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ABSTRACT

Background and aims: Parkinson’s disease (PD) is one of the most prevalent neurodegenerative diseases.
First-line medications consist of drugs that act by counteracting dopamine deficiency in the basal
ganglia. Unfortunately, iatrogenic impulsive-compulsive behaviors (ICBs) can occur in up to 20% of PD
patients over the course of their illness. ICBs must be considered multifactorial disorders that reflect the
interactions of the medication with an individual’s vulnerability and the underlying neurobiology of PD.
We aimed to explore the predictive genetic, psychopathological and neurological factors involved in the
development of ICBs in PD patients by building a complete model of individual vulnerability. Methods:
The PARKADD study was a case/non-case study. A total of 225 patients were enrolled (“ICB” group,
N =75; “no ICB” group, N = 150), and 163 agreed to provide saliva samples for genetic analysis.
Sociodemographic, neurological and psychiatric characteristics were assessed, and genotyping for the
characterization of polymorphisms related to dopaminergic and opioid systems was performed. Results:
Factors associated with “ICBs” were younger age of PD onset, personal history of ICB prior to PD onset
and higher scores on the urgency and sensation seeking facets of impulsivity. No gene variant was
significantly associated, but the association with the opioid receptor mu 1 (OPRM1) rs1799971 poly-
morphism was close to significance. Discussion and conclusions: The influence of gene-environment
interactions probably exists, and additional studies are needed to decipher the possible role of the opioid
system in the development of ICBs in PD patients.
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INTRODUCTION

Strong evidence supports the need to initiate pharmaco-
logical treatment as soon as the diagnosis of Parkinson’s
disease (PD) is confirmed, especially when functional im-
pairments are present (Haute-Autorité-de-Santé, 2016;
NICE, 2017; Orayj & Lane, 2019; Pirtosek et al., 2020).
When treating PD with dopamine replacement therapy, the
main goal is to target dopamine receptors in the nigrostriatal
pathway to alleviate motor symptoms. However, drug action
is rarely limited to one particular region of the brain, and
these medications also impact dopamine receptors in the
mesocorticolimbic and tuberoinfundibular pathways, lead-
ing to specific side effects (Ritter et al., 2020). In particular,
iatrogenic impulsive-compulsive behaviors (ICBs), which
likely result from hyperactivity in the mesocorticolimbic
pathway, can occur in up to 20% of PD patients over the
course of their illness (Weintraub & Claassen, 2017).

Some of these induced ICBs relate to daily life reward-
driven behaviors such as eating, sexuality, shopping, or
gambling, which become excessive and out of control, such
that they take the form of impulse control disorders (Ceravolo,
Rossi, Del Prete, & Bonuccelli, 2016). Due to their neurobio-
logical, neurocognitive and clinical similarities with substance
use disorders, ICBs are also commonly called “behavioral
addictions”, even though not all of them are grouped in the
“Substance related and addictive disorders” category in the
fifth version of the diagnostic and statistical manual of mental
disorders (DSM-5) (APA, 2013). Other ICBs that are marked
by a more pronounced compulsive dimension have also been
observed. In particular, these include obsessive hobbying,
hoarding, punding and compulsive medication use in the
context of dopaminergic dysregulation syndrome (DDS)
(Aoki, Shiraishi, Mikami, & Kamo, 2019; Giovannoni, O’Sul-
livan, Turner, Manson, & Lees, 2000).

Reflecting dysfunction in both emotional and behavioral
regulation, ICBs undoubtedly have a negative impact on pa-
tients’ health-related quality of life and satisfaction with life
and on caregivers’ distress (Dujardin & Sgambato, 2020; Erga,
Alves, Tysnes, & Pedersen, 2020). Therefore, it is crucial to
prevent their occurrence. To address this problem, clinicians
have been encouraged to adopt the “P4 medicine” approach
(Grall-Bronnec et al., 2018). One of the key stages of P4
medicine is to promote a more systematic comprehensive
assessment for better identification of patients at high risk
of ICBs.

From a pathophysiological point of view, ICBs must be
considered as multifactorial disorders that reflect interactions
of the medication with an individual’s vulnerability and the
underlying neurobiology of PD (Voon et al, 2017). Indeed,
ICBs occur under the combined influence of various factors.
The most robust findings have suggested a role for male
gender, younger age, single marital status, history of psychi-
atric symptoms or addictive disorders, earlier onset of dis-
ease, longer disease duration, rapid eye movement sleep
behavior disorder, motor complications, treatment with drugs
having a higher selectivity for D receptors, higher levodopa

equivalent daily dose, immediate release formulations and
higher peak dopamine agonist dose (Gatto & Aldinio, 2019;
Grall-Bronnec et al., 2018).

