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Introduction Parkinson disease (PD) is a degenerative and progressive neurological
disorder characterized by resting tremor, stiffness, bradykinesia, and postural instabili-
ty. Despite the motor symptoms, PD patients also consistently show cognitive
impairment or executive dysfunction. The auditory event-related potential P300 has
been described as the best indicator of mental function, being highly dependent on
cognitive skills, including attention and discrimination.

Objective To review the literature on the application and findings of P300 as an
indicator of PD.

Data Analysis The samples ranged from 7 to 166 individuals. Young adult and elderly
male patients composed most study samples. The Mini-Mental State Examination test,
the Unified Parkinson Disease Rating Scale, and the Hoehn and Yahr Scale were used to
assess neurological and cognitive function. In terms of testing hearing function, few
studies have focused on parameters other than the P300. The factors we focused on
were how the P300 was modified by cognitive effects, its correlation with different PD
scales, the effect of performing dual tasks, the effect of fatigue, and the influence of
drug treatments.

Conclusion The use of the P300 appears to be an effective assessment tool in patients
with PD. This event-related potential seems to correlate well with other neurocognitive
tests that measure key features of the disease.
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The Application of P300-Long-Latency Auditory-Evoked Potential in Parkinson Disease

Introduction

Parkinson disease (PD) is a degenerative and progressive
neurological disorder characterized by resting tremor, stiff-
ness, bradykinesia, and postural instability." Despite being
commonly associated with motor disorders, PD patients
often show cognitive impairment or executive dysfunction,
with difficulty starting tasks, lack of cognitive flexibility,
dementia, lack of attention, and difficulty adapting to new
stimuli.>3

The event-related potential (ERP) component known as
the P300 is a neurophysiological parameter that has been
found to correlate with cognitive processes, arising when an
individual consciously recognizes a change in an auditory
stimulus, a novel stimuli.* The P300 potential identifies the
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positive component wave, with a peak around 300 ms, which
is generated after a novel sound stimulus.

By measuring an increase in latency, or sometimes a
decrease in the amplitude of the P300 wave, it is possible
to monitor the loss of cognitive functions associated with the
processing of sound information. The measurement of such
cognitive abilities as attention, discrimination, integration,
memory, and decision-making can be performed.®

In view of the clinical use of the P300 potential to assess
the cognitive skills in patients with degenerative and neuro-
logical disorders, the P300 has been proposed as a candidate
biomarker for the progression of PD. The P300 is appreciably
smaller in severe cases.®’ The aim of the present study was
to examine the use of P300 measurements in patients with
PD and to identify consistent outcomes.
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Fig. 1 Flowchart of the selection of the studies.
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Review of the Literature

Methodology

A systematic review of the literature was performed in
March 2020 on three databases (PubMed, Web of Science,
and Scopus). We searched for full-length articles and
abstracts using the Medical Subject Headings (MeSH) par-
kinson disease AND p300 OR event related auditory potential
OR long latency auditory evoked potential.

The titles and abstracts were evaluated by two indepen-
dent researchers to check if they fitted the inclusion and
exclusion criteria. The searches included studies published in
the past 10 years (2010-20) which were original articles and
tested for auditory P300 using pure-tone stimuli. Animal
studies, meeting abstracts, and works in languages other
than English were excluded. Disagreements were resolved by
discussion and consensus among the authors. Information
from the full-text remaining articles was inserted into a
Microsoft Excel (Microsoft Corporation, Redmond, WA, US)
spreadsheet.

Result

Out of the 360 initial studies (~Fig. 1), a total of 12 articles
were included in the present review. Information about
sample size and characteristics, complementary assess-
ments, P300 findings, and the conclusions from all included
articles are summarized in =Table 1.

(i) Sample Characteristics

In the 12 articles, most participants were adults or elderly
(aged between 32 and 81 years) and male. Yilmaz et al.* did not
mention the age of their participants. The sizes of the samples
ranged from 7 to 166 individuals, in both experimental and
controls groups. Four articles used a control group composed
of healthy age-matched patients,”'® while five*®11-13 used a
control group composed of both healthy individuals and those
with PD. The study by Tang et al.'* was composed only of
individuals with PD, with different disease durations. Two
studies''® did not include a control group in their methodol-
ogy. A total of 9 of the articles (75%) considered the time of
manifestation and diagnosis of PD (disease duration), and the
mean ranged from 2.9 to 9.5 years 5-%-11-14.16

(ii) Neurological and cognitive assessments

Another categorization was the neurological aspect of
individuals with PD, factors including executive function,
motor function, intelligence quotient (IQ), reasoning, lan-
guage, memory, and praxis. The most used assessment
tool in the studies was the Mini-Mental State Examination
(MMSE), appearing in 7 articles,®”-%:12-14.16 fo]lowed by the
Unified Parkinson’s Disease Rating Scale (UPDRS)/-2-12.14
and the Hoehn and Yahr (HY) staging scale,®'0:12-14.16 jp
6 articles.

