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Abstract

Background Multiple sclerosis (MS) is a persistent inflammatory condition affecting the central nervous system,
often associated with cognitive impairment. This impairment frequently presents itself as deficiencies in short-term
memory, attention, and information processing speed. This research was designed to investigate P300 in patients
with MS and its correlation with their cognitive function and their state of fatigue and depression. This work included
two groups: the control group (20 subjects) and the study group (30 MS patients). Evaluation encompassed clini-

cal history, audiological assessment, the Expanded Disability Status Scale (EDSS), the fatigue severity scale, the Beck
Depression Inventory, Addenbrooke’s cognitive examination, and P300 component of event-related potentials (ERPs).

Results The study group exhibited varying degrees of fatigue and depression. The scores of Addenbrooke’s cognitive
evaluation were reduced in the MS group. The MS group exhibited a considerably prolonged P300 latency compared
to the control group.

Conclusion This study demonstrates the effectiveness of P300 in assessing cognitive function in persons diagnosed

with MS.
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Background

Multiple sclerosis (MS) is a persistent inflammatory dis-
ease that affects the central nervous system (CNS) and
causes harm to both white and gray matter [1]. It is char-
acterized by demyelination, which is followed by degen-
eration. This results in damage to neurons and loss of
axons. Approximately 45-70% of individuals with MS
encounter cognitive dysfunction, with the majority of
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cases exhibiting impaired information processing, mem-
ory deficits, and learning difficulties [2].

Event-related potentials (ERPs) are types of auditory
evoked potentials (AEPs) used for studying the process-
ing of information and the cognitive functions of the
brain such as attention, learning, and memory [3]. The
P300 is a component of the ERPs that appears as a posi-
tive deflection occurring approximately 300 ms after the
stimulus. It has been linked to cognitive processes such
as memory, attention, focus, and the mental processing
speed [4].

P300 has been used for evaluating the central informa-
tion processing during the course of various neurologi-
cal diseases including MS, due to its easy recording and
reliability [5]. P300 abnormalities have been described
in MS patients and are thought to be associated with
impaired cognition, including executive functions, work-
ing memory, attention, and information processing [6].
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Previous researchers [7-9] have reported abnormal
P300 latency and amplitude in those patients but little
research was done to correlate P300 findings with neu-
ropsychological tests such as Addenbrooke’s cognitive
examination. Moreover, few studies were done to find a
correlation between P300 results and MRI findings which
will be addressed in this work. MS patients suffered sev-
eral degrees of fatigability and depression which have a
great impact on MS patients’ cognitive functions; how-
ever, they did not receive enough attention. So, this work
was designed to study the status of the cognitive func-
tion in MS patients using P300 and correlate it with their
fatigue or depression statuses.

Methods

This study was done at the Audiovestibular Unit and
Neurology Department of Kafrelsheikh University Hos-
pital. A total of 50 individuals were selected to take part
in the study, and they were separated into two groups:
the control group, consisting of 20 volunteers who had
no previous neurologic or psychiatric disorders, and the
study group, which comprised 30 patients diagnosed with
multiple sclerosis. Both groups were carefully selected to
have participants within the age range of 18 to 45 years,
with an equal distribution of males and females, and
similar levels of education. The duration of this study was
from May 2021 to November 2022.

The 2017 revised McDonald criteria for MS patients
with clinically definite illness were incorporated in the
study group’s inclusion criteria [10]. In terms of the
exclusion criteria, it specifically eliminated individuals
with MS who were experiencing a relapse or had received
steroids within 1 month prior to the assessment. Addi-
tionally, patients with severe motor disability or func-
tional disability were also excluded. The following cases
were excluded from both groups: cases with any level
of hearing loss or visual impairment; cases with known
disorders that impact the cognitive functions; cases with
psychiatric illness; or cases using anticholinergic, antiepi-
leptic, tranquillizers, or antidepressant drugs.

