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Abstract: (1) Background: Pathological gambling behaviors may coexist with cocaine use disorder
(CUD), underlying common pathogenic mechanisms. Repetitive transcranial magnetic stimulation
(rTMS) has shown promise as a therapeutic intervention for CUD. In this case series, we evaluated
the clinical effects of rTMS protocol stimulating the left dorsolateral prefrontal cortex (DLPFC) on
the pattern of gambling and cocaine use. (2) Methods: Gambling severity, craving for cocaine, sleep,
and other negative affect symptoms were recorded in seven patients with a diagnosis of gambling
disorder (South Oaks Gambling Screen (SOGS) >5), in comorbidity with CUD, using the following
scales: Gambling-Symptom Assessment Scale (G-SAS), Cocaine Craving Questionnaire (CCQ),
Beck Depression Inventory-II (BDI-II), Self-rating Anxiety Scale (SAS), and Symptoms checklist-90
(SCL-90). The measures were assessed before the rTMS treatment and after 5, 30, and 60 days of
treatment. Patterns of gambling and cocaine use were assessed by self-report and regular urine
screens. (3) Results: Gambling severity at baseline ranged from mild to severe (mean ± Standard
Error of the Mean (SEM), G-SAS score baseline: 24.42 ± 2.79). G-SAS scores significantly improved
after treatment (G-SAS score Day 60: 2.66 ± 1.08). Compared to baseline, consistent improvements
were significantly seen in craving for cocaine and in negative-affect symptoms. (4) Conclusions:
The present findings provide unprecedent insights into the potential role of rTMS as a therapeutic
intervention for reducing both gambling and cocaine use in patients with a dual diagnosis.

Keywords: gambling disorder (GD); cocaine use disorder (CUD); craving; repetitive transcranial
magnetic stimulation (rTMS); Gambling-Symptoms Assessment Scale (G-SAS); dorsolateral prefrontal
cortex (DLPFC)
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1. Introduction

Pathological gambling behaviors frequently co-occur with substance use [1]. A prevalence
rate of 10.3% has been reported for gambling disorder (GD) diagnosis in substance use disorders
(SUD) patients [2,3], while GD patients have a 57.5% prevalence for substance-related disorder
comorbidity [4,5]. Despite the differences observed in cue and stress-related craving, GD shares some
of the neurobiological substrates, psychological processes, and behavioral manifestations of SUDs [6–8].
Compelling evidence supports that both GD and SUDs are sustained by impaired neuroplasticity
and dysfunctions within reward, stress and cognitive-control systems. These abnormalities underline
the core clinical manifestations [9], such as compulsive gambling or compulsive drug consumption,
craving, altered reward sensitivity, and impaired self-control and decision-making processes [10].
Moreover, diminished executive functions (e.g., diminished response inhibition, cognitive flexibility)
in GD patients compared to healthy controls seem related to differential functioning of the cognitive
control circuit involving the dorsolateral prefrontal cortex (DLPFC) and the anterior cingulate cortex
(ACC) [11].

Neuromodulation approaches could represent a promising therapeutic intervention for GD [12],
able to restore the abnormalities in cognitive motivational-behavioral and executive functions.
Non-invasive brain stimulation techniques, like transcranial magnetic stimulation (TMS), may enhance
cognitive control through DLPFC stimulation, thus restoring some of the core symptoms of either
GD and SUDs [13–16]. Specifically, repetitive TMS (rTMS) stimulating the left DLPFC has been
shown to be effective in reducing craving in substance-related disorders [17–20] and to improve
cognitive functioning [21]. Currently, a limited number of TMS pilot studies in GD has investigated
whether TMS may be a promising treatment for GD, often providing conflicting results. For instance,
in a sham-controlled cross-over high-frequency rTMS study targeting the left DLPFC, active rTMS
diminished cue-induced craving compared to sham rTMS [22]. Conversely, low-frequency rTMS (1 Hz)
over the right DLPFC had similar effects as sham stimulation on craving, even though with a large
placebo effect [23]. In another trial involving nine gamblers, a single session of high frequency rTMS
reduced desire to gamble, whereas continuous theta burst stimulation (cTBS) reduced blood pressure,
with no effects on craving [24]. In this same study no effects on impulsive behavior (delay discounting)
and Stroop interference were evident. Yet, the only deep transcranial stimulation pilot study at 1 Hz
targeting prefrontal regions had no effects on pathological gambling [25]. This discrepancy might be
related to small sample size, variability of study design, stimulation parameters, and protocols [8].
Moreover, most of them investigated the effects of a single TMS session, which is unlikely to influence
a complex behavioral pattern, such as gambling. Nevertheless, from these few studies, it appears
that TMS has the ability to alter at least some of the working mechanisms underlying pathological
gambling. The abundant evidence on neurobiological and behavioral similarities between GD and
SUDs [26] and the potential clinical benefit from cumulative rTMS sessions [27] led us to investigate
whether gambling symptoms in patients with cocaine use disorder (CUD) may improve following a
high frequency rTMS treatment targeting the left DLPFC.

