
INTRODUCTION
Parkinson’s disease (PD) is the second most common neurodegenerative disorder after Alzheimer’s disease (AD). Idiopathic Parkinson’s 
disease (IPD) is the most common cause of parkinsonism; its prevalence in the later stages of life is reported to be 2% to 3% in people age 
65 and over and 10% in people age 80 and over (1).

Physical symptoms are severe in PD; as a result, non-physical changes may be overlooked. Cognitive changes are difficult to diagnose in PD 
patients because they retain their mental acuity and continue their daily living activities. Cognitive impairment is a primary symptom of AD; 
however, because of the severity of motor symptoms, cognitive changes in PD have remained unrecognized for years (2).

Traditionally, cognitive impairment is expected to be observed during the later stages of PD; however, cognitive impairment in the early stages 
is reported in approximately 30% to 35% of patients (3,4).

Parkinson’s disease mild cognitive impairment (PD-MCI) is similar to mild cognitive impairment (MCI) which is currently considered to be 
prodromal AD (5). However, unlike MCI, cognitive changes in PD-MCI do not primarily affect memory; instead, they affect the patient’s at-
tention, language, visuospatial skills, and executive functions (6). It has been found that 75% to 80% of PD patients develop dementia during 
disease progression (4). Further progression of cognitive impairment and deterioration in daily living activities were defined as the dementia 
stage of Parkinson’s disease (PD-D) (2).

Event-related potentials (ERPs) represent the synchronous activity of large neuron groups that fire together during an electroencephalogram 
(EEG) recording upon application of cognitive load. ERPs can be obtained using different paradigms. The classical oddball paradigm is the most 
frequently used method to elicit ERPs.
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Introduction: Parkinson’s disease (PD) is the second most common 
neurodegenerative disease after Alzheimer’s disease. Cognitive chang-
es in PD are less observable than motor symptoms; thus, research on 
cognitive processes, which are known to be impaired from the early 
stages of PD, is minimal. The purpose of this study is to research the 
brain dynamics of cognitively normal PD patients and healthy elderly 
controls using event-related potentials (ERPs) and to evaluate their 
relationships with neuropsychological tests.

Methods: Eighteen cognitively normal PD patients and 18 age-, gender-, and 
education-matched healthy controls were included in the study. Detailed 
neuropsychological tests were applied to all participants. Electroencephalog-
raphy (EEG) was performed according to the international 10-20 system, 
and a classical visual oddball paradigm was used in the experiments. ERP 
responses in the 0.5 to 25 Hz frequency range were examined. P300 ampli-
tude and latency values were measured from the F3, Fz, F4, C3, Cz, C4, P3, Pz, 
P4, O1, Oz, and O2 electrode sites. In addition, the correlations between P300 
responses and neuropsychological test scores were analyzed.

Results: Significant differences were found between the P300 ampli-

tudes of cognitively normal PD patients and healthy elderly controls 

[F(1,31)=9.265; p=0.005]. P300 amplitudes were significantly lower for 

PD patients at the F3, FZ, Cz, C4, Pz, and P4 electrode sites than for 

healthy elderly controls. Moderate correlations were found between 

Stroop test score and P4 amplitude, digit span forward and C3 and Pz 

amplitude, and digit span backward and O1 amplitude.

Conclusion: The major finding of this study was the detection of cog-

nitive changes by electrophysiological methods in PD patients who 

were indicated to be cognitively normal by neuropsychological tests. 

These finding suggests that cognitive changes in PD patients, which 

are not yet reflected in neuropsychological tests, may be detected by 

electrophysiological methods in earlier stages.
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P300 is the most investigated component of ERPs; it is a large positive 
wave that occurs approximately 300 ms after the target stimuli is pre-
sented (7). The P300 component reflects cognitive processes during 
complex memory tasks and is related to focused attention, working 
memory, signal detection, and decision-making processes (8,9,10,11). 
It is known that P300 responses may vary depending on neurotrans-
mitter changes in specific diseases. Particularly, dopaminergic defi-
ciencies in frontal areas are reported to affect electrophysiological 
responses (12).

In the present study, we aimed to investigate changes in the brain dynam-
ics of PD using P300 responses together with neuropsychological tests 
in cognitively normal PD patients and healthy controls. The intent of this 
study is to further the understanding of cognitive changes in PD, which 
progress concurrently with motor symptoms without being detected.

METHODS

Subjects
The sample of this study consisted of PD patients who were being fol-
lowed up at the movement disorders clinic of the Department of Neurol-
ogy at Dokuz Eylül University (DEU) Hospital, as well as healthy controls 
recruited via bulletin board announcements at DEU Hospital. The local 
ethics committee (05.03.2014–1476-GOA) approved the study, and all 
participants provided written informed consent.

All participants underwent neurological examination and magnetic reso-
nance imaging (MRI) prior to the study. Eighteen patients with PD [mean 
age: 65.30 (±6.67)] who were confirmed to be cognitively normal after 
detailed neuropsychological assessment and 18 age-, gender-, and handed-
ness-matched healthy controls [mean age: 69.10 (±8.44)] participated in 
the study. Neuropsychological test scores did not differ between the PD 
patients and the healthy controls (p>0.05). The clinical and demographic 
characteristics of the groups are shown in Table 1.

Patients were diagnosed with IPD according to the Unified Parkinson 
Disease Rating Scale (UPDRS) motor scale, which was administered by 
neurologists (13,14). Patients between stages I and III on the Hoehn 
and Yahr scale were included (15). The EEG recordings and neuropsy-
chological assessments of the PD patients were performed during their 
“on” periods.

