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A Commentary on

Clinical Improvements in Comorbid Gambling/Cocaine Use Disorder (GD/CUD) Patients

Undergoing Repetitive Transcranial Magnetic Stimulation (rTMS)

by Cardullo, S., Gomez Perez, L. J., Marconi, L., Terraneo, A., Gallimberti, L., Bonci, A., et al. (2019).
J. Clin. Med. 8:768. doi: 10.3390/jcm8060768

Addiction is a multidimensional psychiatric disorder that can involve various addictive agents
(drug, gambling, sex, shopping, games, etc.) (Lee et al., 2019). In recent years, a subtype
of non-substance behavioral addiction, gambling disorder (GD), has been receiving increased
attention. Reclassified from the category of impulse-control disorders, GD is now a new
category labeled “Substance-Related and Addictive Disorders” and is the only behavioral addiction
recognized in the fifth edition of the Diagnostic and Statistical Manual [DSM-5, American
Psychiatric Association (APA), 2013]. Notably, It is estimated that ∼14% of patients with
substance use disorder (SUD) have GD as well (Cowlishaw et al., 2014), since the two
share many common factors, such as clinical characteristics, social factors, personality traits
(Petry et al., 2005), biochemistry (Potenza, 2006), genetics (Leeman and Potenza, 2013), and
neurocircuitry (van Holst et al., 2010), leading to concurrent conditions in clinical population
(Rush et al., 2008; Lorains et al., 2011).

Few studies have examined the treatment options for comorbid GD/SUD. However, repetitive
transcranial magnetic stimulation (rTMS) is a promising tool in SUD that works by modulating the
impaired neural circuitry with prefrontal stimulation, to decrease craving or drug intake (Gorelick
et al., 2014; Rapinesi et al., 2016; Shen et al., 2016; Terraneo et al., 2016; Liang et al., 2018; Lin et al.,
2019; Liu et al., 2019). Recently, a few pilot studies have shown that rTMS might be an effective
treatment for GD patients as well (Rosenberg et al., 2013; Zack, 2016; Gay et al., 2017).

In a recent study, Cardullo et al. (2019) investigated the effects of rTMS on cocaine-dependent
individuals with GD comorbidity for the first time, providing unprecedented insights into the
potential effect of rTMS as a therapeutic intervention for reducing both gambling and cocaine
use in these patients. In this study, seven male participants who were diagnosed as having
cocaine use disorder (CUD) and GD received the rTMS treatment over 18 sessions, with 15Hz
rTMS (2,400 pulses/session, total 43,200 pulses) over the left dorsal lateral prefrontal cortex
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(DLPFC). In addition, their level of gambling severity and
cocaine craving, as well as sleep quality and other negative
symptoms, was assessed using the Gambling-Symptom
Assessment Scale (G-SAS), Cocaine Craving Questionnaire
(CCQ), Pittsburgh Sleep Quality Index (PSQI), Beck Depression
Inventory (BDI), Self-rating Anxiety Scale (SAS), and Symptoms
checklist-90 (SCL-90), respectively. Assessments were made
at baseline, immediately after completion of the first week
of treatment (twice/day), as well as at 30 and 60 days (one
time/week) after the first session. During the whole process,
no aversive side effects were reported. Five days after the first
treatment, their level of both cocaine craving and gambling
severity dropped dramatically and stayed stable over time.
Moreover, negative symptoms including sleep disturbance,
depression, and anxiety significantly decreased compared with
the baseline as reflected in their PSQI, BDI, and SAS scores.
At the 60-days follow-up, four out of seven patients had not
relapsed, for either cocaine use or gambling.

The treatment effects observed for GD/CUD patients were
in line with previous results for patients with CUD or GD,
separately. It is possible that these treatment effects were
due to increased dopaminergic system activity following brain
stimulation, as dopamine is implicated in both substance use and
gambling. Substance-related disorder is assumed to be associated
with a dysregulation of dopamine transmission resulting from
learned drug-related reinforcers (Di Chiara and Imperato, 1988;
Volkow et al., 2007, 2017). Similarly, the uncertainty of rewards,
a core characteristic of gambling, may play the same role
as drug-related reinforcers in dopamine pathways (Fiorillo
et al., 2003; Zald et al., 2004). Furthermore, some studies have
indicated the reciprocal priming effects of substance use and
gambling. For instance, one study indicated an acute effect of a
psychostimulant in individuals with pathological gambling (PG, a
former name of GD), whose motivation for gambling was primed
by amphetamine (Zack and Poulos, 2004). Similarly, exposure
to conditions of uncertain reward also promotes the pursuit of
amphetamine in rats (Mascia et al., 2019). It will be important
to investigate the modification of these reward-related behavioral
changes in GD/CUD patients after brain stimulation treatments.

