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Editorial on the Research Topic

Psychotic experiences, social cognition and pragmatic communication in the
psychosis continuum

Introduction

Psychotic experiences (PE), such as perceptual abnormalities and unusual beliefs, are
widespread in the general population, but they often remain below the psychosis diagnostic
threshold (Kelleher and Cannon, 20115 Linscott and Van Os, 2013). However, PE may represent
a first point along a psychosis continuum, and identifying them in childhood and adolescence
is crucial because of their association with an increased risk of developing psychosis, and with
other psychosis-related features including social and cognitive disorders (Gregersen et al., 2022).
In particular, deficits of social cognition and pragmatic communication seem to have a central
role in the emergence and maintenance of PE in non-clinical populations, and can crucially
contribute to transition to psychosis (e.g., Agostoni et al., 2021; Parola et al., 2021, see Figure 1).

In this Research Topic (RT), we aimed to gather new evidence and critical reappraisal
from researchers addressing the relationship between PE and deficits of social cognition and
pragmatic communication.

We focused on the nature of the interacting factors that determine the persistence of PE
and the risk of transition to psychosis, and the relation between social cognition/pragmatic
communication and other relevant cognitive and social domains in the context of PE.

The Research Topic

The RT is composed of 11 articles covering original research to reviews, conceptual analysis,
and theoretical and perspectives articles from 74 researchers working in 12 different countries.
More in detail, the main themes that emerged and were addressed are:

1) Psychosocial and cognitive factors that determine the development or persistence of

psychotic experience in the psychosis spectrum and in subclinical populations.

frontiersin.org
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FIGURE 1

Psychotic experiences, social cognition, and pragmatics of language
in the psychosis continuum. Social cognition (primarily, theory of
mind) and pragmatics of language are associated with psychotic
experiences and the transition to psychosis (Clemmensen et al., 2016;
Sullivan et al., 2016). Social cognition determines, at least in part,
linguistic pragmatics (Sullivan et al.,, 2016). The top panel shows risk
factors for psychotic experiences and psychosis (schizophrenia):
genes, immigration, urbanicity, drug abuse and stress.

10.3389/fpsyq.2023.1127477

e Cavieres and Lopez-Silva provided a precise and unitary

definition of social perception, suggesting that it refers to
low-level pre-reflective processes underlying the awareness of
interpersonal interactions with and between others. The authors
suggest that a better identification and assessment of this
domain may be beneficial for developing new psychosocial
rehabilitation programs.

Bob et al. found, in a sample of drug naive women in
their first psychotic episode, a relationship between epileptic-
like symptoms and measures of chronic stress. Indeed,
recent evidence indicates that early stressful and traumatic
experiences may impact on the brain and increase the risk
for psychosis, leading to neural processes similar to epilepsy
which may occur in patients with mental disorders including
schizophrenia. The present study provides useful information
for diagnostic consideration of anticonvulsant therapy, also
supporting its use in patients who do not respond to usual
psychotropic medication.

2) New rehabilitative treatments aimed at recovering social and

pragmatic deficits observed in the psychosis continuum.
e [rijnen et al. investigated the association between closeness of

social contact, positive and negative affect and symptoms, and e Lado-Codesido et al. conducted a randomized, single-blind,

empathy in a sample of individuals with psychosis and healthy
controls. The authors found that social contact, and especially
contact with a close other, is beneficial for positive affect in
the total sample and for positive symptoms in individuals
with psychosis.

Beals et al. aimed to characterize the relationship between
paranoia, empathy and emotion recognition in a non-clinical
sample of adults. They found that only a specific facet of
cognitive empathy, i.e., imaginative perspective-taking, is related
to paranoia in the general population; however, the association
between empathy and paranoia did not appear to depend on
emotion recognition. The author concluded that deficits in
empathy and emotion recognition observed in schizophrenia
may not be similarly detectable in subclinical populations.
Csulak et al. present a meta-analysis and systematic review
involving implicit mentalization in schizophrenia. Interestingly,
the meta-analysis showed slower reaction time and low accuracy
during implicit mentalization in schizophrenia. The systematic
review also revealed different brain activation patterns and
visual sensory motor alteration. Implicit mentalization
alteration seems to play a role in schizophrenia, although not to
the same extent as explicit mentalization.

Chapellier et al. using the Mini Profile of Non-verbal Sensitivity,
revealed that non-verbal social perception is impaired in
patients with schizophrenia compared to controls, and that
it is also related to the severity of psychopathology and
functional disruption. These results underline the need for
novel therapeutic approaches to alleviate non-verbal social
perception deficits.

Giugliano et al. using the Metacognition Self-Assessment
Scale (MCAS) in a non-clinical population, revealed
that metacognitive skills play a protective role in
the occurrence  of  psychotic-like  experiences in
non-clinical individuals.

Frontiersin Psychology

multicenter clinical trial to test the effectiveness of the
“Voices 2” training program to improve emotion recognition
through prosody in adults with schizophrenia. The authors
found an improvement in recognition of emotional prosody
in the patients which undergone the treatment, but not in
control group.

3) New assessment tools aimed at detecting psychosocial

factors that determine the development or persistence of
psychotic experience.

e Kim et al. validated a Korean version of The Anticipatory

and Consummatory Interpersonal Pleasure Scale (ACIPS), a
psychometric scale used indirectly to measure social anhedonia.
The results showed that ACIPS revealed to be a useful
psychometric instrument in non-help-seeking populations.

associated  with

4)  Neurobiological  abnormalities

neuropsychiatric conditions and their symptoms.

e Sun et al, found that adult patients with early and late

onset recurrent depression, compared to healthy controls,
have abnormal neuronal fMRI activity in some brain regions,
with differences closely related to the default mode network,
and the salience network, and that patients of each age
group exhibit regional homogeneity abnormalities relative to
matched controls. The prevalence of depressive disorders in
schizophrenia is reported to be very high (~40%), and these
findings are therefore of great importance and relevance, even
when taking into account the neurobiological abnormalities
associated with schizophrenia spectrum disorder.

Morese et al. found that patients with SCZ, compared to
healthy controls, showed a higher fMRI neural activation of
the left-middle temporal gyrus (L-MTG) while performing

frontiersin.org
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a communicative pragmatic task; the involvement of the
L-MTG was related to the increasing inferential effort required
in correctly understanding the speaker’s communicative
intentions, and the higher integrative semantic processes
involved in sentence processing.

Conclusions

This RT has contributed to identify which factors may contribute
to the occurrence and persistence of PE in both the general
population and the psychosis spectrum, and which aspects may
instead play a protective role and reduce the risk of transition
to psychosis.

The RT has explored the relationship between social cognition,
pragmatic communication, and other relevant cognitive and social
domains associated with PE and has shown, for example, that implicit
mentalization and non-verbal social perception are two key skills that
selectively distinguish patients with schizophrenia from controls.

Crucially, the RT has also revealed new ways to assess,
conceptualize, and rehabilitate the psychosocial, cognitive, and
clinical aspects involved in the development and persistence of PE.
Indeed, new validated assessment tools—the ACIPS scale-, new
conceptual views and new intervention treatments—the Voices 2
training program—were presented in the RT.

In summary, the RT has helped to uncover some of the complex
interactions between multiple factors underlying the onset of PE
and the transition to psychosis, and provided support to the idea
of a continuum between the general population and the psychosis
spectrum. Finally, the RT has also shown what is currently lacking
and where future efforts might be directed: longitudinal design are
essential to track over time the relationships between PE and deficits
in social cognition and pragmatic communication and the onset
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Objectives: Social contact is known to be beneficial for humans’ mental health.
Individuals with psychotic symptoms (PS) tend to show poorer social and interpersonal
functioning. However, in this patient population, social contact may be crucial for
their mental wellbeing and treatment success. Additionally, closeness of social contact
(familiar versus less familiar others), rather than only the presence or absence of social
contacts, may play an important role. Empathy may heighten the beneficial effects
of social/close contact on mental health, facilitating interactions. We investigated the
association between social contact and closeness of contact on mental health, defined
as positive symptoms, positive affect and negative affect in PS and control participants,
with empathy as a moderator.

Methods: Participants were 16-30 years old. Information regarding social/close contact
and mental health was obtained using the experience sampling method in individuals
with PS (n = 29) and healthy controls (n = 28). Empathy was measured using a self-report
questionnaire.

Results: Social contact was associated with higher positive affect in the total sample.
Contact with close as opposed to less close others was related to better mental health:
It was associated with lower positive symptoms in the PS group, and with more positive
affect in the total sample. Empathy moderated the association between closeness of
contact and positive affect in the total sample, in which the combination of higher levels
of empathy combined with the presence of close contact was associated with higher
positive affect in the total sample. However, the direct association between empathy
and positive affect was not significant per group of contact.

Frontiers in Psychology | www.frontiersin.org 8

December 2021 | Volume 12 | Article 769091


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2021.769091
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2021.769091
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2021.769091&domain=pdf&date_stamp=2021-12-16
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.769091/full
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Krijnen et al.

Benefits of Social Contact

Conclusion: The results suggest that social contact, but especially contact with
a close other is important for mental health outcomes: Contact with close others
is beneficial for positive affect in the total sample and for positive symptoms in

individuals with PS.

Keywords: first episode psychosis (FEP), clinical high risk (CHR) for psychosis, social contact, close contact,
positive psychotic symptoms, positive and negative affect, experience sampling method (ESM)

INTRODUCTION

Psychotic  disorders, including schizophrenia are severe
conditions that have a significant impact on daily functioning of
individuals experiencing psychotic symptoms (PS) (Cho et al,
2017). These disorders are characterized by positive symptoms
(e.g., delusions and hallucinations), negative symptoms, such as
diminished emotional expression and avolition, disorganized
thinking (speech), grossly disorganized or abnormal motor
behavior, and cognitive dysfunctions (American Psychiatric
Association [APA], 2013). Psychotic disorders are also associated
with poorer social and interpersonal functioning (Yager and
Ehmann, 2006). However, a possible protective factor against the
symptoms in this patient group is social contact. For individuals
with PS, social contact has been linked to mental health and
psychological wellbeing (Bengtsson-Tops and Hansson, 2001;
Meyer-Lindenberg and Tost, 2012; Bjornestad et al,, 2017).
The concern, however, is that individuals with PS, including
people at clinical high risk (CHR) for developing psychosis, have
significantly poorer social networks in terms of quantity and
quality of contact than healthy individuals (Bengtsson-Tops and
Hansson, 2001; Pruessner et al., 2011), though social contact
might be particularly important for this patient group.

Impaired social functioning (e.g., in terms of the number
of close friends, quality of the friendship, number of social
contacts, etc.) has been found to be predictive for developing
a psychotic disorder in individuals at CHR (Cornblatt et al.,
2007). In patients with schizophrenia, it was shown that a lack of
social contact was predictive for more severe negative symptoms,
lower psychosocial functioning and a worse quality of life (Millier
etal., 2014). These findings support the idea that social contact is
related to better outcomes for individuals with, or at high risk for,
psychotic disorders.

The closeness of the contact might be the crucial element
that determines whether social contact is beneficial or not.
Research showed that though patients with psychotic disorders
experienced more paranoia when being alone compared to
having social company, both healthy people and patients
experienced more paranoia when meeting with distant others
compared to close others and that meeting close others was
associated with lower paranoia over time (Fett et al., 2021). In a
non-clinical sample of individuals at increased risk for psychosis,
meeting with less close individuals was found to be associated
with an increased risk of experiencing unusual perceptions
when compared to being alone, whereas the presence of close
contacts was associated with a lower risk (Verdoux et al., 2003).
Individuals with low and medium paranoid traits showed more
paranoia when being in company of less close individuals, than in

company of close individuals (Collip et al., 2011). However, this
association was not significant in individuals with high paranoia.
In addition, it was found that individuals who were prone to
psychosis showed an increase in negative affect (i.e., anxious and
depressed moods) when they were likely to meet with less close
others (Husky et al., 2004). These studies support the idea that
the beneficial effect of social contact on mental health depends
on the closeness of the contact.

The positive effect of social/close contact on mental health
might be driven by empathy. Baron-Cohen and Wheelwright
(2004) stated that “empathy is the glue of the social world”
(p. 163), and it has been defined as the ability to understand
and experience the thoughts and feelings of others. Generally,
the ability to understand one’s thoughts and feelings is called
cognitive empathy, whereas the extent to being able to experience
others’ thoughts and feelings is referred to as affective empathy
(Hogan, 1969). Empathy seems to be one of humans’ core abilities
to interpret actions of others (Price and Archbold, 1997), which
is highly relevant when being in company of others. Empathy
has been linked to prosocial and positive behaviors toward
others, facilitating interactions and relationships (McDonald and
Messinger, 2011). If empathy is lacking, the essence of a social
exchange may get lost as the person would not fully understand
or “feel” emotions of the other person. This can result in less
satisfactory contact which in turn may affect mental health.
Therefore, levels of empathy may determine the extent to which
a person benefits from social contact in terms of their mental
health. In other words, higher levels of empathy could boost the
advantages of social contact on mental health.

Although the relationship between empathy, social/close
contact and mental health is not clear yet, both empathy
and social functioning show abnormal patterns in individuals
with PS (Yager and Ehmann, 2006; Montag et al., 2007) and
seem to be predictive for functional outcome (e.g., social skills
and community functioning) (Briine, 2005; Bora et al., 2006;
Fett et al., 2011). These individuals tend to withdraw from
social contact, which in turn negatively influences their social
relationships. Abnormalities in social functioning and empathy
are found along the psychosis continuum, in patients that
experienced multiple psychotic episodes (Grant et al, 2001;
Mazza et al, 2012), in first-episode psychosis patients (FEP)
(Priebe et al.,, 2000; Grant et al.,, 2001; Mazza et al., 2012),
and also in CHR (Hifner et al., 1999; Yung et al., 2004; Van
Donkersgoed et al., 2015). Previous studies have investigated
levels of empathy in these groups. In schizophrenia patients,
cognitive empathy was found to be impaired (Montag et al.,
2007, 2020; Derntl et al., 2009; Corbera et al., 2021), but
results regarding affective empathy were inconsistent with some
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studies reporting impairments in affective empathy (Derntl et al.,
2009; Corbera et al., 2021), and others finding no impairment
in both behavior measures and self-rated affective empathy
compared to healthy controls (Montag et al., 2007; Berger et al,,
2019). Furthermore, affective empathy has been found to be
impaired in CHR compared to both schizophrenia patients
and healthy controls, but cognitive empathy remained intact
in this CHR group (Montag et al, 2020). Since social/close
contact is associated with mental health and symptom severity,
and empathy might strengthen this relationship, it is important
to investigate the link between these factors in individuals
with FEP and at CHR.

The aim of the current study was to investigate the link
between being alone versus being in social contact, the closeness
of the contact (with close versus less close others), empathy
and mental health in individuals with PS, compared to healthy
controls. Mental health consisted of three constructs: positive
affect, negative affect and positive symptoms. Two research
questions were addressed: (1) Is social contact compared to
being alone associated with differential mental health (i,
positive symptoms and positive/negative affect) in controls versus
individuals with PS, and does the closeness of the contact (close
versus less close others) affect mental health differently? (2) Does
empathy function as a moderator in these associations? Based on
the existing literature, we could not make a prediction regarding
the direction of the effect of social contact on mental health,
since the nature of the social contact (i.e., close versus less close)
seems to play a pivotal role in this relationship. We hypothesized
that close contact has a more beneficial effect on mental health
than less close contact based on studies linking close contact
to higher perceived social support and better outcomes (Nangle
et al,, 2003; Verdoux et al., 2003; Husky et al., 2004; Collip et al,,
2011; Kingery et al.,, 2011; Manago et al., 2012). We expected
this relation to be similar in individuals with PS and healthy
participants (Verdoux et al., 2003; Collip et al., 2011). For the
second research question, it was hypothesized that empathy
functions as a moderator or a “booster;” meaning that participants
with high levels of empathy will benefit more from social contact
as compared to being alone than participants with lower levels
of empathy, as can be seen in lower levels of negative affect
and positive symptoms, and more positive affect. It will also be
explored whether empathy influences the relationship between
closeness of the contact and mental health in individuals with PS
and healthy participants.

MATERIALS AND METHODS

Participants

The current study was an add on to a larger study (Lemmers-
Jansen et al., 2018, 2019) and included 37 individuals with PS
and 30 healthy individuals. However, 8 individuals with PS
and 2 controls were excluded because they had less than 20
experience sampling method (ESM) measurements. The final
sample therefore consisted of 29 individuals with PS and 28
controls. CHR and FEP participants together formed the PS
group, as studies have shown that both patient groups suffer from

similar symptoms related to comparable impairments in social
functioning (Niendam et al., 2006; Yung et al., 2008; Fusar-Poli
et al., 2010; Pruessner et al., 2011).

Individuals of the PS group were recruited in the Academic
Medical Center Amsterdam (AMC), the Amsterdam -early
intervention team psychosis (‘Vroege Interventie Psychose’ - VIP
team) and PsyQ in The Hague and were contacted by their
treating clinicians. Healthy controls were recruited at vocational
and higher educational institutes in the area of Amsterdam
and The Hague and were matched on education level, age,
and sex. FEP patients were diagnosed at the AMC hospital
by using DSM-IV criteria (American Psychiatric Association
[APA], 2004), and included in the study within 18 months
after diagnosis. CHR individuals were referred to PsyQ by their
general practitioner or by other health care professionals. All new
admissions were screened using the Comprehensive Assessment
of At-Risk Mental States [CAARMS; (Yung et al., 2005)] which is
a semi-structured interview used to assess psychotic experiences
in the last year. Furthermore, patients had to obtain a score
below 55 on the Social and Occupational Functioning Assessment
Scale [SOFAS (Goldman et al.,, 1992; Morosini et al., 2000)]
which indicates problems in work/study, relationships and self-
care. CHR individuals were included in the study <1 year
after the CAARMS assessment. In FEP and CHR, severity of
symptoms was assessed with the Positive and Negative Syndrome
Scale [PANSS; (Kay et al., 1987)]. Scores did not differ between
CHR and FEP on the PANSS subscales and the total score,
supporting the decision to merge the CHR and FEP participants
into one patient group (PANSS total mean score CHR = 1.96
and FEP = 1.97, p = 0.96). The total symptom score of 58.52 of
the patient group refers to “mildly ill” (Leucht et al., 2005). See
Table 1 for the participants’ characteristics.

Sufficient knowledge of the Dutch language was required.
An exclusion criterion for all participants was an 1Q < 80,
approximately. Individuals with PS were excluded when
diagnosed with a primary diagnosis of a mood disorder or
comorbid autism spectrum disorder (ASD). Healthy controls
were excluded if they had a (family) history of psychiatric
disorders or ASD.

Materials

Experience Sampling Method

The ESM, also referred to as Ecological Momentary Assessment
(Stone and Shiffman, 1994), was developed to measure behavior,
experiences and environment of daily life in a systematic and
valid way (De Vries, 1992; Csikszentmihalyi and Larson, 2014).
In the current study, the questions of the ESM were delivered on
an iPod that the participants were carrying. Questionnaires were
sent 10 times a day, for seven continuous days between 7.30 am
and 22.30 pm. Within time frames of 1.5 h, measurements came
at random intervals, but at least 15 min apart. Participants were
alerted by a beep and had 15 min to fill out the questionnaire.
The initial questionnaire consisted of 50 items, of which we used
17 items as these were the items measuring social/close contact
and mental health (i.e., positive and negative affect and positive
symptoms) and we used one additional item regarding to what

Frontiers in Psychology | www.frontiersin.org

December 2021 | Volume 12 | Article 769091


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Krijnen et al.

Benefits of Social Contact

TABLE 1 | Participant characteristics.

Variable Control group PS group’
(n=28) (n=29)

Sex

Male (%) 15 (63.57%) 13 (44.83%)

Age

Mean (SD) 20.36 (2.73) 21.33 (2.91)

Range 16-26 17-30

Education level*

Low, n (%) 14 (50.00%) 16 (57.14%)

Medium, n (%) 7 (25.00%) 7 (25.00%)

High, n (%) 7 (25.00%) 5 (17.86%)

Country of birth

Netherlands, n (%) 25 (89.29%) 22 (78.57%)

Empathy

Mean (SD)$ 19.93 (3.22) 19.79 (3.17)

Medication type

Antipsychotics, n (%) - 10 (35.71%)

Other medication, n (%)1 - 9 (32.14%)

No medication, n (%) - 9 (31.03%)

PANSS scores?

Positive symptoms, M item (SD) - 1.77 (0.67)

Negative symptoms, M item (SD) - 2.23(0.71)

General symptoms, M item (SD) - 1.91 (0.51)

Total mean score, M (SD) - 1.97 (0.49)

Total sum score, M (SD) - 58.52 (14.29)

SD, standard deviation; M, mean; PANSS, positive and negative syndrome scale;
PS group, individuals with psychotic symptoms.

TThe patient group consists of both FEP and CHR.

*+Low, lower (pre-)vocational education (VMBO, MAVO, and MBO); Medium, higher
(pre-)vocational education (HAVO and HBO); High, (pre-) university education
(VWO and WO). One missing value in PS group.

$One missing value of empathy in the control group and one missing value
in the PS group. Subscales for affective and cognitive empathy did not
differ between groups.

0ther mediication consisted of antidepressants, benzodiazepines and in one case
anticonvulsant medication. Medication use was unknown for one participant.
8PANSS data were only available for the PS group. Data of four
participants were missing.

extent the participant felt comfortable in the current company
(see Appendix A).

Social Contact

The question “With whom am I now?” was used to investigate
whether the person was in social contact. If the person answered
that s/he was not with other people, the answer was coded as
“alone.” If the person answered that she/he was with others
(answer options: “classmates,” “colleagues,” “friends,” “1 friend,
“partner;” “family;,” “housemates,” and “stranger”), it was coded as

being in social contact.

Closeness of Contact

To investigate the closeness of contact, the same item was used
as for measuring social contact. However, only answers referring
to being with others were taken into account, as being alone did
not form part of this concept. A distinction was made between
close and less close contacts. In order to do so, we followed the
procedure of Fett et al. (2021). Additionally we used the ESM

question in which participants were asked to rate on a 7-point
Likert scale whether they felt comfortable in the current company
(1 = totally disagree to 7 = totally agree) (see Appendix B for
more information). Based on this second method, results showed
that housemates better fitted the concept of a close contact
whereas Fett and colleagues grouped them as less close contacts.
Therefore, the final distinction was as follows: Close contacts
were considered “friends,” “1 friend,” “partner,” “housemates,”
and “family,” whereas “classmates,” “colleagues,” and “stranger”
were considered as less close contacts. The contacts that
were categorized as close contacts received significantly higher
scores on the item regarding feeling comfortable within the
company (p < 0.001) than the contacts that were considered as
less close contacts.

Mental Health

Mental health was measured by 16 items, assessing positive
symptoms (8 items, e.g., “I hear voices”), positive affect (4 items,
e.g., ‘I feel relaxed”) and negative affect (4 items, e.g., “I feel
down”) (Myin-Germeys et al., 2005). We calculated the internal
consistency, reflecting an acceptable to good reliability (positive
symptoms; o = 0.88, positive affect, o = 0.71, negative affect
o = 0.83). Answer options ranged from 1 = “totally disagree”
to 7 “totally agree.” Mean scores per outcome category were
calculated, with higher scores reflecting more severe positive
symptoms, higher negative affect, and higher positive affect. For
an overview of the included questions, see Appendix A.

Positive and Negative Syndrome Scale

The PANSS is a semi-structured interview which aims to
investigate the severity of the psychotic symptoms over the
last 2 weeks (Kay et al, 1987). In the current study, the
PANSS was used to investigate patients’ symptoms at baseline.
The scale consists of three subscales, measuring positive
symptoms (7 items), negative symptoms (7 items) and general
psychopathology (16 items). All items are rated on a 7-point
Likert scale. Mean scores per subscale and sum scores for the total
scale were calculated, with a higher score reflecting more severe
symptoms. Total scores of 58, 75, 95, and 116 refer to “mildly
ill,” “moderately ill,” “markedly ill,” and “severely ill,” respectively
(Leucht et al., 2005).

Empathy Questionnaire for Children and Adolescents
Empathy was measured by using the EmQue-CA (Overgaauw
etal., 2017). This is a 14-item self-report questionnaire measuring
one’s empathy during the past 2 months, consisting of three
subscales. For the current study, only two subscales have been
used: (1) Affective empathy, consisting of 6 items measuring
the emotional arousal one experiences when confronted with
other’s emotion, and (2) Cognitive empathy, consisting of 3 items
measuring the extent to which one understands other’s emotions.
A three-point scale was used, with 1 = “not true,” 2 = “somewhat
true,” to 3 = “true.” The sum score of these 9 items reflected the
level of empathy, with a higher score indicating higher levels of
empathy. The EmQue-CA has shown to be a reliable and valid
instrument (Overgaauw et al., 2017).
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Procedure

Participants were told that this study focused on social
decision making in adolescents/young adults with and without
psychosis/abnormal experiences. If the participant was willing to
participate, one of the researchers made a home visit to provide
the participant with the iPod after the informed consent form was
signed. The participant filled in the questionnaire once together
with the researcher, to ensure comprehension of the questions
and the device. Under the age of 18, one of the parents also signed
the informed consent. A week later the iPod was returned and
the larger testing session took place, including the PANSS and
the EmQue. In some of the cases, the iPod was given after the
testing session. Two or three days after the start of the ESM, the
researchers called the participants to inquire about the progress of
filling in the questionnaires, and to encourage the participants to
continue with the ESM. When returning the iPod with sufficient
data, participants received 25 euros for participation. The study
was approved by the Medical Ethics Committee of VU University
Medical Center Amsterdam.

Statistical Analysis

Stata version 14.2 was used for data analysis (StataCorp, 2015).
Simple linear regression analyses and chi-squared tests were
performed to check for differences in characteristics between the
control and PS group. Secondly, multilevel random regression
analyses were conducted, in which repeated measures in time
were considered as level 1, and participants as level 2. For
every hypothesis, three separate outcome measures of mental
health were used: positive symptoms, positive affect and negative
affect. Age, sex, and education level were included as covariates
in all analyses. For the first part of research question 1, the
predictor social contact was added as a dichotomous variable
(being in contact versus being alone). For the second part, the
predictor was close (instead of social) contact (close contact
versus less close contact). Furthermore, an interaction between
contact and group (PS group versus healthy participants) was
added to test for differences between the PS group and healthy
participants. If this interaction was significant, analyses were
run per group. If the interaction was non-significant, analyses
were run excluding the interaction term. For the hypothesis
regarding empathy as a moderator (centered composite score
of affective and cognitive items), we used the same model but
added empathy. Furthermore, we investigated whether there was
an interaction between group and empathy, and social/close
contact and empathy, for every outcome measure. To correct
for multiple testing, we applied the Bonferroni adjustment -
i.e., three outcome measures with four analyses each (i.e., social
contact, close contact, social contact x empathy, and close
contact x empathy) resulting in an alpha level of 0.05/12 = 0.004.
See Table 2 for an overview of the models.

RESULTS

Participant Characteristics
Demographics and participant characteristics are shown in
Table 1. No significant differences between the PS group and

healthy control participants were found in terms of sex, age,
education level, and country of birth. The PANSS was only
assessed in the PS group. Levels of empathy did not differ
between the groups.

Social Contact and Mental Health

Experience sampling method variables are displayed in Table 3,
showing no differences between the control and PS group in
number of social contact (b = —0.06, p = 0.25) and close
contact (b = 0.07, p = 0.22), but the control group filled out
significantly more ESM measurements (p = 003). The PS group
reported more positive symptoms (b = 0.77, p < 0.001), and

TABLE 2 | Presentation of the models.

Model 1 and 2 Group
Contact?
Group x Contact?
Model 3 and 4 Empathy

Empathy x Group
Empathy x Contact?

Model 3 and 4 are model 1 and 2, including empathy as extra factor. Age, sex, and
education level were added to all models as covariates. Allmodels were run 3 times:
with the outcome measures positive symptoms, positive affect, negative affect.

@ln model 1 and 3 “Contact” refers to the variable social contact. In model 2 and 4
“Contact” refers to closeness of contact.

TABLE 3 | ESM variables on social contact and mental health compared
between the groups.

Controls (n = 28) PS group (n = 29)

Total n ESM obs 1,335 1,018

Mean n ESM obs 47.68* 35.10

Social contact

“Yes,” obs, (%) 66.67% 60.32%

Close contact

“Yes,” obs, (%) 65.72% 72.24%
Family, obs (%) 34.73% 33.97%
1 friend, obs (%) 7.47% 11.80%
Roommates, obs (%) 5.41% 5.41%
Friends, obs (%) 14.64% 8.48%
Partner, obs (%) 3.47%* 12.58%

“No,” obs (%) 34.28% 27.76%
Colleagues, obs (%) 11.82% 6.41%
Classmates, obs (%) 15.46%** 5.26%
Stranger, obs (%) 7.00%* 16.09%

Mental health

Positive symptoms, M (SD) 1.33 (0.35)™ 2.09 (0.95)

Positive affect, M (SD) 4,77 (0.57)F 4.31(0.98)

Negative affect, M (SD) 1.72 (0.62)*** 2.58 (1.14)

PS group, individuals with psychotic symptoms; ESM, experience sampling
method; obs, observations;, M, mean; SD, standard deviation. Groups significantly
differed in number of ESM completions (p = 0.003). The other comparisons
regarding type of contact were not significant after applying Bonferroni correction.
fp =0.06.

o < 0.05.

“*p < 0.01.

**p < 0.001.
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more negative affect (b = 0.87, p < 0.001) than the control
group. No differences were found for positive affect (b = —0.40,
p =0.06).

Mental Health

Results are presented in order of the hypotheses, first for social
contact, followed by close contact.

Social Contact

Positive Symptoms

The analysis showed no significant interaction effect for social
contact and group on positive symptoms, [b = —0.0001, 95%
CI (—0.09 to 0.09), p = 1.00]. Further analyses, excluding
the interaction, showed no significant effect for social contact
[b = 0.04, 95% CI (—0.002 to 0.09), p = 0.06], indicating that
social contact was not associated with positive symptoms in
the total sample.

Positive and Negative Affect

There was no significant interaction effect between social contact
and group on positive affect [b = 0.05, 95% CI (—0.12 to 0.23),
p = 0.53] nor on negative affect [b = 0.01, 95% CI (—0.13 to
0.15), p = 0.91]. A main effect was found for social contact on
positive affect [b = 0.22, 95% CI (0.14 to 0.30), p < 0.001],
indicating that more social contact was associated with more
positive affect, regardless of group. No main effect was found for
social contact on negative affect [b = —0.06, 95% CI (—0.13 to
0.008), p = 0.08].

Close Contact

Positive Symptoms

An interaction effect was found for closeness of contact and group
on positive symptoms, [b = —0.22, 95% CI (—0.35 to —0.08),
p = 0.001]. Closeness of contact predicted positive symptoms
in the patient group [b = —0.24, 95% CI (—0.35 to —0.13),
p < 0.001], but not in the control group [b = —0.03, 95% CI
(—0.10 to 0.05), p = 0.47], indicating that meeting with close
others, as compared to less close others, was associated with lower
positive symptoms only in the PS group.

Positive and Negative Affect

The analyses revealed no significant interaction of closeness
of contact and group on positive affect nor on negative affect
[b=—0.08, 95% CI (—0.31 to 0.16), p = 0.53; b = —0.08, 95% CI
(—0.28 t0 0.11), p = 0.40, respectively]. A main effect of closeness
of contact on positive affect was found [b = 0.20, 95% CI (0.09
to 0.31), p < 0.001], but not on negative affect [b = —0.08,
95% CI (—0.17 to —0.02), p = 0.11], indicating that being with
close contacts, as compared to company of less close others, was
associated with more positive affect but not with negative affect
in the total sample.

Empathy

Social Contact, Empathy, and Positive Symptoms
The analyses showed no interaction effects for group with
empathy nor social contact with empathy on positive symptoms
(bs < —0.03 and p5 > 0.59).

Social Contact, Empathy, and Affect

No interaction was found between empathy and social contact on
positive affect nor on negative affect (bs < —0.003, p’s > 0.83),
nor of empathy and group on affect (b5 > —0.01 < 0.05 and,
p’s > 0.50).

Closeness of Contact, Empathy, and Positive
Symptoms

No significant interaction between empathy and closeness of
contact on positive symptoms was found for the total sample
[b =0.01, 95% CI (—0.01 to 0.03), p = 0.35], nor for empathy
and group [b = —0.02, 95% CI (—0.14 to 0.10), p = 0.79].

Closeness of Contact, Empathy, and Affect

A significant interaction effect was found for empathy and close
contact on positive affect for the total sample [b = 0.06, 95% CI
(0.02 to 0.11), p = 0.003, see Figure 1] but not on negative affect
for the total sample [b = —0.02, 95% CI (—0.05 to 0.02), p = 0.41].
There was no interaction between empathy and group on positive
affect [b =0.02, 95% CI (—0.11 to 0.16), p = 0.73] nor on negative
affect [b = 0.01, 95% CI (—0.14 to 0.15), p = 0.93]. Follow-up
analyses were carried out to interpret the interactions as shown
in Figure 1 and revealed a non-significant positive association
between empathy and positive affect when being in company of
close others [b = 0.02, 95% CI (—0.05 to 0.09), p = 0.58], and a
non-significant negative association for being in company of less
close others [b = —0.02, 95% CI (—0.10 to 0.06), p = 0.64].

DISCUSSION

The current study aimed to gain more insight into the
relationship of social contact, closeness of contact, and empathy
on mental health in individuals with PS versus controls. The
results showed that being in company of others compared to
being alone was associated with higher levels of positive affect
in the total sample. However, social contact with close others
(e.g., friends and partner) was significantly more related to higher
positive affect than company of less close others. Furthermore,
company of close others was associated with lower positive
symptoms in the PS group only. This indicates that the nature
of the contact (close versus less close) plays a relevant role,
especially for individuals with PS, since it may lower their
positive symptoms, although the direction of the effect could
not be determined. In addition, the results for the total sample
showed an interaction for closeness of contact and empathy on
positive affect, suggesting that as levels of empathy increased,
positive affect decreased when being in company of less close
contacts but not when being in the company of close contacts.
However, the results need to be considered with caution as these
effects were not significant per type of contact (close versus less
close) separately.

The results showed that being in social contact was not
related to negative affect but it was related to more positive
affect in the total sample. It was also found that close contact
compared to less close contact was significantly related to more
positive affect for the total sample. Furthermore, contact with
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close others was related to lower positive symptoms in the
patient group only. These findings are in agreement with previous
research indicating that contact with close others is associated
with a lower symptom severity (Verdoux et al., 2003; Husky
et al., 2004; Collip et al, 2011). However, we could not test
the direction of the effect. It may therefore also be possible
that those who feel better, seek more contact with close others.
Further research is needed to investigate the direction of this
link. Nonetheless, these findings highlight the importance of the
closeness of the contact and seem highly relevant for clinical
practice. Therapies could focus more on involving close contacts
in the life of the patient. Additionally, the role of empathy was
investigated. It was assumed that the PS group would show
lower levels of empathy than the control group, but this was
not the case. This might be explained by the fact that we used
a self-report questionnaire. This may lead to subjective biases
and objective measures have been suggested to more accurately
measure empathic skills (Chrysikou and Thompson, 2016; Van
Donkersgoed et al., 2019). It may also be due to the fact that
the PS group consisted of CHR and FEP participants and some
studies suggest that empathic deficits are more visible in patients
with chronic schizophrenia (Canty et al.,, 2021). Furthermore,
we measured empathy as a trait rather than a state. Future
research could incorporate ESM questions measuring empathy
to investigate fluctuations of empathy and how it may affect
the relationship between contact with others and mental health
within one moment. It was hypothesized that individuals with
higher levels of empathy benefited more from social contact

resulting in a better mental health. Results showed that empathy
only moderated the relationship between closeness of contact
and positive affect and only for the total sample. The interaction
plot suggested that for individuals with higher levels of empathy
in combination with being with close others was related to
higher positive affect compared to being with less close others.
However, the direction of the effect is unclear as we could
not investigate causality and more importantly, the effect of
empathy on positive affect per type of contact (close versus
less close) was non-significant. However, type of contact had
a differential effect on positive affect dependent on levels of
empathy. More research with larger sample sizes is needed to find
a potential effect. Based on our results, empathy does not seem to
play a pivotal role in boosting the relationship between contact
and mental health.

Our results need to be considered in the light of several
limitations. The sample size was relatively small and not all
participants filled out every ESM measurement. We found that
individuals with PS responded significantly less often than
control participants. Although we have no insight in reasons
for missing ESM measurements, it might be that with higher
symptom severity, individuals with PS were less likely to fill out
measurements which in turn may have influenced our results.
For future research, we recommend to provide one pop-up
question (e.g., multiple choice) for the participant to indicate
why he/she did not fill out the measurement. Another point
is that the PS group used different types of medication. For
example, CHR were on medication for anxiety and depressive
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symptoms whereas FEP were predominantly taking antipsychotic
medication. These factors may have influenced their natural
daily behavior and feelings. To avoid these biases, future studies
should include more participants, and a more homogeneous
group, preferably consisting of unmedicated individuals with
PS. As we could not determine the directions of the effects,
it would be valuable if future research included longitudinal
data to show the temporal sequence, long-term effects and
possibly causality. Furthermore, we did not have information
regarding the bond of the company the participant was with,
although we knew to what extent they felt comfortable in their
company. However, it would have been best if participants
rated how close they were to the specific person. Additionally,
it would be valuable if future research investigated whether
treatments involving close contacts are effective in individuals
with PS. Furthermore, we were not able to measure perceived
social support, but this may be a mediator between social
contact and symptom severity as close contacts seem to be
related to higher perceived social support (Manago et al,
2012), and social support has been linked to better outcomes
in people with mental illnesses (McCorkle et al, 2008).
Future research can investigate this link further. It is also
interesting to investigate whether negative symptoms decrease
when individuals with PS are motivated to engage in social
contact with good friends or family. This could be done
by providing therapy which involves the close contacts in
order to strengthen their relationship and facilitate the contact.
Lastly, it would be interesting to divide positive symptoms into
manic and paranoid symptoms, as they may differ in terms of
corresponding affect.

The current findings lead to several implications for clinical
practice. Since the results showed that company of close
contacts was associated with better outcomes, therapy should
include ways to utilize these beneficial contexts either directly
by involving close friends/family in therapy or indirectly by
guiding the patient in seeking contact with close others. In
the United Kingdom, family therapy is already a recommended
psychological treatment for individuals with psychosis [National
Institute for Health and Care Excellence (NICE), 2015].

In summary, we can conclude that social contact, especially
with close others, is linked to a higher positive affect for
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Krijnen et al.

Benefits of Social Contact

APPENDIX A | ESM ITEMS USED IN THE CURRENT STUDY

“I feel comfortable in this company”
“With whom am I now?”

Alone/Alone with pet/colleague’s/classmates/friends/1 friend/partner/family/roommates/stranger

Positive symptoms

“I sense that others do not like me”

“I sense that others intend to harm me”
“I am feeling suspicious”

“I feel surreal”

“My thoughts won’t let me go”

“My thoughts are influenced by others”
“I hear voices”

“I see appearances”

Positive affect
“I feel lively”
“I feel relaxed”
“I feel content”
“I like myself”

Negative affect
“I feel insecure”
“I feel anxious”
“I feel irritated”
“I feel down”

APPENDIX B | PARTICIPANTS’ ANSWERS REGARDING HOW COMFORTABLE THEY

FELT WITH THEIR COMPANY

Controls (n = 28)

| feel comfortable in this company Close contact Not a close contact

PS group (n = 29)

Close contact

Not a close contact

No (scores 1-2) 9 (1.50%) 6 (2.1%)
Medium (scores 3, 4, 5) 47 (7.85%) 86 (29.66%)
Yes (scores 6-7) 543 (90.65%) 198 (68.28%)
Total obs, n 599 290

5 (1.10%) 16 (10.40%)

168 (35.97%) 82 (53.25%)

204 (62.96%) 56 (36.36%)
467 154

PS, individuals with psychotic symptoms; obs, number of ESM observations. Participants felt significantly more comfortable with company of close contacts (p < 0.0017).
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Introduction: Emotion recognition of voices may play an important role in interpersonal
communication and patients with schizophrenia present alterations in this regard.
Several on-line rehabilitation tools have been developed for treatment in this area. Voices
is an on-line prosodic recognition program consisting of identifying different emotional
tones in neutral phrases, in different sessions of gradually increasing difficulty. This
training tool has previously reported benefits, and a new version has been created called
Voices 2. The main aim of this study is to test the capacity of the Voices 2 program to
improve emotion recognition through prosody for adults with schizophrenia. Secondly,
it seeks to observe durability effects 1 month after intervention.

Method: A randomized, single-blind, multicenter clinical trial was conducted with 44
outpatients diagnosed with schizophrenia or schizoaffective disorder. The intervention
group (also called Voices) was treated with Voices 2, whereas the control group was
treated with auditory training that was not related to emotions. Sociodemographic and
clinical data, clinical state (PANSS), Intelligence Quotient and prosodic recognition (RMV-
SV) were measured at baseline. After intervention, RMV-SV and PANSS were assessed.
One month later, the RMV-SV measure was repeated.

Results: The control group (n = 19) and the Voices group (n = 22) did not differ on x2, t
or U tests in sociodemographic, clinical and psychometric variables at baseline or post-
intervention (all p-values > 0.05). In the Voices group, statistically significant differences
were observed in the RMV-SV scale applied post-intervention vs. that applied pre-
intervention (Z = 2.47, p = 0.013). Similar results were observed in the 1-month follow-up
RMV-SV vs. the pre-intervention RMV-SV (Z = 1.97, p = 0.049). PANSS scale was
also assessed with no significant differences between pre vs. post measures in both
groups. Lastly, Voices 2 was rated relatively higher, based on its ease of understanding,
entertainment value, usefulness and the appropriateness of use of its emotional glossary.
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Discussion:

Improvements were observed

in prosodic recognition following

intervention with Voices 2 in the Voices group. Although these results are similar to other
clinical trial rehabilitation programs, specific research on the matter remains scarce.
Certain aspects, such as the durability of effects or adherence should be thoroughly

studied and clarified.

Clinical Trial Registration: [https://doi.org/10.17605/0SF.I0/G95CA4].

Keywords: prosodic recognition, emotion recognition, social cognition, natural semantic metalanguage, online
cognitive training, computer based cognitive training, schizophrenia, schizoaffective disorder

INTRODUCTION

Schizophrenia is a severe and chronic mental disorder that affects
20 million people across the world (James et al., 2018). There
are three types of main symptoms: positive symptoms (such
as delusions, hallucinations, or disorganized speech); negative
symptoms (affective flattening, alogia, or avolition) and cognitive
symptoms (dysfunctions in working memory or processing
speed, deficits in reasoning and abstract thinking, among others).
Positive symptoms are manifested in acute episodes of the
illness, while negative and cognitive symptoms are present during
inter-episode phases, and they represent a significant factor in
the limitation of the quality of life of patients. People with
schizophrenia may present a high degree of social, occupational
and academic dysfunction throughout their life (Ventura et al,,
2009; Halverson et al., 2019).