In this study, PD-MCI patients were excluded according to the level 2 cri-
teria provided by the Movement Disorder Society (MDS) (16). According 
to these criteria, patients should be evaluated in detail in five cognitive 
domains (attention/working memory, executive functions, language, epi-
sodic memory, and visuospatial functions). To be diagnosed with PD-MCI, 
patients must demonstrate impairments in at least two cognitive domains 
or in two tests that examine the same domain. Test scores that have a 
standard deviation of 1.5 below normal values are accepted as abnormal. 
Patients who had impairment in two or more cognitive domains and in 
their activities of daily living were considered to have PD-D and were 
excluded from the study (2). The PD patients included in this study had 
no subjective complaints about their cognitive functions, and their daily 
living activities were preserved. Patients with prominent cerebral atrophy 
or vascular lesions were excluded.

Two volunteers with cognitive impairment detected by neuropsychologi-
cal tests and two PD patients with inadequate numbers of epochs in their 
EEG analyzes were excluded from the study. Three PD patients were also 
excluded due to their motor disabilities. The Geriatric Depression Scale 

was administered to all subjects; participants who had total scores of 11 or 
more out of 30 were excluded (Table 1).

Neuropsychological Assessment
A detailed neuropsychological test battery was applied to all participants 
by neuropsychologists. The following tests were administered: the Mini 
Mental State Examination (MMSE) and Montreal Cognitive Assess-
ment (MoCA) to assess global cognitive status; the Wechsler Memo-
ry Scale-Revised (WMS-R)visual reproduction subtest to assess visual 
memory; the Öktem Verbal Memory Processes Test (ÖVMPT) to assess 
verbal memory; the WMS-R digit span forward and backward tests to 
assess attention; the Stroop test, categorical and lexical verbal fluency 
tests, the The Wechsler Adult Intelligence Scale–fourth edition (WAIS-
IV)similarities subtest, proverb interpretation, and the Wisconsin Card 
Sorting Test to assess executive functions; the Boston naming test to 
assess language; and simple copying tests, the clock drawing test, and the 
Benton Line Orientation Test to assess visuospatial skills (17,18,19,20,2
1,22,23,24,25,26,27,29).

Electrophysiological Recordings
All EEG recordings were performed in a sound-attenuated, isolated 
room in the morning (when the PD patients were in their “on” periods). 
The EEGs were recorded from 30 Ag/AgCl electrodes over an elas-
tic cap (EasyCap; Brain Products GmbH, Gilching, Germany) according 
to the international 10-20 system. Linked earlobe electrodes (A1+A2) 
were used as references. The electrooculogram (EOG) was recorded 
from the medial upper and lateral orbitals of the right eye. Impedance 
was maintained below 10 kΩ for all electrodes. Each EEG was digitalized 
with a 500 Hz sampling rate using a 32-channel amplifier (BrainAmp 
DC; Brain Products GmbH, Gilching, Germany) with band limits of 0.01 
to 250 Hz.

A classical oddball paradigm was used in the experiments. In the oddball 
paradigm, the visual stimulus has a time of 10 ms r/f and a duration of 
1 sec. The luminance of the standard stimulus was 10 cd/cm2 (proba-
bility: 80/120) and that of the target stimulus was 40 cd/cm2 (probabil-
ity: 40/120). The participants were asked to mentally count the target 
stimuli. The target stimuli were segmented offline as 500 ms pre-stimulus 
and 1000 ms post-stimulus (BrainVision Analyzer; Brain Products GmbH, 

Table 1. Clinical and demographic characteristics of healthy controls 
and PD patients

 Healthy controls  PD patients 
 (n=18)  (n=18) 
 Mean (SD) Mean (SD) p 

Age 69.10 (8.44) 65.30 (6.67) 0.053a

Education 9.83 (4.97) 8.64 (4.35) 0.398a

Gender (M/F) 15/3 15/3 1.000b

Handedness (right/left) 16/2 18/0 0.146a

Hoehn and Yahr score - 2.2 (0.67) -

UPDRS motor score - 19 (8.81) -

Disease duration (year) - 4.08 (3.18) -

Age of disease onset - 61.42 (7.85) -

Behavioral score (/40) 39/40 39/40 0.510a

MMSE 28.94 (1.11) 28.83 (1.30) 0.784a

PD: Parkinson’s disease; MMSE: mini mental state examination; SD: standard 
deviation; M: male; F: female; aindependent sample t-test, bchi-square test
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Gilching, Germany). Epochs containing artifacts (such as eye movement or 
blinking) were manually removed.

Subject averages and grand averages were calculated for all electrode 
sites. The obtained epochs were filtered between 0.5 and 25 Hz for ERPs 
after averaging, and the peak amplitudes and latency values of P300 in the 
250 to 600 ms time window were measured from the F3, Fz, F4, C3, Cz, C4, 
P3, Pz, P4, O1, Oz, and O2 electrode sites (30).

Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social 
Sciences Statistics (SPSS) 17 (IBM; Armonk, NY, USA). The neuropsy-
chological test scores of the healthy controls and PD patients were com-
pared by independent sample t-test. The P300 amplitude and latency 
values were analyzed with repeated measures ANOVA. In this analysis, 
anterior-posterior (frontal, central, parietal, occipital) x sagittal (left, mid-
dle, right) values were examined. The corrected Greenhouse-Geisser p 
values were taken into consideration. Post-hoc analyzes were performed 
by independent sample t-test.

The relationships between the neuropsychological test scores and the 
visual P300 amplitude and latency values of the groups were analyzed 
with partial correlations in which age, gender, and education were taken 
as covariates. The relationships between the visual P300 amplitude and 
latency values and the Hoehn and Yahr score, disease duration, age of 
disease onset, and UPDRS motor scores of the PD patients were ana-
lyzed with partial correlations in which age, gender, and education were 
again taken as covariates. The significance value was accepted as p<0.05 
in all analyzes.

