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A B S T R A C T

Aim: Purpose of this review is to evaluate the potential risk factors that may predispose to the development of
Impulse control disorders (ICDs) in Parkinson's Disease (PD) patients, including the effects of dopaminergic
therapy.
Methods: This descriptive review was conducted to identificate risk factors that could cause impulsive control
disorders in PD. Studies were found on PubMed (2010–2018), Web Of Science (January 2010–July 2018) and
Cochrane (2010–2018) databases.
Results: The data suggest that intrinsic and extrinsic factors may be involved in the development of behavioral
complications. To date, the link between PD and the development of ICDs is not very clear, but studies highlight
the existence of a predisposition to ICDs in the presence of risk factors.
Conclusions: A better assessment of the behavioral disorders of PD may be useful in the rehabilitative inter-
vention for increasing the quality of life.

1. Introduction

Parkinson's disease (PD) is the second most common neurodegen-
erative disease. PD prevalence increases with age, resulting in 1–2% of
the population over 60 and in 3–5% over 85, with a median age of onset
at the age of 68 for men, and 70 for women. Nonetheless, in 5% of cases
there is an early onset (i.e. before 50) [1,2].

In PD, dopamine deficiency in the basal ganglia leads to classical
parkinsonian motor symptoms, such as bradykinesia, tremor, rigidity
and later postural instability. This disease can also be associated with a
wide spectrum of non-motor symptoms, due to nigral degeneration
(apathy, dysphoria, cognitive impairment) and extra-nigral degenera-
tion (hyposmia, sleep disorders, autonomic dysfunctions, cognitive
deficits, psychosis, depression, anxiety and apathy) [3].

> 60% of patients with PD have one or more psychiatric symptoms,
which may precede the onset of motor symptoms, even by years. These
symptoms, such as depression and anxiety disorders, are independent of
therapy, whereas others, such as psychosis and impulse control dis-
orders (ICDs), are triggered by dopaminergic therapy [4]. Early re-
cognition and monitoring of cognitive and behavioral difficulties in PD

are important to promote patient management and adequate re-
habilitative strategies. PD is best managed by a combination of medi-
cation with regular physiotherapy and cognitive treatment [5–7]. The
gold standard for this disorder is Levodopa, which continues to be the
most effective treatment for PD. Moreover, the use of Levodopa allows
an improvement in the motor level, but can highlight psychiatric dis-
orders, including ICDs [8]. ICDs greatly affect the quality of life and can
lead to legal, criminal and familiar problems. However, there are just a
few studies in the literature concerning these disabling symptoms,
which negatively affect patient's management.

For this reason, the purpose of this review is to evaluate the po-
tential risk factors that may predispose to the development of ICDs in
PD patients, including the effects of dopaminergic therapy.

2. Methods

2.1. Search strategy

This review was conducted to identificate risk factors that could
cause impulsive control disorders in PD. Studies published between
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January 2000 and July 2018 were found (by searching) on PubMed,
Web Of Science and Cochrane databases. The search combined the
following terms: (“parkinson's disease”[MeSH Terms] OR
(“parkinson”[All Fields] AND “disease”[All Fields]) OR “parkinson's
disease”[All Fields] OR (“parkinson's”[All Fields] AND “disease”[All
Fields]) OR “parkinson's disease”[All Fields]) AND (“impulsive
behavior”[MeSH Terms] OR (“impulsive”[All Fields] AND
“behavior”[All Fields]) OR “impulsive behavior”[All Fields] OR
“impulsive”[All Fields]) AND (“risk factors”[MeSH Terms] OR
(“risk”[All Fields] AND “factors”[All Fields]) OR “risk factors”[All
Fields] OR (“risk”[All Fields] AND “factor”[All Fields]) OR “risk
factor”[All Fields]). The search terms were identified as title and ab-
stract. Only English texts were selected. After removing duplicates, all
articles were evaluated according to title, abstract, and text.

3. Impulse control disorders in PD: focus on epidemilogy

ICDs are a group of psychiatric disorders in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V) [9], and are char-
acterized by a failure to resist an impulse, drive, or temptation to per-
form a dangerous behavior for oneself or for others; a growing sense of
tension or activation before committing the act; a sense of pleasure,
grafting or “release” at the time of committing the act [10].

As a result of our search, we found a few works on the incidence and
prevalence of ICDs in patients affected by PD.

Driver-Dunckley et al. [11] performed a retrospective review of all
PD patients attending the Muhammad Ali Parkinson Research Center
from May 1999 to April 2000. Among the 1884 PD patients evaluated
during this period, the authors identified seven men and two women
with serious gambling behaviors (with an overall incidence of 0.05%).
Subsequently, larger cross-sectional studies reported a prevalence of 1.7
to 7.0% for gambling, 2.0–4.0% for compulsive sexual behavior, and
0.4 to 3.0% for compulsive shopping [11,12].

Moreover, binge eating has been reported in patients with PD, al-
though its prevalence has not been calculated [11,12]. In the DOMIN-
ION study [11], one or more ICDs have been identified in 13.6% of
patients (5.0% gambling, hypersexuality 3.5%, compulsive shopping in
5,7%, and 4.3% binge eating), presenting 3.9% of participants 2 or
more ICDs. Recent epidemiological studies suggest a prevalence of ICDs
in parkinsonian patients (7.2%) seven times greater than controls (1%)
[11–19]. The role of dopamine agonists (DAs) is predominant in trig-
gering this condition and therefore dose reduction or suspension of such
drugs should be considered as a therapeutic strategy [20].

Recent literature shows that PD patients have an increased risk of
developing one or more of the main ICDs: binge eating disorder (BED)
[21], pathological gambling (PG) [22], hypersexuality (HS) [23],
compulsive shopping (CS) [24] and dopamine dysregulation syndrome
(DDS) [25].

BED is characterized by eating compulsively with a perceived lack
of control over one's eating; the amount of food is larger than most
people would eat during the same period of time and under similar
circumstances. This disorder has a significant impact on physical health
or psychosocial functioning. The main effect of BED is excessive weight
gain, which can lead to self-loathing. A severity specific scale has been
proposed for BED, including mild (1–3 binge-eating episodes per week),
moderate (4–7), severe (8–13) and extreme (≥14) pathological beha-
vior [26]. In a detailed revision of the literature, Lim et al. [21] un-
derline the apparent contrast between uncontrolled food intake and the
classic weight loss of patients with PD, highlighting the mechanisms for
weight loss (i.e. dyskinesia or dysphagia).

