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Abstract: Deep brain stimulation of the subthalamic nucleus (STN-DBS) is a recognized treatment in
Parkinson’s disease (PD), but knowledge is still limited regarding its possible impact on patients with
behavioral addiction (BA) who undergo surgery. To assess this effect of STN-DBS, we prospectively studied
the follow-up from 3-months pre-surgery to 12-months post-surgery of 12 PD patients with pre-existing BA (9
with pathological gambling disorder, 2 with hypersexual disorder, and 1 with compulsive shopping disorder)
in a multicenter study. Patients were assessed for BA, for mental status with anxiety, depression, mania,
emotional process and for PD, using the Unified Parkinson’s Disease Rating Scale motor examination
(UPDRS3) and cumulative daily L-dopa equivalent daily dose (LEDD). Mean 6 and 12-month post-surgery
scores were compared to baseline. After one year of STN-DBS, our results indicated that the treatment remained
generally effective and stable. There was no effect on mania state or negative impact on motor signs. A
significant improvement of the anxiety score was also observed. The STN is an interesting target for new
therapeutic stimulation in BA and works to investigate the precise target in this neurobiological architecture
should be performed in the future.

Keywords: behavioral addiction; deep brain stimulation; subthalamic nucleus; Parkinson’s disease

Introduction

Deep brain stimulation (DBS) is an effective surgical treatment performed in numerous
treatment-resistant psychiatric diseases such as obsessive-compulsive disorder (OCD) [1] and
addictions [2]. However, in addiction, stimulation was shown to be effective when tested with
multiple classes of abused drugs or substances like alcohol and tobacco [3], but few data are available
regarding results in reducing Behavioral Addiction (BA). The Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) [4] explicitly included behaviors in the addictions category
though pathological gambling (PG) or gambling disorder is the only officially recognized behavioral
addiction [5]. It is defined as an inability to control gambling behavior itself, leading to serious health
consequences, and financial and legal problems. Suggestions have been made to classify disorders
like Hypersexual Disorder (HD) and Compulsive Shopping (CS) as impulse control disorders (ICD).
HD is characterized by a “persistent pattern of failure to control intense, repetitive sexual impulses

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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or urges” [6,7] and CS by an urge for shopping and spending that leads to subjective distress and/or
impairs quality of life. DBS is considered a promising intervention for BA as it simultaneously falls
within the scope of addiction and in the wider-ranging scope of OCD. However, the use of this
invasive neuromodulation to investigate these indications is debatable with respect to its risks and
benefits compared to traditional treatment methods (including non-invasive neurostimulation like
transcranial direct current stimulation (tDCS) and repetitive transcranial magnetic stimulation
(rTMS) [8-10]. This has already been mentioned for cases of “classical” addiction with substance use
disorder [11].

With regard to Parkinson’s disease (PD), studies have identified that this pathology is frequently
associated with various ICDs including BA [12]. A recent review [13] revealed that strikingly similar
(a) deficits in dopaminergic receptor expression, (b) connectivity changes in corticostriatal circuitry
and (c) neural responses to cue exposure are observed in both ICDs in PD and addictive disorders
including BA. These findings point to the value of adopting a transdiagnostic approach when
studying potential treatment of addiction. And these ICD PD patients could represent a good model
to explore BA. The profile of psychological characteristics in ICD PD patients resembles that of
patients without PD [14] and regardless of dopamine replacement therapy, even if certain specific
features for sociodemographic or impulsivity can be distinguished [15].

Pathophysiological models suggest that OCD might be associated with dysfunctions in cortico-
striato-pallido-thalamo-cortical neuronal circuits. Subthalamic nucleus (STN) can be one of the key
nodes of this neuronal circuitry [16,17]. Mallet et al. [18] reported a significant improvement of
symptoms after none-motor-STN-DBS to treat patients with severe OCD. Moreover, DBS to the STN
is a surgical procedure that for many years has been known to improve the motor symptoms of PD
[19] and some articles have reported the possible positive effects of the STN-DBS procedure in PD on
ICD [20], but clinical trials are needed to provide more evidence.