RESULTS

Visual Event-Related P300 Amplitude Values
Repeated measures ANOVA revealed a significant difference between 
the visual P300 amplitude values of the healthy control group and the 
cognitively normal PD patient group [F(1.31)=9.265; p=0.005]. According to 
the independent sample t-test, the visual P300 amplitude values of the PD 
patients were lower than those of the healthy controls over the electrode 
sites F3, Fz, Cz, C4, Pz, and P4 (Table 2, Figure 1).

Visual Event-Related P300 Latency Values
The visual P300 latency values of the cognitively normal PD patients and 
healthy controls did not differ between the groups [F(1.31)=3.294; p=0.079] 
(Table 3).

Correlations Between Neuropsychological Test Scores 
and Visual Event-Related P300 Amplitude and  
Latency Values
According to the partial correlation analysis, a moderate negative 
correlation was observed between Stroop test score and P4 ampli-
tude value (r=−0.384; p=0.035). The digit span forward test score 
demonstrated moderate positive correlations with the C3 and Pz am-
plitude values (r=0.482 and r=0.366, respectively; p<0.05). A mod-
erate positive correlation was found between digit span backward 
test score and O1 amplitude value (r=0.359; p=0.040). Lexical verbal 
fluency test score showed moderate positive correlations with the 
amplitude values from the F4, C3, Cz, C4, P3, Pz, P4, and Oz electrode 
sites (respectively; r=0.553, p=0.017; r=0.538, p=0.021; r=0.634, 
p=0.005; r=0.583, p=0.011; r=0.598, p=0.009; r=0.632, p=0.005; 
r=0.549, p=0.018; r=0.473, p=0.047). The correlation results are 
shown in Table 4.

Correlations between Visual P300 Amplitude and Latency 
Values and Clinical Scales, Disease Duration, and Age of 
Disease Onset
In this study, no correlation between the visual P300 amplitude values and 
Hoehn and Yahr scores of the PD patients were found. UPDRS motor 
score had a moderate positive correlation with F4 amplitude (r=0.533; 
p=0.041). Furthermore, age of disease onset and C3 amplitude had a 
moderate negative correlation (r=−0.521; p=0.046) (Table 4). There 
were no correlations between visual P300 latency value and disease dura-
tion, age of disease onset, UPDRS motor score, or Hoehn and Yahr score.

DISCUSSION
In the present study, the P300 amplitude responses of cognitively normal 
PD patients were significantly lower than those of healthy controls in the 
frontal (left-middle), central (right-middle), and parietal (right-middle) re-
gions. This difference was especially prominent in midline locations.

Previous studies demonstrated reduced P300 amplitudes in non-demented 
PD patients compared to healthy controls (31,32,33,34,35,36). Electrophys-
iological findings in PD have been reported to be influenced by variables 
such as age, age of disease onset, and disease duration (34). In this study, 
the P300 amplitudes of cognitively normal PD patients were lower than 
those of healthy controls, in accordance with previous research. However, 
the diagnostic criteria for PD-MCI were defined in 2011 by Litvan et al. 
(16); studies before this date may have included both cognitively normal 
PD and PD-MCI patients in the often-used definition of “non-demented 
PD patients.” Due to the lack of clear distinction between the definitions of 
PD and PD-MCI in studies prior to this date, it is not known whether the 
P300 responses differed between these two groups. Therefore, this is the 
first study that investigates P300 response in cognitively normal PD patients.

It is well known that the loss of dopaminergic neurons in the basal ganglia 
in the early stages of PD results in disruption of the fronto-striatal circuits 
(37,38,39). Moreover, prominent hypoactivity has been reported in cho-
linergic pathways in PD (40). Tessitore et al. (41) reported that cognitively 
normal PD patients had decreased connectivity in the resting state in the 
right medial temporal lobe and the bilateral inferior parietal cortex. De-
creased connectivity was found to be correlated with cognitive indicators; 
however, it was not correlated with disease duration, motor impairment, 
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Table 2. Visual P300 amplitude values in healthy controls and PD patients

 Healthy controls   PH Olguları 
Electrode (n=18)  (n=18) 
site (Mean µV (SD))  (Mean µV (SD)) p 

F3 6.85 (1.95) 5.69 (1.14) 0.038*

Fz 7.63 (2.68) 5.39 (1.45) 0.004*

F4 6.76 (2.61) 5.30 (1.79) 0.058 

C3 6.25 (2.28) 5.01 (1.48) 0.061

Cz 7.39 (3.04) 5.06 (1.69) 0.007*

C4 6.83 (3.01) 4.97 (1.89) 0.033*

P3 5.74 (2.74) 4.49 (2.74) 0.123

Pz 6.99 (3.38) 4.72 (1.74) 0.016*

P4 6.40 (3.43) 4.36 (1.92) 0.035*

O1 4.71 (2.47) 3.34 (1.89) 0.070

Oz 4.77 (2.97) 3.26 (1.99) 0.081

O2 4.82 (3.01) 3.40 (1.95) 0.102

PD: Parkinson’s disease; µV: microvolt; SD: standard deviation; *p<0.05



or dopaminergic treatment. Considering the P300 component is associ-

ated with attention, signal detection, and working memory, the decreased 

amplitudes in PD patients appear to be consistent with the pathophysio-

logical changes that are visible from the early stages of the disease.

In this study, the differences that distinguish PD patients from healthy con-
trols were observed primarily in the frontal, central, and parietal locations. 
In structural MRI studies, cortical thinning was reported in non-dement-
ed PD patients, particularly in the frontal, parietal, and temporal areas 
(42,43,44). The differences found in the present study are believed to be 
associated with the cortical thinning observed in PD. The validity of these 
electrophysiological findings could be confirmed in future studies by using 
both EEG and MRI methods to investigate the relationships between EEG 
data and the structural/functional changes that occur during the course 
of the disease.