Here, we report a case series of seven treatment-seeking patients with cocaine use disorder (CUD)
comorbid with GD who underwent an rTMS treatment stimulating the left DLPFC. We investigated
the clinical changes regarding the patterns of cocaine use, gambling, and accompanying withdrawal
symptoms during the treatment.

2. Materials and Methods

The study was conducted in accordance with the Declaration of Helsinki and the protocol approved
by the Ethics Committee for Psychological Research, University of Padua (Protocol Number: 2551;
registration Number: NCT03733821) [28].
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2.1. Participants and Treatment

Seven male participants diagnosed as suffering from cocaine use disorder (CUD) were selected
based on comorbidity with GD, according to DSM-5 [29], from 87 patients recruited for a retrospective
observational study investigating sleep disturbances. All participants, treatment seekers for CUD,
provided informed consent and underwent an rTMS protocol at a clinic center for addiction treatment
in Padua, Italy. During the screening, patients were assessed for substances of abuse pattern and
gambling experiences. Only CUD patients comorbid with GD were selected. GD was determined by a
clinical interview with an SUD expert psychiatrist combined with a score equal to or greater than 5 on
the South Oaks Gambling Screen (SOGS) [30]. All patients were slot machine players, except one, who
mainly played online poker. To exclude contraindications to receive rTMS, a TMS safety screening was
administered to all patients in line with international recommendations for TMS safety and ethics [31].
Patients with a lifetime history of other psychiatric diseases, including major depression, schizophrenia,
bipolar disorder or other psychoses, current alcohol and other substance use disorders (excluding
cocaine, tobacco, and caffeine), personality disorders, and unstable medical illness were also excluded
from the initial sample. During treatment, cocaine use was monitored by urine drug tests and relapses
were reported. The urine drug testing also screened for morphine, methadone, tetrahydrocannabinol
(THC), phencyclidine, amphetamine, and methamphetamine. Pharmacological therapy remained
unchanged or was not prescribed during the treatment. rTMS treatment was administered to each
patient by a trained clinical physiologist using a medical device (MagPro R30) targeting the left DLPFC.
Treatment consisted of twice-daily rTMS sessions for the first five consecutive days of treatment,
followed by twice-daily rTMS sessions once a week over eight weeks. Protocol parameters, such as
stimulation parameters and motor threshold detection, were defined according to the procedures
described by Terraneo et al. [18]. To best identify the DLPFC (Montreal Neurological Institute (MNI)
coordinates x: −50, y: 30, z: 36), we used an optical TMS navigator (Localite, St. Augustin, Germany)
and a magnetic resonance image (MRI) template. The stimulation parameters were: frequency: 15 Hz;
intensity: 100% of the motor threshold; 60 impulses per stimulation train; inter-train interval: 15 s; and
40 total trains for a session duration of 13 min. At each session, adverse events, including seizures,
syncopes, neurological complications, or subjective complaints about memory, concentration, pain,
headache, vertigo, or fatigue were assessed.

Gambling symptomatology was evaluated by Gambling Symptom Assessment Scale (G-SAS) [32].
The G-SAS is a 12-item self-rated scale designed to assess gambling symptom severity and change
during treatment with a score ranging from 0 to 4 [32].

Participants were also assessed for craving, subjective sleep quality, depression, anxiety, and
other negative affect symptoms. The Cocaine Craving Questionnaire (CCQ) [33] is a 5-item self-report
questionnaire measuring five aspects of craving: current intensity, intensity during the previous 24 h,
frequency, responsiveness to drug-related conditioned stimuli, and imagined likelihood of use if in
a setting with access to drugs [34]. The 19-item Pittsburgh Sleep Quality Index (PSQI) [35] is the
most commonly used retrospective self-report questionnaire measuring the self-perceived quality
of sleep [36]. It investigates sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleeping medications, and daytime dysfunction [37]. The Beck Depression
Inventory-II (BDI-II) [38] is a 21-item self-report questionnaire format with four options under each item,
ranging from not present (0) to severe (3), measuring depressive symptoms. The Self-rating Anxiety
Scale (SAS) [39], is a 20-item measure developed to assess the frequency of anxiety symptoms based on
diagnostic conceptualizations. It consists primarily of somatic symptoms. The Symptoms checklist
90-Revised [40] is a 90-item self-report inventory which assesses psychological distress in terms of nine
primary symptom dimensions and three summary scores termed global scores. The Global Severity
Index (GSI), the outcome of which we used in this study, is the single best indicator of the current level
or depth of an individual’s disorder. It combines information concerning the number of symptoms
reported with the intensity of perceived distress [41].
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The assessments were made at baseline, immediately after completion of the first week of treatment,
as well as 30 and 60 days after the beginning of treatment (day 5, day 30, day 60). BDI-II was not
included in the assessment on day 5 since it considers changes in the preceding two weeks. Some
participants did not complete every scale at every time point, for the main following reasons: clinical
response, missing follow-up visit, missing TMS session, and refusal. We included participants who
completed outcome measures for at least three time points, including the baseline.