In addition to the P300, other auditory assessments
performed by the authors were the Auditory Brainstem
Response (ABR),? audiometric threshold at 1,000 Hz,* audi-
tory air thresholds at 0.5-8 kHz,? a hearing test,'® and self-
reported normal auditory function.®

Ferrazoli et al.

(iii) Cognitive ERP (P300) - latency and amplitude effects

The cognitive ERP reflects the time required for auditory
processing, and it is frequently studied in patients suffering
from PD. In one study,'® the P300 of subjects with PD had no
systematic difference in amplitude; however, it did show a
delay (increase in latency) when compared with healthy
individuals.>%1>

According to the findings of Yilmaz et al.* cognitive
impairment seemed to affect P300 latency, causing a pro-
longation in PD patients with mild cognitive impairment
(MCI-PD) when compared with DP-Normal and control
groups. In that same study,* when the P300 latency of PD
patients with no cognitive impairment was compared with
latencies from healthy controls, no difference was found.

Other variables related to PD seem to be associated with
changes in the P300 latency and amplitude. Age at the onset
of the disease,'* disease duration,'” and disease stage” seem
to have an effect.

When P300 latencies in a group with early onset of PD (at or
before the age of 40) were compared with the latencies of a
late-onset group (at or after the age of 41), delayed latencies
and reduced amplitudes were observed in the late-onset
group.’ These results confirm the negative correlation found
between age, P300 latency, and amplitude in PD patients in
other studies.'®?

Disease duration can also impact the P300, since the
longer the duration of the disease, the lower the amplitude
values,® and the more delayed the latencies.'® In contrast,
another article'® found no significant differences in PD
duration and P300 amplitude and latency.

(iv) PD scales and P300

In one study,® the P300 had lower amplitudes in all PD
groups compared with the control group, especially for
stages 2 and 3 on the HY scale. As for P300 latency, there
was one finding of a positive correlation with the severity of
PD in individuals aged 65 and older.’ Notwithstanding,
Sarikaya et al.'® found no significant correlation between
HY scale scores and P300 amplitude and latencies.

One study® that used the UPDRS scale to measure PD
progress found a positive correlation between P300 latency
and stage I and II PD patients. Using the same scale, to
measure motor and global scores, Sarikaya et al.'® found
no significant difference in the values of P300 latency and
amplitude.

(v) Dual tasks and fatigue in P300

Other authors have focused on understanding how the
auditory-motor pathway behaves in PD by measuring the
P300 during the performance of dual motor tasks®'! and
during fatigue conditions.'? In investigating P300 changes
during an odd-ball auditory task between two conditions
(that is, standing and walking), the results showed prolonged
P300 latency during walking compared with standing in all
groups, while P300 amplitude was similar between the two
conditions."’ During the walking task, P300 latency was
significantly shorter in the healthy young subjects compared
with the healthy older adults and the patients with PD, but no
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differences were observed between the healthy older adults
and the patients with PD. In the standing task, differences in
P300 latency were only observed between healthy young
subjects and patients with PD."" As for P300 amplitude,
smaller values were found while walking compared with
standing in patients with PD."'

In the cognitive domain, PD patients had larger P300
amplitudes for rhythmic auditory stimulation (RAS) versus
random tones for sitting and pedalling conditions. The con-
trols showed an amplitude effect only for the sitting condi-
tion, but not for the pedalling condition. However, a
correlation between P300 amplitudes and motor variability
in the periodic pedalling condition was only obtained in
control participants.®

Although recent studies'’~'° have improved our under-
standing of fatigue, data on the pathophysiological mecha-
nisms underlying this symptom are not yet unequivocal.
Central fatigue may be associated with cognitive deficits in
PD.'? P300 latency was significantly longer, and amplitude
was lower, in patients with PD and fatigue than in either
those with PD but no fatigue, or the controls.'?