Deficits in visuospatial functions in PD are reported to be associated with 
the parietal, occipital, and temporal areas and to originate from lesions of 
the basal ganglia (45,46,47). Grey matter atrophy involving the primary vi-
sual cortex, visual association cortex, limbic cortex, and cholinergic struc-
tures is believed to cause impairments in visuospatial perception, attention 
control, and memory functions (48). These structural brain changes in 
PD eventually lead to dementia. However, we believe that the decline in 
brain responsiveness due to neuronal loss begins in the early stages of PD, 
before structural deterioration.

In this study, there were no significant differences between the latency 
values of cognitively normal PD patients and healthy controls. Further-
more, no relations between P300 latency values and neuropsychological 
test scores were found. P300 latency is known to reflect the informa-
tion processing speed of individuals regarding stimulus detection and 
evaluation; it increases with normal aging as well as with the progression 
of dementia (49,50,51,52,53). In previous studies, non-demented PD 
patients demonstrated similar P300 latencies to healthy controls, while 
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Table 3. Visual P300 latency values in healthy controls and PD patients

  Healthy controls  PD patients 
 (n=18) (n=18) 
Electrode P300 latency P300 latency 
site Mean ms (SD) Mean ms (SD) p

F3 374 (62.70) 348 (67.86) N.S.

Fz 380 (59.24) 367 (72.93) N.S.

F4 367 (65.14) 378 (71.88) N.S.

C3 422 (47.48) 379 (70.08) N.S.

Cz 399 (39.78) 398 (107.01) N.S.

C4 398 (40.99) 385 (88.10) N.S.

P3 455 (62.45) 389 (74.76) N.S.

Pz 410 (36.22) 383 (91.79) N.S.

P4 434 (64.51) 383 (92.47) N.S.

O1 469 (70.57) 394 (112.93) N.S.

Oz 464 (84.11) 402 (113.95) N.S.

O2 467 (88.65) 400 (110.69) N.S.

PD: Parkinson’s disease; ms: milliseconds; SD: standard deviation; N.S: not 
significant

Figure 1. The grand averages of visual event-related potentials (0.5 to 25 Hz) in healthy controls and PD patients
* p<0.05
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PD-D patients showed prolonged P300 latencies compared to both 
groups (32,54,55).

The effect of dopaminergic treatment on P300 latency is unclear in the 
literature. Some studies report prolonged P300 latencies in de novo PD 
patients in comparison to levodopa-treated patients as well as healthy 
controls; these studies showed that levodopa therapy significantly short-
ened P300 latency (56,57). However, other studies found prolonged 
P300 latencies in treated patients or found no significant differences 
(31,58,59,54,55,60) compared with healthy controls.

Ebmeier et al. (60) interpreted the non-differentiation of latencies be-
tween treated PD patients and healthy controls as an improving effect 
of dopaminergic treatment on cognition. The patients included in our 
study were all receiving dopaminergic treatment. In the present study, the 
non-significant difference in P300 latency between groups was interpret-
ed in a similar way. Considering this information, future studies with de 
novo PD patients may monitor longitudinal changes in P300 responses and 
may investigate the effects of dopaminergic medication on electrophysi-
ological parameters.

In addition to dopaminergic treatment, disease duration has also been 
found to affect P300 latency. Studies with PD patients with disease dura-
tions of over five years reported prolonged P300 latencies (31,55). In the 
present study, the relatively shorter disease duration (mean: 4.08 years) 
of PD patients may be another reason for the lack of difference in latency 
between the groups.

Neuropsychological tests are commonly used in PD studies. However, 
most neuropsychological tests are affected by speed factors. These test 
scores are particularly affected by motor impairment in PD patients. Elec-
trophysiological methods may alleviate the confounding effects of motor 
impairment (61).

In a study that investigated the cognitive status and motor symptoms of 
PD patients, the importance of taking both examinations into account 
during clinical assessments was emphasized (39). While neuropsychologi-
cal assessments can be readily affected by motor symptoms, electrophys-
iological methods are known to give objective results independent from 
motor conditions (38). In the present study, various correlations were 
observed between neuropsychological test scores and P300 amplitude 
values. Stroop test score and P300 amplitude in the right parietal location, 

digit span forward score and P300 amplitude in the left central and middle 
parietal locations, and digit span backward score and P300 amplitude in 
the left occipital area were found to be positively correlated. Moreover, 
positive correlations were found between verbal fluency test score and 
P300 amplitude in the right frontal area, all central and parietal locations, 
and the middle occipital area. We believe that EEG methods that reflect 
neuronal functionality without being affected by motor impairments may 
detect cognitive changes which may not yet be captured by neuropsycho-
logical assessments.

Previous studies from our laboratory investigated different patient 
groups with the ERP method using auditory and visual oddball para-
digms; these studies showed that the P300 amplitudes and latencies 
of AD and MCI patients were different from those of healthy controls 
(62,63). Moreover, positive correlations were found between P300 am-
plitude and MMSE, ÖVMPT, digit span, and categorical verbal fluency 
test scores. The similar findings for cognitively normal PD patients in this 
study may be due to the electrophysiological manifestations of subclini-
cal cognitive changes.

In this study, the UPDRS motor scores of PD patients were positively cor-
related with P300 amplitude in the right frontal region; also, age of disease 
onset was negatively correlated with P300 amplitude in the right central 
region. These findings indicate that disease duration, disease severity, and 
the age of disease onset may be reflected in these electrophysiological 
parameters.