Surprisingly, studies assessing impulsivity - whether the
impulsivity personality trait as such or the impulse dimension
of a specific mental health disorder - in PD patients with ICBs
are relatively scarce. On the one hand, the few existing studies
on trait impulsivity found higher scores among PD patients
with ICBs than among those without ICBs (Isaias et al., 2008;
Saez-Francas et al.,, 2016; Voon et al,, 2011) and a link be-
tween impulsivity and ICB severity (Marin-Lahoz et al,
2018). On the other hand, studies investigating the link be-
tween PD and mental health disorders that include a high
level of impulsivity, such as addictive disorders, attention-
deficit/hyperactivity disorder (ADHD) and antisocial per-
sonality disorder, are even rarer. Some authors suggested that
history of cigarettes smoking and drug abuse increased the
risk for ICBs (Gatto & Aldinio, 2019). Regarding ADHD, Fan
et al. (2020) concluded that PD patients were almost 3 times
more likely to exhibit a history of ADHD than controls
without PD (Fan et al, 2020). Finally, Gerscheidt et al.
(2016) showed that early-onset PD patients with ICBs scored
higher on Self-assertive/Antisocial personality style (Ger-
scheidt et al.,, 2016).

Genetic factors were more recently identified, with single
nucleotide polymorphisms (SNPs) in dopaminergic, gluta-
matergic, serotoninergic and opioid neurotransmitter sys-
tems being potential predictors of ICBs (Gatto & Aldinio,
2019), as already shown for addictive disorders in non-PD
subjects (Cilia et al., 2016). However, a comparison between
models including either clinical variables or clinical and
genetic variables did not demonstrate that the selected ge-
netic variables contribute to better predictions of the
development of ICBs in a multivariate analysis (Redensek,
Jenko Bizjan, Trost, & Dolzan, 2020).

We therefore aimed to explore the predictive factors
involved in the development of ICBs in PD patients by
building a complete model of individual vulnerability. For
this reason, we did not consider iatrogenic factors.

To the best of our knowledge, the current study is the first
attempt to take into account both disease-related factors and
psychopathological factors, with a focus on factors associated
with addiction vulnerability, including genetic factors that
may predispose PD patients to develop iatrogenic ICBs.

MATERIAL AND METHODS

The PARKADD (PARK: PARKinson’s disease; ADD:
behavioral ADDictions) study resulted from the collaboration
of specialists in neurology, psychiatry, and pharmacogenetics.

Procedure

The PARKADD (NCT01733199) study was a monocenter
hospital-based prospective case/non-case study conducted
between October 2012 and March 2017. It was initially
designed to assess the factors associated with ICBs in PD
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patients, associated or not with DDS. For this purpose, pa-
tients were divided into three groups based on the presence
of ICB and DDS. However, as only one patient was identi-
fied as meeting the criteria for DDS, we focused only on the
first two groups, namely, PD patients without ICB vs PD
patients with ICBs, and the patient having DDS was classi-
fied in the latter group.

At the time of construction of the study, only a cross-
sectional assessment was planned. Due to a financial op-
portunity, we were able to add a follow-up to explore the
clinical outcomes of patients (especially with regard to PD
progression), and certain genetic markers. To this end, par-
ticipants were contacted by phone at least 12 months after
inclusion. Those who agreed received an informed consent
form to sign, a set of self-report questionnaires to complete,
and a kit to collect a saliva sample. For the present work, only
genetic data were used from the follow-up assessment.

Participants

Our intention was to conduct the study in “real-life” condi-
tions, excluding as few patients as possible, regardless of
their history. The sample consisted of idiopathic PD patients
aged 18 years and over who received PD treatment for at
least 6 months. Subjects with deep brain stimulation,
cognitive impairment, psychotic symptoms or under guard-
ianship were not included. A total of 225 patients were

enrolled: patients with at least one ICB occurring or worsening
after the beginning of PD (cases: “ICB” group, N = 75) and
patients with no ICB occurring or worsening after the
beginning of PD (non-cases: “no ICB” group, N = 150).

Of the 225 patients enrolled, 62 dropped out from the
follow-up; 163 agreed to complete self-rated questionnaires and
provide saliva samples, of whom 106 were from the “no ICB”
group and 57 were from the “ICB” group at baseline. Partici-
pant selection is described in the flow chart provided in Fig. 1.

The sample for the present analysis consisted only of
patients for whom clinical and genetic data were available to
be able to model vulnerability to ICBs.

Measures

Sociodemographic characteristics. We collected informa-
tion about age and sex.

Neurological characteristics. A neurological examination
was performed by a movement disorders specialist (TR or
PD) and included the Unified Parkinson’s Disease Rating
Scale (UPDRS) part III (Fahn, Elton, & Members-of-UPDRS-
Development-Committee., 1987; Movement-Disorder-Society-
Task-Force-on-Rating-Scales-for-Parkinson’s-Disease., 2003),
Hoehn and Yahr staging (Hoehn & Yahr, 1967), the
severity of dyskinesia and their type (chorea, dystonia) as
evaluated by the Unified Dyskinesia Rating Scale (UDysRS)

Initial assessment (neurological and psychiatric)

Oct, 2012 - Feb, 2016
N=225

“no ICB” group
N=150

“ICB” group
N=75

o

Absence of genetics
(N=62)

- Lost to follow —up
(N=24)

- Death (N=8)

- Unwilling to
participate (N=22)

- Inability to participate
(cognitive impairment,
asthenia, etc.) (N=8)

Follow-up assessment
Genetics
Oct, 2016 — March, 2017
N=163

From the “no ICB” group
N=106

From the “ICB” group

N=57

Fig. 1. Flow chart of participant selection
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(Goetz, Nutt, & Stebbins, 2008), and a collection of various
types of data related to PD, including age of onset, duration of
the disease, duration of PD treatment, and family history of
PD. The Mini-Mental State Examination (MMSE) (Folstein,
Folstein, & McHugh, 1975) was used to exclude patients with
cognitive impairment (score <24/30).

