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HIGHLIGHTS

- Impulse control disorders are increasingly recognized as highly impactful features in patients
with Parkinson’s disease.

- Dopamine receptor agonists are the strongest risk factors.

- The mechanism of impulse control disorders is still not well-understood but the dopamine
reward system and inhibition systems are clearly involved.

INTRODUCTION

Parkinson’s disease (PD) is the second most common neurodegenerative disorder (1). Chronic use
of dopaminergic medications in PD is associated with motor and non-motor side effects such as
dyskinesias, and impulse control disorders (ICDs) (2). Motor symptoms of PD have traditionally
been the major focus of research, but non-motor symptoms, especially ICDs have gradually
attracted great attention because of their tremendous impact on patients and their family (3-5).
In general, ICDs refer to pathological gambling (PG), hypersexuality, binge eating, and compulsive
buying. The core features of ICDs include repetitive or compulsive behavior, reduced control over
these behavior, and pleasurable feeling while carrying out the behavior (4).
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PG is defined as persistent and recurrent problematic
gambling behavior as indicated by features such as increasing
amounts of money, restlessness or irritability when cutting
down, failing to control the behavior, preoccupation with
gambling, lying to others, and so on (at least four criteria
required). However, based on neuropsychiatric and possibly
pathophysiological features, PG is currently considered as typical
example of behavioral addiction and included in the diagnostic
category of “substance-related and addictive disorders” according
to DSM-5 (6, 7). Hypersexuality means increasing preoccupation
with sexual thought, excessive sexual needs, increased use
of pornography and self-stimulatory behavior, seeking out
prostitutes, engaging in exhibitionism and paraphilia (8). Binge
eating involves uncontrollable consumption of a large amount of
food, which results in harmful gain of weight (9). Compulsive
buying or shopping can be defined as irresistible excessive
buying that can lead to psychological consequences and financial
debt (10).

In addition to the ICD, there are also some ICD-related
disorders (ICRDs), such as Dopamine dysregulation syndrome
(DDS) and punding. DDS implies repeated, unnecessary, or
sometimes deleterious daily intake of dopaminergic agents far
more than the dosage required for treatment of objective motor
impairment, leading to severe dyskinesia, euphoria, aggressivity,
hallucination, confusion, or frank psychosis (11). Punding is a
term that was coined originally to describe complex prolonged,
purposeless, and stereotyped behavior in chronic amphetamine
users (12). It shares similarities with addictive behavior and
involves psychiatric symptoms relating to dopamine system (13).

Besides the classic ICDs symptoms there are many other
ICDs-related behavioral problems including reckless driving
(14), impulsive smoking (15), compulsive singing (11), tattooing
(16), stealing (17), pet killing (18), and zoophilia (19) (Table 1).
The wide clinical spectrum of ICDs symptoms necessitates
careful monitoring of behavior when patients are taking
dopaminergic drugs. As the researches indicated, dopamine, have
been known to have a strong association with ICDs (20).

This review mainly focuses on the ICDs in PD
patients from the point of epidemiology, pathogenesis and
therapeutic strategies.

THE EPIDEMIOLOGY OF ICDs

The prevalence of ICDs in PD patients using dopamine
replacement therapy (DRT) varied from 3.5 to 43% (21-23).
Dopamine receptor agonist (DA) treatment in PD is associated
with 2-3.5-fold increased odds of having ICDs compared with
patients without DA treatment (24). Estimated incidence of ICDs
in PD patients increases with time especially in those on DRT
(23). In one longitudinal study, the 5-year cumulative incidence

Abbreviations: ICDs, Impulse control disorders; PD, Parkinson’s disease;
PG, Pathological gambling; DDS, Dopamine dysregulation syndrome; DRT,
Dopamine replacement therapy; DAs, Dopamine agonists; ACC, anterior
cingulate cortices; OFC, orbitofrontal cortex; VTA, ventral tegmental area; DAT,
Dopamine transporter; RBD, Rapid eyes movement sleep behavior disorder; STN,
Subthalamic nucleus; DBS, Deep brain stimulation; TMS, Transcranial magnetic
stimulation.

of ICDs was about 46% (25). A study showed that 17.5% PD
subjects resulted positive with ICDs before starting treatment,
indicating the need for a detailed behavioral assessment before
dopaminergic therapy (26).