The cognitive symptoms of the illness include deficits related
to detection, processing and the use of social information,
which enables integration and communication with other
people. These tasks are part of Social Cognition (SC), and SC
deficits are significantly related to deteriorating functionality in
schizophrenia (Fett et al., 2011; Pinkham, 2014).

One of the bases of SC, which enables correct social
interaction, is emotional processing. Emotional processing
alterations do not improve with antipsychotic treatment (Penn
etal., 2009), and they are related to the severity of the illness (Irani
et al., 2012). Facial emotion processing deficits have been widely
documented (Kohler et al., 2010; Gao et al., 2021). In studies
related to other sensory channels, such as the auditory pathway,
results are similar to those of facial recognition, although they are
collected less frequently (Lin et al., 2018). In the auditory channel,
emotional recognition is carried out through tone of voice, also
called affective prosody.

Affective prosody is an important issue in the field of
schizophrenia because it helps to clarify meanings and resolve
ambiguity in human speech through the auditory channel, when
no other channel is available (e.g., a phone call) (Paulmann and
Pell, 2011). Moreover, prosodic recognition is integrated as part
of the multisensory channels needed for emotion communication
(composed of facial and linguistic expressions and paralinguistic
inputs), and it is essential for interpersonal relations. If any of
these channels fail to integrate emotional signals, interpersonal
conflicts could arise (Lin et al., 2020).

Deficits in prosodic recognition are associated with negative
and cognitive symptoms (Thomas et al., 2017). Basic auditory

skills and auditory emotion processing are impaired in
schizophrenia patients with cognitive disturbances (Kraus et al.,
2019). The presence of negative symptomatology has been
associated with worsening prosodic recognition (Leitman et al.,
2005; Castagna et al., 2013). One of the hypotheses considered
by Castagna et al. (2013) is that both the cognitive state and the
negative symptoms that are altered in schizophrenia could bias
the evaluation and discrimination of the auditory stimuli from
the environment, making them less competitive, and therefore,
more deficient than in non-pathological conditions.

Moreover, it has been shown that deficits in prosodic
perception have a crucial effect on global functionality (Leitman
et al., 2005, 2007). These prosodic deficits also have an impact
on social skills, resulting in alterations, misunderstandings,
and inappropriate social responses (Kee et al., 2003; Pinkham
and Penn, 2006). Primary auditory processing has been
directly related to social functioning, independently of cognition
(Medalia et al., 2019).

Due to the impact of emotional processing on cognitive
and social dysfunction, it is vitally important to study its
treatment. Several research avenues have been developed in
the treatment of prosodic recognition. Pharmacology, the
use of oxytocin and neurostimulation are some of the
possibilities under development, although sufficient evidence
is still unavailable (Tan et al., 2018). Currently, the most
effective treatment is cognitive rehabilitation (Horan and
Green, 2019). According to the Cognitive Remediation Experts
Workshop (Florence, Italy, April 2010), cognitive rehabilitation
is defined as an intervention based on behavioral training,
aimed at improving cognitive processes with the aim of
achieving a durable and generalized improvement. The results
of these objectives in the studies conducted are also varied.
The generalized improvements observed after applying an
intervention program, with regards to untrained cognitive
functions, psychosocial functioning and symptomatology, have
been verified in certain studies (McGurk et al., 2007; Kurtz
and Richardson, 2012), although reviews point to a lack of
attention to this objective (Fiszdon and Reddy, 2012). As
for the durability of post-intervention effects, their short-term
benefits have been demonstrated (Wykes et al., 2011; Fiszdon
and Reddy, 2012; Revell et al,, 2015), although research on
the maintenance of these improvements in the long term
continues to be limited.

Furthermore, among the cognitive rehabilitation programs
published, the conditions that must be met to achieve greater
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effectiveness are not clear. While certain reviews support the
use of computerized methods compared to other types (Byrne
et al,, 2015), others maintain that the type of program does
not necessarily entail differences in the results (Morin and
Franck, 2017). Likewise, there does not appear to be significant
association between a specific intervention based on a particular
cognitive function and a global intervention based on several
cognitive aspects when designing an intervention program
(Grant et al., 2017). Studies agree that the number of tools
is scarce and the methodological quality of studies is modest
(Wykes et al., 2011; Grant et al, 2017). It is necessary to
further examine the design of cognitive rehabilitation tools, by
conducting studies with greater methodological rigor, making it
possible to compare tools and draw valid conclusions.

At present, social cognition rehabilitation programs are
continuously emerging. Emotion recognition is the subdomain
that presents a greater number of developed tools for
rehabilitation (Fiszdon and Reddy, 2012). One of the main
effective SC programs in schizophrenia is called Training Affect
Recognition (TAR) (Frommann et al., 2003), which focuses on
facial expression recognition of basic emotions. Another program
reviewed, called Social Cognition Interaction Training (SCIT)
(Penn et al., 2005; Combs et al., 2007), includes various treatment
modalities and is based on emotional perception, theory of
mind and social perception. The final type of intervention,
named Cognitive Enhancement Treatment (CET) (Eack et al,
2007), combines aspects of SC with neurocognition training and
includes a prosodic rehabilitation module.

Despite this, literature on prosodic recognition rehabilitation
remains scarce. Certain programs have been designed, such as
Cognitive Pragmatic Treatment (Bosco et al., 2016), which is
administered based on a group therapy model, in 20 half-hour
sessions. Training is based on linguistics, paralinguistics and
extra-linguistics, theory of mind and other cognitive functions.
The results of this study did not provide affective prosodic
measurements, and the sample was too small (n = 17). In
another type of program created by Bechi et al. (2018), based on
auditory and visual training and comprising of 8 h long sessions,
the results showed an improvement in auditory abilities with
training and an extended benefit in the auditory channel upon
completion of the visual training. Finally, SocialVille (Nahum
et al,, 2014) is another relevant program in prosodic recognition
rehabilitation. This program combines 40 working sessions of
SC exercises, including auditory perception of basic emotion
training, visual affect perception, social cue perception, theory of
mind, self-referential style and empathy. The results showed an
improvement in SC scales and functioning (Miley et al., 2020).

In this context, the web platform  www.e-
motionaltraining.com was developed, which includes different
rehabilitation games in SC and social skills for schizophrenia
and other mental illnesses (Vazquez-Campo et al., 2016; Marofo
Souto et al., 2018). A specific intervention was created on this
web platform, focused on affective prosody recognition, called
Voices. The Voices program consists of eight sessions of varying
levels in the form of a game with 15 different trials. In each trial,
sentences of speech with neutral lexical content (e.g., “I brought
what you asked for”) are reproduced in different emotional

valences (e.g., happy, angry, surprised. ..). These sentences are
recorded by professional actors and actresses and uploaded to the
program in an mp3 file. For each trial, two, three or four response
options with different emotions are shown, with only one being
the correct answer. Once the participant has chosen their answer,
the program returns feedback regarding the correct/incorrect
response. Trial difficulty increases gradually over the course
of the sessions. A randomized, multicenter clinical trial was
conducted, comparing the intervention with Voices in clinically
stable patients with schizophrenia or schizoaffective disorder,
compared to patients with the same diagnosis who regularly
attended their routine treatment at psychosocial rehabilitation
centers. The result of the prosodic recognition scale applied
to evaluate the participants pre- and post-intervention was
favorable for the Voices program, compared to conventional
rehabilitation (p < 0.05). The participants following the Voices
treatment filled out satisfaction surveys on the program, in
which 80% of users considered the tool to be easy to use
and entertaining (Lado-Codesido et al., 2019). Some of the
limitations of the study include the scarcity of similar studies,
hindering comparison between intervention programs, the
minimal number of effective sessions and the lack of evaluation
of other cognitive measures to ascertain the generalized effect
of rehabilitation.

Following the initial results of the Voices program, the tool
was optimized and adapted, creating the Voices 2 program. New
sentences were added, recorded by new voluntary actors and
actresses, equipping the tool with greater diversity. A reference
glossary was also created to understand certain complex
emotional terms (called “emotional glossary”), which can be used
by users independently. The study methodology was improved,
adding an active control group and a more comprehensive post-
intervention evaluation, in order to observe the durability of
improvements in the short term. The Voices 2 tool, like all the
other programs on the platform www.e-motionaltraining.com,
was developed in Spanish.

The main goal of this study was to assess improvements
in prosodic recognition with a new version of a training tool
called Voices 2, through a prosodic recognition scale, in clinically
stable patients with schizophrenia or schizoaffective disorder.
The second aim was to observe the maintenance of the benefits
in a short period after intervention (1 month is proposed). The
final objective was to evaluate the usability of Voices 2 tasks from
the participant’s point of view.

MATERIALS AND METHODS

A randomized, single-blind, multicenter clinical trial was
conducted with 44 outpatients diagnosed with schizophrenia
or schizoaffective disorder. The patients were recruited from
four psychosocial rehabilitation centers in A Corufa, Madrid
and Guipuzcoa. All patients attended the centers as outpatients.
The selected patients were randomized by a computer-generated
randomization list. The allocation sequence was randomly
assigned and concealed from the research team. Three of the
recruited patients were lost to follow-up, 2 in the control group
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(one of them refused to continue, the other moved house), and 1
in the intervention group (who refused to continue), also called
the Voices group (Control n = 19, Voices n = 22). Therefore, the
final sample was composed of 41 patients (Figure 1). The attrition
rate of the intervention was 6.7%.

Inclusion and Exclusion Criteria

We included patients who voluntarily agreed to participate in the
study, who were between 18 to 65 years of age, had a diagnosis
of schizophrenia or schizoaffective disorder (Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition), were
clinically stable and followed up by the Department of Psychiatry,
presented an intelligence quotient (IQ) within the normal range
(> 70), who can read and write, and had no comorbidity with
other psychiatric, neurological or severe auditory diseases or
current substance abuse (except nicotine). We excluded patients
with legal disability by reason of mental disability. During
the informed consent process, the researchers confirmed that
participants understood the voluntariness of their participation
and the randomization strategy. Written informed consent
was therefore obtained by researchers not pertaining to the
clinical staff, to minimize social desirability biases. Recruitment
was planned for March 2020, but it was postponed due
to the COVID-19 pandemic situation from August 2020
until April 2021.

Initial Procedures and Characterization
of the Sample

Before the intervention, participants were recruited at each
center. An evaluation was conducted by the research team,
consisting of the collection of personal, sociodemographic and
clinical data, psychometric evaluation for IQ, measured by the
K-BIT test, clinical state assessed by the PANSS scale, and
prosodic recognition state by the RMV-SV scale (for further
information on patient evaluation tools see point 2.5). The mean
age of the sample was 43.22 (SD = 1.3), most of the participants
were men, and were diagnosed with schizophrenia. For more
information, see Table 2.

After these initial procedures, participants were randomized
into the Voices and control group. The researchers were blind
to the assignment.

Intervention Description

The control group participated using a free computerized
music program called Lyrics Training'. This music program
entails participants listening to different songs and guessing
hidden words from the lyrics that are displayed on the screen
while the song is playing. Each correct answer adds points
to a total score that is shown at the end of the song. The
difficulty of the program can be increased and adapted to the
user’s ability. This program can be used autonomously, with
the support of the research team where necessary. Although
prosody could be considered closely connected to music, this
program is focused on semantic aspects of the lyrics, and is

Lwww.lyricstrainning.com

not related to social cognitive rehabilitation, or to emotion
recognition training (the real aim of the Lyrics Training program
is language learning). Moreover, this program is not specific
to mental illness.

The Voices group participated in sessions using Voices 2,
which is the optimized version of the Voices program (Lado-
Codesido et al., 2019). Eighty-two new trials have been added
to the sixty-three initial trials, with each sentence recorded
by professional actors and actresses, while new sessions of
progressive difficulty have also been designed. At the start of
the game, the program automatically plays a sentence with
neutral lexical content, which was produced with a specific
emotion, and several response options are shown with different
simple and complex emotions, as explained above. Feedback
is given after each trial, and when each game has been
completed, the final score is displayed. For each training session,
participants can play the same game level as many times as
they want, and the scores of each game will be compared
on the final screen. In each game, different trials appear
randomly. For more specific details about the Voices tool, see
Lado-Codesido et al. (2019).

Intervention with Lyrics Training and Voices 2 was composed
of a total of eight sessions over the course of a month.
These sessions were divided into 2 weekly sessions lasting
approximately 30 min. The participants attended their reference
center to undergo training. A common data collection protocol
was established for all centers involved in the study. Training
was conducted with a personal computer or tablet for each
participant, in a quiet room, with the support of trained personnel
from the research team to show the participant how to use the
application. Both the control and the Voices groups underwent
treatment as usual (including drug therapy, case management
and individual and group psychotherapy).

Natural Semantic Metalanguage

One of the problems arising from our first Voices clinical
trial was that users showed difficulties in comprehending the
lexicon referring to complex emotions. However, explaining these
complex terms was not easy and dictionary definitions were,
on many occasions, circular, defining one complex term with
a synonym of comparable difficulty. To resolve this issue, it
was necessary to seek an operative definition model avoiding
circularity, i.e., a “universal” language that could disambiguate
complex emotions without recurring to synonyms. From a
linguistic perspective, this solution was delivered by means of
the so-called “Natural Semantic Metalanguage” (NSM). The
NSM is an approach to explain human emotions that allows
comprehension across different cultures, previously used in
other pathologies such as autism (Mullan et al., 2020) and in
other fields of medicine, to facilitate effective communication
with patients (Peeters and Marini, 2018). It is a “mini-
language” expressed through grammar and a reduced group
of “primitive concepts,” which represent the same meaning in
every language (Wierzbicka, 1999). These “primitive concepts”
are chosen and combined to construct a definition of emotional
terms to facilitate the understanding of people with greater
difficulties, such as those with psychosis. Further information
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FIGURE 1 | CONSORT Flowchart diagram.

can be found on the NSM webpage: https://nsm-approach. NSM, they defined complex emotional terms that were used
net/. in the game, and which could pose greater difficulties to

Specialists in NSM voluntarily collaborated in the preparation  participants. This consultation tool was then made accessible
of a consultation tool called “emotional glossary.” Through from the program’s main website and participants could check it
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autonomously throughout the game and as many times as needed
(Figure 2). Unfortunately, only two of the four centers could
use the emotional glossary. The assessment questionnaire that
was administered at the end of Voices 2 intervention also asked
participants to assess this tool and its ease of understanding.

Post-testing Procedures

At the end of the intervention with Voices 2 and Lyrics Training,
both groups were retested with RMV-SV and PANSS. The Voices
group also completed a 5-min user experience questionnaire. One
month after the post-intervention test, RMV-SV was tested once
more in both groups (Table 1).

Evaluation Tools
Several tools were employed to assess the benefits of performing
prosodic training, and to improve Voices 2 tasks.

Patient Evaluation

All patients were assessed by the instruments described below.
The results for all the scales mentioned below are provided in raw
scores, except for IQ scores that are provided in standard scores:

e Customized datasheet designed by the authors for
recording demographic and clinical data, including sex,
age, occupation, educational level, marital status, current
cohabitation, diagnosis and associated diagnoses, illness
duration, handedness, and equivalence of antipsychotic
treatment to chlorpromazine. The initial database
characterization was obtained from this demographic data.
This information was collected once at baseline, during a
conventional clinical interview with the patient and based
on their electronic medical history.

Reading the Mind in the Voices—Spanish Version, RMV-SV
(Sanchez-Reales et al., 2019). Validation of the Reading the
Mind in the Voices—Test Revised (RMV-TR) scale (Golan
et al.,, 2007), which includes 33 segments translated and
adapted from English and recorded by professional actors,
with four response options, with simple and complex
emotions. This test was administered before, after and
1 month after finishing the intervention to both groups.
Positive and Negative Symptom Scale (PANSS) (Kay et al.,
1987). This scale assesses the positive and negative
symptom severity. It was applied before and after
intervention to both groups.

Kauffman Brief Intelligence Test (K-BIT) (Kaufman and
Kaufman, 2011). This test includes the measure of verbal
and non-verbal intelligence in adults. It was applied before
the intervention.

User experience questionnaire, created for the evaluation
of the Voices tool and re-adapted to the Voices 2 tool.
The questionnaire included 11 questions on a Likert-type
scale (ranging from 1 = total disagreement, to 5 = total
agreement) to assess different aspects of the intervention
(frequency of PC or Internet use; ease of connection, ease
of understanding, entertainment value, autonomy of use
and usefulness of Voices 2; subjective perception of the
benefits obtained after using the program in the usual

environment, new relationships, work environment and
self-esteem; duration of the intervention and assessment of
the emotional glossary). It was applied post-intervention to
the Voices group.

Ethical Aspects

This study has been designed respecting the rules of good
clinical practice and the ethical principles for medical research
of the World Medical Association, which are reflected in
the Declaration of Helsinki and its subsequent amendments.
Likewise, European and state regulations regarding medical
research are respected, particularly Organic Law 15/1999 of
December 13 on the protection of personal data. All patients
included were adequately informed about the purpose of the
study and were asked to sign an informed consent. This study was
approved by the local ethics committee (Clinical Research Ethics
Committee of Galicia, Registration code: 2019/530, Euskadi,
Registration code: P12019192).

The authors confirm that all ongoing and related trials of
this intervention are registered and anonymized. This study has
been registered in an international registry of clinical trials, with
Clinical Trial Registry Number: https://doi.org/10.17605/OSEF.
I0/G95C4. Under no circumstances will personal information be
published or disclosed to persons outside the investigation or to
the Ethics Committee for Clinical Research.

The study complies with current regulations on Intellectual
Property, in accordance with Legislative Royal Decree 1/1996 of
April 12. The ability of patients to understand the voluntariness
of the study was assessed by researchers, by employing a
clinical interview.

Statistical Analyses

Statistical analyses were performed, using SPSS version 25.0
software. The accepted a risk was 0.05. The following tests were
applied:

e A descriptive analysis was performed. The quantitative
variables are presented as means (M) and standard
deviation (SD) or medians (Med) and ranges. The
qualitative ~variables are presented as frequencies
and percentages.

To compare characteristics at baseline between the
control and Voices groups, normality of data was tested,
using the Shapiro-Wilk test. All variables presented a
normal distribution except for the following variables:
equivalence to chlorpromazine, Total IQ, PANSS positive,
general psychopathology and PANSS total at baseline.
To compare two qualitative variables, the chi-squared
test was used. To compare quantitative variables,
Students t-test for independent samples (in Gaussian
distribution) and U-Mann-Whitney test (in non-Gaussian
distribution) were applied.

To assess significant differences in temporal changes in
RMV-SV and PANSS pre-post intervention in each group,
normality was again tested with Shapiro-Wilk test. In
this case, distribution was non-normal in all variables.
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A .
Instructions

« Consult this glossary whenever you do not understand any of the meanings
of the emotions that appear in the Voices game.

“The terms are arranged alphabetically to facilitate your search.

«*You can also click on the icon in the upper right corner where you can hear
the definition of the emotion.

FIGURE 2 | (A) Instructions for the emotional glossary attached to the Voices 2 program. (B) Example of a complex emotional term in NSM. Reprinted from
www.e-motionaltraining.com under a CC BY license, with permission from Fundacion Biomédica Galicia Sur, original copyright 2018.

® DEJECTED

When someone feels down, they feel very sad. You feel that a lot of bad things
have happened in your life and that you can't do anything. When someone
feels dejected, it feels like when someone loses someone they love, and at the
same time they are left without a job and without friends. When someone feels
this way, they shuffle their feet and walk with their shoulders and head
drooping..

TABLE 1 | Description of procedure of the clinical trial.

Before intervention Intervention

After intervention 1-month follow-up

Description Recruitment, selection and
randomization of Voices and

control group

month.

8 sessions in total over a

Each week two sessions were

administered of Voices 2/Lyrics

Training program.
Customized datasheet
RMV-SV
PANSS
K-BIT

Evaluation tools

RMV-SV

PANSS

User experience questionnaire
(Voices group)

RMV-SV

For our purpose, Wilcoxon’s signed-rank non-parametric
test was applied.

e Lastly, Cohens d statistic was obtained to estimate the effect
size in the control and Voices groups.

RESULTS

A total of 44 participants were recruited and met the selected
criteria. A single blinded, randomized assignation was carried out
to select participants for the control group or for the Voices group.
Three participants dropped out of the study. Finally, the statistical
analysis was performed over a sample of 41 participants. All
the descriptive analyses of the main variables of the sample are
described in Table 2.

Baseline Characteristics and Analysis
Between Subgroups

No significant differences were found between groups in %2, t or
U test (all p-values > 0.05) in any sociodemographic or clinical
measure at baseline (Table 2). RMV-SV raw mean was 19.91
(SD = 4.8) in the control group, and 21.11 (SD = 4.1) in the
Voices group, with no statistical differences observed between
groups (t = 0.839, p = 0.406). In the IQ test, no differences were
observed in terms of the standard scores for total IQ (U = 0.445,
p = 0.657), verbal IQ (t = 0.132, p = 0.925), or non-verbal IQ
(t = 0.662, p = 0.514) between groups. Nor were any differences
found in the raw PANSS scores between subgroups, confirming
the homogeneity between subgroups.

Assessment of Changes in RMV-SV
Before, After and 1 Month After

Intervention in Each Group

Raw RMV-SV scores at baseline, after intervention and 1 month
after intervention in both groups are reported in Figure 3. RMV-
SV scores after intervention are progressively higher compared
to the previous scores, for both subgroups (control RMV-SV
post-intervention M = 21.89, SD = 3.60, Voices M = 21.68,
SD = 4.68). Similarly, at the 1-month follow-up, the maintenance
of scores can be observed (RMV-SV 1 month follow-up control
M = 21.44, SD = 4.01 vs. Voices M = 21.48, SD = 4.42). In
the comparison between groups, no significant differences were
observed in RMV-SV post-intervention (¢ = 0.161, p = 0.873) and
in RMV 1-month follow-up (t = —0.23, p = 0.982).

Time (pre-post) interaction effects were investigated for raw
RMV-SV scores and raw PANSS scores (Table 3). Statistically
significant differences were observed in the post-intervention
RMV-SV scale vs. the pre-intervention RMV-SV (Z = 2.47,
p = 0.013) in the Voices group. Likewise, statistically significant
differences were observed between the 1-month follow-up RMV-
SV, compared to the pre-intervention RMV-SV (Z = 1.97,
p =0.049) in the Voices group. However, there were no significant
differences between the post-intervention and 1-month follow-
up measures in the Voices group. In the case of the control group,
there were no significant differences when contrasting the three
raw RMV-SV means. The effect size of RMV-SV between the
groups was calculated (d = 0.26, r = 0.13). Effect sizes for the
pre-post intervention comparisons are included in Table 3.

Furthermore, raw PANSS total and PANSS subscales scores
were also assessed before and after intervention to confirm
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TABLE 2 | Demographic and clinical characteristics of the sample and by subgroups.

Variable Group p-value
Total (n = 41) Control (n = 19) Voices (n = 22)
Sex Male 61% 10 15 0.309
Female 39% 9 7
Age 43.22 (1.9) 43.4 (8.33) 43.(8.75) 0.890
Marital status Single 95.1% 17 22 0.209
Married 4.9% 2 0
Current cohabitation Alone 7.3% 1 2 0.868
With family 58.6% 11 13
Others 34.1% 7 7
Occupation Active 31.7% 6 7 0.987
Inactive 68.3% 13 15
Education level Primary studies 26.8% 4 7 0.438
Second studies 73.2% 15 15
Diagnosis Schizophrenia 87.8% 17 19 1.000
SA disorder 12.2% 2 3
llness duration, years 19.39 (1.4) 20.6 (10.2) 18.3 (8) 0.424
Equivalence to 971.76 1,305.9 683.1 0.360
chlorpromazine, mg (197.33) (1,739.39) (509.47)
(SD)
PANSS PANSS-P 18.3 (8.47) 15.1 (7.85) 0.213
PANSS-N 19.7 8.7) 20.7 (8.8) 0.720
PANSS-GP 38.4 (15.76) 35.2 (16.36) 0.991
PANSS-T 76.5(18.3) 71.5(30.1) 0.598
K-BIT Total 98.95 (14.59) 97.41 (23.97) 0.657
Verbal 106.00 (10.40) 105.64 (13.63) 0.925
Non-verbal 94.89 (16.48) 91.64 (15.18) 0.514
RMV-SV 21.11(4.1) 19.91 (4.8) 0.406

PANSS, Positive and Negative Syndrome Scale; GF, General Psychopathology, F, Positive, N, negative, T, total. P-value between subgroups. K-BIT, Kauffman Brief
Intelligence Test; RMV-SV, Reading Mind in the Voice- Spanish Version. SA disorder, schizoaffective disorder.

RMV-SV scores in control group RMV-SV scores in Voices group

10 10
5 5
0 0

Il PREINTERVENTION [l POSTINTERVENTION Il PREINTERVENTION [l POSTINTERVENTION

[ 1 MONTH POSTINTERVENTION [l 1 MONTH POSTINTERVENTION
FIGURE 3 | This box plot shows raw RMV-SV scores in the control and Voices groups before (in blue), after (in orange) and 1 month after intervention (in gray). Inside

each box, “X” represents the raw RMV-SV mean, and the horizontal line shows the median of each group. Error bars represent the maximum and minimum scores of
this test in each subgroup.

clinical stability. No significant differences were found between
pre- and post-intervention measures in both groups (Table 3).

User Experience Scale
All participants in the Voices group completed a 5-min self-

In conclusion, significant improvements were observed
in RMV-SV scores after Voices 2 intervention and these
improvements were maintained 1 month later. These differences
were not reported in the control group. In the case of the clinical
variable PANSS, there were no temporal significant differences
despite the use of the Voices 2 program.

reported questionnaire to describe their perception after using
the Voices 2 program. Medians and interquartile ranges can be
observed in Figure 4. It should be noted that in the scores
referring to the frequencies of PC or Internet use (from “not
frequent” to “very frequent”), users obtained lower medians (2.5
for PC use and four for Internet use), with wider interquartile
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TABLE 3 | RMV-SV analysis before, after and 1-month post-intervention.

Control group

Voices group

RMV-SV r4 p-value d r V4 p-value d r
Post vs. pre 0.727 0.467 0.20 0.09 2.472 0.013 0.37 0.18
1-month vs. pre 0.239 0.811 0.08 0.04 1.972 0.049 0.34 0.16
1-month vs. post 0.458 0.647 —-0.11 —0.05 0.102 0.919 —-0.04 —0.02
PANSS

PANSS T post vs. pre 0.55 0.582 —0.04 -0.02 1.080 0.280 0.06 0.03
PANSS P post vs. pre 0.355 0.723 0.00 0.00 0.348 0.728 —0.01 —0.06
PANSS N post vs. pre 0.564 0.573 0.00 0.00 0.894 0.371 0.10 0.05
PANSS GP 0.735 0.462 -0.16 —0.08 0.996 0.319 0.00 0.00

Post, post-intervention, Pre, preintervention; PANSS T, Total; R, Positive; N, Negative; GF, General Psychopathology; Control, control group / Voices: intervention group;
RMV-SV: Reading the Mind in the Voice — Spanish Version; Z, Wilcoxon signed-rank test; d, Cohen’s d value; r, effect size.
In bold, p-values < 0.05 indicate statistically significative differences between post and pre-intervention scores and 1-month intervention and pre-intervention scores in

Voices group.

ranges, so they are not highly familiar with this type of tool.
Despite the fact that this could be an obstacle for the proper
use of Voices 2, users rated the ease of understanding of the
program (Med = 4), entertainment value (Med = 4.5), the utility
of the program (Med = 4) and the convenience of the emotional
glossary (Med = 4) highly.

DISCUSSION

In this randomized clinical study, a prosodic recognition
program called Voices 2 has been tested in patients with
schizophrenia or schizoaffective disorder. A pre- and post-
intervention assessment was conducted with the prosodic
recognition scale RMV-SV and, in the case of clinical state,
with the PANSS scale in each group. When comparing post-
intervention RMV-SV between groups, no significant differences
were observed. Despite this fact, the results confirmed significant
differences in the post-intervention RMV-SV scale compared to
the baseline values in the Voices group. In the control group,
whose training entailed an auditory program that was not related
to emotions, these results were not observed. The scores on
this prosodic recognition scale also confirmed the significant
differences observed 1 month after finalizing intervention in
the Voices group, which were not observed in the control
group. There were no significant differences in the clinical
state of patients pre- and post-intervention in any of the
subgroups. Users of the Voices 2 program considered the tool
as globally attractive and efficient. These results suggest that
Voices 2 could be useful as a specific intervention program
for the rehabilitation of emotional prosody in patients with
schizophrenia or schizoaffective disorder.

The results obtained in the scores of the RMV-SV are
similar to the first version of the Voices study (Lado-Codesido
et al,, 2019). In the current study, it is worth noting that the
improvements designed for Voices 2 did not achieve better results
compared to the first version of Voices (e.g., the emotional
glossary, or the addition of new trials to the game). As explained
above, the emotional glossary was applied in two of the four
centers and, given that it was used autonomously, its impact

was not strictly measured. Although participants found this tool
appropriate, further research is needed to clarify its contribution.
Likewise, the addition of new trials in Voices 2 did not represent
a greater improvement in results, but this variability could help
avoid the repetition of phrases, thus reducing the memorization
bias. The addition of an active control group in the present study
implies increased methodological quality and gives the results
greater rigor (Kurtz et al., 2016).

These findings are also in line with similar rehabilitation
programs. For example, the SocialVille program, which we
consider to be the most comparable with Voices 2, is based on
PC games and includes specific auditory training and an active
control group (Rose et al., 2015). Although significant results in
the SC measures were not obtained in the initial trial (Nahum
et al., 2014), when the study was repeated with a larger sample
(n = 55), favorable results were observed for SC scales, including
a prosodic identification scale (Nahum et al., 2021). At present,
programs that include prosodic recognition measures, which
would enable us to compare our results with other programs,
continue to be extremely limited (Fiszdon and Reddy, 2012;
Grant et al., 2017; Tan et al., 2018).

In this study, Voices 2 shows the durability of the effects
achieved 1 month after intervention, with results that are
consistent with other rehabilitation programs. For example,
SocialVille reported positive results in prosodic recognition after
6 months (Miley et al., 2020). In the review carried out by Fiszdon
and Reddy (2012), 50 studies on SC treatments were reported. Six
of these studies evaluate the short-term maintenance of effects
(between 1 day to 6 weeks), with favorable results. Similar results
can also be observed in other meta-analyses, with a low number
of studies that include this variable (Grynszpan et al., 2011;
Wykes et al., 2011). Other studies evaluate maintenance in the
longer term (one and 2 years), such as the cognitive rehabilitation
program Cognitive Enhancement Therapy (Hogarty et al., 2004;
Eacketal., 2011). In a recent meta-analysis carried out by Nijman
et al. (2020), it is concluded that improvements are maintained
in the follow-up of studies evaluating this variable, but with
lower values compared to post-treatment. These conclusions are
consistent with the results of Voices 2. Given the significance of

Frontiers in Psychology | www.frontiersin.org

December 2021 | Volume 12 | Article 739252


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Lado-Codesido et al.

Prosodic Recognition Rehabilitation in Schizophrenia

53

4.5(1)
4,2

4(2)
3,2
2.5(4)
2,
1,
0,

4(1) 4(1)

4(2)

= [

ty

Frequency of PC
use
Frequency use
Internet
Connection ease
Understandable
SHSIGRE _
Autonomy of
use
Util

User’s experience scale

4(1)

FIGURE 4 | User experience scale. Medians and interquartile ranges (in brackets) are represented in each bar.

4(1)

35(1)
3(1)

3.5(1)

3(2) 3(2)

in
p
ion

Improvementin
usual
enviroment

Improvement
new relationsh
Improvement at
work
Duration of
interventi
Emotional
glossary
Improvementin
self-esteem

the durability of these improvements, as the main objective of
cognitive rehabilitation, it is crucial to continue to investigate
the effects in the long term, as well as the underlying neoplastic
changes brought about by cognitive rehabilitation.

The scores of the satisfaction survey on Voices 2 are also
similar to those of the first version of the program, confirming
the perception of this tool as accessible and attractive. Other
rehabilitation programs also include this type of subjective user
evaluation (Nahum et al., 2014; Rus-Calafell et al., 2014; Palumbo
et al,, 2017). The positive evaluation of the tool, individual
motivation, the subjective perception of improvements and
feedback given to users during rehabilitation could all positively
contribute to treatment response and program adherence
(Fiszdon et al., 2020). These points were considered when
designing the Voices 2 program.

With regards to program adherence, it is worth noting the
low dropout rate of 6.7%, compared to other studies reviewed,
with rates of between 23-37% (Fernandez-Gonzalo et al., 2015;
Fisher et al., 2017; Grant et al., 2017; Nahum et al., 2021). This
could be due to the use of Voices 2 at the regular care centers
of participants, who take part in more extensive psychiatric
rehabilitation. Furthermore, Voices 2 seeks to represent situations
that are similar to the real life of patients. These two factors
could be key for treatment adherence (McGurk et al., 2007,
2012; Wykes et al., 2011; Parker et al., 2013). The duration of
Voices 2 (approximately 4 weeks, compared to 8-16 weeks for
the aforementioned programs), could also be associated with the
differences in dropout rates.

Finally, it is worth noting the innovative creation of the
emotional glossary as an exploratory tool, with the use of NSM
for the first time in a rehabilitation program. In the same way
as the work carried out in autism, we find this approach to be
very interesting, as a new avenue for the lexical understanding of
emotional terms in populations that present deficits in emotional
processing. Furthermore, such tools facilitate the autonomous
use of the Voices 2 program. Despite the fact that it has not
been possible to use the glossary at all centers, users defined it
as appropriate (Med = 4). After this first experience with NSM,
we feel it would be interesting to expand on and further the study
of the emotional glossary for future versions of the program.

LIMITATIONS

Certain limitations have been observed in this study. It is
necessary to give cognitive rehabilitation studies sufficient
methodological quality to enable comparison between studies.
According to the criteria of the Clinical Trial Assessment Measure
(CTAM), a larger clinical sample would be necessary. The small
effect size is also a limitation. Moreover, repeating the RMV-
SV scale on three different occasions could represent a learning
bias, although this is not in line with the differences observed
between subgroups. The repeated use of the RMV-SV is related
to the lack of similar measures in Spanish, as well as its ease
of application, without the need for prior training. In addition,
the use of actors and actresses for play-acting vocal emotions
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could be considered an artificial way of expressing emotions
(Jurgensetal., 2011), and it does not represent natural conditions.
Furthermore, following the objectives of cognitive rehabilitation,
the inclusion of measures of other cognitive or psychosocial
functioning aspects in this study could make it possible to clarify
whether the effects of Voices 2 are generalized, an objective that
has not been investigated in this study.

CONCLUSION

Voices 2, the on-line prosodic recognition rehabilitation program,
could be effective in improving prosodic recognition in patients
with schizophrenia or schizoaffective disorder, as well as
being described as attractive and efficient from the user’s
perspective. The durability of the improvements observed
is maintained 1 month after intervention with Voices 2.
These results support the use of Voices 2 and promote the
progress of aspects of psychiatric rehabilitation that still need
to be developed. This new tool could provide benefits in
terms of the interpersonal communication of patients with
schizophrenia, and changes in prosodic recognition in the
short term. Further studies could be conducted to continue
to examine knowledge of prosodic rehabilitation, improving
the quality of studies on emotion recognition intervention
and promoting the personalization of rehabilitation treatment
for schizophrenia.
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Introduction: Mentalizing is a key aspect of social cognition. Several researchers
assume that mentalization has two systems, an explicit one (conscious, relatively
slow, flexible, verbal, inferential) and an implicit one (unconscious, automatic, fast,
non-verbal, intuitive). In schizophrenia, several studies have confirmed the deficit of
explicit mentalizing, but little data are available on non-explicit mentalizing. However,
increasing research activity can be detected recently in implicit mentalizing. The aim of
this systematic review and meta-analysis is to summarize the existing results of implicit
mentalizing in schizophrenia

Methods: A systematic search was performed in four major databases: MEDLINE,
EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science.
Eleven publications were selected. Five studies were found to be eligible for quantitative
synthesis, and 9 studies were included in qualitative synthesis.

Results: The meta-analysis revealed significantly lower accuracy, slower reaction time
during implicit mentalizing in patients with schizophrenia. The systematic review found
different brain activation pattern, further alterations in visual scanning, cue fixation, face
looking time, and difficulties in perspective taking.

Discussion: Overall, in addition to the deficit of explicit mentalization, implicit
mentalization performance is also affected in schizophrenia, if not to the same
extent. It seems likely that some elements of implicit mentalization might be relatively
unaffected (e.g., detection of intentionality), but the effectiveness is limited by certain
neurocognitive deficits. These alterations in implicit mentalizing can also have potential
therapeutic consequences.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier:
CRD42021231312.

Keywords: mentalizing, theory of mind, mentalization, implicit, schizophrenia, spontaneous

INTRODUCTION

Mentalizing (or mentalization, theory of mind) is a key aspect of social cognition. During the
processes of mentalizing we attribute mental states (intentions, beliefs, desires, emotional states)
to ourselves and others, which enables us to understand and predict social behavior. Mentalizing
is a highly complex ability requiring the perception, processing, and interpretation of social
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information. Traditionally mentalizing has been considered to
develop in the early ages of life (3-6 years). However, more
and more data suggest that children can intuitively attribute
intentions much earlier (Apperly and Butterfill, 2009). According
to these results, several researchers assume that mentalization is
based on two systems, an explicit and an implicit one (Apperly
and Butterfill, 2009; Butterfill and Apperly, 2013). Implicit
mentalizing is supposed to be present very early, presumably
from birth. It is characterized by fast and pre-reflexive non-verbal
information processing, which is decoded without awareness. In
contrast to this intuitive ability, the explicit form of mentalizing
is inferential, relatively slow, and it relies heavily on verbal
and conscious information processing. It develops parallelly
with linguistic and cognitive skills (e.g., executive functions).
The implicit-explicit systems are likely to persist and coexist
throughout the lifespan (Apperly and Butterfill, 2009; Butterfill
and Apperly, 2013; Vogeley, 2017). According to some recent
hypotheses, different social neural networks are responsible
for the processing of implicit lower-level information, and the
explicit higher-level information (Vogeley, 2017). The former
plays a role in the early, automatic detection of intentional bodily
and spatial behavior. The latter is active in the late, controlled,
and conscious evaluative and interpretive processing. However,
not all researchers accept this sharp distinction between the
implicit and explicit systems (Baillargeon et al., 2015; Scott and
Baillargeon, 2017). Moreover, according to the submentalization
approach, although certain behavioral elements may appear to
be a process of implicit mentalization, it does not actually
involve real mentalization, but rather domain-general cognitive
processing (e.g., attention orientation, spatial perception, etc.)
(Heyes, 2014).

Still there is no consensus either, whether implicit and
explicit mentalizing rely on shared or distinct brain networks
(Lieberman, 2007; Van Overwalle and Vandekerckhove, 2013).
According to a recent meta-analysis of neuroimaging data
the two types of processing overlap significantly, however
important differences are also present (Molenberghs et al,
2016). Activation likelihood estimation revealed that the medial
prefrontal cortex (mPFC), precuneus, bilateral inferior frontal
gyrus (IFG), temporoparietal junction (TPJ), and temporal poles
are activated both in implicit and explicit processing. At the same
time explicit tasks activate the middle and superior temporal
gyrus, the cingulate gyrus, and the medial frontal gyrus on
the left side, while implicit tasks associate with the activation
of left medial frontal gyrus, and right IFG. The meta-analytic
connectivity modeling also revealed widespread overlapping co-
activating areas during both explicit and implicit processing
(Molenberghs et al., 2016). However, implicit mentalizing areas
co-activate with bilateral middle frontal gyrus and the left
superior frontal gyrus, while the explicit mentalizing regions
co-activate with the right cingulate gyrus and left parietal lobule.

In the last 10-15 years an enormous number of studies dealt
with the exploration of implicit mentalizing. Various paradigms
have been developed, and their results suggest the existence
of implicit mentalization. For example, Kovacs et al. used an
object detection task to investigate implicit mentalization, where
participants’ reaction time varied according to whether the other

person’s true or false belief was congruent or incongruent with
the subject’s belief. Based on their paradigm, the gaze times of
7-month-old infants have been shown to be influenced by their
expectations, in the same way as for adults (Kovécs et al., 2010).
Although this paradigm was later contested by some (Phillips
etal., 2015), more recent research has obtained results like Kovécs
et al. and found that one’s own and the other’s beliefs have a
significant effect on reaction time (van der Wel et al., 2014; Nijhof
et al., 2016; El Kaddouri et al., 2020). Interactive behavioral tasks
(Buttelmann et al., 2009; Southgate et al., 2010); violation of
expectation (Onishi and Baillargeon, 2005) is also frequently used
paradigms in implicit mentalizing research. The anticipatory
looking measures are widely used as well (Southgate et al., 2007;
Schneider et al., 2012; Low and Watts, 2013), however the results
are ambiguous because they have been found hardly replicable.
Results from these paradigms are likely to be informative
when they use ecologically relevant stimuli. In other situations,
presumably participants just look back and forth without any
anticipation, which can be one of the reasons for their non-
replicability (Kulke et al., 2019; Kulke and Hinrichs, 2021).
Moreover, a study using real-life mobile eye-tracking also failed
to clearly confirm the suitability of anticipatory looking measures
for implicit mentalization, which may also suggest that it is very
difficult to detect (Kulke and Hinrichs, 2021). In summary, the
existence of implicit mentalizing seems not to be questioned,
however the results are still puzzling, and the appropriate tool
for detecting implicit mentalizing is also missing.

In schizophrenia, it is now evident that social cognition
is significantly affected and there is, among other things, a
significant mentalizing deficit. Based on the research results,
systematic reviews, and meta-analyses, it is clear that intention
attribution of the patients is damaged (Sprong et al., 2007; Bora
et al., 2009; Martin et al.,, 2014). Mentalizing impairments are
characteristic both in the acute and the remission phases, and
they can be detected in first-degree, clinically asymptomatic
relatives (Herold et al., 2002, 2018; Bora and Pantelis, 2013;
Healey et al.,, 2013). Mentalizing may be deficient even before
the onset of the disease, may predict psychotic conversion,
and often worsens before the first episode (Bora and Pantelis,
2013; Davidson et al., 2018; Tikka et al, 2020). Long-term
studies of social functionality also suggest that functionality is
already weaker in childhood and deteriorates markedly further
in adolescence, which in turn significantly predicts impaired
functionality over a 20 year period (Velthorst et al., 2017).