Psychiatric characteristics. A face-to-face interview with a
trained rater explored the history of addictive disorders: misuse
of PD treatment, notably as part of DDS, was assessed with the
Giovanni criteria (Giovannoni et al., 2000); personal history of
addictive disorders was explored using the Mini International
Neuropsychiatric Interview (MINI) (Sheehan et al., 1998) for
substance use disorders (to be exhaustive, we explored the
following substances: alcohol, nicotine, medications, and illicit
drugs) and the Minnesota Impulsive Disorder Interview
(MIDI) (Chamberlain & Grant, 2019) for the disorders
regrouped under the label “ICBs” (compulsive buying, patho-
logical gambling, compulsive sexual behavior, binge eating and
punding behavior). Regarding personal history of ICBs, two
time periods were considered, before and after PD onset. Family
history of addictive disorders was also explored. Impulsivity
profiles were assessed with the UPPS Impulsive Behavior Scale
(Whiteside, Lynam, Miller, & Reynolds, 2005) and by exploring
the history of ADHD in childhood (Wender-Utah Rating Scale-
Child, WURS-C) (Ward, Wender, & Reimherr, 1993) and in
adulthood (Adult ADHD Self-report Scale, ASRS-Screener
v1.1) (Kessler et al,, 2005). Based on the results of these ques-
tionnaires, it was possible to screen for the presence of ADHD
in childhood (WURS-C score >46/100) and to specify whether
ADHD likely persisted in adulthood (WURS-C score >46/100
AND at least 4 checkmarks in the darkly shaded area of the
ASRS Screener v1.1). The presence of an antisocial personality
disorder was diagnosed using the MINL.

Genetics. Saliva samples were sent to the INSERM U894
Center for Psychiatry and Neurosciences (Paris). DNA was
extracted according to the protocol provided by the manu-
facturer of the saliva collection kits (DNA Genotek | Oragene
DNA | DNA Saliva Collection | OG-500 Tube). The DNA
concentration was measured by spectrophotometry on a
Thermo Fisher Scientific Nanodrop™™ 1000 apparatus. DNA
concentrations ranged between 5 and 1000ng pl~'. The
DNAs were diluted and aliquoted to a final volume of 100 pl
in 96-well plates at a concentration between 5 and 10 ng pl .

Genotyping for the characterization of polymorphisms
related to the dopaminergic and opioid systems were carried
out using quantitative real-time PCR (TaqMan SNP geno-
typing assay, Life Technologies). A total of 163 DNAs were
analyzed. The study focused on 50 SNPs of 15 genes
involved in the dopaminergic system (dopamine receptors
DRD1, DRD2, DRD3, DRD4 and DRD5, dopamine trans-
porter DAT1/SLC6A3, dopamine beta-hydroxylase DBH,
dopa decarboxylase DDC, tyrosine hydroxylase TH), the
catabolism of amines (including dopamine) (catechol-O-
methyltransferase COMT, monoamine oxidase MAO-A and
MAO-B), the opioid system (opioid receptor mu MOR/
OPRM1 and opioid receptor kappa KOR/OPRK1), and
brain-derived neurotrophic factor (BDNF).

Ethics

The study was approved by the French Research Ethics
Committee (CPP) Nantes (inclusion of patients) and Tours
(patients’ follow-up) ethics committees and conducted in
accordance with Good Clinical Practice Guidelines and the
Declaration of Helsinki. Written informed consent was
collected from all participants.

Statistical analyses

First, sociodemographic, clinical and genetic characteristics
of the whole sample were described by means and standard
deviations for continuous variables and by numbers and
percentages for categorical variables.

Then, we divided the sample into two groups based
on status at inclusion (“no ICB” and “ICB” groups) and
compared these groups thanks to bivariate analyses (Chi-
square tests or Fisher’s tests for qualitative variables, and
Student’s or Wilcoxon tests for quantitative variables).

