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Impulse control disorders in

Parkinson’s disease: clinical characteristics
and implications

Robert F Leeman® & Marc N Potenza'

Practice points

Dopamine replacement therapies (DRTs), including levodopa (LD) and, particularly, dopamine agonists (DAs), have
demonstrated efficacy in reducing motor and cognitive dysfunction in patients with Parkinson’s disease (PD).

There is also evidence from small case-control studies to support the effects of deep-brain stimulation in
ameliorating symptoms of PD.

Impulse control disorders (ICDs), related to excessive gambling, sex, shopping and eating, have been observed in
PD patients.

ICDs in PD have been associated with factors related to PD (e.g., age at PD onset) and its treatment (e.g., DAs
and perhaps to a lesser extent LD), as well as factors seemingly unrelated to PD (e.g., impulsivity, ICDs prior to
PD onset, familial or personal history of alcoholism, family history of a gambling problem, marital status and
geographic location).

Given the associations between DRTs and ICDs in PD, ICDs should be considered when discussing the potential
risks, benefits and alternatives to DRTs in the treatment of PD.

Given associations between ICDs and LD equivalent daily dose measures, DRT dosing magnitude should also be
considered and discussed with patients.

PD patients should be evaluated for possible ICDs. Brief self-report screening instruments (e.g., the Questionnaire
for Impulsive-Compulsive Disorders in Parkinson’s Disease) are available to aid in identifying PD patients with
ICDs and other possibly related disorders or behaviors. Patients responding in a manner suggestive of possible
ICDs can then be further evaluated and treated.

For PD patients exhibiting features of an ICD, reductions in DA dose, potentially accompanied by an increase in
LD, may help to reduce impulse control behaviors, although controlled trials are currently lacking.

Given neurobiological similarities between ICDs with and without PD, treatments found to be efficacious in

ICD patients in the general population (e.g., opiate antagonists and cognitive behavioral therapy) may help PD
patients with ICDs. However, the potential impact of PD on treatment outcome for these approaches has not yet
been tested.

'Departments of Psychiatry, Neurobiology & Child Study Center, Yale University School of Medicine, CMHC, Room S104, 34 Park Street,

part of
New Haven, CT 06519, USA uture
TAuthor for correspondence: Department of Psychiatry, Yale University School of Medicine, CMHC, Room S200, 34 Park Street, m MR fsg
New Haven, CT 06519, USA; Tel.: +1 203 974 7373; Fax: +1 203 974 7606; robert.leeman@yale.edu e ICI ne

10.2217/NPY.11.11 © 2011 Future Medicine Ltd Neuropsychiatry (2011) 1(2), 133-147 ISSN 1758-2008 133



REVIEW Leeman & Potenza

134

SUMMARY Impulse control disorders (ICDs), specifically those related to excessive
gambling, eating, sex and shopping, have been observed in a subset of people with
Parkinson’s disease (PD). Although some initial case reports claimed that dopamine
replacement therapies, particularly dopamine agonists, cause ICDs, more recent, larger and
better controlled studies indicate a more complicated picture. While dopamine replacement
therapy use is related to ICDs, other vulnerabilities, some related to PD and/or its treatment
directly and others seemingly unrelated to PD, have also been associated with ICDs in PD. This
suggests a complex etiology with multiple contributing factors. As ICDs occur in a sizable
minority of PD patients and can be associated with significant distress and impairment,
further investigation is needed to identify factors that can predict who may be more likely to
develop ICDs. Clinical implications are discussed and topics for future research are offered.

The relatively high rate of impulse control dis-
orders (ICDs) among Parkinson’s disease (PD)
patients is an issue that has gained consider-
able clinical and research attention in the past
decade. While ICDs are observed in a minor-
ity of PD patients, a considerable number of
patients are affected and the disorders can have
a profound impact [12]. Furthermore, many
patients may not reveal the existence of an ICD
to care providers for reasons of shame, denial,
motivations to continue the behavior or other
reasons. As such, the true prevalence might be
higher than existing estimates. Over the past
decade, progress has been made in understand-
ing the clinical, cognitive and neurobiological
correlates of ICDs in PD. The primary focus
of this article is to review recent findings (from
2006 to 2010) in the literature. While we will
touch upon earlier research, prior review arti-
cles have addressed findings published prior to
2006 [3.4].

