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Abstract 

Introduction: Patients with schizophrenia (SZ) have deficits of facial emotion processing 

and cognitive inhibition, but the brain pathophysiology underlying these deficits and their 

interaction are not clearly understood. We tested brain activity during an emotional face 

go/no-go task that requires rapid executive control affected by emotional stimuli in 

patients with SZ using functional near-infrared spectroscopy (fNIRS).  

Methods: Twenty-five patients with SZ and 28 healthy control subjects were studied. We 

evaluated behavioral performance and used fNIRS to measure oxygenated hemoglobin 

concentration changes in fronto-temporal areas during the emotional go/no-go task with 

emotional and non-emotional blocks. 

Results: Patients with SZ made more errors and had longer reaction times in both test 

blocks compared with healthy subjects. Significantly greater activation in the inferior, 

superior, middle, and orbital frontal regions were observed in healthy subjects during the 

emotional go/no-go block compared to the non-emotional go/no-go block, but this 

difference was not observed in patients with SZ. Relative to healthy subjects, patients 

with SZ showed less activation in the superior and orbital frontal and middle temporal 

regions during the emotional go/no-go block.  

Discussion: Our results suggest that fronto-temporal dysfunction in patients with SZ is 



due to an interaction between abnormal processing of emotional facial expressions with 

negative valence and cognitive inhibition, especially during the rapid selection of rule-

based associations that override automatic emotional response tendencies. They indicate 

that fronto-temporal dysfunction is involved in the pathophysiology of emotional-

cognitive deficits in patients with SZ. 
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1 Introduction 

Patients with schizophrenia (SZ) have been shown to have abnormalities of face 

perception and emotional face processing in behavioral and neuroimaging studies 

(Marwick and Hall, 2008; Tremeau, 2006, for review). Emotional processing deficits 

involving social cognition are associated with poor functional outcomes (Hooker and 

Park, 2002) and negative symptoms (Chan et al., 2010) in patients with SZ. Behavioral 

studies suggest that patients with SZ tend to misinterpret neutral faces as negative 

emotional faces (Cohen et al., 2010; Habel et al., 2010; Kohler et al., 2003) and are 

impaired in processing emotional aspects of facial expressions affected for specificity 

(correct rejection of a non-target emotion) but not sensitivity (correct identification of a 

target emotion) (Habel et al., 2010; Schneider et al., 2006; Seiferth et al., 2009).  

Several brain regions are thought to be involved in face recognition: the inferior occipital 

gyrus for early perception of facial features; the superior temporal sulcus for changeable 

aspects of face-perception; the lateral fusiform gyrus for invariant aspects of face-

perception; the amygdala, insula, and limbic system for assessment of emotion; the 

anterior temporal cortex for personal identity, name, and biographical information (Haxby 

et al., 2000); and the prefrontal and orbitofrontal cortices for appraising the emotional 

significance of stimuli and guiding social decisions and behavior (Adolphs et al., 2000; 



Damasio, 2005). A meta-analysis of functional neuroimaging studies revealed that 

patients with SZ showed remarkable under-recruitment of the superior frontal gyrus, 

parahippocampus, amygdala, and middle occipital gyrus in response to emotional faces 

(Li et al., 2010) and increased activity in the dorsolateral prefrontal cortex, middle orbital 

gyrus (Habel et al., 2010), amygdala (Hall et al., 2008; Holt et al., 2006) and 

parahippocampus (Surguladze et al., 2006) in response to neutral faces. Such differences 

might be a consequence of aberrant attribution of emotional meaning to neutral stimuli 

(Habel et al., 2010). 

Patients with SZ are also less able to control cognitive inhibition. In functional magnetic 

resonance imaging (fMRI) studies during cognitive inhibition tasks (e.g., go/no-go) 

patients with SZ showed hypoactivation of the dorsolateral and ventrolateral prefrontal 

cortices and dorsal anterior cingulate cortex and hyperactivation of the superior parietal 

lobule compared to healthy subjects (Arce et al., 2006; Kaladjian et al., 2007; Kiehl et al., 

2000; Laurens et al., 2003). In a functional near-infrared spectroscopy (fNIRS) study, 

patients with SZ had greater activation of post-central region compared to healthy 

subjects during a go/no-go task (Nishimura et al., 2011). 

The interaction between emotional processing and cognitive function was impaired in 

patients with SZ, which contributed to poor social functioning (Park et al., 2008). Prior 



fMRI studies of emotional-cognitive interaction in patients with SZ employed a Stroop 

task with emotional pictures or go/no-go task with emotional words and suggested that 

SZ was characterized by inefficient top-down control and an association of dorsal and 

ventral frontal brain regions (Park et al., 2008; Vercammen et al., 2012). However, to our 

knowledge, no neuroimaging study has assessed the interaction between emotional face 

recognition and cognitive inhibition in patients with SZ. The interaction is useful for 

evaluating emotional control accompanied by social-cognitive interactions that require 

the rapid selection of rule-based associations that override automatic emotional response 

tendencies (Volman, 2011). The present study used an emotional go/no-go task with 

emotional faces combined with cognitive inhibition. This task was also expected to 

elucidate the subjects’ ability to correctly reject irrelevant emotional information that 

could alter target emotion processing, which has been reported to be affected in patients 

with SZ (Habel et al., 2010; Schneider et al., 2006; Seiferth et al., 2009).  