Thereafter, we performed a multivariate logistic regression
analysis in order to identify the variables that were signifi-
cantly associated with the “ICB” status, as assessed by the
likelihood ratio test. Only variable that were associated
with the “ICB” status in bivariate analyses at a P < 0.20 level
of significance (with the exception of variables for which
the number of patients was zero for a modality in a group
because the convergence of the model would be impossible)
(Mickey & Greenland, 1989) were integrated as candidates
in the model. Then, backward selection was applied using a
P < 0.05 level of significance in order to retain only variables
that provided significant information in the model. Adjust-
ment for genetic characteristics associated with the “ICB”
status in bivariate analyses was maintained in the final
multivariate model. The odds ratio and associated 95% con-
fidence interval of the final model were estimated to quantify
the strength of the association between the final factors
retained and the “ICB” status. Finally, the quality of the model
was investigated through the area under the receiver oper-
ating characteristic (ROC) curve (ability of the final model to
discriminate between the presence or absence of an ICB), and
the Hosmer-Lemeshow test (goodness-of-fit of the model).

Finally, due to the high dropout rate, we conducted a
sensitivity analysis to assess whether patients who dropped
out were different at baseline from those who participated in
the follow-up and to confirm the robustness of our results,
especially regarding genetics. The two groups were compared
on all the variables.

The statistical analyses were carried out with SAS 9.4
statistical software (SAS Institute, Inc.).

RESULTS

Sensitivity analysis

There were no substantial differences in the distribution of
baseline characteristics between patients who participated in
the follow-up and those who did not (see Appendix, Table Al).
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Importantly, they did not differ with respect to the presence of at
least one ICB occurring or worsening after the beginning of PD,
the history of addictive disorders or the level of impulsivity. The
only differences involved the severity of PD, which could explain
dropouts due to death or inability to participate in follow-up
assessments.

Description of the sample used for analysis at the time
of inclusion

Sociodemographic characteristics. As shown in Table 1,
more than two-thirds (69.3%) of the sample were men. The
mean age was 62.5 years (£7.8).

Neurological characteristics. PD began on average ten years
before inclusion (55.3 years +8) and was treated on average
for 6.9 years (+4.4). A family history of PD was reported for
almost one-quarter (22.1%) of the patients.

The majority of the patients had PD stage II (37.0%)
without any dyskinesia (53.4%). As expected based on the
exclusion criteria, the cognitive state was normal, with a
mean MMSE score of 28.5 (+1.6)/30.

Psychiatric characteristics. A family history of substance
use disorders was reported by more than half of the sample
(59.5%), but a personal history of substance use disorders
prior to PD onset was found in only 17.8% of the patients
and even less after PD onset (6.1%).

A personal history of ICBs prior to PD onset was noticed
in 10.4% of the sample, but the proportion reached 36.2%
after PD onset due to the selection of the participants.

Regarding ICBs occurring or worsening after PD onset,
binge eating was the most prevalent disorder (N = 22), fol-
lowed by compulsive sexual behavior (N = 19), pathological
gambling (N =15) and compulsive buying (N = 12).
Punding behavior was diagnosed in only 6 patients. A
substantial proportion of the patients had more than one
ICB (N = 16, 28.1%).

Overall, patients had a low level of impulsivity, as shown
in Table 1. Averaged scores on the UPPS questionnaire
were low for the 4 dimensions. In addition, almost the entire
sample was free of ADHD in childhood (93.3%) or in
adulthood (96.3%). No participant was diagnosed with an
antisocial personality disorder.

Factors associated with the occurrence or worsening of
an ICB after PD onset

Bivariate analyses were conducted to compare sociodemo-
graphic, clinical and genetic characteristics between the
two groups of patients. The results are shown in Tables 1
and 2.

We included in the multivariate logistic regression
the 12 variables that were associated with “ICB” at the
0.20 level of significance in the bivariate analyses, namely
age, age of PD onset, family history of at least one sub-
stance use disorder, personal history of at least one sub-
stance use disorder and of at least one ICB before the PD

onset, four scores the UPPS Impulsive Behavior Scale,
ADHD in childhood and persistent in adulthood, and
OPRMI 151799971 polymorphism.

After excluding observations with missing data, 156 pa-
tients were included in the multivariate analysis. Only
four variables were found to be independently associated
with the occurrence or worsening of an ICB after PD onset:
younger age of PD onset, personal history of ICB prior to
PD onset and higher score on the UPPS-P urgency and
sensation seeking scales.

The Hosmer-Lemeshow goodness-of-fit test showed that
the final model was well calibrated, with P = 0.1714 (P-value
>0.05 indicates good model fit), and the area under the
ROC curve was 0.77 [0.68; 0.85], showing that the model
discriminated well between patients with “no ICB” and pa-
tients with “ICBs”.

Table 3 shows the results of the “ICB” model.

DISCUSSION

Main results

Our study focused on predictive factors involved in the
development of ICBs in PD patients. Several key findings
should be highlighted.

First, it is important to note the specific distribution of
ICBs in our sample, which is quite similar to that of Jesus
et al. (2020) (Jesus et al., 2020). In contrast to some studies
(see (Grall-Bronnec et al., 2018) for a review), binge eating
was the most frequently observed ICB. This discrepancy could
be explained by the lack of consensus on the diagnostic
criteria and assessment tools that were used. It can also be
assumed that binge eating is underdiagnosed because it is
usually not associated with negative consequences for relatives
(unlike compulsive sexual behavior or pathological gambling)
and is therefore less reported by them. That said, binge eating
causes individual distress and negative consequences and
must therefore be systematically screened by clinicians.

