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Combining transcranial magnetic
stimulation with training to
Improve social cognition
Impairment in schizophrenia: a
pilot randomized controlled trial

Alessandra Vergallito!, Bianca Gramano?, Kevin La Monica?,
Luigi Giuliani®, Davide Palumbo?, Camilla Gesi? and
Sara Torriero?*

!Department of Psychology and Neuromi, University of Milano-Bicocca, Milan, Italy, 2Department of
Mental Health and Addictions, ASST Fatebenefratelli-Sacco, Milan, Italy, *Department of Psychiatry,
Universita degli Studi della Campania "Luigi Vanvitelli, Naples, Italy

Schizophrenia is a severe, chronic mental disorder that profoundly impacts
patients’ everyday lives. The illness's core features include positive and
negative symptoms and cognitive impairments. In particular, deficits in the
social cognition domain showed a tighter connection to patients’ everyday
functioning than the other symptoms. Social remediation interventions have
been developed, providing heterogeneous results considering the possibility of
generalizing the acquired improvements in patients’ daily activities. In this pilot
randomized controlled trial, we investigated the feasibility of combining fifteen
daily cognitive and social training sessions with non-invasive brain stimulation
to boost the effectiveness of the two interventions. We delivered intermittent
theta burst stimulation (iTBS) over the left dorsolateral prefrontal cortex
(DLPFC). Twenty-one patients were randomized into four groups, varying for
the assigned stimulation condition (real vs. sham iTBS) and the type of cognitive
intervention (training vs. no training). Clinical symptoms and social cognition
tests were administered at five time points, i.e., before and after the treatment,
and at three follow-ups at one, three, and six months after the treatments’
end. Preliminary data show a trend in improving the competence in managing
emotion in participants performing the training. Conversely, no differences
were found in pre and post-treatment scores for emotion recognition, theory of
mind, and attribution of intentions scores. The iTBS intervention did not induce
additional effects on individuals' performance. The methodological approach’s
novelty and limitations of the present study are discussed.
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Background

Schizophrenia is a severe, disabling, and chronic mental disorder that affects approximately
24 million people worldwide (Institute of Health Metrics and Evaluation, 2019) and seriously
impairs individuals’ functioning and quality of life. Patients often live an isolated and
marginalized existence, with limited social contacts other than close relatives and without
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acquiring proper education, accommodation, income, and social or
working skills (Chan and Yu, 2004; Solanki et al., 2008). Over the past
two decades, cognitive impairment has become central in research
and clinical interest due to its impact on patients’ everyday lives and
activities (Sharma and Antonova, 2003; Fioravanti et al., 2012; Verma
etal,, 2012; Schaefer et al., 2013; Fervaha et al., 2014; Shmukler et al.,
2015; Green et al,, 2015a; Carbon and Correll, 2014). Among cognitive
deficits, social cognition impairment showed a tighter association with
patients’ troubles in everyday functioning than positive and negative
symptoms (Brekke et al., 2005; Schmidt et al., 2011; Green et al,
2015b; Halverson et al,, 2019). Since pharmacotherapy showed limited
effects in alleviating cognitive impairment (Kucharska-Pietura and
Mortimer, 2013; Na et al., 2015; McCleery and Nuechterlein, 2019),
researchers focused on developing new interventions to improve
patients’ social abilities.

Social cognition is a complex function that can be defined as the
set of psychological processes involved in understanding social
situations, building a narrative coherence concerning internal and
external experiences, and producing appropriate behaviors in
interpersonal situations (Harvey and Penn, 2010; Hasson-Ohayon
et al,, 2015; Green et al,, 2015a). Research on social cognition in
schizophrenia typically focused on four accepted domains: (i) Emotion
recognition, namely inferring emotions - typically from facial
expressions; (ii) Theory of Mind, namely the ability to understand
other people’s mental states; (iii) Social Perception, i.e., identifying
social contexts, roles and rules from non-verbal social cues such as
voice intonation and body language; (iv) Attributional bias, or the
ability to infer the causes of situations or behaviors [see for a recent
review (Green et al, 2019)]. Previous studies suggested that
schizophrenic patients show moderate to severe impairments in these
domains compared to demographically matched healthy individuals
(Kohler et al., 2010; Savla et al., 2013), although the first two areas
(emotion recognition and theory of mind) have been more widely
investigated than the others (Kurtz et al., 2016; Green et al,, 2019).
Social cognition impairments have been reported in individuals at risk
for developing psychosis (Shakeel et al, 2019) and first-degree
patients’ relatives (Lavoie et al.,, 2013; Martin et al., 2020). Deficits are
present at the different stages of the disease (McCleery et al., 2016),
from the prodromal phase (Green et al., 2012; Lee et al., 2015) and
first-episode (Daros et al., 2014; Healey et al., 2016; Kuharic et al,
2019), they worsen with multiple psychotic episodes (Kuharic et al.,
2019) and persist even when other symptoms improve (Green, 2016).

To improve social cognition impairment, researchers developed
several psychosocial remediation interventions, with a specific interest
in the long-term maintenance of changes and the possibility of
transferring the improvements to real-life functioning (Wylkes and
Spaulding, 2011; Bowie et al., 2020; Mucci et al., 2021). Psychosocial
interventions fall into three main categories: (i) targeted programs,
which focus on a specific domain of social cognition; (ii)
comprehensive programs, which try to target all the social cognition
components impaired in schizophrenia; (iii) integrated programs, that
combine training on nonsocial and social cognitive abilities [for recent
reviews, see (Kimoto et al., 2019; Nijman et al., 2020)]. Meta-analyses
on social cognitive interventions suggested that the treatments
improve emotion recognition and theory of mind domains; however,
the possibility of generalizing such effects in patients’ everyday lives
produced mixed results (Kurtz and Richardson, 2012; Nijman
et al., 2020).
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Over the past years, non-invasive brain stimulation (NiBS) —
stimulation (rTMS) and
transcranial direct current stimulation (tDCS) - received large

particularly transcranial magnetic

attention in the treatment of psychiatric disorders (Hyde et al., 2022),
among which schizophrenia. The rationale for applying NiBS in
mental disorders is the possibility of modifying the altered neural
plasticity by rebalancing pathological activity and maladaptive
functional connectivity within brain regions (Nitsche et al., 2012b;
Kronberg et al., 2017; Ziemann, 2017). Indeed, the two techniques act
by modulating neuronal activity by depolarizing or hyperpolarizing
specific cerebral areas, via trains of magnetic pulses in the case of
repetitive TMS (rTMS) (Hallett, 2000; Fregni and Pascual-Leone,
2007) or weak electrical currents in tDCS (Nitsche et al., 2008), with
biochemical processes that outlast the time of stimulation (Reis et al.,
2008; Cirillo et al., 2017).

International expert-panel guidelines based on meta-analyses of
available studies (Lefaucheur et al., 2020) suggested Level C (possibly
effective) recommendations for the application of low-frequency
repetitive transcranial magnetic stimulation (rTMS) over the left
temporoparietal cortex to treat auditory hallucinations and of high-
frequency rTMS over the left dorsolateral prefrontal cortex (DLPFC)
to improve negative symptoms. Previous research using NiBS to target
patients’ nonsocial cognitive impairment produced heterogeneous
results (Iimori et al., 2019; Jiang et al., 2019; Sloan et al., 2021; Goh
et al,, 2022), suggesting that effects — when traceable - are typically
confined to specific functions such as episodic-immediate memory
(Guan et al., 2020; Xiu et al., 2020; Wen et al., 2021).

Concerning the application of NiBS to modulate social cognition,
previous studies investigated such possibility in healthy and clinical
populations [see for reviews (Marini et al., 2018; Nejati et al., 2022;
Yamada et al., 2022)]. Stimulation protocols primarily focused on
prefrontal regions - especially the dorsolateral prefrontal cortex
(DLPFC) and medial prefrontal cortex (MPFC) - and the
temporoparietal junction (TPJ) (Schuwerk et al, 2014). Indeed,
processes involved in social cognition involve an extensive network of
regions encompassing prefrontal, temporoparietal, and limbic
structures [for reviews see (Green et al.,, 2015a; Arioli et al., 2018;
Kimoto et al., 2019)]. In particular, the lateral prefrontal cortex seems
to be involved in the cognitive (vs. affective) component of social
cognition, including cognitive control of emotional information
triggered by facial expressions (Zaki et al., 2010; Vanderhasselt et al,
2013a,b), mentalizing abilities (Abu-Alkel and Shamay-Tsoory, 2011),
or assuming others’ perspective (Conson et al., 2015).

In previous studies anodal tDCS over the left DLPFC improved
facial emotion recognition in healthy participants (Nitsche et al.,
2012a) and a similar effect was found in depressed patients after 20
high-frequency rTMS sessions (Tong et al., 2021). Considering
schizophrenic patients, only a few research previously applied NiBS
to target social cognition. In a first study, Rassovsky et al. (2014)
applied single pulses of TMS to investigate if patients’ impairment in
facial recognition might be due to low-level visual processing. The
authors manipulated pictures depicting facial expressions by
modifying the image spatial frequencies, and TMS pulses were
applied over the primary visual cortex before or after the stimuli
presentation in schizophrenic patients vs. healthy controls.
Participants were asked to recognize the correct emotion among
pictures depicting happy, sad, afraid, and angry expressions. Findings
confirmed patients’ general impairment in recognizing facial
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expressions compared to healthy controls. However, no differences
were found between controls and patients when considering the
manipulation of the pictures, suggesting that patients are not
impaired in low-level processing but may be compromised at a later
integrative stage.

The subsequent studies, differently from the one by Rassovsky and
colleagues, applied NiBS with an intervention purpose, namely to
modulate performance in social cognition tasks. In line with the
neural networks previously described, the stimulation protocols
targeted the DLPFC. Wolwer and colleagues (Wolwer et al., 2014)
randomized 32 patients with chronic schizophrenia in two groups
receiving 10 sessions of real or sham 10-Hz rTMS delivered over the
left DLPFC. The protocol lasted two weeks, and a facial affect
recognition task was performed at baseline and immediately after the
treatment. The authors reported that all participants improved at the
post-treatment evaluation, but the improvement was larger in the
group assigned to the real stimulation condition. In another study,
Rassovsky et al. (2015) randomized 36 patients into three tDCS
conditions, in which participants received a single session of 1 mA
anodal, cathodal, or sham tDCS. Stimulation was delivered for 20 min
(30s for the sham condition) over the bilateral DLPFC, with a
reference electrode applied over the upper right arm. The researchers
administered tasks evaluating different domains of social cognition,
namely facial emotion identification, theory of mind, social
perception, and emotional intelligence. Findings highlighted that
participants receiving anodal stimulation improved after tDCS only
in the emotion identification task. No differences were traceable for
cathodal and sham stimulation or tasks evaluating the other
components of social cognition. Finally, in a recent study Jin et al.
(2023) applied an accelerated intermittent theta burst stimulation
(iTBS) protocol over the left DLPFC. Participants received three daily
stimulation sessions (1,800 pulses), with an interval of 15 min, for four
weeks. The researchers administered a facial emotion recognition task
and a theory of mind verbal task and evaluated clinical symptoms
before and after the treatment. Results highlighted that the group
receiving real iTBS improved after treatment in the social cognitive
domains and negative symptoms compared to the sham iTBS group.

Taken together, the studies using NiBS to improve nonsocial and
social cognition functions suggested the feasibility of this approach.
However, two main limitations emerged from the literature review.
First, previous works applied the stimulation at resting state without
time-locking stimulation with behavioral or cognitive tasks engaging
the same neural network. Over the past years, however, experimental
neuroscience provided compelling evidence on the state-dependency
of NiBS effects (Silvanto et al., 2008; Pisoni et al., 2018; Borgomaneri
etal, 2020; Sack et al., 2023; Vergallito et al., 2023b); therefore, the
possibility of combining psychological, cognitive, or behavioral
interventions with time-locked brain stimulation seems to be a
promising approach to boost through NiBS the spontaneous
neuroplastic changes induced by the training per se and rebalancing
pathological brain activity and connectivity patterns (Sathappan et al.,
2019; Gainsford et al., 2020; Dedoncker et al., 2021; Vergallito et al,,
2021; Tatti et al., 2022). A second limitation concerns the lack of
follow-up evaluations. Indeed, only a few studies investigated rTMS
effects at longer intervals than the post-intervention time point (Li
et al,, 2016; Francis et al., 2019; Xiu et al., 2020; Voineskos et al., 2021;
Du et al, 2022). Interestingly, some of these studies provided
preliminary evidence concerning stimulation-delayed effects that were
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traceable at follow-ups but not immediately after the end of the
stimulation protocol (Freitas et al., 2009; Li et al., 2016; Xiu et al., 2020;
Du et al., 2022).