ICD is probably much more frequent in PD than previously
reported as patients often underestimate the presence and
severity of ICD symptoms (27). This is in part due to lack
of insight, but also as a defense mechanism with denial and
minimization of symptoms on a background of feelings of shame
or guilt. Some patients with ICDs may have a relative lack of
empathy and do not perceive any stress from their aberrant
behavior, despite marked concerns by family members and
friends (28).

THE RISK FACTORS OF ICDs

Dopaminergic Drugs and ICDs

Although the frequency of impulsivity and compulsive behavior
in PD patients before initiation of dopamine receptor agonists is
similar to the frequency in healthy control, it is conceivable that
dopamine receptor agonists may turn impulsive personality traits
into clinically disorders (26). Specifically, affinity of pramipexole
and ropinirole for the D3 receptors is much greater than the
D2 receptor (100 and 25 times, respectively) as well as for D1
receptor (>1,000 and 300 times, respectively) (29, 30). Other
dopamine agonists commercially available in only some countries
such as piribedil may also lead to ICDs (31). At the same
time, the oral dopamine agonists (pramipexole and ropinirole)
have been found to have a greater risk for causing ICDs than
the transdermal dopamine agonist rotigotine (29), which might
be partially explained by the theory that transdermal delivery
bypasses erratic gastric emptying and it may avoid other changes
in gastrointestinal motility, leading to the stability of plasma level
(29). In a post-hoc analysis about PD treated with rotigotine,
although no definite conclusion can be reached on any dose-
response relationship between rotigotine and ICDs, the incidence
of ICDs appeared to increase with the dosage increase (25), as
increased with longer exposure to rotigotine and recommend
active surveillance with increased duration of treatment and dose
reduction when ICDs are present (32).

In addition to dopamine agonists, levodopa, particularly in
high dosages, has been also associated with ICDs (24). In patients
taking dopamine agonist, concurrent levodopa usage is reported
to increase the odds of ICDs by ~50% (24). This multi-center
study indicated that there is no association with higher dopamine
agonists dose but a link with higher levodopa dose with ICDs,
suggesting an intrinsic role for levodopa (33). And also, patients
with PD treated by levodopa show ICDs more frequently and
more severely than patients without levodopa, thereby suggesting
the levodopa’s significance in a way (34).

Antidepressants and sleep inducers are also significant
predictors for individual ICD (35). Aripiprazole, an antipsychotic
drug with partial dopamine agonist properties, has been reported
to be associated with ICDs especially pathological gambling (36).
It has high affinity for the D3 receptor besides regarded as a
D2 agonist. The ICD symptoms resolved completely with its
cessation according to reports (36).

Frontiers in Psychiatry | www.frontiersin.org

February 2021 | Volume 12 | Article 635494


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

ICDs in Parkinson’s Disease

TABLE 1 | Rare ICD symptoms in Parkinson’s disease.

Symptoms

Age (yr) and
sex

Course of PD
(yr)

Describes

Medicine (peak
dose)

Source

Reckless driving

Impulsive smoking

Compulsive singing

Tattooing

Stealing

Pet killing

Zoophilia

65, male;
70, male

63, male

70, Female;
71, Male

50, Male

48, Female
33, Male

58, Male

9;
20

20

Impairment in driving
performance associated
with risk-seeking, including
reckless high-speed
driving.

Urge to smoke. Pramipexol
was discontinued and the
abnormal symptoms
disappeared. However,
with switching to ropinirole,
impulsive smoking
developed again.