Second, as expected, we found that a younger age at PD
onset was an independent predictor for the occurrence or
worsening of an ICD during the course of disease. This
result is in line with numerous previous studies (Grall-
Bronnec et al., 2018; Smith, Xie, & Weintraub, 2016) and
could be intuitively associated with PD duration (Callesen,
Weintraub, Damholdt, & Moller, 2014; Pontieri et al., 2015)
and treatment duration (Giladi, Weitzman, Schreiber,
Shabtai, & Peretz, 2007; Hassan et al.,, 2011). Interestingly,
and in keeping with the findings from Jesus et al. (2020),
these two characteristics did not differ between our two
groups of patients (Jesus et al, 2020). According to some
authors, the crucial role of younger age of PD onset could be
explained by greater dopamine transporter deficits, signi-
fying more nigrostriatal dopamine deficiency (Weintraub &
Mamikonyan, 2019).

Third, having higher scores on the UPPS urgency and
sensation seeking scales appear to be predictive factors of
ICBs. Impulsivity was the most assessed personality
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Table 1. Bivariate analyses: baseline characteristics of patients with and without ICBs (N = 163)

Total sample (N = 163) No ICB (N = 106) ICB (N =57) P-value
Mean (sd) or number of patients (%)
Sociodemographic
Age (years) 62.5 (7.8) 63.8 (7.7) 60.2 (7.4) 0.0048
Sex (male) 113 (69.3%) 72 (67.9%) 41 (71.9%) 0.5969
Neurological
MMSE score (/30) 28.5 (1.6) 28.4 (1.7) 28.6 (1.6) 0.4133
Age of PD onset (years) 55.3 (8.0) 56.8 (7.6) 52.5 (8.1) 0.0012
PD duration (years) 10.1 (4.4) 9.8 (4.5) 10.5 (4.1) 0.3715
PD treatment duration (years) 6.9 (4.3) 6.7 (4.6) 7.4 (4.0) 0.3308
Family history of PD (yes) 36 (22.1%) 22 (20.8%) 14 (24.6%) 0.5764
Hoehn and Yahr stage 0.9423
-0 3 (1.9%) 2 (1.9%) 1 (1.8%)
-1 56 (34.6%) 38 (35.9%) 18 (32.1%)
-2 60 (37.0%) 39 (36.8%) 21 (37.5%)
->3 43 (26.5%) 27 (25.5%) 16 (28.57%)
On dopa UPDRS -III (/108) 15.2 (10.7) 15.3 (10.7) 14.9 (11.0) 0.8390
On dopa axial sub-score (/32)* 3.9 (3.8) 3.9 (3.7) 3.98 (4.1) 0.8604
Dyskinesia (presence) 76 (46.6%) 51 (48.1%) 25 (43.9%) 0.6037
Dyskinesia severity 0.8 (0.9) 0.8 (1.0) 0.7 (0.9) 0.8118
Dyskinesia type
- Chorea 74 (46.0%) 50 (47.6%) 24 (42.9%) 0.5636
- Dystonia 17 (16.4%) 9 (14.1%) 8 (20.0%) 0.4257
Psychiatric
Family history
- at least one substance™™ use disorder 97 (59.5%) 68 (64.2%) 29 (50.9%) 0.0997
- at least one ICB*** 11 (6.8%) 6 (5.7%) 5 (8.8%) 0.5182
Personal history of substance™ use disorder before the PD onset
- at least one substance use disorder 29 (17.8%) 15 (14.2%) 14 (24.6%) 0.0975
- nicotine dependence 24 (15.2%) 12 (11.7%) 12 (21.8%) 0.0898
- alcohol use disorder 8 (5.6%) 3 (3.2%) 5 (10.4%) 0.1198
- medication use disorder 0 (0%) 0 (0%) 0 (0%)
- illicit drug use disorder 3 (2.2%) 1 (1.1%) 2 (4.4%) 0.2511
Personal history of ICB*** before the PD onset
- at least one ICB*** 17 (10.4%) 5 (4.7%) 12 (21.1%) 0.0011
- compulsive sexual behavior 2 (1.4%) 0 (0%) 2 (4.3%) 0.0994
- binge eating 9 (5.8%) 2 (1.9%) 7 (13.5%) 0.0070
- pathological gambling 3 (2.0%) 2 (1.9%) 1 (2.2%) 1.0000
- compulsive buying 4 (2.7%) 1 (1.0%) 3 (6.3%) 0.0967
- punding behavior 1 (0.7%) 0 (0%) 1 (2.2%) 0.3129
Personal history of substance” use disorder after the PD onset
- at least one substance use disorder 10 (6.1%) 5 (4.7%) 5 (8.8%) 0.3214
- nicotine dependence 7 (4.4%) 4 (3.8%) 3 (5.5%) 0.6925
- alcohol use disorder 2 (1.3%) 0 (0%) 2 (3.7%) 0.1199
- medication use disorder 0 (0%) 0 (0%) 0 (0%)
- illicit drug use disorder 1 (0.7%) 1 (1.0%) 0 (0%) 1.0000
Antisocial personality disorder 0 (0%) 0 (0%) 0 (0%)
Impulsivity dimensions
- UPPS-Urgency (/48) 25.2 (7.0) 23.6 (5.8) 28.2 (8.1) 0.0003
- UPPS-(lack of Premeditation) (/48) 17.4 (5.0) 16.9 (4.5) 18.4 (5.7) 0.0848
- UPPS-(lack of Perseverance) (/48) 16.9 (4.6) 16.5 (4.5) 17.6 (4.8) 0.1609
- UPPS-Sensations Seeking (/48) 22.1 (7.0) 21.1 (6.6) 24.0 (7.5) 0.0128
ADHD
- In childhood (WURS-C >46/100) 11 (6.8%) 4 (3.8%) 7 (12.3%) 0.0513
- Persistent in adulthood (WURS-C 6 (3.7%) 2 (1.9%) 4 (7.0%) 0.1847

