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Objective: Positive symptoms, such as delusion and hallucination, commonly include negative emotional content in 
schizophrenia. We investigated the neural basis implicated during the processing of strong negative emotional words 
in patients with schizophrenia.
Methods: In our study, 35 patients with schizophrenia and 19 healthy controls were recruited, and the participants 
were asked to passively view the words that contained swearing and neutral content during functional magnetic reso-
nance imaging.
Results: Patients with schizophrenia, compared to healthy controls, showed hypoactivation to the swear and neutral 
words stimuli in the left inferior frontal gyrus, left middle frontal gyrus, and left angular/supramarginal gyrus. More specifi-
cally, patients with remitted schizophrenia were found to have greater activation to the stimuli in the left middle/inferior 
frontal gyrus than patients with active schizophrenia. Furthermore, in the analysis of regions of interests, the left inferior 
and middle frontal gyrus activity was related to the severity of positive symptoms, including delusion and suspiciousness. 
Conclusion: Our results suggest that patients with schizophrenia have difficulty in semantic processing and inhibitory 
control of swear words, and these abnormalities may be connected with the severity of positive symptoms.

KEY WORDS: Schizophrenia; Semantic network; Swear words; Inferior frontal gyrus; Positive symptom; Middle frontal 
gyrus.

INTRODUCTION

Impaired emotional functioning has been considered 
as one of the fundamental symptoms of schizophrenia. 
Most of the studies using various emotional paradigms re-
ported emotion perception deficits.1) The deficits are asso-
ciated with impairments in processing of emotion percep-
tion/recognition,1,2) emotional memory,3) emotional sali-
ence attribution,4) and emotion regulation.5,6) Emotion 

perception abilities are related to social competence7,8) 
and predict later work functioning and independent 
living.9) However, it should be noted that studies using re-
al-world experience sampling methodology10,11) observed 
higher negative emotionality in patients with schizo-
phrenia compared to controls.

Functional magnetic resonance imaging (fMRI) studies 
have identified several brain regions associated with im-
paired emotional functioning. A recent meta-analysis sup-
ports findings of overall reduced amygdala activation in 
response to facial emotion processing in schizophrenia.12) 
There are, however, opposite findings, i.e., increased acti-
vation in the amygdala in response to threatening faces13) 
and emotional words14) in schizophrenia. Another im-
portant region is the frontal lobe. Less activation in the 
ventrolateral prefrontal cortex (VLPFC) during reappraisal 
of negative affect6) and decreased activation of the pre-
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Table 1. Characteristics of the participants (all schizophrenia and control)

Variable Schizophrenia (all) (n=35) Control (n=19) p value

Age (yr) 35.8±10.5 33.9±8.2 0.51†

Education (yr) 12.6±2.2 16.9±3.3 ＜0.001†

Sex, male/female 20/15 8/11 0.29‡

Handedness*, right/left 32/1 17/0 0.47‡

Values are presented as mean±standard deviation or number only. 
*Not performed for two participants.
†Independent t test, ‡chi-square test. 

frontal-parietal network during response inhibition to 
negative words15) were observed in patients with schizo-
phrenia compared to healthy controls. These findings in-
dicate impairment of cognitive control of negative emo-
tion in schizophrenia. In addition, anomalies in the se-
mantic network in response to negative emotional words 
were reported in schizophrenia.16) This finding is interest-
ing in that the role of semantic network is to facilitate se-
mantic integration between concepts, and impairment in 
semantic association is observed in schizophrenia.17)

Swear words contain the persecutory contents that can 
induce fear, hostility, and be related to insult.18) Auditory 
verbal hallucinations often contain swearing and threat-
ening words.19) Patients with psychotic disorders also had 
a higher negative emotional valence of the content of au-
ditory hallucination than healthy individuals with audi-
tory hallucination symptoms.20) Persecutory delusions of-
ten include negative, threatening, and derogatory content.21) 
In this regard, exploring the neural correlates involved in 
processing swear words would be a nice tool to inves-
tigate pathogenesis of delusion or auditory hallucinations. 
To the best of our knowledge, there have been no studies 
evaluating the functional brain changes while processing 
swear words in patients with schizophrenia.