Overview of PD & ICDs
Parkinson’s disease is a condition characterized
by progressive degeneration of dopamine pro-
duction in the substantia nigra, particularly in
the ventrolateral and caudal areas of the sub-
stantia nigra pars compacta, adversely affecting
dopaminergic projections from these areas to
the dorsal striatum (s-7). Dopaminergic path-
ways that project to the striatcum not only are
involved in motoric behaviors, but have also been
implicated in the prediction of rewarding situ-
ations and outcomes [8]. PD is characterized by
various neuropsychiatric, cognitive, motor and
autonomic impairments, and these may result
from depleted dopaminergic activity [4,9].
Impulse control disorders are a heterogeneous
class of disorders that are characterized by
repeated and excessive performance of typically
or initially hedonic behaviors [10]. ICD behav-
iors may begin as more hedonically motivated
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actions during initial engagement and become
less driven by pleasurable motivations over time.
ICDs are grouped in a category called ICDs
not elsewhere classified’ in the Diagnostic and
Statistical Manual, 4th Edition (DSM-IV) [11].
Specific ICDs described in the DSM-1V include
intermittent explosive disorder and pathologi-
cal gambling (PG), arguably the most well-
studied ICD both in the general population and
among PD patients [10]. The category of ICDs
in the DSM-IV also includes a ‘not otherwise
specified’ subcategory. The ICD not otherwise
specified subcategory can be used to diagnose
several conditions that have been noted in PD,
including hypersexuality (possibly the earliest
identified ICD in PD patients) and compulsive
shopping [10]. Research in PD has investigated
other conditions and patterns of behavior [12]
that, like ICDs, involve repeated excessive activi-
ties, may share common neurobiologies and may
result from similar underlying vulnerabilities as
ICDs [13]. One such condition is dopamine dys-
regulation syndrome (DDS), which is defined
as compulsive use of dopaminergic medication,
particularly levodopa (LD) [9,13]. DDS demon-
strates similarities with drug addiction, includ-
ing withdrawal syndromes following medication
cessation or reduction [9,14]. Punding, which is
defined as the frequent performance of repeti-
tive, stereotyped behaviors, such as collecting or
hording, internet use, and sorting and reorder-
ing of items, is an example of another pattern of
behaviors possibly related to ICDs [4,10).

There is overlap in the diagnostic criteria [11]
for ICDs and addictions, consistent with ICDs
being described as ‘behavioral addictions’ [1s].
For example, individual inclusionary criteria
for both drug dependence and PG exist that
target continued engagement despite nega-
tive consequences, tolerance, withdrawal and
repeated unsuccessful attempts to cut back or
quit [1115]. Evidence has also shown parallels
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in the neurotransmitter dysfunction and pat-
terns of limbic and cortical activity typified by
addictions and ICDs such as PG [15,16]. For these
reasons, PG and possibly other ICDs (e.g., prob-
lematic internet use or internet addiction) are
being considered for reclassification as addictive
disorders in the forthcoming DSM-V [17].
Impulse control disorders may occur more
commonly among PD patients than in the gen-
eral public. In a sample of 554 consecutive PD
patients at an outpatient movement disorders
clinic in Turkey, 5.9% were found to have an
ICD [1). In a larger, multisite study, a significant
percentage of PD patients (13.6%) met criteria
for an ICD [2]. Regarding specific disorders,
2.9% met criteria for PG and 5.7% met crite-
ria for compulsive buying in this study. While
the compulsive buying frequency is compa-
rable to the rate in the US general population
(i.e., 5.8%; 18]), the PG frequency is higher
than in the US general population, where the
prevalence is approximately 1% in adults [19].
However, elevated frequencies of PG have been
observed in association with multiple medical
conditions. For example, among a sample of 389
medical and dental patients, over 15% met study
criteria for PG and approximately another 10%
met criteria for having a gambling problem [20].
Thus, in addition to the specific factors associ-
ated with PD, multiple more generalized factors
(e.g., the impact of having a significant medical
condition and the associated stressors) should
be considered when investigating the etiologies

of ICDs in PD.

Possible etiologies of ICDs in PD

It has been hypothesized that dopamine defi-
ciencies occurring during the progression of
the disease [5.6] may lead PD patients to be less
responsive to reward and more responsive to
punishment [8,21]. Such a lack of reward respon-
siveness related to disease progression may lead
to a loss of pleasure, which may in turn lead some
PD patients to seek extrinsic stimulation, in
some cases in the form of impulsive behaviors [9].
Similar neurobiological dysfunction has been
described in substance dependence. Continued
drug seeking and use may be perpetuated, in
part, by reduced numbers of dopamine D2-like
receptors in the brain (particularly in the stria-
tum), and these alterations may influence dopa-
mine signaling, feelings of reward or pleasure,
reinforcement of behaviors and reward-based
learning [22).
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Aspects of cognitive decline associated with
PD progression (e.g., decrements in working
memory [23]) may also predispose PD patients
toward impulsive behavior. Tendencies toward
response perseveration, a feature sometimes asso-
ciated with ICDs and addictions, have been found
in PD patients and may not be closely linked
to anti-Parkinson’s medications [23]. Utilizing
functional MRI, Rowe ¢z 4/. found with patients
both on and off anti-Parkinson’s medication that
there was less intense anterior cingulate activa-
tion during the prospect of reward in a continu-
ous performance task among those with more
severe PD [24]. By contrast, activation in response
to actual rewards increased with disease sever-
ity. These findings suggest that lack of reward
responsiveness in more severe PD patients may be
associated specifically with weaker anticipation
of reward rather than a lack of responsiveness to
actual reward receipt. This pattern of response
may be related to greater delay discounting (i.e., a
preference for more immediate, smaller rewards
rather than delayed, larger rewards [25)), which
is considered to be an aspect of impulsivity [26].