The aim of the present study was to investigate the effects of STN-DBS on ICD in PD beyond the
established indications for STN-DBS as recommended by recent Witt and al. paper [21]. We monitor
ICD (PG, HD, CS) and psychiatric evolution in PD STN-DBS procedures regardless of PD scores; each
patient being their own control. A secondary aim was to investigate the effect of DBS treatment on
depression, anxiety, and mania symptoms.

Materials & Methods
Patients

We prospectively reported the follow-up of ICD (9 PG, 2 HD, 1 CS) and the motor effect of STN-
DBS in 12 PD patients with a pre-existing ICD, consecutively included in a multicenter study. All the
patients met the requirements of the United Kingdom Parkinson Disease Society Brain Bank criteria
[22]. They all suffered from severe motor fluctuations and levodopa-induced dyskinesias that were
not improved by changes in their antiparkinsonian treatment. The selection criteria for STN-DBS
were: an excellent response to Levodopa tested during an acute Levodopa challenge (>50%), no
postural instability during the best on period (postural instability = 0) from item 29 of the Unified
Parkinson's Disease Rating Scale motor examination (UPDRS3) [23], absence of dementia (Mini
Mental Status>24) [24]. All patients who are deemed good candidates for DBS surgery should
undergo magnetic resonance imaging of the brain prior to surgery in order to rule out any secondary
diagnosis or structural concerns within the brain. The surgical procedure was based on the direct
location of STN using stereotactic nuclear magnetic resonance and electrophysiological mapping
(recording and stimulation of the STN area), as reported elsewhere [25]. Stimulation was adjusted
postoperatively during DBS programming in a symptom-specific manner [26].

BA and psychiatric data

Patients who met PG DSM 5 criteria [4] or HD criteria according to the Sexual Addiction
Screening Test (SAST) [27] or the CS criteria of McElroy [28] were included in this study. An
evaluation of the severity of the pathology was also performed with the Clinical Global Impressions
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Scale - Severity (CGI) [29] and a self-report scale inspired by the OCD Scale [30] rates the dimension
of craving behaviors (ECCA score).

All the patients completed the survey at 3-months pre-surgery (baseline), 6-months post-surgery
and 12-months post-surgery.

Psychiatric evaluations included mood disorders, especially anxiety, depression and mania since
hypomania and depression are the most common adverse effects associated with STN-DBS and
emotional feeling measures. No history of psychiatric disorders was recorded from the preoperative
evaluation using DSM 5 criteria [4]. The psychiatric evaluations were the Hospital Anxiety and
Depression scale (HAD) [31], the Montgomery-Asberg Depression Scale (MADRS) [32], the Bech-
Rafaelsen Mania Scale (MAS) [33] and the Positive and Negative Emotionality Scale (EPN-31) [34].
HAD is valued because it is relatively free of physical and cognitive symptoms that could be
associated with STN-DBS. Depression rating scales have been recommended by the Movement
Disorder Society Task Force on Rating Scales in Movement Disorders [35]. Two subscores for anxiety
(HADA) and depression (HADD) were used. MAS is a validated scale and is usually used for the
longitudinal monitoring of manic symptoms or for the evaluation of mixed states. Emotional
dysregulation is thought to be linked to PD-STN-DBS [36] so it was also interesting to consider its
relation with other psychiatric dimensions and BA. EPN-31 is a scale that measures emotional process
and produces both a positive and a negative emotionality score. A reference French healthy adult
population had a mean positive emotion score of 70.1 + 16.0 and a mean negative emotion score of
32.0 +14.30 [37].

Assessments

Three months before surgery (baseline time), demographic data (age, gender), clinical
characteristics (disease duration, PD and psychiatric medication, UPDRS3, classification by Hoehn
and Yahr stage), and Schwab and England Activities of Daily Living were collected. UPDRS3 scores
were assessed in the “ON” and “OFF” medication states six and twelve-months post-surgery to
remove the confounding effects of dopaminergic medication in the follow-up. Response to L-dopa
was also evaluated using a standardized method [38]. All the scores were established post-operatively
on stimulation and on drug therapy at least one hour after intake. The calculation of the cumulative
daily L-dopa equivalent daily dose (LEDD) was based on Levodopa correspondences adapted from
Thobois et al. [39].

