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It has been postulated that impulsive-compulsive spectrum behaviors (ICBs) in Parkinson’s disease (PD) reflect overvaluation of rewards,

resulting from excessive dopaminergic transmission in the ventral striatum. However, as the ventral striatum is also strongly implicated in

delay discounting, an alternative explanation would be that, similar to stimulant-dependent individuals, PD patients with ICBs impulsively

discount future rewards. To test these hypotheses, we investigated whether 36 medicated PD patients with and without ICBs differed

from controls on measures of stimulus-reinforcement learning and delay discounting. There was a clear double dissociation between

reward learning and impulsivity in PD patients with and without ICBs. Although PD patients without ICBs were impaired at learning

stimulus–reward associations for high-probability stimuli, PD patients with ICBs were able to learn such associations equally as well as

controls. By contrast, PD patients with ICBs showed highly elevated delay discounting, whereas PD patients without ICBs did not differ

from controls on this measure. These results contradict the hypothesis that ICBs in PD result from overvaluation of rewards. Instead, our

data are more consistent with a model in which excessive dopaminergic transmission induces a strong preference for immediate over

future rewards, driving maladaptive behavior in PD patients with ICBs.
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INTRODUCTION

The pathological hallmark of Parkinson’s disease (PD) is a
regionally specific loss of dopaminergic neurons in the
substantia nigra pars compacta (SNpc) (Lees et al, 2009).
The most severe loss of dopaminergic neurons in PD occurs
in the ventrolateral and caudal portions of the SNpc,
diminishing dopaminergic projections to the dorsal stria-
tum (Bernheimer et al, 1973; Fearnley and Lees, 1991).
Dopamine replacement therapy (DRT), which is used to
treat PD, is hypothesized to have an overdosing effect in the
relatively intact ventral striatum, leading to cognitive
impairment in some domains (Cools, 2006).
In recent years, there has been increased awareness

of impulsive-compulsive spectrum behaviors (ICBs) in PD,
which are reward or incentive based, repetitive in nature,

and have been linked to DRT (Gallagher et al, 2007;
Ondo and Lai, 2008; Tippmann-Peikert et al, 2007). ICBs
occur in a minority of PD patients administered DRT, but
can nonetheless be extremely disabling and have a profound
effect on patients’ everyday function (Potenza et al, 2007).
They include motor stereotypies, such as punding (repeti-
tive, stereotypical, and mindless behavior, eg, collecting,
arranging, or dismantling), appetitive behaviors, such as
hypersexuality, pathological gambling (PG), compulsive
shopping, and binge eating, (Voon and Fox, 2007), as well
as the compulsive use of excessive DRT, termed ‘Dopamine
Dysregulation Syndrome’ (DDS: Lawrence et al, 2003).
Patients with DDS show greatly enhanced drug-induced
release of dopamine in the ventral striatum (Evans et al,
2006), a finding also seen in PD patients with PG during
decision making (Steeves et al, 2009). However, the
cognitive mechanisms underpinning ICBs remain poorly
understood.
One possible mechanism contributing to the development

of ICBs might be an alteration in the processing of
stimuli associated with reward (conditioned stimuli: CS + ).
Dopamine release in the ventral striatum is believed to
mediate the ‘incentive salience’ of CS + , corresponding to
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their motivational value (Berridge and Robinson, 1998).
In support of this hypothesis, CS + elicit phasic dopamine
firing in the midbrain when presented alone (Schultz et al,
1997), and the ability of a CS + to invigorate responding
(known as Pavlovian to instrumental transfer: PIT) seems to
be modulated by ventral striatal dopamine (Wyvell and
Berridge, 2000). Moreover, the administration of amphet-
amine and haloperidol, which are drugs that boost and
block the effects of dopamine respectively, alters reward
processing in humans (Knutson et al, 2004; Pessiglione
et al, 2006). Therefore, it has been suggested that ICBs in PD
may be related to an increase in the subjective estimation of
the motivational value of stimuli, caused by excessive
dopamine release in the ventral striatum (Steeves et al,
2009; van Eimeren and Siebner, 2006).
However, other cognitive mechanisms may contribute to

the development of ICBs. A strong candidate is delay
discounting, ie, the tendency to prefer sooner, smaller
rewards over those that are larger but temporally more
distant. Similar to incentive salience, delay discounting
seems to be critically dependent on ventral striatal function
(Cardinal et al, 2004; Pine et al, 2009). Delay discounting is
reliably increased in other impulse-control disorders, such
as substance abuse (Petry, 2002), and is affected both by
acute administration of dopaminergic agents (Cardinal
et al, 2000; Wade et al, 2000) and variation in the
catechol-O-methyltransferase gene (Boettiger et al, 2007).
In support of this hypothesis, a recent study provided
evidence of elevated discounting over short delays in PD
patients with ICBs, but not those without ICBs, while taking
DRT (Voon et al, 2010).
Understanding the mechanisms underpinning ICBs could

potentially be important in predicting which patients might
be vulnerable to developing them, or in developing new
therapeutic strategies targeting them. Therefore, we inves-
tigated whether ICBs in patients with PD were associated
with increased valuation of stimuli associated with reward,
decreased tolerance to delay for rewards, or both. We used a
reinforcement-learning paradigm, the salience attribution
test (SAT) (Roiser et al, 2009), to index value learning, and
the Kirby delayed discounting questionnaire to measure
tolerance to delay (Kirby et al, 1999). We predicted that
PD patients with ICBs (PD+ ICB) would exhibit excessive
value learning and delay discounting relative to PD patients
without ICBs (PD�ICB) and controls. As DRT can induce
psychotic symptoms in some PD patients, and as it has been
hypothesized that excessive dopamine release in the ventral
striatum contributes to the development of psychotic
symptoms in schizophrenia (Kapur, 2003), we also assessed
schizotypy, a personality trait related to the risk for
psychosis (Chapman et al, 1994). We predicted that PD+
ICB patients would exhibit greater schizotypy scores than
both PD�ICB patients and controls.