Aims of the present study

The present study is a pilot randomized controlled trial, in which
we used iTBS as a primer aiming to augment the effect of
individualized training in nonsocial and social cognition domains in
schizophrenic patients. Participants were randomized in four groups,
in which they received real vs. sham iTBS combined (or not) with
the training.

The choice of stimulating the left DLPFC is based on the
previously reviewed literature suggesting improvements in emotion
recognition (Nitsche et al., 2012a; Wolwer et al., 2014; Tong et al.,
2021; Jin et al., 2023), although the mechanisms underlying this effect
remain largely unknown (Jin et al., 2023). It is possible that iTBS (or
‘excitatory’ NiBS protocols) increases the activity and metabolism of
the left DLPFC, which are reduced in schizophrenic patients [see for
a review (Smucny et al., 2022)], and improves its connectivity with
other regions involved in social cognition, among which the
frontoparietal network (Schurz et al., 2020), which has been shown to
be impaired in this population (Deserno et al., 2012; Fryer et al., 2015;
Curci¢-Blake et al., 2022). Indeed, while brain stimulation has been
initially considered as primarily affecting the stimulated region, it is
now clear that it can also influence remote brain areas interconnected
with the stimulation site (Ruff et al., 2009; Romero Lauro et al,, 2014,
2016; Pisoni et al., 2018; Beynel et al., 2020).

In the present study iTBS was selected since it requires a shorter
time of stimulation compared to high frequency rTMS protocols
(3min vs. 20-40 min) (Suppa et al., 2016) and it seems to induce long
lasting effects, up to 60 min (Wischnewski and Schutter, 2015), that
could cover the time required for our training.

Clinical symptoms, functional scales, and nonsocial and social
cognition tasks were assessed at baseline and after the treatment, plus
in three follow-ups at one, three, and six months after the
treatment ended.

In the present work, we present the methodological approach and
preliminary data on social cognition measures, whereas iTBS’s impact
on clinical symptoms and nonsocial cognitive functions is presented
in another work (Vergallito et al., 2023a).

Materials and methods
Participants

One hundred eligible patients from the outpatient facilities of the
ASST Fatebenefratelli-Sacco and Fondazione IRCCS San Gerardo dei
Tintori were invited to participate in the project between July 2020
and July 2023. In the original proposal, we foresaw collecting at least
40 patients (10 per group), but it was impossible due to the COVID-19
pandemic waves and the high rate of patients declining to participate
(see Figure 1).

Twenty-one participants (16 males, mean age=35.2, SD=+ 10.8,
mean illness duration years= 10, SD=8.8) completed the three-week
intervention. Inclusion criteria were: (i) age between 18 and 60; (ii) a
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FIGURE 1

The CONSORT flowchart (Schulz et al.,, 2010) includes the number of participants in each group and phase.

diagnosis falling into the schizophrenia spectrum according to the
Diagnostic and Statistical Manual of Mental Disorders, fifth edition
(DSM-5) criteria; (iii) stable on medication for at least 3 months.
Exclusion criteria were: (i) contraindications to TMS (neurological
disorders, pregnancy, pacemaker); (ii) substance dependency within
the previous six months; (iii) inability to provide informed consent.
All participants gave written informed consent before the study
procedure. The local ethics committee approved the study (2018/
ST/081), and participants were treated following the Declaration
of Helsinki.

Table 1 summarizes participants demographic and baseline
clinical features.

The pharmacological treatments were in adequate and stable
doses (at least three months before protocol inclusion) and were
maintained throughout the study. Therapies included antipsychotics
(n=19), antidepressants (n=19), mood stabilizers (n=6), anti-
epileptics (n="7), and benzodiazepines (n=7).

Standardized tasks investigating abilities of
social cognition

- The Mayer-Salovey-Caruso Emotional Intelligence Test -
Managing Emotions (MSCEIT-ME) (Mayer, 2002) is a social
cognition subtest included in the MATRICS Consensus
Cognitive Battery (MCCB) (Kern et al., 2008; Nuechterlein
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et al, 2008), which measures emotional intelligence and
specifically the ability to manage and regulate own and others
emotions. The test branch consists of eight written stories,
each presenting three different solutions, whose effectiveness
had to be evaluated by participants. The T-score of
MSCEIT-ME from MCCB was used for analyses, where higher
scores indicate higher emotional intelligence.

- The Facial Emotion Identification Task (FEIT) (Kerr and Neale,
1993) was administered to evaluate the emotion recognition
domain. The FEIT includes 58 pictures of faces depicting one out
of six different emotions (happiness, sadness, anger, surprise,
disgust, fear) or a neutral expression. Participants see one picture
at a time for 15s and make a forced choice to select the proper
emotion. The test score comprises the total number of trials
correctly identified by participants.

- The Awareness of Social Inference Test (TASIT) (McDonald
et al., 2003) investigates the Theory of Mind (ToM) abilities
through videotaped vignettes representing everyday social
interactions. In the present experiment, we administered only the
third section of the TASIT, namely the Social Inference-Enriched
test (SI-E) (Ludwig et al., 2017). TASIT SI-E includes 16 vignettes
in which participants receive information about events occurring
before or after the represented dialog that help contextualize
characters’ interaction. Specifically, the test investigates the
comprehension of lie and sarcasm. Higher scores on this task
indicate higher theory of mind skills.
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TABLE 1 Summarizes the baseline demographic and clinical characteristics of included participants.

Variable iTBS (N=7) iTBS + Training (N = 6) Sham (N = 3) Sham + Training (N = 5)
Demographic

Gender (F/M) 2/5 1/5 2/1 0/5
Age 38.3+11.2 36.3+13.8 32.3+8.3 31.2+8.9
Education 12.3+1.9 12.2+2.0 123+1.2 11.4+2.1
Tllness duration (years) 11.1+£10.7 13.3+11.0 4.7+0.6 7.6+£4.3
Diagnosis

Schizophrenia 5 4 2 3
Schizoaffective disorder 1 1 1 1
Psychotic disorder NOS 1 1 - 1
Clinical measures

PANSS 62.6+£22.7 71.0+£24.8 70.3+6.5 53.6+8.0
BNSS 25+19.7 30£22.7 24.7+11.9 18.6+8.0
CDSS 53+£5.0 6.2+3.4 8.0+5.3 44+1.1
CGI 3.6+15 38+1.5 3.7+0.6 2.8+0.8
SLOF 185+24.5 166.5+36.1 165.3+27.2 193.2+15.7
WHOQOL “quality” - item G1 3.16%£1.5 38+1.0 3.7+£0.6 3.8+0.4

Notes: BNSS = Brief Negative Symptom Scale, CDSS = Calgary Depression Scale for Schizophrenia, iTBS = intermittent theta burst stimulation, CGI = Clinical Global Impression, NOS = Not
Otherwise Specified, PANSS = Positive and Negative Syndrome Scale, SLOF = Specific Level of Functioning, WHOQOL = World Health Organization Quality of Life Assessment.

- The Ambiguous Intentions Hostility Questionnaire (ATHQ) 1 indicates the absence of symptoms, and 7 indicates extremely

(Combs et al, 2007) is a self-administered questionnaire
comprising 15 written stories describing negative social
actions performed by others. The vignettes differ according to
the clarity of individuals’ reasons and, specifically, whether the
events occur accidentally, intentionally, or ambiguously (five
for each possible scenario). After each scene, participants have
to complete three anchored questions concerning the agent’s
intention and blameworthiness and participants’ anger. In
response to each vignette, the self-report total score (blame
score) was totaled. Higher scores in this task indicate the
tendency to interpret as hostile others’ intentions. A subscale
including only mean scores of ambiguous situations (AIHQ_
AMB) was computed.

Standardized clinical scales

- The Positive and Negative Syndrome Scale (PANSS) (Kay et al.,
1987) assesses illness severity. PANSS includes a 30-item scale
investigating three major dimensions, namely positive symptoms
(7 items examining delusions, hallucinations, conceptual
disorganization,  grandiosity,  suspiciousness/persecution,
hostility), negative symptoms (7 items measuring blunted affect,
emotional withdrawal, poor rapport, passive/apathetic social
withdrawal, difficulty in abstract thinking, lack of spontaneity
and flow of conversation, stereotyped thinking) and general
psychopathology (16 items investigating somatic concern, anxiety,
guilt feelings, tension, mannerisms and posturing, depression,
motor retardation, uncooperativeness, unusual thought content,
disorientation, poor attention, lack of judgment and insight,
disturbance of volition, poor impulse control, preoccupation, and

active social avoidance). Items are on a 7-point Likert scale where
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severe symptoms.

The Italian version of the Brief Negative Symptom Scale (BNSS)
(Kirkpatrick et al., 2011; Mucci et al., 2015) was used to assess
negative symptoms. The scale measures the five domains
indicated by the NIMH Consensus Development Conference
(Kirkpatrick et al., 2006) as essential parts of the negative
dimension, namely affective flattening, alogia, anhedonia,
avolition, and asociality, allowing the assessment of the two
principal dimensions of motivation/pleasure and emotional
expressivity. Higher scores in this questionnaire indicate higher
negative symptoms.

The Calgary Depression Scale for Schizophrenia (CDSS)
(Addington et al., 1993) was administered to assess the level of
depression. The scale has been developed to measure depression
in schizophrenic patients and includes nine clinician-rated items.
Higher scores on this scale indicate higher depressive symptoms.
The Clinical Global Impression (CGI) (Guy, 1976), completed by the
clinician, was used to assess the current severity of illness on a 7-point
Likert scale, where higher rates represent high-severity illness.

The Specific Level of Functioning (SLOF) (Schneider and
Struening, 1983; Mucci et al., 2014) was adopted to measure the
patients’ functioning. Informed caregivers or care workers
completed the scale based on observing the patient’s behavior
and functioning in different domains: self-care, social functioning
and community abilities.

The World Health Organization Quality of Life Assessment
(WHOQOL-BREF) (Group, 1998) was administered to measure
patients’ perceived quality of life. This self-administered
questionnaire includes 26 items that measure satisfaction in 4
life domains: physical health, psychological, social relationships,
and environmental. Higher scores indicate a greater perceived
quality of life.
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TMS parameters

Stimulation was administered using a Magstim Rapid2 magnetic
biphasic stimulator connected to a 70-mm diameter figure-of-eight
coil (Magstim Company, Whitland, United Kingdom).

In each stimulation session, TMS was delivered following the iTBS
pattern described by Huang et al. (2005), a protocol that rapidly
induces a long-term potentiation process similar to synaptic plasticity
(Huang et al., 2005; Rossini and Rossi, 2007), consisting of 2's trains
of TBS (3 TMS pulses delivered at 50 Hz repeated every 200 ms)
delivered every 10s (2s stimulation and 8 of intertrial interval).

Participants received 20 iTBS trains, for a total of 600 pulses per
session (1905s). Stimulation intensity (M =41.2, SD=5.7) was set at
100% of active motor threshold (AMT), which is defined as the lowest
intensity of the stimulator output inducing motor evoked potentials
(MEPs) with an amplitude of at least 100 1V in the contralateral first
dorsal interosseous muscle, with a 50% of probability during an
isometric contraction of ~10-20% of the maximum voluntary
contraction of the muscle (Rossini et al., 1994). During the iTBS, the
coil was positioned over the left DLPFC (F3 according to the 10-20
EEG system) and constantly monitored using the Softaxic
neuronavigation system (Version 3) (EMS, Bologna, Italy) combined
with a Polaris Vicra infrared camera (NDI, Waterloo, Canada), to
ensure consistency of coil placement across days. Real iTBS was
applied using a figure-of-eight coil held tangentially to the scalp with
the handle pointing posteriorly, whereas sham stimulation was applied
placing the coil at 90° from the scalp.

Participants received 15 daily sessions of real or sham stimulation
(5 consecutive working days for 3 weeks), followed or not by nonsocial
and social cognition training.

Social cognition training

The training targeting social cognition abilities always followed the
cognitive one. The cognitive training was performed individually with
the experimenter (A.V.) by using the software COGPACK (version 9.3,
Marker Software, Ladenburg, Germany), described in detail in another
work (Vergallito et al., 2023a). Materials from the Social Cognition
Individualized Activities Lab (SoCIAL) (Palumbo et al., 2017, 2022)
were used to train social cognition abilities. The Emotion recognition
module was administered in the first seven sessions. The module aimed
to improve individuals’ abilities in discriminating between different
emotional states by employing static pictures depicting facial emotional
expressions and videos representing dynamic situations. The pictures
presented basic emotions (anger, fear, happiness, surprise, sadness,
disgust) at different intensities so that some faces were more ambiguous
than others. The aim of showing pictures was to train (or teach)
participants to recognize facial details to improve their ability to detect
emotions. Moreover, videos representing emotions allowed patients to
recognize and integrate micro-expressions, prosody, and gestures in a
dynamic situation, with actors representing different emotions and to
different degrees along the videos.

