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Objective The present study investigated the functional neuroanatomy underlying negative and positive schemas towards the self and
others in patients with early stage schizophrenia spectrum disorders (SSDs) using a task-based fMRI procedure.

Methods This study included 50 patients with SSDs and 52 controls. The schema-evoking task consisted of four active conditions and
neutral condition. Differences in brain activation were compared between the two groups. Correlation analysis was performed between
task-related activation and psychopathology.

Results The SSD patients exhibited higher activity of the left middle and inferior frontal gyri under the negative-others minus neutral
contrast as well as greater activation of the left superior and middle frontal gyri and right medial superior frontal gyrus under the posi-
tive-self minus neutral and positive-others minus neutral contrasts. Under the positive-others minus neutral contrast, negative correlation
was observed between activity of the right inferior parietal gyrus and right angular and total score of the Positive and Negative Syndrome
Scale (PANSS), whereas positive correlation between activity of the left middle cingulate gyrus and left/right precuneus and positive-oth-
ers score of the Brief Core Schema Scales (BCSS).

Conclusion The present findings suggest that the frontal brain regions of SSD patients are more sensitive to negative and positive sche-
mas towards the self and/or others compared to those of controls. Psychiatry Investig 2021;18(4):284-294
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INTRODUCTION

Schizophrenia is the most representative severe mental ill-
ness. It is a very complex and heterogeneous disorder that in-
volves synergistic interactions among various biological, psy-
chological, and social factors to manifest its symptoms. Recently,
there has been emerging interest towards the self-disorder of
schizophrenia.' Using various designs of task-based fMRI, neu-
ral correlates underlying the psychopathology related to self
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or others in schizophrenia can be investigated.

People with chronic psychosis report extreme negative eval-
uations of the self and others,* and these negative schemas
are thought to be formed early in life and then remain stable
throughout adulthood.? It has been suggested that sexual and
physical abuse experienced during childhood contribute to
the development of schemas related to the “hazard” theme,
whereas childhood neglect may lead to the development of
schemas related to themes of “loss” and “insignificance”* More-
over, negative schemas or thoughts can induce depression® or
suicidal behavior® in young persons, and negative evaluations
about the self and others or negative self-concepts may be as-
sociated with the formation of delusions and hallucinations.”®
Negative schemas are also associated with suicidal ideation in
patients with psychosis’ and play a vital mediating role in the
link between cyclothymic-hypersensitive temperament and


http://crossmark.crossref.org/dialog/?doi=10.30773/pi.2020.0335&domain=pdf&date_stamp=2021-04-25
http://crossmark.crossref.org/dialog/?doi=10.30773/pi.2020.0335&domain=pdf&date_stamp=2021-04-25

suicidality in patients with first-episode psychosis."

The use of neuroimaging studies to identify the neural cor-
relates of negative schemas in patients with schizophrenia is
critically important for furthering the current understanding
of its pathophysiology and informing the development of fu-
ture therapeutic agents. Comparisons of functional magnetic
resonance imaging (fMRI) scans during self-referential versus
non-self-referential tasks in healthy volunteers revealed that
several cortical midline structures, including the medial pre-
frontal cortex (mPFC), anterior cingulate cortex (ACC), and
posteromedial cortices, are key regions involved in the pro-
cessing of self-referential stimuli."' A meta-analysis of neu-
roimaging studies investigating neural correlates of self-re-
flection in schizophrenia reported that the ventral mPFC is
responsible for tagging information relevant for ‘self’ where-
as the dorsal mPFC is responsible for evaluation and decision-
making processes in self- and other-referential processing.'
Other recent fMRI studies employed self-referential stimuli
also demonstrated deficits in the activation of the mPFC and
ACC in patients with schizophrenia."*"* However, these stud-
ies did not address the neural correlates underlying more spe-
cific aspects of self, such as a positive or negative sense of self.

On the other hand, two previous studies may provide hints
about the brain regions implicated in the perception of posi-
tive- or negative-self in patients with schizophrenia.”” present-
ed trait adjectives that were categorized as positive, negative,
mental illness-related, or physical illness-related and asked
participants to judge whether these words applied to them-
selves, another person, or whether they contained the letter
“@”. They observed hypoactivation of left superior frontal gy-
rus during negative self traits evaluation in patients vs. con-
trols.'® asked people with schizophrenia and healthy controls
to respond to word stimuli with a prespecified emotional va-
lence (positive, negative, or neutral) while inhibiting respons-
es to a stimulus with a different valence. Patients with schizo-
phrenia were found to have failed activation of prefrontal-
parietal network during response inhibition to negative words.
In terms of methodological aspects, the first one used adjec-
tives, not sentences and its sample size was very small. The
second one measured neural activity during response inhibi-
tion, not the activity induced by stimuli. Therefore, these two
study designs appear to be insufficient to address the question
at hand, and thus, further exploration of the neural substrates
related to negative or positive schemas of the self and others
are required.

We hypothesized that neural activation to the stimuli of neg-
ative and positive schema would be different in early stage pa-
tients with schizophrenia spectrum disorders (SSDs) com-
pared to healthy controls. The present study aimed to identify
the neural correlates associated with negative and positive
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schemas of the self and others between the two groups. Con-
sidering reported associations between negative evaluation
and positive symptoms,”® the relationship between task-re-
lated activation and psychopathology was also explored. We
had a special focus on studying early stage patients because of
less concern with cognitive impairment, accumulative effects
of antipsychotics and disease process.

METHODS

Participants

For this study, 56 individuals with patients with early stage
SSD (32 with schizophrenia and 24 with schizophreniform
disorder) were recruited from Jeonbuk National University
Hospital, Jeonju, Republic of Korea. Early stage was defined
as having a duration of illness (DI) of <5 years. Of these 56 in-
dividuals, all were stable outpatients with no change in medi-
cation during last 3 months, and all diagnoses were made us-
ing the Structured Clinical Interview for Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition Axis I
Disorders (SCID-I)."” Patients with alcohol or drug use disor-
ders within the past 6 months, an intellectual disability (IQ
<70), current or historical neurological disorders, a serious
medical illness, pregnancy, and/or claustrophobia were ex-
cluded from the study.