Ethical statement

All the participants gave their informed consent and were free to withdraw from the study at
any time. The general procedures were approved by the Institutional Ethics Committee (2009-
A00409-48) and performed in accordance with the ethical standards set out in the Declaration of
Helsinki of 1964.

Statistical methods

The statistical analysis was performed using Stata software (version 15; StataCorp, College
Station, TX, USA). All the tests were two-sided, with an alpha level set at 5%. Categorical data are
presented as numbers and percentages, and quantitative data as mean + standard deviation.
Longitudinal analyses were carried out by linear mixed models considering time (baseline, M6, and
M12) as a fixed effect, and the patient as a random effect. UPDRS3 ON and UPDRS3 OFF were
compared at M6 and M12 with the Wilcoxon signed-rank test.

Results
Preoperative characteristics

Twelve right-handed patients with PD treated with bilateral STN-DBS were included (8 males)
with an average age of 60.6 + 5.6 years, a mean duration of PD of 10.3 + 3.7 years and a cumulative

mean LEDD of 1006 + 269 mg/day. The Hoehn and Yahr stage, Schwab and England stage and
levodopa medication indicated a severe disease requiring PD surgery. Motor examination using
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UPDRS3 described a low severity of motor symptoms of PD (11.8 + 8.3). Clinical details are
summarized in Table 1. A supplementary file describes all the individual data of the subjects included
in this study.

Table 1. Demographic and clinical characteristics of included patients at baseline (n=12).

Total PG HD CS
(n=12) (n=9) (n=2) (n=1)
Age (years) 60.6 +5.6 62.7+4.8 542+28 54.6
Male sex 8 (66.7) 6 (66.7) 2 (100) 0 (0)
Duration of PD (years) 10.3+3.7 10.8 £4.1 9.0+£2.8 9.0
PD evaluation
Hoehn and Yahr stage 2.0£06 2206 1.8+0.4 1.0
Schwab and England stage (%) 925+6.2 93.3+£5.0 95.0+7.1 80.0
UPDRS 3 score 11.8+8.3 121+£8.4 5028 22.0
Medication
Cumulative LEDD (mg/day) 1006 + 269 1021 + 290 964 + 337 950
Agonist dopaminergic adjunction 10 (83.3) 8 (88.9) 2 (100) 0 (0)
Antipsychotic treatment 1(8.3) 1(11.1) 0 (0) 0 (0)
Anxiolytic treatment 1(8.3) 1(11.1) 0 (0) 0 (0)
Antidepressant treatment 1(8.3) 1(11.1) 0 (0) 0 (0)
Benzodiazepine treatment 1(8.3) 1(11.1) 0 (0) 0 (0)
Psychiatric evaluation
MADRS score 10.1+7.9 91+6.7 6.0+0.0 27.0
MAS score 31+37 28+4.1 25+0.7 7.0
HAD Anxiety score 83+4.8 79+48 6.5+3.5 15.0
HAD Depression score 45+3.0 43+32 35+21 8.0
EPN-31 Positive score 458 +14.2 45.8+13.9 56.0+5.7 25.0
EPN-31 Negative score 43.8+219 40.8 +23.8 445+64 69.0
CGI 45+0.8 46+0.7 40+14 5.0
ECCA 179+8.7 19.0+9.9 14.5+3.5 15.0

Data are presented as number of patients (percentages), or as mean + standard deviation. CGI, Clinical Global
Impressions Scale - Severity; CS, Compulsive Shopping disorder patient; ECCA, craving behaviors scale; EPN-
31, Positive and Negative Emotionality Scale, HAD, Hospital Anxiety and Depression scale; HD,
Hypersexuality Disorder group; LEDD, cumulative daily L-dopa equivalent daily dose; MADRS,
Montgomery-Asberg Depression Scale; MAS, Bech-Rafaelsen Mania Scale; PG, Pathological gambling
Disorder group; PD, Parkinson’s Disease; UPDRS 3, Unified Parkinson’s Disease Rating Scale part 3 Motor

