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Parkinson’s disease is characterized by the degeneration of dopaminergic pathways projecting to the striatum. These pathways

are implicated in reward prediction. In this study, we investigated reward and punishment processing in young, never-medicated

Parkinson’s disease patients, recently medicated patients receiving the dopamine receptor agonists pramipexole and ropinirole

and healthy controls. The never-medicated patients were also re-evaluated after 12 weeks of treatment with dopamine agonists.

Reward and punishment processing was assessed by a feedback-based probabilistic classification task. Personality character-

istics were measured by the temperament and character inventory. Results revealed that never-medicated patients with

Parkinson’s disease showed selective deficits on reward processing and novelty seeking, which were remediated by dopamine

agonists. These medications disrupted punishment processing. In addition, dopamine agonists increased the correlation between

reward processing and novelty seeking, whereas these drugs decreased the correlation between punishment processing and

harm avoidance. Our finding that dopamine agonist administration in young patients with Parkinson’s disease resulted in

increased novelty seeking, enhanced reward processing, and decreased punishment processing may shed light on the cognitive

and personality bases of the impulse control disorders, which arise as side-effects of dopamine agonist therapy in some

Parkinson’s disease patients.
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Introduction
Converging evidence from animal neurophysiology, neurochemis-

try and cognitive neuroscience in humans suggests that the basal

ganglia and its dopaminergic projections from the midbrain are

important for learning to predict rewarding outcomes (Schultz,

2006; Balleine et al., 2007). This reward prediction signal is critical

in tasks during which responses to salient stimuli are modified by

feedback. Given the well-known loss of dopaminergic signals in

the basal ganglia in Parkinson’s disease, it is not surprising

that these patients show impairments on several tasks requiring

feedback-based learning (Packard and Knowlton, 2002; Shohamy

et al., 2008). However, this type of learning markedly depends on

medication status and task demands. Specifically, L-DOPA medica-

tion, which enhances global dopamine levels, impairs certain types

of feedback-based learning presumably because of the ‘over-

dosing’ of dopamine in brain areas less affected in Parkinson’s

disease (Cools et al., 2001, 2003; Shohamy et al., 2006). Kish

et al. (1988) postulated that in early Parkinson’s disease dopami-

nergic loss is more pronounced in the dorsal than in the ventral

striatum. Therefore, L-DOPA doses that restore dopamine levels in

the dorsal striatum may lead to dopamine ‘overdose’ in the less

affected ventral striatum. This imbalanced effect may improve

motor functions and cognitive flexibility, but, at the same time,

may induce impulsivity and decreased performance on some

tasks involving feedback-based learning (Cools et al., 2001,

2003; Shohamy et al., 2006).

The controversial effects of dopaminergic medications on

cognition was further investigated by Frank et al. (2004, 2007)

who demonstrated that Parkinson’s disease patients off L-DOPA

medication are better at learning from punishment (negative out-

come) than from reward (positive outcome) during stimulus–

response procedural learning tasks, and that medication reverses

this pattern, enhancing learning from punishment at the expense

of reward. Such a pattern had been suggested by computational

models based on recordings from dopaminergic neurons (Schultz

et al., 1997; Frank et al., 2004; Frank, 2005), which hypothesize

that phasic excitation and inhibition of these neurons drives learn-

ing from better or worse than expected outcomes, respectively.

Based on these models and on pharmacological studies in healthy

participants (Frank and O’Reilly, 2006), it is possible that by

enhancing dopaminergic action, L-DOPA facilitates learning from

positive feedback (reward), but impairs learning from negative

feedback (punishment). Cools et al. (2006) further confirmed

this hypothesis using a feedback-based reversal learning task. In

the study of Cools et al. (2006), a medication-induced deficit

in reversal learning signalled by unexpected punishment was

particularly pronounced in patients who received the dopamine

D3 receptor agonist pramipexole.

Beyond laboratory tasks of cognition, dopamine and sensitivity

to reward play a crucial role in more complex behavioural phe-

nomena, such as human personality. The most widely investigated

dopamine-related personality trait is novelty seeking, including

exploratory excitability, impulsiveness, extravagance and disorder-

liness, as measured by the temperament and character inventory

(TCI) (Cloninger, 1994). Anecdotal reports indicate rigid, punctual

and introverted personality in Parkinson’s disease, but results from

controlled studies failed to provide equivocal evidence (Menza,

2000; Jacobs et al., 2001; Tomer and Aharon-Peretz, 2004).