Urge to sing repeatedly the
same song.

Got tattooed seven times
in 6 months and planned to
make five others.

Impulsive stealing.
Compulsive behavior of
adopting and killing cats.
Attempting to have sexual
intercourse with a female
family dog.

L-dopa(-)

Pramipexol(6
mg/d)/Ropinirole
extended release (12
mg/d)

L-dopa(1,268LEU);
L-dopa(634 LEU)
Pramipexol extended
release 1.05 mg/d
and rasagiline 1 mg/d

Pramipexol (-)

Pramipexol (4.5
mg/d)
Pramipexol(8 mg/d)

(14)

(15)

(11)

(16)

PD indicates parkinson’s disease. LEU indicates L-dopa equivalent units.

In addition to that, studies have failed to find correlation
between ICDs and severity of levodopa-related motor
fluctuations (37, 38). There were no differences between
PD with ICD and PD without ICDs in terms of LID exhibited by
DA dose or scores on UPDRS part IV, mania, impulsive choice,
alcohol use, or current or former smoking (39).

Non-Medication Related Risk Factors
Demographic Risk Factors

According to current research, many demographic factors
participate in the development of ICDs in PD. For example,
age, gender, and personality traits. Young age at PD onset is
one of most established independent risk factors for ICDs in
PD (40). Compared to patients without ICDs, ICDs patients
were much younger (21, 24, 25, 29, 41, 42), which can be
partly explained by that younger patients are more likely to be
prescribed taking dopamine agonists. However, the age effect
remains after controlling dopamine agonists exposure (24, 43).
Gender difference may contribute to the different subtypes of
ICDs. Overall, ICDs increased over time in a more pronounced
way in men compared to women (25). Hypersexuality is more
prevalent in males while binge eating and buying are more
common in women (24, 42, 43). Moreover, male, unmarried,
personal or family history of smoking, gambling, drug or alcohol
addiction, pre-existent or current symptoms of depression or
anxiety and personality traits such as impulsiveness and novelty
seeking behaviors are also risk factors of ICDs (4, 37, 41, 42, 44—
46). These findings suggest that multiple elements including
neurobiological, environmental, genetic factors all contribute

to the development of ICDs (24). Furthermore, there are
many other personal risk factors, such as depression, anxiety,
aggression, irritability, obsessive-compulsive traits, impulsivity
traits, novelty seeking traits, and alexithymia (41, 47-50). The
inclusion of these factors in the neuropsychiatric assessment of
patients with PD may help identify patients at risk for ICDs.

Symptomatically Related Risk Factors

The duration of disease or medicine was correlated with ICDs in
PD (40). Then the rapid eye movement sleep behavior disorder
(RBD) in PD with ICDs is also worth of concern. Actually,
whether RBD is a risk factor for ICDs in PD is controversial.
Baig et al. (51) recruited 921 cases of PD and screened positive
for ICDs at each visit. After statistics, they found that RBD
is not associated with increased ICD risk. Another clinical
trial involved 401 newly diagnosed PD patients, evaluated ICD
behaviors annually and finally revealed that probable RBD is
not clearly associated with ICDs in early PD (52). However, a
meta-analysis included 10 studies involving 2,781 PD patients
drew a conclusion that RBD was associated with a more than
2-fold higher risk of developing ICBs (OR 2.12, P < 0.01) (53),
reminding us that RBD in PD is confirmed to be a risk factor for
impulsive-compulsive behaviors. Hence, more research is needed
to explore the role RBD played in PD with ICDs.