Additionally, healthy participants were recruited for the
control group via advertisements. These participants were
age- and sex-matched to the patient group, interviewed us-
ing the axis I diagnoses with the SCID-I Non-Patient Edition
(SCID-NP)," and required to have no previous or current
psychiatric disorders, neurological disorders, or significant
medical conditions and no family history of psychotic disor-
ders. All healthy controls were between 19 and 50 years of age
and were assessed as right-handed using the Edinburgh Hand-
edness Inventory.”® All participants joined this study volun-
tarily and provided written informed consent. The study was
approved by the Ethics Committee of Jeonbuk National Uni-
versity Hospital (approval number: CUH 2012-08-001).

Clinical assessments

The severity of symptoms within the week prior to the fMRI
experiment was evaluated in each SSD patient using the Pos-
itive and Negative Syndrome Scale,® which was administered
by trained psychiatrists. Additionally, beliefs about the self
and others were evaluated with the Brief Core Schema Scales
(BCSS),? which yield subscale scores for negative-self, posi-
tive-self, negative-others, and positive-others schemas.

Schema task
The first 50 candidate sentences in the schema task described
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four schemas (negative-self, negative-others, positive-self, and
positive-others) that were developed based on a classic list of
personality trait words,” the Automatic Thought Question-
naire,” and the Affective Norms for English Words wordlist.”
The healthy controls evaluated the sentences in terms of ap-
propriateness for schema evocation, ease of understanding,
and valence using a visual analogue scale (VAS) ranging from
0 to 10. Sentences that were rated >7 for all items were select-
ed, and the lengths were adjusted to be balanced over the four
schemas. Finally, a psychiatrist and clinical psychologist se-
lected 30 sentences for each schema to be used in the task.

For the neutral stimuli, 50 candidate sentences that described
simple facts or knowledge were prepared. The healthy con-
trols evaluated the sentences in terms of ease of understand-
ing and valence. Sentences rated =7 for ease of understanding
with the VAS and those that were rated close to “0” for va-
lence using an 11-point Likert scale (-5 to +5) were selected
and then finalized by the psychiatrist and clinical psycholo-
gist. Any sentences that were not selected were used for pre-
liminary training prior to fMRI.

The fMRI procedure comprised a block design with five
task conditions and one rest condition (Figure 1). An example
of each condition was “I am ugly;” “I am honest,” “Other peo-
ple are cruel,” “Other people are kind,” and “Rabbits are faster
than turtles” for negative-self, positive-self, negative-others,
positive-others and neutral condition respectively. There were
five runs, with each run containing five blocks for each condi-
tion, and each block containing six trials in which a sentence
was displayed for 3 s. Participants were instructed to press the
button anytime during three seconds of stimulus display. If
they agreed with contents of negative- and positive-sentences
or thought that contents of neutral sentences were correct,
right button was pressed (vice versa). To control for order ef-

fects, the blocks in each run were presented in random order
with no consecutive blocks from the same condition. During
the rest condition that was inserted between the task condi-
tions, a fixation cross was shown for 18 s. Prior to the func-
tional run, the participants completed practice trials to be-
come familiarized with the tasks. The total scan time for one
session (25 blocks for the task condition and 25 rest condi-
tions) was 15 min.

Image acquisition and preprocessing

All fMRI data were acquired at Jeonbuk National Univer-
sity Hospital using a 3T Siemens Verio scanner (Siemens
Medical Solutions, Erlangen, Germany) with 45 mT/m gradi-
ents and a 12-channel standard quadrature head coil. Trans-
axial functional scans were acquired using a single-shot T2*-
weighted gradient-echo-planar imaging sequence that depicted
the blood oxygenation level-dependent (BOLD) signal with
the following parameters: repeat time (TR)=3 s, echo time
(TE)=30 ms, field of view (FOV)=240 mm, acquisition ma-
trix=64%64, flip angle=90°, gap=0.8 mm, 302 volumes (36
contiguous axial 3-mm-thick slices), and even-first interleaved
acquisition. Prior to BOLD imaging, axial 1.0-mm-thick T1-
weighted spin-echo images (TR=1,900 ms, TE=2.5 ms, flip
angle=9°, FOV=240 mm, and image matrix=256X246 mm)
were acquired as an anatomical reference. The first three vol-
umes were discarded to account for T1 saturation.

All processing of the fMRI data was conducted using SPM12
software (https://www.fil.ion.ucl.ac.uk/spm/software/spm12).
Functional images were corrected for slice acquisition time
within each volume, motion-corrected by realigning to the
first volume, and co-registered with the anatomical data of
each participant. Then, the functional data were transformed
into a standard anatomical space based on the parameters

I(— One run 180 s —,\=

2 2

I'm ugly The other people
are cruel

I'm honest

v

The other people Rabbits are faster
are kind than turthles

Figure 1. Task design. Every block contains six sentences each of which was presented for 3 s. Fixation cross was shown 18 s between
every block. The session contains five runs. The session contains five runs. NS: negative-self block, NO: negative-others block, PS: posi-
tive-self block, PO: positive-others block, NEU: neutral block, Fixation cross: rest block.
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obtained by spatially normalizing each T1 image to the Mon-
treal Neurological Institute (MNI) template. The normalized
images were smoothed with an 8-mm full-width-at-half-max-
imum Gaussian filter, and then a high-pass filter with a cut-oft
period of 128 s was implemented to remove low-frequency
drifts from the time series. The processed data were exam-
ined for excessive motion artifacts using the Artifact Detec-
tion Tool software package (http://web.mit.edu/swg/art/art.
pdf; http://www.nitrc.org/projects/artifact_detect). In total,
six patients were excluded due to excessive head movements*
based on the following criteria: a maximum absolute head mo-
tion displacement of >2 mm along the x/y/z axes and yaw/
pitch/role rotation >2°.