We hypothesized that neural response to negative emo-
tional words would be different in patients with schizo-
phrenia compared to controls and this impairment could 
be different between active and remitted schizophrenia 
patients. The aims of the study were to explore alterations 
in brain network during exposure to swear words and its 
relationship with positive symptoms in patients with ac-
tive and remitted schizophrenia. 

METHODS

Subjects
In total, 35 patients with schizophrenia (mean age, 

35.1±10.4 years; 17 females) and 19 controls (mean age, 
34.5±8.4 years; 11 females) participated in the study. 
Among 35 patients with schizophrenia, 21 were a re-
mitted state, and 13 had active symptoms of schizo-
phrenia. One patient who finished the fMRI test did not 
participate in our clinical evaluation. Based on the pre-
vious study,22) we defined the remitted state as no rating 
≥4 (moderate) on any of 4 psychotic items (delusion, sus-
piciousness/persecution, hallucinatory behavior, con-
ceptual disorganization) of the Positive and Negative 
Syndrome Scale (PANSS) for 2 months. All patients met 
the criteria of the Diagnostic and Statistical Manual of 
Mental Disorders 4th edition, text revision (DSM-IV-TR) 
for schizophrenia, according to the Structured Clinical 
Interview for DSM-IV (SCID).23) Severity of symptoms was 
evaluated with PANSS24) and the Clinical Global 
Impression-Schizophrenia scale (CGI-SCH)25) by two 
psychiatrists. All control subjects were screened for Axis I 
psychiatric disorders using the SCID. Detailed character-
istics of the subjects and statistical comparisons between 
the patients with schizophrenia and the controls are de-
scribed in Table 1. All subjects joined this study volun-
tarily and provided a written informed consent. The study 
was approved by the Ethics Committee of Chonbuk 
National University Hospital (No. CUH 2012-08-001). 

Preliminary Words Selection for fMRI Experiment
Seventy swear words were selected by the national sur-

vey on language use and language attitude in adolescents 
in Korea26) and 70 neutral words were chosen from two 
references based on valence, arousal, and dominance 
scores.27,28) Neutral words were translated into Korean. 
We standardized all words stimuli by asking 15 healthy 
participants to rate a list of 70 words on ease of under-
standing and frequency on an 11-point visual analogue 
scale (0 to 10). First, words that achieved a score of 7 or 
higher with ease of understanding were selected. Then, 
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40 swear words (Supplementary Table 1; available at on-
line only) and 40 neutral words were selected based on 
the frequency. For swear words, scores of the frequency 
were 6.05 and 6.15 for the session 1 and 2 of the 
scanning. For neutral words, scores of the frequency were 
5.41 and 5.18 for the session 1 and 2 of the scanning. 
There was no significant differences in frequency be-
tween swear words and neutral words in both session 1 
(p=0.259) and session 2 (p=0.082).

fMRI Experiment
One day before fMRI scan, all participants practiced 

the fMRI task off-line with a small number of words (10 
stimuli). In the fMRI session, the task followed an event-re-
lated design. Twenty swear words and 20 neutral words 
were used, and each stimulus was presented for three sec-
onds in pseudorandom order. Also, 26 fixation crosses 
that jittered between 3 and 9 seconds were applied be-
tween the stimuli. Some words in the conditions were pre-
sented continuously without a fixation cross (for example, 
swearing word→neutral word). The duration of a session 
was 4 minutes and 36 seconds, and two sessions with 
T1-weighted scans in between were conducted. Participants 
were asked to passively view the words and press ‘yes’ for 
swear words, and ‘no’ for neutral words using a but-
ton-press. The behavioral response was intended to main-
tain the participant’s attention. 

