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Heightened trait impulsivity in both subclinical and pathological senses is becoming increasingly recognised in Parkinson’s
disease (PD). Impulsive behaviours and impulse control disorders (ICDs) are a consequence of perturbation to the rewards
pathway leading individuals to conduct activities in a repetitive, excessive, and maladaptive fashion. Commonly linked to PD,
heightened trait impulsivity has been found to primarily manifest in the forms of hypersexuality, pathological gambling,
compulsive shopping, and binge eating, all of which may signifcantly impact social and fnancial standing. Subsequent burden to
quality of life for both individuals with PD and caregivers are common. Although risk factors and indicators for ICDs in PD are
currently lacking, it is recognised that the condition is often precipitated by dopamine replacement therapies, primarily dopamine
agonist administration. While this nonmotor symptom is being increasingly diagnosed in PD populations, it remains relatively
elusive in comparison to its motor counterparts. Trough discussion of impulsivity characteristics, neuroanatomy, and neu-
rochemistry, in addition to reviewing existing research on the potential contributing factors to impulsivity in PD, this review
highlights impulsivity as a signifcant and detrimental PD symptom. Tus, emphasising the imperative need to establish ef-
cacious diagnostic tools and treatments.

1. Introduction

Parkinson’s disease (PD) is a chronic neurodegenerative
condition second only to Alzheimer’s disease in global
prevalence [1]. Typifed by a range of motor symptoms
including resting tremor, bradykinesia, rigidity, and
reduced postural refexes, PD also commonly presents
with nonmotor symptoms (NMS), often preceding motor
signs by many years. Such nonmotor defcits include
olfactory, psychiatric, cognitive, and autonomic distur-
bances [2, 3].

Prodromal cognitive defcits are of particular interest,
ofering potential insight into disease progression, early
diagnosis, and disease-modifying therapies. Notably,
heightened trait impulsivity and impulse control disorders
(ICDs) are becoming increasingly associated with PD
through the administration of dopaminergic medications
and disease pathology itself [4, 5]. Recent studies have

estimated ICDs to occur in up to 40% of people with PD
[6], with males more likely to report multiple impulsive
behaviours [7]. Impulsive behaviours reported in people
with PD frequently include hypersexuality, pathological
gambling, compulsive shopping, and binge eating, possibly
leading to fnancial and social consequences and negatively
impacting quality of life (QoL) [5]. Although higher trait
impulsivity has been associated with a younger age of PD
onset [7], there are no indicators of current or future
impulsivity arising. With individuals naturally having
varied ranges of impulsivity along the spectrum, it is
hypothesised that individuals diagnosed with PD are more
likely to have heightened trait impulsivity, possibly
resulting in certain individuals falling into the classifca-
tion of an ICD diagnosis. Tis review explores the mul-
tifaceted nature of impulsivity to provide a greater
awareness of this less commonly recognised component of
PD treatment and pathology.
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2. Neuropsychiatric Nonmotor Deficits in PD

Te neuropathology underlying neurodegeneration in PD
extends to several extranigral regions, thereby compromising
dopaminergic, serotonergic, adrenergic, and cholinergic
neurotransmission systems [8, 9]. Due to the signifcance of
such systems in modulating processes including cognitive
function, emotional processing, circadian rhythm, and re-
ward, dysregulation and neurodegeneration of associated
neurons is tightly linked to people with PD experiencing
a range of NMS. Cognitive impairment and dementia are
frequently reported disorders occurring in both early and late
stages of PD. Tese may occur in conjugation with numerous
other psychiatric impairments including depression, anxiety,
apathy, and sleep disturbances, which often compound dis-
ability and have important implications for mortality [10].
Neuropsychiatric NMS are consequences of the neurode-
generative process and can often complicate the diagnostic
process leading to misdiagnoses and mismanagement of
disease by both carer and clinician [11]. Depression and
anxiety are commonly diagnosed in place of PD when one is
presenting with NMS, leading to infated health-related costs
and infrequent referral to neurology specialists [11]. As such,
diagnosis of PD can be delayed on average by 1.6 years in
comparison to a typical 1.0-year delay in patients presenting
with cardinal motor defcits [11]. Tus, early detection of
NMS, potentially prior to motor symptom presentation, is
imperative. Neuropsychiatric NMS are considered an im-
portant cause of morbidity, particularly later in disease
progression, and are a signifcant determinant of patient QoL
with recent research emphasising its impact over motor
symptoms [10]. Tere is also signifcant impact on caregiver
burden with increased rates of institutionalisation [12].

