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Parkinson’s disease (PD) is a neurodegenerative disease that is characterized by loss
of dopaminergic neurons in the substantia nigra. Mild Cognitive impairment (MCI)
and dementia may come along with the disease. New indicators are necessary for
detecting patients that are likely to develop dementia. Electroencephalogram (EEG)
Delta responses are one of the essential electrophysiological indicators that could show
the cognitive decline. Many research in literature showed an increase of delta responses
with the increased cognitive load. Furthermore, delta responses were decreased in MCI
and Alzheimer disease in comparison to healthy controls during cognitive paradigms.
There was no previous study that analyzed the delta responses in PD patients with
cognitive deficits. The present study aims to fulfill this important gap. 32 patients with
Parkinson’s disease (12 of them were without any cognitive deficits, 10 of them were
PD with MCI, and 10 of them were PD with dementia) and 16 healthy subjects were
included in the study. Auditory simple stimuli and Auditory Oddball Paradigms were
applied. The maximum amplitudes of each subject’s delta response (0.5–3.5 Hz) in
0–600 ms were measured for each electrode and for each stimulation. There was a
significant stimulation × group effect [F(df = 6,88) = 3,21; p < 0.015; η2

p = 0.180], which
showed that the difference between groups was specific to the stimulation. Patients
with Parkinson’s disease (including PD without cognitive deficit, PD with MCI, and PD
with dementia) had reduced delta responses than healthy controls upon presentation
of target stimulation (p < 0.05, for all comparisons). On the other hand, this was not
the case for non-target and simple auditory stimulation. Furthermore, delta responses
gradually decrease according to the cognitive impairment in patients with PD.
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Conclusion: The results of the present study showed that cognitive decline in PD
could be represented with decreased event related delta responses during cognitive
stimulations. Furthermore, the present study once more strengthens the hypothesis
that decrease of delta oscillatory responses could be the candidate of a general
electrophysiological indicator for cognitive impairment.
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disease that
is characterized by loss of dopaminergic neurons in the
substantia nigra. Primary symptoms of the disease include motor
symptoms like tremor, rigidity, postural instability, bradykinesia.
Motor symptoms show a good response to levodopa. Disorders
of cognitive functions, such as impairments in executive
functioning, working memory and attention may also be present
in PD (Soliveri et al., 2000; Lewis et al., 2003; Pollux, 2004).
Mild cognitive impairment (MCI) in PD was first described by
Caviness et al. (2007a) as an intermediate condition between
normal cognition and dementia (Aarsland et al., 2011). Studies
show that the clinical picture that starts as MCI progresses to
dementia in 60% of the patients (Hughes et al., 2000; Levy
et al., 2000; Aarsland et al., 2003; Buter et al., 2008). Recent
evidence suggests there may be subtypes of PD that may affect
neurotransmitter systems other than dopamine, manifesting
with different cognitive/behavioral courses (Kehagia et al., 2010;
Bohnen and Albin, 2011; Moustafa and Poletti, 2013).

Today, motor symptoms of PD have become modifiable to
a great extent with treatment strategies, which resulted in an
increasing interest in the “non-motor” components of the disease,
particularly cognitive decline, and dementia. Cross-sectional
studies report the frequency of dementia in PD as 30%, whereas
follow-up studies show very high rates (up to 80%) in the long-
term (Lin and Wu, 2015). Beyond other non-motor symptoms,
PD-dementia (PDD) is the most important determinant of
mortality, patient care, and life quality. PD shortens patient’s
life expectancy, and currently, no effective treatment method
exists (Levy et al., 2002; Kehagia et al., 2010). For these reasons,
detecting patients that are likely to develop dementia, that is,
identification of new indicators is of significance with regard to
bringing up possible treatment options.

Electroencephalogram (EEG) research on Parkinson’s disease
was mostly performed with analysis of Spontaneous EEG and/or
event related potentials. In the spontaneous EEG analysis, the
researchers indicated slowing of delta and theta activity in
PD patients in comparison to healthy controls (Neufeld et al.,
1988, 1994; Bonanni et al., 2008; Serizawa et al., 2008; Pugnetti
et al., 2010). Increased delta and theta and reduced alpha and
beta activity were also reported for PD patients with dementia
(Caviness et al., 2007b; Babiloni et al., 2017). Event related
potentials of PD patients were also investigated upon application
of several paradigms.

Authors investigated ERP components both during visual
and auditory stimulations. In a recent review (Seer et al., 2016)
indicated that there were 65 different studies investigating the

P3b in patients with PD. These authors further reported that
in 19% of these studies showed reduced P3b amplitude in
PD patients in comparison to healthy controls, 9% of these
studied found increased P3b amplitudes in PD patients and
finally 72% reported no differences between healthy controls and
PD patients (Seer et al., 2016). On the other hand, P3 latency
was reported to be prolonged in PD patients in comparison to
healthy controls, and this prolongation was mainly found in
PD patients with dementia. To our knowledge, the first paper
on Event Related Potentials in PD was published by (Hansch
et al., 1982). These authors analyzed visual and auditory event
related potentials in PD and reported increased latencies for both
P200 and P300 components of auditory ERP. These authors also
reported reduced P300 amplitudes in PD patients during visual
paradigm. Studies on P3b amplitude in PD showed contradictory
results during auditory paradigms. Some researchers showed
decreased P3b responses in PD (Gil et al., 1989; Hautecoeur
et al., 1991; Aotsuka et al., 1996; Philipova et al., 1997; Jiang
et al., 2000) while the others reported increased responses
(Green et al., 1996; Tanaka et al., 2000). Most of the other
studies did not find significant results between subject groups
(O’Donnell et al., 1987; Chia et al., 1995; Kim et al., 1995;
Elwan et al., 1996, Please see Seer et al., 2016 for more detail
information).

P300 components in the ERP is one of the most important
potentials analyzed in the investigation of cognitive functions of
several patient groups. As the P300 component has amplitude
and time characteristics, it also has frequency characteristics.
Researchers showed that mainly delta, theta, alpha, and gamma
frequency bands were involved in P300 potential (Başar-Eroglu
et al., 1991, 1993, 2000; Intriligator and Polich, 1994; Kolev et al.,
1997; Schurmann et al., 1997; Demiralp et al., 1999, 2001; Spencer
and Polich, 1999; Karakaş et al., 2000; Yordanova et al., 2000,
2001; Sakowitz et al., 2001; Güntekin et al., 2013). Accordingly,
it is also essential to analyze the frequency properties of event
related potentials using event related oscillatory methodologies.

Delta oscillatory responses merit special attention in the study
of cognitive impairment. Event related delta responses were
mainly correlated with attention, perception and decision making
processes (see reviews Knyazev, 2012; Güntekin and Başar, 2016).
Delta responses increase during cognitive load mainly in frontal,
central and parietal locations. Increase of delta response during
target detection in both visual and auditory paradigms were
reported several times (Başar et al., 1984; Başar-Eroglu et al.,
1992; Kolev et al., 1997; Demiralp et al., 1999, 2001; Bernat et al.,
2007; Mathes et al., 2012; Prada et al., 2014). On the other hand
when the stimulation was an emotional paradigm, face or face
expression paradigm then the delta responses were increased
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mainly at parietal and occipital locations (Güntekin and Başar,
2014).

As we have also indicated in our recent review article, decrease
of delta responses appear to be a general electrophysiological
indicator in search of cognitive impairment (Güntekin and Başar,
2016). The literature showed that delta responses decreased in
Alzheimer’s disease patients, in MCI, in bipolar disorder and
as well in schizophrenia (Ergen et al., 2008; Ford et al., 2008;
Yener et al., 2008, 2012, 2013; Atagün et al., 2014; Kurt et al.,
2014). There are few studies on the event related oscillatory
responses of patients with Parkinson’s disease. Ellfolk et al.
(2006) reported that event related alpha synchronization in the
posterior electrodes was observed in the control group but
not in the PD patients during auditory-verbal memory task.
Schmiedt et al. (2005) indicated that PD patients had less theta
increase and upper alpha suppression than healthy controls
during visual discrimination performance. Dushanova et al.
(2010) showed that healthy controls had a higher event related
beta synchronization than PD patients in a late time window.
These authors also found differences between groups in different
time and frequency bands of gamma activity. Schmiedt-Fehr
et al. (2007) reported increased delta responses over parietal
and occipital electrodes during Simon task. In a recent study
with a different group of subjects, we have shown that delta
responses also reduced in PD patients without cognitive deficits
during a visual oddball paradigm (Emek-Savaş et al., 2017).
However, the change of delta responses in PD patients with
cognitive impairment is still unknown. Furthermore, there were
no previous studies analyzing event related delta responses
during auditory oddball paradigm. The present study aims to
fulfill these important gaps. In the present study different group
of PD patients were included in the experiments to see how
delta responses would change in PD patients with mild cognitive
deficits and in PD patients with dementia. We hypothesize that
as the cognitive functions decline in PD patients, delta responses
will reduce more. In accordance with this view, the patients
with dementia would have more reduced delta responses than
the healthy controls, and PD patients with MCI, or PD patients
without cognitive deficits.

MATERIALS AND METHODS

Patient Selection and Clinical Evaluation
Patients included in this study were the ones who referred
to Movement Disorders clinics at Istanbul Medipol University
Hospital and who approved participation in the study. The
diagnosis of PD was based on the criteria of “United Kingdom
Parkinson’s Disease Society Brain Bank” (Daniel and Lees, 1993).
Again in this frame; patients who had previously suffered head
trauma, stroke, who had been exposed to the toxic substance, who
implied Parkinson plus syndromes in neurological examinations
and patients with pyramidal, cerebellar examination findings,
gaze paresis and autonomic dysfunction were excluded from the
study. The ethical committee of Istanbul Medipol University
(No: 10840098-51) approved the study. Informed consent was
obtained from all participants or caregivers.

The Unified Parkinson’s Disease Rating Scale (UPDRS) (Lang
and Fahn, 1989) was used in order to determine the clinical
features of PD; and the Hoehn-Yahr scale (Hoehn and Yahr,
1967) was used to determine the disease stage. Drug treatments
related to the disease were not intervened, and the total daily
doses of dopa and equivalent dopa agonist doses were calculated
as proposed by Fénelon et al. (2000).

All patients with PD were evaluated 60–90 min after their
morning dose of levodopa for the EEG recordings.

Twelve Parkinson patients without cognitive deficits
(M = 61.75, SD = 6.09), 10 PD patients with MCI (M = 66.1,
SD= 7.12), 10 PD patients with dementia (M = 68.4, SD= 7.32)
and 16 healthy elderly controls (M = 61.06, SD = 7.24) were
included in the study. Table 1 represents the demographic
information of the subject groups. The standardized Mini-
mental Examination State (MMSE) test was significantly
different between groups. The healthy group had significantly
higher MMSE scores (M = 27.67, SD= 1.44) than all PD groups,
namely, PD without cognitive deficit (M = 26.33, SD = 1.99),
PD with MCI (M = 24.1, SD = 2.47), and PD with dementia
(M = 18.4, SD= 3.98) (Table 1 and Figures 1, 2). UPDRS scores
of PD with dementia (M = 31.90, SD = 12.97) were higher than
PD with MCI (M = 18.78, SD = 6.17) and PD without cognitive
deficits (M = 16.54, SD = 4.54). This distribution of UPDRS
scores is not the same across the groups (p = 0.003). Post hoc
analysis shows that this group difference mostly represents to the
difference between PD with dementia and PD without cognitive
deficits (p= 0.006) (Table 1 and Figure 1).

Behavioral and Neuropsychometric
Evaluation
Standardized Mini Mental Test for General Cognitive Assessment
(MMSE) (Gungen et al., 2002), verbal memory processes test
(SBST) (Öktem, 2011) and visual subtest of Wechsler Memory
Scale (Wechsler, 1987) for the evaluation of memory functions,
Stroop Color Word Test (Karkas, 2006), Clock Drawing Test
(Brodaty and Moore, 1997) and Categorical Verbal Fluency Test
(Crawford, 1992) for the evaluation of administrative functions,
Turkish versions of Benton’s Face Recognition Test (BFR) and
Benton Line Judgment Orientation Test (BLOT) (Karkas, 2006)
for the evaluation of visuospatial functions were used.

Grading of the cognitive status of patients and MCI diagnosis
were performed by the applied neuropsychometric tests, in the
framework of criteria defined by Litvan et al. (2012). Again
for the diagnosis of dementia, the criteria for dementia in PD
defined by Emre et al. (2007) were used. Staging of the dementia
was performed using the Clinical Dementia Rating Scale (CDR)
(Morris, 1993).

The control group consisted of subjects of similar age, gender,
and education level. The control group was formed from patient
relatives who were practically informed and gave approval. The
control group was also neurologically evaluated by a neurologist
specialized in movement disorders (LH, NY). Those having
exposure to neurological disease history like toxic substances,
head trauma, stroke or those diagnosed with dementia and those
with findings as evidence of cognitive impairment and dementia
during the neuropsychometric evaluation, were excluded from
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TABLE 1 | Demographics and scores of the Unified Parkinson’s Disease Rating Scale (UPDRS) (motor) and the standardized Mini-Mental Examination Test in healthy
controls and all groups of Parkinson’s disease.

HC (N = 16) PD (N = 12) MCI (N = 10) PDD (N = 10)

M ± SD M ± SD M ± SD M ± SD p

Age 61.06 ± 7.24 61.75 ± 6.09 66.1 ± 7.12 68.4 ± 7.32 0.072a

Gender (M/F) 7/9 8/4 8/2 9/1 0.071b

UPDRS (Motor) – 16.54 ± 4.54 18.78 ± 6.17 31.90 ± 12.97 0.003a

MMSE 27.67 ± 1.44 26.33 ± 1.92 24.1 ± 2.47 18.4 ± 3.98 0.000b

M, mean; SD, standard deviation; HC, healthy controls; PD, Parkinson’s disease without cognitive deficits; PD MCI, Parkinson’s disease with mild cognitive impairment;
PDD, Parkinson’s disease with dementia; M, Male; F, Female; MMSE, The Standardized Mini Mental Examination Test, aKruskal–Wallis-h, bChi Square Test.

the study. The protocol applied to PD patients were also applied
to the control group.

Procedure and Stimuli
Two types of stimuli were presented: simple auditory stimuli and
auditory oddball paradigm. The auditory stimuli had a 1,000 ms
duration and were presented by two loudspeakers. The auditory
simple stimuli were tones of 80 dB and 1,500-Hz tones. The inter-
stimulus intervals varied randomly between 3 and 7 s. The total
number of stimuli was 60. A classical auditory oddball paradigm
was used in the experiments. Two types of stimuli were used: task
relevant target and task- irrelevant non-target (standard). The
total number of stimuli was 120 (40 target, 80 non-target). In the
oddball paradigm, the 80 dB, 1600-Hz tones (target) and 1500 Hz
tones (non-target) were presented in a random sequence. The
interval between tones varied randomly between 3 and 7 s. The
subjects were instructed to keep a mental count of the number of
1600-Hz tones (target).

EEG Recordings
EEG of all subjects were recorded in a dimly lit and isolated room
which was at the Istanbul Medipol University Hospital, REMER,
Clinical Electrophysiology, Neuroimaging and Neuromodulation
Laboratory. EEG was recorded from 32 Ag/AgCl electrodes
according to the international 10–20 System with Brain Amp 32-
channel DC system machine with band limits of 0.01–250 Hz and
digitized on-line with a sampling rate of 500 Hz. Two earlobe
electrodes (A1–A2) were served as reference electrodes. All
impedances kept below 10 k�. EOG was recorded from medial
upper- and lateral orbital rim of the right eye with Ag/AgCl
electrodes.

EEG Analysis
EEG data pre-processing and EEG analysis were performed by
Brain Vision Analyzer 2 Software, F3, F4, C3, C4, T7, T8, TP7, TP8,
P3, P4, O1, and O2 were analyzed. Before the analysis, the artifacts
in the EEG were rejected off-line, EEG and EOG recordings were
examined visually. Trials with muscle artifacts, eye movement,
and blink artifacts were rejected. EEG was segmented for 1000 ms
before and 1000 ms after stimulus. Epochs were than averaged
to obtain Event Related Potentials for each stimulus, for each
electrode, and for each subject. These ERPs were then digitally
filtered in 0.5–3.5 Hz band limits for analyzing event related
delta responses. After obtaining delta responses for each subject,

FIGURE 1 | Unified Parkinson’s Disease Rating Scale (UPDRS) scores of
Patients with dementia Parkinson’s disease.

for each stimulation and for each electrode grand averages
were analyzed for each group. These grand averages included
16 subjects for healthy controls, 12 patients with Parkinson’s
disease without cognitive deficits, 10 patients with Parkinson’s
disease with MCI and 10 patients with Parkinson’s disease with
dementia. A separate grand average including all Parkinson
patients (N = 32) was also analyzed to observe the differences
between the different group of subjects. After comparing grand
averages, we have observed that there was a gradual decrease
of delta responses from Parkinson’s disease without cognitive
deficits to PD with MCI and to the PD dementia at the end.
Accordingly, we have decided to analyze the delta responses of
the patient groups by taking into consideration of their cognitive
deficits. The epoch numbers of simple auditory stimulation,
target, and non-target responses were equalized randomly.

The maximum peak to peak event related delta responses
were measured for each stimulation, for each electrode and each
subject in 0–600 ms. These data were then used for statistical
analysis.

Statistical Analysis
Statistical analysis was performed with Repeated Measures of
ANOVA included in SPSS software. Three Stimulation (simple
auditory, target, non-target) × six location (frontal, central,
temporal, tempo-parietal, parietal, occipital) × two hemisphere
(right, left) were included as within subjects; four groups (Healthy
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FIGURE 2 | The mean values of delta responses for all group of subjects;
healthy controls (HC), Parkinson’s disease without cognitive deficit (PD),
Parkinson’s disease with MCI (PD w MCI), and Parkinson’s disease with
dementia (PD w Dem).

controls, Parkinson’s disease without cognitive deficit, PD with
MCI, and PD with dementia) was included as between subject
factor. Greenhouse–Geisser corrected p-values were reported.
Post hoc analyses were performed by Bonferroni test with
Statistica software. The comparisons of the neuropsychological
tests between subject groups were performed by Kruskal–Wallis
Test.

RESULTS

Behavioral Results
In each measuring session, there were 40 target stimulations.
Nine of the healthy control subjects counted the target
stimulation as 40; three of the healthy subjects made one mistake
while counting the target stimulation, and four of them made
more than one mistake (minimum= 2, maximum= 5). Six of the
Parkinson’s patients without cognitive deficits counted the target
stimulation as 40; four of them made one mistake, and two of
them made two mistakes. Three of the patients with PD-MCI
counted the target stimulation as 40; four of the patients with
PD-MCI made one mistake, and three of them made more than
one, respectively, two mistakes, four mistakes and eight mistakes.
Only one of the patients PD with dementia could counted the
target stimulation as 40, and two of the patients with PD dementia
made one mistake; and seven of them made more than six
mistakes (minimum: 6, maximum: 40, mean: 23,57, SD:± 11.21).
We have performed correlation analysis between the number of
mistakes that were made by the subjects and delta amplitudes
for all electrodes analyzed. If the subject has counted the target
as 46 or 34 in these both conditions the number of mistakes
was defined as “six”. Kendall’s Correlation analysis showed that
delta response were negatively correlated with the increasing
number of mistakes at central locations [C3 (p = 0.022), Cz
(p = 0.034), C4 (p = 0.006)]; right temporal locations [T8

(p = 0.03)]; temporo-parietal locations [Tp7 (P = 0.014), Tp8
(p= 0.001)] and parietal locations [P3 (p= 0.003), Pz (p= 0.004),
P4 (p = 0.003)] upon presentation of target stimulation. As the
number of mistakes increased delta responses decreased.

Results of Delta Responses
Table 2 represents the significant results for all comparisons.
Comparison between groups was near to the significant level
[F(df = 3,44) = 2,5; p = 0.072; η2

p = 0.146]. Healthy controls
had higher delta responses in comparison to all other patient
groups. PD patients with dementia had the lowest delta response.
Figure 2 shows the mean values for group comparisons. The
difference between groups was specific to the stimulation. There
was a significant stimulation × group effect [F(df = 6,88) = 3,21;
p = 0.015; η2

p = 0.180], patients with Parkinson’s disease
(including PD without cognitive deficit, PD with MCI, and PD
with dementia) had reduced delta responses than healthy controls
upon presentation of target stimulation. Post hoc comparisons
showed this difference was significant between healthy controls
and PD patients with dementia (p = 0.003). On the other
hand, this was not the case for non-target and simple auditory
stimulation. The Figure 3 and Table 3 represents significant
stimulation × group comparisons. The mean values of delta
responses upon presentation of the target (blue line), non-target
(red line) and simple auditory (green line) stimulation were
presented in Figure 3. As it can be seen in the figure and
the table the healthy controls had the highest delta responses
upon target stimulation in comparison to non-target (post hoc
comparisons p < 0.0001) and simple auditory stimulation (post
hoc comparisons p < 0.0001). The difference between target
stimulation vs. non-target and simple auditory stimulation is
evident for healthy controls, but these differences are less
apparent in PD patients with dementia. Furthermore, the group
differences are clearly seen in response to target stimulation.
Healthy controls had the highest and PD patients with dementia
had the lowest delta responses in response to target stimulation
[post hoc comparisons between HC and PD with dementia
(p= 0.003)].

Stimulation effect was also significant [F(df = 2,88) = 33,1;
p = 0.00; η2

p = 0.429], post hoc comparisons showed that
target stimulation elicited higher delta responses than non-target
(p < 0,0001) and simple auditory stimulation (p < 0,0001).
Location effect was significant [F(df = 5,22) = 99.38; p = 0.001;

TABLE 2 | Significant Comparisons between conditions.

Within-subjects effects F df P η2
p

Stimulation 2,88 = 33,1 2 0.001 0.429

Stimulation ∗ Group 6,88 = 3.21 6 0.015 0.180

Location 5,22 = 99.38 5 0.001 0.693

Location ∗ Group 15,22 = 1.97 15 0.058 0.118

Stimulation ∗ Location 10,44 = 13.63 10 0.001 0.236

Between-subjects effects F P η2
p

Group 3,44 = 2.5 3 0.072 0.146
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FIGURE 3 | The mean values of delta responses upon presentation of target
(blue line), non-target (red line) and simple auditory (green line) stimulation for
all group of subjects; healthy controls (HC), Parkinson’s disease without
cognitive deficit (PD), Parkinson’s disease with MCI (PD w MCI), and
Parkinson’s disease with dementia (PD w Dem).

TABLE 3 | Mean values of stimulations across subject groups.

HC (n = 16) PD (n = 12) PD w MCI (n = 10) PDD (n = 10)

Stimulation M(±SE) M(±SE) M(±SE) M(±SE)

Target 7,43 ± 0.58 5,72 ± 0.66 5,53 ± 0.72 4,55 ± 0.72

Non-target 4,5 ± 0.3 3,98 ± 0.34 3,13 ± 0.37 3,45 ± 0.37

Simple stim 4,15 ± 0.35 4,28 ± 0.41 3,84 ± 0.44 4,30 ± 0.44

M, mean; SE, standard error; HC, healthy controls; PD, Parkinson’s disease without
cognitive deficits; PD w MCI, Parkinson’s disease with mild cognitive impairment;
PDD, Parkinson’s disease with dementia.

η2
p = 0.693], post hoc comparisons showed that frontal locations

had higher delta responses than temporal, temporal-parietal,
parietal and occipital locations (p < 0,0001 for all comparisons).
Delta responses over central locations were also higher than
temporal, temporal-parietal, parietal and occipital locations
(p < 0.0001 for all comparisons). There was a tendency for
Location × group effect [F(df = 1,97) = 15,22; p = 0.058;
η2

p = 0.118] Table 4 represents the mean values of delta responses
for locations separately for all groups of subjects. Although it
did not reach to significant level there were differences between
groups especially over frontal and central regions, healthy
controls had higher delta responses over frontal and central areas
in comparison to PD patients.

Stimulation × location effect was significant
[F(df = 10,44) = 13,63; p = 0.001; η2

p = 0.236], post hoc
comparisons showed that target stimulation elicited higher
delta responses than non-target and simple auditory stimulation
especially at frontal and parietal locations (Frontal target vs.-
non-target p < 0,0001; parietal target vs. non-target p < 0,0001;
Frontal target vs.-simple auditory p < 0,0001; parietal target vs.
simple auditory p < 0,0001).

Statistical results defined in the above paragraphs are also
represented well in the grand averages of delta responses. The
Figure 4 illustrates the grand-average of delta responses upon

application of target stimulation for healthy controls (black line,
N = 16), for Parkinson’s disease without cognitive deficits (red
line, N = 12), for PD with MCI (blue line, N = 10 )and for
PD with dementia (green line, N = 10) over frontal, central,
and parietal locations. As is it can be seen in the figure healthy
subjects had higher delta responses than the patient groups. As
the cognitive deficit increased the delta response had decreased,
Parkinson’s disease with dementia (green line) had the lowest
delta response in comparison to other subject groups.

Figure 5 illustrates the grand-average of delta responses
upon application of target (red line) and non-target (black line)
stimulation for all groups of subjects. As it can be seen in the
figure, the healthy controls elicited higher delta responses during
target stimulation in comparison to non-target stimulation.
However, the difference between delta responses during target
vs. non-target response decreased in patient groups. Delta
responses during target stimulation were higher than non-target
stimulation in PD patients without cognitive deficits and in PD
patients with MCI, but the difference between target vs. non-
target stimulation was not as much as the healthy controls. The
most important observation of the present data was found for
the PD patients with dementia. The difference between delta
response during target stimulation vs. delta response during non-
target stimulation diminished in patients with PD with dementia.

DISCUSSION

The present manuscript for the first time in the literature
showed that delta responses gradually decrease according to the
cognitive impairment in patients with Parkinson’s disease. In
healthy controls, target stimulation elicited higher delta responses
than non-target stimulation and simple auditory stimulation.
Furthermore, during target stimulation, delta responses of
healthy subjects were higher than all three group of the patients
with PD (no cognitive decline, MCI, dementia). PD patients
with dementia had the lowest amplitude in comparison to
all other groups. There were no significant group differences
for non-target simulation and simple auditory stimulation.
Significant results were also found for UPDRS scores confirming
previous research. PD patients with dementia had higher UPDRS
scores than PD patients without cognitive deficits. Cognitive
impairment in PD patients is related strongly to age and high
Hoehn and Yahr scores (Aarsland et al., 2001; Verbaan et al.,
2007). The patients who develop gait disorder and postural
instability as the disease progresses, (these findings increase the
UPDRS scores) are strong candidates for dementia (Alves et al.,
2006).

Event Related Potential Studies in
Parkinson’s Disease
The decrease of P300 amplitude in PD patients was reported
by several researchers (Antal et al., 1996; Pulvermuller et al.,
1996; Philipova et al., 1997; Tsuchiya et al., 2000; Solís-Vivanco
et al., 2011, 2015). Delayed P300a latencies were found in PD
patients especially for the ones who had dementia (Goodin
and Aminoff, 1986; Graham et al., 1990; Ebmeier et al., 1992;
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TABLE 4 | Mean values of locations across subject groups.

HC (n = 16) PD (n = 12) PD w MCI (n = 10) PD w Dem (n = 10)

Location M(±SE) M(±SE) M(±SE) M(±SE)

Frontal (F3+F4) 7,67 ± 0.52 5,99 ± 0.60 5,99 ± 0.66 5,80 ± 0.66

Central (C3+C4) 7,04 ± 0.52 6,33 ± 0.59 5,61 ± 0.65 5,22 ± 0.65

Temporal (T7+T8) 3,67 ± 0.28 3,71 ± 0.32 3,12 ± 0.35 3,30 ± 0.35

Tempo-parietal (TP7+TP8) 3,82 ± 0.27 3,41 ± 0.30 2,79 ± 0.33 2,86 ± 0.33

Parietal (P3+P4) 5,93 ± 0.41 5,05 ± 0.47 4,29 ± 0.51 3,80 ± 0.51

Occipital (O1+O2) 4,03 ± 0.3 3,48 ± 0.34 3,19 ± 0.38 3,62 ± 0.38

M, mean; SE, standard error; HC, healthy controls; PD: Parkinson’s disease without cognitive deficits; PD w MCI, Parkinson’s disease with mild cognitive impairment;
PDD, Parkinson’s disease with dementia.

FIGURE 4 | The grand average of delta responses upon application of target stimuli for healthy controls (black line), for Parkinson’s disease without cognitive deficit
(red line), for Parkinson’s disease with MCI (blue line) and for Parkinson’s disease with dementia (green line).

Tachibana et al., 1992). Mathis et al. (2014) and Kaufman et al.
(2016) showed that apathy scores were correlated with a decrease
of P300a amplitude. Solís-Vivanco et al. (2015) indicated that
the reduced P300a amplitude in PD patients was related to
the duration of PD and the severity of the illness. As the
ERPs have amplitude and time characteristics, they also have
frequency characteristics. P300 responses were reported to be
the superposition of different frequency bands. Delta, theta,
alpha, and gamma frequency bands were reported to shape
P300 responses (Başar-Eroglu et al., 1991, 1993, 2000; Kolev
et al., 1997; Schurmann et al., 1997; Demiralp et al., 1999,
2001; Spencer and Polich, 1999; Intriligator and Polich, 1994;
Yordanova et al., 2000; Sakowitz et al., 2001; Güntekin et al.,
2013). Many researcher showed that the major operating rhythms
of P300 are mainly the delta and theta responses (Başar-Eroglu
et al., 1992; Kolev et al., 1997; Demiralp et al., 1999, 2001;
Spencer and Polich, 1999; Karakaş et al., 2000; Yordanova et al.,
2000; Başar et al., 2001). The relation between alpha frequency

and P300 was also studied (Intriligator and Polich, 1994; Spencer
and Polich, 1999; Yordanova et al., 2001). Intriligator and Polich
(1994) showed that low alpha (8–10 Hz) spectral power were
correlated with P300 amplitude. Spencer and Polich (1999) found
increased alpha-1 (7.5–9.5 Hz) and alpha-2 (9.5–12.5 Hz) power
related to the increased task related attentional demands during
an auditory oddball paradigm. Yordanova et al. (2001) reported
that, event related alpha desynchronization increased as P300
latency became shorter.

Results of our study clearly showed that ERPs filtered in
delta frequency band were impaired in PD patients. Healthy
controls had increased delta responses during perception of target
stimulation in comparison to non-target stimulation. However,
the amplitude difference in delta response found between the
target and non-target stimulations were not prominent in PD
patients. The difference between target and non-target responses
totally diminished in PD patients with dementia. Other frequency
bands that shapes the ERPs should also be analyzed in future
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FIGURE 5 | The grand averages of delta responses upon application of target
(red line) and non-target (black line) stimulation for healthy controls, for
Parkinson’s disease without cognitive deficit, for Parkinson’s disease with MCI
and for Parkinson’s disease with dementia.

studies. We focused our attention to delta responses because
delta responses were impaired in other cognitively impaired
patient groups. In the hypothesis of our study we were expecting
a decrease of delta response in PD patients, we have also
hypothesized that PD patients with dementia would have the
lowest delta responses in comparison to all other groups. Our
previous results also showed similar results for MCI and AD
patients. As the patients had more severe cognitive deficits delta
responses decreased more (Yener and Başar, 2013).

Event Oscillation Studies in Parkinson’s
Disease
Table 5 represents the event related oscillations studies
performed by a different group of scientists. To our knowledge
event related oscillatory studies in PD were few in comparison to
spontaneous EEG and ERP studies. The research on this topic is
still new, and it has to be enlarged in the coming years. As it is
seen in Table 5, the researchers mostly analyzed theta and alpha
responses during different cognitive stimulations. Schmiedt-Fehr
et al. (2007) reported increased occipital delta responses in PD
patients during Simon Task. Dushanova et al. (2009) reported
that healthy controls had delta Event related synchronization in
response to the low tone in 250–600 ms; on the other hand, PD
patients had delta Event related desynchronization. The subjects
who were included in these studies were cognitively normal
PD patients. The number of PD patients in these studies was

between 7 and 28 subjects. The present manuscript differentiates
from other studies by comparing the sub-groups of PD patients.
The present study included cognitively normal PD patients
and as well PD patients with MCI and dementia. The present
research for the first time in the literature showed that the event
related delta responses were decreased gradually in PD patients
according to their cognitive impairment. There are still few
studies analyzing event related oscillations in PD. More research
should be performed by considering different cognitive states
in PD.

In the present study, the patients were on medication during
the EEG recordings. Therefore it was not possible to control the
effects of medication. The effect of L-Dopa on spontaneous EEG,
ERPs (Georgiev et al., 2015) and as well as in different frequency
bands were reported (Huebl et al., 2014). However, little is known
about the effect of medication on event related oscillations in PD
patients with different cognitive states, and it remains an essential
question.

What Does Decrease of Delta Response
Mean?
In the present study, we have once more showed that delta
responses increased during target stimulation in comparison
non-target stimulation. This finding is a very robust finding
of earlier literature (Başar and Stampfer, 1985; Yener et al.,
2008, 2012; Güntekin and Başar, 2016). Furthermore, the results
of the present study once more strengthen the hypothesis
that the decrease of delta oscillatory responses is a general
electrophysiological indicator for the cognitive impairment
(Güntekin and Başar, 2016). Previous studies on delta responses
of different patient groups showed that delta responses of
patients with cognitive impairment had reduced delta responses
upon cognitive load. Yener et al. (2008), showed reduced delta
responses in AD patients both during visual (2008) and auditory
(2012) oddball paradigm. Furthermore, a decrease of delta
response during cognitive load found to be related to a loss in
frontal volume in patients with MCI (Yener et al., 2016). The
decrease of delta response was not just reported in dementia
patients, but also in other patient groups with cognitive deficits.
Schizophrenia patients (Röschke and Fell, 1997; Ergen et al., 2008;
Ford et al., 2008) and patients with bipolar disorder (Atagün
et al., 2014) also had decreased delta responses in comparison to
healthy controls during cognitive stimulations.