2.2. Statistical Analyses

We used repeated-measures analyses of variance (ANOVA) for testing the effect of treatment over
time, followed by the Tukey test for post-hoc comparison analysis between timepoints (day 5, day
30, and day 60). Data were expressed as mean ± SD, unless otherwise specified; α was set at <0.05,
two-tailed. All the analyses were performed using RStudio version 1.1.453 [42] with R version 3.5.0 [43]
and the package emmeans [44]. G*Power (ver 3.1.9.4) was used to perform a power analysis and
estimate the sample size. For the computation of this estimate we considered the effects we observed
in a previous pilot study [18]. Considering an Effect size f(U) = 1.1, an α = 0.05, a power (1 − β) = 0.95,
one group and four measurements, a sample size of seven patients was required.

3. Results

The full demographic and clinical characteristics of the participants are presented in Table 1.
The total sample consisted of seven male patients, aged between 30 and 49 (42.14 ± 5.74). Treatment
variables are specified in Table 1.

Table 1. Demographic and clinical characteristics of the participants.

Variables n = 7 1

Age (years) 42.14 (5.74)
Education (years) 12 (3.19)

Cocaine: Age at first experience (years) 27.71 (9.06)
Cocaine: Age at addiction (years) 37.42 (7.51)

Gambling: Age at first experience (years) 19.14 (5.61)
Gambling: Age at addiction (years) 27 (8.31)

SOGS score 9.14 (1.88)
G-SAS score at baseline 24.42 (6.84)
CCQ score at baseline 24.85 (9.56)
PSQI score at baseline 10 (3.25)
BDI-II score at baseline 22.42 (6.16)
SAS score at baseline 50.71 (4.76)
GSI score at baseline 68.32 (10.2)

1 Data are presented as mean (standard deviation). SOGS: South Oaks Gambling Screen; G-SAS: Gambling-Symptom
Assessment Scale; CCQ: Cocaine Craving Questionnaire; PSQI: Pittsburgh Sleep Quality Index; BDI-II:
Beck Depression Inventory-II; SAS: Self-rating Anxiety Scale; GSI: Global Severity Index of the Symptoms
checklist 90—Revised.

G-SAS scores significantly improved at each time point after the first week of treatment
(F(3,22) = 16.71, p < 0.001, R2 = 0.69; Figure 1a). Pairwise comparisons showed that G-SAS scores
at day 5 were significantly lower than those at baseline (t(22) = 5.61, p < 0.001). This improvement
was maintained at the subsequent timepoints: day 30 (t(22) = 5.07, p < 0.001) and day 60 (t(22) = 6.22,
p < 0.001). Similarly, craving for cocaine, reflected in CCQ scores, significantly decreased over time
(F(3,24) = 9.52, p < 0.001, R2 = 0.54; Figure 1b). Pairwise comparisons showed a significant improvement
from baseline to day 5 (t(24) = 4.12, p < 0.001) and levels were maintained at day 30 (t(24) = 4.30,
p < 0.001) and at day 60 (t(24) = 4.60, p < 0.001). No significant differences were found when comparing
G-SAS and CCQ scores among day 5, day 30, and day 60. Of seven patients, four did not report any
relapse in cocaine and in gambling behaviors during the 60 days of treatment.
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Figure 1. Plot of the means and 95% confidence intervals of (a) Gambling-Symptom Assessment Scale
(G-SAS) and (b) Cocaine Craving Scale (CCQ). *** p value < 0.001.

Similarly, sleep disturbance, depression, anxiety, and the other negative affect symptoms
significantly decreased over time as reflected in PSQI (F(3,24) = 5.40, p < 0.01, R2 = 0.40), BDI-II
(F(2,18) = 21.53, p < 0.001, R2 = 0.70), SAS (F(3,23) = 14.19, p < 0.001, R2 = 0.64), and GSI (F(3,24) = 7.04,
p < 0.01, R2 = 0.46). The secondary outcome improvement was significant at day 5 of the treatment in
comparison to the baseline (PSQI: t(24) = 3.40, p = 0.01; SAS: t(25) = 5.68, p < 0.001; GSI: t(24) = 3.69,
p < 0.01) and stable overtime: day 30 (PSQI: t(24) = 3.50, p < 0.01; BDI-II: t(18) = 5.40, p < 0.001;
SAS: t(23) = 4.25, p < 0.01; GSI: t(24) = 3.38, p = 0.01) and day 60 (PSQI: t(24) = 2.72, p = 0.05; BDI-II:
t(18) = 5.92, p < 0.001; SAS: t(23) = 5.47, p < 0.001; GSI: t(24) = 4.05, p < 0.01).

3.1. Cocaine Use

Five out of seven patients did not use cocaine for the entire duration of the study. One patient
used cocaine after the first 15 days of treatment. Another patient used cocaine during the first week
and another three times within 60 days of treatment. None of the patients used other drugs included
in the urine drug screen.

3.2. Safety

No adverse events were reported.

4. Discussion

To our knowledge, this is the first study reporting clinical improvements in patients with a dual
diagnosis of CUD and GD following an rTMS treatment stimulating the left DLPFC.
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We evaluated changes in cocaine use and gambling patterns as well as the accompanying
symptoms, including sleep disturbances, mood, anxiety, and other negative symptoms [45,46] in seven
patients seeking treatment for CUD.