Analyses of the imaging and clinical data

First-level analyses were performed for each participant and
each contrast (negative-self minus neutral, negative-others mi-
nus neutral, positive-self minus neutral, and positive-others
minus neutral). Then, in the second-step analyses, one-sam-
ple t-tests were performed to generate within-group activa-
tion maps, and between-group two-sample t-tests were per-
formed for each corresponding contrast; all group comparisons
included education as a covariate. As we did not have prior
hypothesis, whole brain analysis was performed. Activations
were considered to be significant at p-values with a family-
wise error <0.05 (pFWE) and a cluster size threshold of >20
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voxels. Between-group analysis was performed again with
drug-naive or drug-free patients (n=23) and age and sex-
matched controls (n=23). Finally, in the patient group, multi-
ple regression analyses were conducted to assess the relation-
ships between the PANSS or BCSS score and mean activation
values of the areas showing a difference under each contrast-
ed condition using age, sex, and duration of illness as covari-
ates. Results were considered to be significant at pFWE <0.05
and cluster size threshold >20 voxels.

To plot the correlation graphs, -values (mean values of the
areas) were extracted using MarsBaR (http://marsbar.source-
forge.net/) for significantly correlated regions. For the behav-
ioral data, either a two-way analysis of variance (ANOVA) or
t-tests were performed. When comparing two groups, either
independent t-tests or chi-square tests were conducted de-
pending on the variable type.

RESULTS

Participant characteristics

Comparison of the demographic information of SSD pa-
tients and healthy controls revealed that there was a signifi-
cant difference in education level. All subscale scores on the
BCSS, except for that of positive-others, differed significantly
between the patients and controls (Table 1). Of the 50 SSD
patients, 14 were antipsychotic-naive, 9 were antipsychotic-

Table 1. Demographic and clinical characteristics of patients with SSDs and healthy controls

Characteristics Patient (N=50) Control (N=52) p-value

Age (years) 29.95 (7.58) 31.10 (5.71) 0.106
Gender

Male (N) 25 25 0.846

Female (N) 25 27
Education (years) 13.80 (2.00) 16.02 (1.92) <0.001
BCSS

Negative self 8.32(6.62) 4.27 (9.55) <0.001

Negative others 7.14 (6.96) 1.45 (2.77) <0.001

Positive self 8.84 (5.64) 13.29 (4.93) <0.001

Positive others 7.91 (6.76) 9.69 (5.73) 0.215
Duration of illness (months) 15.12 (16.38) - -
PANSS

Positive symptoms 16.98 (7.86) - -

Negative symptoms 13.84 (5.50) - -

General psychopathology 29.16 (9.82) - -

Total symptoms 59.98 (19.45) - -
Medication (N=27) - -

Chlorpromazine equivalent (mg) 250.74 (133.77) - -

Data given as mean (SD). SSD: schizophrenia spectrum disorders, BCSS: Brief Core Schema Scale, PANSS: Positive and Negative Syndrome

Scale, SD: standard deviation
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free, and 27 were medicated. The mean chlorpromazine-equiv-
alent dose for the patients was 250.74+133.77 mg/day.>*

Behavioral data
A two-way ANOVA of the reaction time (RT) data that in-

Table 2. Behavioral results of patients with SSDs and healthy con-
trols

Patient Control

Reaction time (ms)

NS 1530.37 (262.43)  1268.06 (193.20)

NO 1463.02 (318.60)  1335.37 (216.89)

PS 1504.52 (293.91)  1300.37 (212.02)

PO 1472.58 (313.16)  1304.12 (218.28)

NEU 1615.45 (343.48)  1715.59 (146.40)
Accuracy for NEU (%) 49.81 (25.49) 81.89 (7.51)
Overall response rate (%) 80.13 (16.76) 96.22 (3.92)

Data given as mean (SD). Overall response rate: the response rate
of all sentences are displayed in 15 minutes scan. SSD: schizophre-
nia spectrum disorders, NS: negative-self condition, NO: negative-
others condition, PS: positive-self condition, PO: positive-others con-
dition, NEU: neutral condition, SD: standard deviation

Patient

cluded group and condition type as factors revealed that the
main effects of group (F,55=20.48, p<0.001) and condition
(Fu55=13.44, p<0.001) were significant, as well as the groupx
condition interaction (F;s5=4.51, p=0.001). Post-hoc t-tests
revealed that the SSD patients exhibited significantly longer
RTs under negative-self (t=4.63, p<0.001), positive-self (t=3.25,
p=0.002), and positive-others (t=2.54, p=0.014) conditions
compared to the healthy control group. The patients also ex-
hibited significantly lower levels of accuracy under the neutral
condition (p<0.001) and lower overall response rates (p<0.001)
compared to the healthy controls (Table 2).

fMRI data

One-sample analysis

Under all contrasted conditions, activation differences were
most commonly observed in the frontal gyrus and precune-
us and less frequently in the temporal gyrus, cingulate gyrus,
insula, or thalamus in both the patient and control groups
(Figure 2); a more detailed description is provided in the Sup-
plementary Material, Supplementary Table 1 and 2 (in the on-
line-only Data Supplement).

Control

32,

Figure 2. Brain activation during the NS-NEU, NO-NEU, PS-NEU and PO-NEU contrasts in patients and healthy controls. Left is patient
group, right is healthy control group. Warm colors indicate increased activation, cool colors represent decreased activation. The number be-
low each slice indicates slice location (mm) of MNI z coordinate. NS-NEU: negative-self minus Neutral contrast, NO-NEU: negative-others mi-
nus neutral contrast, PS-NEU: positive-self minus peutral contrast, PO-NEU: positive-others minus peutral, MNI: Montreal Neurological Institute.
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Group comparisons

Negative-self minus neutral. There was no significant differ-
ence between the two groups. However, in subgroup analysis,
patients with drug-naive or drug-free state showed hyperac-
tivation in the left superior frontal and inferior frontal gyri
and hypoactivation in the right insula, and right postcentral
and parahippocampal gyri (Supplementary Table 3 in the on-
line-only Data Supplement).