These findings suggest that disease progres-
sion may lead to impulsive tendencies. Data also
suggest that dopamine replacement therapies
(DRTs), including LD (a biochemical precur-
sor to dopamine) [27] and particularly dopamine
agonists (DAs; e.g., pramipexole and ropinirole)
are associated with ICDs [2,3]. Another anti-
Parkinson’s treatment that has been discussed
as a possible risk factor for impulsive behavior
and ICDs is deep-brain stimulation (DBS) of
the subthalamic nucleus [28,29].

Clinical studies

® Factors associated with ICDs in PD
Dopamine replacement therapies improve motor
function and may influence cognitive flexibil-
ity (8,30,31]. ICDs in PD have been associated with
DRTs [2,32-35]. In an international study involv-
ing over 3000 PD patients, 17.1% of patients
taking DAs had ICDs compared with 6.9% of
PD patients not taking a DA [2]. LD use was also
associated with ICDs in this study, although the
association was not as strong as for DAs. Of the
small minority of PD patients in this sample who
received neither LD nor DA treatments (n = 59),
only 1.7% met criteria for an ICD.

The relationship between medication use and
ICD does not appear to be straightforward and
may reflect an underlying vulnerability. While a
considerable number of PD patients are affected,
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those who develop an ICD nonetheless represent
a minority of the PD patients who take medica-
tion [36]. Several factors may influence the likeli-
hood of developing an ICD (Table 1) [3.4]. ICDs
in PD have been associated with factors related
directly to PD (e.g., age at PD onset and functional

impairment related to PD) and its treatment
(e.g., DBS, DAs, LD and amantadine). In addi-
tion, ICDs in PD have been associated with fac-
tors seemingly unrelated to PD, including mental
health disorders (e.g., personal and/or familial
histories of alcoholism, gambling problems and

Table 1. Factors associated with impulse control disorders in Parkinson’s disease patients.

Factor

Amantadine treatment
Trait anxiety
Deep-brain stimulation

Depression

Dopamine agonist treatment

Family history of gambling problems

agonist treatment
Impulsivity

Levodopa equivalent daily dose
Levodopa treatment
Male sex

Medication-induced hypomania
Novelty/sensation seeking
Obsessive—compulsive symptoms
Personal or family history of alcoholism

Residing in the USA
Tobacco smoking
Unmarried

Younger age/younger age of Parkinson’s disease
diagnosis/onset

High functional impairment related to Parkinson’s disease
Impulse control disorders history before onset of dopamine

Author (year) Ref.
Weintraub et al. (2010) [63]
Voon et dl. (In Press) (60]
Ballanger et al. (2009) [28]
Frank et al. (2007) (72]
Lim et al. (2009) [29]
Gallagher et al. (2007) [13]
Voon et al. (In Press) (60]
Ardouin et al. (2006) [32]
Bostwick et al. (2009) (73]
Driver-Dunckley et al. (2003) (33]
Gallagher et al. (2007) (13]
Giladi et al. (2007) [74]
Pontone et al. (2006) (75]
Voon et al. (2006) [34]
Weintraub et al. (2006) [35]
Weintraub et al. (2010) [2]
Weintraub et al. (2010) [2]
Voon et al. (In Press) (60]
Weintraub et al. (2006) [35]
Voon et al. (In Press); motor and [60]

rapid decision
Voon et al. (2007); nonplanning [38

]
Voon etal. (In Press) [60]
Weintraub et al. (2010) [2]
Gallagher et al. (2007) (13]
Giladi et al. (2007) [74]
Kenangil et al. (2010) (1]
Voon et al. (2007) (38]
Bodi et al. (2009) (8]
Voon etal. (In Press) [60]
Voon et al. (2007) (38]
Weintraub et al. (2010) [2]
Weintraub et al. (2010) [2]
Weintraub et al. (2010) [2]
Weintraub et al. (2010) [2]
Gallagher et al. (2007) (13]
Giladi et al. (2007) [74]
Voon et al. (2006) [34]
Voon et al. (2007) (38]
Weintraub et al. (2006) [35]
Weintraub et al. (2010) [2]
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ICDs prior to PD onset), personal features or
tendencies (e.g., impulsivity, obsessionality—
compulsivity, anxiety and depression), and socio-
demographic characteristics (e.g., unmarried and
living in the USA vs Canada).