Our group had previously analyzed delta responses in
cognitively normal PD patients during visual oddball paradigm.
That study by Emek-Savaş et al. (2017) had completely
different patient and healthy control groups than the present
study. Despite different patient groups Emek-Savaş et al.
(2017) showed that cognitively normal PD patients had
decreased delta responses than healthy controls during
visual oddball paradigm. The present study for the first
time showed that PD patients had also decreased delta responses
during target stimulation of auditory oddball paradigm.
Furthermore, the present study indicated a gradual decrease
of delta responses in PD patients. As the PD patients had
more cognitive decline delta responses decreased more.
PD patients with dementia had the lowest delta response
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TABLE 5 | Event related oscillation studies in Parkinson’s disease.

PD group Task Frequency Results

Schmiedt-Fehr et al., 2007 11 right non-demented mild to
moderate PD

Simon task Delta, theta Increased Parietal-Occipital Delta, delayed delta
and theta responses

Schmiedt et al., 2005 14 right non-demented mild to
moderate PD

Shape tracking task Theta, alpha Less theta increase and upper alpha
suppression

Huebl et al., 2014 Local field potential of subthalamic
nucleus of 28 PD undergoing deep
brain stimulation

IAPS (Emotional
Pictures)

2–8 Hz, 8–12 Hz,
13–30 Hz

Early gamma band increase with unpleasant
stimuli ON but not OFF medication; pleasant
stimuli induced larger late alpha-ERD compared
to neutral stimuli -ON medication

Ellfolk et al., 2006 7 mild stage PD patients Sternberg’s memory
search paradigm

Theta, alpha Alpha ERS in posterior electrodes was
observed in the controls, but not in the PD
patients

Dushanova et al., 2009 16 PD patients Auditory discrimination
task

Delta, theta,
Alpha

delta-ERS in CS and delta-ERD in PP in
response to the low tone in 250–600 ms

Dushanova et al., 2010 16 PD patients Auditory discrimination
task

Beta, gamma healthy controls had higher event related beta
(13–20 Hz) synchronization than PD patients in
a late time window

Emek-Savaş et al., 2017 16 PD patients Visual Oddball Visual
simple light

Delta Decrease of delta responses

Present study 32 PD patients (12 PD, 10 PD-MCI
and 10 PD-dementia)

Auditory Oddball
Simple Auditory
stimulation

Delta Gradual decrease of delta responses during
auditory oddball paradigm due to cognitive
decline in PD

in comparison to all other groups especially during target
stimulation (Figure 3). The decrease of delta response was
only significant between groups during perception of target
stimulation. There were no significant differences between
groups during perception of non-target and simple auditory
stimulation.

Auditory Stimulation and Cognitive
Decline in Parkinson’s Disease Patients
The visual system of PD patients was reported to be impaired
by several scientists (Bodis-Wollner and Yahr, 1978; Bodis-
wollner et al., 1987; Bodis-Wollner, 1990, 2003; Armstrong,
2011). Davidsdottir et al. (2005) reported that 78% of participants
in their study endorsed at least one problem related to vision
or visuospatial functioning. Regarding the perception deficits,
PD patients had more severe deficits in the visual system
and olfactory system (Metzler-Baddeley, 2007). It is also well
known that PD patients show deficits in odor perception
(Metzler-Baddeley, 2007). The auditory system of PD patients
was known to be less affected than the visual and olfactory
systems. Some studies indicated the positive role of dopaminergic
treatment in the auditory paradigms. Georgiev et al. (2015)
showed that the effect of medication on P3a response was
observed only during auditory stimulations but not during
visual stimulations. Geiser and Kaelin-Lang (2011) showed that
auditory pulse perception was preserved in PD patients during
the early stages of the disease. On the other hand, these authors
also showed that PD patients displayed shorter reaction times
after the administration of l-DOPA in comparison to before
administration of l-DOPA. The present study showed that PD
patients without cognitive deficits were as good as healthy
controls in the identification of target simulation. However, the
cognitive impairment affected the results importantly. Patients

with PD MCI were worse than healthy controls and PD
patients without any cognitive deficits. Most of the patients with
dementia were not able to count targets correctly. All of our
patients were on dopaminergic medication; they had their daily
medication just 1 h before the EEG recordings. If we were able
to collect data during on and off medication periods, we could
also find differences between on and off conditions. The PD
patients could be even worse if they were not on medication
during the recordings. The effect of medication should also
be analyzed in the future studies. One of the limitations our
study was the lack of detailed medical auditory examination of
the subject groups. In future, this examination should also be
performed.

In the treatment of motor functions in PD patients, auditory
stimulations were commonly used. Some researchers analyzed
the effect of different sensory stimulations on gait in PD patients.
Auditory stimulations have been reported to be more efficient
than visual stimulations (Arias and Cudeiro, 2008). However, it is
to note that PD patients could have difficulties in understanding
the auditory stimulations when they have cognitive decline. The
present study showed that as the cognitive decline increased the
PD patients made more mistakes in identification of “target”
stimulation. Most of the patients with dementia were not able to
count targets correctly. On the other hand, PD patients without
any cognitive impairment were as good as the healthy controls.
The research on using the auditory stimulation in gait control in
PD patients should also consider the cognitive functions of PD
patients.

Limitations of the Present Study
One of the important limitations of the study was the behavioral
results of PD with dementia. This group subjects could not count
the “target” stimulation as well as the other groups. Although this
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could be an expected result, we have also to consider that the
paradigm applied to this group of subjects would not have the
same effect as in other groups. In future more easier cognitive
paradigms could be applied to PD patients with dementia.
Patients with dementia were older in comparison to other groups
(p = 0.072), this could also be seen as a limitation. On the other
hand, it is also evident that there are very few subjects who had
dementia and Parkinson’s disease in their early age. Accordingly,
age difference could occur anytime when we want to compare
the PD patients without cognitive deficits and PD patients with
dementia.

CONCLUSION

The present study for the first time in the literature showed
that cognitive decline in Parkinson’s disease was represented
with a gradual decrease of delta responses during auditory
cognitive stimulation. There was significant group difference
only during “target” stimulation. Increased cognitive function
upon identification of “target” stimulation was represented with
increased delta responses in healthy controls. However, PD
patients with cognitive deficits had reduced delta responses.
The group differences were not found during “non-target”
stimulation or “simple auditory stimulation.” Therefore it can be
assumed that the decrease delta response was related to cognitive
decline. The present study once more strengthens the hypothesis
that decrease of delta response is a general electrophysiological
indicator of cognitive impairment. However, caution is also
needed that the role of delta response could not be just considered
as an indicator of cognitive decline. As we also mentioned in
our recent review (Güntekin and Başar, 2016) delta response
has a complex pre-stimulus and post-stimulus dynamics during

different sensory and cognitive functions. Further research is
needed to see how the decrease of delta response differentiates
between different types of cognitive impairment. Since the effect
of medication was reported on auditory perception in PD patients
(Georgiev et al., 2015), in future, the effect of medication should
also be studied.
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Council TÜBİTAK (Grant No. 214S111).

ACKNOWLEDGMENTS

EB passed away on October 28, 2017 during the final phase of the
preparation of this manuscript. We believe that EB’s inspiration
will continue to influence EEG-Event Related Brain Oscillations
studies for long times ahead, and his unforgettable memory will
stay with us all.

REFERENCES
Aarsland, D., Andersen, K., Larsen, J. P., Lolk, A., and Kragh-Sørensen, P.

(2003). Prevalence and characteristics of dementia in Parkinson disease: an
8-year prospective study. Arch. Neurol. 60, 387–392. doi: 10.1001/archneur.60.
3.387

Aarsland, D., Andersen, K., Larsen, J. P., Lolk, A., Nielsen, H., and Kragh–
Sørensen, P. (2001). Risk of dementia in Parkinson’s disease a community-
based, prospective study. Neurology 56, 730–736. doi: 10.1212/WNL.56.6.730

Aarsland, D., Brønnick, K., and Fladby, T. (2011). Mild cognitive impairment in
Parkinson’s disease. Curr. Neurol. Neurosci. Rep. 11, 371–378. doi: 10.1007/
s11910-011-0203-1

Alves, G., Larsen, J. P., Emre, M., Wentzel-Larsen, T., and Aarsland, D. (2006).
Changes in motor subtype and risk for incident dementia in Parkinson’s disease.
Mov. Disord. 21, 1123–1130. doi: 10.1002/mds.20897

Antal, A., Pfeiffer, R., and Bodis-Wollner, I. (1996). Simultaneously evoked primary
and cognitive visual evoked potentials distinguish younger and older patients
with Parkinson’s disease. J. Neural Transm. 103, 1053–1067. doi: 10.1007/
BF01291790

Aotsuka, A., Weate, S. J., and Drake, M. E. Jr. (1996). Event-related potentials in
Parkinson’s disease. Electromyogr. Clin. Neurophysiol. 36, 215–220.

Arias, P., and Cudeiro, J. (2008). Effects of rhythmic sensory stimulation (auditory,
visual) on gait in Parkinson’s disease patients. Exp. Brain Res. 186, 589–601.
doi: 10.1007/s00221-007-1263-y

Armstrong, R. A. (2011). Visual symptoms in Parkinson’s Disease. Parkinsons Dis.
2011:908306. doi: 10.4061/2011/908306

Atagün, M. I., Güntekin, B., Maşali, B., Tülay, E., and Başar, E. (2014).
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(2001). Wavelet analysis of oddball P300. Int. J. Psychophysiol. 39, 221–227.
doi: 10.1016/S0167-8760(00)00143-4

Demiralp, T., Yordanova, J., Kolev, V., Ademoglu, A., Devrim, M., and Samar,
V. J. (1999). Time-frequency analysis of single-sweep event-related potentials
by means of fast wavelet transform. Brain Lang. 66, 129–145. doi: 10.1006/brln.
1998.2028

Dushanova, J., Philipova, D., and Nikolova, G. (2009). Event-related
desynchronization/synchronization during discrimination task conditions
in patients with Parkinson’s disease. Cell. Mol. Neurobiol. 29, 971–980.
doi: 10.1007/s10571-009-9384-4

Dushanova, J., Philipova, D., and Nikolova, G. (2010). Beta and gamma frequency-
range abnormalities in Parkinsonian patients under cognitive sensorimotor
task. J. Neurol. Sci. 293, 51–58. doi: 10.1016/j.jns.2010.03.008

Ebmeier, K. P., Potter, D. D., Cochrane, R. H., Crawford, J. R., Stewart, L.,
Calder, S. A., et al. (1992). Event related potentials, reaction time, and cognitive
performance in idiopathic Parkinson’s disease. Biol. Psychol. 33, 73–89. doi:
10.1016/0301-0511(92)90007-H

Ellfolk, U., Karrasch, M., Laine, M., Pesonen, M., and Krause, C. M. (2006). Event-
related desynchronization/synchronization during an auditory-verbal working
memory task in mild Parkinson’s disease. Clin. Neurophysiol. 117, 1737–1745.
doi: 10.1016/j.clinph.2006.05.004

Elwan, O. H., Baradah, O. H., Madkour, O., Elwan, H., Hassan,
A. A. H., Elwan, F., et al. (1996). Parkinson’s disease, cognition and
aging. Clinical, neuropsychological, electrophysiological and cranial
computerized tomographic assessment. J. Neurol. Sci. 143, 64–71.
doi: 10.1016/S0022-510X(96)00161-X
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