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Working memory deficits in multiple sclerosis: a
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Background: Recently, the P600 component of event related potentials, a waveform that is conceived
to be generated and/or modulated by basal ganglia and cingulate area has been considered an index
of the completion of any synchronised operation after target detection, having much in common with
working memory operation. Moreover, dysfunction of these brain structures as well as working memory
deficits have been implicated in the pathophysiology of multiple sclerosis.The aim of this study was to
investigate the patterns of P600 elicited during a working memory test in multiple sclerosis patients
compared with healthy controls.

Methods: Twenty two definite, chronic progressive multiple sclerosis patients, with recent exacerbation
of their illness, and 20 normal subjects matched for age, sex, and educational level, were studied with
a computerised version of the digit span test of Wechsler batteries. Auditory P600 were measured dur-
ing the anticipatory period of this test.

Results: The patient group, as compared with healthy controls, showed significantly reduced latencies
of P600 at left frontal areas and reduced P600 amplitudes at left temporoparietal region. Moreover,
memory performance of patients was significantly more impaired when compared with healthy
controls.

Conclusions: These findings may indicate that multiple sclerosis is associated with abnormal features
of the completion of synchronised operation after target detection, as they are reflected by P600 ampli-
tudes and latencies. Dysfunction of this mechanism may contribute to the identification of basic cogni-
tive processes that could account for the cognitive deficits in multiple sclerosis.

multiple sclerosis (MS), occurring in up to 65% of

patients with this disorder.' > Repeatedly, it has been
suggested that the cognitive impairment in MS patients is
strongly associated with limitations in work and social
activities.’

Recent neuropsychological studies provided evidence indi-
cating that working memory (WM) deficits may be involved in
MS.*> However, brain mechanisms underlying these deficits
continue to be a subject of ongoing investigation, as their pat-
terning and specificity still remain unclear. This is particularly
evident in psychophysiological research. The existing evidence
indicates that the multifocal demyelination of MS leads to a
disruption of the multiple interconnected brain areas, which
form the substrate of the working memory.””

Event related potentials (ERPs) provide a valuable means
for studying brain-behaviour relations.*

Pelosi ef al, recording both auditory and visual ERPs during
the memorising as well as the recognition and matching of
digits of a short-term memory paradigm, found that early MS
patients as compared with healthy controls displayed a delay
of the N270/N290 waves and a decreased amplitude of the
major positivities (P400/P560).” Although these abnormalities
have been referred to with regard to both modalities,
abnormal changes were more noticeable in the auditory
modality. The delay of the negative waves has been interpreted
as “an index of slowed processing between stimulus presenta-
tion and motor response selection”, while the reduction of the
amplitudes as “a manifestation of either the allocation of
attentional resources to cope with the increasing task
demands or a desynchronization of decision making and/or
response selection and execution”. It should be noted that in
this study only three leads were used, namely Fz, Cz, and Pz.

Cognitive impairment is a common clinical feature of

The P600 component of ERPs or late positive potentials
(elicited between 500 and 800 ms or later after warning
stimuli) is accepted as reflecting the completion of any
synchronised operation immediately after target detection. In
other words, it signals “the second pass parsing processes” of
information processing. Specifically, its amplitude is consid-
ered as an index of the cost of reprocessing, while its latency
as a function of onset and duration of parsing processes.” "
Furthermore, it has been suggested that the P600 component
may be related to WM."

Contemporary neuropsychological views define working
memory as the capacity to keep information on line as neces-
sary for an ongoing task.” " According to this prospect WM
comprises those functional components of cognition that
allow humans to comprehend and mentally represent their
immediate environment, to retain information about their
past experience, to support the acquisition of new knowledge,
to solve a problem, as well as to formulate, relate, and act on
current goals. In other words WM is not for “memorising” in
itself. It is rather in the service of complex cognitive activities,
such as reasoning, problem solving, and decision making." "

Concerning the anatomical locus of neural activity under-
lying the generation of P600, intracranial recordings suggest
that P600 is associated with activity in wide ranged brain
structures including frontal, temporal, and superior parietal
regions, which are believed to contribute significantly to some
aspect of information processing during recognition
memory." Additionally, the results of more recent research
indicate that the P600 waveform is generated and/or