The severity of the gambling symptoms and cocaine craving ranged from moderate to severe at
baseline, as assessed by G-SAS and CCQ. G-SAS and CCQ scores dramatically dropped at the end
of the first week of treatment and were stable during the following 60 days of treatment. Moreover,
four out of seven patients did not show either cocaine use or relapse of gambling behaviors; one
patient reported four gambling episodes during the first month of treatment (total 454 €), without
any cocaine use; one patient reported a single gambling episode during the first week of treatment
(150 €) associated with cocaine use, followed by another three uses within 60 days of treatment;
one patient reported several cocaine uses after the first 15 days of treatment but no gambling
behavior. The improvement of cocaine-related symptoms is in line with previous findings showing
that high-frequency left-DLPFC-rTMS stimulation is effective in diminishing cocaine craving [17,19,47]
and intake [18]. Neuroimaging studies have shown common activation abnormalities in regions of the
mesolimbic reward system in patients with substance-related disorders and GD [48–52], supporting the
concept of a common etiology for both disorders. The repeated exposure to addictive stimuli induces
plastic changes within reward pathways leading to the hypersensitivity of the brain reward system to
the addictive stimulus itself and addiction-related cues. This process is instrumental for conditioning
to occur, since previous neutral stimuli can acquire an incentive salience and promote habit formation
with repeated exposure to the cues [53,54]. This shift from goal-directed behavior to more habitual
responding specifically involves the dorsal striatum (DS) [54], a region implicated in reward, habit
learning, and compulsive behaviors. The shift from prefrontal cortical to striatal control may emphasize
maladaptive neuroplasticity changes in both GD and SUDs [8]. Accordingly, we observed clinical
improvement of either gambling or cocaine-related symptoms. So far, only a few pilot studies have
explored the effects of TMS on gambling urges and behavior [22–24]. One of these studies evaluated the
effect of deep TMS over the DLPFC for 15 days reporting an improvement of craving scores as opposed
to a retention of gambling behavior in all patients [25]. Conflicting results might reflect differences
in stimulation parameters and treatment conditions. Of note, the clinical improvement in our small
cohort of patients was maintained for the whole 60 days period of treatment. Moreover, we observed a
significant change of accompanying symptoms to addictive behaviors, including sleep disturbances,
depression, anxiety, and negative-affect symptoms, as demonstrated by the improvement of PSQI,
BDI-II, SAS, and SCL-90-R scores during the treatment period. Several findings already support a
beneficial effect of rTMS for primary sleep disorders and for sleep disturbances comorbid with other
neuropsychiatric disorders [55–58]. To our knowledge, this is one of the first studies reporting a
beneficial effect on accompanying symptoms to addictive behaviors and, thus, the results have to
be interpreted cautiously. We can argue that anxiety, depressive, and negative-affect symptoms may
indirectly benefit from the improvement of the patterns of use and gambling, including the diminished
craving and possibly a better executive function control. In our setting with a small sample size, no
control group, or a sham-controlled double blind design, we cannot rule out a possible placebo effect,
as previously reported in another study using low frequency rTMS targeting the right DLPFC [23].
However, the longer period of observation and the cumulative rTMS sessions may support a beneficial
effect related to the neuromodulatory intervention. Certainly, rigorously conducted clinical trials
with sham-controlled double-blind designs are needed to investigate whether TMS protocols have the
potential to be effective to treat cognitive dysfunctions, reduce craving, and/or the gambling behavior
in patients with GD.

Author Contributions: S.C., L.J.G.P., G.M. conceptualized and designed the study; S.C., L.J.G.P., and L.M.
collected the data; S.C. and L.J.G.P. performed data processing and statistical analysis. S.C., L.J.G.P., G.M. wrote
the manuscript. G.M., L.G., A.T. supervised the project. G.M., L.G., A.T., A.B. critically revised and edited
the manuscript.



J. Clin. Med. 2019, 8, 768 7 of 9

Funding: Funding for this study was provided by the Novella Fronda Foundation, Padua, Italy. The Novella
Fronda Foundation had no further role in study design; in the collection, analysis, and interpretation of data; in
the writing of the report; and in the decision to submit the paper for publication.

Acknowledgments: The authors would like to thank the Zardi-Gori Foundation for the fellowship bursary.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Petry, N.M.; Stinson, F.S.; Grant, B.F. Comorbidity of DSM-IV Pathological Gambling and Other Psychiatric
Disorders. J. Clin. Psychiatry 2005, 66, 564–574. [CrossRef]

2. Weinstock, J.; Blanco, C.; Petry, N.M. Health correlates of pathological gambling in a methadone maintenance
clinic. Exp. Clin. Psychopharmacol. 2006, 14, 87–93. [CrossRef]

3. Rennert, L.; Denis, C.; Peer, K.; Lynch, K.G.; Gelernter, J.; Kranzler, H.R. DSM-5 gambling disorder: Prevalence
and characteristics in a substance use disorder sample. Exp. Clin. Psychopharmacol. 2014, 22, 50. [CrossRef]