The ToM Module was administered in the following 8 sessions.
In this module, participants saw 16 videos in which they learned to
identify social and contextual cues to understand the mental state of
actors. Specifically, videos were coupled with identical or similar
scripts. One version of each video had a literal meaning, while the
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other included social cues (e.g., gestures, voice intonation) conveying
a nonliteral meaning, for example, sarcasm, disappointment, and so
on. For each video, previously prepared questions were used to
prompt the discussion.

Procedure

Once they accepted to participate in the study, patients were
submitted to a baseline evaluation, including neuropsychological and
clinical batteries. The evaluation was performed by a trained
psychotherapist with neuropsychological expertise (S.T.). It was
scheduled in two sessions to avoid the fatigability of patients: in the
first session, clinical scales and social cognition tests were
administered, while the second session was dedicated to the cognitive
assessment through the MCCB. The week after the baseline evaluation,
participants started a three-week treatment. They were randomly
assigned to 4 different groups, receiving real or sham iTBS combined
or not with the cognitive and social training (groups: iTBS + training;
sham iTBS + training; iTBS - no training; sham iTBS - no training).
Randomization was done by using the RAND function in Excel
(numbers 1-4 each representing an experimental condition) on the
foreseen sample (n=40). Since the sample was not completed, the
groups’ sizes show some differences, with one group (sham iTBS - no
training) with a smaller sample size than the others.

The study was single-blind: participants were inevitably aware
whether they were allocated to the group receiving the training or not,
but they did not know whether they were assigned to the group
receiving real or sham stimulation. The experimenters involved in
patients’ evaluations and training were not blind. Participants were not
informed about the stimulation condition, which was directly
communicated to the experimenter administering the iTBS protocol.
The included patients did not experience TMS before their
participation in the study.

All scales completed at baseline (T0) were then repeated at the end
of the treatment (T1) and at three follow-ups at one, three, and six
months after treatment’s end (T2, T3, T4). When available (i.e., FEIT
and TASIT), social cognition tasks were administered alternating two
parallel forms across time intervals.

Primary and secondary endpoints

The primary aim of our study was to investigate whether a
multimodal approach combining iTBS and training (iTBS + training)
could improve social cognition abilities, compared to the other
experimental conditions in which participants received only iTBS
(iTBS - no training), training (sham iTBS + training) or no
intervention (sham iTBS - no training). The primary endpoints,
therefore, included pre-post scores at MSCEIT-ME, FEIT, TASIT, and
ATHQ tests.

Our secondary aim was to explore the durability of stimulation
effects, investigating possible delayed effects at one, three, and six
months after the end of the treatment. Moreover, baseline correlations
between clinical and functional measures and social cognition abilities
were explored. To avoid redundancy, we will present primary and
secondary endpoints together for the same outcome measures, and
correlation analyses will be presented in a separate section.
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Statistical analysis

Data were analyzed in the statistical programming environment
R (R Core Team, 2023). The datasets and the script generated for the
analyses are publicly available at https://osf.io/d5aeb/. Scores from the
different social cognition tasks were analyzed using linear mixed-
effects models (Baayen et al., 2008; Muth et al., 2016), fitted using the
LMER function of the Ime4 R package (Bates et al., 2015).

Considering the primary endpoint, the predictors” time (2 levels:
before vs. after treatment), group (2 levels: iTBS vs. sham iTBS),
training (2 levels: training vs. no training), and their interaction were
entered in the full model as fixed factors. Considering analyses
including follow-up scores, the only difference concerned the variable
time (5 levels: before vs. after treatment, one, three, and six months
after treatment end). The by-subject random intercept was included
to account for individuals’ variability. The inclusion of predictors in
the final models has been tested with a series of likelihood ratio tests
(LRT) by progressively removing parameters that did not significantly
improve the overall model goodness of fit (Gelman and Hill, 2006).
Details on the
Supplementary materials (Section A).

model selection are available in the
Post-hoc analyses were
performed for significant interactions using the testInteractions
function of the phia package (De Rosario-Martinez et al., 2015). The
package ggplot2 (Wickham, 2011) was used for data visualization.
Correlations were run to investigate specific relationships among
clinical symptoms, functioning scales, and social cognition variables
at baseline. Pearson correlation coefficients and two-tailed
probabilities applying Bonferroni correction were computed. The
correlation matrix was plotted using the corrplot package (Wei

etal., 2017).

Results
Regression analysis

One participant assigned to the group iTBS + training performed
only the MSCEIT-ME task instead of the complete social cognition
evaluation due to his high fatigability. The same occurred for two
other participants at follow-ups (T4 for a participant assigned to the
iTBS - no training group; T3 for a participant assigned to the sham
iTBS + training group). Participants that dropped-out at follow-ups
are reported in Figure 1.

Considering the MSCEIT-ME score, the best-fitting model
included a trend in the interaction between training and time
%24y =3.2, p =0.072). Post-hoc analyses highlighted that only
participants assigned to the group receiving the training improved
after treatment (p =0.009), while no differences were found in the
no-training group (p =1). Crucially, the two groups did not differ at
baseline (p =0.919). The interaction, however, disappeared when
adding the three follow-up measures (all ps >0.170) (see Figure 2).

Considering the FEIT scores, the best-fitting model included the
three-way interaction between stimulation, training, and group
(a) =3.8, p =0.050). Post-hoc analysis highlighted that the group
receiving sham stimulation with no training improved at the post-
treatment evaluation (p =0.007). Such an effect may be probably due to
the worst performance of a participant at TO in this group, as
highlighted by Supplementary Figure S1 (Supplementary materials),
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which represents individual trends. The other comparisons were not
significant (p >0.193). Such an effect was not confirmed when follow-up
measurements were added to the analysis. In this case, a trend toward
significance suggested the inclusion of time (y*) =8.4, p =0.077), where
the evaluation at T2 showed a trend toward improvement compared to
the baseline (p =0.071), probably as an effect of the task repetition since
the assessment was repeated in a shorter time (every month) up to T2
and then with longer time intervals (see Figure 3).

Considering the TASIT, ATHQ, and AIHQ_AMB scores, the null
models were the best-fitting ones, not including fixed factors when
measuring  pre-post or follow-up measurements. The
Supplementary materials (Section B) report the graphical presentation

of non-significant effects.

Correlation analysis

Correlations at baseline highlighted interesting results among
clinical scales and social cognition variables. The strong correlation
between age and illness duration was expected. More interestingly, the
illness duration positively correlated with CGI and negatively with the
functioning scale. Considering the correlations between the clinical
variables, the positive symptoms measured from the PANSS were
positively correlated with the general psychopathological scale,
negative symptoms measured through the BNSS, and CGI. The
negative symptoms measured at PANSS were positively correlated
with the general psychopathological scale and CGI. General
psychopathology from PANSS correlated with depressive symptoms
and CGIJ, and negative symptoms measured at BNSS correlated with
the CGI. Considering the impact of clinical symptoms on patients,
only scores at general psychopathology and depressive symptoms were
negatively correlated with the reported quality of life and psychological
well-being. Conversely, the functioning scores rated by caregivers were
negatively correlated with all clinical scales except for depression.

As the main focus of the present work, correlations between task
performance and clinical and functioning variables highlighted
significant patterns. Specifically, scores at all tasks except for the
attributional bias were positively correlated with the functioning
scores and negatively with the negative symptoms measured through
the PANSS. Moreover, emotional intelligence scores negatively
correlated with negative symptoms measured through the BNSS and
CGI. FEIT and TASIT were positively correlated. Scores at the
ambiguous conditions in attributional bias were positively correlated
with positive symptoms and general psychopathology measured
through the PANSS and negative symptoms measured through the
BNSS and negatively with the quality-of-life scales. Figure 4 represents
the correlation matrix. Details on the statistical values of correlations
(r) are available in the Supplementary materials (Section A).

Discussion

In the present study, we ran a pilot randomized controlled trial to
investigate the possibility of increasing the effect of a cognitive and
social cognitive training through iTBS in schizophrenic patients.
Participants were randomized into four groups, varying according to
the stimulation condition (real vs. sham iTBS) and the behavioral
intervention (no training vs. training). The protocol included 15
sessions of daily neuro-navigated iTBS, combined - or not — with
50-min individualized training, including a first 30 min that addressed
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the nonsocial cognitive functions (attention, verbal and visual
learning, processing speed, executive functions) and 20 min of social
cognition training. For the cognitive training, which is described in
detail elsewhere (Vergallito et al., 20232), we used individually targeted
exercises from the Cogpack software. For the social cognitive training,
we used materials from the SOCIAL in an individual setting (Palumbo
et al, 2017, 2022). The social cognition training included a first
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module, in which we trained participants to recognize emotions from
static facial pictures and short video clips. The second module
included videos of everyday situations in which contextual cues (e.g.,
gesture and voice intonation) were crucial to understanding literal vs.
nonliteral meanings of the scenes.

The clinical scales and tasks used to investigate social cognition
domains were administered at five different time points, namely
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before and after treatment and at three follow-ups, namely one, three,
and six months after the treatment end.

The novelty of our methodological approach consisted of applying
a multimodal intervention, time-locking iTBS with personalized
cognitive training to investigate the possibility of promoting a
synergistic effect between a primer effect induced by the stimulation
with the cognitive intervention. The few previous studies using NiBS
to improve social cognition in schizophrenia, indeed, applied tDCS or
rTMS as stand-alone interventions (Wolwer et al.,, 2014; Jin et al.,
2023). However, it is well-established that NiBS effects are state-
dependent and interact with the state of the network targeted by the
stimulation, thus influencing brain activity and behavioral outcomes
and possibly reducing interindividual differences (Luber and Lisanby,
2014; Romei et al., 2016; Sathappan et al., 2019; Vergallito et al., 2022;
Sack et al., 2023; Vergallito et al., 2023b).

From the evidence described so far, our hypothesis was to find a
general improvement in the groups receiving the training, possibly
boosted in terms of effect size and duration in the group receiving the
real iTBS protocol. Unfortunately, as previously reported, the whole
data collection was not completed; therefore, the preliminary data
presented and discussed here have a mere descriptive value and should
be cautiously considered.
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A first observation that deserves attention is the huge number of
patients declining to participate in the study, which concerned more
than 70% of the eligible patients. The main reasons for declining the
treatment were related to the lack of illness insight, so that no further
treatment was considered necessary, or to the feeling that protocol was
too demanding. The foresight to offer transport facilities or benefits
for participation in the study failed to incentivize enrollment.
Interestingly, only one participant dropped out of the study after the
first appointment, while the others completed the three-week protocol.
The difficulty of engaging schizophrenic patients in trials is well-
known (Beebe et al., 2005); indeed, it has been reported that
schizophrenic patients are more likely to refuse to participate in
research projects compared to patients with another psychiatric
diagnosis (Carr and Whittenbaugh, 1968; Schubert et al., 1984),
possibly due to the presence of negative symptoms, among which
avolition, that is considered the most critical target of the treatment
(Strauss et al., 2021).

Considering the primary endpoint of our study, namely changes
induced by the intervention immediately after the treatment, we found
a trend toward improvement in the MSCEIT-ME, which was specific
for participants receiving the training. Emotional intelligence, here
referred to the competence in managing emotions, was the only ability
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improved by the training since no differences were found in pre and
post-treatment scores for facial expression recognition, ToM, and
attribution of intentions. This pattern of results was unexpected since
our training mostly focused on emotion recognition and ToM,
whereas MSCEIT-ME measures patients’ cognitive abilities related to
reasoning and problem-solving in regulating their own and other
emotions (Mayer et al., 1999, 2008). Previous studies suggested that
emotional intelligence and ToM abilities are conceptually linked but
distinct domains (Blair, 2002). ToM requires inferring other people’s
mental states in others — and not only the emotional state; conversely,
emotional intelligence includes self-esteem, motivation, and
regulation of own emotions, aspects which are unrelated to ToM
(Ferguson and Austin, 2010). Results slightly changed when the
follow-up measurements were added to the analyses, evidencing that
the trend reported in emotional intelligence scores disappeared.