Genetic Risk Factors

There have been studies focusing on DNA polymorphisms of
impulsive and compulsive behavior and additive behaviors in
decades. A larger number of SNPs in dopaminergic (DRD1
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rs 265981, DDC rs 3837091 and rs 1451375, D3Rp.S9G)
glutamatergic, serotonergic and opioid neurotransmitter system
have been reported as candidates that improved predictability
of ICDs when compared with clinical risk factors (54-56). We
here cite certain findings that have strong relationship with
ICDs. A study indicated that carriage of either AA genotype
of DRD3 or CC genotype of GRIN2B was identified as an
independent risk factor for ICDs. Furthermore, variants of DRD3
p-S9G and GRIN2B ¢.366C>G may be associated with ICDs
in PD (57). In another study, besides GRIN2B (rs7301328),
DRD1 (rs4532 and rs4867798), and DRD2/ANKKI1 (rs1800497)
increase risk for developing ICDs (58). Polymorphism of DRD4
7-allele also associated with ICDs (59, 60). In addition, a study
supported a possible contribution of genetic variation in the
HTR2A (serotonin 2A receptor gene) to the susceptibility of
ICDs in PD patients, with the T allele, which is presumably
linked to higher receptor expression, increasing the risk by 2.8
and 6.9 times in CT and TT carriers (61). More recently, DRD3
p-Ser9Gly (rs6280) CT genotype was proved to be associated
with PD patients in Indian population (62). Moreover, with
the suggestive association between the opioid receptor gene
(OPRM1) and ICDs in PD, the researchers bring potential
new insights to the understanding of molecular mechanisms of
ICDs (63).

A multicenter case-control study showed that specific
subtypes of ICDs, such as compulsive shopping, binge eating
and punding, had high frequency and were more severe
in PD patients with Parkin mutation compared with non-
Parkin mutation (39). The possible explanation was related
to neurodegeneration of frontal-striatal-limbic structures
(64). In addition, gray matter volume of caudate nuclei,
which is involved in reward and stimulus-reinforcement
association learning, decreases in PD patients with Parkin
mutation (65).

Comparing with single genetic variants, multiple gene
interactions may play a more important role. Using candidate
genetic multivariable pane, Kraemmer et al. conducted an
interesting study to estimate ICD heritability in PD patients,
which included several transmitter systems such as dopamine,
serotonin, and norepinephrine genes. They found a substantial
11-16% increase in ICD behavior predictability compared
to examining clinical variables alone. In addition, in 13
candidate variants, OPRK1, HTR2A and DDC genotypes
were the strongest genetic predictive factors and OPRKI1
polymorphism rs702764 significantly predicted incident
of ICD behavior. Hence, they suggested the potential for
developing clinical-genetic models to identify PD patients
at increased risk of developing ICD and further guide
treatments (66).

Although polymorphisms of dopaminergic genes are not
considered as the strongest risk factor for developing ICDs
in PD patients at present, further research in the genetic
susceptibility will explain the reason why some patients taking
low doses of dopaminergic drugs still develop ICDs. Genetic
studies can enlarge the understanding of ICDs from pathogenesis
to therapy.

NEUROPSYCHOLOGICAL STUDIES IN
ICDs

Various neuropsychological studies have found that ICDs
are associated with frontal/executive dysfunctions (67-70).
Imbalance of the frontal-striatal circuits which manifested with
cognitive dysfunction was considered to be associated with ICDs
(71). One study showed that pathological gambling patients
performed significantly worse than non-pathological gambling
patients in PD on cognitive tasks that evaluated visuo-spatial
long-term memory and several frontal lobe functions (68). And
PG relates to reward-based decision-making, which is a major
topic of behavioral psychology. Clinical neuropsychologists have
been using Iowa Gambling Task to evaluate financial risk attitude
(72, 73). More straightforward behavioral economics task has
been tested. Another study indicated that ICDs patients in
PD had poorer working memory performance than either the
control or PD patients without ICDs (70). A study found
that hypersexuality is associated with prefrontal and memory
dysfunctions, whereas pathological gambling and compulsive
eating seem to be related to only frontal dysfunction (67).