4. Ibáñez, A.; Blanco, C.; Donahue, E.; Lesieur, H.R.; Pérez de Castro, I.; Fernández-Piqueras, J.; Sáiz-Ruiz, J.
Psychiatric comorbidity in pathological gamblers seeking treatment. Am. J. Psychiatry 2001, 158, 1733–1735.
[CrossRef]

5. Lorains, F.K.; Cowlishaw, S.; Thomas, S.A. Prevalence of comorbid disorders in problem and pathological
gambling: Systematic review and meta-analysis of population surveys. Addiction 2011, 106, 490–498.
[CrossRef]

6. Shaffer, H.J.; LaPlante, D.A.; LaBrie, R.A.; Kidman, R.C.; Donato, A.N.; Stanton, M.V. Toward a Syndrome
Model of Addiction: Multiple Expressions, Common Etiology. Harv. Rev. Psychiatry 2004, 12, 367–374.
[CrossRef] [PubMed]

7. Goudriaan, A.E.; Yücel, M.; van Holst, R.J. Getting a grip on problem gambling: What can neuroscience tell
us? Front. Behav. Neurosci. 2014, 8, 141. [CrossRef]

8. Spagnolo, P.A.; Gómez Pérez, L.J.; Terraneo, A.; Gallimberti, L.; Bonci, A. Neural Correlates of Cue-and
Stress-induced Craving in Gambling Disorders: Implications for Transcranial Magnetic Stimulation
Interventions. Eur. J. Neurosci. 2019, 1–14. [CrossRef] [PubMed]

9. Spagnolo, P.A.; Goldman, D. Neuromodulation interventions for addictive disorders: Challenges, promise,
and roadmap for future research. Brain 2017, 140, 1183–1203. [CrossRef] [PubMed]

10. Koob, G.F.; Volkow, N.D. Neurobiology of addiction: A neurocircuitry analysis. Lancet Psychiatry 2016,
3, 760–773. [CrossRef]

11. Van Holst, R.J.; van den Brink, W.; Veltman, D.J.; Goudriaan, A.E. Brain imaging studies in pathological
gambling. Curr. Psychiatry Rep. 2010, 12, 418–425. [CrossRef]

12. Volkow, N.D.; Koob, G.F.; McLellan, A.T. Neurobiologic Advances from the Brain Disease Model of Addiction.
N. Engl. J. Med. 2016, 374, 363–371. [CrossRef]

13. Diana, M.; Raij, T.; Melis, M.; Nummenmaa, A.; Leggio, L.; Bonci, A. Rehabilitating the addicted brain with
transcranial magnetic stimulation. Nat. Rev. Neurosci. 2017, 18, 685–693. [CrossRef]

14. Hanlon, C.A.; Canterberry, M.; Taylor, J.J.; DeVries, W.; Li, X.; Brown, T.R.; George, M.S. Probing the
Frontostriatal Loops Involved in Executive and Limbic Processing via Interleaved TMS and Functional MRI
at Two Prefrontal Locations: A Pilot Study. PLoS ONE 2013, 8, e67917. [CrossRef]

15. Lantrip, C.; Gunning, F.M.; Flashman, L.; Roth, R.M.; Holtzheimer, P.E. Effects of transcranial magnetic
stimulation on the cognitive control of emotion: Potential antidepressant mechanisms. J. ECT 2017, 33, 73–80.
[CrossRef]

16. Möbius, M.; Lacomblé, L.; Meyer, T.; Schutter, D.J.L.G.; Gielkens, T.; Becker, E.S.; Tendolkar, I.;
van Eijndhoven, P. Repetitive transcranial magnetic stimulation modulates the impact of a negative
mood induction. Soc. Cognit. Affect. Neurosci. 2017, 12, 526–533. [CrossRef]

17. Politi, E.; Fauci, E.; Santoro, A.; Smeraldi, E. Daily sessions of transcranial magnetic stimulation to the left
prefrontal cortex gradually reduce cocaine craving. Am. J. Addict. 2008, 17, 345–346. [CrossRef] [PubMed]

18. Terraneo, A.; Leggio, L.; Saladini, M.; Ermani, M.; Bonci, A.; Gallimberti, L. Transcranial magnetic stimulation
of dorsolateral prefrontal cortex reduces cocaine use: A pilot study. Eur. Neuropsychopharmacol. 2016,
26, 37–44. [CrossRef]

http://dx.doi.org/10.4088/JCP.v66n0504
http://dx.doi.org/10.1037/1064-1297.14.1.87
http://dx.doi.org/10.1037/a0034518
http://dx.doi.org/10.1176/ajp.158.10.1733
http://dx.doi.org/10.1111/j.1360-0443.2010.03300.x
http://dx.doi.org/10.1080/10673220490905705
http://www.ncbi.nlm.nih.gov/pubmed/15764471
http://dx.doi.org/10.3389/fnbeh.2014.00141
http://dx.doi.org/10.1111/ejn.14313
http://www.ncbi.nlm.nih.gov/pubmed/30575160
http://dx.doi.org/10.1093/brain/aww284
http://www.ncbi.nlm.nih.gov/pubmed/28082299
http://dx.doi.org/10.1016/S2215-0366(16)00104-8
http://dx.doi.org/10.1007/s11920-010-0141-7
http://dx.doi.org/10.1056/NEJMra1511480
http://dx.doi.org/10.1038/nrn.2017.113
http://dx.doi.org/10.1371/journal.pone.0067917
http://dx.doi.org/10.1097/YCT.0000000000000386
http://dx.doi.org/10.1093/scan/nsw180
http://dx.doi.org/10.1080/10550490802139283
http://www.ncbi.nlm.nih.gov/pubmed/18612892
http://dx.doi.org/10.1016/j.euroneuro.2015.11.011