Aging is known to be the biggest risk factor for developing PD. The present 
study compared cognitively normal PD patients and age-matched healthy 
controls to eliminate the effects of age. Mild extrapyramidal symptoms 
may be a part of the normal aging process; however, more serious symp-
toms generally appear in PD (64). PD pathology involves a characteristic 
loss of dopaminergic neurons. However, postmortem studies of elder-
ly subjects without PD also reported reduced dopaminergic neurons in 
the basal ganglia (65). Furthermore, decreased dopamine receptors have 
been shown to affect cognitive and motor functions (66).

Although similar dopaminergic changes are observed in normal aging and 
PD, biochemical, motor, and cognitive degeneration is known to be much 
more severe in PD. Some imaging studies demonstrated that dopaminer-
gic degeneration occurs more rapidly in PD than in normal aging (67). 
In our study, the neuropsychological profiles of PD patients and healthy 
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Table 4. Correlations between P300 amplitude values and neuropsychological test scores and clinical scales

Electrode  Digit span Digit span  UPDRS Age of 
site Stroop Test  forward test  backward test Lexical fluency  motor score disease onset

F4    r=0.553, p=0.017 r= 0.533, p=0.041 

C3  r=0.482, p=0.005  r=0.538, p=0.021  r=-0.521, p=0.046

CZ    r=0.634, p=0.005  

C4    r=0.583, p=0.011  

P3    r=0.598, p=0.009  

PZ  r=0.366, p=0.036  r=0.632, p=0.005  

P4 r=-0.384, p=0.035   r=0.549, p=0.018  

O1   r=0.359, p=0.040   

OZ    r=0.473, p=0.047  

Parkinson’s disease; UPDRS: unified parkinson disease rating scale



controls were similar; however, more prominent neurochemical and neu-
rophysiological changes were observed in PD patients.

Motor and cognitive impairments in PD were reported to be associated 
in some studies, but not in others (39,59). In the present study, P300 
amplitude was found to be associated with age of disease onset and UP-
DRS motor score. In light of these findings, electrophysiological analyzes 
demonstrated possible early cognitive impairment in PD patients with an 
earlier disease onset, a longer disease duration, and more severe motor 
disabilities.

The present study demonstrated electrophysiological changes in cogni-
tively normal PD patients, which may aid the diagnosis and treatment of 
PD and may provide objective findings with minimal involvement of motor 
functions. 

Ethics Committee Approval: Ethics committee approval was received for this 
study from the ethics committee of Noninvasive Research Ethics Board of Dokuz 
Eylül University (05.03.2014 – 1476-GOA).

Informed Consent: Written informed consent was obtained from all healthy 
volunteers and patients/caregivers who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - G.G.Y., D.D.E.S.; Design - G.G.Y., D.D.E.S.; 
Supervision - G.G.Y.; Resource - G.G.Y.; Materials - G.G.Y.; Data Collection and/or 
Processing - G.Ö., D.Y., A.G., D.D.E.S., R.Ç., B.D.Ç.; Analysis and/or Interpretation 
- G.Ö., D.Y., A.G., D.D.E.S., R.Ç., B.D.Ç., G.G.Y.; Literature Search - G.Ö., D.D.E.S.; 
Writing - G.Ö., D.Y., D.D.E.S.; Critical Reviews - G.G.Y, R.Ç., B.D.Ç.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no fi-
nancial support.

REFERENCES
KAYNAKLAR
1.  von Campenhausen S, Bornschein B, Wick R, Bötzel K, Sampaio C, Poewe 

W, Oertel W, Siebert U, Berger K, Dodel R. Prevalence and incidence of 
Parkinson’s disease in Europe. Eur Neuropsychopharmacol 2005; 15:473-490. 
[CrossRef ]

2.  Emre M. Clinical features, pathophysiology and treatment of dementia associa-
ted with Parkinson’s disease. Handb Clin Neurol 2007; 83:401-419. [CrossRef]

3.  Kandiah N, Narasimhalu K, Lau PN, Seah SH, Au WL, Tan LC. Cognitive dec-
line in early Parkinson’s disease. Mov Disord 2009; 24:605-608. [CrossRef ]

4  Poletti M, Emre M, Bonuccelli U. Mild Cognitive İmpairment and cognitive 
reserve in Parkinson’s Disease. Parkinsonism Relat Disord 2011; 17:579-
886. [CrossRef ]

5.  Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild 
cognitive impairment: clinical characterization and outcome. Arch Neurol 
1999; 56:303-308. [CrossRef ]

6. Caviness JN, Driver-Dunckley E, Connor DJ, Sabbagh MN, Hentz JG, Noble 
B, Evidente VG, Shill HA, Adler CH. Defining mild cognitive impairment in 
Parkinson’s disease. Mov Disord 2007; 22:1272-1277. [CrossRef ]

7.  Sutton S, Braren M, Zubin J, John ER. Evoked-potential correlates of stimulus 
uncertainty. Science 1965; 26:1187-1188. [CrossRef ]

8.  Mecklinger A, Kramer AF, Strayer DL. Event related potentials and EEG com-
ponents in a semantic memory search task. Psychophysiology 1992; 29:104-
119. [CrossRef ]

9.  Johnson R Jr, Donchin E. On how P300 amplitude varies with the utility of 
the eliciting stimuli. Electroencephalogr Clin Neurophysiol 1978; 44:424-437. 
[CrossRef ]

10.  Başar-Eroğlu C, Başar E. A compound P300-40Hz response of the cat hippo-
campus. Int. J. Neurosci 1991; 60:227-237. [CrossRef ]

11.  Goodin DS. Cognitive event-related potentials. J Clin Neurophysiol 1998; 
15:2. [CrossRef ]

12.  Polich J. Updating P300: an integrative theory of P3a and P3b. Clin Neurophy-
siol 2007; 118:2128-2148. [CrossRef ]

13.  Fahn S, Elton RL. Unified Parkinson’s disease rating scale. In: Fahn S, Marsden 
CD, Calne DB, Goldstein M, ed. Recent Developments in Parkinson’s Disease. 
2nd ed. Florham Park NJ: Macmillan Healthcare Information; 1987: 153-163.