Near-infrared spectroscopy (NIRS) is a technology that assesses brain function; it 

measures real-time hemodynamics over the surface of the prefrontal cortex with infrared 

spectrum light. The signals measured by functional NIRS (fNIRS) correlate strongly with 

those measured by fMRI (Huppert et al., 2006; Toronov et al., 2001). The fNIRS 

instrument is small, convenient, noninvasive, is relatively insensitive to motion artifacts, 



and can be used in a natural seated position without any noise or pain. These advantages 

make it suitable to assess brain function in adults with psychiatric disorders such as 

schizophrenia (Takei, et al., 2013; Takizawa, et al., 2008) and mood disorders (Matsubara, 

et al., 2014; Matsuo, et al., 2007). In the content of social cognition, Takei et al. (2013) 

investigated brain activation during a face-to-face conversation task in patients with SZ 

and found decreased activation in the temporal lobes and the right inferior frontal gyrus. 

However, to our knowledge, there are no fNIRS studies that have investigated the 

interaction between emotional face recognition and cognitive inhibition in patients with 

SZ. 

Here, we examined brain activation in patients with SZ during an emotional go/no-go 

task using multi-channel fNIRS. Based on the findings of previous neuroimaging studies, 

we hypothesized that patients with SZ would show inferior behavioral performance and 

blunted activation of fronto-temporal regions during the task. 

2 Materials and Methods 

2.1 Subjects 

 A total of 53 individuals matched for age, sex, handedness, and premorbid intelligence 



quotient (IQ) participated in this study, including 25 patients with SZ diagnosed according 

to the Diagnostic and Statistical Manual of Mental Disorders IV, Text Revision (DSM-

IV-TR) (American Psychiatric Association, 2000) and 28 healthy subjects (Table 1). The 

patients included outpatients and inpatients being treated at Yamaguchi University 

Hospital and Katakura Hospital. Healthy subjects were recruited by advertisements and 

word-of-mouth in the community. This study was approved by the Institutional Review 

Board of Yamaguchi University Hospital and the ethics committee of Katakura Hospital. 

After the study was fully described to each subject, we obtained written informed consent 

from all participants. Patients were diagnosed using a clinical interview, scores on the 

Mini-International Neuropsychiatric Interview (M.I.N.I., Japanese version 5.0.0) (Otsubo 

et al., 2005), and conferences among psychiatrists. All patients were medicated with first-

generation antipsychotics (n = 1), second-generation antipsychotics (n = 13), or both (n = 

11). Doses of medication prescribed for the patients at the time of study participation were 

converted into chlorpromazine-equivalents (CPZ-eq). The Positive and Negative 

Syndrome Scale (PANSS, Kay et al., 1987) was used to assess psychiatric symptoms. We 

used a five-factor model of PANSS comprising 20 items categorized into Positive, 

Negative, Disorganized/Concrete, Excited, and Depressed factors (Wallwork et al., 2012). 

The duration of illness and the duration of untreated psychosis (DUP) were also assessed. 



Any participant who had a neurological illness; a history of traumatic brain injury with 

loss of consciousness; alcohol or drug abuse; or any physical illness, such as hepatitis, 

brain tumor, or epilepsy was excluded from the study. Healthy subjects were screened 

with the M.I.N.I. We excluded healthy participants with first- or second-degree relative(s) 

with a history of psychiatric disorders. Premorbid IQs were estimated using the Japanese 

version of the National Adult Reading Test (Matsuoka et al., 2006). The Global 

Assessment of Functioning scale (American Psychiatric Association, 2000) was used to 

assess social functioning. 

2.2 Emotional go/no-go task 

In fMRI studies using an emotional go/no-go task to assess cognitive-emotional 

interference in patients with another psychiatric condition such as bipolar disorder (Hare 

et al., 2008; Todd et al., 2012; Wessa et al., 2007), go trials (target stimuli) occurred from 

50–70% of the trials. The stimuli were fearful, angry, and happy faces that were presented 

for 0.5 s with a 1- to 2-s interstimulus interval. Based on these studies and our pilot trials, 

we set the presentation of face stimuli for 1-s with a 1-s interstimulus interval considering 

the task difficulty for patients with SZ. We also adopted faces with negative emotions of 

fear and angry as emotional stimuli because those showed greater deficit of the face 

processing for negative emotions compared to that for positive emotion (Kohler 



2003AJP). The emotional go/no-go task consisted of go and no-go trials in emotional, 

non-emotional, and control blocks (Figure 1). The entire task took 404 s and consisted of 

five blocks, including one emotional block with emotional faces, one non-emotional 

block with neutral faces, and three control blocks with geometrical figures (Figure 1). For 

go trials, participants responded by pressing a button on a keypad with the index finger 

of their preferred hand as fast as possible when a given target stimulus (e.g., angry face) 

appeared. Participants were instructed to withhold pressing a button on no-go trials (e.g., 

fearful face). Go and no-go trials each comprised 50% of the task. The emotional and 

non-emotional blocks were placed between the control blocks. In the emotional block, 

face pictures of two negative emotional expressions (anger and fear) were used as stimuli, 

and one of them was the target emotion. The emotional block consisted of two types of 

emotional tasks using negative emotional faces: go-anger and no-go-fear or go-fear and 

no-go-anger. In the non-emotional block, participants were required to identify the sex of 

the neutral face pictures, and these also consisted of two types of non-emotional tasks 

(go-male and no-go-female or go-female and no-go-male). The presentation of stimuli, 

choice of target stimuli, and emotional and non-emotional go/no-go task order were 

administered in a counterbalanced order across subjects. We recorded participants’ 

accuracy rates and reaction times. As there were 32 trials in each activation block, 76 s 



were required for completion (Figure 1). The Japanese and Caucasian Facial Expressions 

of Emotion and Neutral Faces (Matsumoto and Ekman, 1988) were used as cue and 

response choice stimuli in the emotional and non-emotional blocks. The control block 

was a sensorimotor go/no-go task with the same instructions in which subjects responded 

to geometric shapes (square or circle).  

