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Abstract
Gambling Disorder (GD) is a condition constituting a public health concern, with a bur-
den of harm which is much greater than that of drug addiction. Patients with GD are 
generally reluctant to pharmacologic treatment and seem to prefer nonpharmacological 
interventions. Therefore, this proof-of-concept study aimed to investigate the feasibility 
of continuous Theta Burst Stimulation (cTBS) on the pre-SMA in six patients (5 males, 
1 female), aged 30–64 years, with a DSM-5 diagnosis of Gambling Disorder and no co-
morbid mood disorders. Participants received over 10 sessions of Continuous TBS (cTBS) 
over pre-SMA bilaterally and have been evaluated using rating scales, including the PG-
YBOCS and the CGI, before treatment (T0), at day 10 of treatment (T1) and at day 30 
after treatment (T2); cTBS intervention was safe and without side effects. Since the design 
of our study does not allow us to draw conclusions on the effectiveness of the interven-
tion with respect to the improvement of the functioning of the subject with GD, a more 
in-depth study, including a sham condition, neurocognitive measures of disinhibition and 
decision making, and collecting follow-up data on the sustained effect of TBS over a 
longer period is ongoing.
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Introduction

Gambling Disorder (GD) has been recently re-classified in the DSM-5 under the “substance-
related and addictive disorders”, considering its genetic, endophenotypic, and phenotypic 
resemblances to substance dependence. GD also displays growing epidemiology: recent 
studies report adult problem gambling prevalence rates in the past 12 months ranging from 
0.5 to 3.0%, with three to four times as many people reporting subclinical problems and 
harm (Abbott, 2020). Gambling-related burden of harm has been shown in two studies to 
be approximately two-thirds to three-quarters that of major depressive disorder and alcohol 
misuse and dependence and three times that of drug dependence. Harm is predominantly 
due to financial impacts, damage to health and relationships, psychological distress and 
adverse impacts on education and work (Abbott, 2020). During the Covid-19 pandemic, 
it has been reported that the lockdown and social distancing may have exerted an impact 
even on gambling behavior, not only by increasing gambling behavior in those affected by 
this disorder but even contributing to the occurrence of new cases, with a consistent propor-
tion of business owners and unemployed individuals reported problem gambling during the 
lockdown period (Salerno & Pallanti, 2021). After over twenty years of neurobiological 
research on GD neurocircuitry, studies have found in people with GD alterations in deci-
sion-making processes (Pettorruso et al., 2019) and diminished control over behaviors, sug-
gestive of faulty inhibitory control mechanisms (Verdejo-Garcia et al., 2015). An interesting 
metanalysis conducted by Ioannidis and colleagues showed heightened impulsivity across 
a range of cognitive domains in GD (Ioannidis et al., 2019). Neuroimaging studies have 
shown relative glucose metabolic rates (rGMR) in the orbitofrontal cortex and medial fron-
tal cortex that were significantly increased at baseline in GD patients compared to normal 
controls (Hollander et al., 2008), a decrement of the rGMR in the ventral parts of the stria-
tum and thalamus, and an increment of the rGMR in the dorsal parts as compared with the 
controls (Pallanti et al., 2010). In addition, a serotonergic dysfunction in GD has also been 
reported (Pallanti, Bernardi, Allen & Hollander 2010), which was similar to that reported in 