The study group was evaluated as following:

« Complete history taking, complete general and full
neurological examination.

« Assessment of disability using the Expanded Dis-
ability Status Scale (EDSS), which evaluates disability
scores in eight functional systems (FS): pyramidal,
cerebellar, brain stem, sensory, visual, bowel/blad-
der, mental, and ambulation. This rating scores range
from O (representing normal neurological status) to
10 (representing mortality caused by MS) with incre-
ments of 0.5 at each interval [11].
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+ Assessment of fatigue and its effect on a person’s
activities and lifestyle using the 9-item fatigue sever-
ity scale [12].

+ Assessment of depression using the Beck Depression
Inventory scale which is a composed of 21-question
multiple-choice self-report assessment [13].

+ Radiological investigation: Magnetic resonance imag-
ing (MRI) of brain and/or spinal cord using T2, pre-
gadolinium and postgadolinium (Gd), enhancing T1
images were done as a part of their MS diagnosis to
assess:

1. Disease activity (seen as MRI enhanced lesions).

2. Site and number of lesions (more than 9 lesions
indicates high lesion load and less than 9 is a low
lesion load) [11, 14].

3. Back holes (indicating axonal loss and white mat-
ter destruction) [14].

Both groups were subjected to:

« Assessment of cognition using the Arabic version of
Addenbrooke’s cognitive examination, which consists
of 19 activities that are categorized into five cognitive
domains: attention, memory, fluency, language, and
visuospatial abilities [15].

« Basic audiological evaluation.

« P300 component of event-related potentials.

P300 was measured in response to auditory stimu-
lation with tones of 1000 Hz and 2000 Hz. The oddball
paradigm was used, where the 1000 Hz tone was pro-
vided more frequently (85% of the time) and the 2000 Hz
tone was presented less frequently (15% of the time).
Both tones were delivered by insert phones at 70 dBSPL,
with a rise and fall period of 10 ms, 30 ms duration, and
a repetition rate of 0.6 per second. The recording time
frame spanned from—50 to 500 ms. The gain factor
was X 50,000 and the band-pass filter was set at 1-30 Hz.

P300 was recorded using Ag/AgCl surface electrodes
placed at Fz (upper forehead) as the active electrode,
Fpz (lower forehead) as the ground electrode, and the
mastoids as reference electrodes depending on the side
of stimulation. The skin was properly cleaned by gauze
soaked with alcohol and scrubbing gel to keep the imped-
ances at a value of 5 kQ or below. The recording took
place in a quiet room, where participants were given
instructions to mentally keep track of all “target” tones.
The P300 was recognized as the most prominent positive
peak that appeared within the time frame of 250-450 ms
after the presentation of the stimulus. Both latency (time
taken between stimulus presentation and the appearance
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of the positive peak of P300) and peak-to-peak amplitude
were calculated.

The statistical analysis was conducted using the SPSS
software, specifically version 26 (IBM SPSS Statistics for
Windows version 26.0; Armonk, NY: IBM Corporation).
Both the Kolmogorov—Smirnov test, which assesses the
distribution type, and the Levene test, which examines
the homogeneity of variances, were employed to con-
firm the assumptions required for conducting paramet-
ric testing. The Student ¢-test was employed to compare
quantitative variables between the two groups when
the data was regularly distributed. On the other hand,
the Mann—Whitney test was used for comparing quan-
titative variables when the data was discrete and not
normally distributed. The Spearman rank correlation
coefficient was employed to evaluate the correlation
between two continuous variables that exhibit non-nor-
mal distribution.

Results

Both groups exhibited no statistically significant disparity
in terms of age (32.45+7.49 years and 30.23 +8.78 years
for the control and study groups, respectively), gen-
der, education, or marital status. In the study group, the
occurrence of MS was more common among females,
with a female to male ratio of 2.3:1.