® Clinical characteristics

As it has been suggested that PD patients may
be relatively inhibited [37.38), especially when not
taking medications [438], a low threshold may be
important for identifying ICDs, particularly
given their potential negative impact [3]. Given
the lack of longitudinal data it is uncertain the
extent to which high inhibition/low disinhibi-
tion may be a precursor to the development of
PD, relate to dopamine depletion in PD or reflect
some other phenomena [37).

Clinical conditions and behavior patterns pos-
sibly associated with ICDs have been identified
in PD and are listed in Table 2 along with cita-
tions for recent studies. Although these condi-
tions and behaviors involve repetition, some are
hedonic-like, at least at their onset (e.g., com-
pulsive eating/weight gain, compulsive shop-
ping and hypersexuality), while others consist
of typically nonhedonic, stereotyped behaviors
(e.g., walkabout, which is defined as a persistent
restlessness that may lead to a strong urge to walk
or travel [10]). Health professionals and research-
ers seeking ideographic descriptions of ICDs in
PD patients can refer to brief case histories in
recent published reports [1,32].

Neurobiological & neurocognitive studies
® Background

When evaluating neurobiological and neuro-
cognitive research on ICDs in PD, researchers
and clinicians should consider multiple factors.
Some of these factors (e.g., the medication use
status of PD patients in the sample) are described
in Table 3. Although the list includes many
important questions it is not exhaustive, and
additional considerations specific to individual
studies are likely to be relevant. Key aspects of
the methods and results of studies discussed in
this section are presented briefly in Table 4.

® Responsiveness to reward & punishment

Dopamine deficiencies occurring during PD pro-
gression (5,6] may lead patients to become more
responsive to punishment and less responsive
to reward [8.21]. Recent neurocognitive research
has suggested that DRT use may be implicated

in a reversal of this pattern (i.e., greater reward
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responsiveness and lesser responsiveness to pun-
ishment) in some PD patients [8.21]. Recent stud-
ies have also shown similarly altered contingen-
cies in PD patients with ICDs and that their
tendencies to respond more strongly to reward
than punishment may be amplified with DRT
use [27).

Recent studies have compared non-medicated
PD patients with healthy controls and medicated
PD patients with healthy controls regarding their
responsiveness to reward and punishment. In
accordance with the dopamine deficiency hypo-
thesis, Bodi ez a/. found that relatively young, pre-
viously unmedicated PD patients (ICD status not
reported) showed impairment in reward process-
ing and enhanced learning from punishmentin a
feedback-based probabilistic classification task [s].
By contrast, recently medicated PD patients did
not differ significantly from healthy controls on
reward learning, but performed significantly
worse than healthy controls and never medi-
cated PDs on punishment learning. Prospective
findings from a 12-week follow-up conducted as
part of this study paralleled the cross-sectional
findings. DA use in the previously unmedicated
group was associated with enhanced reward
learning and disrupted punishment learning.
Kobayakawa ez al. 39] found that primarily older
adult PD patients without ICDs (tested while
on their regular medication regimen of LD or
DAs) were more likely to draw from disadvanta-
geous decks in the lowa Gambling Task [40] than
matched healthy controls. Pagonabarraga ez al.
also found that PD patients without ICDs tested
when taking their normal DA regimen performed
worse than matched healthy controls on the lowa
Gambling Task, making more choices from dis-
advantageous decks as the task continued [41].
This pattern of drawing from disadvantageous
decks suggests hypersensitivity to reward and/or
hyposensitivity to punishment in individuals
with PD who take DRTs.

Other studies have pursued within-subjects
comparisons of PD patients on and off medi-
cation. Frank ez al. compared matched healthy
controls with PD patients (ICD status not
reported) on and off their regular DRT regi-
men (all were on LD and some were also taking
DAs) [21]. Participants performed probabilistic
and deterministic procedural learning tasks.
The authors found that, when medicated, PD
patients were more effective at learning from posi-
tive (i.e., information that a choice was correct)
than negative (i.e., information that a choice was
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Table 2. Recent studies concerning clinical conditions and behavior patterns possibly

associated with impulse control disorders in Parkinson’s disease patients.