J. Clin. Med. 2019, 8, 768 8 of 9

19. Rapinesi, C.; Del Casale, A.; Di Pietro, S.; Ferri, V.R.; Piacentino, D.; Sani, G.; Raccah, R.N.; Zangen, A.;
Ferracuti, S.; Vento, A.E.; et al. Add-on high frequency deep transcranial magnetic stimulation (dTMS) to
bilateral prefrontal cortex reduces cocaine craving in patients with cocaine use disorder. Neurosci. Lett. 2016,
629, 43–47. [CrossRef]

20. Jansen, J.M.; Daams, J.G.; Koeter, M.W.J.; Veltman, D.J.; Van Den Brink, W.; Goudriaan, A.E. Effects of
non-invasive neurostimulation on craving: A meta-analysis. Neurosci. Biobehav. Rev. 2013, 37, 2472–2480.
[CrossRef]

21. Schluter, R.; Daams, J.; van Holst, R.J.; Goudriaan, A.E. Effects of Noninvasive Neuromodulation on Executive
and Other Cognitive Functions in Addictive Disorders: A Systematic Review. Front. Neurosci. 2018, 12, 642.
[CrossRef] [PubMed]

22. Gay, A.; Boutet, C.; Sigaud, T.; Kamgoue, A.; Sevos, J.; Brunelin, J.; Massoubre, C. A single session of repetitive
transcranial magnetic stimulation of the prefrontal cortex reduces cue-induced craving in patients with
gambling disorder. Eur. Psychiatry 2017, 41, 68–74. [CrossRef]

23. Sauvaget, A.; Bulteau, S.; Guilleux, A.; Leboucher, J.; Pichot, A.; Valrivière, P.; Vanelle, J.-M.; Sébille-Rivain, V.;
Grall-Bronnec, M. Both active and sham low-frequency rTMS single sessions over the right DLPFC decrease
cue-induced cravings among pathological gamblers seeking treatment: A randomized, double-blind,
sham-controlled crossover trial. J. Behav. Addict. 2018, 7, 126–136. [CrossRef]

24. Zack, M.; Cho, S.S.; Parlee, J.; Jacobs, M.; Li, C.; Boileau, I.; Strafella, A. Effects of High Frequency Repeated
Transcranial Magnetic Stimulation and Continuous Theta Burst Stimulation on Gambling Reinforcement,
Delay Discounting, and Stroop Interference in Men with Pathological Gambling. Brain Stimul. 2016,
9, 867–875. [CrossRef] [PubMed]

25. Rosenberg, O.; Klein, L.D.; Dannon, P.N. Deep transcranial magnetic stimulation for the treatment of
pathological gambling. Psychiatry Res. 2013, 206, 111–113. [CrossRef]

26. Potenza, M.N.; Steinberg, M.A.; Skudlarski, P.; Fulbright, R.K.; Lacadie, C.M.; Wilber, M.K.; Rounsaville, B.J.;
Gore, J.C.; Wexler, B.E. Gambling Urges in Pathological Gambling. Arch. Gen. Psychiatry 2003, 60, 828–836.
[CrossRef]

27. Valero-Cabré, A.; Pascual-Leone, A.; Rushmore, R.J. Cumulative sessions of repetitive transcranial magnetic
stimulation (rTMS) build up facilitation to subsequent TMS-mediated behavioural disruptions. Eur. J. Neurosci.
2008, 27, 765–774. [CrossRef] [PubMed]

28. U.S. National Library of Medicine. ClinicalTrials.gov. Identifier: NCT03733821, Sleep Modifications in
Patients with Cocaine Use Disorders Treated with Transcranial Magnetic Stimulation (TMS). Available online:
https://clinicaltrials.gov/ct2/show/NCT03733821 (accessed on 29 May 2019).

29. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5; American
Psychiatric Pub: Washington, DC, USA, 2013; ISBN 9780890425541.

30. Lesieur, H.R.; Blume, S.B. The South Oaks Gambling Screen (SOGS): A new instrument for the identification
of Pathological gamblers. Am. J. Psychiatry 1987, 144, 1184–1188.

31. Rossi, S.; Hallett, M.; Rossini, P.M.; Pascual-Leone, A.; Avanzini, G.; Bestmann, S.; Berardelli, A.; Brewer, C.;
Canli, T.; Cantello, R.; et al. Safety, ethical considerations, and application guidelines for the use of transcranial
magnetic stimulation in clinical practice and research. Clin. Neurophysiol. 2009, 120, 2008–2039. [CrossRef]

32. Kim, S.W.; Grant, J.E.; Potenza, M.N.; Blanco, C.; Hollander, E. The Gambling Symptom Assessment Scale
(G-SAS): A reliability and validity study. Psychiatry Res. 2009, 166, 76–84.