In accordance with decreased dopaminergic transmission, some

reports suggest decreased novelty seeking in Parkinson’s disease

(Menza, 2000), but others also demonstrated increased scores in

Parkinson’s disease on another TCI dimension, harm avoidance

(anticipatory worry, fear of uncertainty, shyness and fatigability),

which may be related to depression (Jacobs et al., 2001).

An important problem in the literature of both laboratory

cognition and personality measurement is that the vast majority

of studies include chronic elderly patients with Parkinson’s disease

receiving multiple medications who display an advanced stage of

the illness, severely affected cognition and mood disorders.

Longitudinal follow-up studies are virtually missing from the litera-

ture. Finally, the relationship between feedback-based cognitive

tasks and complex personality traits is not known. The general

aim of this study was to clarify these issues. We were particularly

interested in young patients with Parkinson’s disease. Young-onset

Parkinson’s disease is associated with slower progression of motor

symptoms, longer disease course with spared cognitive function,

but an earlier appearance of motor fluctuations, dyskinesias and

psychiatric symptoms (Schrag and Schott, 2006). The pathology is

more circumscribed than in late-onset Parkinson’s disease, but

in some cases cell loss in the substantia nigra can be more

pronounced (Gibb and Lees, 1988).

First, we recruited young, never-medicated patients with

Parkinson’s disease and a matched sample of Parkinson’s disease

patients who were on dopamine agonist therapy (cross-sectional

part of the study) and did not receive any other drugs (e.g.

L-DOPA, antidepressants). Second, we followed-up the never-

medicated sample after the initiation of dopamine agonist thera-

pies pramipexole or ropinirole (longitudinal, within-subject part of

the study). We used a feedback-based probabilistic classification

learning task developed by Myers, Daw and colleagues at Rutgers

University, Newark (Bolikal et al., 2007) that enabled us to inves-

tigate stimulus-response learning guided by positive and negative

feedback (winning and losing virtual money) (Fig. 1, Table 1).

Results from this feedback-based task were compared with per-

sonality traits as measured by the TCI. Our key hypotheses were

as follows: (i) Never-medicated patients with Parkinson’s disease

should show decreased novelty seeking, decreased sensitivity to

reward and enhanced punishment learning on the feedback-

based task; (ii) Parkinson’s disease patients receiving dopamine

agonist therapy should show increased sensitivity to reward and

increased novelty seeking in both cross sectional and longitudinal

designs; and (iii) novelty seeking should correlate with sensitivity

to positive feedback and harm avoidance should correlate with

negative feedback.

Methods

Participants
Participants were patients with idiopathic Parkinson’s disease who had

never received dopaminergic medications or who had recently begun

medication with dopamine receptor agonists. These patients were
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compared with healthy volunteers without a history of neurological or

psychiatric disorders. The clinical and demographic data are shown in

Table 2. The mean dose of pramipexole (n = 12) was 4.5 mg/day

(range 2.5–6.0 mg/day), the mean dose of ropinirole (n = 10)

was 5.5 mg/day (range 2.0–7.0 mg/day). After baseline testing,

never-medicated Parkinson’s disease patients started dopamine agonist

therapy and were followed-up for 12 weeks (pramipexole n = 14, mean

dose at follow-up: 4.0 mg/day, range 2.0–6.0 mg/day; ropinirole

n = 12, mean dose at follow-up: 5.5 mg/day, range 2.0–7.5 mg/day).

After this period, participants were re-evaluated.

The symptoms of Parkinson’s disease were evaluated by the Hoehn–

Yahr Scale (Hoehn and Yahr, 1967) and the Unified Parkinson’s

Disease Rating Scale (UPDRS) (Lang and Fahn, 1989). The Hamilton

Depression Rating Scale (HAM-D) and the Hamilton Anxiety Rating

Scale (HAM-A) were used to evaluate mood and anxiety symptoms,

respectively (Mountjoy and Roth, 1982). The socio-economic status

was evaluated by the Hollingshead Four-Factor Index (Cirino et al.,

2002). General intellectual abilities were determined using the revised

version of the Wechsler Adult Intelligence Scale (WAIS-R) (Wechsler,

1981). All scales were administered by trained experts who were blind

to personality measures, test performances and medication status.

All participants gave written informed consent and the study was

approved by the institutional ethics board.