people with Alcohol Use Disorder (Clark et al. 2019), as well as a peripheral noradrenergic 
dysfunction that could be consistent with attenuated cortico-frontal noradrenergic function 
as shown in positron emission tomography (PET) studies of GD (Pallanti, Bernardi, Allen, 
Chaplin et al. 2010). On the basis of this evidence, it also emerges that the prefrontal, orbital 
and ventromedial regions may be a possible target for treatment in GD as they contribute to 
emotional and affective regulation and cognitive control (Moccia L. et al., 2017). Unfortu-
nately, few people seek treatment for GD, and of those with GD less than 15% receive treat-
ment (Slutske, 2006), and almost none with less severe problems do (Petry, 2005). Although 
no treatment is clinically validated for GD, Cognitive Behavioral (CB) interventions have 
the greatest evidence of efficacy (Petry et al. 2017). From a pharmacological point of view, 
to date no pharmacological therapy has a formal indication or has been approved for the 
treatment of GD. Of the placebo-controlled studies, results showed that opioid antagonists 
and mood stabilizers may be helpful (Goslar et al. 2019; Potenza et al. 2019). In particular, 
lithium treatment may reduce cognitive dysfunction and symptoms in GD patients (Goslar 
et al., 2019) and topiramate may reduce clinically important impulsivity in GD (Berlin et 
al., 2013). On the other hand, by decreasing dopamine neurotransmission in the nucleus 
accumbens and the motivational neurocircuitry, opioid antagonists reduce gambling excite-
ment and craving (Victorri-Vigneau et al., 2018, Grant et al. 2006). Consequently to the 
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limited effect of the pharmacological treatment in GD more recently, circuitries-targeted 
non-invasive brain stimulation (NIBS) techniques have grasped the interest showing the 
possibility to modulate selectively brain regions associated with dysfunctions involved in 
the cycle of Gambling Disorder. Since these allow re-modulation of aberrant brain networks 
by promoting or inhibiting neural activity in specific regions and related networks, there 
has been a growing interest towards NIBS for impulsive-compulsive spectrum disorders in 
the last 15 years and, more recently, for substance use disorders (SUDs) (Stein et al., 2018; 
Ekhtiari et al., 2019). Repetitive transcranial magnetic stimulation (rTMS) emerged as the 
most employed technique to modulate both decision-making and reward networks. For 
what concerns gambling, rTMS studies mainly focused on the dorsolateral prefrontal cortex 
(DLPFC) as target, with most protocols activating the left DLPFC (Sheffer et al., 2013; Gay 
et al., 2017; Pettorruso et al., 2019; 2020). Recently, also Theta Burst Stimulation (TBS) 
has been investigated to modulate gambling reinforcement, delay discounting and stroop 
interference in GD (Zack et al., 2016). By contrast, the pre-supplementary motor area (pre-
SMA) has been scarcely investigated in rTMS trials, whereas it may represent a core region 
as target for response inhibition since previous studies reported its role in effective reduc-
tion of risky decisions and improvement of inhibitory control (Obeso 2017; Tosun 2017). 
In consideration of what has been said so far, the aim of the present study is to investigate 
the effect of continuous Theta Burst Stimulation (cTBS) on the pre-SMA as preliminary 
part of a broader investigation aiming to study the mechanism of response inhibition in GD, 
which is ongoing by the same group of researchers. The design of this study doesn’t allow 
to consider it as a clinical trial but rather as a proof of concept, which can provide interesting 
insights for subsequent research.

