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Abstract

Schizophrenia (SZ) is a debilitating disorder, which tremendously impacts the psychological, social, and financial aspects of a patient’s life. Frequently, SZ patients
present with poor insight, which can even worsen the symptomatology. Antipsychotic medications frequently result in suboptimal outcomes, especially the ones concerning
negative and cognitive symptoms. Accordingly, new therapeutic options are warranted. Transcranial Magnetic Stimulation (TMS) has been adopted in SZ with promising
results. Continuous Theta burst stimulation (cTBS) is a particular brief and effective form of TMS. It has been successfully applied in patients with poor cognitive control
(e.g., gambling disorder patients) targeting the pre-Supplementary Motor Area (pre-SMA). Given that poor cognitive control has been regarded as a core deficit in SZ, 11
patients with SZ were included in this study and treated with cTBS for a total of 10 sessions during a two-week period. Patients were divided into two groups: patients
with a diagnosis of SZ in comorbidity with Substance Use Disorder (SZ + SUD) vs SZ. Patients were evaluated before and after treatment, assessing executive functions,
awareness, and nicotine craving. Within-group comparisons showed a significant reduction in the Scale to assess Unawareness in Mental Disorders (SUMD) scores (p <
0.05) and in the test of Fagerstrom (to assess nicotine dependence) scores (p < 0.001) before and after treatment in the SZ + SUD group. These results showed the efficacy
of cTBS for craving reduction as well as in improving awareness of the illness and of treatment. This can be considered a remarkable result since better insight has been

previously associated with an improved quality of life in SZ.
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Introduction

Schizophrenia (SZ) is a disorder characterized by positive,
negative, and cognitive symptoms [1]. Among cognitive
symptoms, poor cognitive control has been regarded as a core
deficit in SZ and is associated with clinical presentation and
poor daily functioning of people with this illness [2]. Moreover,
SZ frequently presents in comorbidity with Substance Use
Disorder (SUD) [3] and this may exacerbate cognitive and
executive function alterations [4].

The concept of schizophrenia has been partially rectified
but is an object of critique which is leading to new hypotheses
like the one by Guloksuz and Os [5] who prospected the
introduction of a psychosis spectrum disorder. In this spectrum,
a translational research approach based on empirical data [6] is
needed with the aim to redefine the concept of schizophrenia
and highlight the main features of this spectrum. In this sense,
insight could represent a key dimension of the psychosis
spectrum.

The majority of schizophrenic patients possess poor
insight, with around 70% of them with poor awareness of the
mental disorder and of the achieved effects of medication, and
80% of them with poor awareness of social consequences [7].
Poor insight in SZ has been related to worse symptomatology,
including depression comorbidity and neurocognitive deficits
[8], specifically with low executive functions [7]. Moreover,
lack of insight has been regarded as one of the main causes of
treatment nonadherence in SZ [8], strengthening the idea of
the importance of insight in the SZ clinical picture.

Pre-Supplementary Motor Area (pre-SMA) is a key node
of the cognitive and executive control network, and its neural
activity has been also related to the awareness of intentions
to act [9], and to the sense of agency [10]. In SZ, pre-SMA
volumetric abnormalities have been reported to be associated
with impaired motor sequences [11]. Moreover, abnormalities
in major mesocortical, dopaminergic connections of the pre-
SMA, namely the Medial Forebrain Bundle (MFB), have been
associated with delusions and grandiosity [12].

Antipsychotic medications, the mainstay of treatment
for schizophrenia, frequently result in suboptimal outcomes
[13] and, while helping in correcting positive symptoms
like hallucinations and delusions, little impact on the more
disabling negative and cognitive symptoms has been observed.
It is therefore imperative to examine novel therapeutic avenues
that not only target the resistant, positive symptoms but also
improve negative, cognitive symptoms of SZ and increase
insight.

Transcranial magnetic stimulation (TMS) has been adopted
in SZ with promising results, mainly targeting the DorsoLateral
Prefrontal Cortex (DLPFC) or the left temporoparietal cortex
[14]). One study also reported the effect of TMS over DLPFC
in increasing insight [15]. Theta-Burst Stimulation (TBS) is a
particular brief and effective form of TMS that can be either
inhibitory (continuous or cTBS) or excitatory (intermittent or
iTBS). TBS appears to be particularly suitable for SZ patients
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due to its brevity. Pre-SMA has been successfully targeted
with traditional TMS and TBS for impulse-control disorders
[16]. This approach has never been, however, tested in SZ.
Therefore, considering the preSMA-related cognitive control
dysfunctions in SZ [2], we hypothesized that this region could
be the target of cTBS for treating patients with SZ.

In this preliminary, naturalistic study, cTBS over pre-
SMA has been prescribed in SZ patients and SZ in comorbidity
with SUD in order to assess the cognitive profile of patients
before and after treatment, regarding executive functions and
awareness levels.

Methods
Participants

Eleven patients (5 females, mean age: 37) (Table 1) were
included in this study and divided into two groups based on
the diagnosis: SZ vs SZ + SUD. The diagnosis was based on
the criteria of the DSM-5 TR [17] assessed through clinical
interviews with a licensed clinician. Patients were all screened
to exclude the presence of dementia and personality disorders.
Patients with encephalitis, urinalysis, the prevalence of
syphilis, HIV, hepatitis, hormonal disarrange, the presence
of a risk of seizure or epilepsy, and implanted devices were
excluded. All patients were treated stably for two months with
second-generation antipsychotic treatments at an olanzapine
equivalent dosage from 5.144 mg to 15.432 mg, determined
on the basis of the work by Leucht, et al. [18]. Patients’ data
were obtained from a database of patients of the Institute
of Neuroscience (Florence, Italy). Informed consent was
obtained for each participant. Anonymity was guaranteed to all
participants and the ethical requirements of the Declaration of
Helsinki have been met.

Procedure

cTBS was administered with the MagVenture MagPro R30
stimulator with add-on Theta Burst option (MagVenture INC.)
using a Cool D-B8o figure-of-eight coil. TBS consists of bursts
of 3 pulses separated by 20 ms (i.e., 50 Hz). Stimulus intensities
were set at 80% of the Resting Motor Threshold (RMT). The
bilateral pre-SMA was targeted using a neuronavigation
system. 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.

Patients received cTBS over the pre-SMA (Figure 1) for 2
weeks (10 sessions).

Table 1: Demographical data regarding the two groups.

Group Sample size Age Gender
SZ +SUD 6 40 (11.4) 3M,3F
Sz 5 33.6(15.1) 3M,2F

Schizophrenia in comorbidity with Substance Use Disorder (SZ + SUD) vs
schizophrenia (SZ).
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Figure 1: The location of the pre-supplementary motor area (pre-SMA) and its
topographical relationship with the supplementary motor area (SMA) is depicted
on a midsagittal T1-Magnetic Resonance Imaging (MRI) view in a representative
human hemisphere. The pre-SMA is located in the mesial aspect of the hemisphere
and is constituted mainly by Brodmann areas 6 and 32. It is delimited by the
cingulate sulcus inferiorly (solid white line), the hemispheric margin superiorly
(h.m., dotted white line), a coronal plane at the genu of the corpus callosum
anteriorly (represented by a vertical dotted black line), and a coronal plane at
the anterior commissure posteriorly (represented by a vertical dotted black line
at the anterior commissure) [19-21]. Pre-SMA was the target in this study using
continuous Theta-Burst Stimulation. The callosal sulcus is shown as a dotted red
line and the paracingulate sulcus is a solid white line above the cingulate sulcus.
Image by the Center for Morphometric Analysis (Massachusetts General Hospital,
Harvard Medical School)) [22].

Assessment

Patients were assessed before and at the end of the treatment
with the Scale for the Assessment of Positive Symptoms (SAPS),
the Barkley Deficits in Executive Functioning Scale — Short
Form (BDEFS-SF), the Scale to assess Unawareness of Mental
Disorders (SUMD) and with the Test of Fagerstrom (to assess
nicotine dependence).

Statistical analysis

Depending on the distribution, assessed with the Shapiro-
Wilk test, t-test or Wilcoxon test was also used for within-
group comparison in time (pre- vs post-treatment). A two-way
ANalysis Of Variance (ANOVA) was run to assess the interaction
between groups and time. Analyses were performed with R
software. Statistical significance was set at p < .05, two-sided.
Bonferroni correction for multiple comparisons was applied.

Results

At baseline, between groups comparisons showed no
significant differences. Within-group comparisons showed
a significant difference in SUMD scores (d = 1.41; p < 0.05)
(Figure 2) and FAGE scores (d = 1.65; p < 0.001) before and after
treatment in the SZ + SUD group. No significant difference
was found between scores before and after treatment for any
measure in the SZ group, although the presence a reduction in
scores (Table 2).

ANOVA analysis showed no differences in changes during
treatment between the two groups for any measure.

Discussion

This is the first study to report data concerning cTBS
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stimulation over the pre-SMA in patients with SZ. The
main results of this preliminary study are represented by a
significant reduction in craving in the SZ + SUD group and an
improvement in awareness.