The lack of effect of social cognition training is not consistent with
previous meta-analyses evaluating the effectiveness of similar
interventions, which typically suggested an improvement, at least on
emotion recognition and ToM (Grant et al., 2017; Kimoto et al., 2019;
Nijman et al., 2020). However, most of the reviewed studies included
one or two weekly sessions, with a total duration of about 20 sessions.
Unlike these studies, our protocol was “intensive” and took place every
day for three weeks. Different results in our protocol may be due to
the closer sessions that prevented participants from retaining the
acquired knowledge and putting it into practice. It is worth noting that
the SoCIAL intervention also provided preliminary but effective
results in improving social cognition abilities (Palumbo et al., 2017).
However, our training had at least two main differences with the
SoCIAL protocol. The first concerns the already mentioned timing
and duration of the intervention. The second - and possibly even
more crucial - difference is that we did not apply the module for
narrative enhancement included in the SoCIAL training, which aims
at improving patients’ metacognition, i.e., the ability to understand
and reason on own mental states, emotions, and thought processes.
Applying the narrative enhancement module, in addition to emotion
recognition-ToM sections and the cognitive training, would have
requested longer training duration, unfitting with the time-locked
brain stimulation (Wischnewski and Schutter, 2015) and patients’
attentive resources. However, we acknowledge the importance of
boosting metacognition to generalize the treatment benefits to
patients’ everyday lives, and future research should carefully consider
implementing its training.

Considering brain stimulation, we did not find an effect of the
iTBS intervention on individuals’ performance as a standalone
treatment nor combined with the training. It is possible that the
activation induced by our iTBS protocol did not totally fit with the
neural underpinnings involved in the trained abilities. Previous
studies that applied stimulation over the left DLPFC reported
improved emotion recognition in schizophrenia and major depressive
disorder (Wolwer et al., 2014; Rassovsky et al., 2015; Brennan et al.,
2017). Moreover, a previous sham-controlled study on healthy
participants (Tik et al., 2017) suggested that high-frequency rTMS
delivered over the left DLPFC increased connectivity in a
frontoparietal network, including the DLPFC, the inferior frontal and
dorsomedial prefrontal cortices, the dorsal cingulate cortex, the
inferior parietal lobule, and the posterior temporal lobes. The
frontoparietal network has been suggested to be impaired in
schizophrenic patients compared to healthy controls (Deserno et al.,
2012; Fryer et al,, 2015; Curci¢-Blake et al,, 2022) and is involved in
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social cognition abilities (Green et al., 2015a; Arioli et al., 2018;
Kimoto et al, 2019). Therefore, by stimulating the left DLPFC,
we expected to improve its activity and connectivity with a more
extended network of regions, and, in turn, modulating performance
in social cognitive tasks.

We did not find effects or even trends pointing in this direction. It
is possible that a different network is more directly involved in social
cognition. For example, individuals judging other’s emotions (vs. a
control condition such as physical judgements) recruited an extended
network including the MPFC, TP], superior temporal sulcus (STS),
precuneus, and temporal poles (Gallagher et al., 2000; Saxe et al., 2004;
Dodell-Feder et al., 2011; Schneider et al., 2014; Naughtin et al., 2017).
The right TPJ, in particular, seems to be a core hub of this network,
involved across several ToM tasks (Saxe, 2009; Saxe and Kanwisher,
2013; Schurz et al., 2014; Boccadoro et al., 2019; Filmer et al., 2019).
Furthermore, we do not exclude that more intensive protocols (for
example accelerated paradigms) or a larger number of sessions
are necessary to observe changes at the brain and, in turn, at the
behavioral level.

The correlation analyses highlighted some interesting patterns.
Besides correlations between the clinical scales, all the social cognition
tasks were positively correlated with the functioning scores, namely, the
higher the social cognition abilities, the higher the patients’ functioning
as rated by the caregivers. Conversely, the nonsocial cognitive scores
measured through the MCCB did not correlate with any of the clinical
variables or performance at social cognitive tasks. These findings are in
line with the large body of evidence suggesting that social cognition
abilities have a closer link with real-life patients functioning than
nonsocial abilities (Brekke et al., 2005; Schmidt et al., 2011; Green et al.,
2015b; Halverson et al., 2019; Mucci et al., 2021). Scores at the
ambiguous items in the attributional bias task were positively correlated
with positive and general psychopathology scores at PANSS and
negative symptoms at BNSS, suggesting that more hostile bias
attribution was present in participants with higher clinical symptoms.
Moreover, higher scores in attributional bias were negatively correlated
with the reported psychological well-being and quality of life. Negative
symptoms, instead, were negatively correlated with performance in all
tasks except for attributional bias. Therefore, patients with higher
negative symptoms had lower performance in social cognition tasks.
Considering previous literature, correlations between positive
symptoms and social cognition provided inconsistent results (Peyroux
et al., 2019), with some studies reporting impairment in emotion
recognition and theory of mind in patients with higher positive
symptoms (Hall et al., 2004; Bora et al., 2009; Kohler et al., 2010; Montag
et al,, 2011), others reporting positive correlation with attributional
biases, such as attributing hostile intentions to others (Green and
Leitman, 2008). Research seems more consistent concerning negative
symptoms, which are typically associated with greater impairment in
social cognition (Briine, 2005; Sprong et al., 2007; Lincoln et al., 2011).
Considering the correlations between the administered social cognition
tasks, emotion recognition and ToM abilities were positively correlated,
while emotional intelligence and attributional bias did not correlate with
performance at the other social cognitive tasks.

Limitations of the present study

A clear limitation of the present study is the restricted number of
participants included in the analyses. Unfortunately, the COVID-19
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pandemic and the high rate of patients declining to participate in the
project prevented us from completing the foreseen sample by
respecting the funding time constraints.

Therefore, we acknowledge that the results presented here have a
mere descriptive value, and it is impossible to disentangle whether the
lack of significant results is due to the non-effectiveness of the
proposed methodology or the limited number of participants
completing the experiment.

Conclusion

We presented preliminary data from a treatment combining iTBS
with cognitive training. The study is feasible considering the possibility
of combining brain stimulation with a cognitive intervention.
Participants well tolerated the iTBS procedure without major effects
such as seizures and syncopes. The most serious threat to feasibility is
involving patients in the study, probably due to illness features and to
our methodological procedure, which was perceived as highly
demanding by participants. To overcome these issues, future studies
should consider multi-centered trials and evaluate the possibility of
using other NiBS techniques, such as tDCS, which can be easily
transported into psychiatric facilities, perhaps reducing the
experimental demand.

Data availability statement

The datasets and the script generated for the analyses are publicly
available at https://osfio/d5aeb/. The raw data supporting the
conclusions of this article will be made available by the authors,
without undue reservation.

Ethics statement

The studies involving humans were approved by Comitato Etico
Milano Area 1 ASST Fatebenefratelli Sacco. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Author contributions

AV: Formal analysis, Investigation, Methodology, Writing —
original draft. BG: Investigation, Writing — review & editing. KM:

References

Abu-Akel, A., and Shamay-Tsoory, S. (2011). Neuroanatomical and neurochemical
bases of theory of mind. Neuropsychologia 49, 2971-2984. doi: 10.1016/j.
neuropsychologia.2011.07.012

Addington, D., Addington, J., and Maticka-Tyndale, E. (1993). Assessing depression
in schizophrenia: the Calgary depression scale. Br. J. Psychiatry 163, 39-44. doi: 10.1192/
S0007125000292581

Arioli, M., Crespi, C., and Canessa, N. (2018). Social cognition through the lens of
cognitive and clinical neuroscience. Biomed. Res. Int. 2018, 1-18. doi:
10.1155/2018/4283427

Frontiers in Psychology

10.3389/fpsyg.2024.1308971

Writing - original draft. LG: Methodology, Resources, Writing -
review & editing. DP: Methodology, Resources, Writing - review &
editing. CG: Methodology, Project administration, Writing — review
& editing. ST: Conceptualization, Data curation, Funding acquisition,
Investigation, Methodology, Project administration, Writing — original
draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work was
supported by the Italian Ministry of Health, in the frame of the project
titled “Neural plasticity in schizophrenia: an integrated approach for
rehabilitation by means of TMS and cognitive remediation training”
(Grant code GR-2016-02362795).

Acknowledgments

The authors would like to thank all the clinical staff of the
Department of Mental Health and Addictions (ASST Fatebenefratelli
Sacco) and Dr. Marcatili (IRCCS San Gerardo dei Tintori) for their
contribution to recruiting patients.

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.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1308971/
full#supplementary-material

Baayen, R. H., Davidson, D. J., and Bates, D. M. (2008). Mixed-effects modeling with
crossed random effects for subjects and items. J. Mem. Lang. 59, 390-412. doi: 10.1016/j.
jml.2007.12.005

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2015). Ime4: linear mixed-effects
models using Eigen and S$4. R package version 1.1-7.

Beebe, L. H., Tian, L., Morris, N., Goodwin, A., Allen, S. S., and Kuldau, J. (2005).
Effects of exercise on mental and physical health parameters of persons with
schizophrenia. ~ Issues ~ Ment.  Health  Nurs. 26, 661-676.  doi:
10.1080/01612840590959551

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1308971
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://osf.io/d5aeb/
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1308971/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1308971/full#supplementary-material
https://doi.org/10.1016/j.neuropsychologia.2011.07.012
https://doi.org/10.1016/j.neuropsychologia.2011.07.012
https://doi.org/10.1192/S0007125000292581
https://doi.org/10.1192/S0007125000292581
https://doi.org/10.1155/2018/4283427
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1016/j.jml.2007.12.005
https://doi.org/10.1080/01612840590959551

Vergallito et al.

Beynel, L., Powers, J. P, and Appelbaum, L. G. (2020). Effects of repetitive transcranial
magnetic stimulation on resting-state connectivity: a systematic review. Neurolmage
211:116596. doi: 10.1016/j.neuroimage.2020.116596

Blair, R. J. R. (2002). “Theory of Mind, autism, and emotional intelligence,” in The
wisdom in feeling: Psychological processes in emotional intelligence, eds. L. F. Barrett and
P. Salovey (The Guilford Press), pp. 406-434.

Boccadoro, S., Cracco, E., Hudson, A. R,, Bardi, L., Nijhof, A. D., Wiersema, J. R.,
etal. (2019). Defining the neural correlates of spontaneous theory of mind (ToM): an
fMRI multi-study investigation. NeuroImage 203:116193. doi: 10.1016/j.
neuroimage.2019.116193

Bora, E., Yucel, M., and Pantelis, C. (2009). Theory of mind impairment in
schizophrenia: meta-analysis. Schizophr. Res. 109, 1-9. doi: 10.1016/j.schres.2008.12.020

Borgomaneri, S., Battaglia, S., Garofalo, S., Tortora, E, Avenanti, A., and di
Pellegrino, G. (2020). State-dependent TMS over prefrontal cortex disrupts fear-memory
reconsolidation and prevents the return of fear. Curr. Biol. 30, 3672-3679.e4. doi:
10.1016/j.cub.2020.06.091

Bowie, C. R,, Bell, M. D., Fiszdon, J. M., Johannesen, J. K., Lindenmayer, J.-P.,
McGurk, S. R., et al. (2020). Cognitive remediation for schizophrenia: an expert working
group white paper on core techniques. Schizophr. Res. 215, 49-53. doi: 10.1016/j.
schres.2019.10.047

Brekke, J., Kay, D. D,, Lee, K. S., and Green, M. E (2005). Biosocial pathways to
functional outcome in schizophrenia. Schizophr. Res. 80, 213-225. doi: 10.1016/j.
schres.2005.07.008

Brennan, S., McLoughlin, D. M., O’'Connell, R., Bogue, J., O’Connor, S., McHugh, C.,
et al. (2017). Anodal transcranial direct current stimulation of the left dorsolateral
prefrontal cortex enhances emotion recognition in depressed patients and controls. J.
Clin. Exp. Neuropsychol. 39, 384-395. doi: 10.1080/13803395.2016.1230595

Briine, M. (2005). “Theory of mind” in schizophrenia: a review of the literature.
Schizophr. Bull. 31, 21-42. doi: 10.1093/schbul/sbi002

Carbon, M., and Correll, C. U. (2014). Clinical predictors of therapeutic response to
antipsychotics in schizophrenia. Dialog. Clin. Neurosci. 16, 505-524. doi: 10.31887/
DCNS.2014.16.4/mcarbon

Carr, J. E., and Whittenbaugh, J. A. (1968). Volunteer and nonvolunteer characteristics
in an outpatient population. J. Abnorm. Psychol. 73, 16-17. doi: 10.1037/h0025437

Chan, S., and Yu, I. W. (2004). Quality of life of clients with schizophrenia. J. Adv.
Nurs. 45, 72-83. doi: 10.1046/j.1365-2648.2003.02863.x

Cirillo, G., Di Pino, G., Capone, E, Ranieri, E, Florio, L., Todisco, V., et al. (2017).
Neurobiological after-effects of non-invasive brain stimulation. Brain Stimul. 10, 1-18.
doi: 10.1016/j.brs.2016.11.009

Combs, D. R,, Penn, D. L., Wicher, M., and Waldheter, E. (2007). The ambiguous
intentions hostility questionnaire (AIHQ): a new measure for evaluating hostile social-
cognitive biases in paranoia. Cogn. Neuropsychiatry 12, 128-143. doi:
10.1080/13546800600787854

Conson, M., Errico, D., Mazzarella, E., Giordano, M., Grossi, D., and Trojano, L.
(2015). Transcranial electrical stimulation over dorsolateral prefrontal cortex modulates
processing of social cognitive and affective information. PLoS One 10:¢0126448. doi:
10.1371/journal.pone.0126448

Cur¢i¢-Blake, B., Kos, C., and Aleman, A. (2022). Causal connectivity from right
DLPFC to IPL in schizophrenia patients: a pilot study. Schizophrenia 8:16. doi: 10.1038/
541537-022-00216-0

Daros, A. R., Ruocco, A. C., Reilly, J. L., Harris, M. S. H,, and Sweeney, J. A. (2014).
Facial emotion recognition in first-episode schizophrenia and bipolar disorder with
psychosis. Schizophr. Res. 153, 32-37. doi: 10.1016/j.schres.2014.01.009

De Rosario-Martinez, H., Fox, J., Team, R. C., and De Rosario-Martinez, M. H. (2015).
Package ‘phia’ CRAN Repos. Retrieved, 1, 2015.

