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Abstract Abnormalities in auditory P300 test have been ob-
served in patients with Parkinson’s disease (PD). We aimed to
investigate whether or not additional electrophysiological tests
assist in making the clinical diagnosis of mild cognitive im-
pairment in Parkinson’s disease (PD-MCI), and we evaluated
P300 changes in patients with non-demented PD and analyzed
the correlation between the cognitive features and P300
changes. Twenty patients with PD who had been diagnosed
with mild cognitive impairment (PD-MCI group) according to
theMovement Disorder Society (MDS) 2012 PD-MCI level II
criteria, 21 patients with PD without cognitive impairment
(PD-Normal group), and 20 control subjects (control group)
who were neurologically normal were examined by the stan-
dard auditory oddball paradigm. The N100, P200, N200, and
P300 latencies and N100-P200, P200-N200, and N200-P300
amplitudes were measured and analyzed. P300 latencies re-
corded from Fz, Cz, and Pz and N200 latency recorded from
Fz were significantly longer in the PD-MCI group than in the
PD-Normal and the control group (respectively p < 0.001,
p = 0.041). P300 amplitude recorded from Fz was

significantly lower in PD-MCI group than those in the other
groups (p = 0.038). While P300 was obtained in all patients in
the PD-Normal and the control group, it was lost in 35% of
PD-MCI patients. The results show that P300 provides a di-
agnostic tool for detecting PDMCI. We suggest that P300
prolongation and loss of P300 potential could be used as sup-
portive parameter in the diagnosis of PD-MCI.
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Introduction

Parkinson’s disease (PD) is a common, chronic neurodegen-
erative disorder characterized by a combination of motor
problems, as well as non-motor features such as cognitive,
autonomic, and affective abnormalities [1]. Cognitive impair-
ment is particularly prevalent in PD and varies from mild
deficits to severe dementia [2]. The term Bmild cognitive im-
pairment (MCI)^, used to define the transition between the
cognitive impairment observed during normal aging and de-
mentia, is very important in predicting the development of
dementia in general population and in patients with PD [3].

The Movement Disorders Society (MDS) Task Force re-
view reported that a mean of 27% (range 19 to 38%) of non-
demented patients with PD had MCI [4]. A recent study re-
ported that 91% of the mild cognitive impairment in
Parkinson’s disease (PD-MCI) cohort had progressed to
Parkinson’s disease dementia (PDD) at 16 years [5].
However, diagnosing PD-MCI in clinical practice may be
problematic. The MDS Task Force has published diagnostic
criteria for PD-MCI in 2012 [6]. PD-MCI is a syndrome char-
acterized by clinical, cognitive, and functional criteria based
on clinical evaluation, anamnesis, and neuropsychological
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tests. We think that these criteria could be supported by a
laboratory test in order to provide more objective results.

The event-related evoked potentials (EREPs) as a labora-
tory method have been used as markers for cognitive func-
tions in patients with neurological and psychiatric disorders.
Auditory P300 test provides information about the pathways
related to attention and memory. P300 amplitude reflects the
CNS activity during the comparison process of the given stim-
ulus and the information of the record of that stimulus in the
memory, and P300 latency reflects the rate of classification of
the stimulus [7]. It has been determined that P300 amplitude
decreases and the P300 peak latency increases as the severity
of cognitive dysfunction increases [8, 9].

The aim of this study was to investigate P300 changes of
PD-MCI patients. With the obtained results, it was aimed to
contribute to the creation of laboratory-aided diagnostic ap-
proaches that would contribute to the diagnosis of MCI in PD.