PG is currently categorized as a habit and impulse disorder. It is a
chronic and progressive condition, defined as persistent and recurrent
maladaptive gambling behavior. There is an association between the
development of PG and premorbid alcohol abuse, anxiety, and de-
pression [27,28]. Gallagher et al. [29] showed that slot machine gam-
bling is the most common form of PG in PD patients, probably for some

features like repetition of gestures and lower cortical activation.
CS is a disorder characterized by an irresistible urge to purchase

more than you need or can afford and can lead to contraction of debts
with continuous delay of payment [30].

The repetitive loss of control over spending and the following ne-
gative emotional state resemble craving in substance use disorders [31].

DDS (also known as dopamine replacement therapy) is a recently
described neuropsychiatric syndrome that manifests itself (3.4%)
during PD treated with dopaminergic drugs [32]. This condition is
specific for the unregulated self-administration and dependence on
dopaminergic drugs. Patients increase drugs dose spontaneously and
progressively and this is often associated to behavioral and mood dis-
orders, such as hallucinations, manic states, aggression, psychomotor
agitation and delusions [10,25].

Finally, HS is a compulsive behavior due to sexual thoughts and
desire for sexual practice. It may be different from the sexual activities
previously practiced, with abuse of pornography on the Internet or
risky and promiscuous sexual behaviors. HS can interfere with im-
portant goals, activities and obligations in ordinary life. Sexual activity
can also become a response to stressful life events, without weighing
the risk for physical or emotional harm to oneself or others [33]. HS
shares several features with substance abuse disorders. In fact, the pa-
tients can present pursuit of short-term reward (orgasm) and, like in an
addiction, may develop tolerance to increasing levels of sexual stimu-
lation [33]. BE, PG, CS, HS and DDS related to DAs often have devas-
tating consequences that may overshadow even the symptoms of PD
[34,35]. The relationship between ICD and PD is not very clear, al-
though it seems that there is a predisposition to the development of
behavioral addiction, besides specific risk factors [36,37].

4. Risk factors of ICD in PD

The development of ICDs may be due to several risk factors (see
Table 1). The association between dopaminergic treatment, in parti-
cular DAs at higher dosages, and ICDs, has raised many doubts [38–43].
Giladi et al. [44] demonstrated that the development of addiction-like
behaviors is dependent on both the type of dopaminergic treatment and
the dose and duration of treatment. Pezzella et al. screened 202 PD
patients for DDS, demonstrating a significant correlation between DDS
and both history of mood disorders and previous use of dopamine re-
placement therapies, especially DAs, either as monotherapy or in
combination [45]. Voon et al. [46] proposed that ICDs may be asso-
ciated with multiple psychiatric and cognitive impairments, such as
affective and anxiety symptoms, elevated obsessionality, novelty-
seeking, and impulsivity.

Potenza et al. showed that major depression in middle-aged men is
frequently co-morbid with PG and over-lapping genetic factors that
contribute substantially to their co-occurrence [47,48].

Some authors pointed out that younger patients are likely to be
more sensitive to DAs, and dopamine turnover in younger-onset pa-
tients undergoes a greater alteration probably leading to a striking
imbalance between dopamine synthesis, storage, and release. Further,
PD younger-onset is associated with slower progression of motor
symptoms, longer disease duration with preserved cognition, but also
with earlier appearance of motor fluctuations, dyskinesia and psy-
chiatric symptoms [49]. Moreover, greater impulsive choice, faster re-
action time, impulsive decision and executive dysfunction could be
determining factors in the development of ICDs in PD patients [36].
With regard to gender, Joutsa et al. concluded that ICDs are not only
more frequent in men but also six times more difficult to manage
compared to women after a 15-months follow-up [50].

Furthermore, in the general population, risk factors for ICDs are:
male gender, co-morbid mood, alcohol or substance use disorders
[51,52], higher novelty seeking or impulsivity traits [53,54].

PD patients with ICDs are often young, male, sleepless, and have
psychiatric co-morbidity [55]. In PD, additional factors independently
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associated with ICDs are: personality traits of high novelty-seeking [56]
or of impulsiveness [57]; depression [58]; male sex [59,60]; substance
abuse [61]; younger age; younger age of PD onset [60]; concurrent L-
dopa use [55]; longer duration of treatment with DAs [44]; being un-
married [62]; pre-PD history of ICDs [61]; current cigarette smoking;
having more formal education; family history of substance abuse or of
ICDs [36]; preserved executive functions; higher aggressiveness; irrit-
ability; disinhibition and eating disorders [63]. Age at onset and no-
velty-seeking personality traits are the two strongest predictors of DDS
[64].

5. The pathophysiological mechanisms of ICDs

Some studies have shown that a biological and temperamental
feature may predispose to the development of ICDs in PD. Two im-
portant dopaminergic circuits are the mesolimbic and mesocortical
pathways (Fig. 1). The mesolimbic via is responsible for reward
learning, while the mesocortical via is responsible for executive deci-
sion-making. The dysregulation of these circuits leads to the clinical
manifestation of impulsive and compulsive behaviors. The mesocorti-
colimbic dopaminergic network links the key cortical and subcortical
regions, especially the prefrontal cortex (PFC), ventral striatum, ventral
tegmental area (VTA), and amygdale [65]. Also, the nucleus accumbens
(NAc) plays a crucial role in learning reinforcement. The mesocortical
pathway is important for executive functions, as the prefrontal cortex
projects to the ventral striatum [66]. ICD behaviors emerge after ex-
posure to certain rewards, which over time become compulsive in
nature [67]. During the first instance of a reward, there is an “un-
expected” activation of the ventral striatum, eliciting a strong emo-
tional response, and an increase in ventral striatal dopamine [68]. After
this action is repeated, the behavior starts to become a “habit”, and may

be associated with craving [65]. At first time, this behavior probably
localizes at the ventral striatum; later, behaviors are reinforced by the
dorsal striatum [69].