Dedoncker, J., Baeken, C., De Raedt, R., and Vanderhasselt, M.-A. (2021). Combined
transcranial direct current stimulation and psychological interventions: state of the art
and promising perspectives for clinical psychology. Biol. Psychol. 158:107991. doi:
10.1016/j.biopsycho.2020.107991

Deserno, L., Sterzer, P, Wiistenberg, T., Heinz, A., and Schlagenhauf, F. (2012).
Reduced prefrontal-parietal effective connectivity and working memory deficits in
schizophrenia. J. Neurosci. 32, 12-20. doi: 10.1523/J]NEUROSCI.3405-11.2012

Dodell-Feder, D., Koster-Hale, J., Bedny, M., and Saxe, R. (2011). fMRI item
analysis in a theory of mind task. Neurolmage 55, 705-712. doi: 10.1016/j.
neuroimage.2010.12.040

Du, X.-D,, Li, Z,, Yuan, N,, Yin, M., Zhao, X.-L., Lv, X.-L,, et al. (2022). Delayed
improvements in visual memory task performance among chronic schizophrenia
patients after high-frequency repetitive transcranial magnetic stimulation. World J.
Psych. 12, 1169-1182. doi: 10.5498/wjp.v12.i9.1169

Ferguson, F. J., and Austin, E. J. (2010). Associations of trait and ability emotional
intelligence with performance on theory of mind tasks in an adult sample. Personal.
Individ. Differ. 49, 414-418. doi: 10.1016/j.paid.2010.04.009

Fervaha, G., Foussias, G., Agid, O., and Remington, G. (2014). Impact of primary
negative symptoms on functional outcomes in schizophrenia. Eur. Psychiatry 29,
449-455. doi: 10.1016/j.eurpsy.2014.01.007

Frontiers in Psychology

12

10.3389/fpsyg.2024.1308971

Filmer, H. L., Fox, A., and Dux, P. E. (2019). Causal evidence of right temporal parietal
junction involvement in implicit theory of mind processing. Neurolmage 196, 329-336.
doi: 10.1016/j.neuroimage.2019.04.032

Fioravanti, M., Bianchi, V., and Cinti, M. E. (2012). Cognitive deficits in schizophrenia:
an updated metanalysis of the scientific evidence. BMC Psychiatry 12, 1-20. doi:
10.1186/1471-244X-12-64

Francis, M. M., Hummer, T. A., Vohs, J. L., Yung, M. G., Visco, A. C., Mehdiyoun, N. E,
et al. (2019). Cognitive effects of bilateral high frequency repetitive transcranial
magnetic stimulation in early phase psychosis: a pilot study. Brain Imaging Behav. 13,
852-861. doi: 10.1007/s11682-018-9902-4

Fregni, F, and Pascual-Leone, A. (2007). Technology insight: noninvasive brain
stimulation in neurology—perspectives on the therapeutic potential of rTMS and tDCS.
Nat. Clin. Pract. Neurol. 3, 383-393. doi: 10.1038/ncpneuro0530

Freitas, C., Fregni, F, and Pascual-Leone, A. (2009). Meta-analysis of the effects of
repetitive transcranial magnetic stimulation (rTMS) on negative and positive symptoms
in schizophrenia. Schizophr. Res. 108, 11-24. doi: 10.1016/j.schres.2008.11.027

Fryer, S. L., Roach, B. ], Ford, . M., Turner, J. A., Van Erp, T. G. M., Voyvodic, J., et al.
(2015). Relating intrinsic low-frequency BOLD cortical oscillations to cognition in
schizophrenia. Neuropsychopharmacology 40, 2705-2714. doi: 10.1038/npp.2015.119

Gainsford, K., Fitzgibbon, B., Fitzgerald, P. B., and Hoy, K. E. (2020). Transforming
treatments for schizophrenia: virtual reality, brain stimulation and social cognition.
Psychiatry Res. 288:112974. doi: 10.1016/j.psychres.2020.112974

Gallagher, H. L., Happé, E, Brunswick, N., Fletcher, P. C,, Frith, U,, and Frith, C. D.
(2000). Reading the mind in cartoons and stories: an fMRI study of ‘theory of mind’in
verbal and nonverbal tasks. Neuropsychologia 38, 11-21. doi: 10.1016/
$0028-3932(99)00053-6

Gelman, A., and Hill, J. (2006). Data analysis using regression and multilevel/
hierarchical models. Cambridge, MA, USA: Cambridge university press.

Goh, K. K., Chen, C.-H., Wu, T.-H., Chiu, Y.-H., and Lu, M.-L. (2022). Efficacy and
safety of intermittent theta-burst stimulation in patients with schizophrenia: a meta-
analysis of randomized sham-controlled trials. Front. Pharmacol. 13:944437. doi:
10.3389/fphar.2022.944437

Grant, N., Lawrence, M., Preti, A., Wykes, T., and Cella, M. (2017). Social cognition
interventions for people with schizophrenia: a systematic review focussing on
methodological quality and intervention modality. Clin. Psychol. Rev. 56, 55-64. doi:
10.1016/j.cpr.2017.06.001

Green, M. E (2016). Impact of cognitive and social cognitive impairment on
functional outcomes in patients with schizophrenia. J. Clin. Psychiatry 77, 8-11. doi:
10.4088/JCP.14074sulc.02

Green, M. E, Bearden, C. E., Cannon, T. D., Fiske, A. P, Hellemann, G. S., Horan, W. P,
et al. (2012). Social cognition in schizophrenia, part 1: performance across phase of
illness. Schizophr. Bull. 38, 854-864. doi: 10.1093/schbul/sbq171

Green, M. F, Horan, W. P, and Lee, ]. (2015a). Social cognition in schizophrenia. Nat.
Rev. Neurosci. 16, 620-631. doi: 10.1038/nrn4005

Green, M. F, Horan, W. P, and Lee, J. (2019). Nonsocial and social cognition in
schizophrenia: current evidence and future directions. World Psychiatry 18, 146-161.
doi: 10.1002/wps.20624

Green, M. F, and Leitman, D. I. (2008). Social cognition in schizophrenia. Schizophr.
Bull. 34, 670-672. doi: 10.1093/schbul/sbn045

Green, M. E, Llerena, K., and Kern, R. S. (2015b). The “right stuft” revisited: what have
we learned about the determinants of daily functioning in schizophrenia? Schizophr.
Bull. 41, 781-785. doi: 10.1093/schbul/sbv018

Group, W. (1998). Development of the World Health Organization WHOQOL-
BREF quality of life assessment. Psychol. Med. 28, 551-558. doi: 10.1017/
$0033291798006667

Guan, H. Y., Zhao, J. M., Wang, K. Q, Su, X. R, Pan, Y. E, Guo, J. M,, et al. (2020).
High-frequency neuronavigated rTMS effect on clinical symptoms and cognitive
dysfunction: a pilot double-blind, randomized controlled study in veterans with
schizophrenia. Transl. Psychiatry 10:79. doi: 10.1038/s41398-020-0745-6

Guy, W. (1976). Clinical global impressions scale. Psychiatry

Hall, J., Harris, ]. M., Sprengelmeyer, R, Sprengelmeyer, A., Young, A. W, Santos, I. M.,
et al. (2004). Social cognition and face processing in schizophrenia. Br. J. Psychiatry 185,
169-170. doi: 10.1192/bjp.185.2.169

Hallett, M. (2000). Transcranial magnetic stimulation and the human brain. Nature
406, 147-150. doi: 10.1038/35018000

Halverson, T. E, Orleans-Pobee, M., Merritt, C., Sheeran, P., Fett, A.-K., and
Penn, D. L. (2019). Pathways to functional outcomes in schizophrenia spectrum
disorders: Meta-analysis of social cognitive and neurocognitive predictors. Neurosci.
Biobehav. Rev. 105, 212-219. doi: 10.1016/j.neubiorev.2019.07.020

Harvey, P. D., and Penn, D. (2010). Social cognition: the key factor predicting social
outcome in people with schizophrenia? Psychiatry (Edgmont) 7:41.

Hasson-Ohayon, 1., Avidan-Msika, M., Mashiach-Eizenberg, M., Kravetz, S.,
Rozencwaig, S., Shalev, H., et al. (2015). Metacognitive and social cognition approaches
to understanding the impact of schizophrenia on social quality of life. Schizophr. Res.
161, 386-391. doi: 10.1016/j.schres.2014.11.008

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1308971
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.neuroimage.2020.116596
https://doi.org/10.1016/j.neuroimage.2019.116193
https://doi.org/10.1016/j.neuroimage.2019.116193
https://doi.org/10.1016/j.schres.2008.12.020
https://doi.org/10.1016/j.cub.2020.06.091
https://doi.org/10.1016/j.schres.2019.10.047
https://doi.org/10.1016/j.schres.2019.10.047
https://doi.org/10.1016/j.schres.2005.07.008
https://doi.org/10.1016/j.schres.2005.07.008
https://doi.org/10.1080/13803395.2016.1230595
https://doi.org/10.1093/schbul/sbi002
https://doi.org/10.31887/DCNS.2014.16.4/mcarbon
https://doi.org/10.31887/DCNS.2014.16.4/mcarbon
https://doi.org/10.1037/h0025437
https://doi.org/10.1046/j.1365-2648.2003.02863.x
https://doi.org/10.1016/j.brs.2016.11.009
https://doi.org/10.1080/13546800600787854
https://doi.org/10.1371/journal.pone.0126448
https://doi.org/10.1038/s41537-022-00216-0
https://doi.org/10.1038/s41537-022-00216-0
https://doi.org/10.1016/j.schres.2014.01.009
https://doi.org/10.1016/j.biopsycho.2020.107991
https://doi.org/10.1523/JNEUROSCI.3405-11.2012
https://doi.org/10.1016/j.neuroimage.2010.12.040
https://doi.org/10.1016/j.neuroimage.2010.12.040
https://doi.org/10.5498/wjp.v12.i9.1169
https://doi.org/10.1016/j.paid.2010.04.009
https://doi.org/10.1016/j.eurpsy.2014.01.007
https://doi.org/10.1016/j.neuroimage.2019.04.032
https://doi.org/10.1186/1471-244X-12-64
https://doi.org/10.1007/s11682-018-9902-4
https://doi.org/10.1038/ncpneuro0530
https://doi.org/10.1016/j.schres.2008.11.027
https://doi.org/10.1038/npp.2015.119
https://doi.org/10.1016/j.psychres.2020.112974
https://doi.org/10.1016/S0028-3932(99)00053-6
https://doi.org/10.1016/S0028-3932(99)00053-6
https://doi.org/10.3389/fphar.2022.944437
https://doi.org/10.1016/j.cpr.2017.06.001
https://doi.org/10.4088/JCP.14074su1c.02
https://doi.org/10.1093/schbul/sbq171
https://doi.org/10.1038/nrn4005
https://doi.org/10.1002/wps.20624
https://doi.org/10.1093/schbul/sbn045
https://doi.org/10.1093/schbul/sbv018
https://doi.org/10.1017/S0033291798006667
https://doi.org/10.1017/S0033291798006667
https://doi.org/10.1038/s41398-020-0745-6
https://doi.org/10.1192/bjp.185.2.169
https://doi.org/10.1038/35018000
https://doi.org/10.1016/j.neubiorev.2019.07.020
https://doi.org/10.1016/j.schres.2014.11.008

Vergallito et al.