Condition/behavior
Compulsive eating/weight gain

Compulsive shopping

anti-Parkinson medications, particularly levodopa)

Drug use
Hobbyism
Hypersexuality

Problem/pathological gambling

Punding

Walkabout

Dopamine dysregulation syndrome (i.e., compulsive use of

Author (year) Ref.
Kenangil et al. (2010) (1]
Nirenberg and Waters (2006)  (76]
Weintraub et al. (2009) (12]
Kenangil et al. (2010) (1]
Weintraub et al. (2006) [35]
Weintraub et al. (2009) [12]
Evans et al. (2006) [56]
Lawrence et al. (2003) [77]
Kenangil et al. (2010) (1]
Weintraub et al. (2009) (12]
Kenangil et al. (2010) (1]
Weintraub et al. (2006) [35]
Weintraub et al. (2009) [12]
Ardouin et al. (2006) (32]
Avanzi et al. (2006) [78]
Driver-Dunckley et al. (2003)  [33]
Grosset et al. (2006) (79]
Lu et al. (2006) (80]
Voon et al. (2006) (34]
Weintraub et al. (2006) [35]
Weintraub et al. (2009) [12]
Evans et al. (2006) [56]
Kenangil et al. (2010) (1]
Weintraub et al. (2009) (12]
Weintraub et al. (2009) [12]

wrong) feedback with the reverse observed when
not medicated. Healthy controls showed no such
performance disparity between positive and nega-
tive feedback. Positive feedback could be thought
of as analogous to reward and negative feedback
analogous to punishment. Thus, these find-
ings parallel results from the between-subjects
comparisons discussed earlier. By contrast, van
Eimeren ez al. [42) found no significant differences
in performance on the Balloon Analogue Risk
Task (BART) [43], a computerized task of risk-
taking propensity, between medication adminis-
tration conditions (i.e., no medication, LD and
an equivalent dose of the DA pramipexole) in a
sample of early-stage PD patients without ICDs.
Hamidovic ez a/. found similar negative results on
a battery of impulsivity measures in healthy adult
subjects following administration of pramipexole,
a DA utilized in PD treatment [44].

Some studies have tested differences between
PD patients with and without ICDs. On a stimu-
lus reinforcement learning task, medicated PD
patients without ICDs rated stimuli with a high

Neuropsychiatry (2011) 1(2)

probability of reinforcement to be significantly
less likely to yield reward than both healthy con-
trols and medicated PD patients with ICDs [7]. In
the same study, PD patients with ICDs indicated
a preference for immediate over delayed rewards
on the Kirby delay discounting questionnaire [45].
This response pattern may indicate a dampened
response to reward among PD patients without
ICDs and heightened responsiveness to immedi-
ate rewards among PD patients with ICDs, pos-
sibly indicative of impulsive response [7]. Voon
et al. found that PD subjects with ICDs had faster
reaction times on the experiential discounting
task (EDT) [46], a naturalistic intertemporal
choice task examining real-time temporal dis-
counting, as compared with PD subjects with-
out ICDs [27], which may also suggest heightened
reward responsiveness and/or response impul-
sivity among PD patients with ICDs. However,
Rao ez al. found no significant differences in
risk-taking as assessed by performance on the
BART between PD patients with and without
ICDs (all but one of whom were taking DAs) [47).
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In addition to between-subjects comparisons
among PD patients with and without ICDs and
matched normal controls, the Voon ez al. study
also included within-subjects comparisons of the
PD patient groups on and off DA [27]. DA use
was associated with increased impulsive choices
on the EDT among PD patients with ICDs, but
not in those without, and the aforementioned
main effect of faster EDT reaction times by
PD patients with ICDs was more pronounced
in patients on DAs compared with off. While
on DA, PD patients with ICDs also made more
errors on a spatial working memory task than
those without ICDs, suggesting that PD patients
with ICDs may also have impaired executive
function [27). In a recent study utilizing a comput-
erized trust game, PD patients with and without
ICDs were compared with healthy controls. In
an additional between-subjects comparison, PD
patients were tested either on or off their regular
LD medication regimen. Regardless of medica-
tion condition, PD patients without ICDs pun-
ished computerized opponents they believed were
real people in cases when monetary resources
were not shared to a greater extent than healthy
controls. PD patients with ICDs punished more
than controls on medication, but were similar
to controls off medication [48]. While the nature
of the relationship is not entirely clear, ICD and
medication status appeared to have influenced
task performance in this study.

In summary, cognitive impairments poten-
tially linked to PD progression rather than medi-
cation use may put patients at risk for impulsive
behaviors, and DRTs may influence responses to
reward and punishment. Data also suggest pos-
sible differences in reward responsiveness based
on ICD status, although negative findings were
reported with a risk-taking task. As many studies
have employed relatively small samples, investiga-
tions with larger and well-characterized samples
should help to further identify neurocognitive
contributions to ICDs in PD.