Examination;
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Nine patients met the PG DSM-5 criteria (6 male), two HD criteria using the Sexual Addiction
Screening Test (all males) and one female the CS criteria of McElroy were included. Overall, the group
of 12 subjects showed a mean severity score (CGI) of BA symptoms at markedly impaired (4.5 + 0.8):
the HS patient was mildly impaired; the PG and CS patients were markedly impaired. The patients
had a moderate intensity of craving (17.9 + 8.7) regardless of their BA.

Concerning medication, agonist dopaminergic adjunction was found in 10 patients. One PG
patient was taking antipsychotic, anxiolytic and antidepressant treatments at the same time, and one
PG patient was taking benzodiazepine treatment. No HD or CS patients were taking psychiatric
medications.

Overall, at baseline, no depressive or anxiety illness was observed. HD patients had no
depressive or anxious symptoms (HADA, HADD and MADRS scores) but four PG patients presented
a mild to moderate anxiety (HADA) and one a mild depression (HADD and MADRS score). An MAS
score at baseline reflects that only one PG patient had a moderate mania state. The CS case showed
severe anxious and mild depressive symptoms at baseline.

The PG group reported a lower mean level of positive emotions compared to the reference, but
the CS case demonstrated a considerable disturbance of positive and negative emotions.

Safety of STN-DBS

No serious adverse events occurred during surgery or in the perioperative phase. During the 1-
year follow-up, there was none device-related adverse event and among the stimulation-related
adverse events, dysarthria was the only motor side-effect, occurring in one case. None other side-
effect such as cognitive impairment, dementia or sleep disorders were observed.

Evolution at 6 and 12-mounths post-surgery
BA evolution

No patient showed a BA during the follow-up other than that initially detected at baseline. None
of the HD and CS patients showed any signs of BA at M6 or M12. PG disappeared at M6 for all the
patients but 33% (n=3) exhibited PG again at M12. For these three patients who still presented a BA
at M12, two showed improved addiction severity scores (patientl: CGI-baseline=4 to CGI-M12=3;
patient2: CGl-baseline=5 to CGI-M12=5) and craving scores (patientl: ECCA-baseline=5 to ECCA-
M12=5; patient2: ECCA-baseline=22 to ECCA-M12=11). However, the clinical severity and craving
dimension of one male PG patient worsened (CGI-baseline=5 to CGI-M12=6; ECCA-baseline=16 to
ECCA-M12=27). Overall, 75% of STN-DBS PD patients were cured of their BA within 12-months post-
surgery.

PD evolution

Longitudinal analyses revealed that the UPDRS3 ON scores were not significantly decreased at
M6 and M12 post-surgery (Figure 1A). UPDRS3 ON was significantly lower than UPDRS3 OFF at M6
(respectively 11.8 + 8.7 and 18.9 + 13.0, p=0.02) and at M12 (respectively 9.6 + 7.2 and 13.5 + 10.3,
p=0.02). When analyzing the minimal clinically significant difference [40] of changes in the UPDRS3
score at M6, compared to baseline, no modification was observed for 4/12 patients, an improvement
was observed for 4/12 patients while a deterioration was observed for 4/12 patients. At M12 compared
to baseline, no modification was observed for 6/12 patients, an improvement was observed for 4/12
patients and a deterioration was observed for 2/12 patients.
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Figure 1. Evolution of stimulated patients at six- and twelve-months post-surgery (n=12). Data are
presented as mean and standard deviation. * p<0.05, ** p<0.01, *** p<0.001 compared to baseline. M6,
month 6; M12, month 12; EPN-31, Positive and Negative Emotionality Scale; HAD, Hospital Anxiety
and Depression scale; LEDD, cumulative daily L-dopa equivalent daily dose; MADRS, Montgomery-
Asberg Depression Scale; MAS, Bech-Rafaelsen Mania Scale; UPDRS, Unified Parkinson's Disease
Rating Scale.