33. Weiss, R.D.; Griffin, M.L.; Hufford, C.; Muenz, L.R.; Najavits, L.M.; Jansson, S.B.; Kogan, J.; Thompson, H.J.
Early Prediction of Initiation of Abstinence From Cocaine. Am. J. Addict. 1997, 6, 224–231. [CrossRef]

34. Weiss, R.D.; Griffin, M.L.; Hufford, C. Craving in hospitalized cocaine abusers as a predictor of outcome.
Am. J. Drug Alcohol Abus. 1995, 21, 289–301. [CrossRef]

35. Buysse, D.J.; Reynolds, C.F.; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A
new instrument for psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]

36. Mollayeva, T.; Thurairajah, P.; Burton, K.; Mollayeva, S.; Shapiro, C.M.; Colantonio, A. The Pittsburgh sleep
quality index as a screening tool for sleep dysfunction in clinical and non-clinical samples: A systematic
review and meta-analysis. Sleep Med. Rev. 2016, 25, 52–73. [CrossRef]

37. Curcio, G.; Tempesta, D.; Scarlata, S.; Marzano, C.; Moroni, F.; Rossini, P.M.; Ferrara, M.; De Gennaro, L.
Validity of the Italian version of the Pittsburgh sleep quality index (PSQI). Neurol. Sci. 2013, 34, 511–519.
[CrossRef]

http://dx.doi.org/10.1016/j.neulet.2016.06.049
http://dx.doi.org/10.1016/j.neubiorev.2013.07.009
http://dx.doi.org/10.3389/fnins.2018.00642
http://www.ncbi.nlm.nih.gov/pubmed/30283294
http://dx.doi.org/10.1016/j.eurpsy.2016.11.001
http://dx.doi.org/10.1556/2006.7.2018.14
http://dx.doi.org/10.1016/j.brs.2016.06.003
http://www.ncbi.nlm.nih.gov/pubmed/27350401
http://dx.doi.org/10.1016/j.psychres.2012.09.045
http://dx.doi.org/10.1001/archpsyc.60.8.828
http://dx.doi.org/10.1111/j.1460-9568.2008.06045.x
http://www.ncbi.nlm.nih.gov/pubmed/18279329
https://clinicaltrials.gov/ct2/show/NCT03733821
http://dx.doi.org/10.1016/j.clinph.2009.08.016
http://dx.doi.org/10.1111/j.1521-0391.1997.tb00401.x
http://dx.doi.org/10.3109/00952999509002698
http://dx.doi.org/10.1016/0165-1781(89)90047-4
http://dx.doi.org/10.1016/j.smrv.2015.01.009
http://dx.doi.org/10.1007/s10072-012-1085-y


J. Clin. Med. 2019, 8, 768 9 of 9

38. Beck, A.T.; Steer, R.A.; Brown, G.K. Beck Depression Inventory-II; Psychological Corporation: San Antonio, TX,
USA, 1996; ISBN 0158018389.

39. Zung, W.W.K. A Rating Instrument for Anxiety Disorders. Psychosomatics 1971, 12, 371–379. [CrossRef]
40. Derogatis, L.R. Symptom Checklist-90-R (SCL-90-R): Administration, Scoring, and Procedures Manual, 3rd ed.;

NCS Pearson: Minneapolis, MN, USA, 1994.
41. Derogatis, L.R.; Rickels, K.; Rock, A.F. The SCL-90 and the MMPI: A step in the validation of a new self-report

scale. Br. J. Psychiatry 1976, 128, 280–289. [CrossRef]
42. RStudio Team. RStudio: Integrated Development for R; RStudio, Inc.: Boston, MA, USA, 2016.
43. R Foundation for Statistical Computing Team. R: A Language and Environment for Statistical Computing;

R Foundation for Statistical Computing: Vienna, Austria, 2018.
44. Lenth, R. Emmeans: Estimated marginal means, aka least-squares means. R Package Version 2018, 1, 1.
45. Hall, G.W.; Carriero, N.J.; Takushi, R.Y.; Montoya, I.D.; Preston, K.L.; Gorelick, D.A. Pathological gambling

among cocaine-dependent outpatients. Am. J. Psychiatry 2000, 157, 1127–1133. [CrossRef] [PubMed]
46. Wareham, J.D.; Potenza, M.N. Pathological gambling and substance use disorders. Am. J. Drug Alcohol Abus.