However, there were several studies considering no difference
in frontal executive dysfunction on neuropsychological testing
between ICDs and non-ICDs patients in PD (73-78), which
suggested that executive dysfunction may contribute to ICD
behavior, but is not a necessary component (76). A long-term
study investigating the progression of cognitive decline in ICDs
patients compared with PD patients without ICDs showed that
ICDs patients were not with greater cognitive impairment or
executive dysfunction, but rather show relatively lower cognitive
decline over time. Drug-induced overstimulation of relatively
preserved prefrontal cognitive functions may impair the top-
down inhibitory control contributing to ICDs (77). These finding
still needs to be verified.

Intertemporal choices, decisions between options available
at different times, are commonly applied in impulsivity-related
studies. The presence of impulsivity trait in intertemporal
choices is usually suggested by a strong preference for small
immediate rewards over large delayed ones (79). Temporal
discounting is a phenomenon that the subjective valuation
of reward declines with delay. In studies using intertemporal
choice task, investigators found that dopamine agonist use was
associated with greater choice impulsivity in ICDs patients
compared to PD. It is suggested that there has been a U-
shaped relationship between dopamine activity and temporal
discounting (80). Dopamine agonists are associated with a greater
discounting of larger delayed rewards, therefore contributing to
impulsive choices (69).

THE PATHOGENESIS OF ICDs

The mechanism of ICDs is not well-understood. Yet based on
animal and clinical researches, the dopaminergic system has
been strongly implicated. There are three main dopaminergic
pathways in central nervous systems (CNS): (a)the nigrostriatal
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FIGURE 1 | A schematic illustration of three main dopaminergic pathways in
central nervous systems. (a) the nigrostriatal pathway consisting of cell bodies
in the substantia nigra whose axons terminate in the corpus striatum; (b) the
mesocorticolimbic pathway (also known as the reward system), whose cell
bodies are situated in the ventral tegmental area and whose axons project to
parts of the limbic system; and (c) the tuberoinfundibular pathway, whose cell
bodies are found in the ventral hypothalamus and project to the median
eminence and pituitary gland.

pathway consisting of cell bodies in the substantia nigra
(SN) whose axons terminate in the corpus striatum; (b) the
mesocorticolimbic pathway (also known as the reward system),
whose cell bodies are situated in the ventral tegmental area
and whose axons project to parts of the limbic system; and (c)
the tuberoinfundibular pathway, whose cell bodies are found in
the ventral hypothalamus and project to the median eminence
and pituitary gland (Figure1). Of the three dopaminergic
pathways the mesocorticolimbic system seems to play a key
role in the reward system, whose main components include
nucleus accumbens, amygdala, hippocampus, anterior cingulate
and orbitofrontal cortex (81).

Dopamine, as a modulator of risk behavior along the
mesocorticolimbic pathway, plays an important role in
reinforcement of learning. It signals the difference between
predicted and experienced reward, and is also involved in
shaping behavior to maximize reward and avoid punishment
(82). Normally, in anticipation of a reward or when receiving
an unexpected reward, phasic release of dopamine from the
ventral tegmental area (VTA) to the nucleus accumbens occurs
(83). In contrast, phasic suppression of dopamine occurs
when an expected reward is not received (83). Contingencies
would result in decreasing activation of the mesocorticolimbic
dopaminergic system leading to adaptive behavior and shifting
from one pattern to a more appropriate action (84) (Figure 2A).
In PD, excessive doses of dopamine, dopamine reuptake
impairment or stimulation on postsynaptic dopamine receptors
by dopaminergic agonists may shift this normal physiologic
response and facilitate the appearance of ICDs (57, 82). ICDs
patients exhibit reduced ability to learn from negative events and