After the fMRI experiment, the subjects rated the emo-
tional valences of the swear words and neutral words us-
ing an 11-point Likert scale (0-10 for swear words [10 rep-
resents extremely negative] and from −5 to 5 for neutral 
words [−5 is extremely negative]). Using different scales, 
two-side for neutral words and one-side for swear words, 
can be confounding factor. However, it is difficult to 
measure the emotional valence of neutral words using 
one-side scale because the meanings of neutral words 
may vary from person to person. Therefore, we matched a 
range of Likert scale (11 point), and absolute value was 
applied to negative values of neutral words. The absolute 
values of the Likert scale of neutral words were multiplied 
by two. Then, the ratio of the mean value of the emotional 
valence between the swear words and neutral words was 
calculated using the following equation; Mean value of 
emotional valence of swear words/Mean absolute emo-
tional value of neutral words×2. In the estimation of the 
hemodynamic response function (HRF), swear word stim-

uli were weighted with a ratio of 2.7. 

Image Acquisition and Preprocessing
A total of 184 (92×2 sessions) blood oxygen level de-

pendent (BOLD) based fMRI images were acquired at 3.0 
Tesla (Semens Verio, Erlangen, Germany) using a 
T2*-weighted gradient echo, echo-planar imaging (EPI) 
pulse sequence (36 axial slices; repetition time 
[TR]=3,000 ms, echo time (TE)=30 ms, flip angle=90°, 
field of view [FOV]=240×240 mm, acquisition ma-
trix=64×64, slice thickness=3 mm with a gap of 0.75 mm, 
voxel size=3.75× 3.75×3.0 mm). A high resolution struc-
tural image was obtained with a T1 weighted sequence 
(176 sagittal slices; TR=1,900 ms, TE=2.5 ms, flip an-
gle=9°, FOV=250×250 mm, slice thickness=1 mm, voxel 
size=0.5×1×0.5 mm) between two fMRI sessions.

The BOLD images were pre-processed with the fMRI 
Expert Analysis Tool (FEAT) of the FMRIB Software Library 
(FSL).29) Motion correction was performed using the linear 
interpolation method (MCFLIRT). Skull stripping of the 
functional images was conducted by a brain extraction 
tool (BET). Spatial smoothing using a 5 mm full-width/ 
half-maximum Gaussian Kernel and a high pass filter 
(cutoff frequency 100 seconds) were applied. Spatial reg-
istration of functional EPI images to T1 weighted anatomi-
cal volumes was conducted with boundary-based regis-
tration,30) and T1 weighted anatomical images were co- 
registered to Montreal Neurological Institute (MNI) stand-
ard space using FMRIB’s Nonlinear Image Registration 
Tool (FNIRT).

fMRI Analysis
The FSL’s FEAT was used for the first-, second-, and 

third-level analyses. In first-level analysis, because of in-
sufficient interstimulus intervals, we made a single re-
gressor including swear and neutral words stimuli since 
some of words stimuli were presented continuously with-
out an interstimulus interval. To apply an appropriate 
emotional weight on swear words, three column format 
(starting second, duration of stimuli, and weight of the 
stimuli for first, second and third column, respectively) in 
FSL was used. Swear word stimuli were 2.7-times weight-
ed compared to neutral word stimuli based on the va-
lence scores of a post fMRI survey. In addition, analyses 
using equal, 2, and 4 times weight on swear word stimuli 
were conducted to support our findings. The stimuli were 
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Table 2. Characteristics of the participants (active, remitted schizophrenia [SCZ], and control)