Negative-others minus neutral

The SSD patients exhibited relatively higher activity in the
left precentral gyrus (t=4.73, MNI coordinates: -46, 8, 36), left
inferior frontal gyrus (t=3.74, MNI coordinates: -50, 14, 28),
and left middle frontal gyrus (t=3.61, MNI coordinates: -30,
14, 36) compared to the healthy controls. In subgroup analy-
sis, patients showed hyperactivation in the right anterior cin-
gulate gyrus and cerebellum crus 2 (Supplementary Table 3 in
the online-only Data Supplement).

Positive-self minus neutral

The SSD patients exhibited significantly higher activity in
the left superior frontal gyrus (t=3.59, MNI coordinates: -14,
44, 24), left middle frontal gyrus (t=3.13, MNI coordinates:
-20, 42, 24), and right medial superior frontal gyrus (t=2.72,
MNI coordinates: 8, 48, 32) compared to the healthy controls.
Additionally, the SSD patients exhibited significantly lower

Table 3. Results of group comparisons in different contrasts
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activity in the right postcentral gyrus (t=4.66, MNI coordinates:
36, -30, 56), right precentral gyrus (t=4.23, MNI coordinates:
42, -14, 58), right Rolandic operculum gyrus (t=3.52, MNI co-
ordinates: 52, -28, 20), and right supplementary motor area
(t=2.82, MNI coordinates: 14, -18, 64) compared to the healthy
controls. In subgroup analysis, patients showed hyperactiva-
tion in the right superior frontal, inferior frontal operculum,
middle temporal gyri and left precuneus (Supplementary Ta-
ble 3 in the online-only Data Supplement).

Positive-others minus neutral

The SSD patients exhibited significantly (pFWE <0.05, clus-
ter size >20) higher activity in the left superior frontal gyrus
(t=3.42, MNI coordinates: -14, 44, 24), left middle frontal gy-
rus (t=3.40, MNI coordinates: -20, 28, 34), and right medial
superior frontal gyrus (t=3.36, MNI coordinates: 10, 36, 44)
compared to the healthy controls (Table 3, Figure 3). In sub-
group analysis, patients showed hyperactivation in the cere-
bellum 6 and crus 1 (Supplementary Table 3 in the online-on-
ly Data Supplement).

Correlations

Under the positive-others minus neutral contrast, there were
significant negative correlations (r=-0.567, p<0.05) between
the PANSS total score and activation at the regional cluster
including right angular gyrus (AG; MNI coordinates: 38, -64,

MNI coordinates

Contrast Brain region Cluster size of peak voxel t-value  pFWE corrected
Negative-others minus neutral ~Patient>control
Left precentral gyrus 986 -46, 8, 36 4.73 0.013
Left inferior frontal gyrus -50, 14, 28 3.74
Left middle frontal gyrus -30, 14, 36 3.61
Positive-self minus neutral Patient>control
Left superior frontal gyrus 1,116 -14, 44,24 3.59 0.007
Left middle frontal gyrus -20, 42,24 313
Right medial superior frontal gyrus 8,48, 32 2.72
Patient<control
Right postcentral gyrus 4,196 36, -30, 56 4.66 <0.001
Right precentral gyrus 42,-14,58 423
Right rolandic operculum gyrus 52,-28,20 3.52
Right supplementary motor area 14,-18, 64 2.82
Positive-others minus neutral ~ Patient>control
Left superior frontal gyrus 648 -14,44,24 342 0.044
Left middle frontal gyrus -20, 28, 34 3.40
Right medial superior frontal gyrus 10, 36, 44 3.36

Whole-brain thresholded at p<0.05, FEW corrected with a voxel extent of >20; Only coordinates of the highest peak in each cluster are re-
ported. MNI: Montreal Neurological Institute, pFWE: probability family wise error
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Figure 3. Comparison between patients and healthy controls in the NO-NEU, PS-NEU and PO-NEU contrasts. Warm colors indicate greater
activation in patients than controls whereas cool colors represent decreased activation in patients. The number below each slice indicates
slice location (mm) of MNI z coordinate. NO-NEU: negative-others minus neutral contrast, PS-NEU: positive-self minus neutral contrast,
PO-NEU: positive-others minus neutral contrast, MNI: Montreal Neurological Institute.

50) and right inferior parietal gyrus (MNI coordinates: 40, -54,
52). For the BCSS, the positive-others score was significantly
and positively correlated (r=0.497, p<0.05) with activation at
the regional cluster including left middle cingulate gyrus (MNI
coordinates: -8, -44, 54), right cuneus (MNI coordinates: 16,
-70, 36), left precuneus (MNI coordinates: 10, -50, 52) and
right precuneus (MNI coordinates: 6, -42, 54) under the same
contrast (Figure 4).

290 Psychiatry Investig 2021;18(4):284-294

DISCUSSION

Patients with schizophrenia often have deep-rooted nega-
tive-self or -others schemas that are closely associated with the
formation of positive symptoms and suicidality during psy-
chosis. Thus, the present study was based on the assumption
that there would be differences in brain activation in response
to self- or others-related negative and positive sentences be-
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Brain activation
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PANSS total score
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PO score of BCSS

Figure 4. Correlation between the PANSS total score or BCSS score and brain activation during the positiveothers minus neutral contrast
in patients with SSD. A: Negative correlation of the PANSS total score with the activity in the right angular gyrus and right inferior parietal
gyrus. B: Positive correlation of positive-others score of the BCSS with the activity in the left middle cingulate gyrus, right cuneus and left/
right precuneus. PANSS: Positive and Negative Syndrome Scale, BCSS: Brief Core Schema Scale, SSD: schizophrenia spectrum disorders.

tween SSD patients and healthy controls.

In the present study, the SSD patients showed relatively
higher activity in the left middle and inferior frontal gyri and
left precentral gyrus compared to the healthy controls under
the negative-others minus neutral contrast. It should be not-
ed that percent signal changes of contrast images in both pa-
tients and controls were minus values and its value was great-
er in controls (data not shown). Therefore, it seems that higher
activity in patients can be interpreted as less deactivation un-
der this contrast compared to controls. As both patients and
controls showed negative percent signal changes under nega-
tive-others condition, this suggests that task of negative-oth-
ers condition may be associated with neuronal inhibition which
may in turn decrease BOLD signal. This speculation may be
supported by the finding that negative contrast values were
observed in the right middle and superior frontal gyri of pa-

tients with schizophrenia during response inhibition to nega-
tive compared with neutral words.'® However, in that same
study;'® healthy controls showed positive contrast values which
is opposite to our result. It has been reported that in healthy
controls, negative self-related sentences induce hyperactiva-
tion of the dorsomedial prefrontal cortex (dmPFC), ACC, and
insula®® and forgetting negative self-referential information is
associated with more widespread activation that includes the
middle frontal gyrus and inferior frontal gyrus.” Direct com-
parison of these results should be cautious given that details
of the tasks and participant’s characteristics were different. In
order to deepen understanding and implication of related
findings, percent signal change of each condition needs to be
verified which most of studies seldom provide. Nevertheless,
relatively higher activity in the middle/inferior frontal gyrus
and precentral gyrus of schizophrenia patients during nega-
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tive-other minus neutral contrast resonates with the findings
of two previous studies: relatively higher activity in the right
superior and middle frontal gyri of patients under the refusal
minus acceptance condition® and relative overactivity in the
left superior frontal gyrus of patients during self-evaluation in
response to negative trait adjectives."” Interpretation of less
deactivation to negative stimuli in patients compared to con-
trols may be that neural plasticity in patients is so rigid that
inefficient response to negative stimuli may occur in patients.
It should be noted that we did not observe significant differ-
ence of brain activation between the two groups under the
negative-self minus neutral contrast despite of significantly
higher score of negative-self in patients compared to controls.
One explanation for this discrepant finding may be that men-
tal states of patients could have been different between the
time points of scan and assessment of the BCSS performed.
Alternatively, actual environmental conditions for scanning
and scale assessment are quite different that the results from
the two conditions do not necessarily have to be the same. Last
but interesting possibility could be related to the results of sub-
group analysis. As drug-naive/free patients showed signifi-
cantly different activations under negative-self minus neutral
contrast, antipsychotics may have exerted dampening effect
on brain activation but not on the scale performance.

In the present study, the SSD patients exhibited greater ac-
tivation in the left superior and middle frontal gyri and right
medial superior frontal gyrus than the healthy controls in the
positive-self and -others minus neutral contrasts. These find-
ings are in contrast with those of Bedford et al.,"” who ob-
served no significant findings in patients with schizophrenia
compared to controls during self-evaluation in response to
positive trait adjectives. Other studies have reported that con-
trol participants exhibit increased activity in the right dmP-
FC and left ventromedial PFC in response to positive self-re-
lated sentences or words.”**!
appear to be counterintuitive. It is possible that repulsion to-
wards positive descriptions of the self or others may have
played a role in the induction of greater activation of the fron-

Therefore, the present results

tal regions of SSD patients compared to controls. Alternative-
ly, it may suggest that patients need more blood perfusion to
process positive stimuli because of inefficient neural mecha-
nisms. Previous findings showing that people with schizophre-
nia do not deactivate the cingulate areas during response in-
hibition to positive words'® partially support this notion.
Moreover, the precentral gyrus and postcentral gyrus are
primary sensory and motor cortices, respectively,”> and are
typically active during any task that involves movement.”
Likewise, the Rolandic operculum gyrus is activated during
visual stimulation.” The present findings showing lower lev-
els of activity in the pre- and postcentral gyri, the Rolandic
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operculum gyrus, and supplementary motor areas in SSD pa-
tients may have been due to their slow sensorimotor respons-
es, which was reflected in the longer RTs for pressing the button.

In the present study, correlation analyses revealed negative
relationships between the PANSS total score and activity in the
right angular and inferior parietal gyri. The AG is involved in
semantic processing, word reading and comprehension, num-
ber processing, the default mode network, memory retrieval,
attention, spatial cognition, reasoning, and social cognition.”
The role of the inferior parietal lobe (IPL) is to maintain atten-
tive control during current task goals as well as to respond to
salient novel information or alerting stimuli in the environ-
ment.” The percent signal changes in the angular and parietal
gyri under the positive-others condition were negative values
suggesting presence of deactivation. Based on the functional
roles of the AG and IPL and their negative signal changes, it is
possible that more severe abnormalities in these regions may
result in a greater degree of dysregulation in terms of neuro-
cognition and social cognition, which, in turn, could manifest
as a more severe psychopathology.

Interestingly, in the present study, the positive-others score
on the BCSS was positively correlated with activity in the left
middle cingulate gyrus and left or right precuneus/cuneus.
The cingulate cortex processes cognitive, emotional, and so-
cial information.”” The middle cingulate cortex (MCC) is the
dorsal portion of the ACC and has the highest level of con-
nectivity with areas related to cognitive (dorsal PFC) and mo-
tor (premotor and motor cortices) functions.” The precuneus
is involved in a wide variety of highly integrated tasks such as
visuospatial imagery, episodic memory retrieval, and self-pro-
cessing operations, including taking a first-person perspective
and the experience of agency.” The cuneus (Brodmann area
17) receives visual information from the same-sided superior
quadrantic retina and is primarily involved in basic visual pro-
cessing. Taken together, these findings indicate that higher ac-
tivities in the MCC and precuneus are associated with a great-
er degree of taking a positive perspective towards others, even
though the positive-others score was low for the SSD patients
in this study. Its implication may be that any interventions,
drugs or transmagnetic brain stimulation, targeting to en-
hance blood perfusion or neural activity in the MCC and pre-
cuneus would be helpful in treating patients. On the other
hand, it was unexpected results not observing significant cor-
relation with other contrasts given that the scores of negative-
self and negative-others in patients were significantly higher
than controls. Considering that total score of the PANSS in
patients was relatively low, it may be that performing the task
of positive-others rather than negative related task might have
been more strenuous which may be related to the severity of
psychopathology.



The present study has several limitations that should be con-
sidered. First, the participants were stable and exhibited mild
levels of symptomatology and thus, the PANSS may not be
sufficiently sensitive to detect correlations between its sub-
scale scores and activation signals. The use of more detailed
and comprehensive scales, such as the Psychotic Symptom
Rating Scales,” may produce different results. Second, although
education was included as a covariate in the analyses, this does
not rule out the possible contribution of education to the group
differences in regional activation. Thus, a more careful recruit-
ment process for healthy control participants will be neces-
sary in the future. Third, most patients in the present study
were medicated and this fact should be considered when in-
terpreting the results. Despite these caveats, the present study
is the first to provide evidence of the neural signatures related
to negative and positive schemas towards the self and others
in SSD patients.

In conclusion, the present negative and positive schema
task revealed that SSD patients exhibited significantly differ-
ent activations under the negative-others minus neutral con-
trast and positive-self and -others minus neutral contrasts
compared to healthy controls. These findings suggest that the
frontal regions are more sensitive and showing inefficient re-
sponse to negative and positive schemas of the self and/or oth-
ers in SSD patients compared to healthy subjects.

Supplementary Materials
The online-only Data Supplement is available with this ar-
ticle at https://doi.org/10.30773/pi.2020.0335.
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SUPPLEMENTARY MATERIAL
One-sample analysis
One-sample t-tests were performed for the within-group analyses under task minus neutral conditions

In patients

1) Under the negative-self minus neutral condition, the left and right precuneus, the right medial superior frontal gyrus and left
superior frontal gyrus exhibited increased activation, whereas the left inferior temporal gyrus, left superior occipital gyrus,
left inferior parietal gyrus, left inferior opercular frontal gyrus, left inferior triangle frontal gyrus, left middle frontal gyrus,
right superior frontal gyrus, right precentral gyrus, and right inferior triangle frontal gyrus exhibited decreased activation;

2) Under the negative-others minus neutral condition, the left precuneus, left angular gyrus, left middle temporal gyrus, and
left and right medial superior frontal gyrus exhibited increased activation, whereas the right calcarine, right middle occipital
gyrus, left cuneus, left inferior opercular frontal gyrus, left superior frontal gyrus, left inferior triangle frontal gyrus, right
precentral gyrus, right superior frontal gyrus, and right supplementary motor area exhibited decreased activation;

3) Under the positive-self minus neutral condition, the left posterior cingulate gyrus, right posterior cingulate gyrus, left medial
superior frontal gyrus, right medial superior frontal gyrus, and left middle cingulate gyrus exhibited increased activation,
whereas the left superior occipital gyrus, right superior occipital gyrus, left inferior temporal gyrus, left inferior triangle fron-
tal gyrus, right superior frontal gyrus, right insula, left inferior opercular frontal gyrus, and left middle frontal gyrus exhibit-
ed decreased activation; and

4) Under the positive-others minus neutral condition, the left and precuneus, right medial superior frontal gyrus, and left me-
dial superior frontal gyrus exhibited increased activation, whereas the left inferior temporal gyrus, right fusiform gyrus, right
superior occipital gyrus, left inferior opercular frontal gyrus, left superior frontal gyrus, right precentral gyrus, right inferior
triangle frontal gyrus, right precentral gyrus, left thalamus, and right middle cingulate gyrus exhibited decreased activation.

In healthy controls

1) Under the negative-self minus neutral condition, the left medial orbital frontal gyrus, left medial superior frontal gyrus, left
anterior cingulate gyrus, left precuneus, right middle cingulate gyrus, and left angular gyrus exhibited increased activation,
whereas the right insula, right superior frontal gyrus, right meddle frontal gyrus, right angular gyrus, left inferior parietal gy-
rus, right hippocampus, and right calcarine exhibited decreased activation;

2) Under the negative-others minus neutral condition, the left and right precuneus, right medial superior frontal gyrus, and left
medial superior frontal gyrus exhibited increased activation, whereas the left precentral gyrus, left insula, right inferior trian-
gle frontal gyrus, left calcarine, and right anterior cingulate gyrus exhibited decreased activation;

3) Under the positive-self minus neutral condition, the right and left precuneus and left medial superior frontal gyrus exhibited
increased activation, whereas the left inferior parietal gyrus, left superior parietal gyrus, right insula, right middle frontal gy-
rus, right opercular inferior frontal gyrus, left superior frontal gyrus, left middle frontal gyrus, and left insula exhibited de-
creased activation; and

4) Under the positive-others minus neutral condition, the left and right precuneus, right insula, and right and left medial orbital
frontal gyri exhibited increased activation, whereas the left inferior temporal gyrus exhibited decreased activation.

One-sample t-tests were performed for the within-group analyses under task minus rest conditions

In patients

1) Under the negative-self minus rest condition, the right meddle occipital gyrus, right superior parietal gyrus and left middle
frontal gyrus exhibited decreased activation;

2) Under the negative-others minus rest condition, the left precuneus and left middle cingulate gyrus exhibited decreased acti-
vation;

3) Under the positive-self minus rest condition, the left precuneus and left middle occipital gyrus exhibited decreased activation;

4) Under the positive-others minus rest condition, the left fusiform gyrus exhibited increased activation, whereas the left mid-
dle frontal gyrus, left superior frontal gyrus, left middle cingulate gyrus and left middle occipital gyrus exhibited decreased



activation.
5) Under the neutral minus rest condition, the left lingual gyrus and left middle occipital gyrus exhibited increased activation,
whereas the left precuneus exhibited decreased activation.

In healthy controls

1) Under the negative-self minus rest condition, the left middle occipital gyrus and right lingual gyrus exhibited increased acti-
vation, whereas the left caudate, eft middle occipital gyrus, right cuneus, right opercular inferior frontal gyrus, right superior
frontal gyrus, left middle frontal gyrus and left triangle inferior frontal gyrus exhibited decreased activation;

2) Under the negative-others minus rest condition, the left middle occipital gyrus exhibited increased activation, whereas the
left caudate, right cuneus, left middle occipital gyrus, right middle occipital gyrus, left middle frontal gyrus, right and left tri-
angle inferior frontal gyrus, right orbit medial frontal gyrus, right media superior frontal gyrus, right opercular inferior fron-
tal gyrus and right superior frontal gyrus exhibited decreased activation;

3) Under the positive-self minus rest condition, the left and right insula, right opercular Rolandic gyrus, left middle occipital
gyrus and left inferior occipital gyrus exhibited increased activation, whereas the left and right middle occipital gyrus, left
caudate, left and right middle frontal gyrus, right superior frontal gyrus, left and right orbit medial frontal gyrus exhibited
decreased activation; and

4) Under the positive-others minus rest condition, the left middle occipital gyrus and right lingual gyrus exhibited increased
activation, whereas the left caudate, left and right middle occipital gyrus, right superior frontal gyrus, right opercular inferior
frontal gyrus, and right triangle inferior frontal gyrus exhibited decreased activation.

5) Under the neutral minus rest condition, the left middle occipital gyrus exhibited increased activation, whereas the left cau-
date, right cuneus, left and right middle frontal gyrus, right medial superior frontal gyrus, right superior frontal gyrus exhib-
ited decreased activation.

Two-sample analysis

Two-sample t-tests were performed for the within-in drug-naive/drug-free patients group analyses under task minus
neutral conditions.

1) Under the negative-self minus neutral condition, in subgroup analysis, patients with drug-naive or drug-free state showed
hyperactivation in the left superior frontal and inferior frontal gyri and hypoactivation in the right insula, and right postcen-
tral and parahippocampal gyri;

2) Under the negative-others minus neutral condition, In subgroup analysis, patients showed hyperactivation in the right ante-
rior cingulate gyrus and cerebellum crus 2;

3) Under the positive-self minus neutral condition, In subgroup analysis, patients showed hyperactivation in the right superior
frontal, inferior frontal operculum, middle temporal gyri and left precuneus; and

4) Under the positive-others minus neutral condition, In subgroup analysis, patients showed hyperactivation in the cerebellum
6and crus 1.



Supplementary Table 1. Peak activations during the NS-NEU, NO-NEU, PS-NEU and PO-NEU contrasts in the SSD patients

Task Brain region Cluster size MNI coordinates t-value pFWE corrected
of peak voxel
NS-NEU Increase activation
Left precuneus 1,127 -8,-54,34 7.79 0.000
Right precuneus 6,-56,32 541
Right medial superior frontal gyrus 954 4,54,26 5.57 0.001
Left superior frontal gyrus -20, 48, 38 5.32
Decrease activation
Left inferior temporal gyrus 22,360 -52,-50, -10 8.10 0.000
Left superior occipital gyrus -26,-72,38 8.10
Left inferior parietal gyrus -38, -44, 42 7.61
Left inferior opercular frontal gyrus 3,857 -40, 6, 26 6.76 0.000
Left inferior triangle frontal gyrus -44, 34,22 6.25
Left middle frontal gyrus -28,-6,52 6.03
Right superior frontal gyrus 2,334 30,2, 62 5.84 0.000
Right precentral gyrus 30,-6, 52 5.77
Right inferior triangle frontal gyrus 54,18,22 5.02
NO-NEU Increase activation
Left precuneus 1,447 -8; -56; 30 8.87 0.000
Left angular gyrus 354 -48; -70; 34 6.71 0.031
Left middle temporal gyrus -54, -66, 22 5.03
Left medial superior frontal gyrus 1,026 -12,28,58 6.03 0.000
Right medial superior frontal gyrus 10, 50, 20 5.61
Decrease activation
Right calcarine 17,660 12,-78,8 7.79 0.000
Right middle occipital gyrus 30, -82, 30 7.38
Left cuneus 2,-94, 14 7.05
Left inferior opercular frontal gyrus 2,578 -40, 6, 26 6.30 0.000
Left superior frontal gyrus -26, -8, 54 5.95
Left inferior triangle frontal gyrus -46, 30, 22 5.61
Right precentral gyrus 579 32,-6,52 5.05 0.005
Right superior frontal gyrus 26,2, 60 448
Right supplementary motor area 16, -10, 64 3.65
PS-NEU Increase activation
Left posterior cingulate gyrus 1,254 -8,-54,32 8.57 0.000
Right posterior cingulate gyrus 8,-54, 30 5.55
Left medial superior frontal gyrus 807 -4,54,26 5.94 0.000
Right medial superior frontal gyrus 10, 50, 24 531
Left middle cingulate gyrus 302 -4,-24, 34 498 0.035
Decrease activation
Left superior occipital gyrus 20,720 -24,-79, 42 8.43 0.000
Right superior occipital gyrus 30, -76, 42 8.24
Left inferior temporal gyrus -52,-50, -10 8.17
Left inferior triangle frontal gyrus 2,118 52,16,20 6.96 0.000
Right superior frontal gyrus 28, 6,60 6.39
Right insula 34,22,12 5.11
Left inferior opercular frontal gyrus 2,590 -44, 6,28 6.50 0.000
Left middle frontal gyrus -28,0, 56 5.18
PO-NEU Increase activation
Left precuneus 1,435 -10, -56, 30 7.65 0.000
Right precuneus 10, -58, 34 5.90
Right medial superior frontal gyrus 355 4,54,26 5.26 0.020
Left medial superior frontal gyrus -8,46, 50 4.13
Decrease activation
Left inferior temporal gyrus 21,714 -52,-52,-8 8.28 0.000
Right fusiform gyrus 36, -52,-22 7.93
Right superior occipital gyrus 28,-78, 46 7.84
Left inferior opercular frontal gyrus 3,447 -40, 4, 26 8.24 0.000
Left superior frontal gyrus -24, -4, 46 6.31
Right precentral gyrus 2,280 28,-2,48 7.04 0.000
Right inferior triangle frontal gyrus 48,14,22 6.08
Right precentral gyrus 40, 2,28 5.92
Left thalamus 313 -18,-28, 14 6.05 0.030
Right middle cingulate gyrus 291 8,4,34 5.02 0.038