2010, 36, 242–247. [CrossRef]
47. Camprodon, J.A.; Martínez-Raga, J.; Alonso-Alonso, M.; Shih, M.C.; Pascual-Leone, A. One session of high

frequency repetitive transcranial magnetic stimulation (rTMS) to the right prefrontal cortex transiently
reduces cocaine craving. Drug Alcohol Depend. 2007, 86, 91–94. [CrossRef] [PubMed]

48. Hudgens-Haney, M.E.; Hamm, J.P.; Goodie, A.S.; Krusemark, E.A.; McDowell, J.E.; Clementz, B.A. Neural
correlates of the impact of control on decision making in pathological gambling. Biol. Psychol. 2013,
92, 365–372. [CrossRef]

49. Limbrick-Oldfield, E.H.; Van Holst, R.J.; Clark, L. Fronto-striatal dysregulation in drug addiction and
pathological gambling: Consistent inconsistencies? NeuroImage Clin. 2013, 2, 385–393. [CrossRef]

50. Miedl, S.F.; Peters, J.; Büchel, C. Altered neural reward representations in pathological gamblers revealed by
delay and probability discounting. Arch. Gen. Psychiatry 2012, 69, 177–186. [CrossRef]

51. Choi, J.S.; Shin, Y.C.; Jung, W.H.; Jang, J.H.; Kang, D.H.; Choi, C.H.; Choi, S.W.; Lee, J.Y.; Hwang, J.Y.; Kwon, J.S.
Altered Brain Activity during Reward Anticipation in Pathological Gambling and Obsessive-Compulsive
Disorder. PLoS ONE 2012, 7, e45938. [CrossRef]

52. Tschernegg, M.; Crone, J.S.; Eigenberger, T.; Schwartenbeck, P.; Fauth-Bühler, M.; Lemènager, T.; Mann, K.;
Thon, N.; Wurst, F.M.; Kronbichler, M. Abnormalities of functional brain networks in pathological gambling:
A graph-theoretical approach. Front. Hum. Neurosci. 2013, 7, 625. [CrossRef]

53. Everitt, B.J.; Belin, D.; Economidou, D.; Pelloux, Y.; Dalley, J.W.; Robbins, T.W. Review. Neural mechanisms
underlying the vulnerability to develop compulsive drug-seeking habits and addiction. Philos. Trans. R. Soc.
Lond. Ser. B Biol. Sci. 2008, 363, 3125–3135. [CrossRef]

54. Everitt, B.J.; Robbins, T.W. Neural systems of reinforcement for drug addiction: From actions to habits to
compulsion. Nat. Neurosci. 2005, 8, 1481. [CrossRef] [PubMed]

55. Jiang, C.G.; Zhang, T.; Yue, F.G.; Yi, M.L.; Gao, D. Efficacy of Repetitive Transcranial Magnetic Stimulation
in the Treatment of Patients with Chronic Primary Insomnia. Cell Biochem. Biophys. 2013, 67, 169–173.
[CrossRef]

56. Donse, L.; Sack, A.T.; Fitzgerald, P.B.; Arns, M. Sleep disturbances in obsessive-compulsive disorder:
Association with non-response to repetitive transcranial magnetic stimulation (rTMS). J. Anxiety Disord. 2017,
49, 31–39. [CrossRef]

57. Sánchez-Escandón, O.; Arana-Lechuga, Y.; Terán-Pérez, G.; Ruiz-Chow, A.; González-Robles, R.;
Shkurovich-Bialik, P.; Collado-Corona, M.A.A.; Velázquez-Moctezuma, J. Effect of low-frequency repetitive
transcranial magnetic stimulation on sleep pattern and quality of life in patients with focal epilepsy. Sleep Med.
2016, 20, 37–40. [CrossRef] [PubMed]

58. Pellicciari, M.C.; Cordone, S.; Marzano, C.; Bignotti, S.; Gazzoli, A.; Miniussi, C.; De Gennaro, L. Dorsolateral
prefrontal transcranial magnetic stimulation in patients with major depression locally affects alpha power of
REM sleep. Front. Hum. Neurosci. 2013, 7, 433. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

View publication statsView publication stats

http://dx.doi.org/10.1016/S0033-3182(71)71479-0
http://dx.doi.org/10.1192/bjp.128.3.280
http://dx.doi.org/10.1176/appi.ajp.157.7.1127
http://www.ncbi.nlm.nih.gov/pubmed/10873922
http://dx.doi.org/10.3109/00952991003721118
http://dx.doi.org/10.1016/j.drugalcdep.2006.06.002
http://www.ncbi.nlm.nih.gov/pubmed/16971058
http://dx.doi.org/10.1016/j.biopsycho.2012.11.015
http://dx.doi.org/10.1016/j.nicl.2013.02.005
http://dx.doi.org/10.1001/archgenpsychiatry.2011.1552
http://dx.doi.org/10.1371/journal.pone.0045938
http://dx.doi.org/10.3389/fnhum.2013.00625
http://dx.doi.org/10.1098/rstb.2008.0089
http://dx.doi.org/10.1038/nn1579
http://www.ncbi.nlm.nih.gov/pubmed/16251991
http://dx.doi.org/10.1007/s12013-013-9529-4
http://dx.doi.org/10.1016/j.janxdis.2017.03.006
http://dx.doi.org/10.1016/j.sleep.2015.11.022
http://www.ncbi.nlm.nih.gov/pubmed/27318224
http://dx.doi.org/10.3389/fnhum.2013.00433
http://www.ncbi.nlm.nih.gov/pubmed/23935577
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.
https://www.researchgate.net/publication/333480092

	Introduction 
	Materials and Methods 
	Participants and Treatment 
	Statistical Analyses 

	Results 
	Cocaine Use 
	Safety 

	Discussion 
	References