>46/100 AND ASRS >4/6)

ADHD: attention deficit/hyperactivity disorder; ASRS: adult ADHD self-report scale; ICB: impulsive-compulsive behavior; MMSE: mini-
mental state examination; MP: Parkinson’s disease; sd: standard deviations; UPDRS: unified Parkinson’s disease rating scale; UPPS: UPPS
impulsive behavior scale; WURS-C: Wender-Utah Rating Scale-Child.

*; axial sub-score was based on the assessment of speech, facial expression, neck rigidity, arising from chair, gait, postural stability, posture,
body bradykinesia; **: “substance” refers to nicotine, alcohol, medication, and illicit drug; ***: “ICB” refers to compulsive sexual behavior,
binge eating, pathological gambling, compulsive buying and punding behavior.
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Table 2. Bivariate analyses: genetic characteristics of patients with and without ICBs (N = 156)
(among all the SNPs explored, the OPRMI rs1799971 polymorphism was the only potential candidate for the final multivariate model)

Genotype Total sample (N = 156) No ICB (N =102) ICBs (N = 54) P-value
OPRM1 151799971 AA 109 (69.9%) 65 (63.7%) 44 (81.5%) 0.0541
AG 40 (25.6%) 32 (31.4%) 8 (14.8%)
GG 7 (4.5%) 5 (4.9%) 2 (3.7%)

In the whole sample, the allele frequency was 82.7% for the A allele (258/312) and 17.3% for the G allele (54/312).
The G allele frequency differed across groups: 11.1% in the “ICB” group (12/108) and 20.6% in the “no ICB” group (42/204).

Table 3. Factors associated with the occurring or worsening of an
ICB after the PD onset (N = 156)

Adjusted
Variables OR [Clos04] P-value
Age of PD onset 0.94 [0.89; 0.99] 0.0139
Personal history of ICB 4.06 [1.23; 13.49] 0.0220
before the PD onset
UPPS-Urgency 1.08 [1.02; 1.14] 0.0109
UPPS-Sensations Seeking 1.06 [1.00; 1.12]  0.0361
OPRM1-rs1799971 (absence 2.15 [0.88; 5.28] 0.0936

G vs presence G)

OR: Odds Ratio; [Clyse]: Confidence Interval of 95%

dimension in studies exploring the link between PD and
ICBs (Grall-Bronnec et al., 2018), but to the best of our
knowledge, only a few studies have used the UPPS to explore
impulsivity among PD patients (Bayard et al., 2016; Grall-
Bronnec et al., 2016; Hlavata et al., 2020). One such study
concluded that patients with PD had higher impulsivity than
controls and that those with impulse control disorders had
higher levels of sensation seeking than patients without
(Bayard et al, 2016). A study assessing the links between
decision-making and impulsivity among healthy volunteers
found that high scores on the sensation seeking and urgency
facets of impulsivity led to disadvantageous decisions relying
on explicit information (Bayard, Raffard, & Gely-Nargeot,
2011). These two facets appear to be closely related to
emotion regulation, especially the urgency facet. Thus, ac-
cording to the “self-medication hypothesis”, maladaptive
behaviors such as ICBs could be understood in the context
of PD as a way to cope with the experience of negative
emotion in the short term (Rochat, Billieux, Gagnon, & Van
der Linden, 2018).

Fourth, having a personal history of ICB before PD onset
was also identified as a risk factor for the occurrence or
worsening of ICBs. This result was rarely reported (Jesus
et al., 2020; Olley, Blaszczynski, & Lewis, 2015), perhaps
because exploring lifetime ICBs among PD patients is rarely
performed. However, an association between a history of
addictive disorders and the occurrence of ICBs during the
course of PD had been identified by some authors, but
mainly regarding alcohol or other substance use disorders
(Grall-Bronnec et al.,, 2018). The occurrence of an ICB
could be explained by the “underlying addictive process”
(Goodman, 2008). People who had an addiction in the past
remain vulnerable and at higher risk of subsequent relapse,
even after a long period of abstinence, especially if they are

exposed to negative life events, such as a neurodegenerative
disease. The revised I-PACE model fits into this perspective
by postulating that the person may engage in certain
excessive behaviors to relieve negative affects and modify
his/her own coping styles over time (Brand et al., 2019).