2.3 fNIRS measurement 

 We used a continuous-wave NIRS system (ETG-4000, Hitachi Medical Co., Japan) to 

collect fNIRS data. Relative changes in the concentrations of oxygenated and 

deoxygenated hemoglobin ([oxy-Hb] and [deoxy-Hb], respectively) were monitored 

using a 52-channel NIRS machine with 16 detectors and 17 emitters (Matsubara et al., 

2014). Relative [oxy-Hb] changes were estimated according to the Beer–Lambert law 

using the difference in absorption between the two wavelengths of near-infrared light 

(695 and 830 nm). The distance between pairs of emitter and detector probes was 3 cm, 

which measures approximately 2–3 cm beneath the scalp (Okada and Delpy, 2003; 

Toronov et al., 2001). The measured area between an emitter and detector probe was 

defined as a channel. The lowest probes were positioned along the Fp1–Fp2 line 

according to the international 10/20 system for electroencephalography. Probes were 

placed over the frontal and temporal areas. The time resolution was set at 0.1 s.  



The data were analyzed using the integral mode, in which the pre-task baseline during 

the control block was determined as the mean [oxy-Hb] during the 10 s just prior to the 

task period, the post-task baseline during the control block was determined as the mean 

[oxy-Hb] of the last 10 s in the post-task period, and the data between two baselines was 

linearly fitted. Similar to recent fNIRS studies (Takei et al., 2013; Takizawa et al., 2008) 

we employed the inferior 31 channels of 52 channels for statistical analysis. Acquired 

[oxy-Hb] changes were smoothed with a moving average method, and the duration of the 

moving average was set at 5 s. The channel records with low signal-to-noise ratios or 

motion artifacts were excluded by an expert on fNIRS (KM) who was unaware of the 

subject’s diagnosis and task performance. The correspondence between NIRS channels 

and brain regions was confirmed (Okamoto et al., 2004). We anatomically identified the 

location of channels using a virtual registration method with automated anatomical 

labeling (Tzourio-Mazoyer et al., 2002) that enables NIRS channel positions to be 

registered on the standard brain space (Tsuzuki et al., 2007). 

2.4 Statistical analysis 

2.4.1 Behavioral data 

 Chi-square test for sex and Student’s t-tests for age and education were used to compare 

demographic characteristics between patients with SZ and healthy subjects. Task 



performance was assessed by the false alarm error rate (number of incorrect response/all 

correct withholding to no-go trials), omission error rate (number of incorrect no 

response/all correct response to go trials), and reaction time (for correct hits) for each 

block condition. We performed two-way analysis of variance (ANOVA) with task as a 

within-factor and diagnosis as a between-factor at each behavioral parameter. In patients 

with SZ, correlation analysis was carried out to compare behavioral performance and 

clinical variables (i.e., duration of illness, the number of hospitalization, DUP, GAF, 

PANSS subscores, and CPZ-eq) between the two groups using Bonferroni-corrected 

Pearson correlation coefficients. We used SPSS software for Windows, version 16.0 

(SPSS, Inc., Chicago, IL) for statistical analyses. Differences were considered significant 

at 0.05. 

2.4.2 fNIRS 

For within-group comparison, we tested differences of mean [oxy-Hb] and [deoxy-Hb] 

changes at each channel by performing Student’s t-tests for each channel between the 

emotional and non-emotional blocks in patients with SZ and healthy subjects, respectively. 

We carried out a between-group comparison to examine the difference of mean [oxy-Hb] 

and [deoxy-Hb] changes for each channel by Student’s t-tests between the patients with 

SZ and healthy subjects in the emotional and non-emotional blocks, respectively. We also 



statistically analyzed differences in mean [oxy-Hb] and [deoxy-Hb] changes at different 

channels using two-way ANOVA with the task and diagnosis as the within- and between-

factors, respectively. Statistical significance was set at p < 0.05, and false discovery rate 

(FDR) correction for the multiple comparisons among 31 channels was performed as 

described previously for fNIRS studies (Singh and Dan, 2006). Among the patients with 

SZ, a Bonferroni-corrected Pearson correlation coefficient was calculated to investigate 

the relationships between different clinical variables and the mean [oxy-Hb] and [deoxy-

Hb] changes at the channels determined to be significant in the between-group 

comparison. 

3 Results 

3.1 Demographics and task performance 

 There were no significant differences in demographic variables between patients with 

SZ and healthy subjects except in years of education (Table 1). There was a significant 

interaction between task and diagnosis for both reaction time (F = 8.56, p = 0.005) and 

false alarm error rate (F = 8.33, p = 0.006) and a significant effect of task on reaction time 

(F = 107.7, p < 0.001), omission error rate (F = 31.8, p < 0.001) and false alarm error rate 

(F = 16.9, p < 0.001) (Table 2).  