Few studies have compared individuals who have substance
dependence and pathological gambling (SDPG) with individuals

who only have substance dependents (SD), in personality

(Petry, 2001), cognitive function (Krmpotich et al., 2015), and
brain alterations (Yip et al., 2018). According to these studies,
individuals with SDPG have elevated impulsivity personality trait
than those with SD when assessed by the Barratt Impulsiveness
Scale (BIS-11) (Krmpotich et al., 2015), Stanford Time Perception
Inventory (STPI), and Eysenck and Barratt scales (Petry, 2001).
It would be interesting to know whether rTMS treatment could
restore the different behavioral aspects to similar extent in
SDPG and SD patients. This would provide additional support
for rTMS to be used as a treatment option for comorbidity
patients. A recent study highlighted the potential of prefrontal
rTMS in reducing behavioral impulsivity of methamphetamine
dependents (Yuan et al., 2020), which would be an implication
for treating GD/SUD patients, as impulsivity is a shared feature.

This clinical research seems encouraging, as the first step
toward investigating rTMS intervention in patients with SDPG.
The promising effects thus far suggest that rTMS could be
beneficial to comorbid cases, and may even pronounce greater
efficiency than when employed with addicts with a single
diagnosis. Nevertheless, considering the heterogeneity of addicts
and types of addictions, patients with comorbid CUD and GD
present only one subtype of addiction. Therefore, it should be
careful to generalize such results of Cardullo’s article to other
types of addictions. In order to achieve the maximal effectiveness
of rTMS as a treatment for addiction and to better understand
the essence of addiction, further investigations are needed to
explore other drug abuses concurrent with GD, and compare the
treatment effects of rTMS in patients with SDPG and SD.

AUTHOR CONTRIBUTIONS

HO, YZ, and WH conceived the idea and wrote the manuscript
together. All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by the National Natural Science
Foundation of China (Grant No. 31970991).

REFERENCES

American Psychiatric Association (APA) (2013). Diagnostic and statistical

manual of mental disorders (5th ed.). Washington, DC: American Psychiatric

Association.

Cardullo, S., Gomez Perez, L. J., Marconi, L., Terraneo, A., Gallimberti, L., Bonci,

A., et al. (2019). Clinical Improvements in Comorbid Gambling/Cocaine Use

Disorder (GD/CUD) Patients Undergoing Repetitive Transcranial Magnetic

Stimulation (rTMS). J. Clin. Med. 8:768. doi: 10.3390/jcm8060768

Cowlishaw, S., Merkouris, S., Chapman, A., and Radermacher, H. (2014).

Pathological and problem gambling in substance use treatment: a

systematic review and meta-analysis. J. Subst. Abuse Treat. 46, 98–105.

doi: 10.1016/j.jsat.2013.08.019

Di Chiara, G., and Imperato, A. (1988). Drugs abused by humans preferentially

increase synaptic dopamine concentrations in the mesolimbic system

of freely moving rats. Proc. Natl. Acad. Sci. U.S.A. 85, 5274–5278.

doi: 10.1073/pnas.85.14.5274

Fiorillo, C. D., Tobler, P. N., and Schultz, W. (2003). Discrete coding of reward

probability and uncertainty by dopamine neurons. Science 299, 1898–1902.

doi: 10.1126/science.1077349

Gay, A., Boutet, C., Sigaud, T., Kamgoue, A., Sevos, J., Brunelin, J., et al. (2017). A

single session of repetitive transcranial magnetic stimulation of the prefrontal

cortex reduces cue-induced craving in patients with gambling disorder. Eur.

Psychiatry 41, 68–74. doi: 10.1016/j.eurpsy.2016.11.001

Gorelick, D. A., Zangen, A., and George, M. S. (2014). Transcranial magnetic

stimulation in the treatment of substance addiction. Ann. N. Y. Acad. Sci. 1327,

79–93. doi: 10.1111/nyas.12479

Krmpotich, T., Mikulich-Gilbertson, S., Sakai, J., Thompson, L., Banich,

M. T., and Tanabe, J. (2015). Impaired decision-making, higher

impulsivity, and drug severity in substance dependence and pathological

Frontiers in Neural Circuits | www.frontiersin.org 2 July 2020 | Volume 14 | Article 39

https://doi.org/10.3390/jcm8060768
https://doi.org/10.1016/j.jsat.2013.08.019
https://doi.org/10.1073/pnas.85.14.5274
https://doi.org/10.1126/science.1077349
https://doi.org/10.1016/j.eurpsy.2016.11.001
https://doi.org/10.1111/nyas.12479
https://www.frontiersin.org/journals/neural-circuits
https://www.frontiersin.org
https://www.frontiersin.org/journals/neural-circuits#articles


Ou et al. Commentary: Neuromodulation in Comorbid Patients

gambling. J. Addict. Med. 9, 273–280. doi: 10.1097/ADM.00000000000

00129

Lee, R. S. C., Hoppenbrouwers, S., and Franken, I. (2019). A systematic meta-

review of impulsivity and compulsivity in addictive behaviors. Neuropsychol.