(vi) PD treatments and P300

The P300 has also been used to examine the cognitive
effects on the brain in individuals with PD to understand the
effects of drug treatments.”-'>1® Solis-Vivanco et al."> ob-
served a difference in P300 amplitude in PD patients who
were being treated with at least two anti-parkinsonian drugs.
There was a lower amplitude in the drug group compared with
the healthy control group. When the group with non-medicat-
ed PD was compared with the control group, the amplitudes
were lower but not statistically significant.

In contrast, another study’ found statistical differences
between the PD and control groups, with greater P300
amplitudes in the PD group (with and without medication)
compared with the control group.

In addition to drugs, deep brain stimulation (DBS) surgery
and its possible changes in the ERP have been investigated.
Naskar et al.'® investigated recordings of patients with the
DBS on and off, and found no statistically significant differ-
ences in P300 latencies or amplitudes. However, for the DBS-
on condition, P300 latencies became slightly shorter, and the
amplitudes also showed a slight decline; however these
changes were not statistically significant.

Discussion

Parkinson disease is among the most common neurodegen-
erative diseases, preceded only by Alzheimer disease. Its
signs and symptoms progress over time, so age is clearly a
large factor in PD expression. The prevalence of PD is
observed mostly in male individuals, and is positively corre-
lated with age, being more prevalent in adults older than
60 years of age, although it can affect adults under the age of
40, corroborating the data collected in the present review.'*

The diagnosis of PD does not yet have a widely accepted
objective measure, which is why it is largely clinical,?®
commonly made by observing indications in the motor and
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non-motor fields. Diagnostic accuracy can be improved with
the use of standardized clinical criteria such as the
UPDRS’71214 and the HY scale.®10:12-14.16

The scores found on the UPDRS and HY scales correlated
positively with the latency values.”'> The UPDRS and HY
scores assess losses in mental activity, behavior, mood, and
signs and symptoms, factors that allow the individual to be
classified in terms of their level of disability, which, in turn,
have an effect on generation of the P300.2'

Researchers presume that the P300 potential might be an
important neurophysiological factor associated with cogni-
tive functions such as decision-making, attention, discrimi-
nation, integration, and memory°-skills that are commonly
altered in PD patients.z'3 This assumption leads us to suppose
that the correlations found between scales and latency
values might be explained by underlying cognitive, atten-
tional, and executive functions which are involved in the
planning and execution of daily-life activities.

However, there are some studies'®?? that do not fit the
pattern. They fail to verify a relationship between the scales
to assess PD and the values of latency and amplitude. Perhaps
these anomalies can be explained by the existence of differ-
ent dopaminergic pathways related to motor and mental
impairment in PD,° and by the fact that the same score on one
scale can originate from different clinical manifestations
depending on the individual.

Cognitive decline (dementia) is one of the main changes in
upper cortical function that can manifest in 30% to 40% of PD
patients. Some degree of cognitive impairment is present at
any stage of the disease; for this reason, early cognitive
investigation is recommended,?3?4 as observed in the stud-
jes®7:9:12-14.16 that used MMSE to assess cognitive factors.

As observed by Yilmaz et al.,* the absence of a statistical
difference between P300 latency in a group with PD without
cognitive impairment and another group of healthy control
individuals can be explained by the hypothesis that frontal
executive losses, clearly evident at the beginning of PD, may
be more clearly related to altered prefrontal dopaminergic
activity, and not necessarily to dementia.?

The P300 latency reflects the speed of auditory processing of
external stimuli, cognition, and memory capacity, whereas
amplitude values define the quality of the auditory information
process, as they relate to the number of neurons and attentional
resources activated during the task.*'"?% There is a general
consensus that P300 Iatency increases with age due to the aging
of nervous system structures, even in non-pathological indi-
viduals; it also increases with a reduction in the cognitive
ability to allocate attention and memory resources.”'%-14

The relationship between the clinical stage of the disease,
the duration of the disease, and the age of the patient at its
onset can be elucidated by the dopaminergic influence, and
the detection of new/rare stimuli has been related to the
fronto-striatal functioning?” suffered by P300. These criteria
are related to PD disorders, since, during the initial stage of
PD, neurodegeneration is less severe and less extensive than
at the most severe moment of the disease,?® which supports
the findings of delayed latency and decreased P300 ampli-
tude observed in PD patients.
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Regarding P300 amplitude, some studies®'* indicate a
decrease in amplitude with increasing age, while others
report no clear evidence of the effect of age or disease
duration.'® This variation in findings can be explained by
the wide variability in the values found in the analyses.
Considering these findings, latency values seem to be more
sensitive to small cognitive fluctuations in PD and likely to be
influenced by changes in the dopaminergic levels in the
brain.