Variable
SCZ (active) SCZ (remitted) Control

p value
Data N Data N Data N

Age (yr) 39.8±11.2 13 32.7±9.2 21 33.9±8.2 19    0.09†,‡

Education (yr) 12.1±2.3 13 12.9±2.1 21 16.9±3.3¶ 19 ＜0.001‡

Sex, male/female 10/3 13 9/12 21 8/11 19 0.10§

Handedness, right/left 12/0 12* 20/1 21 17/0 17* 0.49§

PANSS-Total 56.5±9.5 13 40.1±7.9 21 ＜0.001∥

   PANSS-Positive 14.2±3.8 13 8.6±1.8 21 ＜0.001∥

   PANSS-Negative 15.2±4.7 13 10.7±3.7 21 0.004∥

   PANSS-General 27.2±7.2 13 20.9±4.0 21 0.002∥

CGI-SCH-Total 4.2±1.0 13 2.7±0.9 21 ＜0.001∥

   CGI-SCH-Positive 4.0±0.8 13 2.1±1.0 21 ＜0.001∥

   CGI-SCH-Negative 3.0±1.0 13 2.1±0.9 21 0.012∥

Chlorpromazine equivalents† 419.4±371.3 12* 513.5±324.2 20* 0.457∥

Duration of illness (mo) 158.0±109.0 12* 83.5±60.7 21 0.016∥

Values are presented as mean±standard deviation or number only. 
PANSS, Positive and Negative Syndrome Scale; CGI-SCH, Clinical Global Impression-Schizophrenia scale.
*Not performed for two participants.
†Calculated based on Hales (2008)32);‡one way analysis of variance test, §chi-square test, and ∥independent t test; ¶significantly higher value 
than others in post-hoc analysis using Bonferroni correction (all p＜0.001).

convolved with a gamma HRF. A general linear model 
(GLM) was applied to measure the activities of brain re-
gions in a single subject level analysis. In second-level 
group analyses, parameter estimates of two sessions were 
combined using a fixed-effects model. In third-level group 
analyses, an unpaired t test using a mixed-effects model 
in the FSL (FLAME 1) was performed for comparing the pa-
rameter estimates of the schizophrenia subjects and the 
control subjects. In addition, a three-group analysis using 
an analysis of variance (ANOVA) was used to measure the 
differences among active, remitted schizophrenia and 
control. In this study, cluster-based correction for multiple 
comparison was applied using Gaussian random field 
theory, with a cluster-forming threshold of Z＞2.3. The 
threshold for cluster significance was a family-wise error 
(FWE) corrected p＜0.05, and this p value threshold was 
used in all the other analyses in our study. Age, gender, 
and amount of education were included as covariates in 
the group comparison analyses. 

Correlation between Regions of Interest (ROI) and 
Symptom Severity 

ROIs that showed group differences were used to study 
the correlation between the brain activity and symptoms. 
Although alteration in the right hemisphere semantic net-
work was also possible, many studies showed abnormal-
ities in the left hemisphere semantic network rather than 

right semantic network.31) Also, our group comparison 
analysis (control＞schizophrenia) showed alterations in 
left semantic network. Therefore, we chose five left hemi-
sphere ROIs that play an important role in the semantic 
system and have had significant results in the analyses of 
group differences between schizophrenia and controls. 
The ROIs were made using the sphere (radius 5 mm) 
around the peak MNI coordinate of parameter estimate 
maps in control＞schizophrenia (Table 2).32) The five 
ROIs (and MNI peak coordinates) were left frontal pole 
(−42/ 46/10), left middle frontal gyrus (−52/14/40), left 
angular gyrus (−44/−54/50), left supramarginal gyrus 
(−56/−46/50), and left inferior frontal gyrus (−54/30/2). 
Partial correlation coefficients using non-parametric 
method (Spearman) were estimated between symptoms of 
schizophrenia and parameters in the activation maps of 
schizophrenia patients. Age, gender, and amount of edu-
cation were included as covariates in the analyses. SPSS 
Statistics release ver. 20 (IBM, Somers, NY, USA) was used 
for the statistical analysis.

RESULTS

Sample Characteristics and Group Comparisons of 
Valance Ratings of Task Stimuli 

Educational years, but not gender distribution, age and 
handedness, showed significant differences between the 
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Fig. 1. Group mean activity maps 
in (A) control, (B) all schizophrenia 
(remitted+active), (C) remitted, and 
(D) active groups (Z＞2.3, family- 
wise error corrected p＜0.05).