MATERIALS AND METHODS

Participants

A total of 36 PD patients were recruited from the movement
disorders clinic at The National Hospital for Neurology
and Neurosurgery. All patients had been assessed by a
neurologist before participation to identify ICBs and DDS

using a structured interview and proposed ICB criteria
(Evans et al, 2004; Giovannoni et al, 2000; Voon and Fox,
2007). Disease severity was also assessed by a neurologist
using the Hoehn and Yahr scale (H&Y: Hoehn and Yahr,
1967). All patients were receiving DRT at the time of
participation. They had taken their usual amounts of DRT,
and were thus in an ‘on-medication’ state while performing
the tasks, although they were not instructed to take DRT at
a specific time before testing. Calculation of a daily L-dopa
equivalent dose (LED) dose for each patient was based on
theoretical equivalence of dopamine agonists to L-dopa
(Evans et al, 2004).
Clinical features of participants are presented in Table 1.

Of the 18 PD+ ICB patients, 9 had PG, 9 had binge eating,
8 had punding, 7 had hypersexuality, 6 had compulsive
shopping, and 4 had DDS. The mean duration of ICBs
was 4.13 years (SD 1.4 years). The researcher administrating
the personality measures and cognitive tasks was blind to
whether patients were in the PD�ICB or PD+ ICB group.
Patients were compared with 20 healthy controls, recruited
through advertisement. Exclusion criteria for controls were
known psychiatric or neurological disorder, intelligent
quotient (IQ) o70, and illicit substance use within the past
12 months. The absence of axis-I psychopathology (save for
a remote history of either depression or alcohol/substance
abuse) was confirmed with the Mini International Neuro-
psychiatric Inventory in all participants (Sheehan et al, 1998).
Ethical approval was obtained from the National Hospital

for Neurology and Neurosurgery Research Ethics Commit-
tee. All participants provided written informed consent,
were compensated d10 for their time and travel expenses,
and could win up to another d20 on the SAT.

Questionnaire Measures

The Kirby delayed discounting questionnaire was used
examine how participants rated future rewards (Kirby et al,
1999). Participants were presented a fixed set of 27 choices
between smaller, immediate rewards, and larger, delayed
rewards. For example, one question asked participants,
‘Would you prefer d54 today, or d55 in 117 days?,’ while
another asked, ‘Would you prefer d55 today, or d75 in
61 days?’ The 27 questions were subdivided into 3 groups
of 9 questions each, depending on the value of the delayed,
larger reward offered, small (d25–d35), medium (d50–d60),
and large (d75–d85) rewards. A future reward is typically
valued less highly than the same reward available immedi-
ately (Madden et al, 1999). Therefore, delay discounting is
the reduction in the present value of a future reward as the
delay to that reward increases. The hyperbolic discount
parameter (k) was calculated for each participant for
high, low, and medium monetary rewards. As k increases,
the person discounts the future more steeply. This
hyperbolic function accurately models choices made by
both human and nonhuman subjects (Green and Myerson,
2004; Myerson and Green, 1995; Rachlin et al, 1991).
Therefore, k can be considered an impulsiveness parameter,
with higher values corresponding to higher levels of
impulsiveness (Herrnstein, 1970).
Schizotypy was assessed using the short scales of the

Oxford–Liverpool Inventory of Feelings and Experiences
(O-LIFE) (Mason et al, 2005). The O-LIFE consists of four
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subscales: Unexplained Experiences (perceptual aberrations
and magical thinking); Cognitive Disorganisation (poor
attention, poor decision making, and social anxiety);
Introvertive Anhedonia (avoidance of intimacy and lack of
pleasure from social and physical stimuli); and Impulsive
Nonconformity (impulsive and eccentric behaviors suggest-
ing a lack of self-control). State and trait anxiety were
assessed using the State-Trait Anxiety Inventory (STAI)
(Spielberger et al, 1970). The Beck Depression Inventory
(BDI) was used to detect depression and assess the intensity
of depression symptoms (Beck et al, 1988).

Salience Attribution Test

The SAT (Roiser et al, 2009; Schmidt and Roiser, 2009)
taps the attribution of motivational salience to task-relevant
and task-irrelevant stimulus dimensions. During the game,
which is rewarded with real money, participants pressed a
key in response to a black square (the probe) after seeing
one of several cues, which varied along two dimen-
sions (namely color and shape). The probability of reward
varied along one of these dimensions (the task-relevant
dimensionFeg, color), but not the other (the task-
irrelevant dimensionFeg, shape). Participants’ response
times (implicit) and visual analog scale (VAS) ratings
(explicit) provided measures of adaptive (task-relevant) and
aberrant (task-irrelevant) salience attribution. In particular,

the VAS ratings allow the estimation of the subjective value
of stimuli to participants. Participants completed two
practice sessions without cues or reward (20 trials each),
followed by two experimental sessions (64 trials each).
Explicit adaptive salience was calculated as the increase in

participants’ VAS ratings of the probability of a stimulus to
predict monetary reward for high-probability stimuli
relative to low-probability stimuli. Explicit aberrant salience
was calculated as the absolute difference in VAS rating
between the two levels of the task-irrelevant dimension.
Implicit adaptive salience was calculated as the speeding
of responses on high-probability trials relative to low-
probability trials. Implicit aberrant salience was defined
as the absolute difference in reaction time between the
two levels of the task-irrelevant stimulus dimension
(Roiser et al, 2009).

Other Cognitive Tests

All participants were screened for cognitive impairment
using the Mini Mental-State Examination (MMSE:
Folstein et al, 1975). Those with scores under 26 on the
MMSE were excluded from the study. IQ was estimated
using the Wechsler Test of Adult Reading (Wechsler, 2001),
and working memory was tested using a shortened
version of the forwards and backwards digit-span test
(Wechsler, 1981).

Table 1 Demographic, Clinical, and Questionnaire Measures

Controls (n¼20) PD�ICB (n¼ 18) PD+ICB (n¼18) Statistic and p-value

Gender (male/female) 10/10 12/6 11/7 w2(2)¼ 1.14, p¼ 0.566

Estimated full-scale IQ (WTAR) 109.0 (8.5) 109.8 (7.8) 98.0 (12.7)a,b F(2, 49)¼ 6.90, p¼ 0.002

Age (years) 65.5 (6.0) 67.7 (5.5) 62.3 (7.6)a,b F(2, 52)¼ 4.15, p¼ 0.021

Beck Depression Inventory 5.8 (4.3) 11.3 (6.9)b 12.9 (9.9)b F(2, 52)¼ 5.93, p¼ 0.005

State anxiety 7.1 (5.0) 14.3 (8.2)b 18.3 (9.7)b F(2, 52)¼ 10.86, po0.001

Trait anxiety 15.7 (8.7) 17.9 (8.3) 22.8 (11.1) F(2, 52)¼ 2.49, p¼ 0.093

Duration of PD (years) 12.9 (8.3) 13.9 (9.0) t(33)¼ 0.34, p¼ 0.74

Total LDEU of all DRTs (mg) 804.8 (358.5) 891.5 (432.1) t(34)¼ 0.78, p¼ 0.44

DA LDEU (mg) 170.5 (159.3) 248 (301.3) t(34)¼ 1.00, p¼ 0.32

L-dopa dose, mg 634.2 (301.7) 643.5 (254.1) t(34)¼ 0.24, p¼ 0.81

H&Y 2.5 (0.7) 2.5 (0.6) t(33)¼ 0.13, p¼ 0.89

UPDRS III 21.3 (10.4) 20.0 (6.6) t(26.9)¼ 0.44, p¼ 0.67

MMSE 29.4 (0.8) 28.6 (2.1) t(21.6)¼ 1.57, p¼ 0.13

O-LIFE Unexplained Experiences 1.2 (1.6) 2.6 (2.1)b 4.1 (2.6)b F(2, 51)¼ 8.08, p¼ 0.001

O-LIFE Cognitive Disorganisation 3.1 (2.0) 4.8 (2.3)b 6.2 (2.8)b F(2, 51)¼ 8.82, p¼ 0.001

O-LIFE Introvertive Anhedonia 1.6 (1.3) 2.3 (1.9) 3.7 (2.0)a,b F(2, 51)¼ 6.58, p¼ 0.003

O-LIFE Impulsive Nonconformity 0.8 (0.9) 0.9 (1.4) 1.6 (1.2)a,b F(2, 51)¼ 3.64, p¼ 0.033c

kFlarge reward 0.5 (0.8) 0.5 (0.7) 3.0 (4.3)a,b F(2, 50)¼ 5.27, p¼ 0.008

kFmedium reward 0.7 (0.9) 1.3 (1.7) 3.8 (4.1)a,b F(2, 50)¼ 6.56, p¼ 0.003

kFsmall reward 1.4 (3.5) 2.5 (3.9) 6.8 (6.2)a,b F(2, 50)¼ 6.21, p¼ 0.004

Abbreviations: DA, dopamine agonist; DRT, dopamine replacement therapy; H&Y, Hoehn and Yahr scale; IQ, intelligence quotient; k, hyperbolic discounting parameter
derived from Kirby delayed discounting questionnaire; LDEU, L-dopa equivalent units; MMSE, Mini Mental-State Examination; O-LIFE, Oxford-Liverpool Inventory of
Feelings and Experiences; WTAR, Weschler Test of Adult Reading.
Values are means (SD).
aDifferent to PD�ICB group at po0.05.
bDifferent to control group at po0.05.
cDid not survive covariate analysis.
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Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences, version 16 (SPSS, Chicago, IL, USA). Demographic
measures of disease severity (H&Y), dopamine equivalent dose,
and duration of PD were analyzed using independent samples
t-tests. Gender distribution was analyzed using w2 tests, and all
other demographic data were analyzed using one-way analysis
of variance (ANOVA). Where a significant group effect was
identified in a one-way ANOVA, post-hoc analyses were
conducted using the least significance difference test.
SAT, digit span, and Kirby delayed discounting data were

analyzed using repeated-measures ANOVA. For digit span,
stage (forwards/backwards) was the within-subjects vari-
able; for the Kirby, reward (high/low/medium) was the
within-subjects variable; and for the SAT, the within
subjects variables were block (1/2) and probability (high/
low). Group (control/PD�ICB/PD+ ICB) was the between-
subjects variable in all analyses. Both implicit and explicit
aberrant salience scores were square root transformed
before analysis to reduce skew, although untransformed
values are presented in the tables and figures for clarity. If
significant nonsphericity was detected, degrees of freedom
were adjusted using the Huynh–Feldt correction. Where
a significant group� condition interaction was identified
in a repeated-measures ANOVA, post-hoc analysis was
conducted by examining the simple main and interaction
effects, using t-tests or F-tests as appropriate. Where the
homogeneity of variance constraint was satisfied, these
post-hoc analyses included the pooled error term and
degrees of freedom from the interaction effect.
Correlations between questionnaire, behavioral, and clinical

variables were performed using Pearson’s r. For all analyses,
po0.05 was considered significant, whereas 0.05opo0.1 was
considered a trend toward significance.

RESULTS

Demographic Data

The groups were well matched for gender but differed
significantly in terms of age and IQ (Table 1). PD+ ICB
patients were significantly younger and had lower estimated
IQ than did PD�ICB patients and controls. In view of the
well-established influences of age and IQ on cognitive
performance, all analyses were repeated, including age and
IQ as covariates. However, unless otherwise stated, this did
not change the results, and therefore all analyses presented
below are without covariates.

Clinical Rating Scales

The PD�ICB group did not differ significantly from the PD
+ ICB group on BDI score, H&Y score, LED, or disease
duration (Table 1). However, both patient groups had
significantly higher BDI scores and STAI state anxiety
scores than did controls.

Schizotypy

PD patients scored higher, with PD+ ICB patients scoring
the highest, on all the O-LIFE schizotypy subscales (Table 1):

Unexplained Experiences (Control vs PD�ICB: p¼ 0.035;
Control vs PD+ ICB: p¼ 0.0002; PD�ICB vs PD+ ICB:
p¼ 0.069); Cognitive Disorganisation (Control vs PD�ICB:
p¼ 0.010; Control vs PD+ ICB: p¼ 0.00014; PD�ICB vs
PD+ ICB: p¼ 0.14); Introvertive Anhedonia (Control vs
PD�ICB: p¼ 0.183; Control vs PD+ ICB: p¼ 0.0007;
PD�ICB vs PD+ ICB: p¼ 0.029); Impulsive Nonconformity
(Control vs PD�ICB: p¼ 0.833; Control vs PD+ ICB:
p¼ 0.016; PD�ICB vs PD+ ICB: p¼ 0.030). However, the
group effect on impulsive nonconformity was no longer
significant when age and IQ were included as covariates
(p¼ 0.374).

Kirby Delayed Discounting

The groups differed significantly according to the kmeasure
of delay aversion (F(2, 50)¼ 11.89, p¼ 0.00005, see Table 1
and Figure 1). Over all delays, the PD+ ICB group scored
significantly higher (indicating increased impulsivity) than
did the PD�ICB (p¼ 0.00068) and control (p¼ 0.00002)
groups, which did not differ (p¼ 0.416). k decreased at
higher reward magnitudes (F(1.64, 81.89)¼ 7.67, p¼ 0.001,
e¼ 0.819), but there was no interaction between group
and reward magnitudes (F(3.28, 81.89)¼ 1.19, p¼ 0.319;
e¼ 0.819).

SAT

Behavioral data are presented in Table 2.

VAS (explicit salience). Participants rated high-probability-
reinforced stimuli as significantly more likely to yield
reward than low-probability-reinforced stimuli, indicating
that participants were able to learn the discrimination bet-
ween the reward-probability levels (explicit adaptive
salience: F(1, 53)¼ 42.75, po0.0001). Overall VAS rating
differed significantly between the groups (F(2, 53)¼ 4.75,
p¼ 0.013). However, these effects were qualified by a signi-
ficant group� probability interaction (F(2, 53)¼ 3.48,
p¼ 0.038). Explicit adaptive salience was significant

Figure 1 Hyperbolic discounting measure, k, from the Kirby delay
discounting questionnaire. PD+ ICB patients were significantly less tolerant
of delay than PD�ICB patients (p¼ 0.00068) and control participants
(p¼ 0.00002), who did not differ (p¼ 0.42). Values are means; error bars
indicate SEM. ***po0.001.
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in each group separately (controls: F(1, 19)¼ 37.45,
po0.001; PD�ICB: F(1, 17)¼ 7.23, p¼ 0.016; PD+ ICB:
F(1, 17)¼ 7.84, p¼ 0.012). However, further analysis
showed that the groups differed in terms of VAS rating
for high-probability-reinforced stimuli (F(2, 53)¼ 5.33,
p¼ 0.008; Figure 2a), but not for low-probability-reinforced
stimuli (F(2, 53)¼ 0.830, p¼ 0.442; Figure 2b). The PD�ICB
group rated high-probability-reinforced stimuli signi-
ficantly less likely to yield reward than did the control
group (p¼ 0.0006) and the PD+ ICB group (p¼ 0.048). The
control and PD+ ICB groups did not differ in their rating
of high-probability-reinforced stimuli (p¼ 0.158).

There was no main effect of block (F(1, 53), p¼ 0.173);
however, there was a significant block� group inter-
action (F(1, 53)¼ 9.21, p¼ 0.0003). In controls, VAS ratings
increased significantly in the second block (F(1, 19)¼ 9.45,
p¼ 0.006), whereas the reverse was true for the PD groups
(PD�ICB: F(1, 17)¼ 4.89, p¼ 0.016; PD+ ICB: F(1, 17)¼
6.16; p¼ 0.024). No other interactions approached signi-
ficance (p40.1).
No significant effects were detected in the analysis of

explicit aberrant salience (p40.1 for all).

Reaction time (implicit salience). The main effect of prob-
ability (F(1, 53)¼ 1.46, p¼ 0.232) and group� probability
interaction (F(1, 53)¼ 1.56, p¼ 0.220) on RT was nonsigni-
ficant. However, planned comparisons showed that
although controls exhibited significant implicit adaptive
salience (ie, responding significantly faster on high-
probability trials than on low-probability trials: F(1, 19)¼
6.72, p¼ 0.018), PD patients did not (PD�ICB: F(1, 17)¼
0.301, p¼ 0.590; PD+ ICB: F(1, 17)¼ 0.355, p¼ 0.559).
There was a main effect of group on overall RT, with the

Figure 2 Visual analog scale (VAS) ratings for high- and low-probability-
reinforced stimuli. (a) Both the control (p¼ 0.0006) and the PD+ ICB
(p¼ 0.048) groups rated high-probability-reinforced stimuli as significantly
more likely to yield reward than the PD�ICB group, but did not differ from
each other (p¼ 0.158). (b) The groups did not differ in terms of VAS
ratings for stimuli that had a low probability of being reinforced. Values are
means; error bars indicate SEM. *po0.05; ***po0.001.

Table 2 Behavioral Data

Test Controls PD�ICB PD+ICB

Salience attribution test

Block 1

RT high probability (ms) 276.9 (39.6) 342.6 (75.2) 315.8 (90.7)

RT low probability (ms) 285.7 (47.0) 344.5 (81.8) 322.1 (81.2)

Implicit adaptive salience (ms)a 8.7 (28.1) 1.9 (43.9) 6.2 (39.5)

Implicit aberrant salience (ms)b 21.2 (13.9) 25.3 (29.5) 32.0 (27.9)

VAS high probability (mm) 47.9 (16.8) 30.6 (19.7) 45.7 (20.9)

VAS low probability (mm) 20.1 (13.6) 19.4 (11.7) 26.6 (20.7)

Explicit adaptive salience (mm)a 27.8 (24.9) 11.3 (20.9) 19.1 (30.0)

Explicit aberrant salience (mm)b 13.8 (11.4) 7.5 (8.9) 11.8 (9.6)

Premature responses 2.6 (1.7) 5.3 (3.4) 4.0 (3.4)

Omissions 1.0 (2.3) 2.8 (2.9) 1.4 (0.8)

Block 2

RT high probability (ms) 259.7 (40.8) 343.9 (110.8) 330.5 (108.5)

RT low probability (ms) 279.2 (55.6) 332.0 (86.0) 329.0 (85.1)

Implicit adaptive salience (ms)a 19.5 (30.0)�11.92 (46.2) �1.5 (69.6)

Implicit aberrant salience (ms)b 15.4 (14.5) 25.7 (22.2) 13.1 (9.6)

VAS high probability (mm) 56.5 (22.4) 27.0 (19.1) 42.7 (19.7)

VAS low probability (mm) 18.5 (10.6) 17.2 (10.6) 24.1 (16.6)

Explicit adaptive salience (mm)a 38.0 (27.9) 9.8 (20.9) 18.6 (27.5)

Explicit aberrant salience (mm)b 10.3 (9.2) 6.7 (6.1) 12.7 (11.3)

Premature responses 2.5 (1.6) 4.8 (3.7) 3.9 (2.4)

Omissions 0.8 (1.9) 3.3 (5.1) 2.8 (5.2)

Digit span

Forwards 9.7 (2.3) 8.6 (2.3) 7.8 (1.7)

Backwards 8.2 (2.2) 6.9 (2.0) 6.2 (2.1)

Abbreviations: RT, reaction time; VAS, visual analog scale.
Values are means (SD).
aAdaptive salience represents quicker responding or higher subjective
reinforcement rating for high-probability trials relative to low-probability-
reinforcement trials. For RT, adaptive salience is computed as: low-
reinforcement-probability mean RT�high-reinforcement-probability mean RT.
For VAS, adaptive salience is computed as: high-reinforcement-probability VAS
rating�low-reinforcement VAS rating.
bAberrant salience is quicker responding to or higher subjective rating of one
level of the task-irrelevant dimension relative to the other level. For RT, aberrant
salience is computed as: irrelevant ‘low’ RT�irrelevant ‘high’ RT. For VAS,
aberrant salience is computed as: irrelevant ‘high’ VAS rating�irrelevant ‘low’
VAS rating.
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controls responding significantly faster than both patient
groups, who did not differ from each other (F(2, 53)¼ 4.55,
p¼ 0.015; controls vs PD+ ICB: p¼ 0.007; controls vs
PD�ICB: p¼ 0.026; PD+ ICB vs PD�ICB: p¼ 0.607).
This difference was qualified by a significant group� block
interaction (F(2, 53)¼ 3.51, p¼ 0.037), driven by faster
responses on the second block in controls (F(1, 19)¼ 6.04,
p¼ 0.024) but not in the patient groups (PD�ICB: F(1, 17)¼
0.45, p¼ 0.510; PD+ ICB: F(1, 17)¼ 2.75, p¼ 0.115). There
was no overall main effect of block on RT, and no other
interactions approached significance (p40.1).
The groups did not differ in terms of implicit aberrant

salience (F(2, 53)¼ 0.461, p¼ 0.633). Across all participants,
implicit aberrant salience was higher on the first block
(F(1, 53)¼ 4.13, p¼ 0.047), but the group� block inter-
action was nonsignificant (F(2, 53)¼ 1.62, p¼ 0.208).

Premature responses and omissions. Participants made
more premature responses on high-probability trials com-
pared with low-probability trials (F(1, 53)¼ 9.18, p¼ 0.004).
The number of premature responses differed according
to group (F(1, 53)¼ 4.910, p¼ 0.011), with controls making
fewer premature responses than the PD�ICB (p¼ 0.003)
and PD+ ICB (0.088) groups, which did not differ
(p¼ 0.183). No other main effects of interactions approa-
ched significance (p40.1). No significant effects were
detected in the analysis of omission errors (p40.1).

Digit Span

Digit-span score differed according to group (F(1, 49)¼
4.68, p¼ 0.014). Controls scored higher than both
the PD�ICB (p¼ 0.08) and PD+ ICB (p¼ 0.004) groups,
which did not differ (p¼ 0.247). Scores were lower in the
backwards condition than in the forwards condition
(F(1, 49)¼ 43.4, po0.0001), but the group� condition
interaction was nonsignificant (F(1, 49)¼ 0.493, p¼ 0.757;
see Table 2).

Correlations

O-LIFE. Across all participants, the O-LIFE Introvertive
Anhedonia score was positively correlated with explicit
aberrant salience (r¼ 0.291, p¼ 0.033), and the O-LIFE
Cognitive Disorganisation score was positively correlated
with implicit aberrant salience (r¼ 0.31, p¼ 0.019). The O-
LIFE Introvertive Anhedonia score was positively correlated
with k at the large reward (r¼ 0.287, p¼ 0.041) and medium
reward (r¼ 0.35, p¼ 0.012) levels across all participants.
However, the correlations between O-LIFE Introvertive
Anhedonia and k were nonsignificant in each group
separately. Across all PD patients, O-LIFE Impulsive
Nonconformity was positively correlated with DA dose (in
L-dopa equivalent units) (r¼ 0.45, p¼ 0.008).

Dopamine replacement therapy. The daily LED of dop-
amine agonists, or L-dopa, or daily total DRT used did
not correlate with SAT or Kirby delayed discounting
questionnaire results.

Digit span. Across all participants, the digit-span forward
score was positively correlated with explicit adaptive

salience (r¼ 0.324, p¼ 0.019), and the digit-span backward
score was positively correlated with explicit adaptive
(r¼ 0.359, p¼ 0.009) and explicit aberrant salience
(r¼ 0.347, p¼ 0.012), and negatively correlated with im-
plicit aberrant salience (r¼�0.304, p¼ 0.029) and k at the
medium reward (r¼�0.275, p¼ 0.035).

DISCUSSION

We identified a double dissociation between reward
learning and impulsivity in PD patients with and without
ICBs. Relative to both PD�ICB patients and controls, PD+
ICB patients exhibited greater delay discounting, suggesting
decreased tolerance for delayed gratification, consistent
with a recent finding (Voon et al, 2010). By contrast,
PD+ ICB patients exhibited similar scores on the explicit
adaptive salience measure derived from the SAT to controls,
with both these groups scoring higher than PD�ICB
patients. This finding is consistent with other previous
studies demonstrating impaired stimulus-reward learning
in PD patients without ICBs (Bodi et al, 2009; Peterson et al,
2009; Rutledge et al, 2009; Swainson et al, 2000). The
difference between the groups seemed to be driven by
learning pertaining to high-probability-reinforced stimuli,
as the groups rated low-probability-reinforced stimuli
equally likely to be associated with reward. These data are
consistent with an explanation of ICBs in terms of elevated
impulsivity, but contradict the hypothesis that ICBs result
from overvaluation of CS + (Evans et al, 2006; Holden,
2001; Isaias et al, 2008; Tamminga and Nestler, 2006).
An explanation for decreased explicit adaptive salience

in PD patients without ICBs may relate to depleted
dopaminergic release to reward in the ventral striatum
compared with healthy controls and PD+ ICB (Evans et al,
2006; Steeves et al, 2009). This finding replicates past
research that has shown reward-learning deficits in PD
patients without ICBs (Czernecki et al, 2002; Swainson et al,
2000). In PD, the phasic release of dopamine that is
normally associated with the presentation of a conditioned
stimulus may be reduced, impairing the ability to form
associations between stimuli and rewards (Rescorla and
Wagner, 1972). Consistent with this suggestion, experi-
mental studies in healthy volunteers have shown that
administration of haloperidol (a dopamine antagonist)
impairs the ability to learn to choose rewarding actions
and decreases ventral striatal responses elicited by reward
prediction errors (Pessiglione et al, 2006; Pleger et al, 2009).
By contrast, patients with ICBs were able to learn the
dissociation between high-probability and low-probability
reward predicting stimuli, as well as controls. This suggests
that elevated dopamine transmission in these patients may
have ameliorated the reward-learning deficit. Therefore,
although PD+ ICB patients experience disruptive drug-
induced behavioral symptoms, they can perform as well as
controls at learning stimulus–reward associations, and
importantly did not seem to overvalue stimuli associated
with reward.
PD+ ICB patients were significantly more impulsive

than the other two groups, with greatly elevated k values
on the Kirby delay discounting questionnaire. This result is
consistent with another recent study that used a different

ICBs, reward, and impulsivity in PD
CR Housden et al

2160

Neuropsychopharmacology



method to assess delay discounting over shorter timescales
in PD patients with and without ICBs (Voon et al, 2010).
Similar findings have also been reported in several studies
involving substance abusers, including cigarette smokers
(Mitchell, 1999; Odum et al, 2002), alcoholics (Petry, 2001),
and heroin addicts (Kirby et al, 1999; Madden et al, 1999).
Rates of delay discounting correlate with personality
questionnaires of impulsivity (Kirby et al, 1999; Petry,
2001), suggesting that delay discounting taps some
construct of impulsivity.
It is possible that high levels of impulsivity in these

patients result from excessive dopaminergic transmission
in the orbitalfrontal cortex (OFC: Cools, 2006), to which the
ventral striatum projects. Frontal lesions in experimental
animals result in a preference for immediate small rewards
over delayed larger rewards (Mobini et al, 2002), as well
as with other disinhibited behaviors (Roesch et al, 2007).
Studies using in vivo microdialysis have shown increases in
dopamine release in the OFC during the performance of
delay-discounting tasks in rats (Winstanley et al, 2006).
Interestingly, a recent study reported that administration of
pramipexole diminished OFC sensitivity during a decision-
making task in PD patients, specifically reducing de-acti-
vations elicited by negative prediction errors (van Eimeren
et al, 2009). However, this study only included PD patients
without ICBs, limiting comparison with this study.
Alternatively, the preference for sooner, smaller rewards

in PD patients with ICBs could be mediated by altered
dopaminergic transmission in the ventral striatum itself, as
studies in both rats and humans suggest that this structure
has a central role in encoding information relating to
delays (Cardinal et al, 2001; Pine et al, 2009). Either way,
the pattern of decreased tolerance to delay in tandem
with intact stimulus-reinforcement learning suggests that
ICBs are mediated by increased impulsivity and not
overvaluation of rewards. Future studies using functional
neuroimaging measures would help to elucidate the
neurobiological mechanisms underpinning this pattern of
results; specifically, it would be of great interest to use tasks
that can dissociate neural responses associated with delay
discounting from those associated with reward magnitude
(see Pine et al, 2009). As impulsivity is a multidimensional
construct (Evenden, 1999), it would also be of interest in
future studies to examine whether PD patients with ICBs
are more impulsive in other domains behavior, such
as motor inhibitory control and risky decision making
(Rossi et al, 2010).
The usual treatment for ICBs is to reduce the dose

of dopaminergic medication as there is some evidence
to suggest that this is associated with the development of
ICBs (Lee et al, 2010). However, this is often unsatisfactory
for the patient because it can worsen motor control.
The finding that this group was specifically more impulsive
has potentially important clinical implications as recent
findings in other impulse-control disorders suggest that
this can be treated with nondopaminergic medication. For
example, impulsivity in these patients might be ameliorated
by drugs with noradrenergic actions, such as atomoxetine,
which have been shown to improve response inhibition
(Chamberlain et al, 2009) and effectively treat impulsive
features in certain psychiatric disorders, such as ADHD
(Chamberlain et al, 2007).