Some theories suggest that motor activities (such as
walking or cycling) require higher cognitive processes that
use a complex neural network that incorporates cognitive
and motor information.?®3? Studies'"3® show that the addi-
tion of a simultaneous task of executive attention function to
the task of walking (motor act) leads to changes in gait
performance, and that this effect is exacerbated with aging
and neurodegenerative diseases, such as PD.

The prolongation of P300 latency in walking condition in
elderly individuals and in those with PD'" suggests an effect
of aging or neurodegeneration, causing the lower processing
speed to be accentuated in a more complex task, such as
walking. The smaller amplitude only observed in the group
with PD when comparing the walking and standing condi-
tions raises the hypothesis that the amount of resources
involved during the execution of the double task in PD
individuals indicates a lower recruitment of attentional
resources and a lower activation of neurons during informa-
tion processing.31

Rhythmic auditory stimulation is defined as a therapeutic
application of pulsed rhythmic or musical stimulation to
improve gait or aspects related to movement.>? It has been
shown that it can assist in the treatment of issues related to
the motor domain, 334 improving the spatio-temporal char-
acteristics of gait, and cognitive processes, through its tem-
poral predictability®? in patients with PD.

The findings of Lei et al.? indicate that RAS facilitates the
processing of predictable events in patients with PD, as well
as in healthy individuals, being observed by the increase in
the amplitude of responses. The predictability of presenting
RAS may have facilitated attentional processing in individu-
als with PD, since attention can be directed with greater
precision at instants close to the appearance of the stimu-
lus.®33 However, no correlation was found between P300
amplitudes and motor variability (sitting still or pedalling) in
individuals with PD, only in the control group. The accuracy
of the sensorimotor synchronization task may be associated
with the functioning of the basal ganglia,3’5 the worsening of
age-related motor functioning, and a negative effect of added
cognitive tasks.>®

Fatigue is a motor symptom that affects more than 50% of
the parkinsonian population,” consisting predominantly of
central fatigue,>® which has been linked by researchers to
cognitive'®3” and attention'%'8 deficits in PD. Longer laten-
cy and a decrease in amplitude in PD patients compared with
controls suggests that they take longer to assess and detect
the target stimulus.'?

However, when comparing parkinsonian patients with
fatigue and without fatigue, their latencies were equally
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prolonged, without statistical significance, which suggests
that the fatigue mechanisms and the top-down mechanisms
of attentional discrimination of the stimulus are not correlat-
ed.'? This provides indirect evidence of the importance of the
connection between cognitive and motor functions during
walking."! There is an increase in the activation of the pre-
frontal cortex in young people and healthy elderly people
during dual-task walking compared with normal walking.3%4’
Patients with PD showed similar findings, but also showed
greater activation during normal walking,*? suggesting a
dependence on cognitive resources even in simple tasks.!!

For the treatment of PD, dopaminergic agents are gener-
ally used to restore the missing neurotransmitter and
improve clinical deficits.*> However, the relationship be-
tween the P300, the antiparkinsonian treatment, and PD is
still nonspecific. Data indicate either an increase in ampli-
tude’ or a decrease'®> when individuals undergoing drug
treatment are compared with a control group. Authors’:'3
have hypothesized that, in addition to the use of drugs, the
stage of the disease may also be a factor to consider.
Therefore, the detection of the target stimulus may result
in a larger P300 when the disease is more advanced.'?

Several drugs can treat the symptoms of PD, but, in the
long term, the patients will experience the motor complica-
tions induced by levedopa.'®** Deep brain stimulation has
been reported as a procedure that can improve both motor
symptoms and cognitive aspects.'®*> However, the P300
elicited during DBS-on and DBS-off conditions did not
show statistically significant changes in latency or ampli-
tude. This finding correlates with the fact that the P300
potential is produced by a series of generators that are not
affected by subthalamic nuclei projections.'®

Final Comments

The use of the P300 can be very effective for patients with PD,
since this ERP seems to be a good candidate for neuro-
cognitive research in PD. The P300 appears sensitive to the
duration and severity of the disease, and it shows marked
differences for dual tasks and among the various treatment
options applied to PD patients.
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