A [11C]-raclopride study in cocaine-addicted subjects shows that
patients have a greater release of dopamine from the dorsal, but not the
ventral striatum. This finding has not been replicated in PD-associated
reward behaviors, but deserves further study. The compulsion stems
from the dorsal striatum, as this is useful in the maintenance of drug-
seeking behaviors with little activity by the NAc [70]. This mechanism
shows how an action can become a compulsive behavior as the shift
from the ventral to dorsal striatum occurs [67]. The corticostriatal
glutamatergic, nigrostriatal dopaminergic systems and striatal medium
spiny projection neurons are critically involved in the control and in-
tegration of motor information [71]. Besides movement disorders, the
dysfunction of these systems could lead to altered reward signalling
with subsequent behavioral changes [72]. Regarding the neuro-
transmitter aspects, dopamine receptors are differentiated by their
mechanisms of action:i) D1-type receptors (subtypes D1 and D5) modify
gamma-aminobutyric acid (GABA) transmission directly to the globus
pallidus interna and subsequently the substantia nigra pars reticulate;
ii) Dopaminergic D2 type (subtypes D2, D3, D4) receptors modify
substantia nigra pars reticulata activity in a different manner. D1-type
and D2-type receptors are responsible respectively for the excitatory
and the inhibitory signalling. In fact, the striatum projects to the inner
segment of the pallidus through two main ways, with opposite end
effects. The direct pathway (directly connecting the striatum and the
internal segment of the pallidus) with final excitatory effect via D1-type
receptors; the indirect pathway (connecting the striatum and inner
segment of the pallidus passing through the outer segment of the pal-
lidus and the subthalamic nucleus) with the final inhibitory effect,
through D2-type receptors. These two receptor families have

Table 1
Shows the main studies concerning the most common risk factors related to the development of ICD in PD patients.

Risk factor Study Patients Major findings

Dopaminergic treatment Giladi N. et al. [44] 193 PD/190 CG The study shows that a longer duration of treatment with DA can promote
the development of ICDs.

Pezzella FR. et al.
[45]

202 PD The authors demonstrate a significant correlation between ICDs and previous
use of DA, both in monotherapy and in combination therapy.

Gallagher D.A. et al.
[29]

177 PD The authors found that a large proportion of patients with PG were taking a
dose of DA greater than the maximum authorized dose.

Ondo W.G. et al. [64] 300 PD Authors found that increased reward-seeking behavior or impulsivity is
common in patients taking DA for PD.

Weintraub D. et al.
[18,36]

3090 PD Dopamine agonist treatment in PD is associated with a higher probability of
ICD.

Voon V. et al. [59] 297 PD PG was associated with dopamine agonists but not with agonist subtype or
dose.

Cognitive and psychiatric impairments (as
impulsivity, novelty-seeking, anxiety,
depression)

Voon V. et al. [46] 282 PD with ICDs/
282 PD without ICDs

ICDs are associated with multiple psychiatric and cognitive impairments.

Potenza M.N. et al.
[47]

7869 The correlation between PG and Major Depression in middle-age appears to
be largely influenced by overlapping genetic factors.

Romer Thomsen K.
et al. [48]

20 PD with PG/20 CG The authors found a correlation between depression levels and PG.

[57] 607 PD The authors showed that risk factors for ICD include male sex, young or
younger age at the onset of PD, a pre-PD history of ICD symptoms, history of
substance use or bipolar disorder, and a personality profile characterized by
impulsivity.

Grucza R.A. et al.
[63]

60 PD BED are associated with psychiatric co-morbidity.

Gender Joutsa J. et al. [50] 290 PD The gender is associated with the ICDs.
Giladi N. et al. [44] 193 PD/190 CG The study shows that the male gender can be considered among the risk

factors for the development of ICDs.
Younger-onset Sossi V. et al. [49] 27 PD Patients with younger onset have more motor and cognitive complications.

Voon V. et al. [59] 297 PD PG was associated with earlier PD onset and with DA, but not with agonist
subtype or doses

Giladi N. et al. [44] 193 PD/190 CG The study found that younger age of PD motor symptom onset might be
considered as a risk factor for the development of ICDs.

Current cigarette smoking Weintraub D. et al.
[18,36]

3090 PD Smoking cigarettes can be associated with the development of ICDs.

ICDs, Impulse Control Disorders; PD, Parkinson Disease; CG, Control Group; PG, Pathological Gambling; DA, dopamine agonist; BED, Binge Eating Disorder.
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contrasting roles with regard to reward-based decision making, where
D1-type receptors localize to the direct pathway reward-based beha-
viors, whereas D2-type in the indirect pathway [73]. The direct
pathway is associated with cue-based reward responses. When an un-
expected reward occurs, D1-receptor-mediated phasic signalling results
in a “positive” response, through an increased stimulation of striatal
projections to the nucleus accumbens (NAc)/ventral striatum. On the
other hand, it is thought that D2 receptors play an opposing role to the
D1 receptors, signalling or negative behavior and eliciting suppression
of the cortico-accumbens network [74]. In fact, in a PET study, carried
out in PD patients with and without ICDs, showed that during a gam-
bling task those with ICDs had reduced binding to D2 receptors in the
ventral, but not the dorsal striatum, demonstrating that they might
have difficulty in relating negative valence to actions. Impulsive choice
correlates to reduced D2 receptor expression on the ventral striatum,
whereas an unopposed stimulation of the direct pathway and D1 re-
ceptors and stimulation of the dorsal striatum, may bias reward-based
choice [75]. Given that BED and PG share the same pathways, the
progression of BED can cause an impairment in the dopamine signalling
in the reward circuit [76]. The manifestation of BED is linked to
changes of dopamine regulation in the ventral striatum and alterations
associated to dopamine receptor biology. In a functional magnetic re-
sonance imaging study comparing obese individuals with and without
BED, those with BED had decreased ventral striatal activation in reward
stimuli [77]. It can be connected to atrophy of the ventral striatum in
BED individuals [78]. These findings are associated with reduced D2-
receptor availability in obese BED patients [79]. Another neuroimaging
study has shown that PG is related to the reduced activation of the
mesolimbic reward system [80].

6. PD personality and dopaminergic deficit

ICDs could be related to a novelty seeking loss, which is related to
specific biological and brain configurations. In particular, the symptoms
are characterized by a compulsive reward-seeking behavior, and likely
reflect dopamine effects on the mesolimbic and mesocortical networks
[81], which receive dopaminergic inputs from the ventral tegmental
area- (VTA-) associated networks. Second-generation non-ergot DAs are
the most common risk factors for ICDs, and the preferential selectivity
for D2-like receptors (D3 and D2 types), which are co-localized to the
mesocorticolimbic system, may explain the unique side-effect profile

for this class of medication [82]. Even before receiving dopamine
therapy, PD patients may develop personality alterations, which may
reflect changes to this mesocorticolimbic system. Descriptions such as
“harm-avoidant,” “introverted” and “meek” are often attributed to the
PD-personality phenotype. These descriptions generate from cross-sec-
tional studies and are difficult to experimentally replicate, but overall,
PD patients are thought to display increased caution and be risk averse
prior to diagnosis [83]. Termed as Parkinson's disease personality, these
characteristics are certainly not predictive of a patient developing PD,
as others have not replicated this personality as a risk factor or pre-
cursor for PD in larger longitudinal cohorts [84]. Notably, PD patients
with impulsive and compulsive behaviors make immediate and unin-
formed decisions and compulsively pursue activities to receive reward.
Another clinically troubling symptom that contrasts the PD-personality
phenotype is DDS, characterized by a patient's compulsive desire to
take and increase dopaminergic medication dosage to maintain their
“high” (when in “on” state) or avoid the “lows” (when in “off” state)
associated with the non-motor fluctuations commonly encountered
with levodopa therapy [85]. The mesocorticolimbic network is the
biological link between ICDs and DDS. In fact, the dysregulation of the
reward pathways is responsible for these symptoms [86].

7. Future directions

The percentage of PD patients with ICDs is underrated and there is a
need for their better management, which includes providing the pa-
tients and their caregivers with information useful aimed to grant them
a better quality of life. The discussion and treatment of these problems
in PD patients enters the framework of a holistic approach. From this
review, it is evident that the main concerns of ICDs studies are related
to the lack of standardized assessment and selection of the sample. In
particular, the use of tools with unverified psychometric properties
make the results obtained not comparable with others. Thus, standar-
dized tests need to be used to evaluate the type and severity of the ICD
and improve the assessment phase, and consequently the diagnosis.
Moreover, not all the aforementioned studies used international criteria
for PD diagnosis, with possible inclusion of patients affected by dif-
ferent parkinsonisms.

Furthermore, the link between the PD and the development of ICD
has not been widely investigated in the literature. Thus, further pro-
spective studies with larger samples are needed to detect those risk

Fig. 1. The neural pathways involved in impulse control disorders.
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factors responsible for producing behaviour changes in PD patients with
ICD.

8. Conclusions

This review focuses on risk factors, pathophysiology and personality
traits in patients with PD with ICD. To date, the link between PD and
ICD development is not clear. The review suggests the presence of in-
trinsic and extrinsic factors that may be involved in the development of
behavioral complications. Indeed, dysfunction of the mesocorticolimbic
pathway and dopamine receptors may contribute to the development of
impulsive behaviors in the presence of specific risk factors, drugs and
premorbid personality. Further studies are needed to clarify the basic
pathophysiology of the ICD in order to identify new, more effective and
safer therapeutic targets.

Disclosure statement

The authors have no potential conflicts of interest to disclose. All of
them are responsible for the content and writing of this paper.

Authors' contributions

All authors substantially participated in the acquisition of data and
the revision of the manuscript. All authors determined the design, in-
terpreted the data and drafted the manuscript. All authors read and
gave-their final approval for the version submitted for publication.

Acknowledgments

We wish to thank Dr. Antonio Leo for figure drawing and Prof Agata
Grosso for English editing.

References

[1] D.M. Radhakrishnan, V. Goyal, Parkinson's disease: a review, Neurol. India 66
(2018) S26–S35, https://doi.org/10.4103/0028-3886.226451.

[2] K. Wirdefeldt, H.O. Adami, P. Cole, D. Trichopoulos, J. Mandel, Epidemiology and
etiology of Parkinson's disease: a review of the evidence, Eur. J. Epidemiol. 26
(2011), https://doi.org/10.1007/s10654-011-9581-6 S1–58.

[3] D. Weintraub, A.S. David, A.H. Evans, J.E. Grant, M. Stacy, Clinical spectrum of
impulse control disorders in Parkinson's disease, Mov. Disord. 30 (2015) 121–127,
https://doi.org/10.1002/mds.26016.

[4] A. Sharma, V. Goyal, M. Behari, A. Srivastva, G. Shukla, D. Vibha, Impulse control
disorders and related behaviours (ICD-RBs) in Parkinson's disease patients: assess-
ment using "Questionnaire for impulsive-compulsive disorders in Parkinson's dis-
ease" (QUIP), Ann. Indian Acad. Neurol. 18 (2015) 49–59, https://doi.org/10.
4103/0972-2327.144311.

[5] K. Witt, E. Kalbe, R. Erasmi, G. Ebersbach, Non pharmacological treatment proce-
dures for Parkinson's disease, Nervenarzt 88 (2017) 383–390, https://doi.org/10.
1007/s00115-017-0298-y.

[6] M.G. Maggio, R. De Luca, G. Maresca, G. Di Lorenzo, D. Latella, R.S. Calabro,
A. Bramanti, Personal computer-based cognitive training in Parkinson's disease: a
casestudy, Psychogeriatrics 18 (2018) 427–429, https://doi.org/10.1111/psyg.
12333.

[7] S. Marino, E. Sessa, G. Di Lorenzo, et al., Quantitative analysis of pursuit ocular
movements in Parkinson's disease by using a video-based eye tracking system, Eur.
Neurol. 58 (2007) 193–197.

[8] S. Marino, P. Lanzafame, E. Sessa, A. Bramanti, P. Bramanti, The effect of L-Dopa
administration on pursuit ocular movements in suspected Parkinson's disease,
Neurol. Sci. 31 (2010) 381–385, https://doi.org/10.1007/s10072-009-0180-1.

[9] American Psychiatric Association, Diagnostic and statistical manual of mental dis-
orders, Text Revision, Fifth Ed., Merican Psychiatric Association, Washington,
2000.

[10] M.L. Dodd, K.J. Klos, J.H. Bower, et al., Pathological gambling caused by drugs used
to treat Parkinson disease, Arch. Neurol. 62 (2005) 1–5, https://doi.org/10.1001/
archneur.62.9.noc50009.

[11] E. Driver-Dunckley, J. Samanta, M. Stacy, Pathological gambling associated with
dopamine agonist therapy in Parkinson's disease, Neurology 61 (2003) 422–423.

[12] D. Weintraub, Dopamine and impulse control disorders in Parkinson's disease, Ann.
Neurol. 64 (2008) S93–100.

[13] A. Antonini, K.R. Chaudhuri, B. Boroojerdi, et al., Impulse control disorder related
behaviours during long-term rotigotine treatment: a post hoc analysis, Eur. J.
Neurol. 23 (2016) 1556–1565, https://doi.org/10.1111/ene.13078.

[14] M.L. Fantini, L. Macedo, M. Zibetti, et al., Increased risk of impulse control

symptoms in Parkinson's disease with REM sleep behaviour disorder, J. Neurol.
Neurosurg. 86 (2015) 174–179, https://doi.org/10.1136/jnnp-2014-307904.

[15] K. Seppi, K. Ray Chaudhuri, M. Coelho, S.H. Fox, R. Katzenschlager, S.P. Lloret,
et al., Update on treatments for nonmotor symptoms of Parkinson's disease-an
evidence-based medicine review, Mov. Disord. (2019), https://doi.org/10.1002/
mds.27602.

[16] G. Giovannoni, J.D. O'Sullivan, K. Turner, A.J. Manson, A.J. Lees, Hedonistic
homeostatic dysregulation in patients with Parkinson's disease on dopamine re-
placement therapies (DRTs), J. Neurol. Neurosurg. Psychiatry 68 (2000) 423–428.

[17] M.J. Nirenberg, C. Waters, Compulsive eating and weight gain related to dopamine
agonist use, Mov. Disord. 21 (2006) 524–529.

[18] D. Weintraub, J. Koester, M.N. Potenza, A.D. Siderowf, M. Stacy, V. Voon,
J. Whetteckey, et al., Impulse control disorders in Parkinson disease: a cross-
sectional study of 3090 patients, Arch. Neurol. 67 (2010) 589–595.

[19] A.M. Lopez, D. Weintraub, D.O. Claassen, Impulse control disorders and related
complications of Parkinson's disease therapy, Semin. Neurol. 37 (2017) 86–192,
https://doi.org/10.1055/s-0037-1601887.

[20] D. Weintraub, D.O. Claassen, Impulse control and related disorders in Parkinson's
disease, Int. Rev. Neurobiol. 133 (2017) 679–717.

[21] S.Y. Lim, A.H. Evans, J.M. Miyasaki, Impulse control and related disorders in
Parkinson's disease: review, Ann. NY Acad. Sci. 1142 (2008) 85–107.

[22] N.D. Volkow, C.P. O'Brien, Issues for DSM-V: should obesity be included as a brain
disorder? Am. J. Psychiatry 164 (2007) 708–710, https://doi.org/10.1176/ajp.
2007.164.5.708.

[23] A. Martini, D. Dal Lago, N.M.J. Edelstyn, M. Salgarello, F. Lugoboni, S. Tamburin,
Dopaminergic neurotransmission in patients with Parkinson's Disease and impulse
control disorders: a systematic review and meta-analysis of PET and SPECT studies,
Front Neurol. 9 (2018) 1018.

[24] H. Dittmar, Compulsive buying - a growing concern?An examination of gender, age,
and endorsement of materialistic values as predictors, Br. J. Psychol. 96 (2005)
467–491, https://doi.org/10.1348/000712605X53533.

[25] S.S. O'Sullivan, A. Djamshidian, A.H. Evans, C.M. Loane, A.J. Lees, A.D. Lawrence,
Excessive hoarding in Parkinson's disease, Mov. Disord. 25 (2010) 1026–1033,
https://doi.org/10.1002/mds.23016.

[26] C.G. Fairburn, Z. Cooper, Eating disorders, DSM-5 and clinical reality, Br. J.
Psychiatry 198 (2011) 8–10, https://doi.org/10.1192/bjp.bp.110.083881.

[27] J.W. Welte, G.M. Barnes, W.F. Wieczorek, M.C.O. Tidwell, J.C. Parker, Risk factors
for pathological gambling, Addict. Behav. 29 (2004) 323–335.

[28] S. Rizeanu, Pathological gambling and depression, Procedia Soc. Behav. Sci. 78
(2013) 501–505, https://doi.org/10.1016/j.sbspro.2013.04.339.

[29] D.A. Gallagher, S.S. O'Sullivan, A.H. Evans, A.J. Lees, A. Schrag, Pathological
gambling in Parkinson's disease: risk factors and differences from dopamine dys-
regulation. An analysis of published case series, Mov. Disord. 22 (2007) 1757–1763
(10.1002/mds.21611).

[30] G. Cossu, R. Rinaldi, C. Colosimo, The rise and fall of impulse control behavior
disorders, Parkinsonism. Relat. Disord. 46 (2018) S24–S29, https://doi.org/10.
1016/j.parkreldis.2017.07.030.

[31] D.W. Black, Compulsive buying disorder: a review of the evidence, CNS Spectr. 12
(2007) 124–132.

[32] J.T. Hinkle, K. Perepezko, L.S. Rosenthal, et al., Markers of impaired motor and
cognitive volition in Parkinson's disease: correlates of dopamine dysregulation
syndrome, impulse control disorder, and dyskinesias, Parkinsonism Relat. Disord. 2
(2018), https://doi.org/10.1016/j.parkreldis.2017.11.338 30215–3.

[33] P. Grandgenevre, F. Warembourg, N. Carrière, et al., Hypersexuality in Parkinson's
disease. Advantage of the presence of the entourage for medical assessment, Presse
Med. 44 (2015) e51–e58, https://doi.org/10.1016/j.lpm.2014.06.037.

[34] M.L. Dodd, K.J. Klos, J.H. Bower, Y.E. Geda, K.A. Josephs, J.E. Ahlskog,
Pathological gambling caused by drugs used to treat Parkinson disease, Arch.
Neurol. 62 (2005) 1377–1381, https://doi.org/10.1001/archneur.62.9.noc50009.

[35] K.J. Klos, J.H. Bower, K.A. Josephs, J.Y. Matsumoto, J.E. Ahlskog, Pathological
hypersexuality predominantly linked to adjuvant dopamineagonist therapy in
Parkinson's disease and multiple system atrophy, Parkinsonism Relat. Disord. 11
(2005) 381–386, https://doi.org/10.1016/j.parkreldis.2005.06.005.

[36] D. Weintraub, J. Koester, M.N. Potenza, et al., Impulse control disorders in
Parkinson disease: a cross-sectional study of 3090 patients, Arch. Neurol. 67 (2010)
589–595, https://doi.org/10.1001/archneurol.2010.65.

[37] G. Santangelo, F. Garramone, C. Baiano, et al., Personality and Parkinson's disease:
a meta-analysis, Parkinsonism Relat. Disord. 49 (2018) 67–74, https://doi.org/10.
1016/j.parkreldis.2018.01.013.