 In patients with SZ, a higher false alarm error rate in the emotional go/no-go block was 

significantly positively correlated with the negative (r = 0.55, p = 0.02), disorganized (r

= 0.68, p < 0.01), and excitement factors of the PANSS (r = 0.73, p < 0.01) and negatively 

correlated with GAF scores (r = -0.55, p = 0.02). Reaction time was positively correlated 

with illness duration (r = 0.65, p < 0.01). In the non-emotional go/no-go block, a higher 

omission error rate was significantly positively correlated with the PANSS excitement 

factor (r = 0.62, p < 0.01), and the mean reaction time was positively correlated with 

negative PANSS factors (r = 0.60, p < 0.01) and negatively correlated with GAF scores 

(r = -0.52, p = 0.04). None of the behavioral parameters was significantly correlated with 

CPZ-eq. 

3.2 fNIRS 

 In the within-group comparison, healthy subjects showed significantly greater [oxy-Hb] 

increases in seven channels (#29, #37, #38, #39, #46, #48, and #49) during the emotional 

go/no-go block compared to the non-emotional go/no-go block, corresponding to the left 

inferior, superior, and left and right orbital frontal regions (Figure 2A and 2C, Table 3). 

Healthy subjects also showed a significant [deoxy-Hb] decrease in channel #47, estimated 

to be the right orbitofrontal region. Patients with SZ showed similar time courses of mean 

[oxyHb] changes during the emotional and non-emotional go/no-go blocks (Figure 2B), 



and we did not observe significant differences in [oxy-Hb] or [deoxy-Hb] changes 

between the two blocks. No other significantly different [oxy-Hb] or [deoxy-Hb] was 

observed at any channel between the emotional and non-emotional go/no-go blocks in 

healthy subjects or patients with SZ.  

In the between-group comparison, relative to healthy subjects, patients with SZ showed 

attenuated [oxy-Hb] increases in four channels (#37, #38, #42, #47, and #48) during the 

emotional go/no-go block; they corresponded to the left superior frontal, left middle 

temporal, and left and right orbitofrontal regions, respectively (Figure 3 and Table 4). No 

channel showed a significantly greater [oxy-Hb] increase in patients with SZ compared 

to healthy subjects. Patients with SZ showed significant [deoxy-Hb] increases at #39 

compared to healthy subjects, which was estimated to be the left middle frontal region. 

During the non-emotional go/no-go block, there was no significant difference of [oxy-

Hb] or [deoxy-Hb] between patients with SZ and healthy subjects.  

Two-way ANOVA revealed that [oxy-Hb] change showed a significant interaction 

between the task and diagnosis in channel #25 (F = 4.70, p = 0.03), #28 (F = 4.05, p= 

0.049), #37 (F = 7.73, p = 0.008), #38 (F = 12.6, p = 0.0008; F = 5.41), #47 (F = 4.88, p

= 0.03), #48 (F = 9.61, p = 0.003), and #49 (F = 5.10, p = 0.03) and a significant effect 

of task in # 36 (F = 4.85, p = 0.03), #37 (F = 5.50, p = 0.02), #38 (F = 5.41, p = 0.02), 



#45 (F = 6.63, p = 0.01), #46 (F = 6.42, p = 0.02), #49 (F = 5.85, p = 0.02), and #50 (F = 

5.49, p = 0.02). The significant interaction of # 38 and #48, corresponding to the left 

superior frontal and orbitofrontal regions, survived after FDR correction.  

The mean [oxy-Hb] in channel #48 with significance in the between-group comparison 

was significantly inversely correlated with the number of hospitalizations (r = -0.43, p = 

0.03) in patients with SZ, but it was not significant after multiple comparison correction. 

No other significantly different [oxy-Hb] or [deoxy-Hb] at any channel was correlated 

with clinical variables in the between-group comparison. 

4 Discussion 

4.1 Primary results of the study 

The results of the current study demonstrate that patients with SZ showed similar fronto-

temporal region activations for the non-emotional and emotional go/no-go tasks, whereas 

healthy subjects exhibited greater activation in the superior, inferior, and orbital frontal 

and middle temporal regions during the emotional task compared to the non-emotional 

go/no-go task. Compared to healthy subjects, patients with SZ showed blunted activations 

during the emotional go/no-go task in the superior and orbital frontal and temporal regions, 

with more pronounced decreases in the frontal regions. Reduced orbitofrontal region 



activation tended to be associated with more frequent hospitalizations in patients with SZ. 

Poorer behavioral performance was associated with more severe SZ. These findings 

suggest that dysfunction of fronto-temporal regions, particularly the superior and 

orbitofrontal regions, is associated with the interaction between abnormal processing of 

emotional facial expressions with negative valence and cognitive inhibition in patients 

with SZ, especially during the rapid selection of rule-based associations that override 

automatic emotional response tendencies. It is likely that such deficits are involved in the 

pathophysiology underlying emotional-cognitive complex deficits in patients with SZ, 

including social situations. 

4.2 Abnormal fronto-temporal function in response to emotional-cognitive stimuli 

in SZ 

The frontopolar region including a part of the superior frontal region was activated by 

emotional tasks in normal volunteers, such as rating one’s emotions in response to 

pictures of varying valence in contrast to the more posterior region activated by cognitive 

tasks such as those designed to engage action monitoring and attention (Amodio and Frith, 

2006). The orbital frontal regions were also activated during the withholding of a response 

(Horn et al., 2003), during emotional regulation processes (Beauregard et al., 2004), and 

under the affect-incongruent responses (i.e., responses to emotional faces that conflict 



with the automatic approach-avoidance reaction evoked by the emotional face, such as 

approach angry faces and avoid happy faces) (Roelofs et al. 2009).  

