part of the slowness in various atten-

tional measures can be explained by greater
physical disability, poorer visual acuity, and a
larger number of depression points in the
patient groups compared with the controls.
The patient groups did not, however, differ
from each other in these measures and, conse-
quently, the performance differences between
the patient groups cannot be explained by
non-cognitive factors. Thus both the patient
groups probably have a similar degree of
motor slowness. This kind of slowness has
also been found in previous multiple sclerosis
studies.4142 In addition to the motor slowness,
signs of fatigue were found in this study.
Furthermore, the mildly deteriorated patients
had extensive cognitive slowness and this was
also seen in our previous study.25
The attention related tests of the present

study did not measure specific aspects of
attention-for example, focused or divided
attention-but more general cognitive perfor-
mance related to attention, working memory,
and information processing capacities. With
the sensitive attentional tests of the core bat-
tery, we found no deficit of any kind in
patients with preserved cognitive capacities.
By contrast, signs of deficiencies were present
on the visual vigilance test. Mild cognitive
impairment was, however, clearly seen in the
performance on the tests of the core battery.
Mild cognitive decline was seen as slow but
relatively errorless cognitive processing in
patients with multiple sclerosis. On easy and
probably automatic tasks, the mildly deterio-
rated patients made more errors than the
other subjects. By contrast, on more compli-
cated tasks, they compensated for their
deficits by using slower processing rates. This
finding may be relevant in considering the
neuropsychological rehabilitation of mild cog-
nitive impairment in multiple sclerosis.
The present study indicates the importance

of dividing the cognitively heterogeneous mul-
tiple sclerosis group into more homogeneous
subgroups to evaluate the possible mecha-
nisms of cognitive decline in multiple sclero-
sis. Our hypothesis is that at least three types of
slowness can alter the performance of patients
with multiple sclerosis in the neuropsycho-
logical measures: (a) Motor slowness, seen in
all patients with physical disability. The
effects of this slowness can be manifested in
cognitive measures with a main motor compo-
nent (for example, the digit symbol test, the
tapping performance). (b) Fatigue slowness
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seen in many patients with multiple sclerosis
presumably regardless of their cognitive
capacity. This kind of slowness may affect the
performance on tests of sustained attention
because of long lasting performance. The ori-
gin of fatigue slowness remains to be evalu-
ated in further studies. (c) Cognitive slowness
seen in patients with deteriorated cognitive
capacities. We propose that this type of slowing
may be manifested on most neuropsychologi-
cal measures. Hence, unlike Jennekens-
Schinkel et al,42 we claim that patients with
multiple sclerosis may not only have motor
but also cognitive slowness. Attentional tests
seem to be especially useful in detecting cog-
nitive slowness and mild cognitive decline in
multiple sclerosis. To conclude, attentional
tests should be systematically used when eval-
uating the cognitive status of patients with
multiple sclerosis.

This study was supported by the Emil Aaltonen Foundation,
which is gratefully acknowledged. We thank our patients for
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