[38] A.D. Lawrence, A.H. Evans, A.J. Lees, Compulsive use of dopamine replacement
therapy in Parkinson's disease: reward systems gone awry? Lancet Neurol. 2 (2003)
595–604, https://doi.org/10.1016/S1474-4422(03)00529-5.

[39] A.J. Lawrence, A.D. Blackwell, R.A. Barker, et al., Predictors of punding in
Parkinson's disease: results from a questionnaire survey, Mov. Disord. 22 (2007)
2339–2345, https://doi.org/10.1002/mds.21702.

[40] A.H. Evans, A.D. Lawrence, S.A. Cresswell, R. Katzenschlager, A.J. Lees, Compulsive
use of dopaminergic drug therapy in Parkinson's disease: reward and anti-reward,
Mov. Disord. 25 (2010) 867–876, https://doi.org/10.1002/mds.22898.

[41] G. Pontone, J.R. Williams, S.S. Bassett, L. Marsh, Clinical features associated with
impulse control disorders in Parkinson disease, Neurology 67 (2006) 1258–1261,
https://doi.org/10.1212/01.wnl.0000238401.76928.45.

[42] V. Voon, S.H. Fox, Medication-related impulse control and repetitive behaviors in
Parkinson disease, Arch. Neurol. 64 (2007) 1089–1096, https://doi.org/10.1001/
archneur.64.8.1089.

[43] M. Auyeung, T.H. Tsoi, W.K. Tang, et al., Impulse control disorders in Chinese
Parkinson's disease patients: the effect of ergot derived dopamine agonist,

D. Latella et al. Journal of the Neurological Sciences 398 (2019) 101–106

105

https://doi.org/10.4103/0028-3886.226451
https://doi.org/10.1007/s10654-011-9581-6
https://doi.org/10.1002/mds.26016
https://doi.org/10.4103/0972-2327.144311
https://doi.org/10.4103/0972-2327.144311
https://doi.org/10.1007/s00115-017-0298-y
https://doi.org/10.1007/s00115-017-0298-y
https://doi.org/10.1111/psyg.12333
https://doi.org/10.1111/psyg.12333
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0035
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0035
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0035
https://doi.org/10.1007/s10072-009-0180-1
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0045
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0045
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0045
https://doi.org/10.1001/archneur.62.9.noc50009
https://doi.org/10.1001/archneur.62.9.noc50009
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0055
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0055
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0060
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0060
https://doi.org/10.1111/ene.13078
https://doi.org/10.1136/jnnp-2014-307904
https://doi.org/10.1002/mds.27602
https://doi.org/10.1002/mds.27602
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0080
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0080
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0080
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0085
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0085
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0090
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0090
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0090
https://doi.org/10.1055/s-0037-1601887
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0100
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0100
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0105
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0105
https://doi.org/10.1176/ajp.2007.164.5.708
https://doi.org/10.1176/ajp.2007.164.5.708
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf6555
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf6555
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf6555
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf6555
https://doi.org/10.1348/000712605X53533
https://doi.org/10.1002/mds.23016
https://doi.org/10.1192/bjp.bp.110.083881
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0135
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0135
https://doi.org/10.1016/j.sbspro.2013.04.339
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0145
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0145
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0145
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0145
https://doi.org/10.1016/j.parkreldis.2017.07.030
https://doi.org/10.1016/j.parkreldis.2017.07.030
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0155
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0155
https://doi.org/10.1016/j.parkreldis.2017.11.338
https://doi.org/10.1016/j.lpm.2014.06.037
https://doi.org/10.1001/archneur.62.9.noc50009
https://doi.org/10.1016/j.parkreldis.2005.06.005
https://doi.org/10.1001/archneurol.2010.65
https://doi.org/10.1016/j.parkreldis.2018.01.013
https://doi.org/10.1016/j.parkreldis.2018.01.013
https://doi.org/10.1016/S1474-4422(03)00529-5
https://doi.org/10.1002/mds.21702
https://doi.org/10.1002/mds.22898
https://doi.org/10.1212/01.wnl.0000238401.76928.45
https://doi.org/10.1001/archneur.64.8.1089
https://doi.org/10.1001/archneur.64.8.1089


Parkinsonism Relat. Disord. 17 (2011) 635–637, https://doi.org/10.1016/j.
parkreldis.2011.06.001.

[44] N. Giladi, N. Weitzman, S. Schreiber, H. Shabtai, C. Peretz, New onset heightened
interest or drive for gambling, shopping, eating or sexual activity in patients with
Parkinson's disease: the role of dopamine agonist treatment and age at motor
symptoms onset, J. Psychopharmacol. 21 (2007) 501–506, https://doi.org/10.
1177/0269881106073109.

[45] F.R. Pezzella, C. Colosimo, N. Vanacore, et al., Prevalence and clinical features of
hedonistic homeostatic dysregulation in Parkinson's disease, Mov. Disord. 20
(2005) 77–81.

[46] V. Voon, M. Sohr, A.E. Lang, et al., Impulse control disorders in Parkinson disease: a
multicenter case - control study, Ann. Neurol. 69 (2011) 986–996, https://doi.org/
10.1002/ana.22356.

[47] M.N. Potenza, H. Xian, K. Shah, J.F. Scherrer, S.A. Eisen, Shared genetic con-
tributions to pathological gambling and major depression in men, Arch. Gen.
Psychiatry 62 (2005) 1015–1021.

[48] K. Romer Thomsen, M.B. Callesen, J. Linnet, M.L. Kringelbach, A. Moller, Severity
of gambling is associated with severity of depressive symptoms in pathological
gamblers, Behav. Pharmacol. 20 (2009) 527–536, https://doi.org/10.1097/fbp.
0b013e3283305e7a.

[49] V. Sossi, R. De la Fuente-Fernandez, M. Schulzer, J. Adams, J. Stoessl, Age-related
differences in levodopa dynamics in Parkinson's: implications for motor complica-
tions, Brain 129 (2006) 1050–1058, https://doi.org/10.1093/brain/awl028.

[50] J. Joutsa, K. Martikainen, T. Vahlberg, V. Kaasinen, Effects of dopamine agonist
dose and gender on the prognosis of impulse control disorders in Parkinson's dis-
ease, Parkinsonism Relat. Disord. 18 (2012) 1079–1083, https://doi.org/10.1016/j.
parkreldis.2012.06.005.

[51] W.S. Slutske, S. Eisen, W.R. True, M.J. Lyons, J. Goldberg, M. Tsuang, Common
genetic vulnerability for pathological gambling and alcohol dependence in men,
Arch. Gen. Psychiatry 57 (2000) 666–673.

[52] N.M. Petry, F.S. Stinson, B.F. Grant, Comorbidity of DSM-IV pathological gambling
and other psychiatric disorders: results from the National Epidemiologic Survey on
Alcohol and Related Conditions, J. Clin. Psychol. 66 (2005) 564–574.

[53] M. Raja, A.R. Bentivoglio, Impulsive and compulsive behaviors during dopamine
replacement treatment in Parkinson's Disease and other disorders, Curr. Drug Saf. 7
(2012) 63–75.

[54] W.S. Slutske, A. Caspi, T.E. Moffitt, R. Poulton, Personality and problem gambling:
a prospective study of a birth cohort of young adults, Arch. Gen. Psychiatry 62
(2005) 769–775, https://doi.org/10.1001/archpsyc.62.7.769.

[55] S. Prange, T. Danaila, C. Laurencin, C. Caire, E. Metereau, H. Merle, et al., Age and
time course of long-term motor and nonmotor complications in Parkinson disease,
Neurology 92 (2019) e148–e160.

[56] M. Poletti, U. Bonuccelli, Personality traits in patients with Parkinson'sdisease: as-
sessment and clinical implications, J. Neurol. 259 (2012) 1029–1038, https://doi.
org/10.1007/s00415-011-6302-8.

[57] R. Ceravolo, D. Frosini, C. Rossi, U. Bonuccelli, Impulse control disorders in
Parkinson's disease: definition, epidemiology, risk factors, neurobiology and man-
agement, Parkinsonism Relat. Disord. 15 (2009) S111–S115.

[58] M.N. Potenza, V. Voon, D. Weintraub, Drug Insight: impulse control disorders and
dopamine therapies in Parkinson's disease, Nat. Clin. Pract. Neurol. 3 (2007)
664–672, https://doi.org/10.1038/ncpneuro0680.

[59] V. Voon, K. Hassan, M. Zurowski, et al., Prospective prevalence of pathological
gambling and medication association in Parkinson disease, Neurol. 66 (2006)
1750–1752, https://doi.org/10.1212/01.wnl.0000218206.20920.4d.

[60] S.H. Wong, M.J. Steiger, Pathological gambling in Parkinson's disease, BMJ 334
(2007) 810–811 10.1136%2Fbmj.39176.363958.80.

[61] P. Ambermoon, A. Carter, W.D. Hall, N.N. Dissanayaka WD, J.D. O'Sullivan,
Impulse control disorders in patients with Parkinson's disease receiving dopamine
replacement therapy: evidence and implications for the addictions field, Addiction
106 (2011) 283–293, https://doi.org/10.1111/j.1360-0443.2010.03218.x.

[62] L.M. Koran, R.J. Faber, E. Aboujaoude, M.D. Large, R.T. Serpe, Estimated pre-
valence of compulsive buying behavior in the United States, Am. J. Psychtry 163
(2006) 1806–1812.

[63] R.A. Grucza, T.R. Przybeck, C.R. Cloninger, Prevalence and correlates of binge
eating disorder in a com sample, Compr. Psychiatry 48 (2007) 124–131
(10.1016%2Fj.comppsych.2006.08.002).

[64] W.G. Ondo, D. Lai, Predictors of impulsivity and reward seeking behavior with DAs,
Parkinsonism Relat. Disord. 14 (2008) 28–32, https://doi.org/10.1016/j.
parkreldis.2007.05.006.

[65] R.N. Cardinal, J.A. Parkinson, J. Hall, B.J. Everitt, Emotion and motivation: the role

of the amygdala, ventral striatum, and prefrontal cortex, Neurosci. Biobehav. Rev.
26 (2002) 321–352.

[66] M.S. Pujara, C.L. Philippi, J.C. Motzkin, M.K. Baskaya, M. Koenigs, Ventromedial
prefrontal cortex damage is associated with decreased ventral striatum volume and
response to reward, J. Neurosci. 36 (2016) 5047–5054, https://doi.org/10.1523/
JNEUROSCI.4236-15.2016.

[67] B.J. Everitt, T.W. Robbins, Neural systems of reinforcement for drug addiction: from
actions to habits to compulsion, Nat. Neurosci. 8 (2005) 1481–1489, https://doi.
org/10.1038/nn1579.

[68] T. Hikida, K. Kimura, N. Wada, K. Funabiki, S. Nakanishi, Distinct roles of synaptic
transmission in direct and indirect striatal pathways to reward and aversive beha-
vior, Neuron 66 (2010) 896–907, https://doi.org/10.1016/j.neuron.2010.05.01.

[69] S. Vollstädt-Klein, S. Wichert, J. Rabinstein, et al., Initial, habitual and compulsive
alcohol use is characterized by a shift of cue processing from ventral to dorsal
striatum, Addiction 105 (2010) 1741–1749, https://doi.org/10.1111/j.1360-0443.
2010.03022.x.

[70] N.D. Volkow, G.J. Wang, F. Telang, et al., Cocaine cues and dopamine in dorsal
striatum: mechanism of craving in cocaine addiction, J. Neurosci. 26 (2006)
6583–6588, https://doi.org/10.1523/JNEUROSCI.1544-06.2006.

[71] S.P. Onn, A.A. Grace, Amphetamine withdrawal alters bistable states and cellular
coupling in rat prefrontal cortex and nucleus accumbens neurons recorded in vivo,
J. Neurosci. 20 (2000) 2332–2345, https://doi.org/10.1523/JNEUROSCI.20-06-
02332.2000.

[72] Y. Shimo, N. Hattori, Underlying mechanisms of impulse control disorders and
dopamine agonist withdrawal syndrome in Parkinson's disease, J. Neurol. Disord.
Strok. 2 (2014) 1–4.

[73] J.F. Keeler, D.O. Pretsell, T.W. Robbins, Functional implications of dopa-mine D1
vs. D2 receptors: a ‘prepare and select’ model of the striatal direct vs. indirect
pathways, Neuroscience 282 (2014) 156–175, https://doi.org/10.1016/j.
neuroscience.2014.07.021.

[74] A.R. West, A.A. Grace, Opposite influences of endogenous dopamine D1 and D2
receptor activation on activity states and electrophysiological properties of striatal
neurons: studies combining in vivo intracellular recordings and reverse micro-
dialysis, J. Neurosci. 22 (2002) 294–304.

[75] T.D.L. Steeves, J. Miyasaki, M. Zurowski, et al., Increased striatal dopamine release
in Parkinsonian patients with pathologicalgambling: a [11C] raclopride PET study,
Brain 132 (2009) 1376–1385, https://doi.org/10.1093/brain/awp054.

[76] J.L. Manwaring, L. Green, J. Myerson, M.J. Strube, D.E. Wilfley, Discounting of
various types of rewards by women with and without binge eating disorder: evi-
dence for general rather than specific differences, Psychol. Rec. 61 (2011) 561–582.

[77] I.M. Balodis, H. Kober, P.D. Worhunsky, et al., Monetary reward processing in obese
individuals with and without binge eating disorder, Biol. Psychiatry 73 (2013)
877–886 (10.1016%2Fj.biopsych.2013.01.014).

[78] J.D. Woolley, M.L. Gorno-Tempini, W.W. Seeley, et al., Binge eating is associated
with right orbitofrontal-insular-striatal atrophy in frontotemporal dementia,
Neurology 69 (2007) 1424–1433, https://doi.org/10.1212/01.wnl.0000277461.
06713.23.

[79] B.Z. Yang, H.R. Kranzler, H. Zhao, J.R. Gruen, X. Luo, J. Gelernter, Association of
haplotypicvariants in DRD2, ANKK1, TTC12 and NCAM1 to alcohol dependence in
independent case control and family samples, Hum. Mol. Genet. 16 (2007)
2844–2853, https://doi.org/10.1093/hmg/ddm240.

[80] J. Reuter, T. Raedler, M. Rose, I. Hand, J. Gläscher, C. Büchel, Pathological gam-
bling is linked to reduced activation of the mesolimbic reward system, Nat.
Neurosci. 8 (2005) 147–148.

[81] R. Ranaldi, Dopamine and reward seeking: the role of ventral tegmental area, Rev.
Neurosci. 25 (2014) 621–630.

[82] P.J. Garcia-Ruiz, J.C. Martinez Castrillo, A. Alonso-Canovas, et al., Impulse control
disorder in patients with Parkinson's disease under dopamine agonist therapy: a
multicentre study, J. Neurol. Neurosurg. Psychiatry 85 (2014) 840–844.

[83] M.A. Menza, L.I. Golbe, R.A. Cody, N.E. Forman, Dopamine-relatedpersonality traits
in Parkinson'sdisease, Neurol. 43 (1993) 505–508.

[84] G. Arabia, B.R. Grossardt, R.C. Colligan, et al., Novelty seeking and introversion do
not predict the long-term risk of Parkinson disease, Neurol. 75 (2010) 349–357.

[85] A. Dagher, T.W. Robbins, Personality, addiction, dopamine: insights from
Parkinson's disease, Neuron 61 (2009) 502–510, https://doi.org/10.1016/j.neuron.
2009.01.031.

[86] A.H. Evans, N. Pavese, A.D. Lawrence, et al., Compulsive drug use linked to sen-
sitized ventral striatal dopamine transmission, Ann. Neurol. 59 (2006) 852–858,
https://doi.org/10.1002/ana.20822.

D. Latella et al. Journal of the Neurological Sciences 398 (2019) 101–106

106

https://doi.org/10.1016/j.parkreldis.2011.06.001
https://doi.org/10.1016/j.parkreldis.2011.06.001
https://doi.org/10.1177/0269881106073109
https://doi.org/10.1177/0269881106073109
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0225
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0225
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0225
https://doi.org/10.1002/ana.22356
https://doi.org/10.1002/ana.22356
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0235
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0235
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0235
https://doi.org/10.1097/fbp.0b013e3283305e7a
https://doi.org/10.1097/fbp.0b013e3283305e7a
https://doi.org/10.1093/brain/awl028
https://doi.org/10.1016/j.parkreldis.2012.06.005
https://doi.org/10.1016/j.parkreldis.2012.06.005
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0255
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0255
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0255
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0260
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0260
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0260
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0265
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0265
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0265
https://doi.org/10.1001/archpsyc.62.7.769
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf3555
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf3555
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf3555
https://doi.org/10.1007/s00415-011-6302-8
https://doi.org/10.1007/s00415-011-6302-8
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0285
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0285
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0285
https://doi.org/10.1038/ncpneuro0680
https://doi.org/10.1212/01.wnl.0000218206.20920.4d
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0300
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0300
https://doi.org/10.1111/j.1360-0443.2010.03218.x
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0310
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0310
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0310
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0315
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0315
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0315
https://doi.org/10.1016/j.parkreldis.2007.05.006
https://doi.org/10.1016/j.parkreldis.2007.05.006
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0325
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0325
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0325
https://doi.org/10.1523/JNEUROSCI.4236-15.2016
https://doi.org/10.1523/JNEUROSCI.4236-15.2016
https://doi.org/10.1038/nn1579
https://doi.org/10.1038/nn1579
https://doi.org/10.1016/j.neuron.2010.05.01
https://doi.org/10.1111/j.1360-0443.2010.03022.x
https://doi.org/10.1111/j.1360-0443.2010.03022.x
https://doi.org/10.1523/JNEUROSCI.1544-06.2006
https://doi.org/10.1523/JNEUROSCI.20-06-02332.2000
https://doi.org/10.1523/JNEUROSCI.20-06-02332.2000
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0360
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0360
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0360
https://doi.org/10.1016/j.neuroscience.2014.07.021
https://doi.org/10.1016/j.neuroscience.2014.07.021
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0370
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0370
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0370
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0370
https://doi.org/10.1093/brain/awp054
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0380
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0380
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0380
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0385
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0385
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0385
https://doi.org/10.1212/01.wnl.0000277461.06713.23
https://doi.org/10.1212/01.wnl.0000277461.06713.23
https://doi.org/10.1093/hmg/ddm240
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0400
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0400
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0400
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0405
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0405
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0410
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0410
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0410
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0415
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0415
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0420
http://refhub.elsevier.com/S0022-510X(19)30034-6/rf0420
https://doi.org/10.1016/j.neuron.2009.01.031
https://doi.org/10.1016/j.neuron.2009.01.031
https://doi.org/10.1002/ana.20822

	Impulse control disorders in Parkinson's disease: A systematic review on risk factors and pathophysiology
	Introduction
	Methods
	Search strategy

	Impulse control disorders in PD: focus on epidemilogy
	Risk factors of ICD in PD
	The pathophysiological mechanisms of ICDs
	PD personality and dopaminergic deficit
	Future directions
	Conclusions
	Disclosure statement
	Authors' contributions
	Acknowledgments
	References