Recently, neuropsychiatric disturbances such as in-
creased psychosis and trait impulsivity have gained recog-
nition as neuropsychiatric impairments attributed not only
to PD pathology, but interestingly as an adverse efect of
dopamine agonist (DAA) use following PD diagnosis. Tus,
the recognition and development of suitable treatments for
NMS is a critical component in delivering comprehensive
and holistic care for PD patients [13].

3. Trait Impulsivity in PD

Impulsivity is a multifaceted construct underpinned by
cognitive and motor systems. In the general population,
individuals vary in their natural tendency to behave im-
pulsively, known as trait impulsivity. Cognitively, high trait
impulsivity includes maladaptive decision-making [14],
increased risk taking [15], intolerance for delayed rewards
(temporal discounting) [16], and the inability to adjust
behaviour based on environmental feedback (reversal
learning) [17]. Motorically, high trait impulsivity involves
diminished response inhibition, or the inability to inhibit
a prepotent motor response [18]. High trait impulsivity is
a risk factor for the development of severe neuropsychiatric
disorders such as substance abuse disorder [19], borderline
personality disorder [20], and ICDs [21]. Moreover, current
conceptions of impulsivity support a dimensional approach,

in which personality and pathological impulsivity represent
dimensions of the same condition. Indeed, as a neuropsy-
chiatric complication of PD, impulsivity ranges in severity
from mild trait impulsivity changes to severe, clinically
identifable ICDs [22–24]. Recent studies have suggested the
prevalence of trait impulsivity in the PD population is as-
sociated with increased ICD diagnosis.

With focus on subclinical changes to trait impulsivity,
recent studies have revealed that individuals diagnosed with
PD and lacking an ICD diagnosis behaved more impulsively
than healthy controls [22, 25–27]. Furthermore, higher trait
impulsivity has been reported in people with PD with
comorbid ICDs in contrast to ICD-free PD patients [28, 29].
Consequently, high trait impulsivity is postulated as a risk
factor for ICD development in PD [24]. Despite this
knowledge, a signifcant gap remains regarding the epide-
miology and pathophysiology of trait impulsivity in PD,
highlighting the necessity for further studies [22, 30, 31].
Such investigations would provide signifcant information
for the ∼85% of PD patients who do not ft the ICD di-
agnostic criteria but may experience subsyndromal impul-
sivity symptoms. Notably, such investigations may further
elucidate the complex nature of impulsivity initiation and
progression, leading to the identifcation of impulsivity
indicators, comprehensive diagnostic tests, and potentially,
treatment of such behaviour with appropriate intervention.

3.1. Measuring Trait Impulsivity. As impulsivity may en-
compass both cognitive and motor components, multiple
behavioural tasks and self-report questionnaires are utilised
in a clinical and diagnostic capacity. Behavioural tasks treat
impulsivity as a unitary construct, objectively measuring its
cognitive or motor elements. Common cognitive impulsivity
tasks assess tolerance of delayed reward (e.g., temporal
discounting task) [32], risk taking (e.g., probabilistic dis-
counting task) [33], attention (e.g., continuous performance
task) [34], and decision-making (e.g., Iowa gambling task
andWisconsin card sorting task) [35, 36]. Motor impulsivity
tasks measure premature responding (e.g., fve-choice serial
reaction time task and go/no-go task) [37] or response
inhibition (e.g., stop-signal reaction time task) [38]. Con-
trastingly, self-report questionnaires treat trait impulsivity as
a multifaceted construct, simultaneously assessing both
cognitive and motor elements [39]. Te most widely used
questionnaire is the Barratt Impulsiveness Scale (BIS-11)
which yields scores of total impulsivity, with higher scores
indicative of greater impulsivity [40, 41]. Furthermore,
through factor analysis, the BIS-11 accounts for second- and
frst-order subdomains of the trait [41]. Although the total
score gained from the BIS-11 is recognised as a reliable
indicator of impulsivity, subsequent analyses of this di-
agnostic test suggests that it does not assess the three im-
pulsivity components of attentional impulsivity, motor
impulsiveness, and nonplanning impulsiveness as originally
detailed by Barratt [42]. Tus, misinterpretation of impul-
sivity characterisation, a component which may provide
critical information to the patient in addition to the overall
BIS-11 score, may occur [42].
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With such failings in mind, the Questionnaire for
Impulsive-Compulsive Disorders in Parkinson’s Disease
(QUIP) was designed with the hope of providing a com-
prehensive diagnostic test in the context of PD [43]. Tis
self-administered screening questionnaire is signifcant for
the identifcation of individuals whomay require a follow-up
diagnostic interview, or further monitoring of early recog-
nition of symptoms as they become clinically signifcant
[44]. Although subsyndromal ICD symptoms have been
notoriously difcult to detect, the QUIP detected with 100%
accuracy in the presence of an ICD in confrmed comorbid
PD-ICD populations, in addition to revealing a positive
QUIP result in 40% of undiagnosed individuals [43]. Hence,
such patient-administered early screening tools may aid in
better characterising trait impulsivity that ranges between
subclinical presentations to an ICD diagnosis.