Rev. 29, 14–26. doi: 10.1007/s11065-019-09402-x

Leeman, R. F., and Potenza, M. N. (2013). A targeted review of the

neurobiology and genetics of behavioural addictions: an emerging area

of research. Can. J. Psychiatry 58, 260–273. doi: 10.1177/0706743713058

00503

Liang, Y., Wang, L., and Yuan, T. F. (2018). Targeting withdrawal symptoms

in men addicted to methamphetamine with transcranial magnetic

stimulation: a randomized clinical trial. JAMA Psychiatry 75, 1199–1201.

doi: 10.1001/jamapsychiatry.2018.2383

Lin, J., Liu, X., Li, H., Yu, L., Shen, M., Lou, Y., et al. (2019). Chronic repetitive

transcranial magnetic stimulation (rTMS) on sleeping quality and mood status

in drug dependent male inpatients during abstinence. Sleep Med. 58, 7–12.

doi: 10.1016/j.sleep.2019.01.052

Liu, T., Li, Y., Shen, Y., Liu, X., and Yuan, T. F. (2019). Gender does not matter:

add-on repetitive transcranial magnetic stimulation treatment for female

methamphetamine dependents. Prog. Neuropsychopharmacol. Biol. Psychiatry

92, 70–75. doi: 10.1016/j.pnpbp.2018.12.018

Lorains, F. K., Cowlishaw, S., and Thomas, S. A. (2011). Prevalence of

comorbid disorders in problem and pathological gambling: systematic

review and meta-analysis of population surveys. Addiction 106, 490–498.

doi: 10.1111/j.1360-0443.2010.03300.x

Mascia, P., Neugebauer, N. M., Brown, J., Bubula, N., Nesbitt, K. M.,

Kennedy, R. T., et al. (2019). Exposure to conditions of uncertainty

promotes the pursuit of amphetamine.Neuropsychopharmacology 44, 274–280.

doi: 10.1038/s41386-018-0099-4

Petry, N. M. (2001). Substance abuse, pathological gambling, and

impulsiveness. Drug Alcohol Depend. 63, 29–38. doi: 10.1016/s0376-8716000

0188-5

Petry, N. M., Stinson, F. S., and Grant, B. F. (2005). Comorbidity of DSM-

IV pathological gambling and other psychiatric disorders: results from the

National Epidemiologic Survey on alcohol and related conditions. J. Clin.

Psychiatry 66, 564–574. doi: 10.4088/jcp.v66n0504

Potenza, M. N. (2006). Should addictive disoreders include non-substance-

related conditions? Addiction 101, 142–151. doi: 10.1111/j.1360-0443.2006.0

1591.x

Rapinesi, C., Del Casale, A., Di Pietro, S., Ferri, V. R., Piacentino, D., Sani, G., et al.

(2016). Add-on high frequency deep transcranial magnetic stimulation (dTMS)

to bilateral prefrontal cortex reduces cocaine craving in patients with cocaine

use disorder. Neurosci. Lett. 629, 43–47. doi: 10.1016/j.neulet.2016.06.049

Rosenberg, O., Klein, L. D., and Dannon, P. N. (2013). Deep transcranial magnetic

stimulation for the treatment of pathological gambling. Psychiatry Res. 206,

111–113. doi: 10.1016/j.psychres.2012.09.045

Rush, B. R., Bassani, D. G., Urbanoski, K. A., and Castel, S. (2008).

Influence of co-occurring mental and substance use disorders on the

prevalence of problem gambling in Canada. Addiction 103, 1847–1856.

doi: 10.1111/j.1360-0443.2008.02338.x

Shen, Y., Cao, X., Tan, T., Shan, C., Wang, Y., Pan, J., et al. (2016). 10-Hz repetitive

transcranial magnetic stimulation of the left dorsolateral prefrontal cortex

reduces heroin cue craving in long-term addicts. Biol. Psychiatry 80, e13–e14.

doi: 10.1016/j.biopsych.2016.02.006

Terraneo, A., Leggio, L., Saladini, M., Ermani, M., Bonci, A., and Gallimberti,

L. (2016). Transcranial magnetic stimulation of dorsolateral prefrontal cortex

reduces cocaine use: a pilot study. Eur. Neuropsychopharmacol. 26, 37–44.

doi: 10.1016/j.euroneuro.2015.11.011

van Holst, R. J., van den Brink, W., Veltman, D. J., and Goudriaan, A. E.