Patients and method

This study included patients who presented to Akdeniz
University Medical Faculty Neurology Department between
2014 and 2015 and diagnosed with PD-MCI and PD with no
cognitive impairment, as well as healthy volunteers without
cognitive impairment matched in terms of age, gender, and
education. PD and PD-MCI were diagnosed on the basis of
UK Parkinson Disease Society Brain Bank and MDS 2012
PD-MCI level II criteria, respectively. Patients’ Hoehn-Yahr
(HY) stages were stages 1–3. All subjects had completed at
least primary school. Exclusion criteria were as follows: PDD
or other dementia syndromes, other parkinsonism-plus syn-
dromes, heredodegenerative parkinsonism, and secondary
parkinsonism, severe or unstable depression, medications af-
fecting cognition (anticholinergics, antidepressants, or anxio-
lytics), other causes of cognitive impairment (e.g., seizures,
strokes, head trauma), or auditory loss preventing cooperation
to P300 test.

Collection of data at screening included demographic and
clinical features (disease duration, current medications), the
unified Parkinson’s disease rating scale (UPDRS), HY stag-
ing, Beck Depression Inventory (BDI), and standardized
mini-mental state examination (MMSE).

The subjects were administered a neuropsychological test
battery comprising ten tests grouped into five cognitive do-
mains based on the MDS recommendations level II diagnostic
criteria [6, 10–19]: memory (Wechsler Memory Scale Logical
Memory Subtest, Öktem Verbal Memory Processes Test), at-
tention and working memory (digit span test, Trail Making
Test A-B), visuospatial function (Benton’s Judgment of Line
Orientation Test, Benton Facial Recognition Test), executive
function (verbal fluency test, clock drawing test), and lan-
guage (Boston Naming Test, Gülhane Aphasia Test-2

Naming Subtest). In accordance with the MDS PD-MCI di-
agnostic criteria, patients who failed in at least two tests were
included in the PD-MCI group. The patients who succeeded at
all tests or failed at only one test formed the PD-Normal cog-
nition group.

Auditory P300 recordings were made while the subjects
were sitting in a partially soundproof room with their eyes
open. The signals were recorded at Fz, Cz, and Pz electrode
sites (10–20 International System) using Ag/AgCl electrodes
fixed to the scalp, referred to linked earlobes with a forehead
ground. The inter-electrode resistance was always below
5 kQ. First, the binaural audiometric thresholds were deter-
mined at 1000 Hz for each subject. The auditory stimuli
consisted of 1000 Hz pure tone bursts as standard stimuli
and 2000 Hz pure tone bursts as target stimuli. The tones were
presented in a random series, with a stimulus interval ranging
between 1.5 and 2 s. According to the Boddball^ paradigm,
20% of the tones were high and designated as target stimuli.
The subjects were instructed to count silently the target tones,
reporting the total at the end of the session. Two blocks, con-
taining 30 random target stimuli, were recorded in each sub-
ject. The latency and the amplitude of the P300 components
were calculated in each subject as themean of the values of the
two blocks. The P300 component was defined as the most
positive peak occurring within a window of 300–500 ms. A
Nihon Kohden Neuropack M1 device was used to record
EREPs. The N100, P200, N200, and P300 latencies and
peak-to-peak N100-P200, P200-N200, and N200-P300 am-
plitudes were measured from Fz, Pz, and Cz electrode sites
and analyzed.

All subjects gave informed consent. The study was ap-
proved by Akdeniz University and Institutional Review
Board and Ethics Committee with a project code of
2014.04.0103.009.

Statistical analysis

Fisher’s exact test and Pearson’s chi-square analysis were per-
formed for categorical variables. In order to compare quanti-
tative variables with normal distribution, Student’s t test and
ANOVAwere performed. Mann-WhitneyU test and Kruskal-
Wallis rank sum tests were used for comparison of quantitative
variables with non-normal distribution. In ANOVA, differ-
ences between the groups compared using Tukey’s honestly
significant difference post hoc test and in Kruskal-Wallis rank
sum tests, Bonferroni-Dunn post hoc correction was used.
Spearman and Pearson correlation coefficients were calculat-
ed to find correlation between variables. Results are expressed
as n (%), mean ± standard deviation, or median (minimum-
maximum). The overall data were analyzed with the Statistical
Package for the Social Sciences (SPSS) 18, and a p value
< 0.05 was considered statistically significant.