Imaging studies have also revealed significant abnormalities in
schizophrenia. In addition to the brain volumetric abnormalities
in pre-frontal and temporal areas (Benedetti et al, 2009;
Herold et al, 2009; Koelkebeck et al., 2013) associated
with deficient mentalization, studies using different functional
imaging procedures have undoubtedly described atypical neural
activation characterized by over- and underactivation in
mentalizing regions (Marjoram et al., 2006). According to a meta-
analysis, the mPFC, the left orbito-frontal cortex (OFC), and
a small portion of the left posterior TPJ are regularly found
under-activated, while over-activation was reported in the more
dorsal part of the TPJ bilaterally, in the medial occipito-parietal
cortex, right premotor areas, left cingulate gyrus, and lingual
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gyrus (Kronbichler et al., 2017). Moreover, different activation
has been shown in high-risk patients in the right TPJ, right
middle temporal gyrus (MTG), and left precuneus (Vucurovic
et al,, 2021), and also in clinically asymptomatic relatives in
dorsolateral PFC, dorsomedial PFC, and right inferior frontal
gyrus (Marjoram et al., 2006; Herold et al., 2018).

Despite the research on mentalizing in
schizophrenia, the majority of studies has been focused
only on explicit mentalizing. Relatively little is known about
potential alterations of implicit mentalizing. Based on the
neurodevelopmental hypothesis of schizophrenia (Weinberger,
1987) we cannot exclude that the implicit mentalizing is also
impaired, as early neurodevelopmental abnormalities may
affect the neural networks responsible for implicit mentalizing,
which in turn may influence the development of later explicit
mentalizing skills. Research data suggest that the impaired early
embryonic and later adolescent maturation of the PFC is likely to
play a role not just in the development of behavioral, but also in
cognitive symptoms of the disorder (Selemon and Zecevic, 2015).
Studies on childhood onset schizophrenia emphasize the role of
steeper rate of tissue loss in parietofrontal and parietotemporal
areas as well (Gogtay, 2008). Recently, abnormal growth process
of the cingulo-fronto-termporal module development was
also reported, which affect several structures repeatedly found
impaired in mentalizing studies (right IFG, triangular and
opercular part; right medial orbital superior frontal gyrus; right
gyrus rectus; left posterior cingulate gyrus) (Alexander-Bloch
et al, 2014). These disturbed maturational trajectories may
interfere with the development of mentalizing, and indeed the
infant research data highlights the role of temporoparietal areas
in the early development of implicit mentalizing (Kampis et al.,
2015; Hyde et al., 2018; Grosse Wiesmann et al., 2020).

Beyond its theoretical aspect, it may have even a therapeutic
significance (Langdon et al., 2017), as unaffected implicit
mentalizing skills may represent a significant base for
remediating the impaired explicit mentalizing skills. However,
impaired implicit mentalizing can be a significant limit in
remediation. Recently, Langdon et al. highlighted the therapeutic
implication of the differential effects of implicit and explicit
aspects of mentalizing, as the remediation of explicit mentalizing
may require interventions to strengthen compensatory strategies,
while implicit mentalizing may require a more basic approach
with using techniques to improve attentional processes to
support a more efficacious detection of agency signals (Langdon
etal., 2017).

Nevertheless, beside the dominance of research on explicit
mentalizing in schizophrenia, more and more study focus on
the implicit mentalizing. Unfortunately, the results are still not
equivocal, so we found it important to summarize the results of
the field. The aim of this systematic review and meta-analysis is
to examine the nature of possible implicit mentalizing alterations
in schizophrenia compared to healthy controls.

For theoretical clarity in our meta-analysis and systematic
review we included only those studies that used non-verbal tasks
to indirectly measure the accuracy with automatic behavioral
signs without verbal answers. We excluded those studies
that measure mentalizing skills with verbal answers or with

extensive

spontaneous use of mental-state language. The latter type of
performance can be described with the term of spontaneous
mentalizing, although some studies use the phrase as a synonym
for implicit mentalizing (e.g., Horan et al., 2009). In contrast,
elsewhere, this term refers to indirect measurements, when
the processing of social information happens without explicit
instruction, but it is measured with the spontaneous use of
mental state terms (Senju, 2013; Langdon et al., 2017). According
to Senju (2012), spontaneous mentalizing is differ from implicit
mentalizing as it does not require the lack of conscious
awareness. Moreover, it is not so obligatory processing like
automatic processing, and it can be interrupted with competing
tasks. Usually, spontaneous mentalizing is tested with animated
geometric forms stimuli, and measured by multiple choice
questions or spontaneous use of mental-state language. Our
systematic review on spontaneous mentalizing in schizophrenia
will be presented in a separate article.

METHODS

This systematic review and meta-analysis were reported based
on PRISMA Statement (Page et al., 2021). The review protocol
was registered on PROSPERO (CRD42021231312). There was no
protocol deviation.

Search Strategy

A systematic search was performed in four major databases:
MEDLINE, EMBASE, Cochrane Central Register of Controlled
Trials (CENTRAL), Web of Science.

The search date was 02.11.2020. The following search key was
used: [(implicit) OR (spontaneous)] AND [(theory of mind) OR
(mentalizing) OR (mentalization)] AND (schizophrenia). We
searched in all fields/all text in every database. There were no
restrictions or filters.

Selection and Eligibility Criteria

The search results were combined in a reference manager
software (EndNoteX9; Clarivate Analytics, Philadelphia,
Pennsylvania). Records were screened (after automatic and
manual removal of duplicates) based on title, abstract, full-text.
Then the references and citations of the full text screening
records were reviewed. The selection process was conducted by
two independent researchers (AH, TC). Disagreements were
resolved by an independent third investigator (RH). Reference
lists, publication citing (Google Scholar search engine) of the
included studies were screened to find additional studies.

We included case-control studies which reporting on implicit
mentalization function in patients with schizophrenia. We also
did not exclude studies that included schizoaffective patients,
as both disorders belong to the same group of disorders, the
schizophrenia spectrum disorders. The individuals of the control
group were excluded if they met criteria for any psychiatric
disorder. Studies which had overlapping populations were
included only in the systematic review.

We included studies which measure implicit mentalization
function with tasks taken unrelated to description of the
paradigm or taken before questions of the paradigm (for
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e.g., eye movements measures, perspective taking tasks). As
described in the introduction, we excluded records, which
examined spontaneous mentalization and the spontaneous use
of mentalization terms or used verbal answers to measure
mentalizing performance.

Data Extraction

Two independent review authors extracted the following data
from each eligible studies: first author, publication year, study
design, country, number of centers, studied population, gender
distribution, age distribution, number of patients; accuracy (in
percentage), reaction time (in ms), mentalizing cue looking
percentage, fixation duration, face looking percentage. If the
data was plotted on a bar graph, GetData Graph Digitizer was
used to extract the data. We contacted the authors in case
of missing data, and the data received were used during the
processing. Disagreements were resolved by an independent
third investigator.

Risk of Bias Assessment

The “Quality In Prognosis Studies” (QUIPS) tool (Hayden et al.,
2013) was used based on the recommendations of The Cochrane
Prognosis Methods Group (PMG) by two researchers. Any
disagreement was resolved by a third reviewer.

Statistical Analysis

For continuous variables standardized mean difference (SMD)
with 95% Confidence Intervals were calculated and since we
had one study with sample size <20 we decided to use Hedges
method. A p < 0.05 was considered statistically significant
difference. Random effects model was used to calculate the overall
estimates using the DerSimonian-Laird (DerSimonian and Laird,
1986) method. The results of the meta—analyses are presented on
forest plots.

Heterogeneity was tested using Cochranes Q and the I’
statistics. As suggested by the Cochrane Handbook (Higgins
and Green, 2011), I>~values were interpreted with the following
levels: 0-40, 30-60, 50-90, and 75-100%, meaning “Might not
be important,” “Moderate,” “Substantial,” and “Considerable,”
respectively. Heterogeneity, with a p < 0.1 considered significant.

(Egger’s tests and funnel plots have not been carried out to
assess any publication bias, because there was only a low amount
of the studies included).

All analyses were performed by R environment (R Core Team,
2021).

To assess the certainty of the evidence we used the GRADE
approach (Higgins and Green, 2011), which has four domains
(risk of bias; inconsistency; indirectness; imprecision). The
GRADE approach has four levels of evidence: high, moderate,
low and very low. If there was a serious concern for any of the
domains, we downgraded the evidence level.

RESULTS

Systematic Search and Selection
The systematic search yielded 541 records. After the automatic
and manual removal of duplicates 502 records remained. The

flowchart of the publication selection is presented in Figure 1.
After checking the records and citation searching 11 publications
remained. Five studies (Brunet et al., 2003; Eack et al., 2013; Roux
et al., 2016a; Okruszek et al., 2018; Kronbichler et al., 2019) were
included in the quantitative synthesis, and 9 studies (Das et al.,
2012; Eack et al., 2013; Roux et al., 2014, 2015, 2016a,b; Okruszek
et al., 2017; Kronbichler et al., 2019; Patel et al., 2020) in the
qualitative synthesis.

All records found were used in either the meta-analysis or the
systematic review.

The 5 studies (Brunet et al., 2003; Das et al., 2012; Eack et al.,
2013; Roux et al., 2016a; Okruszek et al., 2017, 2018; Kronbichler
etal., 2019) included in the quantitative synthesis examined 126
patients, while the 9 (Das et al., 2012; Eack et al., 2013; Roux et al.,
2014, 2015, 2016a,b; Okruszek et al., 2017; Kronbichler et al.,
2019; Patel et al., 2020) records included in the systematic review
examined 157 patients (There is a complete overlap between
patients in the studies by Roux et al. (2014, 2015, 2016a,b).

The characteristics of included studies are in Table 1 and Table
1 in the Supplementary Material.

Accuracy
For accuracy, data from 5 studies (Brunet et al., 2003; Eack
etal., 2013; Roux et al., 2016a; Okruszek et al., 2018; Kronbichler
et al, 2019) (which used different paradigms) were used,
involving 123 patients and 121 controls. There is a significant
difference [SMD = —0.40; 95% CI (—0.70, —0.10); p = 0.008]
between patients with schizophrenia and controls with negligible
statistical heterogeneity (I’ = 22.0%) in performance during
implicit mentalizing tasks. On average, schizophrenic patients
have a weaker performance with an effect size of —0.40, which
is considered medium effect. The results are shown in Figure 2.
As the performance of the two groups was identical in one
study (Kronbichler et al, 2019) and we considered that the
question asked was significantly simpler than in the other studies,
we conducted a leave one out sensitivity analysis during which
the heterogeneity decreased, the studies become completely
homogeneous (I’ = 0.0%) and the result remained significant and
the effect size increased [SMD: —0.50; 95% CI (—0.78, —0.21); p
=0.001]. The results are summarized in Figure 3.

Reaction Time

For reaction time, data from 4 studies (Brunet et al., 2003; Eack
et al., 2013; Roux et al., 2016a; Kronbichler et al., 2019) (using
different paradigms) were used, including 77 patients and 81
controls. There is a significant difference in reaction time between
the two groups [SMD: 0.89; 95% CI (0.36, 1.42); p = 0.001].
On average, the reaction time was significantly longer in the
schizophrenic group compared to the control group with a large
effect size (effect size: 0.89). There is a moderate heterogeneity
(I’ = 57.00%). The forest plot showing the results can be
found in Figure 4.

GRADE Approach

The overall judgement of quality of evidence can be found
in Table 2. The overall quality of evidence of the results was
low/very low.
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FIGURE 1 | PRISMA flowchart for the study selection process (Page et al., 2021).

TABLE 1 | Characteristics of the included studies.

Task design No. of patients Age of No. of controls Age of Medication
(female of total %) patients (female of total controls (antipsychotic)
(mean + SD) %) (mean + SD)
Brunet et al. (2003) PET CT during non-verbal task (select 7 (0.0) 31.0+6.5 8(0.0) 23.3+1.68 All
a correct ending)
Das et al. (2012) fMRI during animated triangle task 20 (0.0) 345+ 8.4 21(0.0) 335+ 8.4 All except one
Eack et al. (2013) Perspective-Taking task 20 (30.0) 27.8 £ 6.61 20 (35.0) 26.5+5.8 All except one
Kronbichler et al. Perspective-Taking task 24 (0.0 26.0+5.1 24 (0.0) 257+ 4.5 All
(2019)
Okruszek et al. (2017)  Interpersonal detection task 25 (3.0) 35.7 +£ 6.9 26 (48.0) 353+7.1 All except one
Okruszek et al. (2018)  Interpersonal detection task 46 (32.6) 334+7.0 40 (50.0) 30.2 +10.7 -
Patel et al. (2020) Eye movement measurement during 39 (25.6) 40.6 £11.0 27 (40.7) 35.2+9.3 All
TASIT videos
Roux et al. (2014) Eye movements measurements 29 (27.6) 39.0+ 125 29 (34.5) 40.7 £13.5 All
during animated cartoons
Roux et al. (2015) Eye movements measurements 29 (27.6) 39.0+ 125 29 (34.5) 40.7 £ 13.5 All
during intentional motion perception
Roux et al. (2016a) Eye movement measurement during 29 (27.6) 39.0+ 125 29 (34.5) 40.7 £138.5 All
non-verbal task (select the correct
ending)
Roux et al. (2016b) Eye movement measurement during 29 (27.6) 39.0+12.5 29 (34.5) 40.7 £ 13.5 All

Frith-Happé animation

Systematic Review

FMRI Data

Concerning the comparison of activations/deactivations of
schizophrenia patients and healthy subjects during mentalizing

tasks, few data was available in the selected studies, which was
not eligible for meta-analysis. Das et al. (2012) used an animated

triangle task, consisting of mentalizing and control animations.
In their study they emphasized a reduced activation in the right
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SMD for Accuracy (%) — Schizophrenia v Control

Schizophrenia group Control group Standardised Mean

Studies N Mean SD N Mean SD Difference SMD 95%-Cl Weight
Brunet et al.2003 7 8389 10.56 8 9444 722 : -1.11 [-2.23; 0.00] 6.6%
Eack et al. 2013 18 5253 2397 20 68.87 22.76 —— -0.69 [-1.34;-0.03] 16.8%
Okruszek et al. 2018 46 67.00 14.00 40 74.00 12.00 — -0.53 [-0.96;-0.10] 31.3%
Roux et al. 2016 28 86.95 12.81 29 8941 11.52 — T, -0.20 [-0.72; 0.32] 241%
Kronbichler et al. 2019 24 89.89 13.20 24 89.89 10.50 - 0.00 [-0.57; 0.57] 21.3%
Random effects model 123 121 ~_— -0.40 [-0.70;-0.10] 100.0%
Heterogeneity: /> = 22.09%, p = 0.2738 ! | ! !

Test for overall effect: p = 0.0082 i3 -2 -1 0 1

Favours Control group Favours Schizophrenia group

FIGURE 2 | SMD for accuracy between patients with schizophrenia and control group. Patients with schizophrenia performed significantly poorer than controls.

SMD for Accuracy (%) — Schizophrenia v Control
('Kronbichler et al. 2019' omitted)

Schizophrenia group Control group Standardised Mean

Studies N Mean SD N Mean SD Difference SMD 95%-Cl Weight
Brunet et al.2003 7 83.89 10.56 8 9444 722 -1.11 [-2.23; 0.00] 6.6%
Eack et al. 2013 18 5253 2397 20 68.87 2276 —&— -0.69 [-1.34;-0.03] 19.0%
Okruszek et al. 2018 46 67.00 14.00 40 74.00 12.00 — -0.53 [-0.96;-0.10] 44.1%
Roux et al. 2016 28 86.95 12.81 29 8941 11.62 —T . -0.20 [-0.72; 0.32] 30.3%
Random effects model 99 97 - -0.50 [-0.78;-0.21] 100.0%
Heterogeneity: 1% =0.00%, p =0.4287 J T ' ' !

Test for overall effect: p =0.0007 -4 -3 2 =1 0 1

Favours Control group Favours Schizophrenia group

FIGURE 3 | SMD for accuracy after leaving one out sensitivity analysis. It demonstrates that when heterogeneity decreases, the sample becomes homogeneous.

SMD for Reaction time (ms) — Schizophrenia v Control

Schizophrenia group Control group Standardised Mean
Studies N Mean SD N Mean SD Difference SMD 95%-Cl Weight
Eack et al. 2013 18 227860 430.37 20 2202.20 453.34 — 0.17 [-0.47;0.81] 27.3%
Roux et al. 2016 28 3591.27 1106.51 29 271567 619.99 0.97 [0.42;1.52] 30.4%
Kronbichler etal. 2019 24 1250.53 234.70 24 991.70 153.90 —— . 1.28 [0.66; 1.91] 27.8%
Brunet et al. 2003 7 3675.00 787.00 8 2781.00 493.00 1.30 [0.15;2.45] 14.5%
Random effects model 77 81 ——l 0.89 [0.36;1.42] 100.0%
Heterogeneity: /> = 57.00%, p = 0.0727 ! g ! L
Test for overall effect: p =0.0011 «1 0 1 ) 3
Favours Schizophrenia group Favours Control group

FIGURE 4 | Forest plot representing that patients with schizophrenia have significantly longer reaction times.

TABLE 2 | GRADE approach.

Outcome No study/no patients/controls Risk of bias Inconsistency Indirectness Imprecision Quality of evidence
Accuracy 5/123/121 Not serious Not serious Not serious Serious Low
Reaction time 4/77/81 Not serious Some Not serious Serious Very low
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TPJ and both the right and left IFG in patients with schizophrenia
compared to healthy controls during processing of mentalizing
animation, and a similar activation in the left TPJ. The
workgroup of Eack et al. (2013) employed a visual perspective-
taking task, during which the schizophrenia group showed a
reduced activation in the left OFC and in both the left and
right anterior cingulate cortex (ACC), when compared to healthy
individuals. During the same task, functional connectivity
analyses were also conducted, which showed deficits in negative
functional connectivity between the anterior cingulate and
fusiform/parahippocampal gyrus in patients with schizophrenia.
In controls the deactivation of the ACC was associated with an
increase in activation in the right fusiform and parahippocampal
gyri, while the schizophrenia group had the opposite correlation.
In the study of Kronbichler et al. (2019) a different visual
perspective-taking task was used. Concerning the activations
a difference was found: the activations in the bilateral middle
occipital gyrus (MOG; marginal group difference in left MOG) in
the schizophrenia group were indifferent across task conditions,
whereas controls showed an increased BOLD response in
situations of spontaneous perspective-taking. Okruszek et al.
(2017) used a setting in which the subjects had to decide
whether two agents, presented by point-light displays were either
communicating or acting independently. They emphasized the
lower activation of the right posterior sulcus temporalis superior
(STS) in patients with schizophrenia during communicative
interactions as their main finding. In the functional connectivity
analysis of the same task the control group showed an increased
connectivity of the right posterior STS with structures associated
with the mentalizing (bilateral STS and TP], mPFC). The patients
on the other hand, activated structures linked with mentalizing
network (left posterior STS/TPJ, right anterior STS), but to a
lesser extent.

Eye Movements Measurements

Five studies used this measurement (Roux et al.,, 2014, 2015,
2016a,b; Patel et al, 2020) from whose data we could not
make meta-analysis due to overlapping populations. They used
different paradigms. Except for one study (Roux et al., 2016b), all
described different eye movements in patients with schizophrenia
compared to controls (Roux et al., 2014, 2015, 2016a; Patel et al.,
2020). Three studies described reduced viewing time on the face
(Roux et al., 2014, 2016a; Patel et al., 2020), one described that
patients spent more time observing contextual cues, which also
highlighted the importance of time, based on which patients’
mentalizing is delayed (Roux et al., 2016a).

Fixation Duration

Three (Roux et al., 2014, 2016b; Patel et al., 2020) studies
measured the mean fixation duration which refers to the
processing of information. Two studies found increased mean
fixation duration in patients, which may indicate less saccades,
shorter scanning paths (Roux et al., 2014, 2016b). In addition,
Roux et al. (2016b) demonstrated that in patients and in controls
the length of the fixation increases along with the complexity of
the task, which referees an equal increase in cognitive processing
in both groups. In contrast, Patel et al. described more saccades,

shorter fixation duration time in patients with schizophrenia
(Patel et al., 2020).

Looking at Cues of Mentalization

Three of the 5 studies found that patients spent less time looking
at the cues of mentalization (Roux et al., 2014, 2016a; Patel et al.,
2020). One study described that patients looked at intentional
cues as long as controls while watching Firth—Happé animations
(animated triangles interactions) (Roux et al., 2016b). One study
demonstrated that patients have more center looking strategy
during intentional motion perception (used chasing detection
paradigm) (Roux et al., 2015). Patel et al. showed that patients’
eye position was more variable than controls; the average area of
the eye position was larger in patients during watching TASIT
videos (Patel et al., 2020). Patients spent less time viewing action
regions of interest during intentional attribution tasks based
on comic strips (Roux et al, 2016a). On the other hand, the
looking time of the contextual regions was greater in patients
than in controls especially when the processing of social context
required attribution of intention (Roux et al., 2016a). Roux et al.
also demonstrated that looking time of a displaced object was
the same in both groups when participants watched animated
cartoons, but patients with schizophrenia spent less time looking
at the head of the agent, and the decreased sensitivity to goal and
belief attribution was associated with decreased attention to gaze
orientation (Roux et al., 2014).

Face Looking Time

Three studies measured the face looking time of the participants.
All of them found that patients spent less time looking at facial
expressions (Roux et al., 2014, 2016a; Patel et al., 2020). Two of
them (Roux et al., 2014, 2016a) examined the central field of view,
the third one (Patel et al., 2020) described this discrepancy in
peripheral field of view.

Risk of Bias Assessment

The overall risk of bias was low to high in the studies
included. Detailed results of the quality assessment are found in
Supplementary Materials.

DISCUSSION

Our meta-analysis and systematic review show that patients with
schizophrenia have subtle impairments in implicit mentalizing.
The results of the meta-analysis revealed more inaccurate
performance, slower reaction times. The systematic review part
of the analysis indicated different brain activation patterns; and
different visual processing compared to control subjects during
implicit mentalization tasks.

The patients with schizophrenia exhibited a small but
significant impairment in accuracy with negligible statistical
heterogeneity and a medium effect size. Decreasing heterogeneity
during leave one out analysis may result from differences between
the paradigms used in the studies, which may indicate the
importance of the mentalizing tasks. The results suggest a subtle
deficit compared to explicit mentalizing, which was found to be
highly significantly impaired (Sprong et al., 2007; Bora et al,
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2009). It is important to point out that the accuracy probably may
not directly reflect the implicit mentalization, since it is measured
indirectly and appropriateness of present paradigms for detecting
implicit mentalizing is still under debate (e.g., Heyes, 2014;
Santiesteban et al., 2014; Phillips et al., 2015; Kulke et al., 2019).

In contrast to accuracy, reaction time may reflect implicit
mentalizing more closely (Kovacs et al., 2010; Edwards and
Low, 2017). Our meta-analysis revealed a significantly slower
reaction time among patients with schizophrenia with a large
effect size. It also suggests that implicit mentalizing is affected
in patients with schizophrenia. However, it may also mean that
a less efficient processing speed is responsible for the lower
performance in implicit mentalizing tasks. Some of the studies
found intact mentalizing but delay in intention attribution due
to a slowdown in context processing (Roux et al., 2016a,b). It is
also essential to highlight that moderate heterogeneity was found,
which may result from the markedly different paradigms, and the
differences in the difficulties of the tasks. For this outcome, the
effect size is high, which highlights its practical significance, but
the certainty for outcome assessments is very low. It is important
to note that two of the four studies were perspective taking
studies. Some research assumed that perspective-taking tasks do
not examine implicit mentalizing but are determined by domain-
general processes (Santiesteban et al.,, 2014; Cole et al., 2016),
whereas other studies confirmed that these tasks are driven by
implicit mentalization (Samson et al., 2010; Ferguson et al., 2015;
Gardner et al., 2018).

Concerning functional imaging, differences in activation
patterns during implicit mentalization tasks were found. Patients
with schizophrenia recruited several temporal regions (e.g., STG,
TPJ, STS), however they showed lower activity in these areas
compared to controls (Das et al., 2012; Okruszek et al., 2017).
It may indicate a less effective processing of social situations.
These regions have an important role in detecting intentionality
from biological salient cues (Sugranyes et al., 2011; Frith and
Frith, 2012; Ciaramidaro et al., 2014), and they were found
to be active during implicit and during explicit mentalizing
(Molenberghs et al., 2016). One study (Das et al., 2012) found
reduced activation in the right TPJ, but not in the left TPJ in
patients with schizophrenia. TPJ is active both in implicit and
explicit processing (Molenberghs et al., 2016). The observed
pattern (Das et al., 2012) is the opposite that has been found
recently in healthy people, when stronger activation was detected
in the right TP] compared to the activity on the left side
(Boccadoro et al.,, 2019). However, the activation of temporal
regions and TPJ in patients with schizophrenia may point to
the process of appreciating the communicative nature of the
interaction being relatively unaffected, although it may rely
on a slightly different brain network activity. On the other
hand, controls activated several occipital and occipitotemporal
regions which may suggest a less efficient computation of
spontaneous visual perspective taking (Kronbichler et al., 2019).
Some further common areas of explicit and implicit processing
(Molenberghs et al., 2016), such as bilateral IFG (Das et al.,
2012) and the cingulate gyrus (Eack et al., 2013) was found
under-activated in subjects with schizophrenia relative to healthy
controls. Furthermore, reduced activation of the OFC, which

is thought to be an important part of the implicit mentalizing
network (Molenberghs et al., 2016), was also reported in patients
compared to controls (Eack et al., 2013). Overall, these results
suggest that patients with schizophrenia are likely to detect
communicative intentions, but they may activate a different,
and possibly less integrated neural network during implicit
mentalizing. As the connectivity analyses (Eack et al., 2013;
Okruszek et al., 2017) revealed there are important differences
in network connectivity in patients with schizophrenia. The
decreased connectivity of the concerned areas (posterior STS,
medial pre-frontal, and medial-temporal regions) possibly has a
role in the less efficient implicit mentalizing. It may correspond
to recent reports that found an alteration in the integrity of the
neuronal network that is responsible for the processing of low-
level pre-reflective intention detection, and also a diminished
between-network connectivity of the low-level (implicit) and
higher-level (explicit) mentalizing networks (Choe et al., 2018).

The qualitative synthesis revealed some further characteristics
of implicit mentalizing in schizophrenia. Patients with
schizophrenia showed subtle deficits in visual processing,
which is not surprising since studies of implicit mentalizing
have predominantly used visual paradigms. It seems a relatively
consistent result that visual scanning is inadequate and slower
in patients than in controls (Roux et al, 2015; Patel et al.,
2020). Patients tend to focus more on contextual cues instead of
processing socially relevant cues (Roux et al., 2014). In addition,
patients fixate less on the head region (Roux et al., 2014, 2016a),
especially when the face is in the peripheral field of view. They
tend to bring faces less frequently into the central field of view
for processing facial expressions (Patel et al., 2020). According
to these results, patients with schizophrenia seem to focus less
on socially relevant cues, especially on human faces, although
face processing has a central role in detecting mental states (Itier
and Batty, 2009). It is also important that interfering stimuli can
significantly impair processing (e.g., stimulus overload) (Roux
etal., 2016b). These results on visual processing and mentalizing
seem to correspond with a recent meta-analysis, which found
that mentalizing is linked to several neurocognitive deficits in
schizophrenia, and that the type of the task used is a significant
moderator in these relationships (Thibaudeau et al., 2020). This
in turn also suggests that the complexity of the social situation
and the deficient neurocognitive abilities may limit the efficiency
of implicit mentalizing.

Our systematic review and meta-analysis have several
limitations. The main limitation is the low number of eligible
studies. However, we should mention that according to the
Cochrane Handbook for Systematic Reviews a meta-analysis is
the statistical combination of results from two or more separate
studies (Higgins and Green, 2011). In addition, as claimed by
Valentine et al. at least two studies are sufficient for a meta-
analysis, because it is still the most transparent and valid way of
synthesizing research data (Valentine et al., 2010). Based on this
approach, we thought that the significance of the topic deserves a
summary of the available data. We also found 8 studies via other
methods than systematic search (e.g., checking the references of
the selected articles), which is a significant limitation. Several
search keys were tried, but the number of eligible records
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found did not differ significantly. This was probably due to
the lack of or inconsistent use of terms “implicit,” “explicit,”
or “spontaneous” in publications that may have distorted the
selection results. It is also important to mention that several
different terms are used for mentalizing as well (Theory of Mind,
mentalization, perspective taking, intentionality, mindreading,
etc.) Unfortunately, a few studies were excluded (and included
in the systematic part) because they did not provide sufficient
data for meta-analysis. We contacted the authors, but not all
missing data were received. Another limitation is that some
studies have examined schizoaffective patients in addition to
schizophrenic patients, which may also raise the bias. However,
schizoaffective disorder is regularly included in schizophrenia
studies as a schizophrenia-spectrum disorder.

It is important to highlight that other factors could also
influence the results, but unfortunately, due to the small
number of studies, we could not perform meta-regression [which
requires at least 10 studies (Higgins and Green, 2011)], to
assess the effect of moderator variables (e.g., symptom severity,
general intelligence, age, education, gender ratio, duration of
illness, etc.).

Another important limitation is the moderate heterogeneity
due to different methods (different stimuli were used, different
questions were asked) used to measure implicit mentalizing.
Further limitations are that the studies involved have a small
number of cases and most of the patients were taking medication
at the time of the studies.

In conclusion, our results do not allow a firm conclusion at
this moment. The substantial heterogeneity of the paradigms
used in a small number of studies limit the generalizability
of the results. Overall, in addition to the deficit of explicit
mentalizing, implicit mentalizing performance is also affected
in schizophrenia, if not to the same extent. It seems likely
that some elements of implicit mentalizing might be relatively
unaffected (e.g., detection of intentionality (Roux et al., 2016b;
Okruszek et al., 2018), but the effectiveness may be limited by
certain neurocognitive deficits. However, it would be important
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Background: Nonverbal social perception is the ability to interpret the intentions and
dispositions of others by evaluating cues such as facial expressions, body movements,
and emotional prosody. Nonverbal social perception plays a key role in social cognition
and is fundamental for successful social interactions. Patients with schizophrenia have
severe impairments in nonverbal social perception leading to social isolation and
withdrawal. Collectively, these aforementioned deficits affect patients’ quality of life.
Here, we compare nonverbal social perception in patients with schizophrenia and
controls and examine how nonverbal social perception relates to daily functioning.

Methods: We compared nonverbal social perception in 41 stable outpatients with
schizophrenia and 30 healthy controls using the Mini Profile of Nonverbal Sensitivity
(Mini-PONS). The participants evaluated 64 video clips showing a female actor
demonstrating various nonverbal social cues. Participants were asked to choose one
of two options that best described the observed scenario. We correlated clinical ratings
(Positive and Negative Syndrome Scale, Brief Negative Syndrome Scale), Self-report
of Negative Symptoms, and functional assessments (functional capacity and functional
outcome) with Mini-PONS scores.

Results: Patients performed significantly poorer in the Mini-PONS compared to
controls, suggesting deficits in nonverbal social perception. These deficits were not
associated with either positive symptoms or negative symptoms (including self-report).
However, impaired nonverbal social perception correlated with distinctive domains of
BNSS (mainly avolition and blunted affect), as well as functional capacity and functional
outcome in patients.

Conclusion: We demonstrate that nonverbal social perception is impaired in stable
outpatients with schizophrenia. Nonverbal social perception is directly related to specific
negative symptom domains, functional capacity and functional outcome. These findings
underline the importance of nonverbal social perception for patients’ everyday life and
call for novel therapeutic approaches to alleviate nonverbal social perception deficits.

Keywords: communication, gesture, social cognition, functional domains, affect, social functioning, psychosis
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INTRODUCTION

Schizophrenia is a severe and debilitating psychiatric disorder
that affects nearly 1% of the worlds population (McGrath
et al, 2008). Schizophrenia is characterized by delusions,
hallucinations, negative symptoms, disorganization symptoms
according to DSM-5, including impaired social cognition
(Goldsmith and McFall, 1975; Green et al., 2008a, 2019).
Generally, social cognition refers to psychological processes that
allow us to decode the behaviors and intentions of others (Frith
and Frith, 2007; Adolphs, 2009). Impaired social cognition is
not only prevalent in chronic schizophrenia patients, but also
in early-onset psychosis and early psychosis patients (Fornells-
Ambrojo and Garety, 2009; Barkl et al., 2014; Giannitelli et al.,
2015; Healey et al.,, 2016). Therefore, these deficits occur across
different stages of the disorder. Social cognitive deficits are
assumed to be a stable trait that precedes and predicts the onset
of schizophrenia (Frith and Corcoran, 1996; Riveros et al., 2010;
Savla et al., 2013; Pinkham et al.,, 2014; Green et al., 2015),
and informs on the frequency of patients’ relapse (Mcglashan,
1986). In schizophrenia, social cognition acts as a mediator
between neurocognition and functional outcome (Vauth et al.,
2004; Brekke et al., 2005; Couture et al., 2006; Sparks et al.,
2010; Mancuso et al., 2011; Galderisi et al., 2020). Hence, these
impairments play a key role not only in the development of
the disorder, but also in the functional outcome of patients.
Social cognitive impairment in schizophrenia encompasses
multiple domains.

In schizophrenia, all of the five well-established social
cognitive domains are impaired (Pinkham et al., 2014): social
perception (Toomey et al., 2002), social knowledge (Penn et al.,
2002), emotion processing (Pollard et al.,, 1995), attributional
processing (Green and Horan, 2010), and theory of mind
(Greig et al,, 2004; Green and Horan, 2010). A meta-analysis
revealed that social perception and theory of mind were most
severely impaired in schizophrenia (Savla et al., 2013). The
majority of previous studies focused on theory of mind and
emotion processing. However, only a few studies focused on
the nonverbal aspects of social perception (emotional prosody,
facial expressions, body movements) in schizophrenia and used
heterogeneous tasks (Pinkham et al., 2017).

Nonverbal social perception, which is the ability to decode
relevant nonverbal interpersonal cues (Morrison and Bellack,
1981; Toomey et al., 2002) is impaired in schizophrenia patients
(Walther et al, 2015). For example, schizophrenia patients
exhibit decreased ability to evaluate nonverbal cues such as
prosody (Murphy and Cutting, 1990), facial expressions (Cutting,
1981; Colussy and Zuroff, 1985; Borod et al., 1990; Edwards
et al.,, 2002; van t'wout et al., 2007; McIntosh and Park, 2014),
as well as, hand and body movements (Monti and Fingeret, 1987;
Toomey et al., 2002; Goldin-Meadow and Alibali, 2013; Walther
et al., 2015). Incorrect interpretation of facial expressions and
body movements limits schizophrenia patients’ communication:
they tend to perceive ambiguous gestures and direct gaze as
self-referential or threatening (Bucci et al., 2008; White et al.,
2016; Wastler and Lenzenweger, 2018). In addition, impaired
gesture perception has been linked to deficits in domains of visual

information processing (Matthews et al., 2013; Millman et al.,
2014; Walther et al., 2015; Gupta et al., 2021), which affects
patients’ attention and working memory (Green et al., 2008b;
Jahshan et al., 2012). In schizophrenia, associations between the
ability to evaluate nonverbal cues and symptoms are unclear
(Toomey et al., 2002; Walther et al., 2015, 2016).

Despite the progress made in understanding social cognitive
deficits in schizophrenia, the role of nonverbal social perception
in schizophrenia remains poorly understood (Green et al., 2005).
While in most reports associations between poor nonverbal
social perception and positive symptoms (Toomey et al., 2002;
Giannitelli et al., 2015) as well as negative symptoms are lacking
(Olbert et al., 2013; Walther et al., 2016), others report the
opposite (Walther et al, 2015). Therefore, the relationship
between nonverbal social perception and symptoms remains
unresolved. However, impaired nonverbal social perception
are assumed to be associated with disorganization symptoms
(Toomey et al., 2002), which have shown to mediate between
nonverbal social perception deficits and poor functioning in
schizophrenia (Engelstad et al, 2017). In fact, nonverbal
social perception deficits may have an important impact on
schizophrenia patients’ social interaction, as these deficits are
linked to patients’ gesture performance (Walther et al., 2015)
and overall functioning (Morrison et al., 1988; Hooker and Park,
2002; Sergi et al., 2006; Walther et al., 2016).

In patients with schizophrenia, deficits in nonverbal social
perception have been associated with poor functional outcome
(Morrison et al., 1988; Hooker and Park, 2002; Sergi et al,
2006) and functional capacity (Walther et al., 2016). In general,
functional capacity refers to the relevant real-world adaptive skills
for daily functioning, such as managing finances or scheduling an
appointment (Patterson et al., 2001). Nonverbal social perception
deficits in schizophrenia have been shown to predict functional
capacity and outcome at 6 months follow-up in schizophrenia
patients (Walther et al., 2016). Consequently, nonverbal social
perception is closely linked to overall functioning, and therefore
should be a target for pharmacological and non-pharmacological
interventions. While the association between the ability to decode
facial expressions and functional capacity has intensively been
investigated in schizophrenia (Olbert et al., 2013; Abram et al.,
2014), studies investigating the link between nonverbal social
perception as a whole (including body movements and emotional
prosody perception) and functional capacity are scarce.

This study aimed at determining whether schizophrenia
outpatients perform poorer in nonverbal social perception than
healthy controls. We hypothesized that poor nonverbal social
perception is linked to limited functional capacity and poor
functional outcome. We expect nonverbal social perception
to have different effects on different functional domains.
Hence, we explored six functional domains separately: physical
functioning, personal care skills, interpersonal relationships,
social acceptability, activities and work skills. In addition, we
investigated the impact of symptoms such as positive symptoms,
negative symptoms (including the domains of anhedonia,
asociality, avolition, blunted affect, and alogia, as well as the item
gesture expression) and the severity of symptoms on nonverbal
social perception.
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MATERIALS AND METHODS

In total, 41 schizophrenia patients (mean age = 38.6 years,
SD = 12.2; 51.2% male) and 30 healthy controls (mean
age = 40.0 years, SD = 12.2; 50.0% male) were included in this
study (Table 1). We recruited patients with a diagnosis of the
schizophrenia spectrum (33 patients with schizophrenia and 8
patients with the schizoaffective disorder) according to DSM-5
at the outpatient clinics of the University Hospital of Psychiatry
and Psychotherapy, Bern. The recruitment period of participants
started in December 2019 and ended in June 2021. This study
focuses on baseline data of a larger project (Brain Stimulation
And Group Therapy to Improve Gesture and Social Skills in
Psychosis trial, clinicaltrials.gov NCT04106427). All patients
consented to participate in the entire interventional study, were
symptomatically stable and all but three received antipsychotic
treatment. Healthy control participants were recruited by word-
of-mouth, through leaflets at public places and a post on
the website of the University Hospital of Psychiatry and
Psychotherapy. For every participant, we acquired all baseline
data within 2 days. All participants met the following criteria:
18-65 years of age, ability to provide written informed consent
as documented by signature, no substance abuse or dependence
other than nicotine, no past or current medical or neurological
condition associated with impaired or aberrant movement
and no epilepsy. In addition, controls had no history of any
psychiatric disorder or first-degree relatives with schizophrenia
spectrum disorders.

Assessments

Behavioral Assessment

Nonverbal social perception was assessed with the Mini Profile
of Nonverbal Sensitivity (Mini-PONS), which includes 64 videos
(2 s each) showing a Caucasian woman (Rosenthal, 1980;
Banziger et al, 2011). The Mini-PONS has four subscales
(see Table 2): voice recordings/emotional prosody only (either
content-filtered speech, or randomized splice speech), body
movements only, facial expressions only, as well as, combined
emotional prosody (content-filtered speech and randomized
splice speech) and facial expression. The test was administered
on a computer. Participants were asked to choose one of two
options that best described the observed scenario. The total score
for Mini-PONS ranges from 0 to 64 and the four Mini-PONS
subscores range from 0 to 16. The test takes around 13 min.

Clinical and Functional Assessments
To assess the current psychopathology of patients, we used the
Positive And Negative Syndrome Scale [PANSS; (Kay et al.,
1987)] and the 13-item Brief Negative Symptom Scale [BNSS;
(Strauss et al., 2012)]. In both patients and controls, we collected a
self-report of negative symptoms: the Self-Evaluation of Negative
Symptoms (SNS) scale, which includes 20 items with a 3-point
Likert scale, total score ranging from 0 to 40 (Dollfus et al., 2016).
Functional capacity was assessed with the brief version
of the University of California San Diego Performance-Based
Assessment (UPSA-brief) (Patterson et al.,, 2001). The UPSA-
brief evaluates a person’s ability in managing finances (e.g.,

TABLE 1 | Demographic and clinical characteristics.

Patients (N = 41) Controls (N = 30) Comparison

Demographics

Age (years) 38.6 +12.2 40.0 £ 12.2 t=0.5;
p =0.651
Gender (%female) 51.2% 50.0%
Education (years) 145 £33 162+ 2.6 t=2.4;
p = 0.021*
Digit span backwards 444+1.0 46+1.1 t=0.9;
p =0.371
Medication (CPZ-eqin mg) 455.0 + 417.3
Assessments
PANSS positive® 124+ 6.1
PANSS negative? 173+7.9
PANSS total® 60.9 +£21.5
BNSS? 27.5+15.6
SNS 161 +£6.7 43+29 t=-9.1;
p < 0.001***
Mini-PONS 43.6 £5.3 476 £ 4.4 t=3.5;
p < 0.001***
UPSA-brief® 83.8+11.0 90.5+7.4 t=23.0;
p = 0.003**
SLOF 183.5+£18.5 213.3+4.0 t=10.2;
p < 0.001***

PANSS, positive and negative syndrome scale; BNSS, brief negative symptom
scale; SNS, self-evaluation of negative symptoms; Mini-PONS, mini profile of
nonverbal sensitivity; UPSA-brief, University of California San Diego performance-
based assessment; SLOF, specific levels of functioning scale; Values represent
the mean + SD for each group. & was not assessed in healthy controls, b one
missing value for one patient; * denotes a significant difference p-value < 0.05;
** denotes a significant difference p-value < 0.01, *** denotes significant differences
p-value < 0.001. P-values marked with bold indicate statistically significant
differences between the groups.

TABLE 2 | Comparison of the four PONS subscales between patients and
controls, whilst controlling for education and working memory.

Patients Controls Comparison Effect size
(N = 41) (N = 30)
Emotional 10.3 £ 2.1 11.8+2.0 F1.70)=6.8, mp? =0.090
prosody (voice p =0.012*
recordings)
Body 10.7 £2.3 112+20  Fa70 =01, 1p2=0.002
movements p =0.706
Facial 11.3+1.8 11.8+£1.6  F1.70 =06, np? =0.008
expression p =0.453
Emotional 112+24 128+15  F1.70 =57 mp? =0.095
prosody and p =0.010*
facial
expression

Values represent the mean + SD for each group; * denotes significant differences
p-value < 0.05. P-values marked with bold indicate statistically significant
differences between the groups.

count money change) and communicating with others (e.g.,
reschedule an appointment). Functional outcome was measured
with the Specific Levels of Functioning Scale (SLOF), which
is a 43-item interview-based instrument rated on a 5-point
Likert scale by a psychiatrist. The SLOF total score ranges
from 43 to 215. SLOF does not focus on items relevant to
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psychiatric symptoms, nor cognitive impairment, but assesses
behaviors and abilities essential to function in the community
(Schneider and Struening, 1983).

To ensure reliability, three MD clinical raters, all currently in
psychiatric residency (LM, DA, DB), were trained by the principal
investigator (SW). The interrater reliability resulted in a very
good mean of 0.95.