The superior temporal sulcus (STS) separates the superior temporal gyrus from the 

middle temporal gyrus, and the functional territory for the posterior STS is thought to 

inferiorly extend to at least the posterior middle temporal gyrus (Wible et al., 2012). STS 

activity increases in response to incongruence between actions and intentions established 

by a previous emotional expression (Wyk et al., 2009). STS activity appears to be more 

enhanced during selective attention to facial emotion than during attention to the face per 

se (Narumoto et al., 2001).  

The blunted activation of the superior frontal, orbitofrontal, and middle temporal regions 

during emotional face tasks was reported in previous studies of patients with SZ (Habel 

et al., 2010; Leitman et al., 2011; Li et al., 2010; Li et al., 2012). A meta-analysis of brain 

function during facial emotion perception tasks with any emotions demonstrates that 

patients with SZ, relative to control subjects, showed lower activation of superior frontal 

gyrus, parahippocampal gyrus/amygdala and middle occipital gyrus (Li et al., 2010). In 

other fMRI studies, patients with SZ, compared to healthy subjects, showed blunted 

activation of right superior frontal gyrus during a facial valence discrimination task using 

sad faces (Li et al., 2012), lower activation of inferior frontal gyrus adjacent to 



orbitofrontal gyrus, anterior cingulate and cuneus during an emotional discrimination task 

using fear faces and inferior frontal gyrus, middle temporal gyrus, superior temporal 

gyrus and other areas during the task using angry faces (Habel, et al., 2010) and blunted 

activation of orbitofrontal gyrus during a facial affect detection task using fear and anger 

faces as well as happy and sad faces (Leitman et al., 2011). The results of current study 

that patients with SZ showed blunted activation of superior frontal and orbitofrontal gyrus 

and middle temporal gyrus in response to emotional facial stimuli further supports 

previous findings. 

With regard to brain function underlying the interaction between emotional faces and 

cognitive control, an fMRI study in normal volunteers using an emotional go/no-go task 

with aversive distractor images revealed that the posterior middle temporal gyrus and 

angular gyrus exhibited larger activation for aversive distractor trials compared to neutral 

distractor trials, suggesting involvement of the middle temporal gyrus in impulse control 

evoked by emotional situations (Brown et al., 2012). An fMRI study of patients with SZ 

demonstrated that during an emotional go/no-go task using emotional words (i.e. positive, 

negative, and neutral words), the patients showed lower activation of the superior/middle 

frontal gyri and other areas in response to negative words. No significantly different 

activations were observed in response to positive words in contrast to neutral words, 



compared to healthy subjects (Vercammen, et al., 2012). The investigators also found that 

patients with SZ showed no differential activation during the negative emotional block 

relative to the neutral block and more activation of right middle frontal gyrus during the 

positive emotional block relative to the neutral block. They therefore suggested that SZ 

is associated with abnormal modulation of the neural response in dorsal regions during 

negative emotional and inhibition processes and more anterior regions during positive 

emotional and inhibition. These findings are agreement with the results of the present 

despite the use of different study designs, task paradigms, and imaging devices.  

We also found that poor activation of the orbitofrontal region during the task was 

modestly associated with a larger number of hospitalizations. The frequent number of 

hospitalizations was predicted by the high scores of psychotic symptoms, as well as male 

sex and younger age (Roick et al., 2004), and were related to social networks including 

relatives, friends, and mental health services (Holmes-Eber et al., 1990). This suggests 

that a larger number of hospitalizations is associated with more severe psychosis and 

poorer social connection, but this finding should be cautiously interpreted because the 

distribution for six hospitalizations and fewer was different from the distribution for more 

than six hospitalizations in the present study. However, blunted activation of the orbital 

frontal region may reflect illness severity and social isolation that lead to more frequent 



hospitalizations in patients with SZ.  

Combined with earlier findings, the results of our study suggest that aberrant activation 

of the superior and orbitofrontal and middle temporal regions are involved in the 

interaction between negatively emotional facial processing and cognitive inhibition, 

which is thought to underlie the pathophysiology of brain abnormalities in patients with 

SZ.  

4.3 Abnormal behavioral performance in schizophrenia 

Facial emotion discrimination studies have suggested that patients with SZ have 

difficulty rejecting non-target emotions and fail to correctly identifying the target emotion 

(Habel et al., 2010; Schneider et al., 2006; Seiferth et al., 2009). Although the task design 

in prior studies were not the same as the one used here, our result that patients with SZ 

had a higher false alarm error rate than healthy subjects during the emotional go/no-go 

task is in agreement with the facial emotion perception deficits of SZ. Our finding that 

the higher false alarm error rate in patients with SZ during the emotional task was 

negatively correlated with GAF scores also supports the hypothesis of impaired emotional 

cognitive interaction related to poor social functioning (Park et al., 2008) and negative 

symptoms (Chan et al., 2010). As such findings were not observed in the emotional verbal 

go/no-go task (Vercammen et al., 2012), the impairment in rejecting non-target emotions 



may be a characteristic of patients with SZ, which may lead to inappropriate or even 

delusional interpretation when the patients look at emotional faces of other people. 

Speculatively, this could result in decreased social interaction and withdrawal. 

4.4 Limitations 

We should mention some limitations of the study. First, patients with SZ were medicated 

during study participation, which may have affected the results. However, subjects at risk 

of psychosis (Seiferth et al., 2008) and unmedicated, unaffected siblings of SZ patients 

(Kee et al., 2004) have been shown to exhibit emotional perception deficits. Medicated 

patients did not differ from unmedicated patients regarding their behavioral performance 

of facial emotion perception in a meta-analysis (Kohler et al., 2010). The present study 

showed that CPZ-eq was not correlated with brain activation or task performance. 