Fig. 2. Group differences between all schizophrenia and control 
(Z＞2.3, family-wise error corrected p＜0.05; one-way ANOVA and 
post-hoc analyses). Control＞all schizophrenia (remitted+active).

control group and the all schizophrenia group (Table 1). 
Detailed results of sample characteristics are described in 
Table 2. Furthermore, 34 patients with schizophrenia and 
17 controls finished the post-fMRI survey. Among the 
whole group, the mean valence score of swear words 
(5.45) was higher than the absolute mean valence score of 
neutral words (1.01). The mean valence scores of swear 

words were 5.43 (standard deviation [SD], 3.4) for schizo-
phrenia and 5.49 (SD, 2.7) for controls, and those of neu-
tral words were 0.70 (SD, 1.3) for schizophrenia and 0.25 
(SD, 0.4) for controls. There was no significant difference 
in emotional valence of swear words and neutral words in 
the survey between the control group and the schizo-
phrenia group (t=−0.056, p=0.955 for swear words and 
t=1.333, p=0.189 for neutral words). 

Group Differences between Patients and Controls
During fMRI scanning, both the schizophrenia group 

and the control group showed more significant activities 
in various brain regions, including the bilateral middle 
frontal gyrus, the left inferior frontal gyrus, the bilateral lat-
eral occipital cortex (LOC), and the left angular gyrus (Fig. 
1A, 1B). Within these regions, the left inferior frontal gy-
rus, the left middle frontal gyrus and the left angular gyrus 
were more activated in the control than in the schizo-
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Fig. 3. Brain regions that showed differences in activity during the 
task between groups (Z＞2.3, family-wise error corrected p＜0.05; 
one-way ANOVA and post-hoc analyses). (A) Control＞active 
schizophrenia; (B) control＞remitted schizophrenia; (C) remitted 
schizophrenia＞active schizophrenia.

Table 3. The differences in brain activities between patients with schizophrenia and healthy controls

Brain region 
(control＞schizophrenia)

Cluster size
Peak voxel coordinates in MNI space

Z value
x y z

Left frontal pole 209 −42 46 10 3.70
Left middle frontal gyrus 188 −52 14 40 3.64
Left angular gyrus 183 −44 −54 50 3.92
Left supramarginal gyrus −56 −46 50 3.73
Left inferior frontal gyrus 95 −54 30 2 3.02
Left middle frontal gyrus 60 −48 30 36 3.89

Cluster size is the number of voxels and clusters consisted of 20 or more were included. Threshold is family-wise error -corrected p＜0.05.   

phrenia group (corrected p＜0.05) (Fig. 2, Table 3). The 
results of subtraction contrast (activation condition [swear 
words]-neutral condition) revealed no significant differ-
ence between patients and controls. 

Differences in Brain Activities among Patients with 
Active or Remitted Schizophrenia and Healthy Controls

The overall activity patterns of patients with remitted 
schizophrenia were similar to that of healthy controls, but 
were different from that of patients with active schizo-
phrenia (Fig. 1). Both patients with remitted schizophrenia 
and healthy controls had activation in the bilateral in-

ferior frontal gyrus, the bilateral middle frontal gyrus, the 
left dorsomedial prefrontal gyrus (DMPFC), the bilateral 
LOC, and the left angular gyrus. In contrast, active schizo-
phrenia subjects only showed activities in the bilateral 
LOC, the left inferior frontal gyrus and the left precentral 
gyrus (Fig. 1). One-way ANOVA and post-hoc analyses 
showed that both subjects with remitted and active schiz-
ophrenia had significantly lower activities in the left mid-
dle frontal gyrus and the left supramarginal gyrus com-
pared to the control (corrected p＜0.05). In addition, ac-
tivities of the DMPFC and bilateral LOC were lower in the 
active schizophrenia group than in the control group. 
Among the patients with schizophrenia, the remitted 
group had a higher level of activities in the bilateral mid-
dle frontal gyrus, bilateral inferior frontal gyrus, bilateral 
LOC, and right superior parietal lobule (corrected p＜0.05). 
These differences remained the same after the duration of 
illness was further included as covariate (data not shown). 
Figures 2 and 3 illustrates the results of the differences. In 
addition, a cluster including the left middle/inferior fron-
tal gyrus were over activated in remitted schizophrenia 
compared to active schizophrenia regardless of the weights 
on swear words (Fig. 4).