Data Analyses

Data were analyzed using SPSS (version 28) and R (version
3.6.1). For this report, we excluded four patients due to visual
impairment or difficulties to understand the experimental task.
We used two-sample ¢-tests to compare the demographic data,
nonverbal social perception, clinical assessments and functional
outcomes, available for both patients and controls. Our Mini-
PONS total scores were normally distributed (W(7;) = 0.97,
p = 0.105). However, since three of the four Mini-PONS sub
scores were not normally distributed (W(;;) > 0.95, p < 0.014)
we applied a square root transformation to the Mini-PONS
sub scores. As years of education differed between patients and
controls (t = 2.35; p = 0.021; see Table 1) and as working
memory has been reported to affect nonverbal social perception
(Walther et al., 2015), we used education and working memory as
covariates in our main analyses. We ran a parametric ANCOVA
comparing Mini-PONS total score in patients and controls, as
well as a parametric MANCOVA to compare the four Mini-PONS
subscales in both groups, whilst controlling for education and
working memory. Effect sizes estimates were calculated for the
parametric ANCOVA and MANCOVA analyses.

In patients, we ran partial correlations between Mini-PONS
total score and psychopathology as well as functional outcomes,
whilst controlling for medication (CPZ-equivalent in mg per
day; Table 1). Here, we corrected for multiple comparisons
using the false discovery rate (FDR). Additionally, we ran
explorative correlations between Mini-PONS total score and five
BNSS subscales (Alogia, Blunted Affect, Asociality, Avolition,
and Anhedonia), one BNSS item (Gesture Expression) as well
as six SLOF subscales (Physical functioning, Personal care
skills, Interpersonal relationships, Social acceptability, Activities
of community living, and Work skills) in patients, whilst
controlling for medication.

RESULTS

Comparison of Nonverbal Social
Perception Between Patients and
Controls

Schizophrenia patients performed significantly poorer than
controls (F(1,709) = 7.1, p = 0.010, np* = 0.096) in the Mini-
PONS when controlling for education and working memory,
suggesting impairments in nonverbal social perception (see
Figure 1). Regarding the four Mini-PONS sub scores, patients
performed poorer in both scenarios with emotional prosody
(voice recordings) only and emotional prosody combined with
facial expressions, whilst controlling for education and working

60
so B
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20

Mini-PONS total score

10 *

Patients Controls

FIGURE 1 | Group difference in nonverbal social perception. * denotes
significant differences p-value < 0.05, whilst controlling for education and
working memory.
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FIGURE 2 | Group differences in emotional prosody, face and body
movement perception. * denotes significant differences p-value < 0.05 whilst
controlling for education and working memory.

memory (see Table 2 and Figure 2). However, there was no
significant group difference in videos with body movements
only and facial expression only (see Table 2 and Figure 2).
Hence, there was only a significant difference between patients
and controls when emotional prosody was incorporated in the
scenario. Following up on this group difference, we explored
a group x stimulus type interaction in an additional 2x2
ANCOVA controlling for education and working memory. While
we found main effects for group (controls > patients) and
for stimulus type (bimodal > unimodal), we failed to detect
an interaction of the two factors [(F(; 70y = 0.1, p = 0.760,
Np2 = 0.001)]; i.e., both groups improve with multimodal stimuli
at comparable magnitude.

Correlation Between Nonverbal Social
Perception and Clinical

Assessments/Functional Outcomes

In patients, nonverbal social perception deficits failed to correlate
with positive symptoms, negative symptoms (PANSS negative
and BNSS), or overall symptom severity (PANSS total; see
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FIGURE 3 | Correlations between Mini-PONS total score and
clinical/functional tests controlling for medication. PANSS, positive and
negative syndrome scale; BNSS, brief negative symptom scale; SNS,
self-evaluation of negative symptoms; SLOF, specific levels of functioning
scale; UPSA-brief, University of California San Diego performance-based
assessment; Mini-PONS, mini profile of nonverbal sensitivity; * denotes
significant correlations p-value < 0.05; *** denotes significant correlations
p-value < 0.001.

TABLE 3 | BNSS subscales/item correlations with PONS total score controlling for
medication in patients.

r P
Anhedonia subscale -0.1 0.574
Asociality subscale -0.1 0.762
Avolition subscale -0.3 0.045*
Blunted affect subscale -0.3 0.031*
Alogia subscale -0.2 0.188
Gesture expression item 0.5 0.004**

* denotes significant correlations p-value < 0.05; ** denotes a significant correlation
p-value < 0.01. P-values marked with bold indicate statistically significant
correlations.

Figure 3). However, the BNSS subscales and the gesture
expression item in patients indicated that nonverbal social
perception deficits were linked to avolition, blunted affect and
gesture expression, but not to anhedonia, asociality or alogia
(see Table 3). In addition, no correlation was observed in either
patients or controls between Mini-PONS and subjective negative
symptoms (SNS; see table Figure 3).

Poor nonverbal social perception highly correlated with
limited functional capacity (UPSA-brief, see Figures 3, 4) and
reduced functional outcome in patients (SLOF, see Figures 3, 5).
While all symptom domains correlated with the rater-based
SLOF total score, symptom domains failed to correlate with
the performance-based UPSA-brief total score. When running
correlations between Mini-PONS total score and all six SLOF
subscales in patients, we observed that nonverbal social
perception deficits are associated with impaired personal care
skills, limited activities and reduced work skills, but not with

TABLE 4 | SLOF subscales comparison between schizophrenia patients and
healthy controls; SLOF subscales correlation with Mini-PONS total score
controlling for medication in schizophrenia patients.

Correlation with Mini-PONS
in patients

Comparison with
healthy controls

Physical functioning t=-0.2; r=0.2;p=0.149

subscale p =0.855

Personal care skills t=5.3; r =0.5; p = 0.002**

subscale p < 0.001***

Interpersonal t=9.0; r=02;p=0.144

relationships subscale p < 0.001***

Social acceptability t=1.8; r=0.0; p=0.951

subscale p =0.086

Activities subscale t=6.6; r=0.4; p = 0.008**
p < 0.001***

Work skills subscale t=11.0; r=0.3; p = 0.026*
p < 0.001***

* denotes a significant correlation p-value < 0.05; ** denotes significant correlation
p-value < 0.01; *** denotes significant differences p-value < 0.001. P-values
marked with bold indicate statistically significant differences and correlations.

physical functioning, poor interpersonal relationships and social
acceptability (see Table 4).

DISCUSSION

This study on nonverbal social perception deficits in
schizophrenia patients had three main findings. First, we
confirmed that schizophrenia patients perform worse in
nonverbal social perception (Mini-PONS) compared to healthy
controls (see Figure 1), especially when the task requires them to
recognize emotional prosody (Mini-PONS voice recordings only
and Mini-PONS voice recordings with facial expressions, see
Figure 2). Second, as expected, in patients with schizophrenia,
impaired nonverbal social perception was associated with
limited functional capacity (UPSA-brief, see Figure 4) and
poor functional outcome (SLOEF, see Figure 5). On the SLOF
subscales, poor nonverbal social perception correlated with poor
personal care skills, limited activities and impaired work skills
(see Table 4). Third, nonverbal social perception deficits were not
linked to symptom domains (PANSS positive, PANSS negative,
PANSS total, BNSS and SNS), with the exception of two BNSS
subscales: avolition, blunted affect and one BNSS item: gesture
expression (see Figure 3 and Table 3).

The first finding confirms that schizophrenia outpatients
have nonverbal social perception deficits, which suggests that
they have trouble recognizing nonverbal cues. This finding
not only aligns with the well-established finding that patients
with schizophrenia display difficulties at detecting emotions
from facial expressions (Kohler et al., 2010; Olbert et al., 2013;
Barkl et al, 2014), but also corroborates previous studies
that used the same measure of nonverbal social perception
(Monti and Fingeret, 1987; Bucci et al, 2008; Walther
et al., 2016; Pinkham et al, 2017). Particularly, our findings
demonstrate that schizophrenia patients have specific difficulties
recognizing scenarios including voice recordings, while they
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FIGURE 4 | Association between nonverbal social perception and functional
capacity. Mini-PONS, mini profile of nonverbal sensitivity; UPSA-brief,
University of California San Diego performance-based assessment. To plot the
partial correlation between Mini- PONS total score and UPSA-brief whilst
controlling for medication (- = 0.42, p = 0.031), we used Mini-PONS total
score residuals and UPSA-brief total score residuals.
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FIGURE 5 | Association between nonverbal social perception and functional
outcome. Mini-PONS, mini profile of nonverbal sensitivity; SLOF, specific
levels of functioning scale. To plot the partial correlation between Mini-PONS
total score and SLOF whilst controlling for medication (- = 0.41, p = 0.031),
we used Mini-PONS total score residuals and SLOF residuals.

performed similarly to controls on other scenarios, i.e., facial
expressions only or body movements only. Hence, schizophrenia
patients seem to have specific difficulties extracting emotional
information from voice recordings, i.e., prosody. This is in
contrast to previous papers reporting deficits in all Mini-PONS
subscales (Toomey et al., 2002). Our findings also align with
studies reporting that schizophrenia patients exhibit deficits
in processing bimodal sensory information (Meiselman, 1973;
Mussgay and Hertwig, 1990) and impairments in multisensory
integration (de Jong et al., 2009; Tseng et al., 2015; Grohn et al,,
2022), which suggest that individuals with schizophrenia have
difficulties processing sensory signals from different modalities
(e.g., visual and auditory modalities) of temporally and/or
spatially coincident sources of information. However, in the
current report we found schizophrenia patients to exhibit
perceptual impairments in both unimodal and bimodal stimulus
presentations. Similar to healthy controls, patients’ performance

improved with bimodal presentation vs. unimodal presentation,
however, the group difference remained. Collectively, these
findings suggest that bolstering nonverbal information with
bimodal stimuli, such as video clips, enhances understanding in
patients, who nevertheless perform poorer than healthy controls.

Our second finding confirms and extends previous studies
noting nonverbal social perception to be associated with
both performance-based functional capacity (UPSA-brief)
and observer-rated functional outcome (SLOF). These
associations hold true even after controlling for medication
dosage (chlorpromazine equivalent doses - mg/day) and
correcting for multiple comparisons (FDR). While earlier studies
also reported poor nonverbal social perception to be correlated
with low functional outcomes in schizophrenia patients (Green
and Horan, 2010; Walther et al., 2016; Pinkham et al., 2017), the
present study extends these findings by exploring the correlations
in distinct functional domains and functional capacity. Impaired
personal care skills, limited activities and reduced work skills
were correlated with impaired nonverbal social perception, while
reduced physical functioning, interpersonal relationships and
social acceptability were not.

Previous studies failed to find a significant correlation
between nonverbal social perception deficits and symptoms
(Toomey et al., 2002; Giannitelli et al., 2015; Walther et al,
2016). However, we have found that some negative symptom
domains correlate significantly with these deficits, while others
do not. The absence of correlation between nonverbal social
perception deficits and symptoms may suggest that nonverbal
social perception impairment is a core feature of schizophrenia,
independent of current symptom severity, duration of illness
and medication. This finding calls for further investigation
linking nonverbal social perception with distinct symptoms
domains. We extend previous reports by exploring associations
within negative symptom domains. Here, we found that
nonverbal social perception deficits correlated with some
negative symptom domains (avolition, blunted affect), but
not with others (anhedonia, asociality, alogia). Furthermore,
the BNSS gesture expression item strongly correlated with
nonverbal social perception, suggesting that patients rarely
using gestures themselves also have difficulties understanding
nonverbal social cues of their encounters. A related concept is
the (dis-)embodiment perspective (Stanghellini, 2009; Walther
et al., 2014; Tschacher et al, 2017), which implies that the
relationship between cognitive-emotional processes and the body
is altered in schizophrenia patients. Moreover, the finding of
the current study corroborates previous reports of a generalized
nonverbal communication deficit in schizophrenia (including
gesture perception and production) (Walther et al., 2015, 2020b).
Considering that gesture performance is highly correlated with
functional outcome in schizophrenia (Walther et al., 2016),
future work should test interventions alleviating nonverbal
communication deficits in schizophrenia.

The strengths of our study are a homogeneous patient sample,
a comprehensive assessment of nonverbal social perception,
the focus on multiple domains of functional outcome and
functional capacity. At the same time, our study is limited
by the selection of stable, chronic outpatients, therefore, our
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results cannot be generalized to all patients with schizophrenia.
Another limitation might be the absence of comprehensive
neurocognitive assessments as cognitive deficits may have an
effect on nonverbal social perception. We attempted to address
this potential limitation by controlling for working memory in
our main analyses. Furthermore, medication might also have an
effect on our findings; however, we tried to tackle this problem
by correcting for current medication dosage. Moreover, the
Mini-PONS is only one of several potential tests of nonverbal
social perception in schizophrenia and it takes some time
to complete, but it offers sufficient internal consistency and
retest-reliability (Pinkham et al., 2017). The assessment of the
functional outcomes does not integrate information provided by
caregivers or other informants (Harvey et al., 2019). However, we
included the objective performance-based measure UPSA-brief
to increase the reliability of our functional assessments. Finally,
this cross-sectional study does not allow for inferences about
causality. These issues will be addressed, once the interventional
study is completed.

Future studies should determine whether specific
interventions will alleviate nonverbal social perception deficits.
Reducing nonverbal social perception deficits is considered to
be important to improve social and community functioning
in schizophrenia (Walther et al.,, 2016; Pinkham et al., 2017).
Recently, studies using cognitive social remediation therapy
(Kurtz and Richardson, 2012; Muller et al., 2014; Mueller
and Roder, 2017; Bin Kitoko et al., 2020; Vita et al., 2021),
non-invasive brain stimulation (Mehta et al., 2014; Walther
et al, 2020a), as well as, virtual reality (Rus-Calafell et al,
2014; Torregrossa et al., 2018; Pavlidou and Walther, 2021)
all show promising results in alleviating some of the social
deficits schizophrenia patients’ experience. This holds true
for the reduction of symptom severity and improvement of
emotional processing, theory of mind, social functioning, as
well as interpretation and use of nonverbal social cues (ie.,
gesture performance).

CONCLUSION

Schizophrenia outpatients exhibit nonverbal social perception
deficits, which are linked to their ability to function in everyday
life. Nonverbal social perception deficits are associated with
some negative symptoms (avolition, blunted affect, and item
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Background: Paranoia is associated with a multitude of social cognitive deficits,
observed in both clinical and subclinical populations. Empathy is significantly and
broadly impaired in schizophrenia, yet its relationship with subclinical paranoia is poorly
understood. Furthermore, deficits in emotion recognition — a very early component of
empathic processing — are present in both clinical and subclinical paranocia. Deficits
in emotion recognition may therefore underlie relationships between paranocia and
empathic processing. The current investigation aims to add to the literature on social
cognition and paranoia by: (1) characterizing the relationship between paranoia and
empathy, and (2) testing whether there is an indirect effect of emotion recognition on the
relationship between empathy and paranoia.

Methods: Paranoia, empathy, and emotion recognition were assessed in a non-clinical
sample of adults (n = 226) from the Nathan Kline Institute-Rockland (NKI-Rockland)
dataset. Paranoia was measured using the Peters Delusions Inventory-21 (PDI-21).
Empathy was measured using the Interpersonal Reactivity Index (IRl), a self-report
instrument designed to assess empathy using four subscales: Personal Distress,
Empathic Concern, Perspective Taking, and Fantasy. Emotion recognition was assessed
using the Penn Emotion Recognition Test (ER-40). Structural equation modeling (SEM)
was used to estimate relationships between paranoia, the four measures of empathy
and emotion recognition.

Results: Paranoia was associated with the Fantasy subscale of the IRI, such that higher
Fantasy was associated with more severe paranoia (o < 0.001). No other empathy
subscales were associated with paranoia. Fantasy was also associated with the emotion
recognition of fear, such that higher Fantasy was correlated with better recognition of
fear (p = 0.008). Paranoia and emotion recognition were not significantly associated.
The Empathic Concern subscale was negatively associated with emotion recognition,
with higher empathic concern related to worse overall emotion recognition (o = 0.002).
All indirect paths through emaotion recognition were non-significant.

Discussion: These results suggest that imaginative perspective-taking contributes to
paranoia in the general population. These data do not, however, point to robust global
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relationships between empathy and paranoia or to emotion recognition as an underlying
mechanism. Deficits in empathy and emotion recognition observed in schizophrenia may
be associated with the broader pathology of schizophrenia, and therefore not detectable

with subclinical populations.

Keywords: paranoia, emotion recognition (ER), empathy, structural equation modeling (SEM), interpersonal

reactivity index (IRI)

INTRODUCTION

Paranoia is one of the most common psychotic experiences,
occurring in over 70% of individuals presenting with their first
episode of psychosis (Coid et al., 2013) and 10-15% of the
general population (Freeman and Freeman, 2008). Models of
paranoia suggest that social cognitive abnormalities contribute
to paranoid thinking by creating an information-processing bias
(Locascio and Snyder, 1975; Freeman et al., 2002), leading to
misinterpretation of others’ emotions and intentions, fueling
mistrust. Social cognition is comprised of multiple domains
including emotion processing, social perception, theory of
mind, attributional bias, and empathy (Decety and Svetlova,
2012; Pinkham, 2014). Evidence suggests that theory of mind,
attributional bias, emotion processing and social perception
are all associated with paranoid thinking (McKay et al., 2005;
Combs et al., 2006), and these relationships are observed across
clinical and non-clinical populations (Martin and Penn, 2001;
Freeman et al., 2002; Combs et al., 2013). Given that both
paranoid thinking and social cognitive deficits contribute to
functional impairment (Minkowski, 1953; Shamay-Tsoory et al.,
2007; Sparks et al., 2010; Pinkham et al., 2016; Bonfils et al., 2017),
fully elucidating how different facets of social cognition relate
to paranoia is critical for advancing models of and ultimately
treatments for paranoia.

In schizophrenia, social cognitive deficits have been largely
described in relationship to negative symptoms and deficits in
social functioning (Green et al., 2019), with evidence that social
cognition and negative symptoms predict social competence and
social outcomes (Kalin et al., 2015) and are related to social
cognitive processes, including empathy (Wang et al, 2021).
Yet, as noted, social cognition is also relevant for “positive”
psychotic experiences (Bliksted et al., 2017; Peyroux et al., 2019),
including paranoid thinking (Green and Leitman, 2007). One
robust relationship between paranoia and social cognition is via
misinterpretation of social cues (Trotta et al., 2021). Individuals
with heightened paranoia show evidence of misinterpreting
ambiguous information more negatively (Bentall et al., 2009;
Savulich et al., 2015), which may be shaped by negative prior
beliefs about the intentions of others (Wellstein et al., 2020).
Importantly, recent meta-analysis has shown that the relationship
between paranoia and misinterpretation of ambiguous cues
(including emotional cues) is present in both clinical and non-
clinical populations, with more severe paranoia being related
to worse interpretation bias (Trotta et al., 2021). This suggests
that these experiences exist on a continuum across clinical
and non-clinical populations. This evidence of a continuum
of social cognition and paranoia, in addition to the impact of

negative symptoms on social cognition, highlight the utility of
examining relationships between social cognition and paranoia
in a general population sample that is less impacted by co-
occurring experiences of schizophrenia (e.g., negative symptoms
and cognitive impairment).

Despite prior relationships between interpretation bias and
paranoia, as well as other aspects of social cognition (e.g.,
theory of mind and social perception), there is a dearth of
research examining associations between paranoia and empathy
(Buck et al, 2017; Lee, 2017; Herms et al, 2022). Empathy
may be a particularly important aspect of social cognition for
understanding paranoia, because successful social interactions
require the capacity for interpreting emotional states, beliefs,
and motivations of others (Rochat and Striano, 1999; Decety
and Meyer, 2008). Empathy is a multifaceted construct that
involves both cognitive and affective components (Baron-Cohen
and Wheelwright, 2004; Blair, 2005). Cognitive empathy involves
a set of reflective processes that include perspective taking
and distinguishing another’s feelings from one’s own, whereas
affective empathy is a more automatic set of processes through
which perceived social cues trigger an emotional response in
oneself that is shared with an observed person (Michaels et al.,
2014). In schizophrenia, both types of empathy are impaired
(Bonfils et al., 2017) while those in the ultra-high risk phase
of psychosis show impaired cognitive empathy (Jan Kuis et al.,
2021). Studies have also found that heightened engagement
with imaginative, perceptual, and ideational resources predicts
delusional ideation in the general population (Tellegen and
Atkinson, 1974; Humpston et al., 2016; Murphy et al., 2018).
Whether distinct facets of empathy are differentially associated
with paranoia has not been previously investigated.

Both cognitive and affective empathy depend, at least in part,
on the ability to accurately recognize emotional expression. The
ability to recognize basic facial expressions develops very early
in life (Field et al., 1982), is universal across cultures (Ekman
and Friesen, 1971) and is acquired in closely related animal
species (Darwin, 1872). Emotion recognition is an early facet of
the empathetic process and reflects a more intrinsic, biological
aspect of social cognition (Besel and Yuille, 2010). Research
investigating the relationship between empathy and emotion
recognition has found that people with high levels of empathy are
more sensitive to subliminally presented emotional face stimuli
(Martin et al.,, 1996) and rated angry faces as expressing more
anger and happy faces as being happier than people with low
empathy (Dimberg et al., 2011). In individuals with polygenic risk
for schizophrenia, emotion recognition deficits are evident by
mid childhood and are related to severity of psychotic experiences
(Germine et al.,, 2016). Research has also demonstrated that

Frontiers in Psychology | www.frontiersin.org

February 2022 | Volume 13 | Article 804178


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Beals et al.

Empathy, Emotion Recognition, and Paranoia

paranoid patients show worse emotion recognition ability than
non-paranoid patients (An et al, 2006; Russell et al., 2007;
Williams et al., 2007), possibly due to a tendency for paranoid
patients to inaccurately recognize neutral facial expressions as
angry (Pinkham et al., 2011). Some research points to empathy
being a factor in one’s ability to accurately recognize facial
expressions (Besel and Yuille, 2010; Wai and Tiliopoulos, 2012).
Although emotion recognition ability contributes to empathy,
and is impaired in paranoid patients, the unique and shared
contribution of these social cognitive domains to paranoia has
not been studied directly.

The current study aims to examine the relationship between
paranoia, empathy, and emotion recognition in a large sample of
individuals from the general population. Given previous findings
that impaired social cognitive ability is related to worse paranoia
in both clinical and non-clinical samples, and that emotion
recognition is important for empathic ability, we hypothesized
the following: (1) that greater deficits in empathic abilities and
emotion identification would be related to more severe paranoid
thinking, and (2) that there would be a significant indirect effect
of emotion identification on the relationship between empathy
and paranoia. As prior work on empathy and paranoia is sparse,
we did not have strong predictions about the type of empathy that
would be most related to paranoia, and hoped instead to address
this knowledge gap.

MATERIALS AND METHODS

Participants

Participants were drawn from the Nathan Kline Institute-
Rockland study (NKI-Rockland) a large (>1,000 individuals)
community-ascertained sample representative of the broader
United States population (age 6-85) based on the 2010 census
(Nooner et al, 2012). From the total cohort, 226 adult
participants (age 18-65) were identified who completed measures
of paranoid thinking, empathy, and emotion recognition
(described below) within a 5-day period (Mag = 38.64,
SDqge = 15.91; 58.4% self-identified as female, 41.6% male; 64.6%
White, 20.8% Black/African American, 14.6% Asian/Native
Hawaiian/American Indian/Other Race).

Procedures

The NKI Rockland Sample was collected in a multi-phase
National Institute of Mental Health (NIMH) funded study. Phase
one collected psychiatric, behavioral, and cognitive data from
250 convenience sampled individuals from 4 to 89 years old.
The second phase aimed to collect data from 1,000 participants
from 6 to 85 years old who reflect the demographics of the
2009 United States census (Nooner et al., 2012). For each study
visit, participants fill out self-report questionnaires (including
the PDI-21 and IRI) at home within 28 days of the in-person
study day. The baseline visit included 2 days of study related
tasks including neuropsychological testing, neuroimaging, and
behavioral tasks. A full overview of participant protocols can be
found here: http://fcon_1000.projects.nitrc.org/indi/enhanced/
ALGFullEndUserProtocol.pdf. The first and second phase were

approved by the Institutional Review Board (Nathan Kline
Institute Phase I #226781 and Phase II #239708; Montclair
State University Phase I #000983A and Phase II #000983B) and
participants were paid up to $200 for the baseline 2-day study or
$250 if that baseline included an MRI.

Measures
Mean, standard deviation, range, and Cronbach’s alpha are
presented in Table 1.

Peters Delusions Inventory-21 Iltem

The Peters Delusions Inventory (PDI) is a self-report measure
that assesses delusional thinking in the general population and
has shown acceptable reliability and validity (Peters et al., 2004).
The PDI measures a variety of delusional beliefs by asking
participants whether or not they relate to different statements
(e.g., “Do you ever feel as if you are being persecuted in some
way?”, “Do you ever feel as if there is a conspiracy against you?”).
If they state “yes” then participants are asked to score the amount
of distress, preoccupation, and conviction they experience on
a scale of one to five. Prior factor analysis of the PDI-21 has
identified four items that are associated with paranoid thinking
(Verdoux et al., 1998; Lopez-Ilundain et al., 2006). Scores for each
of the four paranoia items were summed to determine a measure
of paranoid thinking as previously reported (Preti et al., 2007;
Sheffield et al., 2021). Total scores ranged from 0 to 64.

Interpersonal Reactivity Index

The Interpersonal Reactivity Index (IRI) is a well-validated
28-item self-report scale measuring empathy (Davis, 1980,
1983). The IRI is comprised of four scales: Fantasy (ability to
put oneself into fictional situations and take the perspective
of fictitious characters), Empathic Concern (“other-oriented”
feelings of sympathy and concern for others), Perspective Taking
(ability to adopt the psychological viewpoint of others), and
Personal Distress (“self-oriented” feelings of personal distress in
interpersonal settings). Each subscale was calculated separately,
as recommended (Davis, 1980, 1983; Chrysikou and Thompson,
2016), by summing the seven items in each of the four subscales
(Shamay-Tsoory et al.,, 2007; Bonfils et al., 2017). The Fantasy
and Perspective Taking scales reflect cognitive empathy and

TABLE 1 | IRI, PDI, and ER-40 descriptive statistics.

MEAN (SD) RANGE  CRONBACH’S ALPHA
PARANOIA 9.51(9.88) 0-57 0.88
FANTASY 14.27 (6.15) 0-28 0.79
EMPATHIC CONCERN 21.42 (4.3) 12-28 0.70
PERSONAL DISTRESS ~ 11.87 (5.12) 2-29 0.76
PERSPECTIVE TAKING ~ 16.68 (3.66) 5-24 0.66
ER TOTAL 3517 (2.75)  24-40

ER FEAR 6.85 (1.32) 2-8

ER SADNESS 6.67 (1.17) 1-8

ER ANGER 6.62 (1.12) 3-8

ER HAPPY 7.96 (0.2) 7-8

ER NO EMOTION 7.06 (1.26) 0-8
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the Empathic Concern and Personal Distress scales reflect
affective empathy.

Example items for Fantasy include “I really get involved with
the feelings of the characters in a novel”, Empathic Concern
includes “IT often have tender, concerned feelings for people less
fortunate than me,” Perspective Taking includes “I try to look at
everybody’s side of a disagreement before I make a decision” and
Personal Distress includes “I sometimes feel helpless when I am
in the middle of a very emotional situation.”

Davis (1983) explained how the IRI has a hierarchical
structure, with each factor mirroring an aspect of the general
empathy construct. More recent studies have supported the four-
factor model (Cliffordson, 2002; Hawk et al., 2013). Separating
the IRI into Cognitive and Affective empathy is known to
be unsupported by psychometric analyses (Chrysikou and
Thompson, 2016). Therefore, the four subscales were analyzed
separately, to examine unique relationships with paranoia and
emotion recognition.

Penn Emotion Recognition Test (ER-40)

The Penn Emotion Recognition Test was conducted as part of
the Penn Computerized Neurocognitive Battery (Moore et al.,
2015). The PEIT measures participants’ ability to recognize five
emotions (Happy, Sad, Anger, Fear, and No Emotion) and has
good test-retest reliability (Weiss et al., 2007). Emotional faces
are presented on individuals of both genders and multiple races.
A total of 40 photos are presented on a computer screen where
participants recognize the type of emotion shown in a forced-
choice format. Correct responses are scored as 1 and incorrect
as 0 for a maximum score as 40, where a score of 40 indicates
better overall facial emotion recognition. Subscales were also
calculated for each of the five expressions: Happy recognition,
Sad recognition, Anger recognition, Fear recognition, and No
Emotion recognition (Gur et al., 2001a,b; Moore et al., 2015).

Statistical Analysis

Relationships between paranoia, emotion recognition, and
empathy, were first examined in zero-order correlations using
SPSS v.25.0 (IBM Corp. Released, 2017). Next, a priori
hypotheses were tested using structural equation modeling
(SEM), conducted in R (lavaan R 4.0.2 package; Rosseel, 2012). In
our a priori SEM model, each IRI subscale (exogenous variable)
predicted paranoia (endogenous). Paths were also specified from
each IRI subscale to overall emotion recognition ability and from
emotion recognition ability to paranoia. To test our hypothesis
that there would be a relationship between empathy and paranoia
through emotion recognition, we estimated an indirect path
from empathy (IRI subscales) to emotion recognition ability to
paranoia. Our primary model used overall emotion recognition
ability. Follow-up sensitivity analyses were conducted to examine
whether specific types of emotion recognition (e.g., fear) were
related to empathy and paranoia. All analyses included age, sex,
and race as covariates. Standard errors were calculated based on
1000 bootstrapped samples. We evaluated model fit using CFI,
RMSEA, and SRMR based on Hu and Bentler (1999) criteria.

RESULTS

In this general population sample, mean paranoia was a 9.51
(SD = 9.88; max. 60). For each empathy subscale the maximum
score is 35, and participants had a mean score of 14.27 (SD = 6.15)
for Fantasy, 21.42 (SD = 4.3) for Empathic Concern, 11.87
(SD = 5.12) for Personal Distress, and 16.68 (SD = 3.66) for
Perspective Taking. Emotion recognition has a maximum score
of 40 and participants in this sample had a mean score of
35.17 (SD = 2.75).

Zero-Order Correlations

Correlations between all variables are presented in Table 2.
The Fantasy subscale was significantly positively correlated with
paranoia (p < 0.001) and fear recognition (p < 0.001). Emotion
recognition was significantly negatively correlated with Empathic
Concern (p = 0.037). Paranoia and emotion recognition were not
correlated with any other measure.

Structural Equation Model

The main hypothesized model (Figure 1) had poor fit (CFI = 0.46,
RMSEA = 0.25, SRMR = 0.08) so results should be interpreted
with caution. Fantasy was significantly positively associated
with paranoia (p < 0.001) (Figure 2A) and Empathic Concern
was significantly negatively associated with overall emotion
recognition ability (p = 0.002) (Figure 2B). Contrary to
expectation, there was not a significant indirect path between
empathy subscales, emotion recognition, and paranoia.

Sensitivity Analyses

Given the relatively poor model fit of the a priori theorized model,
we ran several post hoc sensitivity analyses to determine whether
modeling relationships with specific emotions would better fit
our data (Supplementary Figures 1-4). First, we examined
the paths between Fantasy and paranoia through emotion
recognition for each emotion separately (e.g., fear). When
considering ability to recognize specific emotions, we found that
Fantasy was positively associated with fear emotion recognition
(p = 0.008) and paranocia (p < 0.001), but no significant
indirect path (Figure 3A) emerged. Of note, this model was
oversaturated (CFI = 1.00, RMSEA = 0.00, SRMR = 0.00)
indicating that it did not fit the observed data. Next, we tested
an exploratory model in which we alternated the order of
the endogenous and exogenous variables - fear recognition
(exogenous) predicting paranoia (endogenous) through Fantasy.
This model was also oversaturated (CFI = 1.0, RMSEA = 0.00,
SRMR = 0.00) and showed similar results: fear emotion
recognition was positively associated with Fantasy (p = 0.003)
and Fantasy was positively associated with paranoia (p < 0.001)
(Figure 3B) with no significant indirect path. Please see Table 3
for all SEM parameters.

DISCUSSION

This study investigated the relationship between empathy,
emotion recognition, and paranoia in subclinical populations,
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TABLE 2 | Zero-order correlations.

Perspective Fantasy Empathic concern Personal Paranoia ER ER ER ER ER ER
taking distress total anger fear happy no emotion sad
Perspective taking
Fantasy 0.20
Empathic concern 0.42** 0.33**
Personal distress -0.07 0.29* 0.14*
Paranoia —0.04 0.24* 0.05 0.09
ER total 0.01 0.09 —0.14* 0.01 0.02
ER anger 0.02 —0.04 -0.15* 0.01 -0.03 0.57*
ER fear -0.07 0.24* —0.04 0.11 0.11 0.59* 0.12
ER happy 0.03 0.00 —0.04 —0.07 0.07 0.17* 0.16* 0.08
ER no emotion 0.01 0.00 -0.07 —0.09 0.04 0.48 —0.02 0.03 -0.10
ER sad 0.07 —0.02 —0.06 0.00 —0.10 0.60  0.25"™  0.09 0.10 0.06

ER, emotion recognition. **Correlation is significant at the 0.017 level (two-tailed). *Correlation is significant at the 0.05 level (two-tailed).

Personal -
Distress ~
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Non-significant pathways are indicated with dashed lines.
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FIGURE 1 | The estimate and standard error are presented for each path. Significant paths are indicated with solid black lines and bolded coefficients.

Emotion

¢:0.06 (0.057, p= 0.291)
d: 0.06 (0.037, p=0.107)

considering different types of empathy. Our findings suggest that
increased scores on the Fantasy subscale of the IRI are associated
with increased paranoia in the general population, but that this
relationship is independent of one’s overall ability to recognize
emotional expressions. In addition, increased scores on Empathic
Concern were related to decreased emotion recognition.
Interestingly, higher Fantasy scores were significantly associated
with both increased paranoia and better fear recognition, and no
other facet of empathy showed this effect. Taken together, specific
facets of cognitive empathy (Fantasy) are related to paranoia and
fear recognition in the general population, but the association
between empathy and paranoia does not appear to depend on
ability to detect fearful faces.

Fantasy and Paranoia

In this general population dataset, empathic fantasy was
positively associated with paranoia, suggesting that individuals
who experience more paranoia report a tendency toward
empathically relating to fictional characters. Previous studies
in schizophrenia that have investigated empathy using the IRI
have reported varying levels of disruption in empathic fantasy
(Rankin et al., 2005; Sucksmith et al., 2013; Bonfils et al., 2017),

with some research demonstrating deficits (Fujiwara et al., 2008;
Hooker et al., 2011) while others have shown greater or similar
Fantasy scores in schizophrenia as compared to healthy controls
(Sparks et al., 2010; McCormick et al., 2012; Matsumoto et al.,
2015). Meta-analysis reported slightly reduced Fantasy scores in
schizophrenia, with a small effect size (Hedge’s ¢ = 0.19).
Although the IRI has been thoroughly investigated in
patients with schizophrenia, there are fewer studies looking at
the IRI and sub-clinical paranoia. In one study, Buck et al.
(2017) found that distorted mind perception (perceiving that
someone/something possesses a thinking, feeling mind) partially
explained the association between paranoia and the perspective
taking and empathic concern subscales but found no direct
effects. In another study, Lee (2017) found that patients with
paranoid personality disorder had diminished perspective taking
and increased personal distress, but no differences in Fantasy.
Interestingly, although Buck et al. (2017) did not specifically
investigate the Fantasy subscale, they do report that paranoia
is positively associated with a tendency to perceive mind in
dead people, trees, robots and Superman. Mind perception of
a character like Superman reflects the person’s sense that the
fictional character has memories, agency, and ability to feel
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A Correlation between Fantasy and Paranoia
30
b4 oo ° °
25 © ° © ’o o o o
o® ° -
=208 o “;.r.. .:' i IRty
N e
;S.% = ® 30.‘ o, o
0§ e, ,
8 _oeo ] °
5 ° %o 2
0 % )
0 10 20 30 40 50 60
Paranoia
B Correlation between Fantasy and Fear
30
25 $ :
: °
20 *
& °
©
<15 o g i PR
8 Bl o
10 Lee==""7 °
= °
5 . ° o :
°
0 o e °
0 1 2 3 4 5 6 7 8 S
Fear Recognition
FIGURE 2 | Scatterplots demonstrating the significant relationship in the
model between Fantasy and paranoia (A) and Fantasy and fear recognition
(B).

fear, pleasure and hunger. These findings in a larger sample
may bear on our data, suggesting that those with greater
tendency toward paranoia experience more empathy toward
fictional characters.

Also relevant to our findings is a previous report of a
significant relationship between Fantasy scores and delusion
severity in individuals with schizophrenia (Sparks et al., 2010).
Although Fantasy scores did not differ between patients and
controls in this prior analysis, greater Fantasy was strongly
related to more severe delusions. In addition, in a study looking
at empathy and theory of mind in first-degree relatives of
individuals with schizophrenia (i.e., those at elevated genetic
risk), it was only the Fantasy subscale of the IRI (not theory
of mind or other measures of empathy) that was associated
with a history of subclinical delusional ideation, such that
greater delusional ideation was related to greater Fantasy scores
(Montag et al., 2012).

Our findings therefore add to a growing literature that
connects delusional ideation and the Fantasy subscale of the
IRIL The relationship between these two measures is somewhat
confounding, in part because the Fantasy subscale is, itself,
difficult to interpret (Nomura and Akai, 2012). The Fantasy scale
measures the individual’s tendency to use their imagination in
order to take the perspective of a fictional character. Unlike
the other IRI subscales, Fantasy is stable across adolescence,
suggesting it may function slightly differently than other facets

of empathy, which change over time (Davis and Franzoi, 1991).
In factor analysis, Fantasy loads with Perspective Taking on
a factor of cognitive empathy (Shamay-Tsoory et al, 2007),
indicating it may reflect more advanced capabilities similar
to theory of mind. In fact, scores on the Fantasy scale have
been previously related to verbal measures and intellectual
ability (Mayer and Geher, 1996; Montag et al., 2012). Paranoia
is a facet of delusional ideation focused on a belief that
one is under threat from others (Freeman, 2016). Delusions,
including paranoia, are a self-conscious experience that are
thought to be born from an unstable boundary between the
self, the world, and others (Sass and Parnas, 2003). While
speculative, relationships between Fantasy and paranoia may
be an unexpected glimpse into this boundary disturbance that
can occur in individuals on the delusion spectrum (Feyaerts
et al, 2021). Its relationship with paranoia could also be a
byproduct of the safety that fictional characters can provide. More
paranoid individuals may feel more connected with fictional
characters, because they cannot cause them imminent harm and
may themselves be persecuted.

Emotion Recognition

Another contribution of the current study is our investigation
into role that emotion recognition plays with empathy and
paranoia. Both emotion recognition and empathy are critical
for healthy social interactions, and impaired social functioning
contributes to paranoia (Fiske and Taylor, 2013; Chen, 2014;
Wickham et al, 2014). Emotion recognition is a more
“basic” ability that supports interaction with the environment,
underlying the more complex process of experiencing empathy
(Duesenberg et al., 2016). Due to empathys dependence on
recognizing facial emotion, we expected to find an association
between the IRI subscales and emotion recognition. After post hoc
analyses, the only subscales we found to be associated with
emotion recognition was the Fantasy subscale and the Empathic
Concern subscale. Previous studies linking empathy and emotion
recognition have found that emotion recognition capabilities
correlate with higher dispositional empathy (Davis and Kraus,
1997; Hall et al., 2009). Soto et al. (1998) found that people
who are empathically accurate (better at rating how a stranger
feels from moment to moment) are better at identifying positive
and negative emotions. Papers that have looked specifically at
the IRI and ER-40 measures generally found increased emotion
recognition in relationship to higher empathy (Martin et al., 1996;
Gery et al., 2009).

In our study, emotion recognition was associated with both
Fantasy and Empathic Concern, however, there was not an
indirect relationship between these facets of empathy and
paranoia through emotion recognition. Interestingly, Fantasy was
specifically associated with recognition of the emotion of fear,
such that better fear recognition was related to greater empathic
fantasy. Expressions of fear are distress cues that can drive
feelings of empathy (Panksepp and Panksepp, 2013), and better
fear recognition is related to more pro-social behavior (Marsh
et al., 2007). Relationships with Fantasy and fear recognition are
novel, as prior work linking fear recognition and empathy have
looked only at Empathic Concern (Besel and Yuille, 2010). Unlike

Frontiers in Psychology | www.frontiersin.org

February 2022 | Volume 13 | Article 804178


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Beals et al.

Empathy, Emotion Recognition, and Paranoia

A CFI: 1.000
TUI: 1.000
0 RMSEA: 0.000
Fear ER '2"9 0 SRMR: 0.000
( ‘4\65
¥

0.409 (0.126, p<0.001) =

Age, Sex, & Race

= Significant Direct Effec!
No Effect

Fear ER

- Significant Direct Effec!
No Effect

0.649 (0.459, p=0.158) -
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paths are indicated with solid black lines and bolded coefficients. Non-significant pathways are indicated with dashed lines.
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TABLE 3 | Test statistic.

Test statistic DF  Chi-square CFI TLI RMSEA 90% Cllow 90% Clupper P RMSEA <=0.05 SRMR
ER total 91.981 6 0.000 0459 —1.975*  0.252 0.208 0.298 0.000 0.083
ER happy 91.981 6 0.000 0.394 —2.335*  0.252 0.208 0.298 0.000 0.081
ER no emotion 91.981 6 0.000 0.401 —2.293*  0.252 0.208 0.298 0.000 0.081
Anger 91.981 6 0.000 0.401 —2.292*  0.252 0.208 0.298 0.000 0.083
Fear 91.981 6 0.000 0.468 —1.925*  0.252 0.208 0.298 0.000 0.082
Sad 91.981 6 0.000 0.421 —2.184*  0.252 0.208 0.298 0.000 0.082
Fantasy-Fear-Paranoia 0.000 0 N/A 1.000 1.000 0.000 0.000 0.000 N/A 0.000
Fear-Fantasy-Paranoia 0.000 0 N/A 1.000 1.000 0.000 0.000 0.000 N/A 0.000

*Typically, TLI values range between 0 and 1. However, in models with smaller sample sizes and low degrees of freedom, TLI can have negative values. These can be

rounded to 0. Anderson and Gerbing (1984) indicates that TLI is an inferior fit index for SEM models with small sample sizes.

our findings, however, which revealed a negative relationship,
prior work has demonstrated a positive relationship between
Empathic Concern on the IRI and emotion recognition ability
(Jiang et al., 2014). This finding was strongest for emotion
recognition after a brief exposure (50 ms), which is much
shorter than the current task parameters. This implies that
sensitivity to the relationship between emotion recognition and
Empathic Concern may depend on quick, automatic processing.
Opverall, the findings between empathy and emotion recognition
in the current study are intriguing but require replication and
further investigation.