2104 Neurol Sci (2017) 38:2103–2109



Results

Demographic characteristics

This study evaluated the data of 20 healthy controls and two
groups of patients, 20 subjects diagnosed PD-MCI and 21 PD
subjects without cognitive impairment who were diagnosed
by means of detailed history, clinical features, and detailed
neurocognitive evaluation. Demographic and clinical features
of the three groups have been presented in Table 1. The groups
were similar regarding age, sex, educational status, PD dura-
tion, and HY stage. PD-MCI group was more severely im-
paired at UPDRS and UPDRS part III (motor examination)
(p = 0.025, p = 0.040, respectively).

When the PD-MCI and PD-Normal groups were compared
in terms of the context of the treatment, as if it included levo-
dopa, dopamine agonist, and monoamine oxidase-B (MAO-
B) inhibitors, no significant difference was detected between
the groups in terms of dopamine agonist andMAO-B inhibitor
use. Levodopa was found in the treatment of 12 patients
(60%) in the PD-MCI group and in the treatment of 6 patients
(28.6%) in the PD-Normal group, and this finding was found
to be statistically significant (p = 0.043).

P300 latencies and amplitudes

The N100, P200, N200, and P300 latencies and the N100-
P200, P200-N200, and N200-P300 peak-to-peak amplitude
values of participants that were recorded from the Fz, Cz,
and Pz electrodes were evaluated. The potentials that could
not be achieved were excluded from the study, and the differ-
ence between the latency and amplitude measurements be-
tween the groups was analyzed.

In Fig. 1, the sample P300 traces of participants, one
from each of the control (a), PD-Normal (b), and PD-
MCI (c) groups, and the P300 trace of one participant in
the PH-MCI group, whose P300 potential could not be
achieved (d), can be seen.

From the records, the P300 potentials of six patients (30%)
from the Fz and Cz electrodes in the PD-MCI group could not
be achieved, while in the PD-Normal and control groups, the
potentials were achieved from all of the participants (p = 0.007
[PD-MCI–PD-Normal], p = 0.008 [PD-MCI–control]). From
the Pz electrode, the P300 potential could not be achieved in
seven patients (35%) in the PD-MCI group, while in PD-
Normal and control groups, it was achieved from all of the
participants (p = 0.003 [PD-MCI–PD-Normal], p = 0.004
[PD-MCI–control]). In the records made from all three elec-
trodes, the inability to achieve P300 potentials in the PD-MCI
group was statistically significant.

When the latency measurements were evaluated, the
N200 and P300 latencies recorded from the Fz electrodes
(p = 0.041, p < 0.001, respectively), the P300 latency
recorded from the Cz electrode (p < 0.001), and the
P300 latency recorded from the Pz electrode (p < 0.001)
were found to be statistically significantly prolonged in
the PD-MCI group, compared to the PD-Normal and con-
trol groups.

The peak-to-peak N100-P200, P200-N200, and N200-
P300 amplitudes measured from the traces with Fz, Cz,
and Pz electrodes were evaluated. The N200-P300 ampli-
tudes measured with Fz electrodes in the control group
were found to be higher compared to the PD-MCI group,
and this value was statistically significant (p = 0.038).
The data of all latency and amplitude values have been
presented in Table 2.

Next, the correlation of latency and amplitude values
between age and clinical parameters (PD duration, HY
stage, UPDRS, and UPDRS part III scores) was exam-
ined. There was a significant positive correlation between
age and Cz-P300 (r = 0.291; p = 0.031), Fz-N200
(r = 0.257; p = 0.049), and Pz-N200(r = 0.275;
p = 0.034) latencies. PD duration and Fz-N200
(rho = 0.330, p = 0.040), HY stage and Pz-P200-N200
amplitude (rho = 0.320, p = 0.044), and UPDRS part III
score and Pz-P200-N200 amplitude (rho = 0.340,
p = 0.032) were found significantly positive correlated.