Therefore, the medication likely affected the results of this study to some extent, but this 

effect is not likely to be significant. Secondly, we did not assess participant attention 

during the tasks using measurements such as sleepiness and fatigue scales, although we 

consistently observed the subjects while they performed the tasks. Still, subjective scales 

should be used in future studies. Thirdly, we did not evaluate the behavioral and fNIRS 

data in the control block (the geometric sensorimotor go/no-go task). Some functional 

neuroimaging studies have demonstrated that patients with SZ exhibit deficits on this task 



(Arce et al., 2006; Kaladjian et al., 2007; Kiehl et al., 2000), whereas others did not 

(Laurens et al., 2003; Nishimura et al., 2011). As the control block in the current study 

was designed as a baseline task with a larger number of tasks per trial (108 stimuli) than 

that in non-emotional or emotional block (32 stimuli per trial), the behavioral and fNIRS 

data in the control block cannot be directly compared to those in the non-emotional or 

emotional block. If the difference in cognitive inhibition, emotional face processing, and 

the interaction of the two were to be assessed in a future investigation, a different study 

design would be required. Fourthly, the results should be cautiously interpreted because 

other brain regions that cannot be measured with fNIRS may be abnormally activated, 

which may impact on the fronto-temporal activation in patients with SZ. Prior fMRI 

studies demonstrated that patients with SZ showed abnormal function of the amygdala 

(Hall et al., 2008; Holt et al., 2006; Li et al., 2010) and parahippocampus (Li et al., 2010; 

Surguladze et al., 2006) during an emotional and neutral face task, and the anterior 

cingulate was abnormally activated during an emotional Stroop task (Park et al., 2008). 

The amygdala is a key player in emotional face processing (Haxby et al., 2000) and is 

activated in the emotional go/no-go task (Hare et al., 2008). The anterior cingulate 

connects with the dorsolateral and middle frontal regions and orbitofrontal cortex and is 

known to be involved in aspects of working memory, rule-based learning, attention, and 



emotional regulation (Bonelli et al., 2007). fNIRS cannot detect the activation of these 

regions because they are located deep in the brain; thus, the activation of these regions 

may have affected brain function and behavioral performance in the present study. Finally, 

as NIRS has a low spatial resolution (approximately 3 cm, which is roughly 1 gyrus of 

the brain) (Suda et al., 2011), anatomical identification in the present study is not as 

accurate as fMRI investigations. 

5. Conclusion 

This is the first fNIRS study to evaluate brain function during an emotional go/no-go 

task in patients with SZ. Our results suggest that patients with SZ exhibit blunted fronto-

temporal activation in response to the interaction task, suggesting that dysfunction of 

these brain regions is involved in the pathophysiology of abnormal emotional processing 

and cognitive inhibition in patients with SZ. These findings may further our 

understanding of impaired social interaction in patients with SZ. 



References 

Adolphs, R., Damasio, H., Tranel, D., Cooper, G., Damasio, A.R., 2000. A role for 

somatosensory cortices in the visual recognition of emotion as revealed by three 

dimensional lesion mapping. J. Neurosci. 20(7), 2683-2690. 

American Psychiatric Association, 2000. Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition, Text Revision. APA, Washington, DC. 

Amodio, D.M., Frith, C.D., 2006. Meeting of minds: the medial frontal cortex and social 

cognition. Nat. Rev. Neurosci. 7(4), 268-277. 

Arce, E., Leland, D.S., Miller, D.A., Simmons, A.N., Winternheimer, K.C., Paulus, M.P., 

2006. Individuals with schizophrenia present hypo- and hyperactivation during implicit 

cueing in an inhibitory task. NeuroImage 32(2), 704-713. 

Beauregard, M., Levesque, J., Paquette, V., Neural basis of conscious and voluntary self-

regulation of emotion. In: Beauregard, M., editor. Consciousness, emotional self-

regulation and the brain. 2004. John Benjamins Publishing, Philadelphia P.A. 

Bonelli, R.M., Cummings, J.L., 2007. Frontal-subcortical circuitry and behavior. 

Dialogues Clin. Neurosci. 9(2), 141-151. 

Brown, M.R., Lebel, R.M., Dolcos, F., Wilman, A.H., Silverstone, P.H., Pazderka, H., 

Fujiwara, E., Wild, T.C., Carroll, A.M., Hodlevskyy, O., Zedkova, L., Zwaigenbaum, L., 



Thompson, A.H., Greenshaw, A.J., Dursun, S.M., 2012. Effects of emotional context on 

impulse control. NeuroImage 63(1), 434-446. 

Chan, R.C., Li, H., Cheung, E.F., Gong, Q.Y., 2010. Impaired facial emotion perception 

in schizophrenia: a meta-analysis. Psychiatry Res. 178(2), 381-390. 

Cohen, A.S., Minor, K.S., 2010. Emotional experience in Patients with schizophrenia 

revisited: Meta-analysis of laboratory studies. Schizophr. Bull. 36(1), 143-150. 

Damasio, A.R., 2005. Descartes’ Error: Emotion, Reason, and the Human Brain. 

Penguin Books, London. 

Habel, U., Chechko, N., Pauly, K., Koch, K., Backes, V., Seiferth, N., Shah, N.J., Stocker, 

T., Schneider, F., Kellermann, T., 2010. Neural correlates of emotion recognition in 

schizophrenia. Schizophr. Res. 122(1-3), 113-123. 