Feedback-based probabilistic
classification task
All participants were administered a computer-based probabilistic

classification task (Bolikal et al., 2007). On each trial, participants

viewed one of four images (Fig. 1), and were asked to guess whether

it belonged to Category A or B. For each participant, the four images

were randomly assigned to be stimuli S1, S2, S3 and S4. A second set

of similar images (S5–S8) were used for repeated testing (test–retest

reliability based on the repeated testing of controls: r = 0.76). On any

given trial, stimuli S1 and S3 belonged to Category A with 80% prob-

ability and to Category B with 20% probability, while stimuli S2

and S4 belonged to Category B with 80% probability and to

Category A with 20% probability (Table 1). Stimuli S1 and S2 were

used in the reward-learning task. Two stimuli per valence were

employed in order to balance category outcome frequencies, so that

one stimulus in each task would be associated with each outcome.

Thus, if the participant correctly guessed category membership on a

trial with either of these stimuli, a reward of +25 points was received;

if the participant guessed incorrectly, no feedback appeared. Stimuli

S3 and S4 were used in the punishment-learning task. Thus, if the

participant guessed incorrectly on a trial with either of these stimuli,

a punishment of –25 was received; correct guesses received no

feedback.

The experiment was conducted on a Macintosh i-book,

programmed in the SuperCard language. The participant was seated

in a quiet testing room at a comfortable viewing distance from the

screen. The keyboard was masked except for two keys, labelled ‘A’

and ‘B’ which the participant could use to enter responses. At the start

of the experiment, the participant read the following instructions: ‘In

this experiment, you will be shown pictures, and you will guess

whether those pictures belong to Category A or Category B. A picture

does not always belong to the same category each time you see it.

If you guess correctly, you may win points. If you guess wrong, you

may lose points. You will see a running total of your points as you

play. We will start you off with a few points now. Press the mouse

button to begin practice’.

The practice phase then walked the participant through an example

of a correct and an incorrect response to a sample trial in the

punishment-learning task and an example of a correct and incorrect

Figure 1 The feedback-based probabilistic classification task. (A) On each trial, the participant saw one of four stimuli and was asked

whether this stimulus belonged to category A or B. (B) For some stimuli, correct responses were rewarded with visual feedback and

25 points winnings, whereas for others, incorrect responses were punished with visual feedback and the loss of 25 points.

Table 1 Category and feedback structure of the
probabilistic classification task

Stimulus Probability
Class A (%)

Probability
Class B (%)

Feedback

S1 80 20 If correct: +25

S2 20 80 If incorrect: ø

S3 80 20 If correct: ø

S4 20 80 If incorrect: –25
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response to a sample trial in the reward-learning task. These examples

used images other than those assigned to S1–S4. The participant saw

a practice image, with a prompt to choose Category A or B, and

a running tally of points at the lower right corner of the screen. The

tally is initialized to 500 points at the start of practice. The participant

was first instructed to press the ‘A’ key, which resulted in a punish-

ment of –25 and updated point tally and then the ‘B’ key, which

resulted in no feedback. The participant then saw a second

practice figure and was instructed first to press the ‘B’ key which

resulted in a reward of +25 and updated point tally and then the

‘A’ key, which resulted in no feedback.

After these two practice trials, a summary of instructions appeared:

‘So . . . for some pictures, if you guess CORRECTLY, you WIN points

(but, if you guess incorrectly, you win nothing). For other pictures,

if you guess INCORRECTLY, you LOSE points (but, if you guess

correctly, you lose nothing). Your job is to win all the points you

can – and lose as few as you can. Remember that the same picture

does not always belong to the same category. Press the mouse button

to begin the experiment’. From here, the experiment began. In each

trial, the participant saw one of the four stimuli (S1, S2, S3 and S4)

and was prompted to guess whether it was an ‘A’ or a ‘B’. On trials in

the reward-learning task (with stimuli S1 or S2), correct answers were

rewarded with positive feedback and a gain of 25 points; incorrect

answers received no feedback. On trials in the punishment-learning

task (with Stimuli S3 or S4), incorrect answers were punished with

negative feedback and a loss of 25 points; correct answers received

no feedback. The task contained 160 trials. Within a block, trial order

was randomized. Trials were separated by a 2 s interval, during which

time the screen was blank. Within each block, each stimulus appeared

10 times, 8 times with the more common outcome (e.g. category ‘A’

for S1 and S3 and ‘B’ for S2 and S4) and 2 times with the less

common outcome. Thus, training on the reward-learning task

(S1 and S2) and punishment-learning task (S3 and S4) were inter-

mixed. The no-feedback outcome, when it arrived, was ambiguous,

as it could signal lack of reward (if received during a trial with S1 or

S2) or lack of punishment (if received during a trial with S3 or S4). At

the end of the 160 trials, if the participant’s running tally of points

was 5525 (i.e. no more than the points awarded at the start of the

experiment), additional trials were added on which the participant’s

response was always taken as correct, until the tally was at least 525.

This was done in an attempt to minimize frustration in participants by

ensuring that all participants terminated the experiment with more

points than they had started with. Data from any such additional

trials were not analysed. On each trial, the computer recorded

whether the participant made the optimal response (i.e. Category A

for S1 and S3 and Category B for S2 and S4) regardless of actual

outcome.

Personality measures
Following the probabilistic classification task, all participants were

administered the Hungarian version of the TCI questionnaire, which

has a good test–retest reliability (Rózsa et al. 2005). The TCI is suitable

for the assessment of temperament and character traits. In this study,

we focused on the temperament traits of novelty seeking (exploratory

excitability, impulsiveness, extravagance and disorderliness), harm

avoidance (anticipatory worry, fear of uncertainty, shyness and fatig-

ability), reward dependence (sentimentality, openness to warm

communication, attachment and dependence) and persistence (eager-

ness of effort, work–hardened, ambitious and perfectionist) (Cloninger,

1994). Thus, in addition to the main focus on novelty seeking and

harm avoidance, data were also collected on reward dependence and

persistence in order to test the specificity of possible alterations in

personality traits.

Data analysis
The normality of data distribution was checked using Kolmogorov–

Smirnov tests. All data were normally distributed (P40.1). Analyses

of variance (ANOVAs) using the general linear model panel of the

STATISTICA 7.0 software (StatSoft, Inc., Tulsa) were used to compare

controls, never-medicated and recently medicated Parkinson’s disease

patients, and to compare the performance of patients at baseline (no

medication) and at follow-up (dopamine agonists). ANOVAs were

followed by planned F-tests and Tukey Honestly Significant

Difference (HSD) tests. Two-tailed t-tests were used for the analysis

of demographic data and personality measures. Pearson’s product–

moment correlation coefficients were calculated between test perfor-

mance and personality measures. The Williams test was used to

compare the correlation coefficients. The level of significance was set

at a50.05.

Results

Differences between never-medicated
and recently medicated Parkinson’s
disease patients in sensitivity to
positive and negative feedback
The results from the feedback-based task are shown in Fig. 2. The

ANOVA, in which group (controls, never-medicated and recently

medicated Parkinson’s disease patients) was the between-subject

factor and feedback-type (positive and negative) and trial blocks

were the within-subject factors, revealed significant main effects

of group [F(2,65) = 10.76, P50.001] and trial blocks

Figure 2 Results from the feedback-based probabilistic

classification task. The never-medicated Parkinson’s patients

(nm PD) outperformed the recently medicated patients (m PD)

in the punishment condition, whereas the recently medicated

patients outperformed the never-medicated patients in the

reward condition (P50.001). Data are mean, error bars

indicate standard errors.
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[F(3,195) = 91.40, P50.001]. The two-way interaction between

group and feedback-type was significant [F(2,65) = 210.11,

P50.001], as was the three-way interaction among group, feed-

back-type and trial blocks [F(6,195) = 22.84, P50.001]. The main

effect of feedback-type [F(1,65) = 0.45, P = 0.5], the interaction

between feedback-type and trial blocks [F(3,195) = 2.06, P = 0.1],

and the interaction between group by trial blocks [F(6,195) = 1.82,

P = 0.1] did not reach the level of significance.

This three-way interaction was further investigated by F-tests

for linear trend. First, the controls were compared with

the never-medicated Parkinson’s disease patients. This analysis

revealed a significant interaction among group, feedback-type

and trial blocks [F(1,65) = 10.53, P50.001]. Second, the controls

were compared with the recently medicated Parkinson’s disease

patients. This analysis also revealed a three-way interaction

[F(1,65) = 34.14, P50.001]. Finally, a similar interaction was

observed when the never-medicated and the recently medicated

patients were compared [F(1,65) = 91.45, P50.001].

Tukey HSD tests conducted on the group-by-feedback-type

interactions revealed that the never-medicated Parkinson’s disease

patients displayed significantly impaired performance on reward

learning as compared with the controls (P50.001), whereas the

opposite effect was found for punishment learning: the patients

out-performed the controls (P50.01) (Fig. 2). When the recently

medicated Parkinson’s disease patients were compared with the

controls, there was no significant difference for reward learning

(P = 0.19), but the patients displayed significantly impaired perfor-

mance on punishment learning (P50.001) (Fig. 2). Finally, when

the recently medicated and the never-medicated Parkinson’s

disease patients were compared, we found that the recently

medicated group out-performed the never-medicated group in

the reward condition (P50.001), whereas the opposite was

found in the punishment condition (P50.001) (Fig. 2).

These differences were not due to confounding variables

such as age, education, IQ, or socio-economic status, because

the patient groups and controls were similar in these measures.

In addition, the above-described analyses remained the same

when the time since diagnosis and UPDRS scores were included

as covariants (time since diagnosis was significantly different

between never-medicated and recently medicated patients,

whereas UPDRS scores were not) (Table 2).

Personality measures in
never-medicated and recently
medicated Parkinson’s disease patients
Data from the TCI are shown in Table 2. One-way ANOVAs

indicated a significant main effect of group only in the case of

novelty seeking [F(2,65) = 13.72, P50.0001]. The never-

medicated Parkinson’s disease patients exhibited significantly

lower novelty-seeking scores compared with controls

[t(44) = 3.34, P50.005] and with recently medicated patients

[t(46) = –4.66, P50.0001]. In addition, the recently medicated

patients exhibited significantly higher novelty-seeking scores

compared with the controls [t(40) = –2.34, P50.05].

Correlation between performance
on the feedback-based task and
personality measures
In the healthy control group, there was a significant positive rela-

tionship between the percent of optimal choices on the feedback-

based task for positive feedback (reward) and novelty-seeking

scores (r = 0.49, P50.05). A similar tendency was observed in

never-medicated Parkinson’s disease patients, but this did not

reach the level of statistical significance (r = 0.31, P40.1).

Finally, we observed the strongest positive correlation in recently

medicated Parkinson’s disease patients (r = 0.75, P50.001)

(Fig. 3). The correlation coefficients from the never-medicated

and the recently medicated group showed a significant difference

(Williams test, P50.05).

In the healthy control group, we also observed a significant

positive correlation between the percent of optimal choices on the

feedback-based task for negative feedback (punishment) and harm

avoidance scores (r = 0.67, P50.01), which also was present in

never-medicated Parkinson’s disease patients (r = 0.40, P50.05)

but not in recently medicated patients (r = 0.11, P40.1) (Fig. 4).

The correlation coefficients from the controls and the recently medi-

cated group showed a significant difference (Williams test,

P50.05).

When the correlation analysis was corrected for multiple com-

parisons (Bonferroni, alpha adjusted to 0.002), only the correlation

between novelty seeking and reward learning in the recently

medicated Parkinson’s disease group, and the correlation between

Table 2 Clinical and demographic characteristics of the
participants

Controls Never-
medicated
Parkinson’s
disease

Recently
medicated
Parkinson’s
disease

Number of participants
(male/female)

20 (15/5) 26 (18/8) 22 (17/5)

Age (years) 45.3 (8.5) 44.8 (5.2) 45.3 (8.2)

Education (years) 13.7 (4.8) 13.3 (5.4) 14.4 (6.2)

Months since diagnosis* – 3.2 (2.0) 8.8 (3.5)

Full-scale IQ (WAIS-R) 108.3 (10.0) 109.6 (11.7) 108.0 (13.9)

Socio-economic status
(Hollingshead)

34.6 (13.0) 35.6 (14.7) 33.9 (16.8)

Novelty seeking* 20.8 (3.2) 17.0 (4.2) 25.0 (7.4)

Harm avoidance 15.8 (4.0) 15.5 (3.1) 15.5 (3.3)

Reward dependence 16.1 (4.4) 17.3 (4.2) 17.4 (4.1)

Persistence 4.2 (0.8) 4.0 (1.0) 4.1 (1.1)

No. of patients in
Hoehn–Yahr Stage

– 1.0:4 1.0:2

1.5:2 1.5:2

2:18 2:15

2.5:1 2.5:2

3:1 3:1

UPDRS – 30.8 (6.4) 27.5 (6.1)

HAM-D – 4.2 (1.4) 4.6 (2.0)

HAM-A – 3.1 (1.8) 3.3 (1.5)

Data are mean (standard deviation).
*Significant difference across group, P50.05 (for details, see text)
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harm avoidance and punishment learning in the controls reached

the level of significance.

Longitudinal result from the
feedback-based task: retesting the
never-medicated Parkinson’s disease
patients after the initialization of
dopamine agonist therapy
At the follow-up phase, the mean UPDRS score was 26.4

(SD = 6.4), which was significantly lower than the score at baseline

testing [mean 30.8, SD = 6.4, t(48) = 2.43, P50.05]. The HAM-D

(mean at follow-up 4.1, SD = 2.1) and HAM-A (mean at follow-up

3.2, SD = 1.8) scores did not change relative to the baseline.

The longitudinal results from the feedback-based task are shown

in Fig. 5. We tested how medication affected feedback-based

task performance in patients with Parkinson’s disease using an

ANOVA in which group (controls versus Parkinson’s disease)

was the between-subject factor and testing time (baseline versus

follow-up), feedback-type (positive versus negative) and trial

blocks were the within-subject factors. This analysis revealed

significant main effects of group [F(1,44) = 13.47, P50.01] and

trial blocks [F(3,132) = 58.08, P50.001]. The main effects of

testing time [F(1,44) = 2.04, P = 0.2] and feedback-type

[F(1,44) = 0.98, P = 0.3] were not significant. There were significant

two-way interactions between group and testing time

[F(1,44) = 15.42, P50.001], group and feedback-type [F(1,44) =

4.46, P50.05], group and trial blocks [F(3,132) = 2.75, P = 0.05]

and testing time and feedback-type [F(1,44) = 149.18, P50.001].

The two-way interactions between testing time and trial blocks

[F(3,132) = 0.41, P = 0.7] and feedback and trial blocks

[F(3,132) =1.52, P = 0.2] were not significant. The three-way inter-

actions among group, testing time and feedback-type [F(1,44) =

148.62, P50.001] and group, testing type and trial blocks

[F(3,132) = 3.77, P50.05] were significant, whereas the interaction

among group, testing time and trial blocks [F(3,132) = 1.24, P = 0.3]

was not significant. Finally, the four-way interaction among group,

testing time, feedback-type and trial blocks was significant

[F(3,132) = 14.21, P50.001]. The four-way interaction was exam-

ined by an F-test for linear trend, which confirmed the interaction

[F(1,44) = 29.08, P50.001].

Figure 3 Correlations between novelty seeking and reward learning in controls (black), never-medicated Parkinson’s patients (blue)

and recently medicated patients (red).
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These complex results were further analysed using Tukey HSD

tests, which were conducted on the critical group by testing time

by feedback-type interaction. As an important control condition,

these tests indicated that the performance of the controls was

similar at baseline and follow-up for both reward and punishment

(P40.5). Critically, in patients with Parkinson’s disease, there were

significant differences between the baseline and follow-up results:

dopaminergic medications robustly improved reward-learning

(P50.001) and disrupted punishment-learning (P50.001)

(Fig. 5). At the follow-up assessment, the Parkinson’s disease

patients did not differ from controls on reward learning

(P = 0.12), whereas they performed less effectively than controls

on punishment-learning (P50.001).

Longitudinal data from personality
measures
Dopaminergic medications significantly increased novelty seeking

[mean at follow-up 20.3, SD = 6.2, t(48) = –2.26, P50.05],

whereas harm avoidance (mean at follow-up 14.9, SD = 3.2) and

reward dependence (mean at follow-up 16.0, SD = 4.2) did not

change significantly (P40.1). This was not accompanied by clinical

changes in mood and anxiety, because HAM-D and HAM-A scores

were similar at the baseline and at the follow-up assessment.

Effect of different dopamine agonists,
illness duration and symptoms
Data from the feedback-based task and TCI did not differ between

patients receiving pramipexole and ropinirole (F52, P40.1). There

were no significant correlations between the primary measures

(performance on the feedback-based task and TCI scores), illness

duration and UPDRS/HAM-A/HAM-D scores (all P40.1).

Discussion

The effect of dopamine agonists on
reward and punishment processing
The data from the present study are consistent with the findings

originally reported by Frank et al. (2004) and replicated using

Figure 4 Correlations between harm avoidance and punishment learning in controls (black), never-medicated Parkinson’s patients

(blue) and recently medicated patients (red).
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different tasks (Cools et al., 2006; Frank et al., 2007; Moustafa

et al., 2008). These results are extended and confirmed in young

patients both cross-sectionally and longitudinally as a function of

dopamine D2/3 receptor agonist medication only. We demon-

strated that young, never-medicated patients with Parkinson’s

disease exhibit markedly reduced novelty seeking and reward

processing, which are related to each other. Dopamine agonist

pramipexole and ropinirole increased both novelty seeking and

reward processing, as indicated by the data from the cross-

sectional comparison of medicated and non-medicated patients

and by the follow-up assessment of patients who received dopa-

minergic medications for the very first time in their life. In addi-

tion, dopamine agonists increased the correlation between reward

processing and novelty seeking, whereas these drugs decreased

the correlation between punishment processing and harm avoid-

ance. Additionally, although punishment learning and harm avoid-

ance were coupled in controls, dopamine agonists disrupted

punishment learning without similarly affecting harm avoidance.