All the addictive behaviors showed a mild to marked illness (CGI-S) but the dimension of
craving was mainly observed in the PG group (56% had a score >20 ECCA and a mean score at 19).
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A significant decrease in cumulative LEDD was observed between baseline and M6 (Figure 1B).
The number of dopamine agonist users was stable (10 at baseline, 7 at M6, and 7 at M12), as was the
number of patients with psychiatric treatments (2 at baseline, 4 at M6, and 5 at M12).

Psychiatric evolution

There was no significant difference regarding the depression score (MADRS and HADD)
between baseline and M6 or M12 (Figure 1C,D). For anxiety (HADA), a significant decrease was
observed between baseline and the follow-up-point (Figure 1E). Only one patient out of the 12
presented an anxiety disorder (score above 11) at 1 year of follow-up versus 3 initially.

There was no significant difference in the mania score compared to baseline (Figure 1F).
Individually, no subject suffered from manic state during the follow-up. The PG subject who initially
had moderate mania at baseline did not demonstrate symptoms post-surgery. HD patients had no
onset of depressive symptoms during the follow-up (HAD and MADRS scores). At M12, two of the
four anxious PG patients did not present anxiety disorder symptoms, one improved his anxiety
symptoms to minor anxiety disorder and one stayed at moderate anxiety state. The CS case improved
his anxiety and depression symptoms to minor anxiety and a non-depressive symptoms state at M12.

The PG group mainly improved their level of positive emotions and only two patients had low
scores under 40 at M12. The CS cases mainly improved their positive and negative emotion scores to
standard level. Emotional balance observed through the EPN-31 score did not differ significantly
during the annual assessment (Figure 1G,H).

Stimulation parameters

There was no modification in the CS and HS cases regarding the DBS dose of electrical
stimulation at M6 or M12. However, in the PG group, the left contact of only one patient underwent
modifications (stimulation of a deeper contact) although 66% (n=8) had modifications of amplitude
and/or frequency stimulations on the right and/or left contacts (5 had their amplitude stimulation
increased). There was no change in pulse width at any other time (all at 60usec).

Discussion
STN-DBS impact on ICD in PD

In 12 BA cases, 100% recovered at M6 although this figure dropped to 75% at M12. This implied that
bilateral STN-DBS has a significant impact on ICD without any major side effect of stimulation for most
patients. Indeed, there was no de novo ICD (differing from those initially assessed) or mania state post-
surgery even after one year. HS, PG, and CS have been included in dopamine dysregulation
syndrome and hyperdopaminergic behaviors when described in PD [41]. The prospective PD cohort
study results showed an improvement of hyperdopaminergic behaviors after DBS but related to the
reduction of dopaminergic treatment rather than the direct effect of stimulation [42-46] and
dopamine agonist (DA) which have been suggested to influence their development in PD [47-49].
However, this is mostly because it concerns high, specific doses of DA. The hypothesis suggesting
beneficial effects on ICD due to the reduction of dopaminergic drug load does not seems to
sufficiently explain their improvement in our population and goes in the direction of another
publication [14]. At baseline, 2/12 of our patients did not take this therapy and 8/12 had very low
doses. Moreover, none of our patients had been administered with pramipexole (dopamine agonist)
[50] or aripiprazole (atypical antipsychotic drug) [51], both assumed to be drugs strongly associated
with the development of PG, HS and CS. On the other hand, in addition to dopaminergic
mechanisms, nondopaminergic mechanisms are also considered to be involved in the
pathophysiological mechanisms underlying DBS efficacy [52]. In addition, in PD, the degeneration of
cholinergic neurons occurs in the pedunculopontine nucleus (PPN) which plays a major role in the
coordination of gait and posture but may also be involved in ICD development [53]. It has been
hypothesized that STN-DBS has an effect through the retrograde activation of cholinergic PPN
projection neurons [52]. A recent article [21] confirms worth considering the possibility of a specific
stimulation effect and the importance to assess individual evolution of ICD regarding STN-DBS. Our
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results support the strength of the recommendation (100% of consensus level) given in this guideline:
STN-DBS can be recommended to treat signs and symptoms of an ICD in patients eligible for deep
brain stimulation.