14.  Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. What features improve the 
accuracy of clinical diagnosis in Parkinson’s disease: a clinicopathologic study. 
Neurology 1992; 42:1142-1146. [CrossRef ]

15.  Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neuro-
logy 1967; 17:427-442. [CrossRef ]

16.  Litvan I, Aarsland D, Adler CH, Goldman JG, Kulisevsky J, Mollenhauer B, Rod-
riguez-Oroz MC, Tröster AI, Weintraub D. MDS Task Force on mild cogniti-
ve impairment in Parkinson’s disease: critical review of PD-MCI. Mov Disord 
2011; 26:1814-1824. [CrossRef ]

17.  Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method 
for grading the cognitive state of patients for the clinician. J Psychiatr Res 1975; 
12:189-198. [CrossRef ]

18.  Güngen C, Ertan T, Eker E, Yaşar R, Engin F. Reliability and validity of the stan-
dardized Mini Mental State Examination in the diagnosis of mild dementia in 
Turkish population. Turk Psikiyatri Derg 2002; 13:273-281. 

19.  Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin 
I, Cummings JL, Chertkow H. The Montreal Cognitive Assessment, MoCA: 
a brief screening tool for mild cognitive impairment. J Am Geriatr Soc 2005; 
53:695-659. [CrossRef ]

20.  Selekler K, Cangöz B, Uluç S. Montreal bilişsel değerlendirme ölçeği (MOBİ-
D)’nin hafif bilişsel bozukluk ve Alzheimer hastalarını ayırt edebilme gücünün 
incelenmesi. Turkish Journal of Geriatrics 2010; 13:166.

21.  Wechsler DA. Wechsler memory scale-revised. New York: Psychological 
Corporation, 1987.

22.  Öktem Ö. A verbal test of memory processes. Arch Neuropsychiatry 1992; 
29:196-206.

23.  Stroop JR. Studies of interference in serial verbal reactions. Journal of experi-
mental psychology 1935; 18:643. [CrossRef ]

24.  Karakaş S, Kafadar H. Şizofrenideki bilişsel süreçlerin değerlendirilmesin-
de nöropsikolojik testler: Bellek ve dikkatin ölçülmesi. Şizofreni Dizisi 1999; 
4:132-152.

25.  Wechsler D. Wechsler adult intelligence scale–Fourth Edition (WAIS–IV). San 
Antonio, TX: NCS Pearson; 2008.

26.  Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G. Wisconsin Card sorting 
test manual, revised and expanded. Odessa, FL: Psychological Assessment Re-
sources; 1993.

27.  Karakaş S. BİLNOT Bataryası El Kitabı, Eryılmaz Ofset, Ankara; 2006.
28.  Kaplan EF, Goodglass H, Weintraub S. The Boston naming test, 2nd. Philadelp-

hia: Lea & Febiger; 1983. 
29.  Benton AL, Varney NR, Hamsher KD.n isuospatial judgment. A clinical test. 

Arch Neurol 1978; 35:364-367. [CrossRef ]
30.  Polich J. EEG and ERP assessment of normal aging. Electroencephalogr Clin 

Neurophysiol 1997; 104:244-256. [CrossRef ]
31.  Hansch EC, Syndulko K, Cohen SN, Goldberg ZI, Potvin AR, Tourtellotte 

WW. Cognition in Parkinson disease: an event-related potential perspective. 
Ann Neurol, 1982; 11:599-607. [CrossRef ]

32.  Antal A, Pfeiffer R, Bodis-Wollner I. Simultaneously evoked primary and cog-
nitive visual evoked potentials distinguish younger and older patients with Par-
kinson’s disease. J Neural Transm 1996; 103:1053-1067. [CrossRef ]

33.  Philipova D, Gatchev G, Vladova T, Georgiev D. Event-related potentials in 
parkinsonian patients under auditory discrimination tasks. Int J Psychophysiol 
1997; 27:69-78. [CrossRef ]

34.  Wang L, Kuroiwa Y, Kamitani T, Takahashi T, Suzuki Y, Hasegawa O. Effect of 
interstimulus interval on visual P300 in Parkinson’s disease. J Neurol Neuro-
surg Psychiatry 1999; 67:497-503. [CrossRef ]

35.  Wang H, Wang Y, Wang D, Cui L, Tian S, Zhang Y. Cognitive impairment in 
Parkinson’s disease revealed by event-related potential N270. J Neurol Sci 
2002; 194:49-53. [CrossRef ]

36.  Li M, Kuroiwa Y, Wang L, Kamitani T, Takahashi T, Suzuki Y, Omoto S. Early 
sensory information processes are enhanced on visual oddball and S1-S2 tas-

Özmüş et al. Visual P300 Responses in Parkinson’s Disease Arch Neuropsychiatry 2017; 54: 21-7