The lack of a significant association between emotion
recognition and paranoia is also somewhat surprising. Past
research completed in the general population has shown
that those with higher subclinical paranoia had lower
overall emotion recognition ability (Combs and Penn, 2004;

Klein et al., 2018), and misidentified neutral expressions for
anger (Pinkham et al., 2011), although a recent study found that
positive schizotypy was not associated with emotion recognition
(Dawes et al., 2021). This relationship has also been studied
extensively in patients with schizophrenia. In a study comparing
schizophrenia participants and subclinical populations with
varying levels of paranoia, schizophrenia participants had
worse emotion recognition ability than those with low or
moderate subclinical paranoia, but similar emotion recognition
as subclinical participants with high paranoia (Combs et al,
2006). Lack of replication in the current sample may be due
to our use of the PDI-21 to measure paranoia. Prior studies
have used the Paranoia Scale - a 20-item self-report focused
entirely on paranoia (Combs and Penn, 2004; Klein et al,
2018), allowing for more power to detect relationships within a
subclinical population.
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Strengths and Weaknesses

This investigation approached the relationship between empathy,
emotion recognition and paranoia through a sophisticated
statistic method that allowed us to test the relative contribution
of different types of empathy on paranoia, as well as model
our hypothesized pathways. However, this study was limited by
relatively low power for a structural equation model, which may
have affected the specificity and fit of each model (Anderson
and Gerbing, 1984). Another limitation to this study is the
nature of the Peters Delusion Inventory and Interpersonal
Reactivity Index. Self-report questionnaires are often influenced
by response biases like social desirability. As the Peters Delusion
Inventory asks questions about thoughts that may be stigmatizing
(e.g., Do you ever feel as if there is a conspiracy against you?
Do you ever think people can communicate telepathically?), a
participant may report lower levels of distress, preoccupation,
and conviction. Furthermore, the IRT may be best interpreted
as a participants thoughts about their empathic abilities and
not their actual abilities. Self-reported cognitive empathy abilities
have been found to be unrelated to actual empathic accuracy
during a brief interaction with another person (Ickes et al., 20005
Zaki and Ochsner, 2009). A more interactive or dynamic task
may be necessary to tap into the social cognitive domain of
empathy (Haut et al., 2019). Finally, Batson et al. (2002) has
questioned whether empathy can be measured validly by self-
reports and the internal consistency of the fantasy subscale as a
measure of empathy has been previously questioned (Baldner and
McGinley, 2014) and therefore should be interpreted carefully.
One main note is that the fantasy subscale, unlike the other
three subscales, was created from two sources [Stotland’s (1969)
Fantasy-Empathy scale and Davis (1983)]. Baron-Cohen and
Wheelwright (2004) proposed that fantasy was not characterized
by affective-cognitive dimensions of empathy and suggested that
the scale assesses imagination, not empathy itself (Lawrence
et al., 2004). In the schizophrenia literature, results of differences
in fantasy are mixed (Horan et al., 2015; Bonfils et al., 2017).
Therefore, while we are intrigued by the fairly consistent
relationships between fantasy and delusional ideation across the
literature, we acknowledge that its interpretation as a facet of
empathy requires further validation.

Future Directions

This study was one of the first to identify relationships between
a cognitive facet of empathy and paranoia, as well as fear
recognition. The role of fear recognition in the relationship
between Fantasy and paranoia should be explored further.
If replicated, future studies should examine the directionality
of these relationships, for instance testing whether increased
Fantasy is present prior to paranoia onset. This would
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require longitudinal or temporal data that could truly capture
directionality. This study provides future support for considering
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population experiencing delusional thoughts and hallucinations without being in a clinical
condition. PLEs involve erroneous attributions of inner cognitive events to the external
environment and the presence of intrusive thoughts influenced by dysfunctional beliefs;
for these reasons, the role played by metacognition has been largely studied. This
study investigates PLEs in a non-clinical population and discriminating factors involved
in this kind of experience, among which metacognition, as well as psychopathological
features, seems to have a crucial role. The aim of this study was to extend the
knowledge about the relationship between metacognition, psychopathology, and PLEs,
orienting the focus on metacognitive functioning. The sample consisted of 207 Italian
participants (men = 32% and women = 68%) voluntarily recruited online, who gave
consent to participate in the study. The average age of the sample was 32.69 years
(SD: 9.63; range: 18-71). Subjects affected by psychosis, neurological disease, and
drug addiction were excluded from the analyses. The following scales were used to
investigate PLEs: Peters et al. Delusions Inventory (PDI), Launay-Slade Hallucinations
Scale-Extended Revised (LSHSE), Prodromal Questionnaire-Brief (PQ-B), and Revised
Hallucination Scale (RHS). To assess general psychopathological features, the Behavior
and Symptom Identification Scale (BASIS-32) was administrated. The Metacognition
Self-Assessment Scale (MSAS) was chosen to evaluate metacognitive functioning. From
hierarchical regression analyses, it emerged that the presence of anxiety, depression, and
impulsive/addictive symptoms constitute a remarkable vulnerability factor for PLEs, in
line with previous evidence regarding the relationship between general psychopathology
and PLEs. Metacognition negatively predicts PLEs, and its presence does not affect
the significance of psychopathological variables, suggesting that metacognitive abilities
seem to play a protective role for the occurrence of PLEs among non-clinical individuals,
and such ability operates as an independent predictor along with other variables. These
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results are explained by the role of metacognitive functions, which allow individuals to
operate many mental processes such as interpreting sensorial events as real or illusory,
understanding behaviors, thoughts, and drives of others, and questioning the subjective

interpretation of facts.

Keywords: psychotic-like experiences, metacognition, delusions, hallucinations, Metacognition Self-Assessment

Scale, psychopathology

INTRODUCTION

Psychotic-like experiences (PLEs) are a phenomenon that occurs
in the general population experiencing delusional thoughts and
hallucinations without being in a clinical condition (Kelleher and
Cannon, 2011). Delusional thoughts are commonly experienced
by the subclinical population (Heilskov et al., 2020) as well as
hallucinations (Larei et al., 2019), and recently, many studies
suggested that between 5 and 7% of adults incur PLEs during
their lifetimes (van Os et al, 2009; McGrath et al, 2015;
Maijer et al., 2018; Healy and Cannon, 2020). Johns and Van
Os reviewed the occurrence of psychotic symptoms within
the general population (between 5 and 8%) and proposed
an extended psychosis phenotype, suggesting that symptoms
reported by the non-clinical population and symptoms reported
by patients lie on the same multidimensional continuum
(Johns and van Os, 2001), with non-psychotic individuals that
may have less severe experiences compared with psychotic
individuals and, moreover, better reality testing in the absence of
clinical levels of distress or functional impairment. PLEs involve
erroneous attributions of inner cognitive events to the external
environment (Hoffman, 1986; Bentall, 1990a,b; Frith, 1992; Laroi
and Woodward, 2007) and erroneous attributions of intrusive
thoughts influenced by dysfunctional beliefs (Morrison et al.,
1995), and for these reasons, the role played by metacognition
was largely studied. Most of the publications on this topic refer
to the self-regulatory executive function model (S-REF; Wells
and Matthews, 1996), which defines metacognition as “the aspect
of information processing that monitors, interprets, evaluates,
and regulates the contents and processes of its organization”
(Wells and Purdon, 1999). Studies using this perspective show
that metacognitive beliefs involving worry and intrusive thoughts
promote and maintain delusional and hallucinatory experiences
in clinical and non-clinical populations (Larei and Van Der
Linden, 2005; Garcia-Montes et al., 2006; Barkus et al., 2010). S-
REF focuses on “thinking about thinking” declined into worry
and rumination outcomes, this construct of metacognition is
assessed with Metacognitive Questionnaire (MCQ; Cartwright-
Hatton and Wells, 1997; Wells and Cartwright-Hatton, 2004),
and this instrument is oriented to evaluate mental contents rather
than mental functions (Faustino et al., 2021). The Metacognitive
Multi-Function Model (MMFM; Semerari et al., 2003) intends
metacognition as “the whole set of abilities that allows us to
understand mental phenomena and work them out in order
to tackle tasks and master mental states that are a source
of subjective sufferance” (Carcione et al., 1997; Carcione and
Falcone, 1999). This perspective considers a set of abilities that are

crucial to (1) identify mental states and ascribe them to oneself
and others based on facial expressions, somatic states, behaviors,
and actions; (2) reflect and reason on mental states; and (3)
use information about mental states to make decisions, solve
problems or psychological and interpersonal conflicts, and cope
with subjective suffering (Semerari et al., 2003; Carcione et al,,
2019). In addition, the model identifies different metacognitive
functions as follows: monitoring is the ability to detect emotion
and thoughts forming mental states, integration is the ability to
reflect on mental states and processes due to sorting them in
a hierarchy of importance, which permit individuals to behave
coherently with their own purposes, differentiation is the ability
to differentiate between different classes of representation (e.g.,
dreams, fantasies, and beliefs) and between representations and
reality, recognizing their subjectivity, and decentration is the
ability to define mental states of others by forming hypothesis
and mastery that is the use of psychological information to cope
with problems of different levels of complexity. In comparison
with the model suggested by Wells and Matthews, authors
keep the subdivision into monitoring and regulating abilities
and concentrate on the functional ability to perform certain
operations, rather than on the contents (Faustino et al., 2021).
Another important point about PLEs is their relationship with
general psychopathology. Studies found a link between PLEs and
PTSD (Bak et al., 2005; Scott et al., 2007), drug abuse/addiction
(Mitchell and Vierkant, 1991; Rossler et al., 2007; Brewer and
Collins, 2014), anxiety, and depression (Johns et al., 2004).
Regarding metacognition, its interplay with PLEs and general
psychopathology as the isolated factor is difficult to assess using
MCQ (Brett et al., 2009) as the items of the scale represent
peculiar psychopathological impairments particularly related to
anxious and depressive symptomatology (Wells et al., 1997),
and this can in part explain why there are no findings in
the literature about the interplay between these factors. By
the way, since MCQ does not allow testing metacognition
decoupled from some psychopathological symptoms and there
are many studies in support of correlation between PLEs
and psychopathological features (Freeman and Fowler, 2009;
Armando et al,, 2010; Kelleher and Cannon, 2011; Varghese
et al., 2011), the role of metacognition in the occurrence of
PLEs is unclear. However, the hypothesis of previous studies
is probably correct given that metacognitive contents provided
in MCQ test the ability to provide mental processes allowing
individuals to evaluate their own thoughts and thoughts of
others as well as internal or external events. Therefore, the
MMFM model understands metacognition in a similar way to
the MCQ model but by implementing the construct with other
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characteristics and through a different scale (Metacognition Self-
Assessment Scale, MSAS) which defines metacognition as a
set of skills that do not overlap with any psychopathological
symptom. Therefore the hypothesis of the present work is that
the metacognitive functions, measured with MSAS, can play a
role in the PLE as well as in the metacognitive contents and the
interaction with psychopathology can be verified given the nature
of this model.

In view of the above, the aim of this study was to investigate
both PLEs in non-clinical population and discriminating
factors involved in these kinds of experiences, among which
metacognition seems to have an important role. Since MCQ
seems to not discriminate for the evaluation of metacognitive
functioning, the MSAS (Pedone et al, 2017) was chosen
to assess metacognitive functioning instead of metacognitive
contents in order to identify the link between metacognition,
psychopathology, and PLEs. The involvement of all the
metacognitive functions is expected due to the heterogeneity
of PLEs.

METHODS

Participants and Procedure

The sample consisted of 215 Italian participants (men = 32% and
women = 68%) voluntarily recruited online, who gave consent
to participate in the study. The average age of the sample was
32.69 years (SD: 9.63; range: 18-71). Education and professional
demographics were also measured. As for education, 5.8% did
not have a high school diploma, 30.9% had a high school degree,
and 63.3% had a college degree. Students comprised 17.2% of the
sample, while professionals were 31.2%, white-collar employees
38.1, housewives 3.3%, unemployed 5.1, and 1.4 retired seniors.
Finally, 16.9% were currently married, and 27.5% were divorced
or separated. Respondents affected by psychosis, neurological
disease, and drug addiction were excluded from the analyses
(n = 8) leaving the sample to 207.

The sample was recruited online during the months of
May-July 2019 and was asked to voluntarily participate in
the research about unusual experiences and wellbeing. Ten
researchers advertised in their social network pages a link to
voluntarily participate in the research, described as an inquiry
about unusual experiences in everyday life. Every participant was
informed about the anonymity of the study and gave consent to
participate in the inquiry. The questionnaire took ~20 min to be
filled in.

The obtained sample size guaranteed 0.80 power for rs as low
as 0.19.

Measures
Unusual Experience Scales
(1) Peters et al. Delusions Inventory

This is a 2l-item Italian version of the Peters et al.
Delusions Inventory (PDI) (Peters et al., 1999; Preti et al., 2007).
The participant was required to rate the degree of distress,
preoccupation, and conviction about delusional thoughts (e.g.,
“Do you ever feel as if you are being persecuted in some way?”) on
5-point Likert scales (1-5) for each positively endorsed item. This

scale is typically used to assess delusional ideation in the general
population. The scale showed good reliability (o« = 0.90).

(2) Launay-Slade Hallucinations Scale-Extended Revised

The Italian version of Launay-Slade Hallucinations Scale-
Extended Revised (LSHS-E) (Launay and Slade, 1981; Laroi et al.,
2004; Larei and Van Der Linden, 2005; Vellante et al., 2012) is a
self-report scale, which investigates the hallucinatory experiences
in every sensory modality in the general population (e.g., “I have
been troubled by hearing voices in my head”). Subjects have to
rate each item on a five-point scale: (0) “certainly does not apply
to me”; (1) “possibly does not apply to me”; (2) “unsure”; (3)
“possibly applies to me”; and (4) “certainly applies to me.” The
time interval considered for the appearance of these experiences
is 5 years. The scale showed good reliability (o = 0.86).

(3) Prodromal Questionnaire-Brief

This is the Italian version of the Prodromal Questionnaire-
Brief (PQ-B) (Preti et al, 2018), which is a yes/no 21-item
self-report questionnaire used to assess positive symptoms
experienced in the past month in the general population. For
each symptom, responders have to rate the level of distress and its
related impairment in everyday life, in a range from 1 (strongly
disagree) to 5 (strongly agree), with 4 or 5 indicating distress.
The total distress score (range: 0-105) is obtained by summing
up each item. The scale showed acceptable reliability (o = 0.79).

(4) Revised Hallucination Scale

The Revised Hallucination Scale (RHS) is a 24-item
questionnaire revised from Launay and Slade (1981) and
Morrison et al. (2002). This version incorporates additional
items measuring predisposition to auditory and visual
hallucinations, vividness of imagery, and daydreaming. Items
are endorsed with a 4-point scale measuring frequency. To
date, an Italian validation of this instrument does not exist
so a mother tongue translator independently translated the
items, and international translation practices were employed
(Beaton et al., 2002). The scale showed acceptable reliability
(¢ =0.79).

Psychological Health and Metacognition Functioning
(1) Behavior and Symptom Identification Scale

The Italian version of this scale (Eisen et al., 1986; Conti, 1999)
was used to assess the psychological health of subjects perceived
during the antecedent week. Notably, 32 items clustered in five
subscales compose the following: depression and anxiety, relation
to self and others, psychosis, impulsive and addictive behavior,
daily living and role functioning, and the overall score. The scale
showed good reliability (o = 0.94).

(2) The Metacognition Self-Assessment Scale

The MSAS (Pedone et al, 2017) was used to assess
metacognitive functions (e.g., “I'm able to define and detect my
emotions”) according to the MMFM model (Semerari et al.,
2003). The MSAS is scored using a five-point Likert scale (1
= never, 2 = rarely, 3 = sometimes, 4 = frequently, and 5
= almost always). The range of the total score is from 18 to
90. High scores on the MSAS indicate better self-evaluation of
metacognitive abilities than low scores. The MSAS is designed
to measure five sub-functions of metacognition as follows: (1)
monitoring; (2) differentiation; (3) integration; (4) decentration;
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RHS, Revised Hallucination Scale; PDI, Peters Delusions Inventory; LSHS, Launay-Slade Hallucinations Scale; PQ-B, Prodromal Questionnaire-Brief.

207; *p < 0.05; **p < 0.01; Gender (1

N =

TABLE 2 | Hierarchical regression Models’ fit indexes and standardized
coefficients.

Model 1 Model 2 Model 3
Gender —0.01 —0.01 —0.01
Age 0.07 0.07 0.05
Relationships self/other —-0.21 -0.21
Anxiety/Depression 0.25* 0.25*
Daily living/role functioning 0.06 0.07
Impulsive/addictive behavior 0.43** 0.41*
Psychosis —0.01 —0.02
Metacognition functioning —0.16™
F(gdl) 0.45 (2,204) 10.28 (7,199) 10.14 (8,198)
R? 0.004 0.266™* 0.291**
AR? 0.261** 0.025*
F change (5,199) 14.157**  (1,198) 6,982*

*p < 0.05; *p < 0.07.

and (5) mastery. The total score is obtained from the sum of
the five subscale scores, and this represents the overall level of
metacognitive functioning. The scale showed good reliability («
=0.91).

RESULTS

Table 1 reports zero-order Pearson correlations among the
relevant variables of the study. In particular, we included age
and gender because they were used as controls in subsequent
analysis; variables in columns 3-7 correspond to facets of
Behavior and Symptom Identification Scale (BASIS-32); and
metacognition and all the unusual experience scales were used in
the study.

Since all the variables concerning unusual experiences were
highly correlated, we run a principal component analysis.
Eigenvalues were 2.722, 0.596, 0.437, and 0.245. This pattern
clearly conformed to a one-component solution. All variables
loaded strongly on the first component (range: 0.77-0.90).
In the following analysis, we used the factor score deriving
from the principal component analysis as an index of
“Unusual Experiences.”

To investigate the associations of “Unusual Experiences” with
its putative predictors, we run a series of hierarchical regression
models. In Model 1, we entered age and gender as socio-
demographic controls. In Model 2, we added the dimensions
of BASIS 32. In Model 3, we added metacognition functioning.
Table 2 summarizes the results.

Demographic control did not relate to “Unusual Experiences.”
Entering the facets of BASIS32 significantly increased R2.
Finally, metacognition added a further significant increase
in R2.

Anxiety/depression and impulsive/addictive behavior showed
positive and significant regression coefficients. Metacognition
functioning showed a negative and significant regression
coefficient. The coefficients for anxiety/depression and
impulsive/addictive behavior remained significant.
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DISCUSSION

The aim of this study was to extend the knowledge about the
relationship between metacognition, psychopathology, and PLEs,
redirecting the focus on metacognitive functioning rather than
on metacognitive contents. Considering the existing evidence
(Larei and Van Der Linden, 2005; Stirling et al., 2007; Sellers
et al., 2017), the levels of metacognitive abilities are expected
to predict the outcome of PLEs in our sample, which includes
non-clinical subjects.

As expected, the different psychopathological features were
strongly correlated with the whole range of PLEs, in line
with previous findings (Freeman and Fowler, 2009; Armando
et al,, 2010; Kelleher and Cannon, 2011; Varghese et al., 2011).
Moreover, the specific PLEs turned out to be strongly interrelated
as well, and this result allows us to speculate on the co-
occurrence of such phenomena which has already been explained
in the literature (Pechey and Halligan, 2011). Thus, a principal
component analysis was run to pool the whole set of PLEs into
a single factor to conduct the subsequent analyses. Concerning
metacognition, from correlational analyses, it emerged that it was
not related to any of the psychopathological domains explored,
but it was significantly and negatively correlated with all the PLE
scales, suggesting a potential role of metacognition.

To clarify these relationships, a hierarchical regression was
performed, which showed the result that, as expected, age
and gender did not predict PLEs (step 1), the subscales,
namely, anxiety/depression and impulsive/addictive behavior,
significantly predicted PLEs (step 2), and that metacognitive
functioning significantly explained a further portion of variance
after accounting for psychopathology (step 3).

The role of the subscales related to emotional and impulsive
symptoms is in line with previous studies on the topic: a long
tradition of research suggests a direct involvement of emotional
features in the onset of hallucinations (Slade and Bentall,
1988), and recent empirical findings confirmed and clarified
that high levels of anxiety constitute a remarkable vulnerability
factor for PLE predisposition in non-clinical individuals as well
as depression and stress (Freeman and Garety, 2003; Johns
et al,, 2004; Allen et al.,, 2005). Concerning impulsive/addictive
behavior, results can be explained in light of the evidence
regarding the relationship between substance addiction and PLEs
(Mitchell and Vierkant, 1991; Rossler et al., 2007; Brewer and
Collins, 2014).

Regarding step 3 of the hierarchical regression, it is possible
to notice that metacognition negatively and significantly
predicts PLEs conjunctly with psychopathological factors
suggesting that metacognitive functioning does not overlap
with psychopathological variables; however, the percentage of
variance explained by metacognition is lower than the percentage
explained by psychopathological variables. This result enlarges
the present knowledge stemmed from the studies previously
conducted (Larei and Van Der Linden, 2005; Stirling et al., 2007;
Sellers et al., 2017) measuring metacognition through the use of
MCQ, which includes, among its factors, components related to
the emotional sphere (e.g., worry and rumination). The use of
MSAS allows us to assert that metacognitive functioning acts as

an independent factor in predicting PLEs. Metacognitive abilities
seem to play a protective role in the occurrence of PLEs among
non-clinical individuals, and thus, it is possible to hypothesize
that a good metacognitive functioning (that implies a balanced
combination of different metacognitive distinct functions) allows
for the interpretation of inner mental events and outer events
to provide an explanation of the reality, which prevents the
individual from experiencing PLEs.

CONCLUSION

This study delivers a new inspiring perspective on the complex
interplay between psychopathology, metacognition, and PLEs,
suggesting that poor metacognitive functioning predisposes to
the occurrence of PLEs in individuals, and such ability operates
as an independent predictor along with other variables. Although
rigorously conducted, this study is not exempt from limits. First,
the study adopted a cross-sectional design, preventing us from
making further inferences on the causal relationships between
the variables observed. It is desirable that future research would
extend the present findings throughout longitudinal studies to
confirm the protective role of metacognitive functioning on the
onset and development of PLEs. To have a comparative value
between metacognitive functioning and metacognitive contents
and to verify what already showed in previous literature, the
MCQ questionnaire could have been administered adopting
a different study design. Another limit may be constituted
by the adoption of self-report questionnaires that present a
desirability bias: it would be interesting in the future to assess
metacognition through an interview that provides more detailed
information on the peculiar metacognitive functioning of the
individual. Finally, the obtained sample size is of only moderate
magnitude. Therefore, the generability of results may turn out to
be limited, and power could be inadequate for small population
effect sizes.
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symptoms was analyzed.

Results: ANOVA analysis revealed significant differences between the four groups in
ReHo values in the prefrontal, parietal, temporal lobes, and insula. Compared with
EORD, the LORD had higher ReHo in the right fusiform gyrus/right middle temporal
gyrus, left middle temporal gyrus/left angular gyrus, and right middle temporal gyrus/
right angular gyrus, and lower ReHo in the right inferior frontal gyrus/right insula and
left superior temporal gyrus/left insula. Compared with young HCs, the EORD had
higher ReHo in the right inferior frontal gyrus/right insula, left superior temporal gyrus/
left insula, and left rolandic operculum gyrus/left superior temporal gyrus, and lower
ReHo in the left inferior parietal lobule, right inferior parietal lobule, and left middle
temporal gyrus/left angular gyrus. Compared with old HCs, the LORD had higher
ReHo in the right fusiform gyrus/right middle temporal gyrus, right middle temporal
gyrus/right angular gyrus, and left rolandic operculum gyrus/left superior temporal
gyrus, and lower ReHo in the right inferior frontal gyrus/right insula. ReHo in the right
inferior frontal gyrus/right insula of patients with LORD was negatively correlated with
the severity of 17-item Hamilton Rating Scale for Depression (HAMD-17) scores
(r=-0.5778, p=0.0120).
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Conclusion: Adult EORD and LORD patients of different ages have abnormal neuronal
functional activity in some brain regions, with differences closely related to the default
mode network (DMN) and the salience network (SN), and patients of each age group
exhibit ReHo abnormalities relative to matched HCs.

Clinical Trial Registration: [http://www.chictr.org.cn/], [ChiCTR1800014277].

Keywords: major depressive disorder, regional homogeneity, magnetic resonance imaging, early-onset recurrent
depression, late-onset recurrent depression

INTRODUCTION

Major depressive disorder (MDD) is a common clinical psychiatric
disorder that is characterized by depressed mood, slowed
thinking, reduced interest, and diminished cognitive function
as the main clinical manifestations, and is one of the main
causes of disability (Rotenstein et al, 2016; Cladder-Micus
et al., 2018). It is estimated that MDD will become the second
leading cause of disability in the world (Ferrari et al., 2013).
Approximately 25% of MDD patients relapse within 6 months
of discharge (Harlev et al., 2021), approximately one-third of
MDD patients are prone to relapse within a year (Cosci et al,,
2020), and the severity of MDD increases with the number
of depressive relapses (Harlev et al., 2021). There is a growing
awareness that the challenge of depression is relapse prevention
rather than recovery (Fava et al., 2017). Therefore, understanding
the pathogenesis of recurrent depression is of great importance
for clinical work.

Previous studies have found that patients with recurrent
depression at different ages have different clinical features
(Driscoll et al., 2005; Hammen et al., 2008; Sung et al., 2013).
Early onset recurrent depression (EORD) is associated with a
higher risk of life-long persistent depression, a higher risk of
suicide, worse social cognitive function, and greater anxiety
than late onset recurrent depression (LORD) (Hammen et al.,
2008; Sung et al., 2013). And LORD is also associated with
more cognitive dysfunction than EORD (Driscoll et al., 2005).
A study has shown that EORD has a greater risk of relapse
than LORD (Cassano et al., 1993). Therefore, recurrent depression
in different age groups may be associated with different
neuropathological mechanisms.

Moreover, recurrent depression is more heritable and increases
the risk of depression in offspring (Burcusa and Iacono, 2007;
Benjet et al.,, 2020; Jaffee et al.,, 2021). For example, one study
found that adolescent children whose parents had recurrent
depression had a 4.21-fold greater probability of reaching MDD
than adolescents whose parents were never depressed (Jaffee
et al., 2021). A meta analysis showed a degree of specificity
in different subtypes of depression, and understanding their
specificity can be a guide to clinical treatment (Harald and
Gordon, 2012).

However, the clinical characteristics of EORD and LORD
depend on the different cut-off ages (Cassano et al., 1993;
Driscoll et al., 2005; Hammen et al., 2008). An age-specific
study of recurrent depression in adolescents showed that
EORD recurred between 15 and 20years of age, and LORD

after 20years of age (Hammen et al., 2008). A study of
recurrent depression in older adults showed that the age of
EORD was defined as before 59years of age, while LORD
was defined as after 60years of age (Driscoll et al., 2005).
Another study defined the age of EORD before 44 years of
age and LORD after 45years of age (Cassano et al., 1993).
The above studies suggest that the biological evidence for
the age limits of EORD and LORD is unclear and there is
no unified consensus on age classification criteria. In this
study, the age of EORD was defined as 18 to 29years and
LORD was defined from 30 to 45years based on previous
studies to avoid the effect of (>45years) cerebrovascular
disease (Shen et al., 2017).

In recent years, with the development of neuroimaging
technology, resting-state functional MRI (rs-MRI) has been
widely used in insomnia (Li et al., 2019), schizophrenia
(Huang et al., 2020), autism (Shi et al., 2020), and other
psychiatric disorders. Regional homogeneity (ReHo) is an
important indicator for the study of rs-fMRI. ReHo can reflect
the synchronization of brain functional activity state
in localized regions of whole-brain voxels and is used to
assess the level of coordination of neural activity in local
brain regions (Zang et al, 2004). In addition, the ReHo
indicator has been used to study changes in neuronal functional
activity in depressive subtypes of the brain, and abnormalities
have been found in brain regions such as the frontal lobe,
precuneus, and insula (Chen et al., 2012; Shen et al., 2017;
Zhang et al., 2021). The ReHo values of these abnormal
brain regions are closely correlated with the default mode
network (DMN) and the salience network (SN). The correlation
of ReHo values with abnormal brain regions in subtypes of
depression is useful for understanding the degree of severity
of the disease and neuroimaging markers (Shen et al., 2017;
Liu et al, 2021). Previous studies have also found that
differences in brain function across subtypes of depression
are associated with abnormalities in DMN and SN (Li et al,,
2017; Cai et al., 2021). However, there is a lack of neuroimaging
studies on the differences between EORD and LORD, and
the differences in regional neural activity between EROD
and LORD are unclear.

In this study, we focused on the differences in local brain
functional activity between EORD (18-29years) and LORD
(30-45years) and whether there was a correlation between the
depression group and clinical symptoms. Based on previous
studies of age differences in subtypes of depression,
we hypothesized that (1) differences in local brain functional
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activity in EORD and LORD may be closely related to the
DMN and SN. (2) Increased or decreased local brain function
of ReHo in EORD and LORD may be associated with clinical
depressive symptoms.

MATERIALS AND METHODS

Subjects

A total of 36 patients (18 with EORD and 18 with LORD)
were diagnosed with recurrent depression from the Department
of Psychosomatic Medicine, Guanganmen Hospital, China
Academy of Chinese Medical Sciences, the Department of
Psychiatry, Beijing First Hospital of Integrative Medicine, the
Department of Psychiatry, Yuquan Hospital, Qinghua University,
and the Department of Psychiatry, Xuanwu Hospital, Capital
Medical University. The inclusion criteria were as follows: (1)
According to the diagnostic criteria for depression in the
Diagnostic and Statistical Manual of Mental Disorders (DSM-V)
of the American Psychiatric Association, all patients were
diagnosed by two experienced psychiatrists; (2) All patients
recurred after antidepressant treatment, relapsed between the
ages of 18 and 45years, and were off medication for at least
4weeks prior to admission; (3) 17-item Hamilton Rating Scale
for Depression (HAMD-17) score > 17; and (4) right-handedness.
36 gender- and age-matched healthy controls (HCs; 25 females
and 11 males) were also included in the HCs: (1) HAMD-17
score<7; (2) right-handedness; and (3) no history of
mental illness.

Exclusion criteria of patients and HCs include the following
items: (1) suffering from serious mental illness and other
diseases such as cardiovascular and cerebrovascular; (2) with
a history of drug and alcohol abuse; (3) had any MRI
contraindications, such as heart pacemaker, metal fixed false
teeth, or severe claustrophobia; and (4) were pregnant or lactating.

Clinical Materials and Subgroups

Data were collected for the study population including gender,
age, education level, frequency of recurrence, and duration of
disease. Subjects were assessed for depressive symptoms by an
experienced psychiatrist using the HAMD-17 scale. Based on
previous studies on age division of first-episode depression to
avoid the influence of cerebrovascular diseases (Shen et al.,
2016, 2017), we initially divided all recurrent depression patients
with recurrent depression into EORD group (18-29years) and
LORD group (30-45years). The HCs were also matched
corresponding to two subgroups: young HCs (18-29years) and
old HCs (30-45years).

Scan Acquisition

All subjects in this study underwent data acquisition using a
Magneton Skyra 3.0 T MRI scanner (Siemens, Germany). Subjects
were informed prior to the scan to remain awake during the
scan and to avoid active thinking activities. During the scan,
the subject is required to use earplugs and wear noise-canceling

headphones, use a hood to immobilize the head, and lie flat
on the examination bed. The scanning procedure contains a
localizer, a high resolution three-dimensional T1-weighted
imaging (3D-T1WI), and a blood oxygenation level-dependent
fMRI (BOLD-fMRI).

The scanning parameters were as follows: 3D-TIWI: time
repetition (TR)/time echo (TE)=2500/2.98ms, flip angle=7°,
matrix=64x 64, field of view (FOV)=256mm x 256 mm, slice
thickness =1 mm, slice number =48, slices =192, scanning time
6min 3s; BOLD-fMRI: TR/TE=2000/30ms, flip angle=90°,
matrix 64 x 64, field of view =240 mm x 240 mm, slice number =43,
slice thickness/spacing=3.0/1.0mm, and 200 volumes were
obtained, scanning time 6 min 40s.

fMRI Data Analysis

fMRI Data Preprocessing

The rs-fMRI data were pre-processed using Data Processing
Assistant for Resting-State fMRI (DPARSF) software (DPABI5.0;
Chao-Gan and Yu-Feng, 2010) in MATLAB (Mathworks, Inc.,
Natick, MA, United States).! First, image format conversion
was performed to convert the raw data DICOM format to
NIFTI format. Next, the first 10 time points were excluded.
Then, slice timing, realign, was performed to remove subjects
with head movement translations exceeding 2.0 mm and rotations
exceeding 2.0°. Spatial normalization was performed by
normalizing the functional images to Montreal Neurological
Institute (MNI) space. Linear regression was performed on
the covariates of head movement, white matter (WM), and
cerebrospinal fluid (CSF) signals to reduce the effects. Finally,
we removed the linear drift and set the filter to 0.01-0.08 Hz
to reduce the effect of noise.

ReHo Analysis

The pre-processed data images were analyzed using DPARSF
software, and ReHo was calculated by Kendall correlation
coefficient (Kendall & Gibbons, 1990), based on voxels to
calculate the synchronization of the time series of a given
voxel with the time series changes of its 26 adjacent voxels,
and a ReHo map was obtained for each subject. The ReHo
map of each subject was divided by the whole-brain mean
ReHo value to obtain a normalized ReHo map. Finally, the
smReHo maps were obtained by smoothing using a
6 mm x 6 mm x 6 mm Gaussian smoothing kernel for subsequent
statistical analysis.

Statistical Analysis

Clinical Data Analysis

The clinical data were analyzed with SPSS 23.0 statistics software
(IBM Corp, Somers, New York, United States). One-way analysis
of variance (ANOVA) was used to compare age and education
level between the four groups, and the chi-square test was
used to compare gender. The duration of illness, frequency of
recurrence, and HAMD-17 scores were compared between

'http://www.rfmri.org/DPARSF
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patient groups using a two-sample t-test.

statistically significant.

p<0.05 was

fMRI Data Analysis

Image data statistics were analyzed using the DPARSF toolbox,
and a voxel-based one-way ANOVA was performed to compare
whole-brain ReHo maps of the four groups. Gender, age,
education level, and framewise displacement (FD) metric (derived
from Jenkinson’s formula) of the four groups of subjects were
used as covariates, brain areas with ReHo differences between
the four groups were corrected for Gaussian random fields
(GREF), and corrected cluster levels were settled as p<0.05 and
threshold voxel levels p<0.005 were defined as statistically
different. The time series means of the peak voxel ReHo values
of the four contrasting brain regions were extracted, and post-
hoc two-sample t-tests were performed on the ReHo values
between the paired groups (EORD vs. young HCs, LORD vs.
old HCs, LORD vs. EORD) using SPSS 23.0 software, and the
results were Bonferroni corrected (p<0.01).

In order to verify the relationship between ReHo values
and clinical symptoms, Pearson correlation analysis was
performed by extracting ReHo values of abnormal brain regions
and HAMD-17 scores in patient groups, separately, and p <0.05
was statistically significant.

RESULTS

Characteristics of Research Samples

A total of 18 patients with EROD, 18 patients with LORD,
18 young HCs, and 18 old HCs met the study criteria. There
were no statistical differences between the MDD group and
the HCs and in terms of gender and years of education, and
there were statistical differences in age comparisons between
the four groups. There were no statistical differences in disease

duration, frequency of recurrence, and HAMD-17 scores between
the two MDD groups (Table 1).

ReHo: Group Differences

A one-way ANOVA was performed on the ReHo values of
the four groups using age, gender, years of education, and
mean frame displacement as covariates. ReHo was found to
be significantly significant difference in the right inferior frontal
gyrus/right insula, left superior temporal gyrus/left insula, left
inferior parietal lobule, right inferior parietal lobule, right
fusiform gyrus/right middle temporal gyrus, left middle temporal
gyrus/left angular gyrus, right middle temporal gyrus/right
angular gyrus, and left rolandic operculum gyrus/left superior
temporal gyrus significant differences between superior gyrus
groups (Table 2; Figure 1).

Compared with young HCs, the EORD had higher ReHo
in the right inferior insular frontal gyrus/right insula, left
superior temporal gyrus/left insula, and left rolandic operculum
gyrus/superior temporal gyrus, and lower ReHo values in the
left inferior parietal lobule, right inferior parietal lobule, and
left middle temporal gyrus/left angular gyrus (Figure 2).

Abnormal ReHo in LORD Patients vs

Old HC

Compared with old HCs, the LORD had higher ReHo in the
right fusiform gyrus/right middle temporal gyrus, right middle
temporal gyrus/right angular gyrus, left rolandic operculum
gyrus/left superior temporal gyrus, and lower ReHo values in
the right inferior frontal gyrus/right insula (Figure 2).

Abnormal ReHo in LORD Patients vs EORD
Compared with EORD, the LORD group had higher ReHo
in the right fusiform gyrus/right middle temporal gyrus, left
middle temporal gyrus/left angular gyrus, and right middle
temporal gyrus/right angular gyrus, and lower ReHo in the

TABLE 1 | Demographic and clinical characteristics of the study participants.

Variables (mean +SD) HCs MDD t(F)/? P

Age (years) 31.61+7.01 31.58 + 7.69 0.016 0.9872
Gender (male/female) 11/25 10/26 0.670 0.795°
Years of education 15.80 + 3.90 15.02 + 2.96 0.952 0.3442
HAMD-17 score 1.97 £ 0.99 23.61 + 3.31 -37.501 0.000?

Young HCs Old HCs EORD LORD

Age (years) 25.16 + 3.36 38.00 + 4.85 25.94 + 2.31 37.27 +5.28 51.594 0.000°
Gender (male/female) 5/13 6/12 4/14 6/12 0.739 0.864¢
Years of Education 16.72 £ 2.46 13.77 £ 4.27 15.38 £+ 2.11 14.66 + 3.64 2.643 0.056°
Frequency of recurrence 1.33 £ 0.59 1.44 + 0.61 —0.551 0.5852
liness duration (months) 19.77 £12.37 23.16 + 15.64 -0.721 0.47¢6°
HAMD-17 score 1.94 + 1.05 2.00 £ 0.97 23.72 +3.23 23.38 + 3.53 -0.397 0.694

HCs, healthy controls; MDD, major depressive disorder; EORD, early onset recurrent depression; LORD, late onset recurrent depression; and HAMD-17, 17-item Hamilton Rating

Scale for Depression.
2Value of p obtained by two-sample t-test.
Value of p for gender distribution in the two groups was obtained by chi-square test.

“Value of p were obtained by one-way analysis of variance tests. Post-hoc t-test: p=0.964(EORD vs. Young HCs), p=0.999(LORD vs. Old HCs).
9Value of p of gender distribution among the four groups were obtained by chi-square test: p=0.717(EORD vs. Young HCs), p=0.457(LORD vs. Old HCs).
¢The values of p were obtained by one-way analysis of variance tests. Post-hoc t-test: p=0.222(EORD vs. Young HCs), p=0.507(LORD vs. Old HCs).

Values of p were obtained by two-sample t-test p=0.694 (EORD vs. LORD).
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TABLE 2 | One-way ANOVA between the four groups for differences in ReHo values Brain areas.

Peak coordinates (MNI)

Brain regions Side Cluster size F-values
X Y z
Inferior frontal gyrus/insula R 48 12 9 26 12.06
Superior temporal gyrus/insula L —42 -6 -9 24 7.176
Inferior parietal lobule L =27 -42 39 75 15.99
Inferior parietal lobule R 21 -42 54 74 141
Fusiform gyrus/middle temporal gyrus R 45 =27 -9 67 14.4
Middle temporal gyrus/angular gyrus L —42 -51 21 27 9.305
Middle temporal gyrus/angular gyrus R 39 =57 18 33 13.215
Rolandic operculum gyrus/superior temporal gyrus L -36 -30 18 23 7.576

F is the statistical value of the difference in peak voxel ReHo between the EORD and LORD groups and HCs. p<0.05, GRF corrected, p<0.005, cluster size>10. Abnormal ReHo in

EORD patients VS young HC.

right inferior frontal gyrus/right insula and left superior temporal
gyrus/left insula (Figure 2).

Correlations Between the Abnormal ReHo
and Depressive Symptoms in the Patients
To test whether there was a relationship between the severity
of depressive symptoms and abnormal ReHo in the depressed
group in this study, we performed further correlation analyses.
We found a negative correlation between HAMD-17 scores
and ReHo values in the right inferior frontal gyrus/right insula
in the LORD group (r=-0.5778, p=0.0120; Figure 3).

DISCUSSION

To our knowledge, this is the first to analyze and compare
the regional neural activity of LORD and EORD based on
rs-MRI technique using the ReHo method. The results of this
study found that adult EORD and LORD have abnormal
neuronal activity in some of the same brain regions at different
ages. And relative to matched controls, different ReHo
abnormalities were demonstrated at each age. Correlation analysis
showed that ReHo values in the right inferior frontal gyrus/
right insula were negatively correlated with clinical scales and
could be used as a neuroimaging marker to distinguish LORD
from EORD. This study provides new insights into functional
brain activity in recurrent depression at different ages.

The results of this study showed that LORD had higher
ReHo in the right fusiform gyrus/right middle temporal gyrus,
left middle temporal gyrus/left angular gyrus, and right middle
temporal gyrus/right angular gyrus compared with EORD. The
concept of DMN was introduced by (Raichle et al., 2001) in
2001, which suggests that some brain areas are more active
than others in a quiet, resting state without a task and are
“activated,” while functional activity decreases when performing
a task and becomes “negatively activated” This region consists
of the ventral medial prefrontal cortex, posterior cingulate/
retosplenial cortex, lateral temporal cortex, dorsal medial
prefrontal cortex, and inferior parietal lobules (including the
angular gyrus) and is involved in the extraction of situational

memory, detection of surroundings, and introspective states
(Raichle et al., 2001; Raichle and Snyder, 2007; Buckner et al.,
2008). The results of this study showed that most of the brain
regions belonged to DMN. Most studies have regarded abnormal
DMN function as a neurobiological marker of MDD (Gao
et al., 2018; Goldstein-Piekarski et al., 2018; Sendi et al., 2021),
DMN also changes in different stages of disease and at different
ages, which is closely related to changes in clinical depression
symptoms, and different therapeutic effects will also produce
different responses to DMN (Huang et al, 2020; Pan et al,
2020). The middle temporal gyrus and angular gyrus are
important constituent parts of the DMN (Buckner et al., 2008).
The middle temporal gyrus not only participates in self-referential
processing, but also plays an important role in autobiographical
memory and regulates human emotional and mental activities
(Sheldon et al., 2016). The angular gyrus is located at the
junction of the parietal, temporal, and occipital lobes and is
primarily involved in ontological functions such as semantic
processing, number processing, attention, and memory (Seghier,
2013). Previous studies have shown abnormal DMN functional
activity in patients with recurrent depression (Marchetti et al.,
2012; Yan et al., 2019; Berwian et al., 2020). It was found
that the recurrent depression group had hyperactivation in
the right middle temporal gyrus compared to the HCs (Liu
et al,, 2017, 2019). Another study also found that the recurrent
depression had abnormal bold signaling in the angular gyrus
compared to the HCs (Yiiksel et al., 2018). All of the above
studies suggest abnormalities in the middle temporal gyrus
and angular gyrus in patients with recurrent depression. The
fusiform gyrus belongs to the visual cognitive network and
together with the inferior temporal gyrus forms the ventral
visual pathway, which is involved in the recognition of objects,
words, and faces. The neural response of the fusiform gyrus
increases with the intensity of the sad stimulus (Wu et al,
2011). ReHo was higher in the left superior temporal gyrus
(Chen et al.,, 2012) and right fusiform gyrus (Shen et al., 2017)
in late onset depression (LOD) compared with early onset
depression (EOD), suggesting that compensatory elevation of
the left superior temporal gyrus and right fusiform gyrus may
have a pathogenetic mechanism for LOD. This is broadly
consistent with the results of the present study. Therefore, the
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to yellow showing enhancement of ReHo values.

FIGURE 1 | Statistical maps showing ANOVA results for ReHo abnormalities between EORD or LORD patients and HCs (GRF corrected). Color bar indicates red

results of the present study suggest that ReHo is elevated in
the right fusiform/right middle temporal gyrus, left middle
temporal/left angular gyrus, and right middle temporal/right
angular gyrus in LORD compared with EORD, and this partial
compensatory elevation of DMN may be one of the differences
in the brain mechanisms of recurrent depression in these
two subtypes.

We also found that LORD had lower ReHo than EORD
in the right inferior frontal gyrus/right insula and left superior
temporal gyrus/left insula. The right inferior frontal gyrus,
part of the ventral lateral prefrontal cortex, plays an important
role in response inhibition and is primarily responsible for
downregulating negative emotional responses and inhibiting
unwanted information or inappropriate behavior (Kravitz et al.,
2011). The insula is a cortical structure located deep in the
brain and is involved in the processing of information related
to emotion, attention, visceral sensation, etc., that is transmitted
to the brain, as well as being involved in taste and vision
(Sprengelmeyer et al., 2011). The insula cortex is connected

to the frontal limbic area (Guo et al., 2015). Previous studies
have found that metabolism in the insula cortex is enhanced
in HCs when they recall sad events (Reiman et al., 1997).
These two brain areas are closely related to the SN, which
has been shown to be a functional brain network involved
in perception, cognition, emotion, and social awareness (Menon
and Uddin, 2010; Ham et al., 2013; Uddin, 2015; Chand and
Dhamala, 2016; Touroutoglou et al., 2016). The SN has an
important regulatory role for the DMN and the executive
control network (ECN) (Touroutoglou et al., 2016). Previous,
it was found that patients with recurrent depression had lower
amplitude of low frequency fluctuations (ALFF) (Liu et al,
2017) and gray matter volume (Stratmann et al, 2014) in
the right insula compared to HCs. It has also been found
that middle-aged and older women with a history of depression
have reduced FC between SN (right insula seed) and ECN
(Vega et al, 2020). All of the above studies found that
abnormalities in the function of the insula were closely
associated with recurrent depression. Previous studies have
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FIGURE 2 | Post-hoc two-sample t-tests (Bonferroni corrected) comparison showing ReHo values differences at peak voxel between each pair group (EORD vs.
young HCs, LORD vs. old HCs, and LORD vs. EORD). EORD, early onset recurrent depression; LORD, late onset recurrent depression; young HCs, young healthy
controls; and old HCs, old healthy controls. Frontal_Inf_Oper_R/Insula_R =right inferior frontal gyrus/right insula; Temporal_Sup_L/Insula_L =left superior temporal
gyrus/left insula; Parietal_Inf_L =left inferior parietal lobule; Parietal_Inf_R =right inferior parietal lobule; Fusiform_R/Temporal_Mid_R =right fusiform gyrus/right middle
temporal gyrus; Temporal_Mid_L/Angular_L =left middle temporal gyrus/left angular gyrus; Temporal_Mid_R/Angular_R=right middle temporal gyrus/right angular
gyrus; and Rolandic_Oper_L/Temporal_Sup_L =left rolandic operculum gyrus/left superior temporal gyrus.
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found significantly enhanced ReHo in the right insula of
LOD compared to old HCs, suggesting SN abnormalities in
patients with LOD depression (Shen et al., 2017). Therefore,
the results of this study suggest that there are differences in
SN between LORD and EORD, which may also be the
neuropathological pathogenesis of these two subtypes of
recurrent depression. Further correlation analysis in this study
showed that ReHo values in the right inferior insular frontal
gyrus/right insula of the LORD group were negatively correlated
with HAMD-17 scale scores. It is suggested that this region
can be used as a neuroimaging marker with high sensitivity
and specificity to distinguish between the two subtypes of

recurrent depression. More research is needed in the future
to clarify this point.

On the other hand, we also found that the ReHo in the
left superior temporal gyrus/left insula were lower in the LORD
compared to the EORD. The superior temporal gyrus is part
of the auditory-verbal center and plays an important role in
the processing of emotions, memory, and mental activity (Yao
et al., 2018). Previous studies found that the LOD had higher
ReHo values in the left superior temporal gyrus compared to
the EOD, suggesting that compensatory elevation of ReHo in
the left superior temporal gyrus may be the pathogenesis of
LOD patients (Chen et al, 2012). Therefore, the results of
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FIGURE 3 | The correlation of the ReHo and HDRS symptom in LORD patients. LORD, late onset recurrent depression.

this study suggest that the left superior temporal gyrus/left
insula is also an important brain region in which differences
exist between the two subgroups of patients with
recurrent depression.

Interestingly, we observed that both the LORD and EROD
groups together had increased ReHo in the left rolandic
operculum gyrus/left superior temporal gyrus compared to
HCs. The rolandic operculum gyrus and superior temporal
gyrus belong to the auditory network (Oh et al., 2018; Koshiyama
et al., 2020), which has the function of integrating auditory
stimuli and processing them, and is closely related to human
emotions (Phillips et al., 2001; Wang et al., 2019). Previous
studies have found that depression scale scores are positively
correlated with gray matter in the left rolandic operculum
gyrus and left superior temporal gyrus, suggesting that these
two brain regions also play a role in mood regulation (Besteher
et al,, 2017). One study showed that the insula is closely related
to the operculum gyrus and that the insula/operculum gyrus
is involved in interoception and interoceptive awareness, processes
signals critical for self-awareness (Blefari et al., 2017). A meta-
analysis showed that depressed patients had significantly increased
activation of the right superior temporal gyrus during working
memory (WM) compared to the HCs (Wang et al., 2015). In
addition, abnormal fMRI connections between the right superior
temporal lobe and subgenual cingulate cortex were also found
in previous studies in patients with recurrent depression (Lythe
etal,, 2015). The above findings favorably support our observation
of ReHo anomalies in the left rolandic operculum gyrus and
left superior temporal gyrus. Therefore, these findings suggest
that (Rotenstein et al., 2016) patients with recurrent depression
may have features of auditory network dysfunction. (Rotenstein
et al., 2016) ReHo abnormalities in the left rolandic operculum
gyrus and left superior temporal gyrus may be important brain

regions in distinguishing the recurrent depression group from
the HCs, independent of age of onset.

However, there are still several limitations to this study.
First, the small sample size of this study will affect the statistical
validity to some extent, and a larger sample size is needed to
confirm or overturn the current results. Second, only patients
with recurrent depression were recruited in this study. Although
there was a discontinuation period of at least 4weeks, there
may still be an influence of potential factors such as
antidepressants. Finally, although there was no statistical
difference in the frequency of recurrence between the two
subtypes of depression groups, the study of first recurrence
of depression in different age groups is more clinically relevant
and further research in this area will be enhanced in the future.

CONCLUSION

In conclusion, this study was based on rs-fMRI technique and
used ReHo index analysis to initially explore the differences
in regional neural activity between LORD and EORD. We found
that although LORD and EORD had similar clinical symptoms,
abnormal changes in neurological functional activity existed
in some of the same brain regions, suggesting that different
pathogenesis may exist in patients with different age onset. In
addition, patients of each age group also exhibited different
ReHo abnormalities relative to HCs.
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Background: Current research suggests that stressful life experiences and situations
create a substantive effect in the development of the initial manifestations of psychotic
disorders and may influence temporo-limbic epileptic-like activity manifesting as
cognitive and affective seizure-like symptoms in non-epileptic conditions.

Methods: The current study assessed trauma history, hair cortisol levels, epileptic-like
manifestations and other psychopathological symptoms in 56 drug naive adult young
women experiencing their initial occurrence of psychosis.

Results: Hair cortisol levels among patients experiencing their initial episode of
psychosis, were significantly correlated with stress symptoms measured by Trauma
Symptom Checklist-40 (- = — 0.48, p < 0.01), and complex partial seizure-like
symptoms measured by the Complex Partial Seizure-Like Symptoms Inventory (r = —
0.33, p < 0.05) and LSCL-33 (r = — 0.33, p < 0.05). Hair cortisol levels were not found
to be significantly correlated with symptoms of anxiety and depression measured by
Beck depression Inventory and Zung Anxiety Scale.

Conclusion: These findings suggest a significant relationship between epileptic-
like symptoms and stress responses demonstrated by patients in their first
psychotic episode. These findings may suggest the potential for research to explore
usefulness of anticonvulsant treatment in patients who do not respond to usual
psychotropic medication.

Keywords: stress, cortisol, epileptic like symptoms, psychosis, stress senzitization

BACKGROUND

Current evidence suggests that stressful early life experiences influence psychological and
neurobiological development and ultimately have enduring consequences for the development
of psychosis over the lifespan (Eack et al., 2008; van Os et al., 2008; van Winkel et al., 2008;
Howes et al., 2017; Mayo et al., 2017). Further, recent research suggests that initial episodes of
psychotic disorders may also be closely related to current stressful events (Varese et al., 2012;
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Reininghaus et al, 2016). As previously described, earlier or
current stress may influence psychosis through its effects on the
HPA axis (hypothalamic-pituitary adrenal) (Walker and Diforio,
1997; Faravelli et al., 2017; Pruessner et al., 2017)® and cortisol
reactivity more specifically (Ryan et al., 2004; Girshkin et al.,
2014; Chaumette et al., 2016).

More recent research has suggested even more subtle ways
through which early stressful and traumatic experiences may
influence the brain and potential for psychosis. One of these
involves the possibility that trauma may lead to sensitization
or kindling-like processes which then become underlying
mechanisms for seizure-like activity in schizophrenia and other
psychiatric disorders (Roberts et al., 1992; Teicher et al., 2006;
Bob et al., 2016; Weidenauer et al., 2017). Sensitization and
kindling represent phenomena where repeated stimulations lead
to a progressive enhancement of the response to repeated stimuli
that may determine heightened vulnerability to epileptic seizures
and increased sensitivity to stress stimuli (Goddard et al., 1969;
Bertram, 2007). Further recent evidence also indicates that these
kindling-like mechanism and sensitization may lead to neural
processes resembling epilepsy which may manifest in patients
with mental disorders including schizophrenia, posttraumatic
stress disorder (PTSD), depression and others (Castner and
Williams, 2007; Yuii et al., 2007; Collip et al., 2008; van Winkel
et al., 2008).

Stress-related sensitization has additionally been suggested
to create changes in GABA postsynaptic receptors that may
lead to overstimulation of neurons mainly in the limbic system,
resulting in limbic system irritability occurring as markedly
increased prevalence of symptoms suggesting a subclinical
form of temporal lobe epilepsy (Teicher et al., 2006; Bertram,
2007). These symptoms may manifest symptomatically similar to
temporal lobe epilepsy including occurrence of somatic, sensory,
behavioral and memory symptoms which may occur also in non-
epileptic conditions (Roberts et al., 1992; Teicher et al., 2003;
Gomes et al., 2016).

The issue of whether stress may lead to epileptic activity in
persons with psychosis is an important issue for several reasons.
For one it may point to the need for treatments which target
seizure like activity and may also offer clues about treatment
resistance among some patients (Johannessen Landmark, 2008;
Tiihonen et al., 2009; Bob et al., 2010, 2011; Kaufman, 2011).
It may further help us understand how psychosis when linked
to trauma may follow a different course than psychosis not
linked to trauma. To explore this issue this study has tested
the hypothesis that cortisol levels among patients with first
episode psychosis would be associated with both a more severe
traumatic stress symptoms and heightened levels of seizure like
activity. To measure cortisol we have analyzed hair samples.
Heightened cortisol levels have been found in schizophrenia and
bipolar disorders (Streit et al., 2016) using this method. The
measurement of hair cortisol concentrations (HCC) represents
new methodological approach and potentially provides relatively
long-term balanced indicator of cortisol levels (Meyer and
Novak, 2012; Stalder et al., 2017; Steudte-Schmiedgen et al., 2017)
which may reflect chronic stress. To rule out the possibility that
any of our observed results were the product of heightened levels

of general anxiety or depression we included measures of these
constructs as potential covariates.

MATERIALS AND METHODS

Participants

The current study examines 56 adult women with whom the
initial episode of psychosis was assessed immediately following
admission to Psychiatric Hospital (mean of age 28.43, age range
20-38, SD = 5.32). All the patients were provided and assented
to pre-informed consent at the onset of their hospitalization.
Further, final written consent was obtained on remission, when
the patients were able to deliver an informed decision. The study
was approved by the University hospital ethical committee.

The subjects had predominantly high school education 14.35
(SD = 4.52) years. The subjects’ diagnoses of the initial psychotic
episode was confirmed by clinical interview according to DSM
IV guidelines and according to first clinical assessments fulfilled
the criteria for any of the following diagnosis: schizophreniform
disorder, schizophrenia, brief psychotic disorder, affective
psychoses, schizoaffective disorder, and other psychoses. Patients
were additionally assessed by M.LN.L. version 5.0.0 (Sheehan
et al., 1998). All the patients had their first hospitalizations and
were administered no medications which influenced the CNS.
Exclusion criteria were substance, and/or alcohol abuse, organic
diseases involving the CNS, antiepileptic treatment, analgetic
medication and benzodiazepine, or mental disabilities. Two of the
authors of this article have performed independent re-evaluations
of the patient’s diagnoses in accordance with DSM IV criteria
(American Psychiatric Association, 1994).

Psychometric Measures

The patients were assessed utilizing the Positive and Negative
Symptoms Scale- PANSS (Kay et al., 1987) enabling evaluation
of the typical positive and negative symptoms of schizophrenia
(Cronbach’s alpha is 0.81 for positive symptoms and 0.88 for
negative symptoms). The scale consists of 30 items divided into
three subcategories: seven negative (PANSS-Neg), seven positive
(PANSS-Pos), and 16 general (PANSS-Gen) psychopathological
symptoms. Items may be rated from 1 (absent) to 7 (extremely
present). Remission is typically defined as a score of <3 in all
positive PANSS items.

Levels of experienced childhood trauma were evaluated
with the TSC-40 (Trauma Symptom Checklist) (Elliott and
Briere, 1992). The TSC-40 is a 40-item self-report style
questionnaire utilizing a 4-point Likert scale. The TSC-40
evaluates symptomatology in adults associated with childhood
or adult traumatic experiences and evaluates aspects of
posttraumatic stress and other symptom clusters identified in
some traumatized individuals.

Complex partial seizure-like symptoms were evaluated
utilizing the complex partial seizure-like symptoms inventory—
CPSI (Roberts et al.,, 1992). The CPSI was originally designed
to evaluate sensory, somatic, behavioral and memory symptoms
associated with temporal lobe epilepsy (i.e., brief hallucinations,
dissociative disturbances, paroxysmal somatic disturbances, and
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automatisms). The inventory consists of 35 questions and
subjects indicate the degree of their experience on a 6-point Likert
scale (Cronbach’s alpha 0.95). Some recent evidence suggests a
CPSI total score higher than 70 presents a significant criterion for
the so-called epilepsy spectrum disorder although lower values
also may indicate an underlying electrophysiological dysfunction
(Roberts et al., 1992). Although these symptoms were originally
described in patients with temporal lobe epilepsy, subsequent
studies have found that transient sensory, cognitive, and affective
phenomena occurring in patients with complex partial seizures
may be more common in patients with affective disorders
and also in other psychiatric diseases than is typically known
(Silberman et al., 1985; Elliott and Briere, 1992).

The similar symptoms and experiences as those assessed by
CPSI were also assessed by the Limbic System Checklist, LSCL-
33 (Teicher et al., 1993). LSCL-33 is focused on evaluation and
measurement of the temporo-limbic activity which may manifest
as behavioral, sensory, memory and somatic symptoms which
may include paroxysmal somatic disturbances, hallucinations
and dissociative symptoms. Subjects indicate the degree of their
experience on a four-point Likert scale (never, rarely, sometimes,
often) (Cronbach’s alpha 0.90).

The assessment of depressive symptoms utilized the Beck
depression inventory BDI-II (Beck et al., 1961, 1987) which
consists of a 21-items questionnaire to indicate levels of
experienced depression. Subjects indicate the degree to which
their experience best corresponds to how he/she feels over the
preceding 14 days on 4-point Likert scale.

The Zung Self-Rating Anxiety Scale was utilized to assess
anxiety levels (Zung, 1971). The SAS is 20-item self-reporting
inventory focused into the most common general anxiety
symptoms. Each question is evaluated on 4-point Likert scale
ranging from 1 to 4.

Hair Cortisol Analysis

The hair samples utilized for biochemical assessment, were cut
with clean scissors from the posterior vertex of the scalp due
to the smallest hair variation in this position (Sauvé et al.,
2007), stored at room temperature and sent in a sealed envelope.
According to common procedures two 1 cm long hair segments
were provided by each participant to assess ~2 months of stress
exposure, as hair grows at an average of 1 cm per month
and there is a “wash-out” effect of cortisol from proximal to
distal hair segments which enables to detect maximum of 3-6
month (Stalder et al., 2017). The analysis was performed on the
average cortisol levels across the hair segments. Cortisol were
evaluated utilizing an ELISA kit for cortisol in saliva (CORTISOL
SALIVA ELISA, Diametra). The results were assessed utilizing
photometric analysis ELISA (SPECTRA SLT) at the university
biochemical department. This analysis of cortisol levels in hair
was shown to provide valid and reliable results (Gow et al., 2010;
Russell et al., 2012).

Statistical Analysis
Statistical evaluation for results of psychometric measures
included means and standard deviations. Because hair cortisol

100

TSC-40

-100 1] 100 200 300 400 500 600 700
Cortisol

FIGURE 1 | Relationship between hair cortisol levels (pg/mg) and stress
symptoms measured by TSC-40.

values do not have normal distribution we have used non-
parametric Spearman correlation coefficients. We considered
p < 0.05 as statistically significant. All the methods of
statistical evaluation were performed using the software package
Statistica version 6.

RESULTS

Results indicate that in the sample of initial psychotic episode
onset subjects, hair cortisol levels are significantly correlated
with stress symptoms measured by TSC-40 (r = — 0.48,
p < 0.01; Figure 1), and also with complex partial seizure-
like symptoms measured by CPSI (r = — 033, p < 0.05;
Figure 2) and LSCL-33 (r = — 0.33, p < 0.05; Figure 3),
but no significant correlations of hair cortisol were found
with symptoms of anxiety and depression measured by SAS
and BDI Further the results suggest that complex partial
seizure-like symptoms as evaluated by CPSI and LSCL-33
are correlated significantly with psychopathological symptoms
related to depression, anxiety and stress. Traumatic stress
symptoms evaluated by TSC-40 are significantly correlated with
CPSI (r = 0.67, p < 0.01) and LSCL (r = 0.69, p < 0.01),
symptoms of depression measured by BDI are significantly
correlated with CPSI (r = 0.52, p < 0.01) and LSCL-33
(r = 042, p < 0.01). Symptoms of anxiety measured by SAS
are significantly correlated with CPSI (r = 0.62, p < 0.01)
and LSCL-33 (r = 0.80, p < 0.01). No significant correlations
between symptoms of schizophrenia measured by PANSS
subscales for Positive, Negative and Global psychopathology and
other psychopathological symptoms related to stress, depression,
anxiety, hair cortisol levels and epileptic like activity symptoms
were identified.

From the 56 patients 8 had (14%) CPSI higher than 70,
representing psychometrically reliable criterion for epilepsy
spectrum disorders (Roberts et al., 1992; Bob, 2013).
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FIGURE 2 | Relationship between hair cortisol levels (pg/mg) and epileptic-like
symptoms measured by CPSI.
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FIGURE 3 | Relationship between hair cortisol levels (pg/mg) and epileptic-like
symptoms measured by LSCL-33.

DISCUSSION

The issue of whether stress may lead to epileptic activity in
persons with psychosis seems to be supported by these findings
suggesting underlying seizure like activity which may also
offer clues about treatment resistance among some patients.
In addition these findings may further help us to understand
how psychosis when linked to traumatic stress may follow a
different course than psychosis not linked to trauma. Results
of this study provide first supportive indication as to the
relationship between hair cortisol levels reflecting chronic stress
conditions in patients with initial episode psychosis and epileptic-
like symptoms.

These data based on the homogenous group of women reflect
the drug naive mental and physiological states. This finding
suggests “concomitant” correspondence of variables reflecting

links between psychological experience and neurobiological
changes related to stress. The results are in accordance with
findings suggesting an influence of sensitization or “kindling-
like” processes in etiology of psychiatric disorders such as drug
addiction, schizophrenia, mood disorders, or posttraumatic stress
disorder (Post and Weiss, 1996; Phillips et al., 1997; Post et al.,
1997; Kraus, 2000; Collip et al., 2008; Weidenauer et al., 2017).
The findings of the current study are also in agreement with
evidence indicating that epileptic-like symptoms and mechanism
of sensitization or kindling may be closely linked to stress
conditions (Teicher et al., 2003, 2006; Yuii et al., 2007).

Some studies also indicate that similar sensitization or
kindling-like processes may manifest in inhibitory systems due
to local discharges of limbic and hypothalamic neurons and
this dysbalance between excitation and inhibition leading to
excessive inhibitory activities may manifest as psychotic disorders
(Stephens et al., 2002, 2006). These patients who manifest the
epileptic-like symptoms appear to be positively indicated for
anticonvulsant treatment due to increased excitatory neural
activity and regionally-specific compensatory upregulation of
GABA-A receptors in response to decreased GABAergic input
in hippocampal pyramidal cells (Heckers and Konradi, 2002;
Mohler, 2006). The GABA neurons provide both inhibitory and
disinhibitory modulation of cortical and hippocampal circuits
and play an important role in gating of sensory information and
attentional filtering within the corticolimbic system which are
typically affected in schizophrenia (Glenthoj and Hemmingsen,
1997; Benes and Berretta, 2001; Costa et al., 2004; Gonzalez-
Burgos and Lewis, 2008; Jacob et al., 2008). Further, the role of
GABA neurons in cognitive functions suggests that disturbances
in GABA systems may be linked to stressful conditions and
alterations in the dopamine system (Benes and Berretta, 2001;
Teicher et al., 2003, 2006; Yuii et al., 2007).

Numerous studies indicate that HCC is negatively related to
hair washing frequency, hair treatment and oral contraceptive
use, positively associated with ongoing chronic stress, some
anthropometric measures, systolic blood pressure and with other
confounding factors influencing hair cortisol such as gender,
physical stressors and other psychiatric disorders (Meyer and
Novak, 2012; Stalder et al., 2017). Some of these above mentioned
variables were not addressed in this study, which represents a
limitation with respect to more detailed analysis.

In summary, the current study suggests a link between
epileptic-like symptoms and chronic stress response in
the patients in the initial onset of psychosis. These data
may be helpful in explaining the efficacy of anticonvulsant
medication in patients who are resistant to usual psychotropic
medication (Boutros et al., 2014). Patients with the epileptic-type
manifestations likely may have decreased inhibition due to
stress conditions manifesting as various mental and somatic
states including complex partial seizure-like symptoms which
may be assessed using psychometric measures (LSCL-33, CPSI).
From the clinical perspective the link between complex partial
seizure-like symptoms and stress may provide useful information
for diagnostic consideration of anticonvulsant therapy and also
how psychosis when linked to traumatic stress may follow a
different course than psychosis not linked to trauma.
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As for the limitations of this study the features of the sample
limit the generalizability of these findings because the current
data does not provide representative sample due to the number
and gender of participants. Other limitations due to the novelty
of this study do not allow to respond other interesting questions
which this research might implicate. For example, the absence
of significant correlations between symptoms of schizophrenia
measured by PANSS subscales and symptoms related to stress,
hair cortisol levels, and epileptic-like activity symptoms. Also
further research focused on the efficacy of anticonvulsant
medication in patients who are resistant to usual psychotropic
medication their cognitive abilities and other psychopathological
symptoms is warranted.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

American Psychiatric Association. (1994). Diagnostic and statistical manual of
mental disorders (4th ed.). American Psychiatric Publishing, Inc.

Beck, A. T., Steer, R., and Brown, G. (1987). Beck Depression Inventory Manual. San
Antonio, TX: The Psychological Corporation.

Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., and Erbaugh, J. (1961). An
inventory for measuring depression. Arch. Gener. Psychiatry 4, 561-571. doi:
10.1001/archpsyc.1961.01710120031004

Benes, F. M., and Berretta, S. (2001). GABAergic interneurons: implications for
understanding schizophrenia and bipolar disorder. Neuropsychopharmacology
25, 1-27. doi: 10.1016/S0893-133X(01)00225-1

Bertram, E. (2007). The relevance of kindling for human epilepsy. Epilepsia 48,
65-74. doi: 10.1111/j.1528-1167.2007.01068.x

Bob, P. (2013). Stress Sensitization and Anticonvulsant Medication in Psychiatric
Patients in Polypharmacy in Psychiatry Practice. Berlin: Springer, 233-242.

Bob, P., Jasova, D., and Raboch, J. (2011). Subclinical epileptiform process
in patients with unipolar depression and its indirect psychophysiological
manifestations. PLoS One 6:¢28041. doi: 10.1371/journal.pone.0028041

Bob, P., Palus, M., Susta, M., and Glaslova, K. (2010). Sensitization, epileptic-like
symptoms and local synchronization in patients with paranoid schizophrenia.
Prog. Neuropsychopharmacol. Biol. Psychiatry 34, 143-146. doi: 10.1016/j.
pnpbp.2009.10.015

Bob, P., Pec, O., Mishara, A. L., Touskova, T., and Lysaker, P. H. (2016). Conscious
brain, metacognition and schizophrenia. Int. J. Psychophysiol. 105, 1-8. doi:
10.1016/j.ijpsycho.2016.05.003

Boutros, N. N., Ghosh, S., Khan, A., Bowyer, S. M., and Galloway, M. P. (2014).
Anticonvulsant medications for panic disorder: a review and synthesis of the
evidence. Int. ]. Psychiatry Clin. Pract. 18, 2-10. doi: 10.3109/13651501.2013.
873053

Castner, S. A., and Williams, G. V. (2007). From vice to virtue: insights from
sensitization in the nonhuman primate. Prog. Neuropsychopharmacol. Biol.
Psychiatry 31, 1572-1592. doi: 10.1016/j.pnpbp.2007.08.026

Chaumette, B., Kebir, O., Mam-Lam-Fook, C., Morvan, Y., Bourgin, J., Godsil,
B. P, et al. (2016). Salivary cortisol in early psychosis: new findings and meta-
analysis. Psychoneuroendocrinology 63, 262-270. doi: 10.1016/j.psyneuen.2015.
10.007

Collip, D., Myin-Germeys, 1., and Van Os, J. (2008). Does the concept of
“sensitization” provide a plausible mechanism for the putative link between
the environment and schizophrenia? Schizophr. Bull. 34, 220-225. doi: 10.1093/
schbul/sbm163

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Charles University, First Faculty of Medicine Ethical
Board. The patients/participants provided their written informed
consent to participate in this study.

AUTHOR CONTRIBUTIONS

PB and TT: writing manuscript. PB, TT, OP, JR, NB, and PL:
data analysis: PB, TT, and JR: data collection and processing.
All authors contributed to the article and approved the
submitted version.

FUNDING

This research was supported by Charles University projects
Progress, Cooperatio, SVV.

Costa, E., Davis, ]. M., Dong, E., Grayson, D. R., Guidotti, A., Tremolizzo, L., et al.
(2004). A GABAergic cortical deficit dominates schizophrenia pathophysiology.
Crit. Rev. Neurobiol. 16, 1-23. doi: 10.1615/critrevneurobiol.v16.i12.10

Eack, S. M, Prasad, K. M., Montrose, D. M., Goradia, D. D., Dworakowski, D.,
Miewald, J., et al. (2008). An integrated psychobiological predictive model of
emergent psychopathology among young relatives at risk for schizophrenia.
Prog. Neuropsychopharmacol. Biol. Psychiatry 32, 1873-1878. doi: 10.1016/j.
pnpbp.2008.08.024

Elliott, D. M., and Briere, J. (1992). Sexual abuse trauma among professional
women: validating the Trauma Symptom Checklist-40 (TSC-40). Child Abuse
Negl. 16, 391-398. doi: 10.1016/0145-2134(92)90048-v

Faravelli, C., Mansueto, G., Palmieri, S., Sauro, C. L., Rotella, F., Pietrini,
F., et al. (2017). Childhood adversity, cortisol levels, and psychosis: a
retrospective investigation. J. Nervous Ment. Dis. 205, 574-579. doi: 10.1097/
NMD.0000000000000699

Girshkin, L., Matheson, S. L., Shepherd, A. M., and Green, M. J. (2014).
Morning cortisol levels in schizophrenia and bipolar disorder: a meta-analysis.
Psychoneuroendocrinology 49, 187-206. doi: 10.1016/j.psyneuen.2014.07.013

Glenthoj, B. Y, Hemmingsen, R.  (1997).  Dopaminergic
sensitization: implications for the pathogenesis of schizophrenia. Prog.
Neuropsychopharmacol. Biol. Psychiatry 21, 23-46. doi: 10.1016/s0278-
5846(96)00158-3

Goddard, G. V., Mcintyre, D. C,, and Leech, C. K. (1969). A permanent change
in brain function resulting from daily electrical stimulation. Exp. Neurol. 25,
295-330. doi: 10.1016/0014-4886(69)90128-9

Gomes, R. R., Vicente, V. A., Azevedo, C. M., Salgado, C. G., Da Silva, M. B.,
Queiroz-Telles, F., et al. (2016). Molecular epidemiology of agents of human
chromoblastomycosis in brazil with the description of two novel species. PLoS
Negl. Trop. Dis. 10:5102.

Gonzalez-Burgos, G., and Lewis, D. A. (2008). GABA neurons and the mechanisms
of network oscillations: implications for understanding cortical dysfunction in
schizophrenia. Schizophr. Bull. 34, 944-961. doi: 10.1093/schbul/sbn070

Gow, R, Thomson, S., Rieder, M., Van Uum, S., and Koren, G. (2010). An
assessment of cortisol analysis in hair and its clinical applications. Forensic. Sci.
Int. 196, 32-37. doi: 10.1016/j.forsciint.2009.12.040

Heckers, S., and Konradi, C. (2002). Hippocampal neurons in schizophrenia.
J. Neural. Transm. 109, 891-905. doi: 10.1007/s007020200073

Howes, O. D., Mccutcheon, R., Owen, M. ], and Murray, R. M. (2017).
The role of genes, stress, and dopamine in the development of
schizophrenia. Biol. Psychiatry 81, 9-20. doi: 10.1016/j.biopsych.2016.
07.014

and

Frontiers in Psychology | www.frontiersin.org

April 2022 | Volume 13 | Article 804628


https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1016/S0893-133X(01)00225-1
https://doi.org/10.1111/j.1528-1167.2007.01068.x
https://doi.org/10.1371/journal.pone.0028041
https://doi.org/10.1016/j.pnpbp.2009.10.015
https://doi.org/10.1016/j.pnpbp.2009.10.015
https://doi.org/10.1016/j.ijpsycho.2016.05.003
https://doi.org/10.1016/j.ijpsycho.2016.05.003
https://doi.org/10.3109/13651501.2013.873053
https://doi.org/10.3109/13651501.2013.873053
https://doi.org/10.1016/j.pnpbp.2007.08.026
https://doi.org/10.1016/j.psyneuen.2015.10.007
https://doi.org/10.1016/j.psyneuen.2015.10.007
https://doi.org/10.1093/schbul/sbm163
https://doi.org/10.1093/schbul/sbm163
https://doi.org/10.1615/critrevneurobiol.v16.i12.10
https://doi.org/10.1016/j.pnpbp.2008.08.024
https://doi.org/10.1016/j.pnpbp.2008.08.024
https://doi.org/10.1016/0145-2134(92)90048-v
https://doi.org/10.1097/NMD.0000000000000699
https://doi.org/10.1097/NMD.0000000000000699
https://doi.org/10.1016/j.psyneuen.2014.07.013
https://doi.org/10.1016/s0278-5846(96)00158-3
https://doi.org/10.1016/s0278-5846(96)00158-3
https://doi.org/10.1016/0014-4886(69)90128-9
https://doi.org/10.1093/schbul/sbn070
https://doi.org/10.1016/j.forsciint.2009.12.040
https://doi.org/10.1007/s007020200073
https://doi.org/10.1016/j.biopsych.2016.07.014
https://doi.org/10.1016/j.biopsych.2016.07.014
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Bob et al.

Psychosocial Stress and Psychotic Experiences

Jacob, T. C., Moss, S. J., and Jurd, R. (2008). GABA(A) receptor trafficking and its
role in the dynamic modulation of neuronal inhibition. Nat. Rev. Neurosci. 9,
331-343. doi: 10.1038/nrn2370

Johannessen Landmark, C. (2008). Antiepileptic drugs in non-epilepsy disorders:
relations between mechanisms of action and clinical efficacy. CNS Drugs 22,
27-47. doi: 10.2165/00023210-200822010-00003

Kaufman, K. R. (2011). Antiepileptic drugs in the treatment of psychiatric
disorders. Epilep. Behav. 21, 1-11. doi: 10.1016/j.yebeh.2011.03.011

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

Kraus, J. E. (2000). Sensitization phenomena in psychiatric illness: lessons from the
kindling model. J. Neuropsych. Clin. Neurosci. 12, 328-343. doi: 10.1176/jnp.12.
3.328

Mayo, D., Corey, S., Kelly, L. H., Yohannes, S., Youngquist, A. L., Stuart, B. K., et al.
(2017). The role of trauma and stressful life events among individuals at clinical
high risk for psychosis: a review. Front. Psychiatry 8:55. doi: 10.3389/fpsyt.2017.
00055

Meyer, J. S., and Novak, M. A. (2012). Minireview: Hair cortisol: a novel biomarker
of hypothalamic-pituitary-adrenocortical activity. Endocrinology 153, 4120-
4127. doi: 10.1210/en.2012-1226

Mohler, H. (2006). GABA(A) receptor diversity and pharmacology. Cell Tissue Res.
326, 505-516. doi: 10.1007/s00441-006-0284-3

Phillips, T. J., Roberts, A. J., and Lessov, C. N. (1997). Behavioral sensitization
to ethanol: genetics and the effects of stress. Pharmacol. Biochem. Behav. 57,
487-493. doi: 10.1016/s0091-3057(96)00448-0

Post, R. M., and Weiss, S. R. (1996). A speculative model of affective illness cyclicity
based on patterns of drug tolerance observed in amygdala-kindled seizures.
Mol. Neurobiol. 13, 33-60. doi: 10.1007/BF02740751

Post, R. M., Weiss, S. R., Smith, M., Li, H., and Mccann, U. (1997). Kindling versus
quenching. Implications for the evolution and treatment of posttraumatic stress
disorder. Ann. NY Acad. Sci. 821, 285-295. doi: 10.1111/j.1749-6632.1997.
tb48287.x

Pruessner, M., Cullen, A. E., Aas, M., and Walker, E. F. (2017). The neural
diathesis-stress model of schizophrenia revisited: an update on recent findings
considering illness stage and neurobiological and methodological complexities.
Neurosci. Biobehav. Rev. 73, 191-218. doi: 10.1016/j.neubiorev.2016.12.013

Reininghaus, U., Kempton, M. J., Valmaggia, L., Craig, T. K., Garety, P., Onyejiaka,
A, etal. (2016). Stress sensitivity, aberrant salience, and threat anticipation in
early psychosis: an experience sampling study. Schizophr. Bull. 42, 712-722.
doi: 10.1093/schbul/sbv190

Roberts, R. J., Gorman, L. L., Lee, G. P., Hines, M. E., Richardson, E. D,
Riggle, T. A., et al. (1992). The phenomenology of multiple partial seizure-like
symptoms without stereotyped spells: an epilepsy spectrum disorder? Epilep.
Res. 13, 167-177. doi: 10.1016/0920-1211(92)90073-3

Russell, E., Koren, G., Rieder, M., and Van Uum, S. (2012). Hair cortisol as
a biological marker of chronic stress: current status, future directions and
unanswered questions. Psychoneuroendocrinology 37, 589-601. doi: 10.1016/].
psyneuen.2011.09.009

Ryan, M. C., Sharifi, N., Condren, R., and Thakore, J. H. (2004). Evidence
of basal pituitary-adrenal overactivity in first episode, drug naive patients
with schizophrenia. Psychoneuroendocrinology 29, 1065-1070. doi: 10.1016/j.
psyneuen.2003.08.011

Sauvé, B., Koren, G., Walsh, G., Tokmakejian, S., and Van Uum, S. H. (2007).
Measurement of cortisol in human hair as a biomarker of systemic exposure.
Clin. Invest. Med. 2007, E183-E191. doi: 10.25011/cim.v30i5.2894

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E.,
etal. (1998). The Mini-International Neuropsychiatric Interview (M.LN.L): the
development and validation of a structured diagnostic psychiatric interview for
DSM-1V and ICD-10. J. Clin. Psychiatry 59, 22-33.

Silberman, E. K., Post, R. M., Nurnberger, J., Theodore, W., and Boulenger,
J. P. (1985). Transient sensory, cognitive and affective phenomena in affective
illness. A comparison with complex partial epilepsy. Br. J. Psychiatry 146, 81-89.
doi: 10.1192/bjp.146.1.81

Stalder, T., Steudte-Schmiedgen, S., Alexander, N., Klucken, T. Vater, A,
Wichmann, S., et al. (2017). Stress-related and basic determinants of hair
cortisol in humans: a meta-analysis. Psychoneuroendocrinology 77, 261-274.
doi: 10.1016/j.psyneuen.2016.12.017

Stephens, D. W., Mclinn, C. M., and Stevens, J. R. (2002).
Discounting and reciprocity in an Iterated Prisoner’s
Dilemma. Science 298, 2216-2218. doi: 10.1126/science.107
8498

Stephens, D. W., Mclinn, C. M., and Stevens, J. R. (2006). Effects of temporal
clumping and payoff accumulation on impulsiveness and cooperation. Behav.
Proc. 71, 29-40. doi: 10.1016/j.beproc.2005.09.003

Steudte-Schmiedgen, S., Wichmann, S., Stalder, T., Hilbert, K., Muehlhan,
M., Lueken, U, et al. (2017). Hair cortisol concentrations and cortisol
stress reactivity in generalized anxiety disorder, major depression and their
comorbidity. J. Psychiatric Res. 84, 184-190. doi: 10.1016/j.jpsychires.2016.09.
024

Streit, F., Memic, A., Hasandedic, L., Rietschel, L., Frank, J., Lang, M., et al.
(2016). Perceived stress and hair cortisol: differences in bipolar disorder and
schizophrenia. Psychoneuroendocrinology 69, 26-34. doi: 10.1016/j.psyneuen.
2016.03.010

Teicher, M. H., Andersen, S. L., Polcari, A., Anderson, C. M., Navalta, C. P.,
and Kim, D. M. (2003). The neurobiological consequences of early stress and
childhood maltreatment. Neurosci. Biobehav. Rev. 27, 33-44. doi: 10.1016/
$0149-7634(03)00007- 1

Teicher, M. H., Glod, C. A, Surrey, J., and Swett, C. Jr. (1993). Early childhood
abuse and limbic system ratings in adult psychiatric outpatients. J. Neuropsych.
Clin. Neurosci. 5, 301-306. doi: 10.1176/jnp.5.3.301

Teicher, M. H., Tomoda, A., and Andersen, S. L. (2006). Neurobiological
consequences of early stress and childhood maltreatment: are results from
human and animal studies comparable? Ann. NY Acad. Sci. 1071, 313-323.
doi: 10.1196/annals.1364.024

Tiihonen, J., Wahlbeck, K., and Kiviniemi, V. (2009). The efficacy of lamotrigine
in clozapine-resistant schizophrenia: a systematic review and meta-analysis.
Schizophr. Res. 109, 10-14. doi: 10.1016/j.schres.2009.01.002

van Os, J., Rutten, B. P., and Poulton, R. (2008). Gene-environment interactions
in schizophrenia: review of epidemiological findings and future directions.
Schizophr. Bull. 34, 1066-1082. doi: 10.1093/schbul/sbn117

van Winkel, R., Stefanis, N. C., and Myin-Germeys, 1. (2008). Psychosocial stress
and psychosis. A review of the neurobiological mechanisms and the evidence
for gene-stress interaction. Schizophr. Bull. 34, 1095-1105. doi: 10.1093/schbul/
sbn101

Varese, F., Smeets, F., Drukker, M., Lieverse, R., Lataster, T., Viechtbauer, W., et al.
(2012). Childhood adversities increase the risk of psychosis: a meta-analysis of
patient-control, prospective- and cross-sectional cohort studies. Schizophr. Bull.
38, 661-671. doi: 10.1093/schbul/sbs050

Walker, E. F., and Diforio, D. (1997). Schizophrenia: a neural diathesis-stress
model. Psychol. Rev. 104, 667-685. doi: 10.1037/0033-295x.104.4.667

Weidenauer, A., Bauer, M., Sauerzopf, U., Bartova, L., Praschak-Rieder, N., Sitte,
H. H., et al. (2017). Making sense of: sensitization in schizophrenia. Int. J.
Neuropsychopharmacol. 20, 1-10. doi: 10.1093/ijnp/pyw081

Yuii, K., Suzuki, M., and Kurachi, M. (2007). Stress sensitization in schizophrenia.
Ann. NY Acad. Sci. 1113, 276-290. doi: 10.1196/annals.1391.013

Zung, W. W. (1971). A rating instrument for anxiety disorders. Psychosomatics 12,
371-379. doi: 10.1016/S0033-3182(71)71479-0

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.

Copyright © 2022 Bob, Touskova, Pec, Raboch, Boutros and Lysaker. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychology | www.frontiersin.org

April 2022 | Volume 13 | Article 804628


https://doi.org/10.1038/nrn2370
https://doi.org/10.2165/00023210-200822010-00003
https://doi.org/10.1016/j.yebeh.2011.03.011
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1093/schbul/13.2.261
https://doi.org/10.1176/jnp.12.3.328
https://doi.org/10.1176/jnp.12.3.328
https://doi.org/10.3389/fpsyt.2017.00055
https://doi.org/10.3389/fpsyt.2017.00055
https://doi.org/10.1210/en.2012-1226
https://doi.org/10.1007/s00441-006-0284-3
https://doi.org/10.1016/s0091-3057(96)00448-0
https://doi.org/10.1007/BF02740751
https://doi.org/10.1111/j.1749-6632.1997.tb48287.x
https://doi.org/10.1111/j.1749-6632.1997.tb48287.x
https://doi.org/10.1016/j.neubiorev.2016.12.013
https://doi.org/10.1093/schbul/sbv190
https://doi.org/10.1016/0920-1211(92)90073-3
https://doi.org/10.1016/j.psyneuen.2011.09.009
https://doi.org/10.1016/j.psyneuen.2011.09.009
https://doi.org/10.1016/j.psyneuen.2003.08.011
https://doi.org/10.1016/j.psyneuen.2003.08.011
https://doi.org/10.25011/cim.v30i5.2894
https://doi.org/10.1192/bjp.146.1.81
https://doi.org/10.1016/j.psyneuen.2016.12.017
https://doi.org/10.1126/science.1078498
https://doi.org/10.1126/science.1078498
https://doi.org/10.1016/j.beproc.2005.09.003
https://doi.org/10.1016/j.jpsychires.2016.09.024
https://doi.org/10.1016/j.jpsychires.2016.09.024
https://doi.org/10.1016/j.psyneuen.2016.03.010
https://doi.org/10.1016/j.psyneuen.2016.03.010
https://doi.org/10.1016/s0149-7634(03)00007-1
https://doi.org/10.1016/s0149-7634(03)00007-1
https://doi.org/10.1176/jnp.5.3.301
https://doi.org/10.1196/annals.1364.024
https://doi.org/10.1016/j.schres.2009.01.002
https://doi.org/10.1093/schbul/sbn117
https://doi.org/10.1093/schbul/sbn101
https://doi.org/10.1093/schbul/sbn101
https://doi.org/10.1093/schbul/sbs050
https://doi.org/10.1037/0033-295x.104.4.667
https://doi.org/10.1093/ijnp/pyw081
https://doi.org/10.1196/annals.1391.013
https://doi.org/10.1016/S0033-3182(71)71479-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 29 April 2022
doi: 10.3389/fpsyg.2022.859234

OPEN ACCESS

Edited by:
Ricardo R. Garcia,
University of Chile, Chile

Reviewed by:

Gabriele Nibbio,

University of Brescia, Italy

Giulia Agostoni,

Vita-Salute San Raffaele University,
Italy

Gwenole Loas,

University of Picardie Jules Verne,
France

*Correspondence:
Tae Young Lee
tylee@pusan.ac.kr

Specialty section:

This article was submitted to
Neuropsychology,

a section of the journal
Frontiers in Psychology

Received: 21 January 2022
Accepted: 21 March 2022
Published: 29 April 2022

Citation:

Kim E, Gooding DC and Lee TY
(2022) Validation of the Korean
Version of the Anticipatory

and Consummatory Interpersonal
Pleasure Scale in Non-help-seeking
Individuals.

Front. Psychol. 13:859234.

doi: 10.3389/fosyg.2022.859234

Check for
updates

Validation of the Korean Version of
the Anticipatory and Consummatory
Interpersonal Pleasure Scale in
Non-help-seeking Individuals

Eunhye Kim', Diane C. Gooding?? and Tae Young Lee’#*

" Department of Psychiatry, Yangsan Hospital, Pusan National University, Yangsan, South Korea, ¢ PATHS Laboratory,
Department of Psychology, University of Wisconsin-Madison, Madison, W, United States, ° Department of Psychiatry,
University of Wisconsin-Madison, Madison, WI, United States, * Research Institute for Convergence of Biomedical Science
and Technology, Yangsan Hospital, Pusan National University, Yangsan, South Korea

The Anticipatory and Consummatory Interpersonal Pleasure Scale (ACIPS) is a
psychometric instrument that has been used to indirectly measure social anhedonia
in many cross-cultural contexts, such as in Western (US), European (French, Spanish),
Eastern (Chinese), and Israeli samples. However, little is known about the psychometric
properties of the ACIPS in Korean samples. The primary goal of this study was to
validate the Korean version of the ACIPS among non-help-seeking individuals. The
sample consisted of 307 adult individuals who had no current or prior psychiatric
history. Participants were administered the ACIPS, along with the Behavioral Inhibition
and Behavioral Activation Scales (BIS/BAS) and Beck Depression Inventory (BDI). We
examined the association of the total ACIPS scores with the other measures. The ACIPS
showed good internal consistency. We also explored the factor structure of the Korean
translation of the ACIPS using principal component analysis with Promax rotation and
Kaiser normalization. Factor analysis yielded a three-factor structure that accounted
for 58.8% of the variance. The three-factor model included the following subdomains:
interactions involving close relationships, casual interactions, and interactions involving
family members. Total BAS and BIS scores were significantly associated with total
ACIPS scores, while BDI scores were inversely associated with total ACIPS scores.
The current research indicates that the Korean version of the ACIPS is a useful and valid
scale. Future directions include using the Korean translation of the ACIPS to elucidate
the varying degrees of hedonic capacity in psychiatric patients.

Keywords: Anticipatory and Consummatory Interpersonal Pleasure Scale (ACIPS), social anhedonia, social
reward, validation, interpersonal pleasure

INTRODUCTION

Schizophrenia is a severe and persisting mental illness characterized by a neurocognitive deficits,
functional decline, and a constellation of positive and negative symptoms, with up to 60%
of patients experiencing negative symptoms (Correll and Schooler, 2020). Negative symptoms
include anhedonia, apathy, avolition, blunted or restricted affect, and attentional impairment
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(Andreasen, 1982; Bobes et al., 2010). Anhedonia, defined as
the absence or diminution of the ability for pleasure, is one
of the prominent symptoms of patients with major depressive
disorder and schizophrenia (Andreasen, 1982; Leventhal et al.,
2006; Winograd-Gurvich et al,, 2006; Horan et al, 2008;
Zhornitsky et al., 2012).

There is increasing evidence that social anhedonia, i.e.,
decreased interest in and/or reduced reward from social
interactions, is distinct from other forms of anhedonia (Gooding
and Pflum, 2014a,b, 2022). Social anhedonia is an indicator of
heightened risk for the later development of a schizophrenia-
spectrum disorder (Kwapil, 1998; Gooding et al., 2005, 2007). It
appears across all phases of schizophrenia-spectrum disorders,
including the prodromal phase (e.g., Jhung et al, 2016).
Findings from patients (e.g., Blanchard et al., 2001; Ritsner
et al., 2018), first-degree relatives of patients with schizophrenia
(e.g., Docherty and Sponheim, 2014; Umesh et al., 2018), and
psychometrically identified schizotypes (e.g., Gooding et al,
2005) provide compelling evidence that social anhedonia is
a trait-related symptom for many individuals within the
schizophrenia spectrum. Thus, evaluating social anhedonia can
be crucial in terms of understanding contributory aspects
underlying schizophrenia-spectrum disorder.

Social anhedonia is also observed among several other forms
of psychopathology (Barkus and Badcock, 2019; Liang et al., 2020;
Gooding and Pflum, 2022). Currently, there is strong evidence
that social anhedonia is a state-related symptom in patients
with depressive disorder, though there are increasing reports of
social anhedonia in autism, eating disorders, post traumatic stress
disorder (PTSD), and substance use disorders. While there are
several self-report measures designed to assess anhedonia, to date
there are two validated scales specifically designed to measure
social anhedonia. The Revised Social Anhedonia Scale (RSAS;
Eckbland et al., 1982) is a direct measure of social anhedonia,
whereas the Anticipatory and Consummatory Interpersonal
Pleasure Scale (ACIPS; Gooding and Pflum, 2014ab) is an
indirect measure. Scores on the RSAS and ACIPS are strongly and
negatively correlated with each other, though the two measures
tap distinct aspects of social anhedonia (Gooding and Pflum,
2014a,b; Gooding et al, 2015, 2017). Some characteristics of
the ACIPS distinguish it from the RSAS. First, the ACIPS was
developed to assess individual differences in social pleasure,
while the RSAS was originally developed to detect proneness to
develop psychosis. Second, the ACIPS contains more updated
content, measuring individuals’ ability to experience pleasure
from social and interpersonal interactions that occur either
in person or remotely (e.g., while texting). Recently, bivariate
biometric analyses on twin data revealed that the ACIPS captures
unique heritable contributions to social/interpersonal pleasure,
in addition to sharing genetic variance with other self-report
measures of positive affect (Gooding et al., 2021).

The ACIPS has been used in many cross-cultural contexts,
such as in Western (US), European (Spanish), Eastern (Chinese),
and Middle East (Israeli) samples. The internal consistency of
the ACIPS has been high across all these contexts, regardless
of whether the ACIPS was administered in English, European
Spanish, Mandarin Chinese, or Hebrew, with ordinal alpha

ranging from 0.85 to 0.96 (Chan et al., 2016; Gooding et al., 2016,
2017; Ritsner et al., 2018).

A few studies of the psychometric properties of the ACIPS
have been conducted in cross-cultural contexts. For example,
one research group (Gooding et al., 2016) examined the factor
structure and construct validity of the ACIPS in a non-clinical
Spanish adult sample. Using parallel analysis and maximum
factor extraction, their analysis revealed a three-factor solution:
Intimate Social Relations, Social bonding in the Context of
Media, and Casual Socializing. Chan et al. (2016) examined the
factor structure of the ACIPS in their non-clinical Chinese adult
sample while also relying upon parallel analysis. They found a
four factor structure characterized by Friendship, Family and
Intimacy-Related Relationships, General Social Interactions, and
Casual Interactions/Conversations. Chaix et al. (2017) compared
one-, two-, and three- factor models using estimate fit testing for
the French translation of the ACIPS. The best fitting solution was
a three-factor model identifying Intimate Social Relations, Group
Social Interactions, and Social Bonding and Making Connections
as the factors. Thus far, there have been three cross-cultural
validations of the ACIPS and they have been consistent in
indicating the overall robustness of the measure.

Until now, the ACIPS has not been administered to any
Korean samples. Prior to using the ACIPS in studies of Korean
patients with schizophrenia-spectrum disorders, it is imperative
that investigators first validate a Korean translation of the scale
in a non-clinical sample. Therefore, the goal of the present study
was to validate the Korean translation of the ACIPS for use
with Korean populations. Given the previous findings that the
translated versions of the ACIPS, like the original English version,
are characterized by high internal consistency, we predicted that
the Korean translation of the ACIPS would also be characterized
by high internal consistency. We also hypothesized that factor
analysis of the Korean translation of the ACIPS would reveal at
least three but no more than four factors which could account for
atleast 50% of the variance. As a further examination of construct
validity and measure of fidelity with the original English version
of the ACIPS, we also examined the relationship between the
Korean translation of the ACIPS with other measures of approach
(the BAS), withdrawal (BIS), and affect (the BDI). Based on
prior research (Gooding and Pflum, 2014b; Gooding et al., 2016,
2021), we expected the Korean version of the ACIPS to be
associated with a measure of approach and reward sensitivity
(i.e., the BAS) and withdrawal (the BIS) and inversely associated
with a measure of negative affect (the BDI). No other a priori
predictions were made.

MATERIALS AND METHODS

Participants

The sample consisted of 307 (108 male, 199 female) non-clinical
participants who were recruited from an online survey platform
in South Korea in August 2021. These participants had previously
agreed to be notified about survey opportunities through email
announcements. After enrolling in the online survey platform,
participants who met study criteria were invited to take the
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questionnaires. All participants were aged 17 years and older; the
mean age of the sample was 25.1 (+ 1.01) years. Exclusion criteria
included no current or prior psychiatric history. The study was
conducted as an online survey, with all individuals providing
their informed consent through button press after the study
was explained to them. This study was approved by the ethics
committees of the Pusan National University and the Yangsan
Hospital Institutional Review Board.

Measures

The investigation included the following questionnaires: the
Anticipatory and Consummatory Interpersonal Pleasure Scale
(ACIPS; Gooding and Pflum, 2014a,b), the Behavioral Inhibition
and Behavioral Activation Scales (BIS/BAS; Carver and White,
1994), and the Beck Depression Inventory-II (BDI-II; Beck et al.,
1996b).

The ACIPS is an indirect measure of social anhedonia that is
suitable for use in patient groups and non-clinical samples as well
as different age groups (i.e., children, adolescents, and adults).
The adult version of the ACIPS (Gooding and Pflum, 2014a,b) is a
17-item self-report measure in which hedonic capacity for social
and interpersonal engagement is rated on a Likert-like scale of
1 (“very false for me”) to 6 (“ very true for me”). Lower scores
are associated with higher levels of social anhedonia. Translation
of the ACIPS from English to Korean was conducted according
to the international guidelines for translation of psychological
measures (Hambleton et al., 2005). Two bilingual academic
psychologists independently translated the ACIPS from English
to Korean. The translations were reconciled and subsequently
back-translated by an independent translator (another bilingual
academic psychologist) in English who had not previously seen
the original English version of the questionnaire. The back
translations were reviewed with the primary developer of the
measure (DCG) to verify the conceptual equivalence between the
English and Korean versions of the ACIPS.

The Korean version of the BIS/BAS was used to examine
convergent validity (Carver and White, 1994). The BIS/BAS
consisted of 24 items that were rated on a Likert-type scale
from 1 (very true) to 4 (very false). The BAS consisted of
three subscales: Reward Responsiveness, Drive, and Sensation
Seeking. The ordinal alpha for the BIS was 0.84. The ordinal
alpha values for the BAS were 0.70, 0.69, and 0.80 for the Reward
Responsiveness, Fun-Seeking, and Drive subscales, respectively.

The BDI-II (Beck et al., 1996a) is a self-report questionnaire
based on the symptoms described by the Diagnostic and
Statistical Manual of Mental Disorders-IV. The BDI consists
of 21 items, in which four response options range from 0 to
3. Higher scores reflect greater symptom severity. The BDI
showed a high level of internal consistency. The ordinal alpha for
the BDI was 0.95.

Statistical Analysis

We conducted an exploratory factor analysis on the ACIPS items
using principal component analysis with Promax rotation and
Kaiser normalization. We examined the internal consistency for
the ACIPS, BAS/BIS, and BDI by calculating the ordinal version
of alpha coefficients (Zumbo et al., 2007) because the measures

had Likert-type response scales. We evaluated the construct
validity of the ACIPS by examining the association of the total
ACIPS scores with the BAS, BIS, and BDI total scores. All
p-values are two-tailed. We used Meng’s test (Meng et al., 1992)
to compare the strength of the correlations between the self-
report measures. We used SPSS version 27 to perform the Meng’s
test. The remaining data analyses were performed using R v4.1.2
statistical package.

RESULTS

Demographics

Table 1 provides the demographic data for the sample.
Independent samples ¢-test revealed that the mean total ACIPS
scores of male (70.04 £ 15.25) and female participants
(68.10 + 15.12) did not differ significantly, t (305) = 1.91, p = 0.26.
Although the ages of participants ranged from 17 to 35 years,
we observed no correlation between age and total ACIPS score
in our sample, r = —0.02, p = 0.70. Accordingly, there was
no significant between-group difference when participants were
classified according to age, F(2, 304) = 0.33, p = 0.72.

Internal Consistency

The total ACIPS showed good internal consistency, with an
ordinal coeflicient of 0.94. As expected, the ACIPS items
assessing anticipatory pleasure were significantly associated with
the ACIPS items assessing consummatory pleasure (r = 0.56,
p < 0.001).

Factor Structure of the Korean
Translation of the Anticipatory and
Consummatory Interpersonal Pleasure

Scale

We explored the factor structure of the Korean translation of
the ACIPS using factor analysis. Promax rotation of the ACIPS
factor loadings using Kaiser normalization revealed a three-factor
structure which together accounted for 58.81% of the variance.
All three factors assessed both anticipatory and consummatory
aspects of pleasure (Table 2). As indicated in both Table 2
and Figure 1, nine ACIPS items loaded onto Factor I (close

TABLE 1 | Mean Anticipatory and Consummatory Interpersonal Pleasure Scale
(ACIPS) scores by demographic group.

Total sample (n = 307) Mean SD

Sex

Male 108 70.04 15.25
Female 199 68.1 156.12
Age

17~19 14 71.73 15.78
20~29 134 68.31 15.06
30~35 159 68.91 15.28

Scores on the adult version of the ACIPS (Gooding and Pflum, 2014a,b) can range
from 17 to 102, with lower scores reflecting greater likelihood of social anhedonia.
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relationships), which accounted for 47.13% of the variance.
Factor II (casual interactions) contained six items, assessing
social and interpersonal interactions of a more casual nature
and accounted for 6.06% of the variance. Factor III (interactions
concerning family members) contained only two ACIPS items
but accounted for 5.61% of the variance in the total ACIPS scores.
The first two factors appeared to be more highly correlated than
the third factor (Table 3).

Convergent and Discriminant Validity

Table 4 provides the descriptive statistics for the ACIPS, BAS/BIS,
and BDI. To establish the convergent validity of the Korean
translation of the ACIPS, we examined the associations between
the ACIPS and a measure of approach-related affective behavior,
namely, the BAS. Scores on the BAS were significantly correlated
with ACIPS scores, r = 0.47, p < 0.01. The BIS of the BIS/BAS
showed a small but significant association with total ACIPS
scores, ¥ = 0.03, p < 0.01. Further analyses revealed that the
correlation between total ACIPS scores and total BAS scores was
significantly stronger than the association between total ACIPS
scores and total BIS scores, Z = 5.50, p < 0.001.

Total BDI scores were inversely associated with total ACIPS
scores (r = —0.36, p < 0.01). The association between total ACIPS
scores and BAS scores was stronger than the association between
ACIPS scores and BDI scores, Z = 7.24, p < 0.001.

DISCUSSION

The main goal of this study was to validate the Korean translation
of the ACIPS for use with Korean-speaking groups. This study
provides the first evidence of cross-cultural validity of the ACIPS

TABLE 2 | Factor structure and loading of the ACIPS.

ACIPS item Factor 1 Factor Il Factor Il
Close Casual Family
relationships interactions relationships
4, 0.748 -0.007 0.070
5. 0.859 -0.207 0.101
6. 0.593 0.124 0.090
7. 0.750 -0.015 0.079
8. 0.539 0.226 0.023
10. 0.628 -0.024 0.257
1. 0.594 0.262 -0.083
12. 0.865 -0.038 -0.079
15. 0.629 0.338 -0.234
1. 0.050 0.562 0.191
9. -0.134 0.713 0.279
13. -0.145 0.899 0.022
14. 0.300 0.493 -0.028
16. 0.199 0.620 -0.245
17. 0.027 0.742 0.019
2. 0.204 0.185 0.533
3. -0.012 0.049 -0.858

Rotated component matrix for the Korean version of the ACIPS. Extraction
Promax  with Kaiser

method = principal component analysis; rotation

normalization; variance explained = 58.81%. The items that load on each factor
are in boldface. ACIPS, Anticipatory and Consummatory Interpersonal Pleasure
Scale; A, anticipatory pleasure item; C, consummatory pleasure item.

in a Korean-speaking context. Specifically, the results of the
present study demonstrate that the adult version of the ACIPS
could be successfully adapted from American English to Korean
with semantic, linguistic, and contextual equivalence.

Factor |

Close

relationships

0.709%*

Factor Il

Casual

interactions

0.374%*

Factor III

Family

relationships

FIGURE 1 | Three-factor model for the Korean translated ACIPS. **p < 0.01.
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Our results revealed that the Korean translation of the adult
version of the ACIPS had good internal consistency, as evidenced
by the ordinal alpha coefficient. Results of exploratory factor
analysis indicated a three-factor solution, namely, interaction
in the context of close relationships, casual interactions, and
family-related interactions. This factor structure is consistent
with prior results of factor analyses conducted on different
translations of the ACIPS. Overall, it appears that the ACIPS
taps various types of social and interpersonal pleasure, including
casual and intimate social interactions. It also appears that
the factors include both anticipatory and consummatory items,
rather than the ACIPS scale being subdivided into anticipatory
and consummatory subdomains by factor analysis.

We did not observe any age effects on total ACIPS scores.
However, there was not a large age range in the sample.
Surprisingly, we did not observe any sex difference in the
present sample. In prior reports based on adult samples, female
respondents reported higher levels of social and interpersonal
pleasure than males, regardless of age, or proportion of males
in the sample. This pattern of sex difference was observed
in American samples (Gooding et al., 2015), Spanish samples
(Gooding et al., 2016), and Chinese samples (Chan et al,
2016). It is unclear whether the lack of sex differences in this
Korean sample reflects a more “non-traditional” attitude toward
gender roles in Korea (Choe, 2017) or whether it reflects a
greater likelihood of a dampening of social pleasure amongst our
female respondents.

In terms of total ACIPS mean scores, we observed lower mean
scores in our Korean sample compared to other community-
based adult samples, whether in the US (Bedwell et al., 2014;
Gooding et al.,, 2015) or in China (Liang et al., 2020). We tried
to identify reasons for the apparent differences in the mean total
ACIPS scores. The differences in total mean scores cannot be
attributed to differences in mode of survey administration (i.e.,
online versus in-person survey administration) because Gooding
et al. (2015) used a similar mode of survey administration as
the present study. One potential source of difference between the
mean total ACIPS scores of the present sample (68.78 % 15.17),
the American sample of 305 adults (79.36 &+ 13.40), and the
Chinese sample of 74 adults (M = 74.1 &+ 12.04) is the fact that
our data collection occurred in the midst of the SARS-COVID-19
pandemic. This global epidemic may have had a dampening effect
on the collective joie de vivre of an entire population. Indeed, it
will be important to conduct further investigations of non-patient
community-derived adults to determine whether these findings
of relatively lowered total ACIPS scores reflect something about
the sample itself or whether they reflect a cohort effect.

The Korean translation of the ACIPS displayed good construct
validity. The total ACIPS scores were positively associated with
total BAS scores, consistent with prior findings based on English
versions of the measures (Gooding and Pflum, 2014a,b). The
ACIPS was inversely associated with the BDI-II, consistent with
a prior finding based on the Spanish version of ACIPS (Gooding
et al,, 2016). In the Spanish sample, participants who reported no
or few depressive symptoms had significantly higher total ACIPS
scores than those who reported moderate-to-severe depressive
symptoms (Gooding et al., 2016). In terms of convergent validity,

TABLE 3 | Correlations between the ACIPS factors.

Factor | Factor Il Factor Il
Factor | 1.000
Factor Il 0.709** 1.000
Factor Ill 0.402** 0.374** 1.000

Associations between the Korean translation of the ACIPS factors. The three
factors were empirically derived from factor analysis and are as follows: Factor
I, close relationships; Factor Il, casual interactions; Factor lll, family relationships.
All together, these factors accounted for 58.81% of the total variance.

ACIPS, Anticipatory and Consummatory Interpersonal Pleasure Scale.

“*p < 0.01.

TABLE 4 | Descriptive statistics for the psychometric measures (Mean =+ SD).

Total sample Males Females
(n = 307) (n =108) (n =199)
Total ACIPS 68.78 (15.17) 70.04 (15.25) 68.10 (15.12)
Anticipatory 27.84 (5.49) 27.95 (5.98) 27.78 (5.23)
Consummatory 40.61 (9.27) 41.73 (9.49) 39.99 (9.13)
BAS 37.74 (6.77) 32.19 (7.08) 31.50 (6.59)
Reward 5.63 (1.4)
responsiveness 9.05 (2.31)
Fun seeking 10.02 (2.57)
Drive
BIS 17.15 (3.24) 16.19 (3.44) 17.67 (3.01)
BDI-II 37.71 (10.99) 32.19 (7.08) 31.5 (6.59)

Descriptive statistics are provided for the self-report measures used in the
investigation: ACIPS, Anticipatory and Consummatory Interpersonal Pleasure Scale
(Gooding and Pflum, 2074a,b); BAS, Behavioral Activation Scale (Carver and
White, 1994); BIS, Behavioral Inhibition Scale (Carver and White, 1994); and BDI-II,
Beck Depression Inventory-Il (Beck et al., 1996a). Mean subscale scores for the
ACIPS and the BAS are also provided. The group means (and standard deviations)
are provided for the total sample as well as male and female participants separately.

we expected that the ACIPS would be more closely related to
measures of approach activation (i.e., the BAS) and inversely
associated with scales that included direct measurement of
anhedonia (i.e., the BDI) compared to measures of inhibition
(i.e., the BIS).

Limitations

There are a few limitations in the present study. First, we
conducted this study using an online survey. We do not think
this affected the results, given that online data collection can
be an effective and valid means of data collection. However,
it should be noted that all of the measures involved self-
reported feelings, attitudes, and emotions. The self-report
approach assumes that respondents can accurately reflect
upon and rate their affective experiences. There are data
that indicate a relationship between self-reported social and
interpersonal pleasure using the ACIPS and electromyograhic
response (Kadison et al., 2014). Although the participants were
limited to those without current or prior psychiatric history,
there was no other clinical characterization of the sample.
In the future, it would be helpful to measure participants’
personality traits and clinical functioning to study the correlates
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of social hedonic capacity. Another potential limitation of the
present study concerns our inclusion of some 17-year-olds in
the sample. These individuals were included because they had
matriculated from high school and therefore were considered
“adult status.” We do not think this is a major limitation, given
that only 3 of 307 (0.97%) participants fell into this category.

Future Directions

The Korean translation of the ACIPS is now ready to be used
in clinical populations, such as persons living with schizophrenia
and groups of individuals with lived experience of severe mental
illness. One of the advantages of the ACIPS is its temporal
stability (r = 0.78; Gooding and Pflum, 2014b) over a period
of approximately 5-8 weeks. This suggests that the ACIPS is
suitable for use in evaluating patients before and after targeted
intervention. Working memory impairments are posited to
serve as a key contributor to social anhedonia in schizophrenia
(Gooding, 2022; Gooding and Pflum, 2022). As such, any
evidence-based interventions such as cognitive remediation (see
Vita et al.,, 2021), which might be effective in improving the
cognitive functioning of people with schizophrenia, may partly
ameliorate some of their social anhedonia.

Similarly, impairments in social cognition may cause or
exacerbate the social anhedonia that characterizes many
individuals with serious and persistent mental illness, including,
but not limited to, schizophrenia-spectrum disorders (Favrod
et al, 2019; Gooding and Pflum, 2022). There is a paucity of
research in this area. Interventions which target social cognition
and include the ACIPS pre- and post-intervention along with
behavioral measures of in vivo social interactions would be
useful in this regard.

CONCLUSION

Our results indicated that the ACIPS showed good construct
validity in the Korean population. Future directions include using
the Korean translation of the ACIPS to elucidate the varying
degrees of hedonic capacity in patients with psychiatric disorders.
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Disturbances in social cognition are a core feature of schizophrenia. While most research
in the field has focused on emaotion perception, social knowledge, theory of mind, and
attribution styles, the domain of social perception has received little specific attention. In
this paper, we suggest that this issue can be explained by the lack of a precise and unitary
definition of the concept, this leads to the existence of different competing uses of the
concept and their conflation with other domains of social cognition. Relying on resources
coming from the ecological approach to psychology and the phenomenological tradition
in psychiatry, we propose that the concept of Social Perception should be used to refer
to low-level pre-reflective processes underlying the awareness of interpersonal interactions
with and between others. Clinical data suggests that people with schizophrenia have
problems perceiving social situations as opportunities for social engagement, so, in order
to fulfil this explanatory need, we propose that the term should be used to capture this
important —yet neglected —domain of social cognition. We conclude with the discussion
of some future directions for research derived from our proposal.

Keywords: social cognition, social perception, social affordances, psychosis, schizophrenia

THE SOCIAL DIMENSION OF SCHIZOPHRENIA

Schizophrenia is linked to a number of social difficulties, among them, reduced capacity for
close relationships (Budziszewska et al., 2020), decrease in obtaining and keeping jobs (Hakkaart-van
Roijen et al, 2015), decreased engagement in social activities (Bellack et al., 2007), and, in
general, a less adequate social functioning (Gorostiaga et al, 2017). Although there is an
important degree of causal overlapping with a general deficit in individual cognitive performance,
most of these problems have been attributed to poor functioning in social cognition (Schmidt
et al, 2011; Halverson et al, 2019). As a theoretical construct, social cognition has been
defined as the ability to perceive, interpret, and process social information in real-world settings,
or the capacity to be able to construct representations of the relationship between oneself and
others and flexibly use these representations to guide social behavior (Green et al., 2008).
Disturbed social cognition does not only limit the possibilities of an adequate psychosocial
functioning in schizophrenia, but it also can lead to (a) distorted interpretations of the emotions
and intentions of others in non-psychotic populations, and (b) false attribution of these emotions
and intentions in neutral social contexts, predisposing genetically vulnerable subjects to develop
psychotic symptoms (Mier and Kirch, 2017).
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Over the last years, impairments in social cognition have
been recognized as a core feature of schizophrenia (Green
et al., 2015; Javed and Charles, 2018; Montag et al., 2020;
D’Arma et al., 2021). Certainly, there are many processes involved
in perceiving, interpreting, and generating responses to others
intentions, dispositions, and behaviors; in this context, most
described evidence point toward impairments in emotion
perception, social perception, social knowledge, theory of mind,
and attributional style (Ochsner, 2008; Haut et al., 2020; Montag
et al., 2020). Broadly speaking, emotion perception has been
regarded as the ability to identify the emotions of others
accurately; social knowledge refers to the ability to perceive,
understand, and appraise implicit and explicit social roles, rules,
and context; theory of mind is conceptualized as the ability
to interpret someone’s speech or bodily actions in terms of
their intentions; and, finally, the concept of attributional style
refers to the usual mode of explaining events as a consequence
of internal (personal), external (another person), or situational
factors (Green et al, 2008; Savla et al., 2013; Montag et al,
2020). From an experimental point of view, research has shown
that people with schizophrenia exhibit impaired recognition
of emotions conveyed through facial expressions and verbal
communication (Savla et al., 2013; Green et al, 2015). They
also present problems representing affective mental states, but
not more than straightforward cognitive mental states (Savla
et al., 2013).

However, it is important to note that little to no research
has been dedicated to the understanding of specific problems
in social perception. In this paper, we first argue that this
shortage in specific research might be explained as a consequence
of the lack of a precise and unitary definition of the concept,
thus leading to the existence of different competing uses of
the notion and their conflation with other domains of social
cognition which depend heavily on cognitive processes by
which the subject interprets and understands the surrounding
environment. Instead, we define social perception as one of
the most fundamental functions of being in the world with
others. On our view, altered social cognition would be a
fundamental feature of schizophrenia as it has been described
and linked to the origin of psychotic and deficit symptoms
within the classic and contemporary phenomenological tradition
in psychopathology (Kraepelin, 1904; Jaspers, 1948; Minkowski,
1966; Blankenburg, 1971; Fuchs, 2015a; Van Duppen, 2017;
Parnas et al., 2021, among many others). In our view, psychotic
symptoms such as delusions and hallucinations would not only
imply disturbed ideas, thoughts, or perceptions. They would
also include the impossibility of modifying or relativizing those
mental states by sharing them in a common space with others.
At the same, negative symptoms would be more than a deficit
of expression or motivational drive; they would also be a failure
to perceive the opportunity to interact and generate a shared
lived reality with others. From a therapeutic point of view,
incorporating the notion of a failure of social perception would
broaden the current focus of treatment from improving the
patient’s cognitive abilities to better understand the world in
front of them, to improving their abilities to be in the world
with others.

By relying on resources coming from the ecological approach
to psychology—especially on the concept of affordance—and the
phenomenological tradition in psychiatry, we propose that the
concept of Social Perception should be used to refer to low-level
pre-reflective processes underlying the awareness of interpersonal
interactions with and between others. Although direct empirical
evidence is lacking, we believe that people with schizophrenia
have problems perceiving social situations as opportunities for
social engagement. In other words, subjects have problems
perceiving social situations as social situations. For this reason,
we propose that the term social perception might be useful to
capture this important yet neglected domain of social cognition
that appears to be altered in schizophrenia (Cavieres et al., 2020).
Finally, we conclude by discussing some future directions for
research derived from our brief and explorative proposal.

THE MANY FACES OF SOCIAL
COGNITION

Definitions of Social Cognition found in the expert literature
tend to differ in scope and the conceptual background underlying
their main tenets. More importantly, these notions do not
only differ in the way the term is defined or in the emphasis
put on the social or individual aspects of social interactions;
they also differ in the way in which the concept might—or
might not—interact with other domains of social cognition.
For example, Allison et al. (2000, p. 267) try to highlight the
ability to rapidly perceive the intentions of others. The authors
suggest that “social perception is the initial stage of evaluating
intentions and psychological dispositions of others by analysis
of gaze direction, body movement, and other types of biological
motion.” In this view, social perception is—mostly—an evaluative
process aiming at translating behavioral clues into relevant
information to guide adequate responses in social settings.
Contrasting and emphasizing the importance of social context
in human interactions, McCleery et al. (2014, p. 54) claim
that social perception: “refers to identifying and utilizing social
cues to make judgments about social roles, rules, relationships,
context, or the characteristics (e.g., trustworthiness) of others”
In this view, social perception would have a more active nature
as it includes the process of identifying environmental cues.
However, it is not clear the way that this process of identification
is guided. McCleery et al. (2014, p. 54) also claim that social
perception: “includes social knowledge, which refers to one’s
knowledge of social roles, norms, and schemas surrounding
social situations and interactions” As a consequence, it is
difficult to identify the specific conceptual differences between
the notions of social knowledge and social perception. By
contrast, Jacob and Jeannerod (2005) offer a more restrictive
view of social perception and claim that only cues of actions
and intentions directed toward conspecifics (intentions to affect
the other’s behavior) should be included within the domain
of social perception.

In the context of the MATRICS initiative, Green and Leitman
(2008) define social perception as one’s ability to identify social
roles and context including relationship perception, which refers
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to the perception of the nature of relationships between people.
In the authors’ view, social knowledge would refer to the
awareness of the roles, rules, and goals that characterize specific
social situations and guide social interactions. Pinkham (2014,
p. 14), on the other hand, ignores this difference and
conceptualizes social perception as the decoding and
interpretation of social clues in others, including “the ability
to integrate contextual information and social knowledge into
judgments of others’ behaviors” Later on, Green et al. (2015)
would revise these definitions, employing the term perception
of social clues to refer to the ability to perceive the social
information in others’ faces, voices, and body movements,
including gait, posture, and gestures. Apparently excluding
context, the concept of social-clues perception is divided into
(a) facial perception refers to the decoding of affective information
from others’ facial expressions, and (b) vocal perception, defined
as the recognition and discriminating of acoustic properties
of speech and the respective affective information they convey.

A brief literature review reveals the existence of a number
of competing definitions of the notion of social perception,
and with this, the existence of different alternatives for the
way in which social perception might relate to other domains
of social cognition (especially social knowledge). A more
problematic issue seems to underlie this conceptual debate,
namely, the contradictory use of the two basic concepts of
the target debate, the concept of “social,” and the concept of
“perception” Within the debate, the concept of “social” is
commonly used as a synonym for interpersonal, namely, as
the source of information and the context in which this
information is relevant. At the same time, perception seems
to be used to refer to the initial impression caused by sensory
stimuli or the set of cognitive operations originating from
these stimuli. Contrasting with the many faces of the term
“social perception,” notions such as “social knowledge,” “theory
of mind,” “emotion perception and processing,” and “attributional
style” seem to be both better-defined and researched within
the domain of social cognition. Here, it is important to note
that none of the aforementioned domains of social cognition
specifically reflect, perhaps, one of the most relevant dimensions
when trying to understand social cognition-related phenomena,
namely, the capacity to perceive a social situation as social,
that is, as an instance of interaction with and among others.
In the next section, we will explore our proposal by looking
closer at the way in which humans perceive the social world.

EXPERIENCING THE SOCIAL WORLD:
HOW DO WE SOCIALLY PERCEIVE?

For human beings, the most prominent features in their
environment are other humans. Although the humans
we perceive in the environment might share some physical
properties with the rest of the material world, we perceive
them as different from mere material objects. We are aware
of other humans as having emotions and intentions, namely,
as having a mental life. However, the most striking difference
between humans and other things we perceive is that other

humans can meaningfully interact with us and other humans
in the environment. In fact, perceiving the emotions and
intentions of others helps us to understand these interactions
so we can adequately navigate the social world. In a certain
sense, situations become social when we become aware of
these actual or potential interactions. The world is experienced
as a social world as long as it offers opportunities for social
engagement. According to Heider (2005), the critical differences
between people and inanimate things are that as: (i) persons
have phenomenally private experiences such as perceptions,
imaginations, thoughts, feelings, and the like, which enable
them to act as “centers of action” on the basis of their internal
reasoning,' and additionally, (ii) people can establish a peculiar
functional closeness and interaction in social encounters if
they interact with each other.

Humans can rapidly perceive the emotions experienced by
others (emotional perception; Jang and Elfenbein, 2015) and
use them, together with other sources of information, to grasp
their internal reasoning (Castelli, 2015). Some suggest that
this process can take the form of a sequence where perceptual
inputs from sensory stimuli are used to generate inferential
interpretations of others’ minds (Goldman, 2006; Pérez-Osorio
et al., 2021). Others suggest that we can also perceive directly
(rather than inferring) other people’s intentions (Dokic, 2010;
Kiverstein, 2015; Gallagher, 2017). Arguably, this is to say that
we can perceive emotions and intentions in others, but such
stimuli become truly social when they are used for processing
cues of actions and intentions of a person directed to affect
others’ or our own behaviors.

Dokic (2010) describes two models of joint action with
other people. In the first, joint action depends on mind reading.
In the second, joint action involves the participants’
non-mentalizing perceptions of social affordances. Adapting
Gibson’s definition of the term (see Gibson, 1966, 1977, 1986),
we shall understand the term social affordances as the
combination of a subject’s features and possibilities for action
that people in the environment offer to her and someone else.
In this context, affordances can be either ego-centric when
the agent is the perceiver or allo-centric when it concerns
another agent. The latter type does not require mind reading
abilities; all that is needed is the ability to represent other
people and their bodily movements. Importantly, the perception
of allo-centric affordances for others’ actual or potential actions
could reveal previously unperceived ego-centric affordances
(and viceversa). This, in turn, would allow the emergence of
interpersonal affordances as opportunities for joint actions
integrating both ego and allo-centric aspects (Richardson
et al., 2007).

This proposal seems to be compatible with the neural
correlates of social information processing, comprising two
distinct systems: the “mirror neuron system” (MNS) and the
“mentalizing” system (MENT). Both systems are activated
during interaction or communication with other human beings

'It is important to note that Heider’s definition might also apply to animal
perception. However, an analysis of this issues goes beyond the focus on our
current work.
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in social encounters (Bickart et al, 2014; Vogeley, 2017;
Porcelli et al., 2019). However, although their precise functional
roles are still unclear, it has been proposed that the MNS
serves in early stages of social information processing related
to the “detection” of spatial or bodily signals, whereas the
MENT is recruited during later stages of social information
processing related to the “evaluation” of emotional and
psychological states of others (Vogeley, 2017; Geiger et al,
2019). While decreased connectivity has been observed both
within the MNS and the MENT in subjects with schizophrenia
compared to controls, only dysconnectivity of the MNS was
related to symptom severity as assessed by the PANSS general
and total scale. This could suggest differential patterns
contributing to interpersonal difficulties (Schilbach et al.,
2016). It has been argued that mirror neurons are linked to
the production of information about the observer’s own action
opportunities, rather than a representation of the other agent’s
intention. In Dokic’s terminology, mirror neurons underlie
ego-centric perceptual representations of what the observer
can do in a given situation generated from the perception
of others’ actions.

The aforementioned ideas can be connected with the way
in which the concept of “intersubjectivity” has been explored
within the phenomenological tradition. Fuchs (2015a) claims
that as: “Intersubjectivity in its full sense is thus based on
the ability to oscillate between an ego-centric, embodied
perspective on the one hand, and an allo-centric or decentered
perspective on the other, without thereby losing one’s bodily
center of self-awareness” (p. 179). Within this perspective,
intersubjectivity implies a continuous “co-construction of
meaning through mutual interaction and perspective taking”
(p. 179). Observing others and their actions immediately opens
the possibility of perceiving joint actions. This specific ability
to anticipate actual or potential interactions is what we propose
to call social perception, separating the term from the other
domains of social cognition mentioned in section 1. According
to Bickart et al. (2014), both the MNS and the MENT systems
interact with other three, partially distinct, brain networks
anchored in the amygdala; the network involved in the detection
and processing of social stimuli; the social affiliation network
and the social aversion network. Detection of social stimuli
is rapid and automatic and directs attention to socially salient
stimuli with subsequent activation of the other amygdala-
centered circuits promoting or inhibiting pro-social behavior
as well as the higher-order cognitive processes of the MENT
and MNS systems (Porcelli et al., 2019). In sum, information
about what others are doing is processed in our brains
differently and in parallel to information about what they
are feeling. Although this might sound like an oversimplification
of a still insufficiently understood process, the brain seems
to have a dynamic and hierarchical system of circuitries
involved in simpler forms of more automated processing, like
the immediate detection of socially relevant stimuli in amygdala-
centered circuits, and a partially overlapping circuitry involved
in the further interpretation of others actions, intentions, and
emotions requiring the activation of the MENT and
MNS systems.

HOW SOCIAL COGNITION GOES
WRONG IN SCHIZOPHRENIA?

The distinction between general cognitive deficits and social
cognitive functioning brought attention to the difficulties that
people with schizophrenia have in recognizing other people’s
expressions and their emotional states and intentions. However,
the lack of a more precise definition of social perception,
including its conflation with other domains of social cognition,
has resulted in a shortage in research on the specific problems
in perceiving and understanding social interactions. Savla et al.
(2013) reported the results of a meta-analysis of deficits in
different domains of social cognition compared to controls,
finding large effects for social perception, theory of mind,
emotion perception, and emotion processing. Using a different
classification, Green et al. (2015) found evidence of impairments
in the perception of social cues (face and prosody perception),
mentalizing and emotion regulation with emotion experience,
and motor resonance (activation of the MNS) and affect sharing,
largely intact in schizophrenia. Lee et al. (2013) reported that
people with schizophrenia can use contextual social information
provided to help them identify ambiguous facial expressions.
Nikolaides et al. (2016) investigated gaze behavior in
schizophrenia in relation to social interactions and its impact
on social and role functioning. When observing social interaction
scenes, subjects showed a shorter scan path length, fewer
fixations, and a shorter mean distance between fixations.
Furthermore, they exhibited fewer and shorter fixations on
faces, but neither on the socially informative bodies nor in
the background, suggesting a cue-specific abnormality.

Using a similar task, Sergi and Green (2003) and Sergi
et al. (2006) suggested that social perception in schizophrenia
is related to alterations in very early aspects of visual processing,
although their results were heavily influenced by the educational
status of the experimental subjects. Kitoko et al. (2020) report
the results of a study using an integrated social perception
and knowledge task on people with schizophrenia. Subjects
had reduced performance in interpretation and awareness of
social conventions. However, these deficits were not correlated
with the severity of clinical symptoms, and individual profiles
analyses showed a marked heterogeneity among subjects on
their abilities. Karpouzian et al. (2016) used a facial affect
perception task and video scenes of a single person displaying
different facial expressions, voice intonations, and bodily
gestures to evaluate social perception in a group of individuals
with schizophrenia; they concluded that high, but not low
functioning individuals have preserved social perception. In
our own research, we asked people with schizophrenia to
make sense of a scene depicting an ambiguous social situation
with faces, thoughts, and facts about the scene hidden from
view (Cavieres et al., 2020). Participants were required to
select a limited number of these items before providing an
answer. People with schizophrenia—as well as controls—had
a strong preference for knowing the thoughts of the characters
and their interpretations did not differ from the control group.
The results of this study suggest that, despite difficulties
perceiving clues about the mental state of others, people with
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schizophrenia use this information when trying to understand
social situations.