A
S &
.
%
pattern!—* pattem!
B
@\&
- &/
i
© DA \ pattern —>m| patter
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-] [
O vra
0 nucleus accumbens i S
) dopamine agonists
FIGURE 2 | A schematic illustration of learning process and set shifting with
dopamine neurotransmission. (A) Normally, when expecting a reward or
receiving an unexpected reward, phasic release of dopamine from VTA to the
nucleus accumbens occurs; phasic suppression of dopamine occurs when an
expecting reward is not received. Adaptive behaviors happened shifting from
one pattern to a more appropriate one. (B) In PD, dopamine agonists may
elicit excessive stimulation results in facilitating the appearance of ICDs. ICD
patients are less sensitive to negative events but more sensitive to rewarding
outcomes.

they usually underestimate the adverse consequence of stimuli
with punishment, yet they are more sensitive to rewarding
outcomes (85) (Figure 2B).

There are several observations relevant to reward system and
ICDs that are worth highlighting. First, the usual pleasurable
stimuli such as food can induce tonic dopamine response in
the outer shell of the nucleus accumbens. Second, dopamine
auto-receptors in SN provide feedback to regulate synaptic
dopamine concentration. Third, the orbitofrontal and anterior
cingulate cortices (ACC) are involved in the top-down control,
evaluating the reward and directing a suitable reaction, thus
making adjustments for optimizing future choices (86). Finally,
the prefrontal cortex exerts inhibitory influence to “balance” the
system (Figure 3). All these components are working together to
help individuals adapt to their environment.

PD is associated with a neurodegenerative process that
involves mesocorticolimbic network, but there is paucity of data

Frontiers in Psychiatry | www.frontiersin.org

February 2021 | Volume 12 | Article 635494


https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

Zhang et al.

ICDs in Parkinson’s Disease

{ ©) nucleus accumbens

FIGURE 3 | A schematic illustration of mesocorticolimbic network and reward system. (A) Standard stimuli (e.g., food) motivate tonic dopamine response in the outer
shell of the nucleus accumbens; repeated stimuli induce habitation with the response shifting to its core. (B) In substantia nigra, dopamine autoreceptors offer
feedback to regulate synaptic dopamine concentrations. (C) The OFC and ACC make adjustments for optimizing future choices and balance the system.
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linking abnormalities of this network to ICDs. One study, using
volumetric magnetic resonance imaging (MRI) technique, found
that amygdala volume was greater in PD patients with ICDs
than those without ICDs, but similar to health control subjects
(64). Since amygdala is important in processing both positive
and aversive emotional inputs, relatively preserved amygdala is
needed for the expression of ICDs (87, 88). Another study showed
that ICDs patients have a thicker cortex in certain limbic regions
especially in ACC and orbitofrontal cortex, which may be linked
to increased impulsivity and behavioral disinhibition (89). In
addition, this study demonstrated positive correlation between
the ACC thickening and ICD severity (89). Moreover, a whole-
brain diffusion-tensor MRI study found white-matter integrity
in the reward system is relatively preserved in ICDs-PD patients
compared to PD patients without ICDs (90). A BOLD fMRI
study observed that PD patients with ICDs had elevated network
connectivity in the mesocorticolimbic network (91).

The mesocorticolimbic reward system plays an important
role in the development and maintenance of addictive behavior.
The reason for male preponderance in patients exhibiting this
behavior is still unclear, but some imaging studies have suggested
that males have a stronger functional connectivity in the reward
mesocorticolimbic system than females (29, 92). Thus, the
relative preservation of neural integrity in mesocorticolimbic
network and the intact reward-processing circuits are thought to
increase risk for ICDs in PD patients treated with dopaminergic
medications (90).