Although both behavioural tasks and self-report ques-
tionnaires such as the BIS-11 and QUIP are recommended
for the detection of trait impulsivity alterations [45] at
present, indicators of heightened trait impulsivity are
lacking, with DAA use being the primary risk factor suspect.
While male sex, no history of smoking, following secondary
education, and more severe course of illness have been
postulated as possible players, various studies are contra-
dictory and often signifcance is lacking [31]. Recent studies
are also suggestive of REM sleep behaviour disorders (RBDs)
and sleep disturbances presenting an identifying factor for
future ICD development [46, 47]. Currently, classifed as
a prodromal stage of alpha-synucleinopathies, RBDs are also
proposed to cause a more severe impairment in the mes-
ocorticolimbic pathway, culminating in impairment of re-
ward processing [47].

3.2. Impulse Control Disorders. Recognising pathological
alterations to trait impulsivity is made complicated due to its
variety of presentations. Broadly, the four major ICDs defned
are hypersexuality, pathological gambling, compulsive
shopping, and binge eating [48]. Individuals with ICD’s
perform such pleasurable behaviours repetitively, excessively
and compulsively to the point of disruption to daily life and
harm to others [5]. Individuals generally report being psy-
chologically driven to engage in such behaviours as they are
considered to be rewarding, implicating dysregulation of the
rewards pathway and multiple neurotransmission systems
[9]. People with PD displaying comorbid ICDs, experience
drastic social, fnancial, and legal complications, reporting
gambling debts, marriage breakdown, and loss of employ-
ment [49, 50]. Furthermore, ICDs are an independent pre-
dictor of reduced QoL, particularly regarding emotional
wellbeing, and also correlate with greater functional im-
pairment in daily living activities and increased caregiver
burden [24, 51, 52]. For example, people with PD exhibiting
high trait impulsivity self-report has signifcantly poorer QoL,
with PDQ-39 scores approximately 2-fold higher compared to
patients experiencing low trait impulsivity [37].

People with PDmay also exhibit ICD-related behaviours
that share ICD biology but have contrasting clinical pre-
sentations. For instance, repetitive purposeless behaviours
(punding), hobbyism, excessive aimless wandering

(walkabout), and hoarding and compulsive medication use
including dopamine dysregulation syndrome (DDS) [53].
While rare in the general population at 0–0.25%, such be-
haviours appear in approximately 14% of PD patients
[54–56], generally arising subsequent to dopaminergic re-
placement therapy (DRT) initiation [57, 58]. Te frst line of
treatment following ICD diagnosis involves optimising
dopaminergic medications and specifcally removing pa-
tients from DAA treatment [59]. However, this can result in
withdrawal symptoms or the return of motor symptoms.
Cognitive behavioural therapy has indicated encouraging
results in reducing ICD symptoms [60]. However, its efcacy
is reliant on patient self-awareness of disruptive behaviours.
As a result, treating both motor symptoms and heightened
trait impulsivity simultaneously remains a challenging front.

ICDs have been documented in a portion of people with
PD across various studies. With a sample of 3,090 in-
dividuals with PD, the DOMINION study reported at least
one ICD in 13.6% of patients [56]. Tis group encompassed
5% gambling, 3.5% compulsive sexual behaviour, 5.7%
compulsive buying, and 4.3% binge-eating disorder [56].
Notably, 3.9% of the test group had two or more ICDs [56].
Several studies have acknowledged that the frequency of
ICDs may extend beyond these fgures, with many patients
under-reporting impulsive behaviours due to embarrass-
ment, lack of symptom awareness, and irregular clinical
screening [9, 44, 56, 61]. More recent investigation of smaller
PD cohorts has established that ICDs may in fact afect up to
40% of people with PD, providing novel evidence that ICDs
are considerably under-reported [6]. Tis high prevalence
indicates the necessity for clinicians to enquire as to whether
patients and family members’ may have identifed com-
pulsive behaviours in order to uncover evidence of impul-
sivity as prematurely as possible.

4. Neurobiology of Trait Impulsivity in PD

4.1. Neuroanatomy of Trait Impulsivity. Impulsive desire
must be tightly self-regulated depending on circumstance,
motivation, and emotion, involving an array of neuronal
populations. Key players for the modulation of trait im-
pulsivity include the striatum of the basal ganglia and
prefrontal cortex, both with opposing yet complimentary
functions. Te striatum promotes impulsive choices and
actions, while the prefrontal cortex and hippocampus permit
goal-directed inhibition of such behaviour [62]. In-
terestingly, activation of these brain regions difers in an age-
related fashion, in addition to infuences from personality,
underlying neuropsychiatric conditions, medications, and
neurodegenerative diseases such as PD, resulting in a spec-
trum of trait impulsivity [56, 63].

Te dorsal striatum controls action selection and
stimulus-response learning [64]. It is also an integral locus
for response inhibition and choice impulsivity. Following
disruption to the striatum, impulsivity is adjusted accord-
ingly. Induction of dorso-striatal excitotoxic lesions in ro-
dents slowed responses on the stop-signal reaction time task
[65]. Similarly, dopamine D2 receptor antagonism resulted
in increased trait impulsivity as a consequence of reduced
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inhibitory postsynaptic potential generation through the D2
receptor [65]. In humans, reduced D2-receptor binding
potential in the dorsal, but not ventral striatum had the same
efect [66]. Moreover, on a temporal discounting task, do-
paminergic depletion in the dorsolateral striatum produced
a steep, impulsive discounting of a delayed reward [67].

Comparably, the ventral striatum consisting of the ol-
factory tubercle and nucleus accumbens (NAcb) controls
motivation, reward processing, and various components of
impulsivity [68]. In both rodents and humans, reduced
ventral striatal D2/D3-receptor availability and dopamine
release was linked to increased trait impulsivity [69, 70],
whilst excitotoxic lesions to the NAcb core increased the
tendency of rodents to discount delayed rewards [71, 72].
Notably, an apparent opposing modulation exists between
the D2/D3 receptors of the NAcb core and shell subregions.
Injection of a D2/D3 receptor antagonist into the NAcb shell
of highly impulsive rats signifcantly increased the level of
impulsivity as measured by the 5-choice reaction time
(5-CSRT) test of sustained visual attention, whilst injection
into the NAcb core reduced impulsivity [73]. Regarding D2
receptor agonists, results are ambiguous as impulsivity is
either unchanged or only increases in animals whose trait
impulsivity is naturally higher [73, 74]. Tus, it is apparent
that the action of dopamine and its corresponding receptors
show variation according to the brain region and in-
terindividual diferences in underlying impulsivity. As the
striatum is closely linked to impulsive responding, a regu-
latory region in the prefrontal cortex and hippocampus is
essential for healthy control of impulsive behaviour.

Prefrontal areas and the hippocampus exhibit control of
the impulsive drive promoted by the striatum. Frontostriatal
loops controlling distinct components of trait impulsivity
originate from broad frontal regions [75]. Te medial
orbitofrontal cortex, anterior cingulate area, and ventro-
medial prefrontal cortex are linked to emotional decision-
making and risk impulsivity, often assessed by probabilistic
discounting tasks. Specifcally, the medial orbitofrontal
cortex is necessary for the valuation of rewards as people
with damage to this area prefer immediate, smaller rewards
over larger, delayed ones [76]. Furthermore, small orbito-
frontal cortical volumes correlated with higher BIS-11
scores, while damage to this region correlates to increased
gambling habits [77, 78]. In relation to the anterior cingulate
area, decreased gray matter volume has been observed in
impulsive populations [78, 79]. A signifcant component of
impulsivity involves the control of executive functions in-
cluding behavioural planning and goal selection, generally
regulated by the dorsolateral prefrontal cortex [80]. Func-
tional MRI has revealed increased activation of the dorso-
lateral prefrontal cortex when participants select a delayed
reward [81, 82] or exercised self-control over food con-
sumption [83]. As response inhibition is a critical compo-
nent of organised cognitive and behavioural responses,
defcient inhibitory processes exhibited in high trait im-
pulsivity suggest insufcient control by the nearby inferior
frontal gyrus and prefrontal motor regions [84–87]. Tus,
a plethora of prefrontal areas have been implicated in the
control of impulsive behaviour, in addition to the

hippocampus via the more recently recognised
hypothalamus-hippocampus circuitry in which perturbance
of this pathway in either direction results in increased
impulsivity [88]. In addition, reduced hippocampal volume
or cell loss has been observed in highly impulsive pop-
ulations further supporting its critical role in impulse reg-
ulation [89–91]. In each of these neuroanatomical regions,
multiple neurotransmission systems are functional in which
their dysregulation has been directly correlated to increased
trait impulsivity.

4.2. Neurochemistry of Trait Impulsivity in PD. Activities in
the frontostriatal networks mentioned above is modulated
by the ascending monoaminergic systems [92, 93], specif-
cally dopamine from the ventral tegmental area [94], se-
rotonin from the dorsal and medial raphe nuclei [95], and
noradrenaline from the locus coeruleus [96]. It should also
be noted that non-monoaminergic transmission including
GABA, glutamate, and endogenous opioids also modulate
trait impulsivity [97]; however such systems are outside the
scope of this review.

Changes to impulsivity have been observed when al-
terations occur in at least one of these three monoaminergic
systems. Furthermore, altered dopamine concentrations or
dopamine receptor activity in the impulsivity circuitry is
linked to impulsive behaviour [66, 69, 70, 98–101], as it is
hypothesised that individuals scoring higher on impulsivity
measures have their pathological behaviour rooted in a hy-
persensitive dopamine reward system [102]. To compound
this efect, striking clinical evidence exists for the devel-
opment of ICDs when dopamine receptor agonists are used
in the treatment of PD. Tis can potentially supplement
dopamine in the degenerating substantia nigra, whilst
overstimulating relatively unafected reward regions of the
brain [53].

In addition to dopamine, serotonin is infuential in
impulsivity. Te depletion of serotonin in both rodents and
humans increased impulsive premature responding
[103, 104], with low brain serotonin concentrations being
observed in highly impulsive suicide attempters [105, 106].
Serotonin hypofunction has also been purported as a pre-
disposing biochemical trait for impulsive aggression [107].
Furthermore, not only is serotonin dysregulation sufcient
to increase trait impulsivity, but impairment of the serotonin
system is known to cause dysregulation of dopamine neu-
rotransmission, compounding the efect on impulse re-
sponses [108].

Although the role of noradrenaline in ICD development
in PD has not been studied, animal models indicate in-
creased noradrenergic signaling improving impulse control
[109, 110]. Notably, the mechanism of this action is currently
unknown and likely dependent on the impulsive behaviour
subtype. However, atomoxetine, a selective noradrenaline
reuptake inhibitor has profound anti-impulsivity efects
including stop-signal reaction time, delay discounting of
reward, and the 5-CSRT test in rodents [111]. Hence, this
drug has shown efcacy in the treatment of ADHD [112],
which is characterised by low noradrenergic function [113].
Furthermore, low concentration of the noradrenergic
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transporter in the hippocampus and orbitofrontal cortex has
been linked to higher BIS-11 scores in healthy controls [114].
Taken together, it is clear that dopaminergic, serotoninergic,
and noradrenergic transmission tightly regulates the im-
pulsivity circuitry, with disruption to these systems via an
array of infuential factors resulting in both heightened and
potentially pathological impulsivity.

5. Factors Contributing to Trait Impulsivity in
Parkinson’s Disease

Although specifc determinants of impulsivity in PD remain
uncertain, a myriad of individual patient factors are likely to
contribute to levels of impulsivity. Te use of dopaminergic
medications has emerged as a potential risk factor for in-
creased trait impulsivity and the development of ICDs, in
addition to the infuence of PD pathology itself. Given the
small number of studies regarding the development of
pathological impulsivity in PD, evidence for the develop-
ment ICDs in the context of PD will also be explored.

5.1. Dopaminergic Medications. Dopamine agonists, a com-
mon treatment used to address the motor efects of PD, have
been hypothesised as infuential factors in the increased
prevalence of subsyndromal impulsivity symptoms and ICD
development in PD. Studies are indicative of alterations to
trait impulsivity occurring in a dose dependent manner, with
this premise further supported by studies revealing re-
ductions in compulsive behaviour subsequent to DAA dose
reductions [115, 116]. A considerable body of evidence exists
to support the notion that DAAs provoke the development
of ICDs. Te DOMINION study identifed that DAA use
was associated with a 2-3.5-fold increased risk of developing
an ICD [56]. Specifcally, ICDs were present in 14.0% of PD
patients utilising DAAs without levodopa, in comparison to
7.2% of patients treated with levodopa alone, and 1.7% of PD
patients not being treated with either a DAA or levodopa
[56]. Furthermore, concurrent treatment with both DAA
and levodopa signifcantly compounded the chance of an
ICD being present at 17.7%, approximately 50% greater than
DAA use alone [56]. Other studies have identifed that up to
94% of PD patients demonstrating compulsive behaviours
were prescribed concurrent levodopa therapy, further in-
dicating the role of levodopa as an accessory to ICD de-
velopment [9, 117].

Although levodopa and other alternative medications
such as amantadine are associated with ICD development,
fndings from the DOMINION study concluded that the
odds ratio was nearly twice as high for DAAs than levodopa
[56]. Instead, levodopa is more likely to cause DDS and
compulsive behaviours such as punding over ICDs, likely
due to difering receptor specifcities of DAAs and levodopa,
with DAAs stimulating reward pathways more avidly than
levodopa-derived dopamine [50]. Not only have DAAs been
tied to ICD development in PD, but an identical pattern of
aberrant behaviour has been identifed in subjects prescribed
DAAs for the treatment of restless leg syndrome (RLS),
hyperprolactinemia, and fbromyalgia [118, 119]. It has been

reported that a fraction of RLS patients treated with DAAs
developed ICDs, with frequencies of 17% for any ICD, 9%
for compulsive shopping, 5% for pathological gambling, 11%
for compulsive eating, 3% for hypersexuality, and 7% for
punding [118]. Tese fndings are comparable with fre-
quencies described in PD patients taking DAAs, corrobo-
rating the indication that DAA use, rather than disease type,
infuence the onset of ICDs.

Specifcally, the class of DAA may also be infuential in
ICD development. Pramipexole and ropinirole, the twomost
commonly prescribed DAAs, have the greatest association
with increased ICD frequency in PD, RLS, and fbromyalgia
[6, 56, 119]. According to a range of cross-sectional and
longitudinal studies, this phenomenon is potentially asso-
ciated with the greater specifcity and preferential afnity of
pramipexole and ropinirole for D3 receptors in comparison
to alternative DAAs [27, 56–58, 120–123]. As a result, DAAs
such as rotigotine, bromocriptine, and apomorphine have
signifcantly lower ICD frequencies [6, 121]. Alternative
studies suggest that DAA subtype holds no signifcant as-
sociation and instead other demographic and clinical var-
iables compound presentation [124]. Despite such
conficting results, there is a clear causal relationship be-
tween DAA use and ICD development.

Dopamine overdose is hypothesised to mediate the as-
sociation between DAA use and severe impulsivity, although
the mechanism is not completely clear. In early stages of PD,
dopaminergic depletion is restricted to the dorsal striatum
via nigrostriatal death, while dopaminergic input to the
ventral striatum from the ventral tegmental area is relatively
maintained [125]. Tus, the introduction of DAA may
correct dopaminergic signaling in the deprived dorsal
striatum, whilst also overstimulating the ventral striatum,
manifesting in severe defcits of impulse control [53, 126].
Tis is especially true of D3-specifc agonists, given the high
density of dopamine D3-receptors in the ventral striatum
[127]. It has additionally been recognised that prolonged
exposure to DRTs, especially levodopa, results in sensitised
ventral striatal dopamine transmission with enhanced
levodopa-induced dopamine release [128]. As a result of
heightened dopamine transmission in the rewards circuitry,
DDS positive subjects reported “wanting” as opposed to
“liking” levodopa, with amplifed psychomotor activation,
including punding [128]. Tus, chronic DRT is proposed to
further disrupt reward circuitry thereby underlying an in-
crease in repetitive behaviours.

Whilst the high afnity of frequently prescribed DAAs
for D3 receptors in the striatal limbic system appears to
represent the prevailing argument for the relationship be-
tween DAA use and ICD onset, evidence exists for the efects
of DAA-induced D2/3 receptor internalisation upon pro-
longed agonist exposure and hyperdopaminergic state
[129, 130]. Specifcally, loss of dopamine receptor density
and reduced D2/3 nondisplaceable binding potential in both
the ventral and dorsal striatum have been correlated to
heightened choice impulsivity in rats and increased self-
reported ICD symptoms in humans. Tis is due to the
function of midbrain D2/3 receptors in inhibition and their
inverse relationship with impulsivity [129, 131].
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Furthermore, although DAAs such as pramipexole and
ropinirole are D2 receptor subtype specifc, to some extent,
D1 receptors are also stimulated, leading to an array of
undesired side efects due to the wide distribution of these
receptors throughout the brain [132]. Contrastingly, the only
study into clinical and demographic predictors of trait
impulsivity in PD concluded DAA use was not a signifcant
risk factor [31]. However, this study did not account for
dosage or DAA subtype, classifying suferers simply as DAA
positive or negative. Seemingly, the interaction of DAA
administration and ICD development is complex and re-
quires further elucidation.

5.2. Parkinson’s Disease Pathology. Although dopaminergic
medication use is robustly linked to severe impulsivity
symptoms in PD, studies involving drug-naı̈ve and drug-
deprived PD patients suggest the disease process itself in-
creases susceptibility to exacerbated impulsivity. Specifcally,
PD patients responded impulsively on a cognitive test both
on and of dopaminergic medication [26]. While this could
be due to a short withdrawal period of medication, similar
results were found using drug-naı̈ve PD patients [4], in-
dicating heightened impulsivity may be related to depleted
nigrostriatal dopamine. A preclinical model of PD featuring
bilateral nigrostriatal denervation revealed greater dopa-
mine release in the nucleus accumbens [133], an important
driver of impulsivity. In addition, a PET study of untreated
PD patients showed reduced binding at dopamine D3-
receptors in the ventral striatum [134], which is linked
with the occurrence and severity of ICD behaviours [135].
Extranigrally, neurodegeneration of the locus coeruleus and
raphe nuclei in PD dysregulates noradrenaline and sero-
tonin [136] which, as discussed, are intimately linked with
trait impulsivity. It is also known that in advanced PD
disease pathology extends to the neocortex [8]. A recent
neuroimaging study highlighted that neocortical thinning in
frontal and cingulate areas correlates with high trait im-
pulsivity in PD as prefrontal regions play a critical role in
inhibition of impulsive striatal behaviour [30]. Taken to-
gether, this data suggest that the pathology of PD itself via
neurotransmitter dysregulation and degeneration of both
dopaminergic and serotonergic axons may be infuential in
exacerbating impulsivity [137–139].

6. Conclusion

Alterations to trait impulsivity and the development of ICDs
in PD are becoming increasingly recognised as a debilitating
component of this neurodegenerative condition. Primarily
in the forms of hypersexuality, pathological gambling,
compulsive shopping, and binge eating, heightened trait
impulsivity manifests as uncontrollable behaviours and was
carried out despite negative implications. Although dopa-
minergic medications such as DAAs and levodopa are ef-
fective in managing the cardinal motor signs of PD, recent
research is indicative of their insidious efects on neuro-
psychiatric disturbances such as heightened impulsivity.

Despite this, minimal studies have explored the risk factors,
indicators, and potential modes of treatment for PD-related
heightened trait impulsivity. Although PD-related ICDs are
difcult to manage and treatments in this feld are lacking,
early screening for neuropsychiatric fuctuations in addition
to education of patients, relatives, and caregivers regarding
the early signs of impulsive behaviours is critical. Despite the
contribution of anti-Parkinsonian medications to such be-
haviours and the complex and competing underlying PD
pathogenesis, studies have considered the potential treat-
ment approaches available to patients [140]. Appropriately,
pharmaceutical, and nonpharmaceutical interventions can
ensue, with potential adjustments to dopaminergic medi-
cation plans in order to protect this aspect of QoL in PD
patients.
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