The analysis of the study group (MSG) showed that
56.7% of patients (13 cases) had relapsing—remitting MS
(RRMS), 23.3% of cases (7 cases) had secondary progres-
sive MS (SPMS), and 20% of cases (6 cases) had primary
progressive MS (PPMS). In addition, 46.7% of the cases
had signs of disease activity through the presence of
enhanced lesions in T2 MRI scans. Table 1 presents the
disease features of MS patients.

In the study group, the Expanded Disability Status Scale
(EDSS) revealed a mean score of 3.38, which indicates
a moderate level of disability. The disease’s progression

Table 1 Disease characteristics among multiple sclerosis

patients

Study group Mean+SD Range
Age of onset in years 25.73+7.96 9-46
Disease duration (in years) 466+3.83 1-15
Total relapse number 367+1.73 1-8
Number of relapse in last 2 years 207+1.26 0-5
Duration of progression (in years) 367+1.73 1-7
EDSS scores 338+1.63 1-6.5

Pl scores 1.28+1.08 0.16-4.5
MSSS scores 5.98+2.25 1.98-9.35

EDSS Expanded disability status scale, P/ Progression index, MSSS Multiple
sclerosis severity scale
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was assessed using the progression index (PI) and yielded
a score of 1.28, indicating a favorable prognostic value.
In addition, the multiple sclerosis severity scale (MSSS)
demonstrated a score of 5.98, which signifies a moderate
level of severity (Table 1).

In addition, the study group showed that all partici-
pants exhibited varying degrees of depression and fatigue
as shown by the Beck Depression Inventory (BDI) and
fatigue severity scales (FSS) (Table 2).

Results of Addenbrooke’s cognitive examination
revealed that both the total score and the scores of its
five domains (attention, memory, fluency, language, and
visuospatial) were considerably lower in the MS group
(Table 3; Fig. 1).

P300 was absent in five patients with MS (bilateral
absence in four cases and right absence in one case). The
remaining cases had a substantial delay in P300 latency
compared to the control group. Nevertheless, the P300

Table 2 Distribution of depression and fatigue among MS
patients in the study group

Study group Number (%)
Depression
No to minimal depression 3(10%)
Mild depression 18 (60%)
Moderate depression 9 (30%)

Beck Depression Inventory (BDI) 1543+5.17 (3-28%)

Fatigue
No/mild 11 (36.7%)
Moderate 11 (36.7%)
Severe 8 (26.7%)

Fatigue severity scale (FSS) 42.77 £12.0 (24-59%)

Table 3 Comparison of the results of the Addenbrooke’s total
score and its domain and P300 parameters between the control
and the study groups

Control group  Studygroup t p

Addenbrooke’s cognitive examination

Total score  96.25+1.33 88.33+4.88 —8426 <0.001**
Attention 18.0+0 17.87+0.35 -2112 0.043*
Memory 243+0.87 21.83+26 -4811 <0.001**
Fluency 13454061 1247+1.76 —2.825 0.007*
Language 256+0.5 232+0.76 —13429 <0.001**
Visuospatial  14.85+0.67 12.97+1.0 -7973 <0.001**
P300
Latency 306.61+5.63 3212+1623 4178 <0.001**
Amplitude  9.18+3.053 7.54+363 161 0.115

" p<0.05 is statistically significant
** p0.001 is statistically highly significant, t independent sample t-test
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Table 4 Correlation between P300 (latency and amplitude) and
Addenbrooke’s cognitive examination scores

Study group P300
Latency Amplitude
r p r p
Addenbrooke’s cognitive examination
Total score —-0.702 <0.001** 0.229 0.131
Attention -0.159 0.302 0.089 0.56
Memory -0.75 <0.001** 0.252 0.096
Fluency -0.176 0.254 0.121 043
Language —0469 0.001** 0.052 0.734
Visuospatial —0.509 <0.001** 0.151 0321

r Pearson correlation coefficient
" p<0.05 is statistically significant
™ p<0.001 is statistically highly significant

amplitude did not exhibit any noteworthy disparity
(p>0.05) (Table 4).