Healey, K. M., Bartholomeusz, C. E, and Penn, D. L. (2016). Deficits in social
cognition in first episode psychosis: a review of the literature. Clin. Psychol. Rev. 50,
108-137. doi: 10.1016/j.cpr.2016.10.001

Huang, Y.-Z., Edwards, M. J., Rounis, E., Bhatia, K. P,, and Rothwell, J. C. (2005). Theta
burst stimulation of the human motor cortex. Neuron 45, 201-206. doi: 10.1016/].
neuron.2004.12.033

Hyde, J., Carr, H., Kelley, N., Seneviratne, R., Reed, C., Parlatini, V,, et al. (2022).
Efficacy of neurostimulation across mental disorders: systematic review and meta-
analysis of 208 randomized controlled trials. Mol. Psychiatry 27, 2709-2719. doi:
10.1038/s41380-022-01524-8

Timori, T., Nakajima, S., Miyazaki, T., Tarumi, R., Ogyu, K., Wada, M., et al. (2019).
Effectiveness of the prefrontal repetitive transcranial magnetic stimulation on cognitive
profiles in depression, schizophrenia, and Alzheimer’s disease: a systematic review. Prog.
Neuro-Psychopharmacol. Biol. Psychiatry 88, 31-40. doi: 10.1016/j.pnpbp.2018.06.014

Institute of Health Metrics and Evaluation. (2019). Global Health Data Exchange
(GHDx). Available at: http://ghdx.healthdata.org/gbd-results-tool?params=gbd-
api-2019 (accessed October 3, 2023).

Jiang, Y., Guo, Z., Xing, G., He, L., Peng, H., Du, E, et al. (2019). Effects of high-
frequency transcranial magnetic stimulation for cognitive deficit in schizophrenia: a
meta-analysis. Front. Psych. 10:135. doi: 10.3389/fpsyt.2019.00135

Jin, Y., Tong, J., Huang, Y., Shi, D., Zhu, N., Zhu, M., et al. (2023). Effectiveness of
accelerated intermittent theta burst stimulation for social cognition and negative
symptoms among individuals with schizophrenia: a randomized controlled trial.
Psychiatry Res. 320:115033. doi: 10.1016/j.psychres.2022.115033

Kay, S. R., Fiszbein, A., and Opler, L. A. (1987). The positive and negative syndrome
scale (PANSS) for schizophrenia. Schizophr. Bull. 13, 261-276. doi: 10.1093/
schbul/13.2.261

Kern, R. S., Nuechterlein, K. H., Green, M. E, Baade, L. E., Fenton, W. S., Gold, ]. M.,
et al. (2008). The MATRICS consensus cognitive battery, part 2: co-norming and
standardization. Am. J. Psychiatr. 165, 214-220. doi: 10.1176/appi.ajp.2007.07010043

Kerr, S. L., and Neale, J. M. (1993). Emotion perception in schizophrenia: specific
deficit or further evidence of generalized poor performance? J. Abnorm. Psychol. 102,
312-318. doi: 10.1037/0021-843X.102.2.312

Kimoto, S., Makinodan, M., and Kishimoto, T. (2019). Neurobiology and treatment
of social cognition in schizophrenia: bridging the bed-bench gap. Neurobiol. Dis.
131:104315. doi: 10.1016/j.nbd.2018.10.022

Kirkpatrick, B., Strauss, G. P., Nguyen, L., Fischer, B. A., Daniel, D. G., Cienfuegos, A.,
etal. (2011). The brief negative symptom scale: psychometric properties. Schizophr. Bull.
37, 300-305. doi: 10.1093/schbul/sbq059

Kirkpatrick, B., Fenton, W. S., Carpenter Jr, W. T., and Marder, S. R. (2006). The
NIMH-MATRICS consensus statement on negative symptoms. Schizophrenia bulletin,
32,214-219.

Kohler, C. G., Walker, J. B., Martin, E. A., Healey, K. M., and Moberg, P. J. (2010).
Facial emotion perception in schizophrenia: a meta-analytic review. Schizophr. Bull. 36,
1009-1019. doi: 10.1093/schbul/sbn192

Kronberg, G., Bridi, M., Abel, T,, Bikson, M., and Parra, L. C. (2017). Direct current
stimulation modulates LTP and LTD: activity dependence and dendritic effects. Brain
Stimul. 10, 51-58. doi: 10.1016/j.brs.2016.10.001

Kucharska-Pietura, K., and Mortimer, A. (2013). Can antipsychotics improve social
cognition in patients with schizophrenia? CNS Drugs 27, 335-343. doi: 10.1007/
540263-013-0047-0

Kuharic, D. B., Makaric, P, Kekin, I., Lovrencic, I. L., Savic, A., Ostojic, D., et al.
(2019). Differences in facial emotional recognition between patients with the first-
episode psychosis, multi-episode schizophrenia, and healthy controls. J. Int.
Neuropsychol. Soc. 25, 165-173. doi: 10.1017/S1355617718001029

Kurtz, M. M., Gagen, E., Rocha, N. B. E, Machado, S., and Penn, D. L. (2016).
Comprehensive treatments for social cognitive deficits in schizophrenia: a critical review
and effect-size analysis of controlled studies. Clin. Psychol. Rev. 43, 80-89. doi: 10.1016/j.
cpr.2015.09.003

Kurtz, M. M., and Richardson, C. L. (2012). Social cognitive training for schizophrenia:
a meta-analytic investigation of controlled research. Schizophr. Bull. 38, 1092-1104. doi:
10.1093/schbul/sbr036

Lavoie, M.-A., Lacroix, J. B., Godmaire-Duhaime, E, Jackson, P. L., and Achim, A. M.
(2013). Social cognition in first-degree relatives of people with schizophrenia: a meta-
analysis. Psychiatry Res. 209, 129-135. doi: 10.1016/j.psychres.2012.11.037

Lee, T. Y., Hong, S. B., Shin, N. Y., and Kwon, J. S. (2015). Social cognitive functioning
in prodromal psychosis: a meta-analysis. Schizophr. Res. 164, 28-34. doi: 10.1016/j.
schres.2015.02.008

Lefaucheur, J.-P,, Aleman, A., Baeken, C., Benninger, D. H., Brunelin, J., Di Lazzaro, V.,
etal. (2020). Evidence-based guidelines on the therapeutic use of repetitive transcranial
magnetic stimulation (rTMS): an update (2014-2018). Clin. Neurophysiol. 131, 474-528.
doi: 10.1016/j.clinph.2019.11.002

Li, Z., Yin, M., Lyu, X.-L., Zhang, L.-L., Du, X.-D., and Hung, G. C.-L. (2016). Delayed
effect of repetitive transcranial magnetic stimulation (rTMS) on negative symptoms of
schizophrenia: findings from a randomized controlled trial. Psychiatry Res. 240,
333-335. doi: 10.1016/j.psychres.2016.04.046

Frontiers in Psychology

10.3389/fpsyg.2024.1308971

Lincoln, T. M., Mehl, S., Kesting, M.-L., and Rief, W. (2011). Negative symptoms and
social cognition: identifying targets for psychological interventions. Schizophr. Bull. 37,
§23-532. doi: 10.1093/schbul/sbr066

Luber, B., and Lisanby, S. H. (2014). Enhancement of human cognitive performance
using transcranial magnetic stimulation (TMS). NeuroImage 85, 961-970. doi: 10.1016/j.
neuroimage.2013.06.007

Ludwig, K. A, Pinkham, A. E., Harvey, P. D., Kelsven, S., and Penn, D. L. (2017). Social
cognition psychometric evaluation (SCOPE) in people with early psychosis: a
preliminary study. Schizophr. Res. 190, 136-143. doi: 10.1016/j.schres.2017.03.001

Marini, M., Banaji, M. R., and Pascual-Leone, A. (2018). Studying implicit social
cognition with noninvasive brain stimulation. Trends Cogn. Sci. 22, 1050-1066. doi:
10.1016/j.tics.2018.07.014

Martin, D., Croft, J., Pitt, A., Strelchuk, D., Sullivan, S., and Zammit, S. (2020).
Systematic review and meta-analysis of the relationship between genetic risk for
schizophrenia and facial emotion recognition. Schizophr. Res. 218, 7-13. doi: 10.1016/j.
schres.2019.12.031

Mayer, J. D. (2002). MSCEIT: Mayer-Salovey-Caruso emotional intelligence test.
Toronto, Canada: Multi-Health Systems.

Mayer, J. D., Caruso, D. R., and Salovey, P. (1999). Emotional intelligence meets
traditional standards for an intelligence. Intelligence 27, 267-298. doi: 10.1016/
S0160-2896(99)00016-1

Mayer, J. D,, Roberts, R. D., and Barsade, S. G. (2008). Human abilities: emotional
intelligence. Annu. Rev. Psychol. 59, 507-536. doi: 10.1146/annurev.psych.59.103006.093646

McCleery, A., Lee, ]., Fiske, A. P., Ghermezi, L., Hayata, J. N., Hellemann, G. S., et al.
(2016). Longitudinal stability of social cognition in schizophrenia: a 5-year follow-up of
social perception and emotion processing. Schizophr. Res. 176, 467-472. doi: 10.1016/j.
schres.2016.07.008

McCleery, A., and Nuechterlein, K. H. (2019). Cognitive impairment in psychotic
illness: prevalence, profile of impairment, developmental course, and treatment
considerations. Dialog. Clin. Neurosci. 21, 239-248. doi: 10.31887/DCNS.2019.21.3/
amccleery

McDonald, S., Flanagan, S., Rollins, J., and Kinch, J. (2003). TASIT: a new clinical tool
for assessing social perception after traumatic brain injury. J. Head Trauma Rehabil. 18,
219-238. doi: 10.1097/00001199-200305000-00001

Montag, C., Dziobek, L, Richter, I. S., Neuhaus, K., Lehmann, A., Sylla, R., et al.
(2011). Different aspects of theory of mind in paranoid schizophrenia: evidence from a
video-based assessment. Psychiatry Res. 186, 203-209. doi: 10.1016/j.
psychres.2010.09.006

Mucci, A., Galderisi, S., Gibertoni, D., Rossi, A., Rocca, P, Bertolino, A, et al. (2021).
Factors associated with real-life functioning in persons with schizophrenia in a 4-year
follow-up study of the Italian network for research on psychoses. JAMA Psychiatry 78,
550-559. doi: 10.1001/jamapsychiatry.2020.4614

Mucci, A., Galderisi, S., Merlotti, E., Rossi, A., Rocca, P,, Bucci, P, et al. (2015). The
brief negative symptom scale (BNSS): independent validation in a large sample of Italian
patients with schizophrenia. Eur. Psychiatry 30, 641-647. doi: 10.1016/j.
eurpsy.2015.01.014

Mucci, A., Rucci, P,, Rocca, P, Bucci, P, Gibertoni, D., Merlotti, E., et al. (2014). The
specific level of functioning scale: construct validity, internal consistency and factor
structure in a large Italian sample of people with schizophrenia living in the community.
Schizophr. Res. 159, 144-150. doi: 10.1016/j.schres.2014.07.044

Muth, C,, Bales, K. L., Hinde, K., Maninger, N., Mendoza, S. P,, and Ferrer, E. (2016).
Alternative models for small samples in psychological research: applying linear mixed
effects models and generalized estimating equations to repeated measures data. Educ.
Psychol. Meas. 7, 64-87.

Na, E., Yim, S. ], Lee, J., Kim, J. M., Hong, K., Hong, M., et al. (2015). Relationships
among medication adherence, insight, and neurocognition in chronic schizophrenia.
Psychiatry Clin. Neurosci. 69, 298-304. doi: 10.1111/pcn.12272

Naughtin, C. K., Horne, K., Schneider, D., Venini, D., York, A., and Dux, P. E. (2017).
Do implicit and explicit belief processing share neural substrates? Hum. Brain Mapp. 38,
4760-4772. doi: 10.1002/hbm.23700

Nejati, V., Khorrami, A. S., and Fonoudi, M. (2022). Neuromodulation of facial
emotion recognition in health and disease: a systematic review. Neurophysiol. Clin. 52,
183-201. doi: 10.1016/j.neucli.2022.03.005

Nijman, S. A., Veling, W,, van der Stouwe, E. C. D,, and Pijnenborg, G. H. M. (2020).
Social cognition training for people with a psychotic disorder: a network meta-analysis.
Schizophr. Bull. 46, 1086-1103. doi: 10.1093/schbul/sbaa023

Nitsche, M. A., Cohen, L. G., Wassermann, E. M., Priori, A., Lang, N., Antal, A., et al.
(2008). Transcranial direct current stimulation: state of the art 2008. Brain Stimul. 1,
206-223. doi: 10.1016/j.brs.2008.06.004

Nitsche, M. A., Koschack, J., Pohlers, H., Hullemann, S., Paulus, W.,, and Happe, S.
(2012a). Effects of frontal transcranial direct current stimulation on emotional state and
processing in healthy humans. Front. Psych. 3:58. doi: 10.3389/fpsyt.2012.00058

Nitsche, M. A., Miiller-Dahlhaus, E, Paulus, W., and Ziemann, U. (2012b). The
pharmacology of neuroplasticity induced by non-invasive brain stimulation: building
models for the clinical use of CNS active drugs. J. Physiol. 590, 4641-4662. doi: 10.1113/
jphysiol.2012.232975

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1308971
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.cpr.2016.10.001
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.1016/j.neuron.2004.12.033
https://doi.org/10.1038/s41380-022-01524-8
https://doi.org/10.1016/j.pnpbp.2018.06.014
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019
https://doi.org/10.3389/fpsyt.2019.00135
https://doi.org/10.1016/j.psychres.2022.115033
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1176/appi.ajp.2007.07010043
https://doi.org/10.1037/0021-843X.102.2.312
https://doi.org/10.1016/j.nbd.2018.10.022
https://doi.org/10.1093/schbul/sbq059
https://doi.org/10.1093/schbul/sbn192
https://doi.org/10.1016/j.brs.2016.10.001
https://doi.org/10.1007/s40263-013-0047-0
https://doi.org/10.1007/s40263-013-0047-0
https://doi.org/10.1017/S1355617718001029
https://doi.org/10.1016/j.cpr.2015.09.003
https://doi.org/10.1016/j.cpr.2015.09.003
https://doi.org/10.1093/schbul/sbr036
https://doi.org/10.1016/j.psychres.2012.11.037
https://doi.org/10.1016/j.schres.2015.02.008
https://doi.org/10.1016/j.schres.2015.02.008
https://doi.org/10.1016/j.clinph.2019.11.002
https://doi.org/10.1016/j.psychres.2016.04.046
https://doi.org/10.1093/schbul/sbr066
https://doi.org/10.1016/j.neuroimage.2013.06.007
https://doi.org/10.1016/j.neuroimage.2013.06.007
https://doi.org/10.1016/j.schres.2017.03.001
https://doi.org/10.1016/j.tics.2018.07.014
https://doi.org/10.1016/j.schres.2019.12.031
https://doi.org/10.1016/j.schres.2019.12.031
https://doi.org/10.1016/S0160-2896(99)00016-1
https://doi.org/10.1016/S0160-2896(99)00016-1
https://doi.org/10.1146/annurev.psych.59.103006.093646
https://doi.org/10.1016/j.schres.2016.07.008
https://doi.org/10.1016/j.schres.2016.07.008
https://doi.org/10.31887/DCNS.2019.21.3/amccleery
https://doi.org/10.31887/DCNS.2019.21.3/amccleery
https://doi.org/10.1097/00001199-200305000-00001
https://doi.org/10.1016/j.psychres.2010.09.006
https://doi.org/10.1016/j.psychres.2010.09.006
https://doi.org/10.1001/jamapsychiatry.2020.4614
https://doi.org/10.1016/j.eurpsy.2015.01.014
https://doi.org/10.1016/j.eurpsy.2015.01.014
https://doi.org/10.1016/j.schres.2014.07.044
https://doi.org/10.1111/pcn.12272
https://doi.org/10.1002/hbm.23700
https://doi.org/10.1016/j.neucli.2022.03.005
https://doi.org/10.1093/schbul/sbaa023
https://doi.org/10.1016/j.brs.2008.06.004
https://doi.org/10.3389/fpsyt.2012.00058
https://doi.org/10.1113/jphysiol.2012.232975
https://doi.org/10.1113/jphysiol.2012.232975

Vergallito et al.

Nuechterlein, K. H., Green, M. E, Kern, R. S., Baade, L. E., Barch, D. M., Cohen, J. D.,
etal. (2008). The MATRICS consensus cognitive battery, part 1: test selection, reliability,
and validity. Am. J. Psychiatr. 165, 203-213. doi: 10.1176/appi.ajp.2007.07010042

Palumbo, D., Caporusso, E., Piegari, G., Mencacci, C., Torriero, S., Giuliani, L., et al.
(2022). Social cognition individualized activities lab for social cognition training and
narrative enhancement in patients with schizophrenia: a randomized controlled study
to assess efficacy and generalization to real-life functioning (Prot. N°: NCT05130853).
Front. Psych. 13:833550. doi: 10.3389/fpsyt.2022.833550

Palumbo, D., Mucci, A., Piegari, G., D'Alise, V., Mazza, A., and Galderisi, S. (2017).
SoCIAL-training cognition in schizophrenia: a pilot study. Neuropsychiatr. Dis. Treat.
13, 1947-1956. doi: 10.2147/NDT.S136732

Peyroux, E., Prost, Z., Danset-Alexandre, C., Brenugat-Herne, L., Carteau-Martin, .,
Gaudelus, B., et al. (2019). From “under” to “over” social cognition in schizophrenia: is
there distinct profiles of impairments according to negative and positive symptoms?
Schizophrenia Res. Cogn. 15, 21-29. doi: 10.1016/j.scog.2018.10.001

Pisoni, A., Mattavelli, G., Papagno, C., Rosanova, M., Casali, A. G., and Romero
Lauro, L. J. (2018). Cognitive enhancement induced by anodal tDCS drives circuit-
specific cortical plasticity. Cereb. Cortex 28, 1132-1140. doi: 10.1093/cercor/bhx021

R Core Team. (2023). R: A language and environment for statistical computing.
Available at: https://www.r-project.org/

Rassovsky, Y., Dunn, W,, Wynn, J., Wu, A. D,, lacoboni, M., Hellemann, G., et al.
(2015). The effect of transcranial direct current stimulation on social cognition in
schizophrenia: a preliminary study. Schizophr. Res. 165, 171-174. doi: 10.1016/j.
schres.2015.04.016

Rassovsky, Y., Lee, J., Nori, ., Wu, A. D., Iacoboni, M., Breitmeyer, B. G., et al. (2014).
Exploring facial emotion perception in schizophrenia using transcranial magnetic
stimulation and spatial filtering. J. Psychiatr. Res. 58, 102-108. doi: 10.1016/j.
jpsychires.2014.07.017

Reis, J., Robertson, E., Krakauer, J. W., Rothwell, J., Marshall, L., Gerloff, C., et al.
(2008). Consensus:“can tDCS and TMS enhance motor learning and memory
formation?”. Brain Stimul. 1, 363-369. doi: 10.1016/j.brs.2008.08.001

Romei, V., Thut, G., and Silvanto, J. (2016). Information-based approaches of
noninvasive transcranial brain stimulation. Trends Neurosci. 39, 782-795. doi: 10.1016/j.
tins.2016.09.001

Romero Lauro, L. J., Pisoni, A., Rosanova, M., Casarotto, S., Mattavelli, G.,
Bolognini, N., et al. (2016). Localizing the effects of anodal tDCS at the level of cortical
sources: a reply to bailey et al, 2015. Cortex 74, 323-328. doi: 10.1016/j.
cortex.2015.04.023

Romero Lauro, L. J., Rosanova, M., Mattavelli, G., Convento, S., Pisoni, A., Opitz, A.,
et al. (2014). TDCS increases cortical excitability: direct evidence from TMS-EEG.
Cortex 58, 99-111. doi: 10.1016/j.cortex.2014.05.003

Rossini, P. M., Barker, A. T., Berardelli, A., Caramia, M. D., Caruso, G., Cracco, R. Q,,
etal. (1994). Non-invasive electrical and magnetic stimulation of the brain, spinal cord
and roots: basic principles and procedures for routine clinical application. Report of an
IFCN committee. Electroencephalogr. Clin. Neurophysiol. 91, 79-92. doi:
10.1016/0013-4694(94)90029-9

Rossini, P. M., and Rossi, S. (2007). Transcranial magnetic stimulation: diagnostic,
therapeutic, and research potential. Neurology 68, 484-488. doi: 10.1212/01.
wnl.0000250268.13789.b2

Ruft, C. C,, Driver, J., and Bestmann, S. (2009). Combining TMS and fMRI: from
‘virtual lesions’ to functional-network accounts of cognition. Cortex 45, 1043-1049. doi:
10.1016/j.cortex.2008.10.012

Sack, A. T., Paneva, ], Kiithe, T, Dijkstra, E., Zwienenberg, L., Arns, M., et al. (2023).
Target engagement and brain state dependence of transcranial magnetic stimulation:
implications for clinical practice. Biol. Psychiatry. doi: 10.1016/j.biopsych.2023.09.011

Sathappan, A. V., Luber, B. M., and Lisanby, S. H. (2019). The dynamic duo: combining
noninvasive brain stimulation with cognitive interventions. Prog. Neuro-
Psychopharmacol. Biol. Psychiatry 89, 347-360. doi: 10.1016/j.pnpbp.2018.10.006

Savla, G. N,, Vella, L., Armstrong, C. C., Penn, D. L., and Twamley, E. W. (2013).
Deficits in domains of social cognition in schizophrenia: a meta-analysis of the empirical
evidence. Schizophr. Bull. 39, 979-992. doi: 10.1093/schbul/sbs080

Saxe, R. (2009). Theory of mind (neural basis). Encycl. Conscious. 2, 401-410. doi:
10.1016/B978-012373873-8.00078-5

Saxe, R., Carey, S., and Kanwisher, N. (2004). Understanding other minds: linking
developmental psychology and functional neuroimaging. Annu. Rev. Psychol. 55,
87-124. doi: 10.1146/annurev.psych.55.090902.142044

Saxe, R., and Kanwisher, N. (2013). “People thinking about thinking people: the role
of the temporo-parietal junction in “theory of mind.”” in Social neuroscience. eds. B. G.
Berntson and J. T. Cacioppo (New York: Psychology Press), 171-182.

Schaefer, J., Giangrande, E., Weinberger, D. R., and Dickinson, D. (2013). The global
cognitive impairment in schizophrenia: consistent over decades and around the world.
Schizophr. Res. 150, 42—50. doi: 10.1016/j.schres.2013.07.009

Schmidt, S. J., Mueller, D. R., and Roder, V. (2011). Social cognition as a mediator
variable between neurocognition and functional outcome in schizophrenia: empirical

Frontiers in Psychology

10.3389/fpsyg.2024.1308971

review and new results by structural equation modeling. Schizophr. Bull. 37, S41-S54.
doi: 10.1093/schbul/sbr079

Schneider, D., Nott, Z. E., and Dux, P. E. (2014). Task instructions and implicit theory
of mind. Cognition 133, 43-47. doi: 10.1016/j.cognition.2014.05.016

Schneider, L. C., and Struening, E. L. (1983). SLOF: a behavioral rating scale for
assessing the mentally ill. Soc. Work Res. Abstr. 19, 9-21. doi: 10.1093/swra/19.3.9

Schubert, D. S. P, Patterson, M. B., Miller, F. T., and Brocco, K. J. (1984). Informed
consent as a source of bias in clinical research. Psychiatry Res. 12, 313-320. doi:
10.1016/0165-1781(84)90047-7

Schulz, K. E, Altman, D. G., Moher, D., CONSORT Group. (2010). CONSORT 2010
statement: updated guidelines for reporting parallel group randomized trials. Ann.
Intern. Med. 152, 726-732. doi: 10.7326/0003-4819-152-11-201006010-00232

Schurz, M., Maliske, L., and Kanske, P. (2020). Cross-network interactions in social
cognition: a review of findings on task-related brain activation and connectivity. Cortex
130, 142-157. doi: 10.1016/j.cortex.2020.05.006

Schurz, M., Radua, J., Aichhorn, M., Richlan, E, and Perner, J. (2014). Fractionating
theory of mind: a meta-analysis of functional brain imaging studies. Neurosci. Biobehav.
Rev. 42, 9-34. doi: 10.1016/j.neubiorev.2014.01.009

Schuwerk, T., Langguth, B., and Sommer, M. (2014). Modulating functional and
dysfunctional mentalizing by transcranial magnetic stimulation. Front. Psychol. 5:1309.
doi: 10.3389/fpsyg.2014.01309

Shakeel, M. K., Lu, L., Cannon, T. D., Cadenhead, K. S., Cornblatt, B. A.,
McGlashan, T. H,, et al. (2019). Longitudinal changes in social cognition in individuals
at clinical high risk for psychosis: an outcome based analysis. Schizophr. Res. 204,
334-336. doi: 10.1016/j.schres.2018.08.032

Sharma, T., and Antonova, L. (2003). Cognitive function in schizophrenia: deficits,
functional consequences, and future treatment. Psychiatr. Clin. 26, 25-40. doi: 10.1016/
$0193-953X(02)00084-9

Shmukler, A. B., Gurovich, I. Y., Agius, M., and Zaytseva, Y. (2015). Long-term
trajectories of cognitive deficits in schizophrenia: a critical overview. Eur. Psychiatry 30,
1002-1010. doi: 10.1016/j.eurpsy.2015.08.005

Silvanto, J., Muggleton, N., and Walsh, V. (2008). State-dependency in brain
stimulation studies of perception and cognition. Trends Cogn. Sci. 12, 447-454. doi:
10.1016/j.tics.2008.09.004

Sloan, N. P, Byrne, L. K, Enticott, P. G., and Lum, J. A. G. (2021). Non-invasive brain
stimulation does not improve working memory in schizophrenia: a meta-analysis of randomised
controlled trials. Neuropsychol. Rev. 31, 115-138. doi: 10.1007/s11065-020-09454-4

Smucny, J., Dienel, S.J., Lewis, D. A., and Carter, C. S. (2022). Mechanisms underlying
dorsolateral prefrontal cortex contributions to cognitive dysfunction in schizophrenia.
Neuropsychopharmacology 47, 292-308. doi: 10.1038/s41386-021-01089-0

Solanki, R. K., Singh, P, Midha, A., and Chugh, K. (2008). Schizophrenia: impact on
quality of life. Indian J. Psychiatry 50, 181-186. doi: 10.4103/0019-5545.43632

Sprong, M., Schothorst, P, Vos, E., Hox, J., and Van Engeland, H. (2007). Theory of
mind in schizophrenia: meta-analysis. Br. J. Psychiatry 191, 5-13. doi: 10.1192/bjp.
bp.107.035899

Strauss, G. P, Bartolomeo, L. A., and Harvey, P. D. (2021). Avolition as the core
negative symptom in schizophrenia: relevance to pharmacological treatment
development. NPJ Schizophr. 7:16. doi: 10.1038/s41537-021-00145-4

Suppa, A., Huang, Y.-Z., Funke, K., Ridding, M. C., Cheeran, B., Di Lazzaro, V., et al.
(2016). Ten years of theta burst stimulation in humans: established knowledge,
unknowns and prospects. Brain Stimul. 9, 323-335. doi: 10.1016/j.brs.2016.
01006

Tatti, E., Phillips, A. L., Paciorek, R., Romanella, S. M., Dettore, D., Di Lorenzo, G., et al.
(2022). Boosting psychological change: combining non-invasive brain stimulation with
psychotherapy. Neurosci. Biobehav. Rev. 142:104867. doi: 10.1016/j.neubiorev.2022.
104867

Tik, M., Hoffmann, A., Sladky, R., Tomova, L., Hummer, A., de Lara, L. N,, et al.
(2017). Towards understanding rTMS mechanism of action: stimulation of the DLPFC
causes network-specific increase in functional connectivity. Neurolmage 162, 289-296.
doi: 10.1016/j.neuroimage.2017.09.022

Tong, J., Zhang, J., Jin, Y., Liu, W,, Wang, H., Huang, Y., et al. (2021). Impact of
repetitive transcranial magnetic stimulation (rTMS) on theory of mind and executive
function in major depressive disorder and its correlation with brain-derived
neurotrophic factor (BDNF): a randomized, double-blind, sham-controlled trial. Brain
Sci. 11:765. doi: 10.3390/brainscil 1060765

Vanderhasselt, M. A., Baeken, C., Van Schuerbeek, P, Luypaert, R., and De Raedt, R.
(2013a). Inter-individual differences in the habitual use of cognitive reappraisal and
expressive suppression are associated with variations in prefrontal cognitive control for
emotional information: an event related fMRI study. Biol. Psychol. 92, 433-439. doi:
10.1016/j.biopsycho.2012.03.005

Vanderhasselt, M. A., De Raedt, R., Brunoni, A. R., Campanhi, C., Baeken, C,,
Remue, J., et al. (2013b). tDCS over the left prefrontal cortex enhances cognitive
control for positive affective stimuli. PLoS One 8:¢62219. doi: 10.1371/journal.
pone.0062219

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1308971
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1176/appi.ajp.2007.07010042
https://doi.org/10.3389/fpsyt.2022.833550
https://doi.org/10.2147/NDT.S136732
https://doi.org/10.1016/j.scog.2018.10.001
https://doi.org/10.1093/cercor/bhx021
https://www.r-project.org/
https://doi.org/10.1016/j.schres.2015.04.016
https://doi.org/10.1016/j.schres.2015.04.016
https://doi.org/10.1016/j.jpsychires.2014.07.017
https://doi.org/10.1016/j.jpsychires.2014.07.017
https://doi.org/10.1016/j.brs.2008.08.001
https://doi.org/10.1016/j.tins.2016.09.001
https://doi.org/10.1016/j.tins.2016.09.001
https://doi.org/10.1016/j.cortex.2015.04.023
https://doi.org/10.1016/j.cortex.2015.04.023
https://doi.org/10.1016/j.cortex.2014.05.003
https://doi.org/10.1016/0013-4694(94)90029-9
https://doi.org/10.1212/01.wnl.0000250268.13789.b2
https://doi.org/10.1212/01.wnl.0000250268.13789.b2
https://doi.org/10.1016/j.cortex.2008.10.012
https://doi.org/10.1016/j.biopsych.2023.09.011
https://doi.org/10.1016/j.pnpbp.2018.10.006
https://doi.org/10.1093/schbul/sbs080
https://doi.org/10.1016/B978-012373873-8.00078-5
https://doi.org/10.1146/annurev.psych.55.090902.142044
https://doi.org/10.1016/j.schres.2013.07.009
https://doi.org/10.1093/schbul/sbr079
https://doi.org/10.1016/j.cognition.2014.05.016
https://doi.org/10.1093/swra/19.3.9
https://doi.org/10.1016/0165-1781(84)90047-7
https://doi.org/10.7326/0003-4819-152-11-201006010-00232
https://doi.org/10.1016/j.cortex.2020.05.006
https://doi.org/10.1016/j.neubiorev.2014.01.009
https://doi.org/10.3389/fpsyg.2014.01309
https://doi.org/10.1016/j.schres.2018.08.032
https://doi.org/10.1016/S0193-953X(02)00084-9
https://doi.org/10.1016/S0193-953X(02)00084-9
https://doi.org/10.1016/j.eurpsy.2015.08.005
https://doi.org/10.1016/j.tics.2008.09.004
https://doi.org/10.1007/s11065-020-09454-4
https://doi.org/10.1038/s41386-021-01089-0
https://doi.org/10.4103/0019-5545.43632
https://doi.org/10.1192/bjp.bp.107.035899
https://doi.org/10.1192/bjp.bp.107.035899
https://doi.org/10.1038/s41537-021-00145-4
https://doi.org/10.1016/j.brs.2016.01006
https://doi.org/10.1016/j.brs.2016.01006
https://doi.org/10.1016/j.neubiorev.2022.104867
https://doi.org/10.1016/j.neubiorev.2022.104867
https://doi.org/10.1016/j.neuroimage.2017.09.022
https://doi.org/10.3390/brainsci11060765
https://doi.org/10.1016/j.biopsycho.2012.03.005
https://doi.org/10.1371/journal.pone.0062219
https://doi.org/10.1371/journal.pone.0062219

Vergallito et al.

Vergallito, A., Feroldi, S., Pisoni, A., and Romero Lauro, L. J. (2022). Inter-individual
variability in tDCS effects: a narrative review on the contribution of stable, variable, and
contextual factors. Brain Sci. 12:522. doi: 10.3390/brainscil12050522

Vergallito, A., Gallucci, A., Pisoni, A., Punzi, M., Caselli, G., Ruggiero, G. M., et al.
(2021). Effectiveness of noninvasive brain stimulation in the treatment of anxiety
disorders: a meta-analysis of sham or behaviour-controlled studies. J. Psychiatry
Neurosci. 46, E592-E614. doi: 10.1503/jpn.210050

Vergallito, A., Gesi, C., and Torriero, S. (2023a). Can high-frequency transcranial
magnetic stimulation enhance cognition and negative symptoms in schizophrenia? A
pilot study. doi: 10.31234/osf.io/a6pr4

Vergallito, A., Varoli, E., Pisoni, A., Mattavelli, G., Del Mauro, L., Feroldi, S.,
et al (2023Db). State-dependent effectiveness of cathodal transcranial direct current
stimulation on cortical excitability. Neurolmage 120242.

Verma, S., Subramaniam, M., Abdin, E., Poon, L. Y., and Chong, S. A. (2012).
Symptomatic and functional remission in patients with first-episode psychosis. Acta
Psychiatr. Scand. 126, 282-289. doi: 10.1111/j.1600-0447.2012.01883.x

Voineskos, A. N., Blumberger, D. M., Schifani, C., Hawco, C., Dickie, E. W., Rajji, T. K.,
etal. (2021). Effects of repetitive transcranial magnetic stimulation on working memory
performance and brain structure in people with schizophrenia spectrum disorders: a
double-blind, randomized, sham-controlled trial. Biol. Psych. Cogn. Neurosci. Neuroimag.
6, 449-458. doi: 10.1016/j.bpsc.2020.11.011

Wei, T., Simko, V,, Levy, M., Xie, Y, Jin, Y., and Zemla, J. (2017). Package ‘corrplot..
Statistician 56:e24

Wen, N,, Chen, L., Miao, X., Zhang, M., Zhang, Y, Liu, J., et al. (2021). Effects of high-
frequency rTMS on negative symptoms and cognitive function in hospitalized patients

Frontiers in Psychology

15

10.3389/fpsyg.2024.1308971

with chronic schizophrenia: a double-blind, sham-controlled pilot trial. Front. Psych.
12:736094. doi: 10.3389/fpsyt.2021.736094

Wickham, H. (2011). ggplot2. Wiley interdisciplinary reviews. Computational Statistics
3, 180-185.

Wischnewski, M., and Schutter, D. J. L. G. (2015). Efficacy and time course of theta burst
stimulation in healthy humans. Brain Stimul. 8, 685-692. doi: 10.1016/j.brs.2015.03.004

Walwer, W., Lowe, A., Brinkmeyer, J., Streit, M., Habakuck, M., Agelink, M. W, et al.
(2014). Repetitive transcranial magnetic stimulation (rTMS) improves facial affect
recognition in schizophrenia. Brain Stimul. 7, 559-563. doi: 10.1016/j.brs.2014.04.011

Wykes, T., and Spaulding, W. D. (2011). Thinking about the future cognitive
remediation therapy—what works and could we do better? Schizophr. Bull. 37, S80-S90.
doi: 10.1093/schbul/sbr064

Xiu, M. H,, Guan, H. Y,, Zhao, J. M., Wang, K. Q,, Pan, Y. E, Su, X. R,, et al. (2020).
Cognitive enhancing effect of high-frequency neuronavigated rTMS in chronic
schizophrenia patients with predominant negative symptoms: a double-blind controlled
32-week follow-up study. Schizophr. Bull. 46, 1219-1230. doi: 10.1093/schbul/sbaa035

Yamada, Y., Inagawa, T., Hirabayashi, N., and Sumiyoshi, T. (2022). Emotion
recognition deficits in psychiatric disorders as a target of non-invasive
neuromodulation: a systematic review. Clin. EEG Neurosci. 53, 506-512. doi:
10.1177/1550059421991688

Zaki, J., Hennigan, K., Weber, J., and Ochsner, K. N. (2010). Social cognitive conflict
resolution: contributions of domain-general and domain-specific neural systems. J.
Neurosci. 30, 8481-8488. doi: 10.1523/JNEUROSCI.0382-10.2010

Ziemann, U. (2017). Thirty years of transcranial magnetic stimulation: where do
we stand? Exp. Brain Res. 235, 973-984. doi: 10.1007/500221-016-4865-4

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1308971
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.3390/brainsci12050522
https://doi.org/10.1503/jpn.210050
https://doi.org/10.31234/osf.io/a6pr4
https://doi.org/10.1111/j.1600-0447.2012.01883.x
https://doi.org/10.1016/j.bpsc.2020.11.011
https://doi.org/10.3389/fpsyt.2021.736094
https://doi.org/10.1016/j.brs.2015.03.004
https://doi.org/10.1016/j.brs.2014.04.011
https://doi.org/10.1093/schbul/sbr064
https://doi.org/10.1093/schbul/sbaa035
https://doi.org/10.1177/1550059421991688
https://doi.org/10.1523/JNEUROSCI.0382-10.2010
https://doi.org/10.1007/s00221-016-4865-4

	Combining transcranial magnetic stimulation with training to improve social cognition impairment in schizophrenia: a pilot randomized controlled trial
	Background
	Aims of the present study

	Materials and methods
	Participants
	Standardized tasks investigating abilities of social cognition
	Standardized clinical scales
	TMS parameters
	Social cognition training
	Procedure
	Primary and secondary endpoints
	Statistical analysis

	Results
	Regression analysis
	Correlation analysis

	Discussion
	Limitations of the present study

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