® Possible ventral striatal

& cortical involvement

Recent research suggests that the ventral stri-
atum and the prefrontal cortex are two key
regions with regard to alterations in responsive-
ness to reward and punishment observed in PD
patients. ICD behaviors in PD patients have been
proposed to reflect ‘dopamine overdosing’ in the
ventral striatum, resulting from DRTs [4,23.49].
While dopaminergic loss in PD initially involves
the dorsal striatum, the ventral striatum is left
relatively intact in the early stages. As such, it has
been hypothesized that over-stimulation of the
ventral striacum may occur in DRTs. Given the
role of the ventral striatum in regulating reward
responsiveness and motivational drives, DRTs
may influence responsiveness to reward [42] and
motivational values of stimuli [50].

REVIEW

Table 3. Some factors to consider when evaluating results of neurobiological and neurocognitive work related to Parkinson’s

disease and impulse control disorders.

General issues regarding
nature of PD patient sample  older adults)?
Types of comparisons
between groups
being conducted?

Factor Some questions to consider
What level of disease severity/progression is evidenced by the patients? What age group (e.g., middle-aged,

Does the study compare PD patients with and without ICD or with specific ICDs (e.g., pathological
gambling)? Is the comparison between PD patients versus healthy controls? Is a within-subject comparison

Pre-PD/premedication ICD Is the patient sample limited to those who report that their onset of ICD was after PD onset or the beginning
status of anti-Parkinson’s medication use or does the sample include those whose onset of ICD may have predated
their PD?

Patient medication status
clinically and for study design

Medication challenge

For cognitive task studies:
nature of task
Assessment instruments

Is the patient sample taking anti-Parkinson’s medications and, if so, what type (e.g., DAs, LD, combinations)? Is
a comparison in the study between patients taking a particular type of medication versus those who are not?
For study purposes, are patients taking medication being asked to abstain before study sessions and, if so, for
how many hours beforehand?

Will patients be administered DRTs as part of the study? If so, which type of medication (e.g., DAs, LD)?

What type of task is being utilized? Is it a task to assess some aspect of impulsivity (e.g., delay discounting) or
compulsivity (e.g., response perseveration), is it a risk-taking/gambling task or some other task?

How were assessments of ICDs or other possibly related behaviors made? Were self-report measures or
clinical interviews utilized? Have these instruments been established in the literature as being reliable

and valid?

DA: Dopamine agonist; DRT: Dopamine replacement therapy; ICD: Impulse control disorder; LD: Levodopa; PD: Parkinson’s disease.
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Regarding the role of the prefrontal cortex,
dopamine stimulation from DRTs may disrupt
gating mechanisms. These cortical gating mecha-
nisms help to distinguish stimuli to which one
should react to from stimuli one should ignore.
Greater distractability may occur as a result of this
disruption [23]. Receipt of rewards, particularly
those that were not anticipated, is associated with
phasic dopamine release and signaling, whereas
the nonreceipt of expected rewards is associated
with a pause in dopamine-related neuronal firing.
The enhanced dopaminergic activity resulting
from DRTs has been proposed to disrupt these
pauses that may normatively lead to response
inhibition [42].

Recent findings have provided empirical sup-
port for these proposed roles for the prefrontal
cortex and ventral striatum. After a medication
abstinence period, early-stage PD patients with-
out ICDs displayed enhanced activity in the
orbitofrontal cortex in response to feedback in
general in a roulette-style probabilistic reward
task when tested after DA administration, com-
pared with LD or no medication [42]. The authors
also observed impaired response deactivation in
the ventral striatum during negative error trials
following LD or DA administration and in the
orbitofrontal cortex following DA administration
only [42].

Relevant to the roles of the ventral striatum
and prefrontal cortex, parallels may exist between
ICDs in PD patients and ICDs in the general
population. The ventral striatum and parts of the
prefrontal cortex including the ventromedial pre-
frontal cortex have been implicated in addictions
and ICDs, such as PG in the general population
(16]. Substance-dependent individuals have been
found to release dopamine in the ventral stria-
tum in response to their drugs of choice [51-53].
Individuals with PG have shown diminished
activity in the ventral striatum during simu-
lated gambling (54], similar to findings during a
risk-taking task in PD/ICD patients [47].