Finally, no gene variant was significantly associated with
the occurrence or worsening of an ICB during the course of
PD in our model. However, the OPRM1 rs1799971 poly-
morphism (absence vs presence of the G allele) was close to
significance, as previously found by Cormier-Dequaire et
al. (Cormier-Dequaire et al., 2018). The recruitment in
their study was quite different from our study, as their
participants were free of any history of ICB and only
differed by the occurrence of at least one ICB during the
course of PD for the cases. In contrast, we decided to
include PD patients regardless of their ICB history using
“real-life” conditions. This was a pragmatic choice, since
ICBs are associated with high prevalence rates in the general
population (Calado & Griffiths, 2016; Imperatori et al.,
2016; Chamberlain & Grant, 2019) and could therefore
affect people prior to PD onset and the initiation of dopa-
minergic treatment. A history of at least one ICB before PD
onset was found in 4.7% of our non-cases. By placing
ourselves in this less contrasting situation, we could have
speculated it was more challenging to highlight a difference
regarding the OPRM1 rs1799971 polymorphism. Post hoc
analyses were performed to test this hypothesis (exclusion
of patients with a history of at least one ICB before PD
onset), but we were unable to demonstrate a significant
association between the OPRM1 rs1799971 polymorphism
and the occurrence or worsening of an ICB during the
course of PD (results not showed).

Strengths and weaknesses

There are several limitations of our study. First, participants
were not enrolled strictly at the time when the ICB occurred.
However, the clinical interview rigorously assessed the
relative chronological course of both PD and ICB. Second,
we used self-report measures of impulsivity, with the current
period as the reference period, which did not allow us to
explore premorbid functioning. Third, 27.6% of the sample
dropped out from the follow-up, which could have consti-
tuted a source of bias. This was addressed by conducting a
sensitivity analysis that concluded that there was no differ-
ential loss to follow-up. Finally, we failed to identify any
significant association with genetic characteristics, likely due
to the relatively small sample size.
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However, the strengths of the study compensate for these
limitations. Our sample consisted of a broad range of PD
patients, including some with a long disease duration. This
allowed us to evaluate patients with ICBs that reoccurred or
worsened in the course of the disease, in addition to subjects
with de novo ICBs. Furthermore, ICBs and other addictive
disorders were diagnosed using standardized clinical in-
terviews, which guaranteed the validity of their identifica-
tion. Finally, the originality of our study relies on the choice
of a multiaxial assessment, considering sociodemographic,
clinical and genetic characteristics.

CONCLUSION

Prevention of ICBs in patients with PD is a public health
challenge, both in light of the high prevalence of PD in the
general population and the high prevalence of ICBs in the
specific population suffering from PD. As such, recom-
mendations have been published helping clinicians manage
ICBs from a P4 medicine perspective. The first and ines-
capable step of the strategy is to identify patients who are at
high risk for developing ICB early. Predictive medicine could
be achieved by encouraging a more systematic comprehen-
sive assessment of patients. It therefore appears essential to
guide clinicians in their assessment, emphasizing the clinical
elements that should be considered to conclude that an in-
dividual is vulnerable. The influence of gene-environment
interactions probably exists, and additional studies are
needed to decipher the possible role of the opioid system in
the development of ICBs in PD patients.
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Appendix

Table Al Baseline characteristics of patients who dropped-out and those who participated in the follow-up (N = 225)