There was non-significant correlation between the
P300 (both latency and amplitude) and the age of onset,
disease duration, number of relapses in the last 2 years,
total relapse count, and disease severity (as indicated by
PIL, EDSS, and MSSS) in the MS patients.

Nevertheless, a statistically significant negative cor-
relation between P300 latency and Addenbrooke’s total
score, as well as memory, language, and visuospatial

Page 4 of 8
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M Attention
W Memory
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Control group
Fig. 1 Multiple bar chart showing comparison between the control and MS groups regarding Addenbrooke’s total score and its domains

domains, was observed. Meaning that, as the P300
latency increases, Addenbrooke’s total score and the
aforementioned three domain scores decrease (Table 4;
Fig. 2).

As regards MRI findings in MS patients, about 53.3% of
those patients had high lesion load (more than 9 lesions).
As regards the lesions sites, 30% of cases had infratento-
rial lesions, 83.3% of cases had juxtacortical lesions, and
33.3% of cases had cervical lesions. Black holes (which
indicate axonal loss) were present in 36.7% of cases.
Moreover, enhancement on MRI (which indicates disease
activity) was present in 56.7% of cases (Table 5).

MS patients were further classified according to
their MRI findings. This classification showed that only
patients with juxtacortical lesions had lower P300 ampli-
tude. As regards P300 latency, there was no effect of MRI
finding (Table 6).

Discussion

Multiple sclerosis (MS) is characterized by cogni-
tive impairment, which significantly affects the lives of
patients [6]. A significant number of individuals with
MS experience cognitive dysfunction, which mani-
fests as abnormalities in processing speed, learning and
memory, visuospatial ability, and executive function. The
exact pathogenic mechanisms are not yet fully under-
stood, although they may be associated with pathologi-
cal changes in white matter, certain neuronal gray matter
structures, and immunological modifications. These
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Fig. 2 Scatter dot graph showing negative correlation between mean latency and Addenbrooke total score

Table 5 MRI findings in MS patients

N=30 %

Number of lesions

Low lesion load 14 46.7

High lesion load 16 533
Site of lesions

Infratentorial

Absent 21 70

Present 9 30
Juxtacortical

Absent 5 16.7

Present 25 83.3
Cervical

Not affected 20 66.7

Affected 10 333
Black holes

Present 1 36.7

Absent 19 63.3
Enhancement on MRI

No 13 433

Yes 17 56.7

changes have a significant effect on synaptic transmission
and plasticity [16].

The study revealed a substantial disparity in the
female to male ratio of MS among the study sample,
with a ratio of 2.3 females to every 1 male. Wallin et al.
[17] also found similar results, with a female to male
ratio ranging from 2.3 to 3.5:1. This phenomenon may
be attributed to physiological, hormonal, or heredi-
tary reasons [18]. Harbo et al. [19] proposed that the
X chromosome may directly contribute to autoimmun-
ity, a hypothesis that has been suggested to be linked
to the development of MS. Environmental variables,
such as more sun exposure and greater use of vitamin

D supplements, may contribute to the decreased occur-
rence of the condition in males [20].

The scales utilized in this study to assess MS cases indi-
cated a moderate level of disability [11] with an average
EDSS score of 3.38. This may be attributed to the rela-
tively short duration of the disease in the study group
with mean duration of 4.66 + 3.83 years [21]. The PI score
of 1.28 suggests a favorable prognostic value, while the
MSSS score of 5.98 indicates a moderate level of sever-
ity. It is advisable to utilize many scales to enhance the
reliability of assessments, particularly during the initial
phases of MS [22].