From a neurobiological perspective, Ebisch et al. (2017)
examined the relationship between task-evoked neural activity
during observation of social interaction and the functional
organization of self-related brain networks during the resting
state. Task-evoked activity in the dorsal posterior cingulate
cortex during social perception co-varied with dorsal posterior
cingulate cortex-ventromedial prefrontal cortex functional
connectivity during resting state in controls not in people with
schizophrenia. Using a different paradigm, they also reported
the involvement of the dorsolateral prefrontal cortex and superior
temporal sulcus in impaired social perception in schizophrenia.
What these results show is that people with schizophrenia
present problems in different and separate dimensions of social
cognition, not only in perceiving the emotions and mental
states of others and constructing hypotheses about their intentions
but also in perceiving potential or actual interactions. This
specific alteration might hinder the possibility of experiencing
a social world where interactions with others can be had
and shared.

The aforementioned idea seems to be present in some of
the earliest descriptions of schizophrenia (e.g., in the descriptions
offered by Bleuler and Minkowski). Later, psychopathological
descriptions of the condition seem to have focused on psychotic
symptoms and failures in the construction of the self. Nonetheless,
disturbances of basic self-awareness and attunement to the
social world seen in schizophrenia also impair the subject’s
ability to interact with others, not because they lack explicit
knowledge, inferential or ToM abilities, but rather, because
they seem to lack an implicit understanding of the “rules of
the social game”; a sense of proportion for what is appropriate,
likely and relevant in the social context (Fuchs, 2015a). From
a phenomenological perspective, disturbances of pre-reflective
self-awareness and embodiment—including a weakening of the
basic sense of self and a disruption of implicit bodily functioning
in the dimensions of both perception and action (Sass and
Parnas, 2003, 2007)—would lead to a fundamental disturbance
of the pre-reflective, embodied, and practical immersion of
the self in the (social) world (Van Duppen, 2017).

HOW CAN FAILURES IN SOCIAL
PERCEPTION LEAD TO PSYCHOTIC
SYMPTOMS?

Early authors within the phenomenological tradition in psychiatry
such as Bleuler, Kretschmer, and Minkowski considered
interpersonal difficulties as a fundamental psychotic vulnerability,
a hypothesis that has also been held by other authors in more
recent times (Fuchs, 2015a,b; Pienkos, 2015; Henriksen and
Nilsson, 2017; Van Duppen, 2017; Van Duppen and Feyaerts,
2020). All these authors seem to agree that, beyond difficulties
in other areas of social cognition, schizophrenia would
be characterized by a basic impairment in social perception
in the sense in which we have just defined it in the previous
sections. People with schizophrenia can recognize and identify

other human beings and their actions but experience difficulties
perceiving the interpersonal affordances of their presence. This
can be interpreted as an inability to generate an adequate
intersubjective space to share and construct meanings about
everyday life experiences, including the use of pragmatic language.
This leaves subjects vulnerable to the emergence of idiosyncratic
and self-referential interpretations that might produce the core
of psychotic experiences, especially delusions. Moreover, without
an effective form of intersubjective communication, subjects
also lose the possibility of developing metacognitive control
over their own ideas. Thus, instead of common, shared meanings
of everyday experiences, people with schizophrenia construct
their peculiar interpretations in ways that are incomprehensible
to others and which, escaping all metacognitive control, are
held with apodictic certainty, foregoing verification or
relativization in an intersubjective context.

Stanghellini (2001) employs the concept of common sense
to refer to everything that members of a given society consider
as obvious. It involves both practical knowledge about social
situations and a basic intuitive attunement (social perception)
with the social world aimed at understanding these situations.
Whereas the concept of “social knowledge” refers to the
background of constructs useful for organizing the everyday
experiences, the concept of “attunement” reflects the affective-
conative capacity to get involved in others’ lives and to catch
context-relevant cues to make sense of the others and of
situations. According to Stanghellini, people with schizophrenia
lose contact with this common sense through three mechanisms:
(a) sensory (aberrant perception of self, body, and world), (b)
typification disorders (disturbances of social knowledge network
or lack of attunement), and (c) Attitudinal disorders (distrust
toward common sense). These levels of vulnerability are
coherently related to each other, in a way that, when intuitive
attunement is disordered, not only do the others appear enigmatic
and the social environment becomes uncanny, but also one’s
sense of the self and the boundaries between oneself and the
others may become blurry. All these disruptions would lead
to the onset of psychosis.

Fuchs (2015b) explicitly distinguishes between a faulty
development or functioning of ToM module “inside” the
subject (which renders other persons’ thoughts, feelings, and
actions strange and inaccessible) from an immediate,
pre-reflective disturbance in the relationship between self
and others in an emergent bi-personal field. When the
perspectives of self and others are confused instead of being
integrated, the subject may be left susceptible to experience
symptoms where the subject’s boundaries are diminished or
altered such as thought-broadcasting, thought insertion, and
auditory-verbal hallucinations. In this sense, traditional
approaches focus on failures of self-integration and source
monitoring as explanations for auditory hallucinations. Instead,
Bell (2013) highlights “social” features of hallucinations such
as possessing identities performing communicative acts and
being perceived as interlocutors (McCarthy-Jones et al., 2014).
There is also evidence that the neural circuits involved in
the neurobiology of hallucinatory voices also perform tasks
related to social cognition (Rushworth et al., 2013). Rushworth
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hypothesizes that auditory-verbal hallucinations arise from
the internalization of familiar people and their voices, which
are used to make inferences about their behavior in imaginary
situations. However, further research is needed in order to
support this view in light of updated characterization of
auditory hallucinatory phenomena (Woods et al., 2015; Rosen
et al., 2016).

In relation to delusions, Fuchs (2015a) has argued that
we create meanings about our experiences in a continuous
circular process of mutual understanding, negotiation of
intentions, alignment of perspectives, and reciprocal correction
of perceptions—with others in every interaction and
communication. However, if there are failures in the establishment
of boundary conditions to these circular processes, then the
co-construction of meaning will be disturbed, and mutual
understanding will fail. These may include perceptual, cognitive,
and affective alterations characteristic of schizophrenia, especially
in its early stages. Here, our proposal integrates the specific
ability to perceive social situations as shared instances with
others (social perception). Delusions may be incompletely
understood as merely individual false beliefs, they arise when
the basic trust, that could help restore a consensual understanding
of a situation and co-constitute a shared, commonsensical
reality, is missing. Deluded subjects might be able to perceive
(emotion recognition), understand, or even take the perspective
of others (theory of mind); what they lack in our view is the
independent position from which they could compare and
integrate their own and another’s point of view. Thus, among
other factors, delusions might result from the failure of
co-constituting the world through mutually taking and aligning
one’s perspectives.

CONCLUSION AND FUTURE
DIRECTIONS

Disturbances in social cognition are one of the core features
of schizophrenia. Most described socio-cognitive deficits in
schizophrenia refer to impairments in emotion perception,
social perception, social knowledge, theory of mind, and
attributional style (Ochsner, 2008; Montag et al., 2020). We have
noted an important shortage in specific research regarding
social perception. We have proposed that this issue arises
from the lack of a precise and unitary definition of the term,
leading up to the existence of competing notions about the
scope and the way in which social perception would interact
with other dimensions of social cognition. In order to deal
with this conceptual gap, we have proposed that the concept
of Social Perception should be reserved to refer to low-level
pre-reflective processes related to the awareness of interpersonal
interactions with and between others. From this point of view,
alterations in social perception might capture the fact that
people with schizophrenia have problems perceiving social
situations as social or, in other words, perceiving opportunities
for social engagement.

It is important to note that our proposal is very explorative.
Indeed, more research is needed to define the most appropriate

way to study social perception and characterize its alterations
in the different stages of schizophrenia including people at
high risk of psychosis and its relation to the various symptoms
of the condition. From a therapeutic and preventive approach,
clarifying the relationship between social perception,
intersubjectivity, and psychotic experiences and symptoms in
schizophrenia is a critical issue that could potentially lead to
new forms of psychosocial interventions or to the improvement
of existing programs.

Much of the research cited in this article has been subject
of criticism regarding the methodology employed. Teufel
et al. (2013) pointed out that simple pictorial representations
of other people are “social” only in the restricted sense
that they reproduce their physical features but not their
spatiotemporal properties. Even watching videos can
be considered “non-social,” because the observer knows that
he is not seeing real persons and will not attribute mental
states to the stimuli or do so qualitatively different from
real social interaction. Ponkanen et al. (2011) demonstrated
different information-processing mechanisms depending on
whether or not the observers believe they are seeing a real
person present at the time of viewing. Teufel et al. (2010)
believe that another person’s actual or assumed presence
increases the tendency of observers to attribute mental states
to viewed stimuli, which affects the perceptual processing
of specific socially relevant information.

Regardless of the precise sequence in which it occurs, it
seems clear that perceiving other people, and their actions, is
a distinct process from emotion recognition and mindreading.
Consequently, we believe that an ideal research design for this
domain should be able to specifically investigate the ability to
perceive other subjects as interacting with each other,
independently of adequately identifying their intentions or
emotional states. Moreover, being able to describe these actual
or potential interactions does not necessarily require knowledge
of the rules that apply to a specific social situation. For example,
in our own unpublished research, patients recognize a group
of subjects performing different tasks, following their own
intentions in a common situation (opening the fridge, fetching
cups, and boiling water for tea) but do not perceive them as
performing a common task (preparing to have breakfast together).
Normally, we observe others interacting with the world and
the objects in it, but most importantly, with other persons
and with ourselves. This is what allows us to perceive others
as social intentional agents, whose actions and interactions
are purposeful in contexts shared with others, and to learn
to experience ourselves as intentional agents perceived by others
in shared social spaces.

Fuchs (2015b) criticizes current paradigms based on a
conception of the subject with schizophrenia as an enclosed
individual with a clearly defined brain dysfunction. Instead,
he states, most mental disorders imply more or less profound
disturbances of intersubjectivity, which means, a restricted
capacity to respond to the social environment in a flexible
way and to reach a shared understanding through adequate
interaction with others (p. 191). Nevertheless, emotion
recognition, mind reading, attributional styles, and social
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knowledge all occur mostly within the subject and so, are
commonly studied in contexts with no real interactions. For
instance, there is an important line of research and therapy
for people diagnosed with schizophrenia based on the importance
of the metacognitive aspects defined as an activity carried
out by one person in order to know, monitor, and adjust
their beliefs, memories, and behaviors (Moritz and Woodward,
2007). However, instead of a cognitive activity concretely
located in an isolated mind, metacognition is entwined with
intersubjective experience.

Psychosocial rehabilitation programs could benefit from
incorporating this view in their design and methodology,
favoring safe and shared working environments with other
patients and therapists, where it is possible to examine experiences
in a non-judgmental way and facilitate the incorporation of
interpretations that include others’ points of view, but above
all, favoring constructive and real-life oriented social interactions.
This could result in the generation of an intersubjective psychic
space where it is possible to relativize one’s own experiences
and opinions without weakening ego-identity and self-confidence.
It could be relevant in this sense to measure the impact of
the programs on aspects such as trust in others, satisfaction
with the therapy, improvement in self-esteem, and social skills.

We propose to define social perception as the awareness
and comprehension of actual and potential interactions with
and between others, including the understanding of individual
and shared roles and intentions conveyed by expressions,
speech, and behavior directed to other subjects and within
a social environment. As such, this domain should be assessed
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Deficits in social cognition and more specifically in communication have an important
impact on the real-life functioning of people with schizophrenia (SZ). In particular,
patients have severe problems in communicative-pragmatics, for example, in correctly
inferring the speaker’s communicative intention in everyday conversational interactions.
This limit is associated with morphological and functional alteration of the left middle
temporal gyrus (L-MTG), a cerebral area involved in various communicative processes,
in particular in the distinction of ironic communicative intention from sincere and deceitful
ones. We performed an fMRI study on 20 patients with SZ and 20 matched healthy
controls (HCs) while performing a pragmatic task testing the comprehension of sincere,
deceitful, and ironic communicative intentions. We considered the L-MTG as the region
of interest. SZ patients showed difficulties in the correct comprehension of all types of
communicative intentions and, when correctly answering to the task, they exhibited a
higher activation of the L-MTG, as compared to HC, under all experimental conditions.
This greater involvement of the L-MTG in the group of patients could depend on different
factors, such as the increasing inferential effort required in correctly understanding the
speaker’s communicative intentions, and the higher integrative semantic processes
involved in sentence processing. Future studies with a larger sample size and functional
connectivity analysis are needed to study deeper the specific role of the L-MTG in
pragmatic processes in SZ, also in relation to other brain areas.

Keywords: pragmatic communication, fMRI, schizophrenia, sincere, deceitful, ironic, communicative intentions,
left middle temporal gyrus
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INTRODUCTION

Deficits in social cognition and more specifically in
communication have an important impact on the real-life
functioning of people with schizophrenia (SZ) (Fett et al., 2011;
Javed and Charles, 2018; Green et al, 2019). In particular,
patients suffering from SZ have shown a wide range of
deficits in the communicative-pragmatic domain, characterized
by a severe impairment of the comprehension of the speaker’s
communicative intention in everyday conversational interactions
(Briine and Bodenstein, 2005; Mazza et al., 2008; Colle et al.,
2013; Bambini et al., 2016; Bosco and Parola, 2017, Bosco
et al., 2019; Parola et al., 2018, 2021a,b; Pawelczyk et al., 2018).
Communicative-pragmatics, i.e., the ability to use language to
convey meaning in a specific context (Levinson, 1983), is linked
to the Theory of Mind (ToM), i.e., the ability to attribute mental
states to oneself and others, however, these two abilities do not
completely overlap (Bambini et al., 2016; Bosco et al., 2018, 2019;
Parola et al., 2018). Rocca et al. (2016) showed that the clustering
of patients according to their understanding of lies and complex
sarcasm overlap well with their real-life functioning. Colle
et al. (2013) showed that patients with SZ, compared to healthy
controls (HC), have lower accuracy in the correct comprehension
of sincere, deceitful, and ironic communicative acts.

Previous  functional = magnetic = resonance  imaging
(fMRI) studies investigated brain activations during irony
comprehension tasks in people with SZ (Rapp et al., 2013; Varga
et al,, 2013) and, by comparing the neural activations of patients
and HC, revealed reduced activations in different cortical areas
of the right hemisphere. In detail, a diminished BOLD signal
was found in the middle temporal gyrus (MTG), rolandic
operculum, post-central gyrus (Rapp et al, 2013), inferior
parietal lobule (IPL), middle frontal gyrus (MFG), and temporal
pole (Varga et al., 2013). A recent study proposed a pragmatic
fMRI process on healthy subjects that simultaneously assessed
the understanding of non-sense, literal or sincere, deceptive,
and ironic communicative acts (Bosco et al., 2017). The authors
found an activation of the left middle temporal gyrus (L-MTG)
for the correct understanding of ironic communicative intentions
when compared with the sincere and deceitful communicative
acts. In particular, the activation of this cortical region was
stronger under the ironic conditions as it was observed from
the contrast between the correct understanding of ironic and
deceptive communicative acts. The authors concluded that the
L-MTG could play a pivotal role in the understanding of more
complex communicative acts, like the ironic ones, that require
demanding inferential steps. Several former neuroimaging
studies on the samples of healthy populations demonstrated
the activation of this cortical area in many language-related
processes, from semantic integration (Noppeney and Price,
2004) to speech processing (Booth et al., 2002; Bitan et al., 2007;
Hickok and Poeppel, 2007; Binder et al., 2009; Holle et al., 2010;
Binder and Desai, 2011; Branco et al., 2018). A meta-analysis
by Ferstl et al. (2008), for example, indicated that the L-MTG
plays a key role in the comprehension and analysis of coherence
of a text. Moreover, in subjects with SZ, a reduction of its gray

matter (GM) volume was found in people with the first stage
of schizophrenia (Kuroki et al., 2006; Hu et al,, 2013; Guo
et al., 2014), in healthy unaffected siblings of people with SZ
(Hu et al., 2013; Guo et al,, 2014), and in patients with a long
duration of illness (Onitsuka et al, 2004). This finding was
also confirmed by a large meta-analysis on GM alteration in
SZ (van Erp et al, 2018). Moreover, a reduced thickness of
this cortical area (Cui et al., 2018) and an altered resting-state
functional connectivity with the left inferior frontal gyrus in
the language network (Zhang et al., 2017) correlated with the
presence of verbal hallucination. The functional connectivity of
the L-MTG was also reduced during a specific process of gesture
and speech integration. In particular, the reduced coactivation
of this cortical area with the left superior temporal gyrus was
associated with attention deficits and concretism in the proverb
interpretation (Wroblewski et al., 2020). Furthermore, alterations
of the functional connectivity of the L-MTG were reported in a
meta-analysis on formal thought disorders (Cavelti et al., 2018).
Reduced connectivity of the dorsal posterior part of this area
was linked to a deficit in semantic discrimination, ToM, and
social cognition (Wensing et al., 2017). Finally, alterations of
the L-MTG connectivity were also found at a structural level in
terms of increased fractional anisotropy and an augmented radial
diffusivity in the white matter tract connecting the L-MTG with
the ventral posterior cingulate cortex (Joo et al., 2018).

Considering the role played by the L-MTG in high-level
inferential processes and the structural and functional alteration
of this cortical region in patients with SZ, we performed an
fMRI study on the comprehension of sincere, deceitful, and ironic
communicative intentions in this clinical population. Indeed,
the comprehension of both pragmatic phenomena requires
to recognize the conflict between the literal meaning of a
sentence and the speaker’s private mental states (Bosco and
Bucciarelli, 2008; Parola and Bosco, 2022), and it is associated
with the activation of a cerebral network extending to the
frontotemporal and frontoparietal areas (Harada et al., 2009;
Bohrn et al, 2012; Spotorno et al., 2012; Uchiyama et al,
2012; Bosco et al., 2017; Filik et al, 2019). At the same
time, previous studies have also shown that the comprehension
of irony, compared to comprehension of deceit, can activate
additional areas, in particular the L-MTG, since understanding
irony may require more complex inferential processes necessary
to recognize that the content of an ironic utterance also
contrasts with the knowledge the speaker shares with the partner
(Bosco et al., 2017).

Furthermore, in clinical samples of people suffering from SZ,
differences in the correct understanding of deceitful and ironic
communicative intentions were shown; patients performed
worse in the linguistic and extralinguistic understanding of
ironic communicative acts compared to deceitful ones (Colle
et al., 2013; Parola et al,, 2018). In addition, when assessing
error patterns in understanding sincere, deceptive, and ironic
communicative acts, patients with SZ, compared to HC, showed
a bias in favor of deception, i.e., they tended to misclassify sincere
and ironic communicative acts by attributing to them a deceptive
communicative intention (Parola et al., 2021a).
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The aim of this study was to investigate the neural correlations
related to the correct understanding of sincere, deceitful, and
ironic intentions in people with SZ, focusing, in particular, on
the role of the L-MTG. The choice to compare the same speech
act proffered with an ironic vs. deceitful intention is motivated
by two reasons; the first is that no fMRI study has previously
compared these two pragmatic phenomena in subjects with SZ
and the second is to verify whether, even within a clinical sample,
differential activation of the L-MTG discriminates against the
correct understanding of ironic vs. deceitful communicative
intentions. We expected that patients with SZ, as compared to
HC, will perform worse in the comprehension of deceitful and
ironic communicative acts while, at a neural level, the L-MTG will
be differently activated in the clinical group as compared to HC.

MATERIALS AND METHODS

Participants

Individuals diagnosed with schizophrenia (n = 20) according
to DSM-5 criteria (American Psychiatric Association, 2013)
and healthy comparison individuals (n = 20) matched with
average age, sex, and education were included in this study
(Table 1). All participants gave their informed consent and took
part in the study voluntarily. The study was approved by the
Local Research Ethics Committee (protocol number: 0076364).
All participants met the following inclusion criteria: (1) be
aged between 18 and 65 years, (2) be right-handers, (3) have
no history of neurological illness, and (4) demonstrate basic
cognitive and linguistic abilities by achieving a cutoff score
in the following neuropsychological tests, Test di Intelligenza
Breve (TIB, Colombo et al., 2002), the Italian equivalent of the
National Adult Reading Test (NART; Nelson and Willison, 1991;
cutoff score 70) and two sub-scales (Comprehension of written
words and comprehension of written sentences) of the Aachener
Aphasie Test (AAT, Huber et al., 1983; cutoff score 112/120),
and (5) be Italian native speakers. People diagnosed with SZ also
met the following criteria: (1) have no other mental disorder
and (2) be clinically stable, i.e., absence of hospitalization and
treatment modification in the last 6 months. Finally, healthy
controls (HC) met the following inclusion criteria: (1) no current
use of psychoactive drugs and (2) no personal and familiar history
of psychiatric disorders.

Psychiatric Assessment
The Positive and Negative Syndrome Scale (PANSS, Kay et al.,
1987) was used to assess symptom severity. The dimensions

TABLE 1 | Demographic characteristics.

SZ group HC group  Statistic (F/x?) p-value
(n =20) (n =20)
Age (years) 41,5 (11,3) 42,1 (10,8) 0.003 0.954
Gender (M/F) 13/7 13/7 0.000 1
Education (years) 13,7 (4,3) 13,85 (4,2) 0.012 0.912

SZ, schizophrenia; HC, healthy controls; M, male; F, female.
Continuous variables are expressed as means and standard deviations (SD).

“disorganization” and “positive symptoms” were calculated as
proposed by Wallwork et al. (2012). Negative symptoms were
rated with the Italian version of the Brief Negative Symptoms
Scale (BNSS, Mucci et al., 2015) and grouped into the factors
“avolition,” consisting of anhedonia, asociality, and avolition,
and “expressive deficit,” including the blunted affect and alogia
(Kirkpatrick et al., 2011; Strauss et al, 2012). Depressive
symptoms were evaluated with the Calgary Depression Scale
for Schizophrenia (CDSS, Addington et al., 1993). Functioning
was evaluated with the Personal and Social Performance Scale
(PSP, Morosini et al., 2000). Antipsychotic dosage was converted
to chlorpromazine (CPZ) equivalent dose using the conversion
methodology proposed by Leucht et al. (2016). Extrapyramidal
symptoms were rated with the Simpson Angus Scale (SAS,
Simpson and Angus, 1970).

Task and Functional Magnetic

Resonance Imaging

Experimental Material

To test participants’ comprehension of sincere, deceitful, and
ironic communicative acts we used an experimental study
consisting of 36 short written stories, each of them composed
of two parts, i.e., a context scenario and a target sentence. The
scenario described the context in which the target sentence
was realized. In each context, two characters have a brief
communicative interaction and the target sentence represents the
final part of their short dialogue (see Supplementary Section 1.1
for an example of the stories). We used three different context
scenarios to represent three communicative intentions, namely,
deceitful, ironic, and sincere (control condition). Context
scenarios and target sentences were comparable to each other in
terms of syllables, difficulty, and the number of words (Gulpease
readability index-see Supplementary Table 1). The experimental
material has already been validated in a previous study (see Bosco
etal., 2017 for further methodological details).

Experimental Procedure

After the signing of the informed consent by each participant, we
described, to each of them, the process that would be performed
during the fMRI session. Participants also carried out training
to familiarize themselves with the experimental task presented
via a head coil-mounted display system (Resonance Technology,
Inc.Los Angeles, California, United States) using the visual
stimuli using the E-Prime software (Psychology Software Tools,
Inc., Pittsburgh, PA, United States).

In line with the study of Bosco et al. (2017), each trial of
the fMRI experimental study was displayed on the screen in the
following order: (i) context- scenario (15 s); (ii) fixation cross
(“4+7) (5-7 s); (iii) target sentence (6 s); (iv) fixation cross (“+7)
(5-7s); (v) response (4 s); (vi) fixation cross (“+7) (10-12 s) (see
Supplementary Figure 1). During the response phase of the fMRI
process [as described above “response (4 s)”], each participant
was asked to identify the communicative intention expressed
during the target sentence and to indicate it by choosing between
sincere, deceptive, and ironic options presented on the screen.
The indication of the choice was made by pushing a button
corresponding to the option presented on the screen.
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Statistical Analysis of Socio-Demographic and
Behavioral Data

Statistical analyses of socio-demographic and behavioral data
were performed using the software Statistical Package for Social
Sciences, SPSS, version 25.0 for Windows (SPSS, Chicago,
IL, United States).

Demographic characteristics and cognitive assessment
variables of SZ and HC groups were compared using one-way
analysis of variance (ANOVA) for continuous variables and the
chi-square test for categorical variables.

Behavioral results, i.e., correct responses during the fMRI
process, were analyzed using a two-way repeated-measure
analysis of variance (RM-ANOVA). The within-subject factor had
three repeated measures (i.e., sincere, deceitful, and ironic) to
evaluate whether participants’ accuracy differed between different
experimental conditions. The group (SZ or CT) was selected as
the between-subject factor.

Magnetic Resonance Imaging Data Acquisition

The MRI data were collected using a 3.0 T MRI Scanner (Philips
Ingenia) using a 32-channel array head coil, provided with
Philips specific eyeglasses (Resonance Technology, Inc.). MRI
data acquisition was carried out at the Neuroimaging Center
(Centro di Neuroimmagini-CNI) of the Neuroscience Institute
of Turin (NIT) of the University of Turin, located in the Azienda
Ospedaliera Universitaria “Citta della Salute e della Scienza di
Torino” in Turin, Italy. MRI acquisition parameters of a previous
study (Bosco et al., 2017) were applied. In detail, Echo-Planar
Image sequence (EPI) with TR/TE = 3,000/30 ms, 32 slices,
matrix size = 96 x 96, slice gap = 0.5 mm, field of view
(FOV) =224 x 224 mm?, and flip angle = 90°, with slices aligned
on the AC-PC line, consisting of 230 volumes, was used during
two runs for collecting functional images. Structural images
were recorded applying a T1-weighted sequence (TR 8.1 ms, TI
900 ms, TE 3.7 ms, voxel size 1 x 1 x 1 mmt).

Functional Magnetic Resonance Imaging Data
Analysis

The fMRI data were analyzed using SPMI12 (Wellcome
Department of Cognitive Neurology, London, United Kingdom)
in Matlab (Mathworks, Cherborn, MA, United States). We
applied the same analysis procedure as that used in a previous
study (Bosco et al.,, 2017). In particular, for the preprocessing
analysis of each participant, functional images were initially
realigned spatially and then co-registered to their mean.
They, subsequently, were normalized to the MNI (Montreal
Neurological Institute) space and then smoothed applying an
8 mm Gaussian Kernel.

After preprocessing analysis, to investigate the participants’
correct comprehension of the intention
compared to the HC, we convolved the onset times related
to the target sentences with the canonical hemodynamic
response function (HRF) using a General Linear Model (GLM)
(Friston et al., 1995).

At the first level, we calculated, for each participant,
three separate regressors of interest considering only correct
responses, one for each experimental condition, sincere,
deceitful, and ironic.

communicative

At the second level, we applied a full factorial design
aiming at investigating the neural difference between SZ patients
and HC comprehension of the communicative intentions. We
employed a two-way RM-ANOVA with the within-subject factor,
communicative intention, at three levels, i.e., sincere, deceitful,
and ironic. At first, for an exploratory purpose, we applied a
whole-brain analysis at p < 0.001 uncorrected thresholds. In
this exploratory analysis, we checked whether the fMRI results
of HC were in line with a previous study (Bosco et al., 2017)
by performing the following contrasts within the HC group,
deceitful condition vs. sincere condition and ironic condition vs.
sincere condition. Within the SZ group, all possible contrasts
among the three experimental conditions (i.e., sincere, deceitful,
and ironic) were carried out.

Finally, the following between-group contrasts, Family-Wise
Error (FEW) cluster-level corrected (p < 0.05), were examined,
i.e., [SZ group (deceitful condition vs. sincere condition)] vs. [HC
group (deceitful condition vs. sincere condition)] and [SZ group
(ironic condition vs. sincere condition)] vs. [HC group (ironic
condition vs. sincere condition)].

Then, given our hypothesis about the role of the L-MTG,
a small volume correction applying a sphere of 10 mm
radius centered on coordinates from our previous study
(x = —49; y = —37; z = —2; Bosco et al, 2017) was used.
In this analysis, a between-group contrast was analyzed
for each condition (i.e., sincere, deceitful, and ironic) to
compare the recruitment of the L-MTG in the correct
comprehension of communicative intentions between
patients with SZ and HC.

In addition, separately for the SZ group and HC group,
correlations with task performance and with clinical and
cognitive variables were evaluated using multiple regression
analysis with Statistical Parametric Mapping 12.

RESULTS

Demographic and Clinical

Characteristics
Demographic characteristics of SZ and HC groups were
homogeneous (Table 1).

Clinical characteristics of the SZ group are shown in Table 2.
The age at onset and the duration of illness were quite
heterogeneous with a mean of 27.5 and 14.4 years, respectively.
Scores of positive symptoms and disorganization dimensions
were globally low, with an average of 7.45 (min 4-max 28) and
6.25 (min 3-max 21) reciprocally. Higher scores were observed in
the avolition dimension (mean score 21.85; min 0-max 42) and to
a lesser extent in the expressive deficit factor (mean score 11.60;
min 0-max 30). Depressive symptoms were globally low or mild
(mean 4.1; min 0-max 18). The personal and social functioning
was partly reduced with a mean of the PSP score of 61.6 (min
0-max 100). A total of 18 subjects with SZ were treated with an
atypical antipsychotic drug with an in-label daily dosage. Two
patients were taking a typical antipsychotic drug. None of them
was using clozapine. Extrapyramidal side effects were negligible
(mean SAS = 0.75).
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TABLE 2 | Clinical characteristics.

Age at liness Onset, Years 27.50 (7.99)
Duration of lliness, Years 14.60 (9.81)
PANSS positive, Score 7.45 (1.82)
PANSS disorganization, Score 6.25 (2.63)
BNSS avolition, Score 21.85(9.22)
BNSS expressive deficit, Score 11.65 (7.40)
CDSS, Total score 4.10 (5.08)
PSP, Score 61.60 (13.05)
CPZ equivalent, mg/day 371.80 (144.87)
SAS, Total score 0.75 (2.15)

PANSS, Positive and Negative Syndrome Scale; BNSS, Brief Negative Symptoms;
CDSS, Calgary Depression Scale for Schizophrenia; PSR, Personal and Social
Performance Scale; CPZ, chlorpromazine; SAS, Simpson Angus Scale.

Data are shown as means and standard deviations (SD).

TABLE 3 | Correct responses in the fMRI task.

HC sz
Sincere 11.35 (10.45-12.24) 9.95 (9.06-10.84)
Deceitful 9.95 (8.72-11.17) 7.85 (6.62-9.08)
Ironic 10.15 (8.94-11.36) 7.30 (6.09-8.51)

HC, healthy controls; SZ, patients with schizophrenia.
Data are shown as means and 95% confidence intervals (95% Cl).

Behavioral Results

The mean rate (95% CI) of correct responses obtained during
the process is shown in Table 3 and Figure 1. In the HC group,
the mean rate was 11.35/12 (94.6%) under the sincere condition,
9.95/12 (82.9%) under the deceitful condition, and 10.15/12
(84.6%) under the ironic one. Global accuracy was 31.45/36
(87.4%). The SZ group showed a poorer performance with a
mean rate of correct answers of 9.95/12 (82.9%), 7.85/12 (65.4%),
and 7.30/12 (60.3%) under the sincere, deceitful, and ironic
conditions, respectively. Global accuracy was 25.10/36 (69.7%).
The Mauchly’s sphericity test performed for the two-way RM-
ANOVA was not significant (W = 0.84; p = 0.058), therefore,
we followed the sphericity assumption. The within-subject factor
under sincere, deceitful, and ironic experimental conditions upon
repeated measures and the between-subject factor (group HC vs.
SZ) were both highly significant with F = 12,503 (p < 0.001)
and F = 12,096 (p = 0.001), respectively. The interaction between
the two factors, i.e., experimental condition x group, was not
significant with F = 1.451 (p = 0.241).

Functional Magnetic Resonance Imaging

Results

Between-group linear contrasts revealed significant stronger
activations in the L-MTG in the SZ group vs. the HC group under
all the experimental conditions (Table 4 and Figure 2). Within-
group linear contrasts are shown in Supplementary Table 2 and
Supplementary Figures 2, 3. In the linear contrasts performed
within the HC group, we found activations in the left dorsolateral
prefrontal cortex (x = —42; y = 18; z = 29), in the left inferior
frontal gyrus (x = —51; y = 27; z = 5), and in the left middle
frontal gyrus (x = —50; y = 14; z = 37) under the deceitful
condition when compared to the sincere one (control condition).

N
N

i
i

=
o

Number of correct answers
oo o

~

*
Sincere Deceitful Ironic

FIGURE 1 | Correct responses collected during the fMRI task. HC, healthy
controls; SZ, patients with schizophrenia. Data are represented as the mean
of correct answers (dots) and 95% confidence intervals (bars). * and
represent statistical significance of the two factors of the ANOVA for repeated
measure. * represents within-subjects factor that are experimental conditions
(i.e., sincere, deceitful, and ironic communicative intentions to be understood)
chosen as repeated measure. The p associated with this factor was <0.001.
1 represents the between-subjects factor (group factor, HC vs. SZ) and was
associated with a p = 0.001.

Under the ironic condition, as compared with the sincere one,
activations were found in the left middle frontal gyrus (x = —53;
y =18; z=29), in the left dorsolateral prefrontal cortex (x = —45;
y =10; z = 32), in the left inferior frontal gyrus (x = —57; y = 25;
z = 8), and in the left middle temporal gyrus (x = —52; y = —37;
z = 4). Within the SZ group, none of the contrasts performed
showed differences between the sincere, deceptive, and ironic
conditions. Between-group (SZ vs. HC) whole brain contrasts
showed greater activation in the group of patients exclusively
in the L-MTG under the ironic condition (Supplementary
Table 3). No suprathreshold voxels (not statistically significant),
emerged from the correlation between L-MTG activation and
task performance and clinical and cognitive variables in the
SZ and HC groups.

DISCUSSION

The aim of the study was to investigate the neural correlations
related to the correct understanding of sincere, deceitful, and
ironic intentions in people with SZ, focusing, in particular, on
the role of the L-MTG. The contrasts between the SZ group and
the HC group (SZ vs. HC) showed a higher recruitment of the
L-MTG under all the experimental conditions. This phenomenon
was also found at a whole-brain level in the comprehension of
ironic communicative intentions. These results demonstrate a
higher involvement of this cerebral area in patients with SZ when
they answered correctly during the process.

Previous fMRI studies on healthy subjects have demonstrated
that the activation of the L-MTG during communicative
pragmatic tasks has been associated with the recognition of ironic
(Eviatar and Just, 2006) and sarcastic statements (Uchiyama
et al., 2006), with efforts in the comprehension of linguistic
tasks (Bohrn et al., 2012; Rapp et al., 2013), with the pragmatic
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inferential ability (Jang et al., 2013), and with the integration
of information from different semantic systems (Davey et al.,
2016). In patients with SZ, this cerebral area showed a reduction
of the GM volume (Onitsuka et al., 2004; Kuroki et al., 2006;
Hu et al,, 2013; Guo et al, 2014; van Erp et al., 2018) and
altered functional connectivity with other cerebral areas in
the language network and in language-related fMRI processes
(Wensing et al, 2017; Zhang et al, 2017; Joo et al, 2018;
Wroblewski et al, 2020). According to this evidence, the
L-MTG would play a key role in pragmatic communication
processes and would be deficient in subjects with SZ. We
assume that patients suffering from SZ could need a greater
inferential effort and a stronger L-MTG activation to be able
to understand correctly all the communicative acts, including
the sincere ones. In other words, this stronger activation might
be a form of over-compensation required by the patients to
answer the questions of the fMRI process correctly. Moreover,
as revealed by the whole-brain between-group comparison, this
effort would be even more evident for the understanding of
irony, which may require more complex inferential processes.
However, since the L-MTG has been found to be involved in
various linguistic processes, such as semantic integration of word
meaning (Vandenberghe et al., 2002; Noppeney and Price, 2004),
in the comprehension of texts and analysis of text coherence
(Ferstl et al., 2008), and in controlling the retrieval of semantic
information (Davey et al., 2016), the activation found in our
results might be ascribed to some extent to other cognitive and
linguistic processes involved in the correct understanding of
communicative intentions.

Focusing on the within-group liner contrasts, fMRI results
in the HC group partially replicated those of Bosco et al.
(2017; see Supplementary Results: Supplementary Table 2
and Supplementary Figures 2, 3). In detail, the following
discrepancies emerged: in the deception vs. sincerity contrast, a
greater activation of the right cerebellum was not detected, and in
the irony vs. sincerity comparison, we did not observe a greater
involvement of the left temporoparietal junction and of the right
cerebellum. These inconsistencies in the cerebral hemodynamic

TABLE 4 | Functional magnetic resonance imaging results; activation of the
L-MTG; SZ vs. HC.

Experimental condition MNI coordinates Z-score p (FWE-corr.)

X Y z
Sincere L-MTG -53 —20 -2 3.07 0.048
DeceitfulL-MTG —62 -30 2 3.21 0.033
Ironic L-MTG —51 —23 5 3.18 0.044

Activation of the L-MTG for the linear contrasts: (i) sincere SZ group vs. sincere HC
group, (i) deceitful SZ group vs. deceitful HC group, and (iij) ironic SZ group vs.
ironic HC group.

L-MTG, left middle temporal gyrus; SZ, schizophrenia group; HC, healthy controls
group, MNI, Montreal Neurological Institute; FEVW-corr., family-wise error correction.
Peak activity coordinates are given in MNI space.

Linear contrasts were computed using a small volume correction (SVC) with a
sphere of 10 mm with a statistical threshold of p < 0.05 family-wise error corrected
for multiple comparisons.

response to the process (i.e., the BOLD signal) could be derived
from the different demographic characteristics of the samples
of healthy subjects in the two experiments, a homogeneous
group of university students in Bosco et al. (2017), and a more
heterogeneous group of participants (range 23-60 years old),
which matched with patients with SZ in this study. Following
this explanation, as reported by D’Esposito et al. (2003), higher
age can negatively affect the BOLD signal, thus reducing the
number of areas emerging from the linear contrasts. Despite
these differences, within the HC group, the communicative
pragmatic process was associated with the activation of brain
areas partially overlapping with those described by Bosco et al.
(2017), hence demonstrating a good degree of replicability of the
experimental results.

Unexpectedly, within the group of patients with SZ, there
was no difference between the experimental control condition
(sincere) and the deceitful and ironic conditions. As previously
proposed for the higher activation of L-MTG in the clinical group
under all the experimental conditions, this phenomenon might
be explained by the marked inferential effort made by patients
to correctly understand communicative intentions regardless
of the experimental conditions. Following this explanation, all
experimental conditions, including the baseline (i.e., sincere),
would facilitate a marked brain activation such as to “saturate”
the BOLD signal. In other words, this putative high level of
activation, regardless of the experimental conditions, makes it
impossible to distinguish the brain areas specifically activated in

Panel A. Sincere condition

FIGURE 2 | Activation of the L-MTG: SZ vs. HC. Panel A. Sincere condition;
Panel B. Deceitful condition; Panel C. Ironic condition. L-MTG, left middle
temporal gyrus; SZ, schizophrenia group; HC, healthy controls group. In all
the experimental conditions patients with SZ showed higher activation of the
L-MTG, as compared to HC, when correctly comprehended the
communicative intention proposed in the task.
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the correct understanding of deceptive and ironic communicative
intentions within the SZ group as also under the baseline
condition, the same brain areas were strongly activated. However,
this is only one possible interpretation of the result obtained.
In fact, since no differences emerged between the three
experimental conditions, what was observed could be the result
of non-specific phenomena unrelated to the understanding of
communicative intentions.

At a behavioral level, patients showed more difficulty than
HC under all three experimental conditions, especially in irony
understanding. This result is in accordance with previous
pragmatic studies carried out on subjects with SZ (Briine and
Bodenstein, 2005; Mazza et al., 2008; Colle et al., 2013; Bambini
et al., 2016; Bosco et al., 2019; Parola et al., 2021b). Moreover,
we found that both patients and HC demonstrated greater
difficulties in the correct comprehension of deceptive and ironic
experimental conditions compared to the sincere one. This trend
is coherent with the results of the previous study on healthy
subjects (Bosco et al., 2017).

The impossibility to perform correlation analysis between the
activation of L-MGT during the process and behavioral, clinical,
and cognitive variables is probably due to the relatively small
sample size. In fact, the relatively low number of subjects for
each group (n = 20 for both SZ and HC groups) did not allow
one to find any statistically significant voxel within the L-MTG, a
prerequisite to carry out the correlation analysis.

The main limitation of this study is the relatively small sample
that conditioned the types of fMRI analyses carried out. Analyses
on multiple regions of interest belonging to the language network
and analyses on functional connectivity of the L-MTG during
the task and the resting state are needed to better understand
the role of this specific cortical area in pragmatic abilities. With
a similar aim, DTI analyses on the connectivity of WM of the
L-MTG in relation to the performance in the task proposed
might also be performed. These types of studies can verify the
activity of L-MTG in relation to other cerebral areas and possibly
bring out, also within the group of subjects with SZ, differences
between the three different experimental conditions, but require
a larger sample size.

Despite these limitations, this study has two important
strengths. The first one is related to the fMRI task; for the
first time. in a clinical sample of patients with SZ, the neural
activation was investigated during the comprehension of
both deceitful and ironic speech acts. In fact, in previous
fMRI studies in people with SZ, only irony, and not deceit,
comprehension, was investigated (Rapp et al, 2013; Varga
et al, 2013). The second concerns the selection criteria of
the sample as only clinically stable, right-handed, without
marked cognitive deficits, and non-bilingual native Italian
speaker patients were enrolled. This homogeneity of the
sample has reduced possible confounding factors by limiting
misleading results. Similarly, the choice of analyzing images
related solely to the correct answers eliminated possible
brain activations due to the misinterpretation of the
communication intentions.

In conclusion, this study adds a small piece to the panorama
of fMRI studies on pragmatics in schizophrenia characterizing

the role of a brain area involved in the understanding of
complex communicative acts, i.e., the L-MTG that is frequently
altered for the structure and connectivity in subjects affected
by the disorder. However, due to the poor generalizability of
the results linked to the low sample size and the methods,
this study needs to be integrated with more experiments
using whole-brain techniques that confirm the role of L-MTG
in pragmatic communication skills, possibly in response to
specific rehabilitation programs, as proposed by Gabbatore et al.
(2017).
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