Hall, J., Whalley, H.C., McKirdy, J.W., Romaniuk, L., McGonigle, D., McIntosh, A.M., 

Baig, B.J., Gountouna, V.E., Job, D.E., Donaldson, D.I., Sprengelmeyer, R., Young, A.W., 

Johnstone, E.C., Lawrie, S.M., 2008. Overactivation of fear systems to neutral faces in 

schizophrenia. Biol. Psychiatry 64(1), 70-73. 

Hare, T.A., Tottenham, N., Galvan, A., Voss, H.U., Glover, G.H., Casey, B.J., 2008. 

Biological substrates of emotional reactivity and regulation in adolescence during an 

emotional go-nogo task. Biol. Psychiatry 63(10), 927-934. 



Haxby, J.V., Hoffman, E.A., Gobbini, M.I., 2000. The distributed human neural system 

for face perception. Trends Cogn. Sci. 4(6), 223-233. 

Holmes-Eber, P., Riger, S., 1990. Hospitalization and the composition of mental patients' 

social networks. Schizophr. Bull. 16(1), 157-164. 

Holt, D.J., Kunkel, L., Weiss, A.P., Goff, D.C., Wright, C.I., Shin, L.M., Rauch, S.L., 

Hootnick, J., Heckers, S., 2006. Increased medial temporal lobe activation during the 

passive viewing of emotional and neutral facial expressions in schizophrenia. Schizophr. 

Res. 82(2-3), 153-162. 

Hooker, C., Park, S., 2002. Emotion processing and its relationship to social functioning 

in schizophrenia patients. Psychiatry Res. 112(1), 41-50. 

Horn, N.R., Dolan, M., Elliott, R., Deakin, J.F., Woodruff, P.W., 2003. Response 

inhibition and impulsivity: an fMRI study. Neuropsychologia 41(14), 1959-1966. 

Huppert, T.J., Hoge, R.D., Diamond, S.G., Franceschini, M.A., Boas, D.A., 2006. A 

temporal comparison of BOLD, ASL, and NIRS hemodynamic responses to motor 

stimuli in adult humans. NeuroImage 29(2), 368-382. 

Kaladjian, A., Jeanningros, R., Azorin, J.M., Grimault, S., Anton, J.L., Mazzola-

Pomietto, P., 2007. Blunted activation in right ventrolateral prefrontal cortex during motor 

response inhibition in schizophrenia. Schizophr. Res. 97(1-3), 184-193. 



Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative syndrome scale 

(PANSS) for schizophrenia. Schizophr. Bull. 13(2), 261-276. 

Kee, K.S., Horan, W.P., Mintz, J., Green, M.F., 2004. Do the siblings of schizophrenia 

patients demonstrate affect perception deficits? Schizophr. Res. 67(1), 87-94. 

Kiehl, K.A., Smith, A.M., Hare, R.D., Liddle, P.F., 2000. An event-related potential 

investigation of response inhibition in schizophrenia and psychopathy. Biol. Psychiatry 

48(3), 210-221. 

Kohler, C.G., Turner, T.H., Bilker, W.B., Brensinger, C.M., Siegel, S.J., Kanes, S.J., Gur, 

R.E., Gur, R.C., 2003. Facial emotion recognition in schizophrenia: intensity effects and 

error pattern. Am. J. Psychiatry 160(10), 1768-1774. 

Kohler, C.G., Walker, J.B., Martin, E.A., Healey, K.M., Moberg, P.J., 2010. Facial 

emotion perception in schizophrenia: a meta-analytic review. Schizophr. Bull. 36(5), 

1009-1019. 

Laurens, K.R., Ngan, E.T., Bates, A.T., Kiehl, K.A., Liddle, P.F., 2003. Rostral anterior 

cingulate cortex dysfunction during error processing in schizophrenia. Brain 126(3), 610-

622. 

Leitman, D.I., Wolf, D.H., Loughead, J., Valdez, J.N., Kohler, C.G., Brensinger, C., 

Elliott, M.A., Turetsky, B.I., Gur, R.E., Gur, R.C., 2011. Ventrolateral prefrontal cortex 



and the effects of task demand context on facial affect appraisal in schizophrenia. Soc. 

Cogn. Affect. Neurosci. 6(1), 66-73. 

Li, H., Chan, R.C., McAlonan, G.M., Gong, Q.Y., 2010. Facial emotion processing in 

schizophrenia: a meta-analysis of functional neuroimaging data. Schizophr. Bull. 36(5), 

1029-1039. 

Li, H.J., Chan, R.C., Gong, Q.Y., Liu, Y., Liu, S.M., Shum, D., Ma, Z.L., 2012. Facial 

emotion processing in patients with schizophrenia and their non-psychotic siblings: a 

functional magnetic resonance imaging study. Schizophr. Res. 134(2-3), 143-150. 

Marwick, K., Hall, J., 2008. Social cognition in schizophrenia: a review of face 

processing. Br. Med. Bull. 88(1), 43-58. 

Matsubara, T., Matsuo, K., Nakashima, M., Nakano, M., Harada, K., Watanuki, T., 

Egashira, K., Watanabe, Y., 2014. Prefrontal activation in response to emotional words in 

patients with bipolar disorder and major depressive disorder. NeuroImage 85 Pt 1, 489-

497. 

Matsumoto, D., Ekman, P., 1988. Japanese and Caucasian Facial Expressions of 

Emotion (JACFEE) and Neutral Faces (JACNeuF). Intercultural and Emotion Research 

Laboratory, Department of Psychology, San Francisco State University, San Francisco, 

CA. 