NS-NEU: negative-self minus neutral contrast, NO-NEU: negative-others minus neutral contrast, PS-NEU: positive-self minus neutral con-
trast, PO-NEU: positive-others minus neutral contrast, MNI: Montreal Neurological Institute, pFWE: probability family wise error



Supplementary Table 2. Peak activations during the NS-NEU, NO-NEU, PS-NEU and PO-NEU contrasts in healthy controls
MNI coordinates

Task Brain region Cluster size t-value PFWE corrected
of peak voxel
NS-NEU Increase activation
Left medial orbit frontal gyrus 7,430 -10, 50, -4 10.00 0.000
Left medial superior frontal gyrus -8,52,8 9.54
Left anterior cingulate gyrus -10, 40, -6 9.44
Left precuneus 4,162 -10, -52, 34 8.38 0.000
Right middle cingulate gyrus 8,-52,34 8.25
Left angular gyrus 377 -52,-70, 34 822 0.015
Decrease activation
Right insula 9,840 38,22,6 9.74 0.000
Right superior frontal gyrus 26,2, 68 7.90
Right middle frontal gyrus 38, 36, 26 7.62
Right angular gyrus 20,269 36, -56, 48 8.35 0.000
Left inferior parietal gyrus -28, -64, 42 8.13
Right hippocampus 843 26,-34,8 5.85 0.000
Right calcarine 24, -54, 6 5.13
NO-NEU Increase activation
Left precuneus 1,223 -8, -66, 34 6.86 0.000
Right precuneus 8, -56, 34 6.15
Right medial superior frontal gyrus 1,558 8, 62,20 6.34 0.000
Left medial superior frontal gyrus -6, 60, 14 5.82
Decrease activation
Left precentral gyrus 13,802 -46, 8, 32 10.58 0.000
Left insula -34,16,12 8.75
Right inferior triangle frontal gyrus 36,24,8 8.61
Left calcarine 43,070 4,-90, 10 10.36 0.000
Right anterior cingulate gyrus 424 4,6,28 6.21 0.009
PS-NEU Increase activation
Right precuneus 16,498 34, -28, 56 8.86 0.000
Left precuneus -8, -66, 34 8.60
Left medial superior frontal gyrus -12,52,0 8.44
Decrease activation
Left inferior parietal gyrus 28,319 -30, -68, 40 9.12 0.000
Left superior parietal gyrus -18,-72,58 8.97
Right insula 5,780 32,22,-2 8.87 0.000
Right middle frontal gyrus 44, 40,28 8.19
Right opercular inferior frontal gyrus 48,18, 10 6.87
Left superior frontal gyrus 7,266 -26, 6, 68 8.02 0.000
Left middle frontal gyrus -26, 8,58 7.85
Left insula -32,16,12 7.45
PO-NEU Increase activation
Left precuneus 1,253 -10, -66, 34 7.07 0.000
Right precuneus 628 34, -26, 56 5.73 0.001
Right insula 640 42,-12,8 5.52 0.001
Right medial orbit frontal gyrus 762 8,52, -6 5.41 0.000
Left medial orbit frontal gyrus -8, 54, -6 5.24
Decrease activation
Left inferior temporal gyrus 61,699 -50, -52, -8 11.72 0.000

NS-NEU: negative-self minus neutral contrast, NO-NEU: negative-others minus neutral contrast, PS-NEU: positive-self minus neutral con-
trast, PO-NEU: positive-others minus neutral contrast, MNI: Montreal Neurological Institute, pFWE: probability family wise error



Supplementary Table 3. Peak activations during the NS-NEU, NO-NEU, PS-NEU and PO-NEU contrasts in drug-naive/drug-free patients

MNI coordinates

Contrast Brain region Cluster size of peak voxel t-value PFWE corrected
NS-NEU Patient>control
Left superior frontal gyrus 34,761 -16, 10, 66 6.43 0.000
Left inferior triangle frontal gyrus -36, 30, 2 5.24 0.000
Right cerebelum crus 1 34,-78, -28 5.14 0.000
Patient<control
Right insula 6,278 36, -16, 14 6.12 0.001
Right precentral gyrus 42,-32,64 4.97 0.001
Right parahippocampal gyri 28, -20, -20 4.75 0.001
NO-NEU Patient>control
Left cerebelum crus 2 53,168 -10, -76, -32 6.37 0.000
Right cerebelum crus 2 12, -80, -42 6.26 0.000
Right anterior cingulate gyrus 6,42,28 6.00 0.000
PS-NEU Patient>control
Right superior frontal gyrus 6,244 18, 16, 52 4.75 0.001
Right opercular inferior frontal gyrus 46, 8,22 4.38 0.001
Right medial superior frontal gyrus 6,40, 42 3.72 0.001
Left precuneus 8,008 -10, -76, 48 4.72 0.000
Right middle temporal gyrus 14,364 60 -56, 12 4.38 0.000
Right middle temporal gyrus 40 -64, 16 434 0.000
PO-NEU Patient>control
Right cerebellum 6 1,002,130 16, -74, -26 8.60 0.000
Left cerebellum 6 -12,-72-26 7.68 0.000
Right cerebellum crus 1 34, -80, -26 6.50 0.000

NS-NEU: negative-self minus neutral contrast, NO-NEU: negative-others minus neutral contrast, PS-NEU: positive-self minus neutral con-
trast, PO-NEU: positive-others minus neutral contrast, MNI: Montreal Neurological Institute, pFWE: probability family wise error