26

https://doi.org/10.1016/j.euroneuro.2005.04.007
https://doi.org/10.1016/S0072-9752(07)83018-1
https://doi.org/10.1002/mds.22384
https://doi.org/10.1016/j.parkreldis.2011.03.013
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1002/mds.21453
https://doi.org/10.1126/science.150.3700.1187
https://doi.org/10.1111/j.1469-8986.1992.tb02021.x
https://doi.org/10.1016/0013-4694(78)90027-5
https://doi.org/10.3109/00207459109167036
https://doi.org/10.1097/00004691-199801000-00002
https://doi.org/10.1016/j.clinph.2007.04.019
https://doi.org/10.1212/WNL.42.6.1142
https://doi.org/10.1212/WNL.17.5.427
https://doi.org/10.1002/mds.23823
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1037/h0054651
https://doi.org/10.1001/archneur.1978.00500300038006
https://doi.org/10.1016/S0168-5597(97)96139-6
https://doi.org/10.1002/ana.410110608
https://doi.org/10.1007/BF01291790
https://doi.org/10.1016/S0167-8760(97)00783-6
https://doi.org/10.1136/jnnp.67.4.497
https://doi.org/10.1016/S0022-510X(01)00674-8


ks in Parkinson’s disease: a visual event-related potentials study. Parkinsonism 
Relat Disord 2003; 9:329-340. [CrossRef ]

37.  Owen AM, Roberts AC, Hodges JR, Summers BA, Polkey CE, Robbins TW. 
Contrasting mechanisms of impaired attentional set-shifting in patients with 
frontal lobe damage or Parkinson’s disease. Brain 1993; 116:1159-1175. 
[CrossRef ]

38.  Claassen DO, Wylie SA. Trends and issues in characterizing early cognitive 
changes in Parkinson’s disease. Curr Neurol Neurosci Rep 2012; 12:695-702. 
[CrossRef ]

39.  Murakami H, Fujita K, Futamura A, Sugimoto A ve Kobayakawa M, Kezuka M, 
Midorikawa A, Mitsuru Kawamura M. The Montreal Cognitive Assessment 
and Neurobehavioral Cognitive Status Examination are useful for scree-
ning mild cognitive impairment in Japanese patients with Parkinson’s disease. 
Neurology and Clinical Neuroscience 2013; 1:103-108. [CrossRef ]

40.  Perry EK, Curtis M, Dick DJ, Candy JM, Atack JR, Bloxham CA, Blessed G, Fa-
irbairn A, Tomlinson BE, Perry RH. Cholinergic correlates of cognitive impa-
irment in Parkinson’s disease: comparisons with Alzheimer’s disease. J Neurol 
Neurosurg Psychiatry 1985; 48:413-421. [CrossRef ]

41.  Tessitore A, Esposito F, Vitale C, Santangelo G, Amboni M, Russo A, Corbo D, 
Cirillo G, Barone P, Tedeschi G. Default-mode network connectivity in cogni-
tively unimpaired patients with Parkinson disease. Neurology 2012; 79:2226-
2232. [CrossRef ]

42.  Lyoo CH, Ryu YH, Lee MS. Topographical distribution of cerebral cortical 
thinning in patients with mild Parkinson’s disease without dementia. Mov Di-
sord 2010; 25:496-499. [CrossRef ]

43.  Tinaz S, Courtney MG, Stern CE. Focal cortical and subcortical atrophy in 
early Parkinson’s disease. Mov Disord 2011; 26:436-441. [CrossRef ]

44.  Pereira JB, Ibarretxe-Bilbao N, Marti MJ, Compta Y, Junqué C, Bargallo N, 
Tolosa E. Assessment of cortical degeneration in patients with Parkinson’s 
disease by voxel-based morphometry, corticalfolding, and cortical thickness. 
Hum Brain Mapp 2012; 33:2521-2534. [CrossRef ]

45.  Burton EJ, McKeith IG, Burn DJ, Williams ED, O’Brien JT. Cerebral atrophy 
in Parkinson’s disease with and without dementia: a comparison with Alzhei-
mer’s disease, dementia with Lewy bodies and controls. Brain 2004; 127:791-
800. [CrossRef ]

46.  Hosokai Y, Nishio Y, Hirayama K, Takeda A, Ishioka T, Sawada Y, Suzuki K, Ito-
yama Y, Takahashi S, Fukuda H, Mori E. Distinct patterns of regional cerebral 
glucose metabolism in Parkinson’s disease with and without mild cognitive 
impairment. Mov Disord 2009; 24:854-862. [CrossRef ]

47.  Ishioka T, Hirayama K, Hosokai Y, Takeda A, Suzuki K, Nishio Y, Sawada Y, 
Takahashi S, Fukuda H, Itoyama Y, Mori E. Illusory misidentifications and cor-
tical hypometabolism in Parkinson’s disease. Mov Disord 2011; 26:837-843. 
[CrossRef ]

48.  Lenka A, Jhunjhunwala KR, Saini J, Pal PK. Structural and functional neuroi-
maging in patients with Parkinson’s disease and visual hallucinations: A critical 
review. Parkinsonism Relat Disord. 2015; 21:683-691. [CrossRef ]

49.  Kutas M, McCarthy G, Donchin E. Augmenting mental chronometry: the 
P300 as a measure of stimulus evaluation time. Science 1977; 197:792-795. 
[CrossRef ]

50.  Magliero A, Bashore TR, Coles MG, Donchin E. On the dependence of P300 
latency on stimulus evaluation processes. Psychophysiology 1984; 21:171-186. 
[CrossRef ]

51.  Fjell AM, Walhovd KB. P300 and neuropsychological tests as measures of 
aging: scalp topography and cognitive changes. Brain Topog 2001; 14:25-40. 
[CrossRef ]

52.  Polich J. Attention, probability, and task demands as determinants of P300 
latency from auditory stimuli. Electroencephalogr Clin Neurophysiol 1986; 
63:251-259. [CrossRef ]

53.  Potter D, Barrett K. Assessment of mild head injury with ERPs and neuropsy-
chological tasks. Journal of Psychophysiology 1999; 13:173. [CrossRef ]

54.  Toda K, Tachibana H, Sugita M, Konishi K. P300 and reaction time in Parkin-
son’s disease. J Geriatr Psychiatry Neurol 1993; 6:131-136. [CrossRef ]

55.  Tachibana H, Aragane K, Kawabata K, Sugita M. P3 latency change in aging and 
Parkinson disease. Arch Neurol 1997; 54:296-302. [CrossRef ]

56.  Sohn YH, Kim GW, Huh K, Kim JS. Dopaminergic influences on the P300 
abnormality in Parkinson’s disease. J Neurol Sci 1998; 158:83-87. [CrossRef ]

57.  Stanzione P, Fattapposta F, Giunti P, D’Alessio C, Tagliati M, Affricano C, Ama-
bile G. P300 variations in parkinsonian patients before and during dopaminer-
gic monotherapy: a suggested dopamine component in P300. Electroencep-
halogr Clin Neurophysiol 1991; 80:446-453. [CrossRef ]

58.  Prasher D, Findley L. Dopaminergic induced changes in cognitive and mo-
tor processing in Parkinson’s disease: an electrophysiological investigation. J 
Neurol Neurosurg Psychiatry 1991; 54:603-609. [CrossRef ]

59.  O’Donnell BF, Squires NK, Martz MJ, Chen JR, Phay AJ. Evoked potential chan-
ges and neuropsychological performance in Parkinson’s disease. Biol Psychol 
1987; 24:23-37. [CrossRef ]

60.  Ebmeier KP, Potter DD, Cochrane RH, Crawford JR, Stewart L, Calder SA, Bes-
son JA, Salzen EA. Event related potentials, reaction time, and cognitive perfor-
mance in idiopathic Parkinson’s disease. Biol Psychol 1992; 33:73-89. [CrossRef]

61.  McCarthy G, Donchin E. A metric for thought: a comparison of P300 latency 
and reaction time. Science 1981; 211:77-80. [CrossRef ]

62.  Çakıroğlu G. Hafif kognitif bozukluk ve Alzheimer hastalığı ile sağlıklı yaşlılarda, 
işitsel olaya ilişkin potensiyellerin hedef ve hedef olmayan uyaranlar açısından 
incelenmesi. Dokuz Eylül Üniversitesi, Sağlık Bilimleri Enstitüsü, Sinirbilimler 
Anabilim Dalı, Yüksek Lisans Tezi; 2014.

63.  Civelek M. Hafif kognitif bozukluk ve Alzheimer hastalığı ile sağlıklı yaşlılarda 
görsel olaya ilişkin potensiyellerin hedef ve hedef olmayan uyaranlar açısından 
incelenmesi. Dokuz Eylül Üniversitesi, Sağlık Bilimleri Enstitüsü, Sinirbilimler 
Anabilim Dalı, Yüksek Lisans Tezi; 2014. 

64.  Odenheimer G, Funkenstein HH, Beckett L, Chown M, Pilgrim D, Evans D, 
Albert M. Comparison of neurologic changes in successfully aging persons vs 
the total aging population. Arch Neurol 1994; 51:573-580. [CrossRef ]

65.  Carlsson A, Winblad B. Influence of age and time interval between death and 
autopsy on dopamine and 3-methoxytyramine levels in human basal ganglia. J 
Neural Transm 1976; 38:271-276. [CrossRef ]

66.  Volkow ND, Gur RC, Wang GJ, Fowler JS, Moberg PJ, Ding YS, Hitzemann R, 
Smith G, Logan J. Association between decline in brain dopamine activity with 
age and cognitive and motor impairment in healthy individuals. Am J Psychi-
atry 1998; 155:344-349.

67.  Nurmi E, Ruottinen HM, Kaasinen V, Bergman J, Haaparanta M, Solin O, Rinne 
JO. Progression in Parkinson’s disease: a positron emission tomography study 
with a dopamine transporter ligand [18F]CFT. Ann Neurol 2000; 47:804-808. 
[CrossRef ]

Arch Neuropsychiatry 2017; 54: 21-7 Özmüş et al. Visual P300 Responses in Parkinson’s Disease

27

https://doi.org/10.1016/S1353-8020(02)00094-9
https://doi.org/10.1093/brain/116.5.1159
https://doi.org/10.1007/s11910-012-0312-5
https://doi.org/10.1111/j.2049-4173.2013.00032.x
https://doi.org/10.1136/jnnp.48.5.413
https://doi.org/10.1212/WNL.0b013e31827689d6
https://doi.org/10.1002/mds.22975
https://doi.org/10.1002/mds.23453
https://doi.org/10.1002/hbm.21378
https://doi.org/10.1093/brain/awh088
https://doi.org/10.1002/mds.22444
https://doi.org/10.1002/mds.23576
https://doi.org/10.1016/j.parkreldis.2015.04.005
https://doi.org/10.1126/science.887923
https://doi.org/10.1111/j.1469-8986.1984.tb00201.x
https://doi.org/10.1023/A:1012563605837
https://doi.org/10.1016/0013-4694(86)90093-3
https://doi.org/10.1027//0269-8803.13.3.173
https://doi.org/10.1177/089198879300600301
https://doi.org/10.1001/archneur.1997.00550150054016
https://doi.org/10.1016/S0022-510X(98)00102-6
https://doi.org/10.1016/0168-5597(91)90093-D
https://doi.org/10.1136/jnnp.54.7.603
https://doi.org/10.1016/0301-0511(87)90097-4
https://doi.org/10.1016/0301-0511(92)90007-H
https://doi.org/10.1126/science.7444452
https://doi.org/10.1001/archneur.1994.00540180051013
https://doi.org/10.1007/BF01249444
https://doi.org/10.1002/1531-8249(200006)47:6<804::AID-ANA14>3.3.CO;2-6