Correlation with Symptoms of Schizophrenia
In whole brain correlation analyses, there was no brain 

region that showed a significant correlation with the 
scores of PANSS-Positive (including subscales), Negative, 
General, and Total (corrected p＞0.05).

In a partial (Spearman) correlation analysis after con-
trolling for the effects of age, gender, and amount of edu-
cation, the activity in the ROI of the left inferior frontal gy-
rus showed significant correlations with the scores of 
PANSS-Total (r=−0.400, p=0.026) and with subscales 
scores of PANSS-Positive: delusion (r=−0.502, p=0.004), 
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Fig. 4. Group differences in brain activities according to different weights on swearing stimuli (Z＞2.3, family-wise error corrected p＜0.05). (A) 
Control＞active schizophrenia, (B) control＞remitted schizophrenia, (C) remitted schizophrenia＞active schizophrenia.

Fig. 5. The regions of interest of left middle/inferior frontal gyrus and left inferior gyrus (A), and the relationships between ‘Positive’ scores of the 
Positive and Negative Syndrome Scale and parameter estimates of regions of interest (B).  
SCZ, schizophrenia; PE, parameter estimates. 
*p＜0.05 and **p＜0.01.

and suspiciousness/persecution (r=−0.518, p=0.003). 
Furthermore, the activity of the left middle frontal gyrus 
was negatively correlated with the scores of PANSS- 

Positive subscale scores: delusion (r=−0.373, p=0.039) 
and suspiciousness/persecution (r=−0.512, p=0.003) 
(Fig. 5). The other ROIs did not show any significant rela-
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tionships with the scores of PANSS-Total, PANSS-Positive, 
PANSS-Negative, and PANSS-General (all p values＞0.05).

DISCUSSION

We observed no significant differences in the partic-
ipants’ rating of emotional valence between swear words 
and neutral words in the survey, and in amygdala activa-
tion between the control group and the schizophrenia 
group. These were unexpected findings given that mostly 
underactivation12) or in few cases overactivation13,14) of 
amygdala in response to emotional processing has been 
reported. Instead, we found underactivation of the an-
gular/supramarginal gyrus and left inferior and middle 
frontal cortex, parts of the semantic network,33) in patients 
with schizophrenia compared to controls. 

While patients with schizophrenia reported subjective 
emotional valence ratings of swear words similar to healthy 
controls, differences in the activities of several brain re-
gions were found. The angular/supramarginal gyrus, which 
is included in the association cortex was consistently more 
activated in the control in both two-group and three- 
group analysis in our study. Considering same under-
activation of the angular/supramarginal gyrus in both re-
mitted and active schizophrenia, an abnormality of the 
left angular gyrus can be a sustainable trait marker of 
schizophrenia. The angular/supramarginal gyrus is in-
volved in various mental processes, including semantic 
processing, word comprehension, and social cognition.34) 
In a word reading activity like our experimental para-
digm, the activity of the left angular/supramarginal gyrus 
was commonly found in healthy subjects34,35); this activity 
was closely connected to semantic processing.36) The 
function of the left angular gyrus may take a top hierarchy 
in the integration of semantic information and retrieval of 
underlying concepts. Several studies on schizophrenia 
presented both structural and functional abnormalities in 
this region. A reduced volume in the left angular gyrus in 
first onset schizophrenia37) and rightward asymmetry of 
the angular gyrus in chronic schizophrenia were reported.38) 
In fMRI studies, patients with chronic schizophrenia had 
low activity of the supramarginal gyrus during semantic 
repetition priming39) and a reduced functional connectivity 
of the left inferior frontal gyrus-left supramarginal gyrus 
during semantic encoding.40) Therefore, our findings sug-
gest that patients with schizophrenia may have difficulties 

in understanding the meaning of negative stimuli (swear 
words) and integrating those with previous experiences rath-
er than in processing emotional reaction to swear words. 