Given this type of evidence for the involvement
of the ventral striatum and prefrontal cortex in
ICDs, such as PG in the general population, some
investigators have explored whether dysfunction
in these regions may be observable in PD patients
with ICDs. Following overnight medication absti-
nence, PD patients with PG compared with PD
patients without PG showed greater reductions in
raclopride (a D2-like dopaminergic ligand) bind-
ing potential in the ventral striatum during gam-
bling task performance, which could be suggestive

Neuropsychiatry (2011) 1(2)

of greater dopamine release in the ventral striatum
in the group with PG. Levels of raclopride bind-
ing in the ventral striatum at baseline were also
lower in the group with PG, suggesting differ-
ences not directly related to gambling participa-
tion per se 50]. In a separate publication, reduced
striatal dopamine transporter binding in the ven-
tral striatum was observed in PD patients with
PG as compared with PD patients without PG.
The authors reported that this finding may be
explained by increased synaptic dopamine among
PD patients with PG [36].

Regarding cortical activity, after DA admin-
istration following overnight abstinence, PD
patients with PG showed reduced brain activa-
tion in regions associated with impulse control
and response inhibition (e.g., lateral orbitofrontal
cortex and rostral cingulate) while engaged in a
probabilistic feedback card game during PET
scans. By contrast, DA administration increased
activity in these areas among PD patients without
PG [5s].

A recent functional MRI study addressed
activation in both the ventral striatum and pre-
frontal cortex in PD patients with and without
ICDs. The investigators found reduced activa-
tion in the ventral striatum at rest and during
a risk-taking task in individuals with ICDs and
PD as compared with those with PD alone [47].
Individuals with PD and ICDs were compared
with PD subjects without ICDs while performing
the BART. In addition to ventral striatal differ-
ences, subjects without ICDs showed activation
in other areas relevant to risk/reward decisions
and impulse control during the BART, includ-
ing the dorsolateral prefrontal cortex and anterior
cingulate cortex/medial frontal cortex. At a simi-
lar significance threshold, individuals with ICDs
showed no activation in these structures [47].

Activity in the striatum has also been found
to be altered among PD patients with conditions
and behavior patterns possibly related to ICDs. In
a PET study, Evans ez al. compared PD meeting
criteria for DDS to PD patients without DDS [56].
After LD administration following medication
abstinence, PD patients with DDS showed a
greater reduction in raclopride binding in the
ventral striatum than PD patients without DDS,
suggestive of greater ventral striatal dopamine
release following LD administration in the DDS
group. Reduction in the percentage binding of
raclopride was related to punding behavior in the
DDS patients, who were also more likely to work
for small financial rewards while on LD.

future science group
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To summarize, individuals with PD and ICDs
show differences in brain function from those
with PD alone while at rest and during risk-
taking and decision-making tasks. The ventral
striatum and prefrontal cortex appear to be two
key regions with regard to these functional differ-
ences. DRTs may influence decision-making and
impulsive responding. While a considerable num-
ber of PD patients develop ICDs, these patients
represent a minority of the PD population taking
medication. Therefore, individual differences are
relevant as some patients may be at elevated risk
for developing these disorders (Table 1).

Clinical implications
Clinicians should discuss the potential for ICDs
with their patients as early as possible following
diagnosis. This type of discussion is especially
pertinent when clinicians advise patients on treat-
ment options, given data associating DRTs and
DBS with ICDs in PD (Table 1). As features of PD
are often distressing and may be disabling, risks
and benefits of the possible treatments should be
considered and discussed with patients (see [57]
for discussion of these issues). Clinicians can also
assess patients for factors that have been associ-
ated with ICDs in PD (Table 1). This information
may have an impact on treatment recommenda-
tions. For instance, for individuals with several
factors associated with ICDs, LD may be a better
option than DA. While LD use has been asso-
ciated with ICDs [2.58], odds ratios for ICDs in
PD associated with LD were lower than those
associated with DAs in a large cross-sectional
study [2]. These findings are in accordance with
results from small, uncontrolled studies, also
suggesting stronger associations between ICDs
and DAs than between ICDs and LD [3334.59].
Nonetheless, as individuals on DAs may also be
on LD, it may be challenging to disentangle fully
the influence of medication. With respect to DAs,
studies have found no differences with respect to
specific DAs (e.g., ropinirole or pramipexole) and
their associations with ICDs [8.13,34,35]. However,
evidence suggests that DRT dose is an important
factor to consider with regard to ICDs. Results
from a recent multicenter case—control study
showed that PD patients with ICDs had signifi-
cantly higher LD equivalent daily doses of DRT
than PD patients without ICDs [60], although this
relationship has not been found in all studies 34].
Clinicians can assess patients for ICDs. There is
now a brief, self-report screening measure entitled
the Questionnaire for Impulsive—Compulsive

fsg
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Disorders in Parkinson’s Disease (QUIP) [12].
Individuals who screen positive for one or more
ICD may be identified and can thus be treated
directly and/or referred for additional evaluation
and care.