Patients with MS often experience the presence of
fatigue and depression. Fatigue is considered to be one of
the most severe symptoms that significantly impact the
overall quality of life (QoL) of these people [23]. Fatigue
in patients with MS may result from physical factors,
such as muscular weakness, which is defined by a decline
in motor performance with continuous muscle activity.
Furthermore, such individuals also suffer from cognitive
fatigue, which shows up as a decrease in their capacity to
complete cognitive tasks as a result of emotional instabil-
ity, memory loss, and attention issues [24].

In this study, almost all MS patients suffered from
fatigue and depression to various degrees. The coexist-
ence of both fatigue and depression agreed with the find-
ing of Tarasiuk et al. [25] who reported that depression
can be a manifestation of fatigue. Patrick et al. [26] iden-
tified a strong correlation between fatigue and depression
where both co-exist in over 50% of MS patients, suggest-
ing common causes of both conditions. First, reduction
in the level of serotonin and kynurenine (responsible for
neurotransmission in meso-cortico-limbic pathways) by
an inflammatory process leading to fatigue and depres-
sion [27]. Second, the formation of neurotoxic metabo-
lites that maintain cell death, neurodegeneration, and
inflammation in the gray and white matters, such as
quinolinic acid [28]. Third, the oxidative and nitrosative
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Table 6 The effect of presence or absence of MRI findings on P300 parameters among the MS patients
Parameter P300 latency t p Mean amplitude V4 p
Mean+SD Median (IQR)
Number of lesion
Low lesion load 316.29+10.56 1.489 0.15 5.1(4.13-8.5) —1.362 0.173
High lesion load 325.73+£1945 6.87 (6.06-14)
MRl enhancement
Absent 31846+18.58 -0.874 0.391 6.5 (4.93-9.13) -0.072 0.978
Present 32417134 6.5 (4.25-11.44)
Site of lesions
Infratentorial
Absent 3268+25.13 0.858 04 7 (5.63-12.63) -0919 0.358
Present 319.8+13.76 6.38 (4.41-9.19)
Juxtacortical
Absent 319.13£11.21 0431 0.67 763 (6.38-14.38) —-2.159 0.031*
Present 322.18+18.36 5.1 (4.13-8.5)
Cervical
Not affected 32141+19.09 0.083 0.935 6.12 (4.06-7.94) —1.928 0.054
Affected 320.83+£10.32 8.25(5.68-13.75)
Black holes
Present 323.63+£19.35 0915 037 5.1 (4-8.25) -1917 0.055
Absent 317.55+£9.76 763 (6:44-10.25)

" p<0.05 is statistically significant, Z Mann-Whitney test, t independent-sample t-test, QR interquartile range

stress that induce neurodegeneration through damag-
ing the fatty acids and proteins of the cell membrane is
followed by an autoimmune response [29]. Fourth, the
possible role of steroids, where the low cortisol level has
been implicated in chronic fatigue and depression in MS
patients. Fifth, altered serotonin regulation in the lim-
bic and paralimbic regions and the frontal cortex [30].
Finally, the emotional responses to pain, sleep disorders,
and the lifestyle changes [31].

Assessment of the cognitive function can be done
subjectively through using the Addenbrooke’s cognitive
examination (ACE) which showed a significant reduction
in MS patients in total scores in addition memory, flu-
ency, language, and visuospatial scores (p <0.001). Com-
parable results were also reported by Johnen et al. [32]
who pointed out the occurrence of attention disorders,
abstract thinking disorders, slow manual speed and skills,
memory deficits, and poor language abilities, impaired
processing speed and impaired executive functions [33].

Event-related potentials (ERPs) have been used for
assessing the cognitive function in MS where the scle-
rotic plaques along the auditory pathway significantly
alters its integrity. P300 is used in many studies to evalu-
ate the central auditory processing of information during
the disease course [34]. In this study, P300 was absent
in small number of cases (bilateral absence in four cases
and right absence in one case) in the study groups. In the

rest of the cases, P300 latency was significantly delayed in
comparison to normal cases.