Consistent with the notion that cognitive impairment
and maladaptive behavior after DRT in PD result from
an ‘overdosing’ effect on dopaminergic transmission in
the ventral striatum, PD patients exhibited significantly
increased scores on the O-LIFE schizotypy scales, which tap
personality traits relating to psychosis. Although psychotic
reactions after DRT have been reported previously in some
patients with PD, to our knowledge this is the first report of
generally elevated schizotypy scores. This elevation was
exaggerated in PD+ ICB patients, who scored significantly
higher than the PD�ICB group on the ‘Introvertive
Anhedonia’ and ‘Impulsive Non-conformity’ subscales
(although this effect was nonsignificant when age and IQ
were included as covariates), with a trend toward greater
scores on the ‘Unexplained Experiences’ subscale. The latter
of these assesses experiences relating to psychotic symp-
toms, such as hallucinations and delusions. These data
suggest that low-level psychotic experiences may be a
relatively common side effect of DRT, especially in PD+ ICB
patients, even in those who do not experience full-blown
psychosis. This finding is also consistent with the dopamine
hypothesis of schizophrenia and related theories, which
propose a central role for dysregulated dopaminergic
transmission in the instantiation and maintenance of both
positive and negative symptoms of schizophrenia (Juckel
et al, 2006; Kapur, 2003; Roiser et al, 2009; Ziauddeen and
Murray, 2010). However, despite elevated schizotypy in PD
+ ICB patients, aberrant salience scores derived from the
SAT did not differ between the groups, although schizotypy
and aberrant salience were correlated across all participants,
replicating our previous findings (Roiser et al, 2009;
Schmidt and Roiser, 2009). The relationship between
psychotic symptoms in PD, DRT, and aberrant salience
warrants further investigation in future studies.
Both PD groups were impaired on the implicit adaptive

salience measure derived from the SAT, indicating that they
failed to speed responses on trials in which reward was very
likely relative to when it was improbable. Implicit adaptive
salience scores were similar in the PD�ICB and PD+ ICB
groups, despite the relatively normal explicit adaptive
scores in the PD+ ICB group. This latter finding is evidence
against the explanation that impaired implicit adaptive
salience in PD patients resulted from a learning deficit.
Instead, a more likely explanation is that, at least in the PD
+ ICB group, patients were unable to use cue values to
guide speeded responding. Importantly, studies in experi-
mental animals have shown that dopamine transmission
in the ventral striatum has a central role in the invigoration
of responding after the presentation of CS+ (known as
PIT: Berridge and Robinson, 1998). Impairment in reward-
elicited speeding in PD patients, in whom dopamine
transmission is disrupted, may thus reflect dysfunction of
a similar mechanism. However, it should be acknowledged
that both PD groups were impaired on other indices on the
SAT: neither group improved on explicit adaptive salience
from block 1 to block 2, which could be considered evidence
of a learning deficit; and both made more premature
responses, although this finding may simply reflect a motor
deficit.
PD patients were also impaired on the digit-span test of

working memory independent of ICB status, consistent with
previous findings (Brown and Marsden, 1988; Cooper et al,
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1991; Dubois and Pillon, 1997; Lewis et al, 2005; Owen et al,
1992). Experiments in animals have demonstrated a critical
role for prefrontal cortex dopamine release in working
memory, raising the possibility that this deficit is simi-
larly related to disrupted dopamine transmission in PD
(Floresco and Phillips, 2001; Sawaguchi and Goldman-
Rakic, 1994; Williams and Goldman-Rakic, 1995; Zahrt et al,
1997). As we only tested participants while they were
on medication, it is difficult to know whether these deficits
are related to the reduced dopaminergic transmission
associated with PD per se, or to an overdosing effect of
DRT on components of the dopamine system spared by PD
(Cools, 2006). Either way, our data underscore the difficulty
of ameliorating cognitive deficits in PD with DRT, and
emphasize the need for novel treatment strategies in this
domain.
A limitation of our study is that PD+ ICB patients were

younger and of lower IQ than the other two groups, raising
the possibility that the differences between PD patients with
and without ICBs could be explained by nonspecific
cognitive impairments. In addition, it is possible that other
clinical concomitants of PD may have affected our results.
However, we consider these explanations to be unlikely for
two reasons. First, working memory, depression, anxiety,
PD symptoms, duration of illness, and medication level
were all well matched between the two PD groups. Second,
and most importantly, statistically accounting for differ-
ences in age and IQ did not change our results, other than
on one subscale of the O-LIFE schizotypy questionnaire.
A further limitation is that we did not recruit a

sufficiently large sample of PD patients to allow meaningful
statistical analysis of specific ICB subgroups. It is not yet
known whether different kinds of ICBs may have different
underlying neural and behavioral mechanisms. For exam-
ple, some patterns of behavior included in the definition of
ICBs may reflect compulsiveness (eg, punding) rather than
impulsiveness (eg, DDS). Future studies should aim to
recruit larger samples of PD patients with ICBs to explore
this question further.
In summary, we found that PD patients without ICBs

were impaired at learning stimulus–reward associations,
replicating previous findings (Peterson et al, 2009; Rutledge
et al, 2009; Swainson et al, 2000). Strikingly, however, PD
patients with ICBs were unimpaired at learning stimulus–
reward associations compared with those without ICBs,
which may relate to relatively preserved striatal dopamine
transmission. Rather, increased impulsivity as demon-
strated by elevated delay discounting, seems to be a
prominent feature of PD+ ICB patients. Impulsive symp-
toms identified by neuropsychological tasks, such as the
stop signal task, have previously been related to impulsive
behaviors in everyday life (Chamberlain and Sahakian,
2007). It is important to note that our PD patients with and
without ICBs were well matched for daily DRT used, and
that DRT amounts did not correlate with delay discounting
or aberrant salience. This suggests that a subgroup of
patients are more sensitive to the behavioral effects of DRT
and go on to develop ICBs, as opposed to a dose effect of
DRT influencing behavior in PD. Therefore, further
investigations of impulsivity may lead to better diagnostic
classification systems for ICBs and novel treatments for
these medication-induced disorders.
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