Total sample (N = 225) Drop-out (N = 62) Follow-up (N = 163) p-value
Mean (sd) or number of patients (%)
Sociodemographic
Age (years) 62.6 (8.2) 62.9 (9.2) 62.5 (7.8) 0.7857
Sex (male) 154 (68.4%) 41 (66.1%) 113 (69.3%) 0.6449
Neurological
MMSE score ( /30) 28.3 (1.7) 27.9 (1.9) 28.5 (1.6) 0.0340
Age of PD onset (years) 54.9 (8.4) 53.8 (9.3) 55.3 (8.0) 0.2502
PD duration (years) 10 (4.3) 8.0 (3.0) 10.1 (4.4) 0.2561
PD treatment duration (years) 7.4 (4.9) 8.7 (5.9) 6.9 (4.4) 0.0365
Family history of PD (yes) 48 (21.3%) 12 (19.4%) 36 (22.1%) 0.6550
Hoehn and Yahr stage 0.0006
-0 4 (1.8%) 1 (1.6%) 3 (1.9%)
o1 63 (28.1%) 7 (11.3%) 56 (34.6%)
-2 93 (41.5%) 33 (53.2%) 60 (37%)
->3 64 (28.4%) 21 (33.9%) 43 (26.5%)
On dopa UPDRS -1II (/108) 17.2 (12.7) 229 (15.8) 15.2 (10.7) 0.0008
On dopa axial sub-score (/32)* 4.6 (4.4) 6.4 (5.4) 3.9 (3.8) 0.0013
Dyskinesia (presence) 113 (50.2%) 37 (59.7%) 76 (46.6%) 0.0802
Dyskinesia severity 0.9 (1.1) 1.2 (1.3) 0.8 (0.9) 0.0117
Dyskinesia type
- Chorea (presence) 110 (49.6%) 36 (59%) 74 (46%) 0.0825
- Dystonia (presence) 23 (17%) 6 (19.4%) 17 (16.4%) 0.6957
Psychiatric
Family history
- at least one substance™” use disorder 133 (59.1%) 36 (58.1%) 97 (59.5%) 0.8439
- at least one ICB*** 13 (5.8%) 2 (3.2%) 11 (6.8%) 0.5229
Personal history of substance” use disorder before the PD onset
- at least one substance use disorder 36 (16.0%) 7 (11.3%) 29 (17.8%) 0.2347
- nicotine dependence 30 (13.7%) 6 (9.8%) 24 (15.2%) 0.3016
- alcohol use disorder 9 (4.6%) 1 (1.8%) 8 (5.6%) 0.4498
- medication use disorder 0 (0%) 0 (0%) 0 (0%)
- illicit drug use disorder 3 (1.6%) 0 (0%) 3 (1.6%) 0.5588
Personal history of ICB*** before the PD onset
- at least one ICB*** 19 (8.4%) 2 (32%) 17 (10.4%) 0.0825
- compulsive sexual behavior 2 (1%) 0 (0%) 2 (1.4%) 1.0000
- binge eating 9 (4.2%) 0 (0%) 9 (5.8%) 0.0647
- pathological gambling 4 (1.9%) 1 (1.6%) 3 (2%) 1.0000
- compulsive buying 4 (1.9%) 0 (0%) 4 (2.7%) 0.5799
- punding behavior 2 (1%) 1 (1.6%) 1 (0.7%) 0.5015
Personal history of substance™™ use disorder after the PD onset
- at least one substance use disorder 12 (5.3%) 2 (3.2%) 10 (6.1%) 0.5186
- nicotine dependence 9 (4.1%) 2 (3.2%) 7 (4.4%) 1.0000
- alcohol use disorder 2 (0.9%) 0 (0%) 2 (1.3%) 1.0000
- medication use disorder 0 (0%) 0 (0%) 0 (0%)
- illicit drug use disorder 1 (0.5%) 0 (0%) 1 (0.7%) 1.0000
Personal history of ICB*** after the PD onset
- at least one ICB*** 77 (34.2%) 18 (29%) 59 (36.2%) 0.3116
- compulsive sexual behavior 24 (14%) 5 (10.2%) 19 (15.5%) 0.3704
- binge eating 28 (15.9%) 5 (10.2%) 23 (18.1%) 0.1987
- pathological gambling 22 (12.9%) 6 (12%) 16 (13.3%) 0.8134
- compulsive buying 16 (9.8%) 4 (8.3%) 12 (10.3%) 0.7810
- punding behavior
Antisocial personality disorder 0 (0%) 0 (0%) 0 (0%)
Impulsivity dimensions
- UPPS-Urgency (/48) 2572 (7.5) 27.2 (8.6) 25.26 (7) 0.1030
- UPPS-(lack of Premeditation) (/48) 17.2 (4.9) 16.5 (4.8) 17.4 (5) 0.2281
- UPPS-(lack of Perseverence) (/48) 17 (4.7) 17.3 (5) 16.9 (4.6) 0.5564
- UPPS-Sensations Seeking (/48) 21.7 (7.0) 20.6 (6.9) 22.1 (7) 0.1545
(continued)
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Table Al. Continued

Total sample (N = 225) Drop-out (N = 62) Follow-up (N = 163) p-value

ADHD
- In childhood (WURS-C >46/100) 13 (5.8%) 2 (3.2%) 11 (6.8%) 0.5229
- Persistent in adulthood (WURS-C 6 (2.7%) 0 (0%) 6 (3.7%) 0.1912

>46/100 AND ASRS >4/6)

ADHD: attention deficit/hyperactivity disorder; ASRS: adult ADHD self-report scale; ICB: impulsive-compulsive behavior; MMSE: mini-
mental state examination; MP: Parkinson’s disease; sd: standard deviations; UPDRS: unified Parkinson’s disease rating scale; UPPS: UPPS
impulsive behavior scale; WURS-C: Wender-Utah Rating Scale-Child.

*; axial sub-score was based on the assessment of speech, facial expression, neck rigidity, arising from chair, gait, postural stability, posture,
body bradykinesia; **: “substance” refers to nicotine, alcohol, medication, and illicit drug; ***: “ICB” refers to compulsive sexual behavior,

binge eating, pathological gambling, compulsive buying and punding behavior.
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