Regarding P300 amplitude, it was reduced in the MS
group; however, it failed to attain a significant level. Simi-
larly, De Gennaro et al. [35] reported a non-significant
reduction in amplitude of P300 in MS patients compared
to control group. This could be due to the wide variation
of P300 amplitude among normal subjects extending
between limits as extreme as 5 to 20 pV.

Cognitive dysfunction and consequently impaired P300
response in MS patients might be attributed to either
cortical lesions or disconnection between cortical and
subcortical regions [36]. This disconnection would affect
more than one cognitive domain, producing a variety of
neuropsychological deficits [37].

Latency is a trustworthy measure of the speed at which
information is processed in the brain. Prolonged P300
latency indicates a lengthy span of information process-
ing. Conversely, a decrease in P300 amplitude indicates
a disturbance in the functioning of certain regions (such
as the frontal and parietal cortex, or thalamus) or a delay
in the processing of information. Nevertheless, the diag-
nosis of cognitive impairment necessitates the pres-
ence of either prolonged P300 latency or lowered P300
amplitude, or both [38]. Fuhr and Kappos [39] reported
that P300 latency provides a nonspecific, simple, and
objective index of cognitive dysfunction and it is more
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sensitive to subtle early changes in cognitive processing
impairments in MS patients. The statistically significant
delayed P300 latency in the MS group compared to the
control group was also found by Pokryszko-Dragan et al.
[8] and Kaddoori [9] who reported significantly pro-
longed P300 latencies in multiple sclerosis patients. The
theories about P300 origin suggest that it has mainly
a frontal and a parietal cortex origin and any pathology
affecting these parts in MS patients will subsequently
affect P300 parameters [40]. So, abnormal P300 record-
ing in MS patients might be specifically linked to cogni-
tive symptomes.

The correlation analysis in this work revealed a nega-
tive correlation between P300 latency and Addenbrooke’s
total score (ACE), memory, language, and visuospatial
domains where the lower the scores, the more delay in
P300 latency. Similar results were recorded by Fu et al.
[41] who reported that P300 latency showed a signifi-
cant negative correlation with the ACE total score and
its memory and language domains. Moreover, Francisco
et al. [42] found that P300 latency was more prolonged in
patients with lower language scores, in addition to lower
P300 amplitude in patients with lower verbal fluency
scores.

Several MRI findings were found in this study such
as high lesion load (535), juxtacortical lesion (83.3%),
cervical lesions (33.3%), black holes (63.3%), and over-
all enhancement of MRI (56.7). Similar results were
reported by Lazeron et al. [43] and Kimiskidis et al. [44]
who found that T1 lesion load can be used as a significant
predictor of P300 latency. Additionally, Nocentini et al.
[45] reported that regional gray matter atrophy in well
localized areas of the prefrontal, parietal, temporal, and
insular cortex has a significant association with scores of
tests measuring the cognitive function.

The assessment of cognitive impairment in MS patients
is very important and should be considered as it causes
economic and social problems. Identification of cognitive
impairments in MS patients has important therapeutic
and prognostic implications and plays an essential role in
enhancing the quality of life of MS patients. The current
study proved that P300 is a reliable indicator of cognitive
impairment in MS patients either alone or in conjunction
with other behavioral cognitive assessment tests.

Conclusion

Patients with MS suffer from cognitive impairment even
if they are apparently normal. Identification of cogni-
tive impairments through using Addenbrooke’s cogni-
tive examination and P300 auditory evoked potential
is of high clinical significance and has important thera-
peutic and prognostic implications in MS patients. P300
can complement or even replace neuropsychological
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methods for the assessment of cognitive dysfunction and
its recording is recommended in MS patients.

Further research on different subtypes of MS is also
necessary to evaluate the role of ERPs in conjunction
with behavioral tests for evaluation and follow up on dif-
ferent types of MS in addition to studying the effective-
ness of treatment and different rehabilitative methods on
cognitive impairment and disease prognosis.
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