Matsuo, K., Kouno, T., Hatch, J.P., Seino, K., Ohtani, T., Kato, N., Kato, T., 2007. A 

near-infrared spectroscopy study of prefrontal cortex activation during a verbal fluency 

task and carbon dioxide inhalation in individuals with bipolar disorder. Bipolar Disord. 

9(8), 876-883. 

Matsuoka, K., Uno, M., Kasai, K., Koyama, K., Kim, Y., 2006. Estimation of premorbid 

IQ in individuals with Alzheimer's disease using Japanese ideographic script (Kanji) 

compound words: Japanese version of National Adult Reading Test. Psychiatry Clin. 

Neurosci. 60(3), 332-339. 

Narumoto, J., Okada, T., Sadato, N., Fukui, K., Yonekura, Y., 2001. Attention to emotion 

modulates fMRI activity in human right superior temporal sulcus. Brain Res. Cognit. 

Brain Res. 12(2), 225-231. 

Nishimura, Y., Takizawa, R., Muroi, M., Marumo, K., Kinou, M., Kasai, K., 2011. 

Prefrontal cortex activity during response inhibition associated with excitement 

symptoms in schizophrenia. Brain Res. 1370, 194-203. 

Okada, E., Delpy, D.T., 2003. Near-infrared light propagation in an adult head model. I. 

Modeling of low-level scattering in the cerebrospinal fluid layer. Appl. Opt. 42(16), 2906-

2914. 

Okamoto, M., Dan, H., Shimizu, K., Takeo, K., Amita, T., Oda, I., Konishi, I., Sakamoto, 



K., Isobe, S., Suzuki, T., Kohyama, K., Dan, I., 2004. Multimodal assessment of cortical 

activation during apple peeling by NIRS and fMRI. NeuroImage 21(4), 1275-1288. 

Otsubo, T., Tanaka, K., Koda, R., Shinoda, J., Sano, N., Tanaka, S., Aoyama, H., Mimura, 

M., Kamijima, K., 2005. Reliability and validity of Japanese version of the Mini-

International Neuropsychiatric Interview. Psychiatry Clin. Neurosci. 59(5), 517-526. 

Park, I.H., Park, H.J., Chun, J.W., Kim, E.Y., Kim, J.J., 2008. Dysfunctional modulation 

of emotional interference in the medial prefrontal cortex in patients with schizophrenia. 

Neurosci. Lett. 440(2), 119-124. 

Roelofs, K., Minelli, A., Mars, R.B., van Peer, J., Toni, I., 2009. On the neural control 

of social emotional behavior. Soc. Cogn. Affect. Neurosci. 4(1), 50-58. 

Roick, C., Heider, D., Kilian, R., Matschinger, H., Toumi, M., Angermeyer, M.C., 2004. 

Factors contributing to frequent use of psychiatric inpatient services by schizophrenia 

patients. Soc. Psychiatry Psychiatr. Epidemiol. 39(9), 744-751. 

Schneider, F., Gur, R.C., Koch, K., Backes, V., Amunts, K., Shah, N.J., Bilker, W., Gur, 

R.E., Habel, U., 2006. Impairment in the specificity of emotion processing in 

schizophrenia. Am. J. Psychiatry 163(3), 442-447. 

Seiferth, N.Y., Pauly, K., Habel, U., Kellermann, T., Shah, N.J., Ruhrmann, S., 

Klosterkotter, J., Schneider, F., Kircher, T., 2008. Increased neural response related to 



neutral faces in individuals at risk for psychosis. NeuroImage 40(1), 289-297. 

Seiferth, N.Y., Pauly, K., Kellermann, T., Shah, N.J., Ott, G., Herpertz-Dahlmann, B., 

Kircher, T., Schneider, F., Habel, U., 2009. Neuronal correlates of facial emotion 

discrimination in early onset schizophrenia. Neuropsychopharmacology 34(2), 477-487. 

Singh, A.K., Dan, I., 2006. Exploring the false discovery rate in multichannel NIRS. 

NeuroImage 33(2), 542-549. 

Suda, M., Takei, Y., Aoyama, Y., Narita, K., Sakurai, N., Fukuda, M., Mikuni, M., 2011. 

Autistic traits and brain activation during face-to-face conversations in typically 

developed adults. PLoS One 6(5) 

Surguladze, S., Russell, T., Kucharska-Pietura, K., Travis, M.J., Giampietro, V., David, 

A.S., Phillips, M.L., 2006. A reversal of the normal pattern of parahippocampal response 

to neutral and fearful faces is associated with reality distortion in schizophrenia. Biol. 

Psychiatry 60(5), 423-431. 

Takei, Y., Suda, M., Aoyama, Y., Yamaguchi, M., Sakurai, N., Narita, K., Fukuda, M., 

Mikuni, M., 2013. Temporal lobe and inferior frontal gyrus dysfunction in patients with 

schizophrenia during face-to-face conversation: a near-infrared spectroscopy study. J. 

Psychiatr. Res. 47(11), 1581-1589. 

Takizawa, R., Kasai, K., Kawakubo, Y., Marumo, K., Kawasaki, S., Yamasue, H., 



Fukuda, M., 2008. Reduced frontopolar activation during verbal fluency task in 

schizophrenia: a multi-channel near-infrared spectroscopy study. Schizophr. Res. 99(1-3), 

250-262. 

Todd, R.M., Lee, W., Evans, J.W., Lewis, M.D., Taylor, M.J., 2012. Withholding 

response in the face of a smile: age-related differences in prefrontal sensitivity to Nogo 

cues following happy and angry faces. Dev. Cogn. