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Parkinson’s disease (PD) is characterized by deficits in goal-directed behavior as well 
as mood and motivational symptoms, including apathy, depression, and anxiety. The 
present study investigated novelty processing in PD, using event-related potentials 
(ERPs) to characterize electrophysiological reflections of visual novelty processing. Since 
apathy has been associated with decreased novelty processing (P3 potentials) in highly 
apathetic PD patients, we were particularly interested to see if this relationship exists in a 
sample of PD patients with heterogeneous levels of apathy. Non-demented patients with 
PD receiving dopaminergic treatment (n = 14) and healthy control participants (n = 12) 
completed a three-stimulus oddball task while EEG was recorded. Relative to controls, 
the PD patients exhibited reductions in centrofrontally distributed P3 potentials when 
viewing novel distracters during this task. Distracter-related P3 amplitudes evoked by 
novel distracters were strongly associated with apathy symptoms, even after controlling 
for the effects of depression, anxiety, and executive function. Executive dysfunction was 
also predictive of novelty-related P3 processing, yet this relationship was independent 
from that of apathy. These findings suggest that the brain’s electrophysiological response 
to novelty is closely related to both motivational and cognitive symptoms in PD, even 
for patients whose apathy symptoms are not excessive. These results have significant 
implications for our understanding of non-motor symptoms in this clinical population.
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inTrODUcTiOn

Along with its hallmark motor symptoms, Parkinson’s disease (PD) has long been recognized for 
its associated cognitive and emotional deficits. Approximately 25–30% of PD patients develop 
dementia (1), yet even PD patients without dementia typically experience cognitive deficiencies. 
It has long been shown that non-demented PD patients struggle to process novel input that requires 
flexibility and planning (2), initiate goal-directed behavior (3), and monitor current behavior (4). 
Recent electrophysiological studies have found that certain measures of spontaneous EEG may 
serve as important biomarkers for cognitive decline in PD (5–7).

In addition to motor and cognitive dysfunction, more than 50% display symptoms of apathy 
(8, 9) and ~40–50% of PD patients manifest symptoms of depression (10–12). Mood dysregula-
tion in PD appears to consist of dissociable factors of apathy, dysphoria, anhedonia, and somatic 
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complaints (13). Mood symptoms are among the key factors 
leading to decreased quality of life in this population (14, 15), yet 
there is little neurophysiological evidence to link these symptoms 
to cognitive deficits in PD.

apathy in PD
Apathy is viewed as a lack of motivation that includes cognitive, 
affective, and behavioral components (16). In PD, apathy can 
manifest as decreased initiative to act or carry out activities 
(behavioral apathy), decreased reactivity and physiological 
blunting (affective apathy), and decreased interest in goals and 
planning (cognitive apathy). Early reports found that 12% of 
PD patients presented with apathy without depression as their 
primary symptom (9), while this number has been estimated to 
be as high as 29% (17). Apathy has been associated with execu-
tive dysfunction in PD (8, 18). Highly apathetic PD patients tend 
to exhibit poorer executive functions and heightened levels of 
depression and anxiety compared to patients with low levels of 
apathy (19); however, these findings appear to be influenced by 
the presence of dopaminergic treatment. While some patients 
appear to improve their apathy symptoms by taking dopaminer-
gic medications, those with DOPA-resistant apathy demonstrate 
structural changes in the basal ganglia, including atrophy of the 
nucleus accumbens and head of the caudate (20).

novelty Processing in PD
Efficient processing of novelty is critical to goal-directed behavior 
because it drives the flexible allocation of attention that facilitates 
adaptation to changing environmental demands. Novel events 
can serve as either potential sources of engagement or as irrelevant 
distracters that should be ignored. Event-related potential (ERP) 
methods can be used to track the process of attentional orient-
ing, which measures the cognitive resources directed toward 
deviant events that are unique or unexpected. When using ERPs 
to examine novelty processing, distracter-related P3 potentials 
(also known as P3a or novelty P3) have frequently been observed 
with a frontal or central scalp distribution (21, 22). In these para-
digms, P3 potentials are evoked most prominently by infrequent, 
task-irrelevant distracters. Accordingly, this distracter-related P3 
component has often been interpreted as reflecting an automatic, 
orienting reflex toward unexpected, novel events (23), which is 
believed to be a fundamental biological mechanism that influ-
ences exploratory behavior (24).

With regard to novelty processing, Tsuchiya et  al. (25) 
found that PD patients exhibited reduced P3 responses to novel 
distracters, and these P3 reductions correlated with decreased 
performance on a modified version of the Wisconsin Card 
Sorting Test (WCST). This finding suggests that novelty pro-
cessing deficits in PD may be related to executive functioning 
deficits that are often seen in this population (26). More recently, 
frontocentral P3 amplitude has been associated with disease 
duration and severity in PD (27). Additionally, PD patients with 
clinically elevated levels of apathy have demonstrated reduced 
electrophysiological reflections of novelty processing over 
frontal electrodes, relative to patients with low levels of apathy 
(19). Indeed, it appears that many neurological populations 
demonstrate a relationship between apathy and novelty ERPs, 

including Alzheimer’s disease (28), cortical stroke (29, 30), and 
subcortical stroke (31).

Overview of the current study
The purpose of the present study was to examine ERP correlates 
of novelty processing in PD and healthy controls in order to 
further examine how apathy symptoms are associated with dis-
rupted allocation of attention in PD patients. To do so, we used a 
visual three-stimulus oddball task and manipulated the distracter 
type. This approach enabled us to investigate effects of distracter 
novelty on ERP reflections of visual novelty. Unlike other investi-
gators (19), we wanted to test the hypothesis that apathy is related 
to reduced novelty processing in a heterogeneous sample of PD 
patients, including those with and without elevations in apathy. 
We predicted that increased apathy symptoms in medicated PD 
patients would be associated with reduced reflections novelty 
processing, regardless of the specific level of apathy reported. 
In line with previous research, associations between novelty 
processing and executive dysfunction were also expected.

MaTerials anD MeThODs

Participants
Fourteen non-demented PD patients and 12 age-matched con-
trols participated in the current study. All patients had a diagnosis 
of idiopathic PD by a movement disorders specialist according 
to the UK Brain Bank criteria. Exclusion criteria included a 
history of severe psychiatric illness (i.e., schizophrenia, current 
depression episode, etc.), neurologic disorders affecting the brain 
other than PD (e.g., traumatic brain injury, stroke, tumor), severe 
sensory deficits, and scores below 26 on the mini-mental state 
examination [MMSE; (32)]. Cognitive, emotional, and electro-
physiological testing sessions were performed while patients were 
on dopaminergic medications.

Table 1 depicts a summary of demographic, disease severity, 
neurocognitive, and mood information. Overall, participants 
were predominantly male and ranged in age from 35 to 77 years. 
The control group had a trend toward higher levels of education 
(p  >  0.08), but did not differ on any other demographic vari-
able. Patients performed more poorly on measures of executive 
function and endorsed more symptoms of depression and anxiety 
than controls. Although the two groups were statistically matched 
on apathy scores, PD patients had a greater range (0–25) than 
controls (3–18). The majority of individuals scored below the 
clinical cut-off score for apathy (<14) in both the PD (79%) and 
control (92%) groups. In terms of disease characteristics, the PD 
patients were in the early-to-mid range of disease severity, based 
on Hoehn–Yahr (H–Y) staging (33) and motor scores from the 
United Parkinson Disease Rating Scale [UPDRS; (34)] obtained 
within 12  months of testing. Sixty-two percent of PD patients 
were in H–Y stage 2, 15% were in stage 2.5, 15% were in stage 
3, and 7% were in stage 4. Disease duration ranged from 5 to 
15 years.

event-related Potential stimuli and Task
Testing took place in an electrically shielded and sound-attenuated 
room. All PD patients were evaluated when on their normal 
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TaBle 1 | Demographic and neuropsychological data for healthy controls 
and PD patients.

controls (n = 12) PD patients (n = 14)

Mean sD Mean sD p

Demographics
Age (years) 61.7 11.8 63.3 9.1 ns
Education (years) 16.0 3.0 13.7 3.4 ns
Female (%) 42 – 21 – ns
Right-handed (%) 92 – 100 – ns

emotional functioning
AS 7.7 4.1 9.7 8.3 ns
BDI-II 2.7 3.3 11.7 8.2 <0.01
STAI – trait 28.1 6.5 37.5 12.0 <0.05
STAI – state 28.5 6.5 37.9 10.8 <0.05

cognitive functioning
MMSE 28.7 1.3 29.2 1.1 ns
Dementia Rating Scale – – 136.4 6.9
Boston Naming Test 56.7 4.1 56.7 2.5 ns
COWA (FAS) 40.0 10.4 37.9 15.8 ns
Semantic fluency (animals) 21.9 4.6 19.3 7.0 ns
Digit span forward 
(WAIS-III)

7.1 1.3 7.1 1.0 ns

Digit span backward 
(WAIS-III)

5.3 1.5 5.7 1.5 ns

Trails A (s) 27.7 9.4 47.2 26.3 <0.05
Trails B (s) 68.0 28.0 122.8 57.7 <0.01
Stroop word reading 97.3 11.5 87.2 14.8 ns
Stroop color naming 71.9 15.1 65.9 13.6 ns
Stroop color-word naming 36.8 13.5 33.6 12.1 ns
WCST categories 
completed

5.7 1.1 3.7 1.8 <0.01

WCST total errors 18.8 16.7 40.9 17.1 <0.01
WCST perseverative 
responses

10.8 10.1 22.8 10.9 0.01

WCST set failure 0.3 0.7 1.4 0.9 <0.01

Disease characteristics
Duration of symptoms 
(years)

– – 10.1 2.9 –

UPDRS motor – On Meds – – 25.4 13.5 –
UPDRS motor – Off Meds – – 34.1 12.4 –
Levodopa equivalent dose – – 1179.7 670.9 –
Antidepressant 
medications (%)

– – 21 – –

BDI-II, Beck Depression Inventory, Second Edition; AS, Apathy Scale; STAI, State-Trait 
Anxiety Inventory; MMSE, mini-mental state examination; COWA, Controlled Auditory 
Word Association Test; WAIS-III, Wechsler Adult Intelligence Scale, Third Edition; 
WCST, Wisconsin Card Sorting Test; UPDRS, Unified Parkinson’s disease rating scale.

FigUre 1 | stimuli used in the two blocks of the oddball task. 
(a) All stimuli in the gray distracter block comprised an identical gray color. 
(B) Standards and targets in the color distracter block were identical to those 
presented in the gray distracter block, but the distracters consisted of unique 
colorful fractal designs. Adapted from Kaufman et al. (36).
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dosage of dopaminergic medications. Stimuli and procedures 
for the three-stimulus oddball task were adapted from Polich 
and Comerchero (35). Distracter novelty was manipulated by 
stimulus features contained within the large squares. Half of the 
distracters were gray, like the targets and standards, and were 
identical in appearance throughout the experiment. The other 
distracters contained colorful fractal designs that were unique 
and only occurred once over the course of the experiment. 
Mean (±SD) luminance intensity for the color distracter slides 
was 24.1 ± 9.3 cd/m2, which did not deviate substantially from 
that of gray distracters (23.1 cd/m2). Following a brief practice 
trial, a total of 600 stimuli were randomly presented in four 
blocks of 150. Each stimulus was presented for 75  ms, with 

a 2-s inter-stimulus interval. Color and gray distracters were 
presented in different (counterbalanced) trial blocks to allow 
the opportunity to examine the block-related effects of distracter 
type on behavioral and electrophysiological data. See Figure  1 
for a sample color distracter and an overview of the stimulus 
probabilities.

electrophysiological Data recording, 
reduction, and Measurement
Electroencephalogram data were recorded from the scalp using a 
64-channel system (Electrical Geodesics, Inc., Eugene, OR, USA) 
running Net Station software. Impedance of electrodes was main-
tained below 50 kΩ, as recommended by the manufacturer. EEG 
was initially referenced to the vertex and recorded continuously at 
250 Hz, with on-line band-pass filtering from 0.1 to 100 Hz. EEG 
data were then re-referenced to a right mastoid reference off-line 
and digitally low-pass filtered at 30 Hz. Following recording, EEG 
data were adjusted for movement, electromyographic muscle 
artifact, electro-ocular eye movement, and blink artifacts using 
spatial filtering methods implemented through Brain Electric 
Source Analysis [BESA; (37)]. See Figure S1 in Supplementary 
Material for topography of blink artifacts. All EEG data above 
150 μV was discarded, and the maximum allowable amplitude 
settings for each trial were individualized for each participant 
[as recommended by (38)]. The average (±SD) amplitude used 
for rejection was 111 μV (±14), and this threshold did not differ 
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TaBle 2 | Behavioral data from the oddball task.

controls PD patients

Mean sD Mean sD

gray distracter
Reaction time to targets (ms) 473.2 70.9 478.0 103.6
Target response errors (%) 1.8 2.4 10.0 10.6
False alarm to distracters (%) 0.4 0.9 5.4 10.4
False alarm to standards (%) 0.2 0.3 4.7 9.3

color distracter
Reaction time to targets (ms) 460.6 74.7 491.1 73.5
Target response errors (%) 1.5 2.7 5.3 7.7
False alarm to distracters (%) 4.6 0.6 5.9 3.7
False alarm to standards (%) 0.4 0.5 2.3 4.5
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between PD patients and controls [t(24) = 1.1, p > 0.30]. Point-
to-point transitions were not allowed to exceed 75  μV. Of the 
64 electrodes used to collect data, a small number of electrodes 
were interpolated during analysis in order to reduce electrode 
noise. PD patients required greater electrode interpolation than 
controls [t(24) = 3.2, p < 0.01], which is likely due to additional 
movement artifact caused by Parkinsonian tremors during the 
EEG recording. Nevertheless, PD patients as a whole required 
minimal electrode interpolation (8% of electrodes, on average).

Individual-subject stimulus-locked averages were derived 
separately for standard, target, and distracter stimuli in each 
of the two distracter blocks. Epochs were extracted from a 
window of 200 ms prior- to 800 ms post-stimulus presentation 
and baseline-corrected (200 ms prior to stimulus onset) before 
subject averaging and analysis. Four midline electrodes corre-
sponding with FCz, Cz, CPz, Pz were chosen for measurement 
and analysis of P3 responses, as these electrodes demonstrated 
the maximal amplitude of this component. Four centrofrontal 
electrodes were chosen to examine anterior P3 difference 
waves. The time window used for scoring the P3 component 
was 300–650 ms.

Data analysis
Due to a positive skew in the accuracy data, we applied the arcsine 
transformation for all error rate data (36) and subjected them 
to a Group (PD, control) × Distracter (gray, color) × Stimulus 
(standard, target, distracter) repeated measures analysis of 
variance (ANOVA). For analyses of oddball task response time 
(RT), median RTs were employed for correct responses (39) and 
compared between distracter conditions via dependent sample 
t-tests.

Because of their broad scalp distribution, P3 mean ampli-
tudes and peak latencies were examined with Group (PD, 
control) × Distracter (gray, color) × Stimulus (standard, target, 
distracter) × Electrode Site (FCz, Cz, CPz, Pz) repeated measures 
ANOVAs. All other ERP components were subjected to Group 
(PD, control)  ×  Distracter (gray, color)  ×  Stimulus (standard, 
target, distracter) repeated measures ANOVAs performed on 
the electrode location(s) in which each ERP component showed 
maximal amplitude (40). ANOVAs employed planned contrasts 
to examine main effects and interactions, with effect sizes reported 
as partial eta-squared (η2). For ANOVAs examining effects of 
stimulus type, Helmert contrasts first compared standards with 
targets and distracters, and then compared targets with distract-
ers. For P3 ANOVAs examining effects of midline electrode site, 
Helmert contrasts compared electrodes in a posterior-frontal 
progression (Pz, PCz, Cz, FCz).

resUlTs

Oddball Task Performance
Behavioral data from the oddball task are presented in Table 2. 
Planned contrasts revealed a main effect of stimulus type 
[F(1,24) = 9.5, p < 0.01, η2 = 0.28], such that error responses to 
distracters (false alarms) and targets (misses) were more common 
than errors to standards. Distracter type significantly interacted 

with stimulus type [F(1,24) = 12.6, p < 0.01, η2 = 0.35], as false 
alarms to distracters were more common than target misses dur-
ing trial blocks presenting colorful distracters. There was a main 
effect of group, in which PD patients committed more errors over-
all than controls [F(1,24) = 20.5, p < 0.001, η2 = 0.46]. Group also 
interacted with distracter type [F(1,24) = 5.8, p < 0.05, η2 = 0.20], 
such that controls’ accuracy was greater than PD patients in the 
gray distracter block. Target RT data did not differ as a function 
of either group or distracter type (ps > 0.5).

event-related Potential Data
Within the gray distracter block, standard stimuli waveforms 
contained an average (±SD) of 163.7 ± 28.4 trials, while target 
waveforms contained 32.9 ± 8.1 trials and distracter waveforms 
contained 34.8 ± 6.8. Within the color distracter block, standard 
stimuli waveforms contained an average (±SD) of 173.5 ± 18.8 
trials, while target waveforms contained 34.4 ± 7.0 trials and dis-
tracter waveforms contained 36.2 ± 4.7. PD patients and controls 
did not differ in their number of trials that were acceptable for 
analysis.

P3 Amplitude and Latency
P3 activity had a broad distribution for healthy controls, while 
PD patients showed marked reductions in centrofrontal P3 
amplitudes for distracters and targets presented during the color 
distracter block. Peak P3 potentials for targets were seen in pari-
etal regions. Relative to controls, PD patients exhibited reduced 
centrofrontal P3 amplitude for distracters relative to targets and 
standards in the color distracter block [F(1,24) = 5.9, p < 0.05, 
η2 = 0.20]. This interaction resulted from attenuated distracter-
related centrofrontal P3 amplitude for PD patients relative to 
controls in the color distracter block, as shown in Figure 2.

Midline P3 latencies peaked between 350 and 500 ms across 
conditions. Over central sites, P3 latencies were shorter for 
distracters relative to other stimuli [F(1,24)  =  4.4, p  <  0.05, 
η2 = 0.15]. Overall P3 latencies were longer for PD patients than 
controls over central sites [F(1,24) = 9.2, p < 0.01, η2 = 0.28].

P3 Difference Waves and Clinical Symptoms in PD
Even though significant P3 group differences were observed 
for colorful distracter stimuli, standard stimuli did not 
demonstrate P3 effects of group (PD mean  =  4.24  ±  2.65  μV; 
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FigUre 2 | grand-averaged erPs from centrofrontal electrodes. Scalp 
maps illustrate peak P3 amplitudes evoked by distracters, which show a 
centrofrontal reduction in color distracter processing in PD patients. Target 
P3 amplitudes peaked in parietal electrodes (ERPs not shown). Note: voltage 
ranges for scalp maps were identical for each group (−5 to +7.5 μV).

FigUre 3 | centrofrontal difference waves, which show amplitude 
contrasts for distracter-standard conditions (dark and dotted lines) 
and standard stimuli taken from color and gray distracter blocks 
(gray line). ERPs to standard stimuli did not differ as a function of distracter 
color (flat line), so effects seen in distracter-standard difference waves were 
attributable to the distracters. Scalp maps illustrate distracter-standard P3 
difference waves (i.e., P3a), revealing a centrofrontal reduction in color-related 
distracter processing in PD patients. Note: voltage ranges for scalp maps 
were identical for each group (−4 to +2 μV).

TaBle 3 | intercorrelations for centrofrontal distracter-related P3 
amplitude and emotional symptoms in PD patients.

Measure 1 2 3 4 5

1. Color P3 difference wave –
2. Apathy Scale −0.80*** –
3. BDI-II −0.64* 0.90*** –
4. STAI – trait Anxiety −0.79* 0.88*** 0.91*** –
5. STAI – state Anxiety −0.83*** 0.77** 0.80*** 0.83*** –

*p < 0.05.
**p < 0.01.
***p < 0.001.

TaBle 4 | intercorrelations for centrofrontal distracter-related P3 amplitude, 
executive function, and apathy in PD patients.

Measure 1 2 3 4 5

1. Color P3 difference wave –
2. Trails B −0.49t –
3. Stroop color-word 0.69* −0.62t –
4. Wisconsin perseverative 

responses
−0.73** 0.26 −0.67* –

5. Apathy Scale −0.80*** 0.69** −0.73** 0.56* –

tp < 0.10.
*p < 0.05.
**p < 0.01.
***p < 0.001.
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Control mean  =  4.47  ±  2.61  μV) or distracter block (Color 
mean = 4.33 ± 2.67 μV; Gray mean = 4.37 ± 2.50 μV). In order to 
better isolate P3 signals (i.e., P3a) associated with color distracter 
processing in PD patients, color distracter-standard difference 
waves were calculated. The resulting difference wave was then 
scored for mean amplitude during the time interval correspond-
ing to maximal P3 amplitude (380–420 ms). Distracter-standard 
difference waves are shown in Figure 3.

Color distracter-standard P3 amplitudes (from now on 
referred to as color P3) were found to correlate with all emotional 
symptom scales in PD patients, as shown in Table 3. Because of 
the high degree of intercorrelations between emotional measures, 
partial correlations were performed such that each emotional 
measure was correlated with color P3 amplitudes, while control-
ling for all other emotional measures. Of these partial correla-
tions, only apathy remained significantly correlated with color P3 
in PD patients (r = −0.65, p < 0.05).

Color P3 amplitudes were also found to correlate with several 
executive function measures in PD patients, as shown in Table 4. 
Apathy scores also correlated with these measures of executive 
function. Partial correlations revealed that WCST perseverative 
responses remained significantly correlated with color P3 ampli-
tudes, even after controlling for the other executive function 

measures and apathy scores (r = −0.81, p = 0.05). Furthermore, 
partial correlations between apathy scores and color P3 ampli-
tudes also remained significant, after controlling for the executive 
function measures (r = −0.84, p < 0.05). These significant partial 
correlation plots can be seen in Figure 4.
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FigUre 4 | Partial correlation plots illustrating the unique relationships between color distracter-related P3 amplitude and apathy (left) and WcsT 
perseverative responses (right). The negative relationship between color P3 amplitude and apathy was significant, even after controlling for the effects of other 
emotional scales and executive function. The negative relationship between color P3 amplitude and WCST perseverative responses was significant, even after 
controlling for the effects of apathy and other executive function measures.
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Parkinson’s disease motor symptoms (e.g., disease dura-
tion, symptom severity) and patient age did not significantly 
correlate with color P3 amplitudes. Similarly, measures of 
oddball task performance (i.e., target RT, target, and dis-
tracter accuracy) did not correlate with color P3 amplitudes. 
Furthermore, gray distracter-standard P3 amplitudes were not 
correlated with any of the clinical measures in PD patients. 
Additionally, none of these variables correlated with color P3 
amplitudes in controls.

DiscUssiOn

In this study, we examined ERP reflections of distracter novelty 
in order to test the hypothesis that heightened levels of apathy 
would be associated with decreased visual novelty processing 
in a heterogeneous sample of PD patients. In support of our 
hypothesis, this study revealed three major findings. First, PD 
patients exhibited reduced distracter-related ERPs over cen-
trofrontal electrode sites, indicating disruptions in attentional 
orienting toward novelty. Second, apathy symptoms were strong 
predictors of these P3 potentials, such that elevations in apathy 
corresponded with reductions in P3 amplitude across all PD 
patients. Although other emotional symptoms also correlated 
with P3 amplitude, these relationships disappeared when control-
ling for apathy. Third, executive functioning in PD independently 
correlated with distracter-related P3 potentials; however, apathy 
remained a significant predictor even when accounting for execu-
tive function.

novelty and P3 Potentials
Our finding of reduced centrofrontal P3 amplitudes in PD patients 
is consistent with earlier research (25), supporting the notion that 
PD patients exhibit dysfunction in novelty processing that can 
be observed as a centrofrontal electrophysiological deficit. The 

fact that these effects were sensitive to distracter content (i.e., 
lowest P3 amplitudes for unique color patterns) suggests that 
PD patients have disproportionate difficulty processing visual 
information that is both distracting and highly novel. Although 
it was predicted that distracter-related P3 activity would correlate 
with apathy symptoms in PD patients, it was not expected that 
emotional symptoms as a whole would be so highly associated 
with color P3 potentials. While these findings may suggest that 
the novelty processing in PD is associated with a broadly defined 
state of negative affect, the core emotional symptom driving this 
effect was shown to be apathy.

Similar to other previous findings (19), several executive func-
tioning measures were also correlated with reductions in color 
P3 amplitudes in PD. This allowed us to examine the degree to 
which apathy and executive functioning could be distinguished 
in their contributions to P3 amplitude. When controlling for the 
overall variance among these measures, apathy and perseverative 
errors on the WCST demonstrated unique relationships with 
color P3 amplitude, revealing that both emotional and executive 
symptoms are closely related to novelty processing deficits in 
PD. Although previous studies have found relationships between 
WCST performance and distracter-related P3 amplitudes in PD 
(19, 25), our findings are the first to show that apathy and execu-
tive function are independently linked to novelty processing in 
this population.

implications of novelty Processing 
Deficits in PD
The strong association between apathy symptoms and novelty 
processing suggests that the neural systems underlying motiva-
tion and attention are intricately linked in PD. This connection 
is consistent with our current understanding of apathy. Marin 
(16) regarded apathy as a primary deficit in motivation and 
goal-directed behavior. Although novelty processing is often 
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conceptualized as an automatic reflex that orients attention 
toward unexpected events, novelty processing can be vulnerable 
to top-down modulation.

Using a three-stimulus oddball task similar to the one involved 
in this project, Chong et al. (41) included a condition in which 
participants were instructed to visually explore the novel stimuli 
as task-relevant “invitations” for further processing, rather than 
ignoring them as task-irrelevant distracters. This condition led to 
enhanced novelty processing, as reflected in larger P3 amplitudes, 
and provided evidence that changes in context – both experimen-
tally and personally derived – can have dramatic changes on how 
novel information is processed. One can speculate that apathy 
symptoms in the PD patients had the opposite effect of Chong 
et al.’s invitation to visually explore the novel distracters. In the 
current study, PD patients did not selectively ignore these stimuli, 
as false alarm rates were not significantly different between color 
and gray distracters. However, it appears that their attentional 
orienting mechanisms failed to fully “explore” these novel events 
in a manner that is consistent with their self-reported symptoms 
of apathy.

limitations
Several limitations of the present study need to be acknowledged. 
The PD sample was variable with regard to disease duration, yet 
most of the PD patients were in H-Y stages 2–3. Patients were 
tested on dopaminergic medications, so specific effects of medi-
cation could not be addressed in the current study. While PD 
patients were more depressed and anxious than controls, they 
did not endorse greater apathy symptoms as a whole. As a result, 
only a small number of PD patients in this study were suffering 
from clinical levels of apathy. Nevertheless, the strong correla-
tions between apathy and P3 amplitudes seen across all patients 
demonstrate the utility of examining apathy in a continuous man-
ner. While apathy cut-off scores are meaningful for characterizing 
the clinical level of apathy severity in PD patients, our results 
show that levels of apathy need not be excessive in order to show 
strong associations with novelty processing. Other limitations are 
that the PD sample was well educated, predominantly male, and 
variable in age (43–77 years). As a result, these findings may not 
generalize to all PD patients. However, the variability observed 
in age, disease duration, and symptom severity did confound the 
results of this study, as these variables were not associated with 
emotional symptoms, cognitive symptoms, or distracter-related 
P3 potentials.

cOnclUsiOn

In summary, our findings support the hypothesis that apathy 
and executive functioning in PD are both strongly associated 
with deficits in novelty processing. PD patients showed reduced 
processing of novel distracters, as measured by the amplitude 
of centrofrontal distracter-related P3 components. Distracter-
related P3 amplitudes were strongly associated with apathy 
symptoms, even after controlling for the effects of depression, 

anxiety, and executive function. These findings help to clarify 
the psychophysiological implications of apathy, and may help 
facilitate a more biological understanding of this common 
symptom of PD. The combined effects of apathy, executive 
dysfunction, and novelty processing have far-reaching implica-
tions for goal-directed behavior in this population. Failure to 
orient attention appropriately may leave PD patients lost in a 
world of constantly changing attentional demands. These core 
deficits in attention may strip PD patients of the cognitive and 
motivational tools needed to flexibly respond to their environ-
ments. Further research is needed to better characterize the 
neural basis of these findings and determine how these deficits 
can be optimally managed to improve quality of life in this 
clinical population.

eThics sTaTeMenT

Study approved by the University of Florida, Health Sciences 
Institutional Review Board. Participants were provided with an 
informed consent form, which allowed them to understand the 
nature of the study, along with risks and benefits of participating. 
After reading the consent form and having an opportunity to ask 
questions of the research team, participants provided written 
consent to participate.

aUThOr cOnTriBUTiOns

DK completed data collection, analysis, and manuscript prepara-
tion. DB assisted with experimental design, patient recruitment, 
and manuscript preparation. MO assisted with patient recruit-
ment and manuscript preparation. RP assisted with manuscript 
preparation. WP assisted with experimental design, data analysis, 
and manuscript preparation.

acKnOWleDgMenTs

We thank Michelle Blanco and Allen Sirizi for assistance with 
data collection, along with the University of Florida Movement 
Disorders and Neurorestoration INFORM database.

FUnDing

This work was supported by grants from the NIH 
(T32-AG020499 and R21-NS079767), the University of Florida 
Movement Disorders and Neurorestoration National Parkinson 
Foundation Center of Excellence, and the University of Florida 
Foundation.

sUPPleMenTarY MaTerial

The Supplementary Material for this article can be found online at 
http://www.frontiersin.org/Journal/10.3389/fneur.2016.00095

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
http://www.frontiersin.org/Journal/10.3389/fneur.2016.00095


8

Kaufman et al. Apathy and Novelty in PD

Frontiers in Neurology | www.frontiersin.org June 2016 | Volume 7 | Article 95

reFerences

1. Pahwa R, Paolo A, Troster A, Koller W. Cognitive impairment in Parkinson’s dis-
ease. Eur J Neurol (1998) 5(5):431–41. doi:10.1046/j.1468-1331.1998.550431.x 

2. Taylor AE, Saint-Cyr JA. The neuropsychology of Parkinson’s disease. Brain 
Cogn (1995) 28(3):281–96. doi:10.1006/brcg.1995.1258 

3. Hadj-Bouziane F, Benatru I, Brovelli A, Klinger H, Thobois S, Broussolle E, 
et  al. Advanced Parkinson’s disease effect on goal-directed and habitual 
processes involved in visuomotor associative learning. Front Hum Neurosci 
(2012) 6:351. doi:10.3389/fnhum.2012.00351 

4. Falkenstein M, Hielscher H, Dziobek I, Schwarzenau P, Hoormann J, Sunderman 
B, et al. Action monitoring, error detection, and the basal ganglia: an ERP study. 
Neuroreport (2001) 12(1):157–61. doi:10.1097/00001756-200101220-00039 

5. Klassen BT, Hentz JG, Shill HA, Driver-Dunckley E, Evidente VG, Sabbagh MN, 
et  al. Quantitative EEG as a predictive biomarker for Parkinson disease 
dementia. Neurology (2011) 77:118–24. doi:10.1212/WNL.0b013e318224af8d 

6. Caviness JN, Hentz JG, Belden CM, Shill HA, Driver-Dunckley ED, 
Sabbagh MN, et al. Longitudinal EEG changes correlate with cognitive mea-
sure deterioration in Parkinson’s disease. J Parkinsons Dis (2015) 5:117–24. 
doi:10.3233/JPD-140480 

7. Zimmermann R, Gschwandtner U, Hatz F, Schindler C, Bousleiman H, 
Ahmed S, et al. Correlation of EEG slowing with cognitive domains in nonde-
mented patients with Parkinson’s disease. Dement Geriatr Cogn Disord (2015) 
39:207–14. doi:10.1159/000370110 

8. Isella V, Melzi P, Grimaldi M, Iurlaro S, Piolti R, Ferrarese C, et al. Clinical, 
neuropsychological, and morphometric correlates of apathy in Parkinson’s 
disease. Mov Disord (2002) 17(2):366–71. doi:10.1002/mds.10041 

9. Starkstein SE, Mayberg HS, Preziosi TJ, Andrezejewski P, Leiguarda R, 
Robinson RG. Reliability, validity, and clinical correlates of apathy in 
Parkinson’s disease. J Neuropsychiatry Clin Neurosci (1992) 4(2):134–9. 
doi:10.1176/jnp.4.2.134 

10. Cummings JL. Depression and Parkinson’s disease: a review. Am J Psychiatry 
(1992) 149(4):443–54. doi:10.1176/ajp.149.4.443 

11. McDonald WM, Richard IH, DeLong MR. Prevalence, etiology, and treatment 
of depression in Parkinson’s disease. Biol Psychiatry (2003) 54(3):363–75. 
doi:10.1016/S0006-3223(03)00530-4 

12. Zgaljardic DJ, Borod JC, Foldi NS, Mattis P. A review of the cognitive and behav-
ioral sequelae of Parkinson’s disease: relationship to frontostriatal circuitry. Cogn 
Behav Neurol (2003) 16(4):193–210. doi:10.1097/00146965-200312000-00001 

13. Kirsch-Darrow L, Marsiske M, Okun MS, Bauer R, Bowers D. Apathy and 
depression: separate factors in Parkinson’s disease. J Int Neuropsychol Soc 
(2011) 17(6):1058–66. doi:10.1017/S1355617711001068 

14. Benito-León J, Cubo E, Coronell C. Impact of apathy on health-related quality 
of life in recently diagnosed Parkinson’s disease: the ANIMO study. Mov 
Disord (2011) 27(2):211–8. doi:10.1002/mds.23872 

15. Schrag A, Jahanshahi M, Quinn N. What contributes to quality of life in 
patients with Parkinson’s disease? J Neurol Neurosurg Psychiatry (2000) 
69(3):308–12. doi:10.1136/jnnp.69.3.308 

16. Marin RS. Apathy: a neuropsychiatric syndrome. J Neuropsychiatry Clin 
Neurosci (1991) 3(3):243–54. doi:10.1176/jnp.3.3.243 

17. Kirsch-Darrow L, Fernandez HF, Marsiske M, Okun MS, Bowers D. 
Dissociating apathy and depression in Parkinson disease. Neurology (2006) 
67(1):33–8. doi:10.1212/01.wnl.0000230572.07791.22 

18. Pluck GC, Brown RG. Apathy in Parkinson’s disease. J Neurol Neurosurg 
Psychiatry (2002) 73(6):636–42. doi:10.1136/jnnp.73.6.636 

19. Mathis S, Neau J-P, Pluchon C, Fargeau M-N, Karolewicz S, Iljicsov A, et al. 
Apathy in Parkinson’s disease: an electrophysiological study. Neurol Res Int 
(2014) 2014:290513. doi:10.1155/2014/290513 

20. Carriere N, Besson P, Dujardin K, Duhamel A, Defebvre L, Delmaire C, 
et  al. Apathy in Parkinson’s disease is associated with nucleus accumbens 
atrophy: a magnetic resonance imaging shape analysis. Mov Disord (2015) 
29(7):897–903. doi:10.1002/mds.25904 

21. Friedman D, Cycowicz YM, Gaeta H. The novelty P3: an event-related brain 
potential (ERP) sign of the brain’s evaluation of novelty. Neurosci Biobehav Rev 
(2001) 25(4):355–73. doi:10.1016/S0149-7634(01)00019-7 

22. Polich J. Updating P300: an integrative theory of P3a and P3b. Neurophysiol 
Clin (2007) 118(10):2128–48. doi:10.1016/j.clinph.2007.04.019 

23. Simons RF, Perlstein WM. A tale of two reflexes: an ERP analysis of prepulse 
inhibition and orienting. In: Simons RF, Lang PJ, editors. Attention and 
Orienting: Sensory and Motivational Processes. Mahwah, NJ: Lawrence 
Erlbaum Associates, Inc (1997). p. 229–55.

24. Sokolov EN. Higher nervous functions; the orienting reflex. Annu Rev Physiol 
(1963) 25:545–80. doi:10.1146/annurev.ph.25.030163.002553 

25. Tsuchiya H, Yamaguchi S, Kobayashi S. Impaired novelty detection and 
frontal lobe dysfunction in Parkinson’s disease. Neuropsychologia (2000) 
38(5):645–54. doi:10.1016/S0028-3932(99)00108-6 

26. Dubois B, Pillon B. Cognitive deficits in Parkinson’s disease. J Neurol (1997) 
244(1):2–8. doi:10.1007/PL00007725 

27. Solis-Vivanco R, Rodriguez-Violante M, Rodriguez-Agudelo Y, Schilmann 
A, Rodriguez-Ortiz U, Ricardo-Garcell J. The P3a wave: a reliable neu-
rophysiological measure of Parkinson’s disease duration and severity. 
Neurophysiol Clin (2015) 126:2142–9. doi:10.1016/j.clinph.2014.12.024 

28. Daffner KR, Rentz DM, Scinto LF, Faust R, Budson AE, Holcomb  PJ. 
Pathophysiology underlying diminished attention to novel events in 
patients with early AD. Neurology (2001) 56(10):1377–83. doi:10.1212/
WNL.56.10.1377 

29. Daffner KR, Mesulam MM, Scinto LF, Acar D, Calvo V, Faust R, et al. The 
central role of the prefrontal cortex in directing attention to novel events. 
Brain (2000) 123(Pt 5):927–39. doi:10.1093/brain/123.5.927 

30. Knight RT. Decreased response to novel stimuli after prefrontal lesions 
in man. Electroencephalogr Clin Neurophysiol (1984) 59(1):9–20. 
doi:10.1016/0168-5597(84)90016-9 

31. Yamagata S, Yamaguchi S, Kobayashi S. Impaired novelty processing in 
apathy after subcortical stroke. Stroke (2004) 35(8):1935–40. doi:10.1161/01.
STR.0000135017.51144.c9 

32. 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) 12:189–98. doi:10.1016/0022-3956(75)90026-6 

33. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. 
Neurology (1967) 17(5):427–42. doi:10.1212/WNL.17.5.427 

34. Fahn S, Elton RL. Unified Parkinsons disease rating scale. In: Fahn S, 
Marsden  CD, Goldstein M, Calne DB, editors. Recent Developments in 
Parkinson’s Disease. Vol. 2, Florham Park, NJ: Macmillan Healthcare 
Information (1987). p. 153–63.

35. Polich J, Comerchero MD. P3a from visual stimuli: typicality, task, and topog-
raphy. Brain Topogr (2003) 15(3):141–52. doi:10.1023/A:1022637732495 

36. Kaufman DAS, Keith CM, Perlstein WM. Orbitofrontal Cortex and the Early 
Processing of Visual Novelty in Healthy Aging. Front. Aging Neurosci (2016) 
8:101. doi:10.3389/fnagi.2016.00101

37. Scherg M. Fundamentals of dipole source potential analysis. In: Grandori F, 
Hoke M, editors. Auditory Evoked Magnetic Fields and Electric Potentials. 
Advances in Audiology. Vol. 6, Basel: Karger (1990). p. 65–78.

38. Luck SJ. An Introduction to the Event-Related Potential Technique. Cambridge, 
MA: The MIT Press (2005).

39. Ratcliff R. Methods for dealing with reaction time outliers. Psychol Bull (1993) 
114(3):510–32. doi:10.1037/0033-2909.114.3.510 

40. Picton TW, Bentin S, Berg P, Donchin E, Hillyard SA, Johnson R Jr, et  al. 
Guidelines for using human event-related potentials to study cognition: 
recording standards and publication criteria. Psychophysiology (2000) 
37(2):127–52. doi:10.1111/1469-8986.3720127 

41. Chong H, Riis JL, McGinnis SM, Williams DM, Holcomb PJ, Daffner KR. 
To ignore or explore: top-down modulation of novelty processing. J Cogn 
Neurosci (2008) 20(1):120–34. doi:10.1162/jocn.2008.20003 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2016 Kaufman, Bowers, Okun, Van Patten and Perlstein. This is 
an open-access article distributed under the terms of the Creative Commons 
Attribution License (CC BY). The use, distribution or reproduction in other forums 
is permitted, provided the original author(s) or licensor are credited and that the 
original publication in this journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted which does not comply 
with these terms.

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive
http://dx.doi.org/10.1046/j.1468-1331.1998.550431.x
http://dx.doi.org/10.1006/brcg.1995.1258
http://dx.doi.org/10.3389/fnhum.2012.00351
http://dx.doi.org/10.1097/00001756-200101220-00039
http://dx.doi.org/10.1212/WNL.0b013e318224af8d
http://dx.doi.org/10.3233/JPD-140480
http://dx.doi.org/10.1159/000370110
http://dx.doi.org/10.1002/mds.10041
http://dx.doi.org/10.1176/jnp.4.2.134
http://dx.doi.org/10.1176/ajp.149.4.443
http://dx.doi.org/10.1016/S0006-3223(03)00530-4
http://dx.doi.org/10.1097/00146965-
200312000-00001
http://dx.doi.org/10.1017/S1355617711001068
http://dx.doi.org/10.1002/mds.23872
http://dx.doi.org/10.1136/jnnp.69.3.308
http://dx.doi.org/10.1176/jnp.3.3.243
http://dx.doi.org/10.1212/01.wnl.0000230572.07791.22
http://dx.doi.org/10.1136/jnnp.73.6.636
http://dx.doi.org/10.1155/2014/290513
http://dx.doi.org/10.1002/mds.25904
http://dx.doi.org/10.1016/S0149-7634(01)00019-7
http://dx.doi.org/10.1016/j.clinph.2007.04.019
http://dx.doi.org/10.1146/annurev.ph.25.030163.002553
http://dx.doi.org/10.1016/S0028-3932(99)00108-6
http://dx.doi.org/10.1007/PL00007725
http://dx.doi.org/10.1016/j.clinph.2014.12.024
http://dx.doi.org/10.1212/WNL.56.10.1377
http://dx.doi.org/10.1212/WNL.56.10.1377
http://dx.doi.org/10.1093/brain/123.5.927
http://dx.doi.org/10.1016/0168-5597(84)90016-9
http://dx.doi.org/10.1161/01.STR.0000135017.51144.c9
http://dx.doi.org/10.1161/01.STR.0000135017.51144.c9
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1212/WNL.17.5.427
http://dx.doi.org/10.1023/A:1022637732495
http://dx.doi.org/10.3389/fnagi.2016.00101
http://dx.doi.org/10.1037/0033-2909.114.3.510
http://dx.doi.org/10.1111/1469-8986.3720127
http://dx.doi.org/10.1162/jocn.2008.20003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Apathy, Novelty Processing, and the P3 Potential in Parkinson’s Disease
	Introduction
	Apathy in PD
	Novelty Processing in PD
	Overview of the Current Study

	Materials and Methods
	Participants
	Event-Related Potential Stimuli and Task
	Electrophysiological Data Recording, Reduction, and Measurement
	Data Analysis

	Results
	Oddball Task Performance
	Event-Related Potential Data
	P3 Amplitude and Latency
	P3 Difference Waves and Clinical Symptoms in PD


	Discussion
	Novelty and P3 Potentials
	Implications of Novelty Processing Deficits in PD
	Limitations

	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Funding
	Supplementary Material
	References