Participants

Six patients with a diagnosis of GD (5 males, 1 female; average age was 45.7, range 30–64) 
were consecutively admitted at the INS, that it is a well-known Research Private Center 
for its involvement in the therapy on GD and research in TMS, to receive 10 sessions of 
Continuous TBS (cTBS) over the pre-SMA bilaterally. Participants were aged 18 and over, 
had a GD diagnosis according to criteria of the DSM-5 (APA, 2013), a history of illness of 
at least 1 year and a PG-YBOCS score of 16 or above. Exclusion criteria were no actual 
comorbidity for mood disorders, the presence of a risk of seizure or epilepsy, implanted 
devices, metal in the brain, pregnancy (investigated by the TMS Safety Screening Question-
naire) and neurological disorders.

The study was design as open-label and was approved by the local ethics committee 
and, after complete description of the study to the subjects, written informed consent was 
obtained.

Procedures

All procedures used in this study were reviewed and approved through the University 
human research IRB. cTBS was administered with the MagVenture MagPro R30 stimulator 
with add-on Theta Burst option (MagVenture INC.) using a Cool D-B80 figure-of-eight coil. 
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TBS consists of bursts of 3 pulses separated by 20ms (i.e., 50 Hz), with each triplet being 
repeated every 200 ms (i.e., 5 Hz). Stimulus intensities were set at 80% of RMT. 2 trains of 
600 pulses each separated by 1 min (a total of 1200 pulses) were used. cTBS was applied 
according to established safety guidelines. The bilateral pre-SMA was targeted using indi-
vidual MRI and a neuronavigation system. Resting motor threshold (RMT) was defined as 
the minimum magnetic flux needed to elicit a threshold EMG response (50 mV in peak-to-
peak amplitude) in a resting target muscle (abductor pollicis brevis or APB) in 5/10 trials 
using single-pulse TMS administered to the contralateral primary motor area.

Baseline and Follow-up Assessments

Baseline assessments were performed before the first cTBS session. At baseline subjects 
underwent a psychiatric interview conducted by senior psychiatrists, followed by a compre-
hensive clinical interview. Diagnosis was performed using the DSM-5 criteria (APA 2013), 
the current severity of the subject’s GD symptoms was measured by the The Pathological 
Gambling version of the Yale-Brown Obsessive-Compulsive Scale (PG-YBOCS). Other 
related conditions, such as anxiety and depression, were also measured using the Hamilton 
Anxiety Scale (HAM-A), and the Hamilton Depression Scale (HAM-D). Other assessment 
tools included the Gambling Urges Questionnaire (GUQ), the Barratt Impulsiveness Scale 
(BIS-11), Sheehan Disability Scale (SDS), the Clinical Global Impression Scale (CGI) and 
the Fagerstrom Test for Nicotine Dependence (FTND). Previous and current medications 
were recorded as well. The outcome measures were repeated at day 10 of treatment (T1), at 
day 30 after treatment (T2). Additional baseline data have been obtained by interview and 
review of hospital records. Safety and tolerability were monitored by assessing each week 
adverse events and vital signs.

Outcome Measures

The primary outcome measure was the reduction of disease severity according to PG-
YBOCS (score range: 0–40). The outcome measurements were performed at baseline (T0), 
after 10 cTBS stimulations (T1) and at 30 days after the end of treatment (T2).

Our institutional review board IRB approved the study in accordance with the Helsinki 
Declarations of 1975. After a complete description of the study to the subjects, written 
informed consent was obtained.

Statistical Analysis

A Friedman test was run to determine if there were differences in PG-YBOCS and the other 
rating scales during treatment. As multiple comparisons increase the risk of a Type I error, 
pairwise comparisons were performed (SPSS Statistics) with a Bonferroni correction for 
multiple comparisons. Statistical significance was set at p > .05, two-sided.
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Results

At the baseline, the average PG-YBOCS score was 21.5 (range 18–26), average GUQ score 
was 29.8 (range 20–36), average BIS-11 score was 69 (range 59–76), average HAM-A was 
9.2 (range 1–13), average HAM-D was 5 (range 2–7), average SDT score was 18.8 (range 
12–30), average FTND score was 3 (range 0–10) and average CGI was 3.8 (range 3–5). PG-
YBOCS score was statistically significantly different at the different time points during the 
treatment intervention, χ2(2) = 10.174, p = .006 (2-sided). Post hoc analysis revealed statisti-
cally significant differences in PG-YBOCS scores between baseline and mid- (p = .03) and 
post-treatment (p = .002) but not between mid- and post-treatment (p = .386). A statistically 
significant difference also has been found in CGI scores during intervention χ2(2) = 11.474, 
p = .003 (2-sided). Post hoc analysis revealed statistically significant differences in CGI 
scores between baseline and mid- (p = .006) and post-treatment (p = .014) but not between 
mid- and post-treatment (p = .773). Conversely, no statistically significant differences have 
been found by comparing the other rating scales scores at the different time points, as shown 
in Table 1.