This suggests that punishment learning and personality measures

of harm avoidance are not as closely related as reward learning

and novelty seeking in relation to dopaminergic changes. A

possible explanation is that serotonin may also play an important

role in these functions (Daw et al., 2002; Cools et al., 2008). Such

a serotonergic mechanism could be modulated only indirectly by

dopamine agonists, such as via opponency between the neuro-

modulators (Daw et al., 2002). Accordingly, the differential

effect of medication on punishment learning and harm avoidance

may reflect a more complex mechanism of dopaminergic action on

either of these measures.

In summary, dopaminergic medications improved reward

processing in the feedback-based task, whereas punishment

learning was less efficient in medicated than in non-medicated

states, which is consistent with the assumptions of Frank (2005).

However, Frank et al. (2004) found cognitive enhancement but

not impairment in Parkinson’s disease patients receiving L-DOPA

medications in comparison with controls. The current data show

definitive impairment but not enhancement on the learning task

relative to controls. This discrepancy may be explained by the

different characteristics of participants (elderly versus young),

stage of disease, medications (patients on and off L-DOPA

versus dopamine agonists; chronically medicated versus never-

medicated and recently medicated) and task differences. It is

also worthy to note that our data are highly similar to the predic-

tions of the neural network model of Frank et al. (2004), which

indicated impaired reward learning in simulated Parkinson’s

disease and impaired punishment learning but less dominantly

improved reward learning in simulated dopamine medications

relative to an ‘intact’ condition.

In contrast to the task of Frank et al. (2004, 2007) and Cools

et al. (2006), the feedback-based probabilistic classification test of

this study is simple and allows a more direct assessment of reward

and punishment processing; that is, we were able to depict

a learning curve displaying performance changes across trials.

The learning curves demonstrated a linear increment of perfor-

mance in controls, which was less pronounced in Parkinson’s

disease (for reward learning in the unmedicated and for punish-

ment learning in the medicated condition). In the task of Frank

et al. (2004, 2007), reward/punishment learning was inferred

from a transfer phase, in which further learning could occur. In

addition, there could be context effects in both the acquisition and

transfer phases of the Frank et al. (2004, 2007) task, because

participants always learned to choose a stimulus in the context

of another stimulus (i.e. they choose one of two stimuli). In

other words, it is possible that, for example, when participants

select one stimulus and receive positive feedback, they con-

currently learn that the other stimulus they have not chosen is

not rewarding. The same logic applies to learning from negative

feedback: participants might learn that the other stimulus they

have not chosen is rewarding. This might confound the claim

that subjects learn to select or avoid stimuli based solely on

positive or negative feedback. This, however, is not a concern in

our task because subjects are presented with one stimulus on

each trial.

Striatal dopamine and reward
processing
Dopaminergic transmission in the striatum and its cortical

projections play an important role in personality traits such as

novelty seeking (Wittmann et al., 2008; Cohen et al., 2009),

reward processing (Montague et al., 2006; Schultz, 2006;

Balleine et al., 2007) and incentive motivation (Schmidt et al.,

2008), which are affected in Parkinson’s disease. The relationship

between reward and novelty is not surprising, given that even

early data from animal studies indicated that midbrain dopaminer-

gic neurons respond to both reward and novel cues (Ljungberg

et al., 1992). Functional imaging studies demonstrated that

Figure 5 Results from the feedback-based probabilistic

classification task at baseline and at follow-up when

Parkinson’s patients (PD) received pramipexole and ropinirole.

In reward learning, performance in the unmedicated baseline

condition (base) was signifcantly worse than in the medicated

follow-up condition (follow), whereas in punishment learning,

performance in the unmedicated condition was significantly

better than in the medicated condition (P50.001). Data are

mean, error bars indicate standard errors.
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patients with Parkinson’s disease activate a compensatory cortical

network during reward processing, which is significantly different

from that of controls (Künig et al., 2000; Goerendt et al., 2004;

Keitz et al., 2008; Rowe et al., 2008). Leyton et al. (2002)

demonstrated that increased extracellular dopamine in the ventral

striatum is related to interest in obtaining rewards and novelty

seeking. Novelty seeking is also associated with increased vulner-

ability to sensitization to psychostimulants eliciting dopamine

release in the ventral striatum (Boileau et al., 2006). During instru-

mental learning, functional magnetic resonance imaging correlates

of reward prediction error in the striatum are modulated by the

administration of drugs enhancing (L-DOPA) or reducing (haloper-

idol) dopaminergic function (Pessiglione et al., 2006). Participants

receiving L-DOPA are likely to choose the most rewarding action,

as compared with people treated with the dopamine antagonist

haloperidol (Pessiglione et al., 2006). Others suggested that

dopaminergic mechanisms outside the basal ganglia may be impli-

cated in novelty and reward, for instance, in the insula, which

participates in emotional processing (Suhara et al., 2001), and

the striatum may also be implicated in aversive learning and

negative prediction errors (Seymour et al., 2004; for review, see

Delgado et al., 2008). Nevertheless, predominant stimulation of

the dopamine D3 receptors, which can be found in a high density

in the ventral striatum (Sokoloff et al., 1990), may increase reward

processing. Both pramipexole and ropinirole exhibit a high affinity

to D3 receptors (Gerlach et al., 2003), which may explain why

these medications increased reward learning in the feedback-

based task.

Personality and Parkinson’s disease
Personality measures in Parkinson’s disease provided mixed results

(Ishihara and Brayne, 2006). As reviewed by Menza (2000),

several decades of research indicated that Parkinson’s disease is

associated with industriousness, punctuality, inflexibility, cautious-

ness and lack of novelty seeking, which might be seen in the

premorbid phase and which persists after the onset of the motor

illness. The most plausible explanation may be that decreased

dopaminergic transmission results in low novelty seeking in

Parkinson’s disease. However, in a positron emission tomography

study, Kaasinen et al. (2001) found that novelty seeking was not

associated with (18)F-dopa uptake in any of the brain regions

studied in patients with Parkinson’s disease. In contrast, harm

avoidance, associated with anxiety and depression, was not only

increased in Parkinson’s disease patients, but showed a paradoxical

positive correlation with the (18)F-dopa uptake in the right cau-

date nucleus. Tomer and Aharon-Peretz (2004) suggested that

patients with greater dopamine loss in the left hemisphere

showed reduced novelty seeking, whereas patients with reduced

dopamine in the right hemisphere reported higher harm avoidance

compared with healthy controls. Kaasinen et al. (2004) found that

decreased novelty seeking in Parkinson’s disease patients may be

related to altered dopaminergic transmission in the insula.

Our data from never-medicated, young, non-depressed patients

clearly show that decreased novelty seeking and reward proces-

sing are early signs of Parkinson’s disease. Our sample was not

large enough to test differences between patients with right- and

left-sided motor symptoms, but many of our patients (n = 20)

displayed right-sided symptoms (left-hemisphere dopamine

deficiency), which is consistent with the results of Tomer and

Aharon-Peretz (2004).

Limitations and further directions
The most important limitation of the study is the small sample size,

especially with regards to the personality measures and correlation

analysis. However, young and never-medicated patients with

Parkinson’s disease are relatively rare and difficult to recruit for

longitudinal studies. Although this study was not a randomized

controlled trial to compare different types of dopamine agonists,

patients receiving pramipexole and ropinirole were highly similar

regarding demographical, clinical, personality and test characteris-

tics, probably due to the homogeneous sample selected for the

study.

We speculate that the marked and selective deficit of novelty

seeking and reward processing, and its robust response to

dopaminergic medications (increased novelty seeking/reward

processing and decreased punishment processing), may be a char-

acteristic feature of some early-onset Parkinson’s disease patients

and may represent a susceptibility factor to dopamine dysregula-

tion syndrome and impulse control disorders, including compulsive

dopaminergic drug use, pathological gambling, binge eating,

hyperlibidinous behaviour, compulsive shopping and punding

(Ferrara and Stacy, 2008; Wolters et al., 2008). Pathological

gambling, for example, can be conceptualized as a form of exces-

sive ‘exploitation’ of available rewards (Daw et al., 2006); such

intensified focus on reward may also be coupled to an increased

drive to seek and explore novel or salient stimuli, which

dopaminergic and striatal mechanisms appear to treat similarly to

rewards (Wittmann et al. 2008). Evans et al. (2005) demonstrated

that age at onset and novelty-seeking personality traits are the

two strongest predictors to dopamine dysregulation syndrome.

Ondo and Lai (2008) arrived at a similar conclusion. It has been

suggested that the D3 agonist pramipexole may have a special

potency to elicit pathological gambling (Dodd et al., 2005).

Patients with Parkinson’s disease are characterized by risky choices

in experimental games, paradoxically when cognitive functions are

better in the early stage of the disease (Perretta et al., 2005;

Pagonabarraga et al., 2007). In our sample, no patients presented

clinically impulsive behaviour, which, however, does not exclude

the possibility that increased novelty seeking and reward proces-

sing may be a progenitor or a latent marker for impulse controls

symptoms. To further investigate this hypothesis, a more extended

follow-up of larger samples is warranted in order to examine the

relationship among task performance, personality measures and

impulse control disorders.
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