Abbreviations: EDSS, Expanded Disability Status Scale; ERP, event
related potentials; MS, multiple sclerosis; WM, working memory
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Table 1 Sample characteristics: demographic
variables (age, education, duration of illness), clinical
characteristics from the EDSS, as well as memory
performance (mean (SD) and statistical significance)*

MSP (n=22) Controls (n=2)
Mean (SD) Mean (SD) p ttest
Age [y) 40.77 9.38 38.7 7.1 NS
Eluastitem (i) 13.36 2.53  12.85 2.15
Duration of illness (y) 9.31 9.62
Memory performance 51.31 21.30 67.4 677 0.002
Duration of illness 9.31 9.62
Pyramidal function 2.77 1.44
Cerebellar function 2 177
Brain stem function 0.95 1.29
Mental function 0.54 0.73
Sensory function 1.54 1.56

Urinary bladder function 0.36  0.65
Visual-optic function 0.40 1.22
Total score 429 1.92

*p<0.05.

modulated by both cingulate gyrus' and basal ganglia." Fur-
thermore, current knowledge based on neuroimaging studies
suggests a key role of cingulate area' as well as basal
ganglia® in the pathophysiology of MS.

The foregoing points motivated us to examine aspects of
“second pass parsing” processes of information processing as
are reflected by P600 elicited during a WM test in MS patients
compared with those of healthy controls.

METHODS

Participants

Twenty two definite, chronic progressive MS patients (8 men,
and 14 women), with recent exacerbation of their illness par-
ticipated in the study. They were hospitalised in the neurology
clinic of the Athens University Medical School or had been
previously hospitalised and were being followed up. Patients
were selected according to the Poser ef al”’ criteria for definite
or probable MS, and had no history of alcohol/drug misuse,
head injury, or stroke. Fourteen of the patients had a relapsing
remitting form and the rest had a progressive form of MS. All
patients were assessed with the Kurtzke Expanded Disability
Status Scale” (EDSS see table 1).

Twenty controls were recruited from the hospital staff and
local volunteer groups. They were free of psychiatric and
physical illness. All participants were right handed as assessed
by the Edinburgh Inventory,” and had no history of any
neurological or hearing problems. Written informed consent
was obtained from both patients and control subjects.

Stimuli and procedure

Patients and controls were evaluated by a computerised
version of the digit span Wechsler test.”* * Although the digit
span of the Wechsler test is considered a test of short-term
memory, more recent reports emphasise its relevance to
WM.* * The subjects sat in an anatomical chair placed inside
an electromagnetically shielded room. An outline of the
procedure is provided in figure 1. A single sound of either high
(3000 Hz) or low frequency (500 Hz) was presented to the
subjects, who were asked to memorise the numbers that
followed. The warning stimulus lasted 100 ms. A one second
interval followed and then the numbers to be memorised were
presented. At the end of the number sequence presentation,
the signal tone was repeated and subjects were asked to recall
the administered numbers as quickly as possible. The numbers
were recalled by the subject in the same (low frequency tone)
or in the opposite order (high frequency tone) than that pre-
sented to the participant.
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Time period 1.1.1.1 Action

AB (100 ms) Administration of warning stimulus (500 or
3000 Hz, 65 dB).

AC (1100 msec) Recording of ERPs.

CD (varies) Computerised administration of the set of
numbers of the Wechsler Direct Auditory
Memory Test. The duration of this period varies
depending upon the numbers of digits to be
recalled in each trial (from two to nine digits
across trials). However, between administered
digits, the time interval is one second.

DE (100 ms) Repetition of the warning stimulus

EF (varies Recording of the memory recall performance

between 15 according fo the accuracy of responses

and 30 s)

Figure 1 Outline of the experimental procedure.

Before any recording of ERPs, a pre-process was performed
so that the two sounds were differentiated by the subjects.
According to this process, various trials have taken place until
each subject understood both the different tonalities and the
requirements of the test, concerning the storage and retrieval
of presented numbers. After the completion of the above
mentioned process, a rest period of five minutes followed,
before the recording of the ERPs.

ERPs were recorded during the 1100 ms interval between
the warning stimulus and the first administered number. The
electrophysiological signals were recorded through Ag/AgCl
electrodes. Electrode resistance was kept constantly below 5
kOhm. EEG activity was recorded from 15 scalp electrodes
based on the International 10-20 system  of
electroencephalography,” referred to both earlobes. An elec-
trode placed on the subject’s forehead served as ground. The
bandwidth of the amplifiers was set at 0.05 Hz to 35 Hz. Dur-
ing the administration of stimuli, the subjects had their eyes
closed to minimise eye movements and blinks. Eye move-
ments were recorded through electro-oculogram (EOG) and
recordings with EOG higher than 75 V were rejected.

Warning stimuli, as well as learning material—that is, the
numbers to recall—were presented binaurally via earphones
at an intensity of 65 dB sound pressure level. The evoked bio-
potential signal was submitted to an analogue to digital con-
version, at a sampling rate of 500 Hz, and was averaged by a
computerised system. Each recording session consisted of 26
repetitions of the trial. Eye movements corresponding to EOG
higher than 75 WV, resulting in rejection of the recording,
ranged from one to two per investigation. Thus the minimum
number of artefact free trials that were averaged to produce an
ERP was 24.

As the warning stimuli were of two different frequencies,
one high and one low, it was not clear whether they could
generate the same P600, although the P600 component is
included in the array of late endogenous ERPs” components,
which normally are not modality specific.® To ensure that there
were no differences in the P600 waveforms caused by
frequency modalities, we conducted f test series comparisons
between the P600 waveforms (amplitudes and latencies)
evoked by the two frequency modalities (13 high and 13 low
frequencies), in all subjects. No differences were found in the
P600 waveforms, by frequency, in each subject.
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Figure 2 Waveforms’ graphical display.

Consequently the pooled P600 waveforms for each lead (fig
2) were used in the analysis. The following parameters were
calculated:

(A) ERPs were recorded for each subject at leads Fpl, Fp2,
F3, F4, C3, C4, C3-T5/2, C4-T6/2, P3, P4, O1, O2, Pz, Cz, and Fz
for each of the 26 test repetition. In this context, it should be
noted that the positions C3-T5/2 and C4-T6/2 are used as elec-
trode leads, because these positions correspond to brain areas
serving verbal memory and language.” Recordings with
acceptable EOG level were averaged, for each lead, by a
computerised system. An algorithm was used, which identi-
fied the P600 as the most positive peak, in each averaged lead
curve, between 500 and 800 ms, after the warning stimulus.
Peak amplitudes were measured relative to the mean
amplitude of the 100 ms prestimulus baseline period and
latency measurements were computed relative to stimulus
onset.

(B) The behavioural performance refers to the number of
recalled digits. It should be noted that the total digits
presented were 149.

Statistical analysis

The statistical analysis used for each group of variables
(amplitudes and latencies) was exclusively dictated by the
normality of their distributions. Thus the Kolmogorov-
Smirnov goodness of fit test shows that both the amplitudes
and the latencies are consistent with a normal distribution, as
well as a multivariate normal distribution, while the equality
of the covariance matrices was ascertained with Box’s M test.
This permitted the use of multivariate tests for the examina-
tion of the overall group differences, while group differences
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Table 2 Mean (SD) latencies (pV) of the P600
waveform for the two groups, at each lead
MSP (n=22) Controls (n=20)
Mean  (SD) Mean (SD) F1,40 12

Fpl 557.1 58.9 675 91.9 24.91** 0.384
F3 576 59.7 664.9 101.5 12.23** 0.234
C3T5/2 599.0 70.7 628.1 86.0 1,43 0.035
C3 5792 62.9 621.6 893 3.20 0.074
Fp2 5863 69.2 663.1 84.5 10.44** 0.207
F4 597.7 782 643.5 84.5 3.32 0.077
C4T6/2 610.3 87.3 596.9 89.4 0.24 0.006
C4 605.6 83.7 582 87.7  0.80 0.020
o1 585.1 89.7 569.3 529 048 0.012
02 589.1  100.1 583.1 703 0.05 0.001
P4 583.2 867 568 63.9 0.41 0.010
P3 621.8 1104 587.1 753 1.39 0.034
Pz 584.3 75.0 587.8 826 0.02 0.000
Cz 5993 84.6 604.5 92.1 0.04 0.001
Fz 584.0 64.6 635.3 104.4 3.72 0.085
Two asterisks next to the F value denote statistically significant
differences between the two groups at the 1% level.

for each lead individually was ascertained by the correspond-
ing univariate statistics as well as by stepdown procedures. At
each step the most important leads played the part of covari-
ates. In the case of latencies stepwise discriminant analysis
was also applied to elucidate the discrimination power of the
specific group of variables—that is, whether they would be
able to predict group membership.

One way analysis of variance was used to assess group dif-
ferences in memory performance measures. Results were con-
sidered significant at the 0.05 level. Finally, linear regression
models were applied for the elucidation of the effect of clinical
characteristics and the memory performance on the P600
waveforms differences.

RESULTS

Comparison of P600 in MS patients and controls

Table 2 shows the mean latencies and standard deviations in
milliseconds of the P600 waveform for the two groups at each
lead. Both Pillai’s and Hotelling’s trace manifested statistically
significant differences between the overall means of the com-
pared groups (p=0.021), while the value of Wilk’s n (0.412)
shows that 58.8% of the overall variability can be attributed to
group differences. Univariate F tests showed that between
group variability significantly exceeded the within group vari-
ability (p<0.01) at leads Fpl, F3, and Fp2. Estimates of effect
size, especially for Fpl (n*=0.384) are quite high. Stepdown
procedures reduce the number of leads where significant dif-
ferences between the groups are observed to leads Fpl and F3.
Likewise stepwise discriminant analysis showed the two
above mentioned leads were able to correctly classify 85.7% of
the original grouped cases (16 of 20 normal subjects and 20 of
22 of the MS patients).

Table 3 shows the mean amplitudes and standard deviations
in microvolts of the P600 waveform for the compared groups
at each lead. It is interesting to note that neither Pillai’s nor
Hotelling’s trace (0.472 and 0.893 respectively) manifested
statistically significant differences between the overall means
of the compared groups, while the value of Wilk’s n (0.528)
shows that only 47.2% of the overall variability can be attrib-
uted to group differences. Nevertheless, univariate F tests
showed that there are significant group differences at the 0.05
level at leads C3-T5/2, C4-F6/2, C4, 01,02, P3, Pz, and Cz.
However, n* values show only medium effect size, while step-
down procedures reduce the significance to only one lead,
namely C3-T5/2.
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Table 3 Mean (SD) amplitudes (ms) of the P600
waveforms for the two groups at each lead
MSP (n=22) Controls (n=20)
Mean  (SD) Mean  (SD) F 1,40 n2

Fpl -2.45 7.8 1.45 6.0 3.213 0.074
F3 -0.34 5.6 1.30 5.1 0.972 0.024
C3-15/2 1.33 4.2 576 4.9 9.740** 0.196
C3 1.85 3.4 424 49 3.312 0.076
Fp2 -1.81 6.8 1.13 6.1 2.158 0.051
F4 -0.25 5.6 1.01 4.6 0.625 0.015
C4T6/2 -1.00 6.6 3.51 5.0 6.054*  0.131
C4 1.17 4.4 4.51 4.7 5.498*  0.121
o1 5.32 4.3 8.59 5.0 5.047* 0.112
02 4.80 5.1 9.93 5.8 9.112** 0.186
P4 4.78 4.5 7.63 5.2 3.584 0.082
P3 3.78 3.7 7.53 4.4 8.783** 0.180
Pz 4.09 5.1 8.919 57 8.275** 0.171
Cz 0.63 4.8 4.03 4.2 5.644* 0.124
Fz -0.77 6.6 0.48 4.5 0.498 0.012
An asterisk next to the F value denotes statistically significant
differences between the two groups at the 5% level, two asterisks, at
the 1% level.

Behavioural data

The analysis revealed that the patient group had significantly
attenuated memory performance as compared with healthy
controls (F,, =10.41, p<0.01).

Correlation of P600 with the clinical characteristics and
memory performance

Stepwise regression analyses, in which the clinical character-
istics and the memory performance were set as the independ-
ent variables and observed differences regarding the P600
waveforms were the dependent variable, showed: firstly, that
duration of illness was positively associated with P600
latencies at F3 site (f=0.539, 1,,=2.860, p=0.010). Secondly,
cerebellar clinical dimension was negatively related to P600
latencies at Fp1 site (=-0.504, t,,=—2.609, p=0.017).

DISCUSSION

The aim of this study was to investigate aspects of information
processing in MS patients as reflected by P600 waveform
when compared with those of healthy controls. The results
showed that the patient group demonstrated significantly
shortened latencies of P600 waveform at Fpl and F3 leads, as
well as reduced amplitudes at C3-T5/2 lead.

The importance of the observed differences concerning the
P600latenciesmaybebetterexploredifweconsiderbothpsycho-
physiological and neurobiological views regarding this ERP
component, which was mentioned earlier.

Thus, the patterns of the results obtained in this study sug-
gest that patients with MS demonstrated impairments in the
stage of information processing that “assigns a specific
response to a specific stimulus”* as they are reflected by the
P600 latencies elicited during a WM test.

Itis noteworthy that the obtained differences with regard to
the P600 latencies at left prefrontal region were associated
negatively with the degree of the cerebellar impairment.

This finding suggests that the cerebellum influences second
pass parsing defects in MSP. This suggestion is compatible
with convergent results of very recent studies indicating the
involvement of both brain structures in WM and time keeping
operations.””!

In addition, this study vyielded a positive association
between the duration of illness and the latency of P600
recorded at left dorsal frontal region. This finding could be
attributable to the compensatory processes as response to MS
injury and development. This hypothesis seems to be in good
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accordance with recent studies reporting adaptive responses
during MS injuries and development.” *

Another notable finding in this study is the decrease of the
P600 amplitude in the patient group, located at left
temporoparietal region. This finding seems—at least in
part—to be in agreement with the study by Pelosi et al,” even
though this study differs substantially in some methodologi-
cal dimensions such as the type of patients, the paradigm
used, the stimulus type, recording sites, as well as the analysis
time.

On the basis that the amplitude of P600 is considered as an
index of the cost of reprocessing, the obtained results seem to
be in agreement with psychophysiological studies, indicating
that MS is accompanied by working memory deficits.”

Moreover, an alternative explanation concerning the
significance of the observed differences of the P600 amplitude
may be provided when taking into account the possible
involvement of neurotransmitter systems. A review of
psychopharmacological studies in the literature outlines the
possible contribution of these mechanisms in relation to the
particular recordings. Shelley ef al found that the administra-
tion of droperidol (a dopamine antagonist) led to a significant
attenuation of ERPs waveforms over the epochs 200 ms to 700
ms after warning stimulus, suggesting that changes of
dopamine exert modulation over P600-like waveform.™ In this
context, it is noteworthy that dopamine agonists such as
bromocriptine,” are used as therapeutic mean for MS.

In addition, it has been found that ACTH leads to an
enhancement of the late positive waveform of ERPs.”® A very
recent study provided evidence indicating that glucocorticoids
(agents used as therapeutic means for MS), affect the P600
component.”’ In particular, hydrocortisone administered to
healthy controls led to augmentation of P600 amplitude over
the frontal region in association with the exposure to novel
stimuli, while the drug produced a reduction of P600
amplitude over the parietal area in response to repeated
stimuli.

Concerning the memory performance, there was a signifi-
cant difference between MS patients and normal controls,
indicating that patients perform worse on the digit span tests.
This finding is in agreement with a series of other related
studies,”” ** two of which concluded that the verbal memory
functioning of MS patients is impaired.

It is worth noting that in this study no association was
found between memory performance and observed differ-
ences concerning the P600 waveform. Possibly, this particular
discrepancy may be credited to the ability of psychophysi-
ological measures, such as the P600, to define the “endophe-
notype, ie the manifestation of a disorder via anomalies not
observable by diagnostic interviews or traditional psychologi-
cal measures.””

Conclusions

The results of this study should be interpreted with caution
because of the following limitations; firstly, the post hoc assig-
nation of psychological function to neurobiological activation
is somewhat hypothetical and more specific techniques (for
example, the inverse solution of the ERPs data to identify the
underlying sources)** investigating the role of a particular
psychological process in the functional anatomy of MS are
required. Secondly, taking into account the heterogeneity of
MS patients, further studies are needed to specify the effects
of illness subtypes and determine whether there is impair-
ment in a task-specific manner or across tasks. Finally, in our
sample most MS patients had long histories of drug
treatment, mainly glucocorticoids. The effect of these somatic
treatments on the obtained findings is unclear. Nevertheless,
the obtained results could support the hypothesis that MS
patients manifest abnormal aspects of “second pass parsing
processes” of information as they are reflected by P600 elicited
during a WM test.
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