We must also note that the addictive symptoms of one case (PG) were worse at M12 despite
recovering at M6 (severity and craving score). There was also a transitory effect on motor signs that
were improved at M6 but not at M12 compared to baseline. However, there was no modification of
electrical parameters or drug treatment between M6 and M12 and no significant modification of
anxiety or depression score either. Previous works have shown PG to develop exclusively after STN
DBS surgery in PD [54-56] but none, to our knowledge, have described a transitory stage of resolved
symptoms and resurgence post-stimulation without modifying stimulation or dopamine therapy
[57].

STN-DBS impact on motor signs in PD

Surprisingly, there was no significant improvement of mean motor signs after STN-DBS in our
group although the literature is abundant on the positive effects of this treatment in PD [19,58].
However, there was an effect on motor signs since, although the score was almost the same between
pre and post-surgery, there was a significant difference between the ON and OFF stimulation motor
scores. This can be explained by the level of motor signs at baseline which was lower in our group
than that generally observed in the series of STN-DBS PD patients with a score around twice as high
[46]. The effectiveness of STN-DBS on motor symptoms in our group was more complex to observe
when the baseline scores were low. In parallel, the STN-DBS effect allowed a significant reduction of
dopaminergic treatments to achieve the same level of motor experiences in daily living. We observed
the classical effect on reducing dopamine drug use significantly after stimulation [59].

STN-DBS impact on psychiatric evaluation in PD

Our sample of patients seems different from those observed in other studies, in particular there
were no even moderately depressive patients whereas the literature suggests that pre-operative PD
patients are affected up to 40% and often associated with anxiety [60,61]. However, a work that
compared PD patients with BA compared to PD-free patients with BA showed no significant
difference regarding anxiety disorder [15]. It cannot be excluded that emotions related to positive
patient expectations from an upcoming intervention positively influenced the pre-DBS anxiety score
in our population. Regarding psychiatric states, STN-DBS seems to improve anxiety scores
significantly but not depression scores. A previous study has already associated STN-DBS with
beneficial effects on various non-motor signs in PD including anxiety [62], even for a longer
stimulation period [63] and excluding depression [64]. Anxiety has been linked to emotion regulation
[28] but in our study we did not find a significant difference when using the EPN-31 between baseline
and follow-up. This tool seems to be more linked with depression state than anxiety [65], which could
explain why it did not change significantly since the depression score was quite stable.

Limitations of the study

The findings of this study have certain limitations. Firstly, this was a pilot investigation of STN-
DBS BA PD with a small sample size due to the scarce resources available and the various ethical
concerns taken into considerations in the process of conducting neuromodulation research in this
domain, given the vulnerability of the patients. The result cannot be generalized to all kinds of BA
observed in PD. Furthermore, life events during the study follow-up were not available and could
have potentially influenced mood state during the study. The role of contact position was not
explored within the sample. It may have provided information on structural and pathophysiological
mechanisms because our knowledge about the STN sub-structure involved in specific functions and
the action of DBS on neurotransmission is still limited. Lastly, the relationship with stimulation
parameters (frequency and plot used) was not studied due to sample size. Indeed, and apart from
contact position, debate is ongoing about the therapeutic potential of STN-DBS in the treatment of
addiction and the frequency of stimulation used [66].
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Conclusions

In conclusion, our findings add new data to the existing literature by demonstrating evidence
regarding the benefit of STN-DBS therapy on BA in our case series of PD patients. In addition, we
found that the impact of STN-DBS stimulation on motor signs was lower than expected. Future
studies to explore and optimize stimulation parameters and targets for STN-DBS may provide
substantial clinical contributions.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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