Furthermore, the schizophrenia group showed lower 
activity in left inferior and middle frontal cortex than 
control. In addition, although the sample size of active 
schizophrenia was rather small, within the schizophrenia 
groups, remitted schizophrenia subjects presented a high-
er activity in the cluster of left prefrontal cortex and left 
occipital cortex than patients with active schizophrenia. 
The function of the left inferior frontal gyrus was related to 
efficiency of semantic processing, integration of linguistic 
meaning with world knowledge,41) and inhibitory control.15,42) 
Under-activation of the left inferior frontal gyrus40,43) and 
discordance of the activities between the left inferior fron-
tal cortex and the left inferior parietal cortex were found 
in patients with schizophrenia during semantic encoding.43) 
Moreover, the deficits in the mirror neuron system44,45) are 
frequently reported in schizophrenia. Both inferior frontal 
gyrus and inferior parietal lobule are important brain re-
gions in the mirror neuron system. The mentalizing im-
pairment resulting from failure in observation-execution 
matching in the mirror neuron system leads to symptoms 
of reality distortion including inferring false intentions, 
delusional ideation, and misinterpretation of reality46) 
which refer to auditory hallucination, delusion,44) and 
failed emotional processing.47) Taken together, our results 
of low activation in inferior and middle frontal cortex in 
schizophrenia indicate that patients with schizophrenia 
may have difficulties in semantic processing of swear 
words and inhibitory control to swear words. Assuming 
that inhibitory response to negative stimuli is a defense 
mechanism, patients with schizophrenia would be more 
vulnerable to negative stimuli (swear words) because of 
weakening or deficit in controlling negative stimuli. 

As for the correlation results, only the left prefrontal 
cortex involving the left inferior frontal gyrus, not the su-
pramarginal/angular gyrus showed a relationship to the 
severity of positive symptoms. This prefrontal structure, 
which interacts with the temporal and visual cortex,48) 
plays an important role in inhibiting responses to negative 
words15,42) and controlling the semantic process via a 
top-down mechanism.33) A previous study reported a neg-
ative correlation between the activities of the left inferior 
frontal cortex during semantic processing and the severity 
of formal thought disorder.49) Our results suggest that al-
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terations in control networks, rather than integration net-
works, during semantic processing with strong negative 
emotional values may be related to positive symptoms.

There are several limitations in our study. First, as some 
of the stimuli were presented continuously without an in-
terstimulus interval, it was difficult to make the HRF for 
each condition. Alternative way was to apply an appro-
priate emotional weight on swear words. We only re-
ported the results that were consistent with the analysis us-
ing various emotional weights (Fig. 4). Second, the amount 
of education was significantly different between groups. 
Even though we obtained similar results after controlling 
for education, matched samples would have produced 
different results. Third, we cannot match lengths of words 
between swearing and neutral words because our words 
set was relatively small. Finally, our results between pa-
tients and controls might have been caused by medic-
ation. To disentangle medication effects, recruiting drug- 
naïve or drug-free patients should be considered in future 
studies. In spite of these limitations, to the best of our 
knowledge, while many studies have been done to clarify 
the abnormalities of emotional and semantic processing 
networks in schizophrenia, this is the first study to reveal 
the differences in brain activity during swear words with 
strong negative emotional values that can be related to 
symptoms of schizophrenia.

In conclusion, our results demonstrated that patients 
with schizophrenia show altered activation in angular/ su-
pramarginal gyrus and inferior and middle frontal cortex, 
in response to swear words. The left inferior frontal gyrus, 
not the supramarginal/angular gyrus was found to be asso-
ciated with the severity of positive symptoms. Further 
studies should be followed to explore the exact meaning 
of semantic processing impairment of swear words and its 
mechanisms leading to the formation of positive symptoms.
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