Table 1 Demographic and
Parkinson’s disease-related
characteristics of participants

PD-MCI PD-Normal Control p value
(n 20) (n 21) (n 20)

Age (year) 61.3 ± 7.8 60.6 ± 7.8 59.3 ± 5.7 0.686

Gender (F/M) 9/11 8/13 9/11 0.874
45/55 (%) 38.1/61.9 (%) 45/55 (%)

Education duration (year) 6.5 (5–15) 11.0 (5–15) 11.0 (5–15) 0.205

Disease duration (year) 4.0 (1–18) 3.0 (1–10) 0.322

Hoehn-Yahr stage 2.0 (1.5–2.5) 2.0 (1–2.5) 0.131

UPDRS-motor score 22.5 (9–35) 17.0 (10–36) 0.040*

UPDRS-total score 26.5 (10–47) 19.0 (12–41) 0.025*

*p < 0.05
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Discussion

Auditory P300 test was first defined by Sutton et al. in 1965
and became the subject of many studies, since it was an indi-
cator of neural events related to cognitive functions [20].
There are various studies in literature using the auditory
P300 test to investigate the cognitive functions in PD with
or without dementia, in the early or advanced stages of the

disease, in the Bon^ and Boff^ periods of the patients, and prior
to or after dopaminergic treatment, and they have reported the
relationship between the cognitive situation in PD and chang-
es in P300 [21–34]. However, after the publishing of the PD-
MCI criteria by MDS, there is no study using auditory P300
test in PD-MCI patients diagnosed based on these criteria. The
primary goal of our study was to investigate whether or not
there was a change in the auditory P300 test findings observed
in PD-MCI patients and in PD patients with no cognitive
impairment.

In P300 test as a response to standard sound, there is one
negative N100 wave with the peak between 90 and 200 ms
after the initiation of stimulus and one following positive P200
wave. This complex is generated in the primary auditory cor-
tex and represents an exogenous (Bstimulus-dependent^) cor-
tical auditory potential. This complex is followed by N200-
P300 complex composed of one negative and one positive
wave. In the record that is registered as a response to
Btargeted^ stimuli, the dominant component is P300 wave. It
is a positive wave whose latency in healthy persons is 300–
500 ms and represents a neurophysiological parameter that is
in correlation with the speed of cognitive processes. It is sup-
posed that P300 waves are generated by the medial structure
of the temporal lobus, that is, by the hippocampal formation
and the temporoparietal associative zone. P300 is generated
when attention is directed to the processing of a new stimulus
that is different from the mental model of the expected stimuli.
P300 wave latency corresponds to the speed of stimuli classi-
fication based on discrimination between two events, when
there is an adaptation of the mental model of structure of the
stimulus to the actual event [35, 36].

We determined that the late endogenous component P300
latencies recorded from Fz, Cz, and Pz electrodes were
prolonged in the PD-MCI group compared to the remaining
two groups. Another late endogenous component N200 laten-
cies were prolonged in the PD-MCI group compared to the
remaining groups as well; however, this difference was signif-
icant only in the recordings obtained from the Fz electrode.
The P300 amplitudes were smaller in the PD-MCI group com-
pared to the remaining groups, and this difference was signif-
icant only in the recordings obtained from the Fz electrode. No
difference was observed between the groups with regard to the
latency and amplitudes of the early exogenous components
N100 and P200 waves.

In a study comparing 40 PD patients without cognitive
impairment and healthy controls, the P300 latency was found
to be delayed in the patient group and the P300 amplitude was
found to be decreasing [22]. Similarly, in another study com-
paring 45 PD patients without dementia, with normal controls,
the P300 latency was found to be delayed in PD patients [23].
Although the term MCI was not used in any of these two
studies, it was suggested that P300 may be useful in detecting
subclinical cognitive impairment. In another study comparing

Fig. 1 The sample P300 traces of participants, one from each of the
control (a), PD-Normal (b), and PD-MCI (c) groups, and the P300 trace
of one participant in the PH-MCI group whose P300 potential could not
be achieved (d)
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PD patients without dementia and with healthy controls, the
P200 and N200 latencies were found to be delayed in the
patient group in contrast to the commonly obtained outcomes;
however, no difference was found between the groups with
regard to the P300 latencies. According to these results, the
investigators have suggested that the possible delay in P300
latency may be a corrected parameter with L-DOPA treatment,
while the delay in P200 and N200 latencies may have not been
corrected [32]. In our study, PD patients were evaluated ac-
cording to the PD-MCI criteria of MDS; thus, we presented
the P300 differences between the patients with MCI and those
with no cognitive impairment for the first time. The most
important finding of our study was the delay in P300 latency
in PD-MCI patients. Furthermore, we showed that there was
no P300 difference between the PD patients with no cognitive
impairment and healthy controls. This result suggests that the
delay in the P300 latency occurs parallel to the occurrence of
MCI in PD.

There is a general consensus that P300 latency of auditory
event-related potentials increases with age by 0.9–1.7/year,
but no clear evidence is reported about the effect of age on
the amplitude of the P300 [7, 37]. In our study, a positive
correlation was found with P300 latency recorded from Cz,
but not on the other recording sites, and there were no corre-
lation between age and P300 amplitude measurements.

In our results, we did not find any correlation between
disease duration, HY stage, total and motor UPDRS scores,
and P300 latencies. This data suggests that prolongation of the
P300 latency may occur even in early stages and years of the
PD, if cognitive decline is positive. In two studies which re-
ported positive correlation between PD stage and P300 laten-
cies, advanced stage PD patients were also participated, but in
ours, patients stage were HY stages 1–3 [38, 39]. As well as in
other studies, the poor correlation between P300 latencies and
clinical motor score indicated that P300 delay is due to a
mechanism which is presumably different from those respon-
sible for the motor disability [38, 40].

In a study comparing PD patients matched with healthy
controls according to age and gender using the P300 test, no
P300 potential could be obtained in 16.6% of the patients [33].
In our study, P300 potential was obtained in all of the patients
with no cognitive impairment and healthy controls, whereas it
was not obtained in 35% of the patients with PD-MCI.
Therefore, we believe that unavailability of this potential
alone may be an indicator of the cognitive impairment.

Another finding demonstrating that the P300 test is a sen-
sitive indicator in detecting the cognitive changes in patients
with PD is that the test yields different results in the Bon^ and
Boff^ periods of the disease. In 1989, a group of patients with
PD with serious motor fluctuations were evaluated with the

Table 2 Auditory P300 latency
and amplitude results of
participants

PD-MCI PD-Normal Control p value

Latency results

Fz-N100 (ms) 94.5 ± 8.0 97.5 ± 9.4 95.3 ± 9.7 0.536

Fz-P200 (ms) 180.3 ± 21.9 173.4 ± 14.0 171.9 ± 16.0 0.271

Fz-N200 (ms) 249.7 ± 21.6 237.0 ± 25.4 232.0 ± 20.1 0.041*

Fz-P300 (ms) 389.9 ± 29.7 353.0 ± 21.2 353.9 ± 15.6 < 0.001*

Cz-N100 (ms) 97.7 ± 12.0 99.0 ± 8.3 97.6 ± 7.8 0.874

Cz-P200 (ms) 176.9 ± 8.5 173.04 ± 13.5 169.4 ± 14.2 0.320

Cz-N200 (ms) 246.3 ± 21.4 233.1 ± 25.1 232.2 ± 18.4 0.062

Cz-P300 (ms) 396.10 ± 31.6 347.0 ± 25.0 355.1 ± 14.8 < 0.001*

Pz-N100 (ms) 99.9 ± 12.1 99.8 ± 9.0 98.9 ± 9.3 0.946

Pz-P200 (ms) 177.0 ± 20.7 172.1 ± 16.1 167.7 ± 11.8 0.195

Pz-N200 (ms) 242.9 ± 24.9 228.8 ± 26.5 231.3 ± 17.3 0.141

Pz-P300 (ms) 394.4 ± 32.5 351.7 ± 30.1 355.8 ± 14.5 < 0.001*

Amplitude results

Fz-N100-P200 (μv) 14.3 ± 4.4 13.9 ± 4.9 13.6 ± 3.9 0.877

Fz-P200-N200 (μv) 8.4 ± 3.2 9.0 ± 5.1 8.8 ± 3.1 0.913

Fz-N200-P300 (μv) 12.1 ± 5.4 15.5 ± 5.5 17.3 ± 6.2 0.038*

Cz-N100-P200 (μv) 15.1 ± 4.6 15.7 ± 4.3 14.9 ± 4.0 0.822

Cz-P200-N200 (μv) 9.8 ± 4.5 10.3 ± 4.4 10.8 ± 3.3 0.674

Cz-N200-P300 (μv) 13.8 ± 5.8 17.4 ± 6.9 17.5 ± 5.3 0.179

Pz-N100-P200 (μv) 11.2 ± 4.5 10.8 ± 4.4 9.7 ± 3.9 0.509

Pz-P200-N200 (μv) 8.2 ± 4.2 6.9 ± 3.1 7.5 ± 3.0 0.482

Pz-N200-P300 (μv) 14.6 ± 5.0 16.9 ± 6.1 15.7 ± 4.8 0.473

*p < 0.05
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P300 test, the reaction time, and neuropsychological tests in
the Bon^ and Boff^ periods. The P300 latency demonstrated a
significant shortening in the Bon^ period, whereas no differ-
ence was observed in the reaction time and neuropsycholog-
ical tests [35]. The cognitive improvement in Bon^ period
could be shown by shortening in the P300 latency. Since the
participants in our study were in the early stage of PD and they
had no motor fluctuations, no evaluation could be made with
this respect.

The effect of dopaminergic treatment on cognition in PD is
controversial. It is thought that possible positive or negative
effects of dopaminergic treatment on cognition could be dem-
onstrated with changes in P300. In a study on this subject,
patients recently diagnosed as early stage PD without demen-
tia were evaluated prior and after L-DOPA treatment with
P300 test. Following dopaminergic treatment, the P300 laten-
cy was shortened on the 15th day, whereas it was prolonged at
the 3rd month and 6th month measurements [21]. In our study,
the dopaminergic treatments the participants received were
compared, and in the PD-MCI group, a higher number of
patients had received L-DOPA treatment. However, since our
participants were evaluated once using the P300 test without
no change in the treatment method, no comment could be
made on the effects of dopaminergic treatment on P300.

The results obtained in our study and the data in the liter-
ature together suggest that the P300 test provides an objective
evaluation of the cognitive situation in PD. In PD, it is impor-
tant to monitor cognitive status even in early stages or without
any complaint about cognition. Although neuropsychological
tests provide very valuable data about cognitive status in PD,
P300 test is simple, non-invasive, and also does not necessi-
tate the use of motor functions that are impaired in PD. In this
regard, in clinical practice, P300 latency alterations could be
used with neuropsychological tests to follow up cognitive sta-
tus in patients with PD.

In this study, a prolonged P300 latency and an unavailable
P300 potential were determined to be sensitive parameters in
distinguishing PD-MCI patients from those PD patients with-
out cognitive impairment. With prospective follow-up studies
and data, this hypothesis can be supported more strongly. In
conclusion, we suggest that with further and wider studies, the
changes in P300 can be helpful to the diagnosis of PD-MCI
and may be used as a supportive tool.
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