Table 1  Rating scales at baseline, mid- and post-treatment
Patient No. p*
1 2 3 4 5 6

PG-YBOCS TO 22 23 22 18 26 18 0.006
PG-YBOCS T1 2 5 1 8 5 7
PG-YBOCS T2 2 4 10 6 4 5
GUQ_T0 20 35 35 33 36 20 0.249
GUQ T1 10 10 27 33 38 20
GUQ T2 2 10 12 34 10 20
BIS T0 59 75 76 72 61 71 0.607
BIS T1 55 76 64 63 71 62
BIS_T2 63 69 71 62 64 69
HAMA T0 9 13 9 1 12 11 0.244
HAMA T1 7 3 8 1 6 12
HAMA T2 12 8 6 0 5 11
HAMD T0 6 7 5 2 6 4 0.717
HAMD_T1 5 3 7 1 3 6
HAMD T2 6 7 6 0 4 6
SDT T0 14 30 12 17 20 20 0.422
SDT T1 3 23 28 6 1 20
SDT T2 2 12 13 6 3 24
FTND_T0 0 0 10 3 0 5 0.223
FTND T1 0 0 10 4 0 5
FTND T2 0 0 4 3 0 5
CGI T1 4 4 4 3 5 3 0.003
CGI T2 2 2 2 2 2 2
CGI T3 2 2 3 2 2 2
*Friedman Test, p > .05, two-sided
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Discussion

The main result of this proof-of-concept trial of cTBS over the pre-SMA in six GD patients 
is the severity decrease of GD as shown by the significant reduction of the PG-YBOCS 
score during the intervention (p = .006), along with that of CGI (p = .003), indicating an 
amelioration of the whole clinical picture. Regarding the reduction in GD symptomatol-

Fig. 1  Change in PG-YBOCS and CGI score at the different time points during the treatment 
intervention
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ogy, it is to highlight that the PG-YBOCS scores declined to a non-clinical level for all six 
patients. To the best of our knowledge, compared to other treatment studies, the percentage 
of successful treatment appears to be high, and this could be partly explained by the placebo 
effect due to the open design of the study. Indeed, mediators such as the therapeutic alliance 
established by regular contacts between patients and therapists, patients` expectations to 
benefit from treatment, learning processes associated with drug stimuli (classical condition-
ing), elevated levels of motivation to change problematic behavior, or the natural recovery 
from gambling are all aspects which are extensively discussed in the literature (e.g., Finniss 
et al., 2010; Grant and Chamberlain 2017; Prochaska et al. 1992; Schedlowski et al. 2015; 
Slutske 2006). Moreover, symptom improvement may not always lead to an increase in 
quality of life, and this aspect will be evaluated with a research study with a different design. 
A six months of follow-up period after treatment cessation with no additional sessions may 
provide some insights on the treatment efficacy.

A relevant distinction of this study is the lack of dropouts (which are quite common in 
GD population undergoing treatments for the disorder) and a great tolerability of the TBS 
treatment, as no adverse effects have been reported.

The main limitations of this study consist in its open design, the small sample, the lack 
of a control arm, the short duration of the treatment protocol and the low number of pulses. 
Since neurocognitive measures of disinhibition and decision making have been positively 
associated with the severity of problem gambling and may predict relapse of disordered 
gambling (Goudriaan et al. 2008), future investigation might consider the use of multidi-
mensional measures of changes rather than global ones. Since symptom reduction does not 
equate to improved functioning of the subject and his or her quality of life, further research 
is needed to see if our study is associated with any changes in inhibitory control and deci-
sion-making abilities.

Considering all these limitations, our proof-of-concept study provides interesting results 
interesting results that are worth addressing with further research that is currently underway.

Conclusions

Gambling Disorder is a condition constituting a public health concern, as it is associated 
with detrimental consequences for affected individuals and has very high social costs. The 
design of our study does not allow us to draw conclusions on the effectiveness of the inter-
vention with respect to the improvement of the functioning of the subject with GD, but this 
objective was not set either. However, it showed that cTBS is a safe treatment without side 
effects, which in our sample of subjects was associated with a reduction in the scores of 
the scales that measure the severity of GD down to below the cut-off. It is therefore worth 
doing a more in-depth study, that will benefit from including a sham condition as a compara-
tor condition, neurocognitive measures of disinhibition and decision making, and collect 
follow-up data on the sustained effect of TBS over a longer period.
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