Dopamine agonist dose reductions, or outright
discontinuation, have been suggested to amelio-
rate ICD symptoms in small uncontrolled stud-
ies [13,35,59.61]. Reductions in DA dosing in response
to ICD symptoms are sometimes accompanied by
increases in LD dosing [59). Alternative treatments
may also be considered, however, there is relatively
little evidence-based data available regarding the
efficacy of these treatment options. A recent, small,
double-blind crossover trial showed evidence for
the efficacy of amantadine (a drug influencing
glutamatergic function utilized to treat early PD
motor symptoms [62]) compared with placebo in
treating recent-onset PG in PD (62]. However,
these findings should be approached with cau-
tion, given the small sample size, potential for
adverse effects and possible psychosis induction.
Furthermore, recent data from a large, muldisite,
cross-sectional study [2] have linked amantadine
use with ICDs [63]. Speculatively, amantadine’s
prodopaminergic properties may underlie its
association with ICDs and its antiglutamater-
gic properties may underlie possible therapeutic
effects. Further research is needed to investigate
these issues and to explore possible individual
differences that may be associated with positive
and negative treatment response [63]. There is
evidence suggesting efficacy of non-medication
treatments such as DBS in the enhancement of
motor function and overall quality of life in PD
patients, although there is a lack of randomized,
controlled studies in this area [64]. DBS has also
been associated with impulsive behavior [21,28],
and ICDs [29], although there have also been nega-
tive findings with regard to an association with
ICDs [2] and the relationship between DBS and
ICDs may be influenced by the specific location
of the stimulation [65].

Evidence suggests that there are neurobiological
similarities among addictions and ICDs with and
without PD. For instance, diminished ventral cor-
tical activations have similarly been observed in
association with ICDs with and without PD [16,55]
and in drugaddictions [16]. Given this evidence of
neurobiological similarity, treatments found to be
efficacious in ICD patients without PD may be
helpful for ICDs in PD patients, although direct
testing of this hypothesis is warranted given the
potential influences of neuropathology associated

www.futuremedicine.com
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with PD. Medications that have been found to
demonstrate efficacy in the treatment of specific
ICDs may be considered. While there are not yet
any US FDA-approved medications for ICDs,
multiple randomized clinical trials (e.g., [66])
have found opioid antagonists to be superior to
placebo, particularly for PG [3). Additionally,
self-help groups (e.g., Gamblers Anonymous [67])
or professionally delivered behavioral therapies

(e.g., cognitive behavioral therapy [68.69]) may
be helpful.

Conclusion & future perspective

Although we have learned a great deal from recent
studies, there are multiple areas that would benefit
from additional research. Molecular investigations
into the pathophysiology of ICDs in PD are at an
early stage. However, the recent development of
animal models of gambling [70.71], in conjunction
with those in existence for PD, should aid in this
area. Longitudinal studies are needed to identify
predictors of; or risk factors for, ICDs in PD. These
studies would likely have to be large to provide sta-
tistical power to yield generalizable results, which
would be ambitious given that the development
of PD and the development of an ICD in PD are
each low probability occurrences. While there are
findings suggesting parallels between ICDs with
and without PD [55,47], conclusions are speculative
until studies are conducted in which ICD patients
with and without PD are included in the same
research protocols. This type of research might
inform not only our understanding of ICDs in
PD, but also suggest additional treatment options.
Several recent studies [27,36,41,42.47,50,56] have
enrolled only PD/ICD patients who reported ICD
features since PD onset or the onset of PD-related
pharmacotherapy. Given evidence thata prior his-
tory of ICD may represent a risk factor for ICDs
in PD [35], excluding such patients may limit the
external validity of studies. Future research is
needed that incorporates patients with PD and
ICDs with a history of an ICD prior to PD onset.
A potentially important aspect of research design
is the severity of disease progression, as PD severity
has been related to cognitive function [23]. While
most investigators report average ratings of dis-
ease severity in their samples, and often match
samples accordingly, results involving relation-
ships between PD disease severity and ICDs are
infrequently reported (see [24] for an exception).
Dissecting changes in reward responsiveness and
impulsive behaviors that may occur owing to dis-
ease progression versus medication use versus other

Neuropsychiatry (2011) 1(2)

possible factors is an important area of additional
research focus, with important clinical ramifica-
tions. Such research could inform the develop-
ment of novel and more efficacious treatment
approaches for ICDs in PD. Testing behavioral,
pharmacological and other treatments in large,
carefully controlled randomized clinical trials will
be important in identifying safe and efficacious
therapies for individuals with ICDs and PD.
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