All patients in the SZ + SUD group were nicotine addicted. It
is noteworthy to highlight that, during treatment, the patients
did not participate in specific nicotine craving reduction
programs. Therefore, it was a spontaneous reduction, obtained
after treatment with c¢TBS. It is important to highlight that
reduction in nicotine assumption per day was not related to a
ponderal increase. This result appears particularly important,
considering that other studies using TMS at high frequency (20
Hz) over the DLPFC failed to reduce smoking cravings in SZ
[23]. Therefore, it can be proposed that nicotine consumption
reduction in SZ following TMS is potentially specific for
protocols of cTBS over pre-SMA.

Insight is considered a continuous and multidimensional
construct that includes awareness of having a mental illness,
awareness of the need for treatment, awareness of the social
consequences of mental disorders, awareness of symptoms,
and attribution of symptoms to a mental disorder [24-26].
Awareness represents an important component of the SZ
clinical picture [27]. Associations exist between lack of insight
and psychopathology in schizophrenia. Indeed, a higher level of
insight at baseline is significantly associated with a lower level
of schizophrenia symptoms [28]. Also, neuroimaging studies
using fMRI in patients with schizophrenia in comparison with
healthy controls have shown that impaired insight is related
to brain activation during self-reflection in the left insula, left
inferior frontal gyrus, and left inferior parietal lobule, and the
bilateral ventromedial prefrontal cortex [29]. Yu, et al. [30],

Scale to assess Unawareness in Mental Disorders (SUMD)
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Figure 2: Mean scores of the Scale to assess Unawareness in Mental Disorders

(SUMD) pre-and post-treatment with Theta Burst Stimulation in the group
Schizophrenia + Substance Use Disorder, showing a significant reduction (p < 0.05).

Table 2: Scales mean scores for each group.

SAPS BDEFS SUMD FAGE
Group
T0 T1 T0 T1 T0 T1 T0 T1
Sz 49 334 334 27.2 6 5

SZ+ SUD 36 28.2 41.8 30.8 8.5 4.67 5.67 3.17
SZ: Schizophrenia; SUD: Substance Use Disorder; SAPS: Scale for the Assessment
of Positive Symptoms; BDEFS: Barkley Deficits in Executive Functioning Scale;
SUMD: Scale to assess Unawareness of Mental Disorders; FAGE: Test of
Fagerstrom.
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found that anodal Transcranial Direct Current Stimulation over
pre-SMA effectively increased BOLD response in the pre-SMA
and ventromedial PreFrontal Cortex (vmPFC). These results
suggest that pre-SMA brain stimulation modulates the medial-
frontal activity and preSMA-vmPFC functional connectivity, a
finding that can also explain our results.

Concerning the SZ group, no statistically significant
improvements in rating scale measures have been reported,
although a reduction in percentage after treatment. In this
sense, it is necessary to consider the limited sample size.
Therefore, further studies are needed with larger sample sizes.

Two hypotheses could possibly explain the results here
reported. First, awareness improvement in SZ + SUD group is
an effect of the reduction of craving and therefore these results
emerged only in the group with comorbid nicotine addiction.
Second, SZ in comorbidity with SUD should be regarded as a
unitary disorder, with peculiar features. In this sense, it has
been hypothesized that SZ and SUD share a genetic determinant
that increases the risk of SZ and makes them more vulnerable
to substance abuse [31]. This genetic risk may lead to a
dysfunctional mesocorticolimbic brain reward circuit. Indeed,
alteration in reward-related activation was observed in the
right ventral striatum in schizophrenia, an area characterized
by functional connectivity primarily with the lateral prefrontal
cortex and the pre-SMA [32].

Limitations

As previously reported, one of the main limitations of
this study concerns the low sample size. Our results need to
be expanded, with the definition of a randomized prospective
study, as well as with the inclusion of a control group. Moreover,
we lacked information regarding the levels of nicotine in the
patients’ blood. Future studies could also shed light on the two
hypotheses here formulated.

Conclusions

In case the improvement of awareness in SZ following cTBS
will be confirmed by further evidence, they will have great
implications for SZ treatment. Indeed, SZ has been indicated
as a disorder of awareness and insight [26,33,34]. Insight is
likely to have dynamic relationships with all these dimensions
and with responses to personal events and contextual factors.
Impaired insight directly affects patients’ quality of life [35], as
well as treatment outcomes [36]. Therefore, the possibility of
increasing awareness, with its multifaceted nature, could have a
great impact in clinical settings. Moreover, we used an efficient
TMS protocol (cTBS) with the potential to induce longer-
lasting clinical effects with very short treatment sessions,
hence increasing the potential for both cost-effectiveness and
public health impact.
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