In addition to the reward system, ICDs are also involved
in the inhibition system. One fMRI study showed impairment

in response-inhibition abilities in ICDs patients (93). The
observation found that the rostral portion of the corpus callosum
in ICDs patients is thinner compared to healthy control. And
it has been interpreted to indicate that there might be some
disconnection in the inhibitory system normally mediated by the
corpus callosum, leading to behavioral disinhibition and ICDs.
The normal inhibitory mechanisms may be further disrupted by
treatment with dopaminergic drugs which may explain why some
PD patients become vulnerable and experience loss of impulse
control (disinhibition) and finally results in the development
of ICDs (94). In support of this hypothesis is the finding
that pramipexole decreases the interaction between the nucleus
accumbens and prefrontal cortex, which might lead to a
reduction of normal prefrontal inhibitory control of impulses
(95). Thus, dopamine agonists presumably act by suppressing
the inhibitory system and elicit a response bias toward impulsive
choices (96).

Dopamine agonists improve motor symptoms in PD patients
through their effects on the dorsal striatum, but they also activate
the ventral striatum and the mesolimbic pathway (97). The
brain activity in ventral striatum can be separated spatially
and temporally into signals correlated with risk and reward
expectation which are both the foundation of decision-making
(98). In addition to the involvement of the striatum in ICDs,
several studies have implicated the ventral pallidum in the
modulation of hedonic responses to rewards (99). Using arterial-
spin-labeling MRI, increased cerebral blood flow to ventral
striatum in ICDs patients had been substantiated in response to
dopamine agonists, which indicated that dopamine agonists can
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augment mesocorticolimbic network activity in ICDs patients
(100). The function of the orbitofrontal cortex (OFC) is critical
in understanding the mechanisms of rewards or punishments
(65, 101). The OFC may be activated by stimuli from reward-
related memories or environment which then induces a strong
sense of urge with or without activation of the nucleus accumbens
(102). While the medial OFC engages in reward-based decision-
making the lateral OFC is associated with the punishment-based
decision-making (101). The role of OFC in ICDs is supported
by studies that have found dysfunction of impaired long-
term memory and frontal lobe functions in patients exhibiting
pathological gambling compared to control (68). Other studies
have found evidence that frontal lobe dysfunction facilitates the
onset and persistence of pathological gambling in PD (103).

THERAPEUTIC STRATEGIES FOR ICDs

In ICDs patients with PD, caregivers suffer huge burden from
mental stress specifically on spousal safety. ICDs are associated
with high rate of separation and divorce, child abuse, and neglect
(4, 104, 105). It is important to recognize the disease and treat it
without delay.

As discussed above, ICDs are considered to have strong
relationship with dopamine agonists. Decreasing or even
withdrawing dopamine agonists is usually the first choice for
clinicians. For PD patients who have developed ICDs on
account of dopamine agonist treatment, they will get remission
significantly after decreasing dosages. One longitudinal study
suggested that ICDs resolved after 1 year in about 50% of
the patients who stopped dopamine agonists and continued to
improve (25). Patients can increase levodopa dosage instead to
avoid worsening in motor symptoms (106). However, treatment
is still challenging, as patients may experience dopamine agonist
withdrawal syndrome (107-109).

Considering the benefit from reducing dose of dopamine
agonists such as pramipexole or ropinirole, it is recommended
that temporary replacement of pramipexole by bromocriptine
instead may relieve or reverse the ICDs while the D2 stimulation
needed for motor symptoms are still maintained (95).

Subthalamic nucleus (STN) deep brain stimulation (DBS) as
a treatment for ICDs is considered a controversial method
according to reported literature. Compared to patients
without ICDs, ICDs patients exhibited increased proportion
of subthalamic neurons responsive to prospective reward and
decreased proportion to prospective loss in STN but no in GPi
(110). STN-DBS and the following tapering of dopaminergic
treatment can change personality traits in PD patients (111).
A few studies are in favor of DBS surgery as a treatment for
ICDs and even suggest that ICDs may be considered as new
indication for STN-DBS (112, 113). ICDs patients exhibited a
complex outcome after STN-DBS, with a tendency for overall
reduction but with several factors affecting its effect (114). It is
believed that effective management of medication and correct
stimulation parameters may explain these results better than
previous literature. Successful surgery allows a marked decrease
of total dopaminergic medication. The STN stimulation may

also have specific effect on limbic part of the STN (115). In
general, fine-tuning of stimulation parameter after DBS surgery,
accompanied with drastic reduction of dopaminergic medication
are considered as an effective method to give remission to ICDs
patients especially advanced subgroup (116, 117). Furthermore,
there has been a study indicating that unilateral procedures may
be an alternative to bilateral DBS for some patients if they are
with asymmetric symptomology (118). Meanwhile, some studies
disapprove of using STN-DBS because ICDs may persist or
even worsen after DBS surgery (119). Even more, some evidence
shows that ICDs may emerge following DBS surgery regardless
of unilateral or bilateral DBS (120-122). Stimulation by DBS
might sensitize the brain to the impulsive behaviors induced
by dopamine agonists, especially in patients with addictive
behavior history (121). Besides, stimulation with electrode
contacts located mainly within the sensorimotor territory can
result in spread of current to limbic and associative area (123).
Failed surgery, with misplaced electrodes outside the STN, would
result in failure to reduce dopaminergic medication or even
causing new onset of dopaminergic treatment (112). Stimulation
intensity increased too rapidly will elicit ICDs in the same way as
dopaminergic treatment (124). Therefore, we should be careful
when choosing DBS treatment in clinical practices.

Amantadine, acting as a dopaminergic and glutamatergic
modulator, was reported to have great effect on reversing ICD
symptoms without aggravating motor function. Amantadine
add-on therapy is considered to reduce hypersensitivity in ICDs
patients therefore decrease risky choice (125-127). However,
amantadine was associated with an increased risk for ICDs in
another multicenter study (128).

As ICDs are thought to be linked to oral dopamine agonists,
strategies utilizing intrajejunal levodopa which utilize continuous
drug delivery may decrease the risk of developing ICDs. This
therapy may become a popular treatment of ICDs not only
because its positive effect on behavioral disorders but also motor
complications (129, 130).

Clozapine were reported as a potential treatment for refractory
ICDs. Clozapine not only has an effect on dopamine-blocking
activity in the limbic system but also has weak antagonistic
D3 and high antagonistic D4 activity that makes it capable of
adjusting the reward circuit. Besides, N-desmethyloclozapine,
the major active plasma metabolite of clozapine, may have an
important partial agonist activity on dopamine D2/D3 receptors
(131). There have been several cases reporting beneficial
responses to clozapine in ICDs patients (132, 133).

There has been an emerging method to treat ICDs using
transcranial magnetic stimulation (TMS). A study reported that
low-frequency repetitive TMS was used to treat four PD patients
with punding whose symptoms were reversed magically. TMS
deserves more studies to explore the best pattern and more
indications (134).

To date, there have been few studies concerning the role
of cognitive behavior therapy in ICDs. Okai et al. proved the
efficacy of cognitive behavior treatment in ICD patients with PD
through a randomized controlled trail. They found the combined
treatment of cognitive behavior treatment with medical care
was more effective in reducing the severity of ICDs compared
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with medical care alone. The severity of symptom (measured
on the Clinical Global Impression (CGI) index) significantly
reduced 75% of the experimental group compared with only
29% in the control group. The intervention seemed to be also
effective in depression and anxiety. Larger and long-term follow
up studies are needed to confirm the benefit of cognitive behavior
treatment in each subtype of ICDs, and meanwhile assess the
cost-effectiveness (135).

In addition to those treatments discussed above, valproate,
zonisamide, naloxone, apomorphine, and bromocriptine may
also be beneficial in treating ICDs (136, 137). Dopamine
agonists with lower D3 selectivity appear to have lower
proportion of causing ICDs. Switching to bromocriptine
was proposed as a method to mitigate ICDs. More
research and clinical trials are needed to explore the best
therapeutic strategy.

CONCLUSION

In conclusion, present studies remind us to pay much attention
to non-motor symptoms including ICDs. With rapid advance
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