(2010). Why gamblers fail to win: a review of cognitive and neuroimaging

findings in pathological gambling. Neurosci. Biobehav. Rev. 34, 87–107.

doi: 10.1016/j.neubiorev.2009.07.007

Volkow, N. D., Fowler, J. S., Wang, G. J., Swanson, J. M., and Telang, F.

(2007). Dopamine in drug abuse and addiction: results of imaging

studies and treatment implications. Arch. Neurol. 64, 1575–1579.

doi: 10.1001/archneur.64.11.1575

Volkow, N. D., Wise, R. A., and Baler, R. (2017). The dopamine motive system:

implications for drug and food addiction. Nat. Rev. Neurosci. 18, 741–752.

doi: 10.1038/nrn.2017.130

Yip, S. W., Worhunsky, P. D., Xu, J., Morie, K. P., Constable, R. T., Malison, R.

T., et al. (2018). Gray-matter relationships to diagnostic and transdiagnostic

features of drug and behavioral addictions. Addict. Biol. 23, 394–402.

doi: 10.1111/adb.12492

Yuan, J., Liu, W., Liang, Q., Cao, X., Lucas, M. V., and Yuan, T. F. (2020).

Effect of low-frequency repetitive transcranial magnetic stimulation

on impulse inhibition in abstinent patients with methamphetamine

addiction: a randomized clinical trial. JAMA Netw. Open 3:e200910.

doi: 10.1001/jamanetworkopen.2020.0910

Zack, M. (2016). 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. 9, 867–875. doi: 10.1016/j.brs.2016.06.003

Zack, M., and Poulos, C. X. (2004). Amphetamine primes motivation to

gamble and gambling-related semantic networks in problem gamblers.

Neuropsychopharmacology 29, 195–207. doi: 10.1038/sj.npp.1300333

Zald, D. H., Boileau, I., El-Dearedy, W., Gunn, R., McGlone, F.,

Dichter, G. S., et al. (2004). Dopamine transmission in the human

striatum during monetary reward tasks. J. Neurosci. 24, 4105–4112.

doi: 10.1523/JNEUROSCI.4643-03.2004

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Ou, Zhang and He. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neural Circuits | www.frontiersin.org 3 July 2020 | Volume 14 | Article 39

https://doi.org/10.1097/ADM.0000000000000129
https://doi.org/10.1007/s11065-019-09402-x
https://doi.org/10.1177/070674371305800503
https://doi.org/10.1001/jamapsychiatry.2018.2383
https://doi.org/10.1016/j.sleep.2019.01.052
https://doi.org/10.1016/j.pnpbp.2018.12.018
https://doi.org/10.1111/j.1360-0443.2010.03300.x
https://doi.org/10.1038/s41386-018-0099-4
https://doi.org/10.1016/s0376-87160000188-5
https://doi.org/10.4088/jcp.v66n0504
https://doi.org/10.1111/j.1360-0443.2006.01591.x
https://doi.org/10.1016/j.neulet.2016.06.049
https://doi.org/10.1016/j.psychres.2012.09.045
https://doi.org/10.1111/j.1360-0443.2008.02338.x
https://doi.org/10.1016/j.biopsych.2016.02.006
https://doi.org/10.1016/j.euroneuro.2015.11.011
https://doi.org/10.1016/j.neubiorev.2009.07.007
https://doi.org/10.1001/archneur.64.11.1575
https://doi.org/10.1038/nrn.2017.130
https://doi.org/10.1111/adb.12492
https://doi.org/10.1001/jamanetworkopen.2020.0910
https://doi.org/10.1016/j.brs.2016.06.003
https://doi.org/10.1038/sj.npp.1300333
https://doi.org/10.1523/JNEUROSCI.4643-03.2004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neural-circuits
https://www.frontiersin.org
https://www.frontiersin.org/journals/neural-circuits#articles

	Commentary: Clinical Improvements in Comorbid Gambling/Cocaine Use Disorder (GD/CUD) Patients Undergoing Repetitive Transcranial Magnetic Stimulation (rTMS)
	Author Contributions
	Funding
	References


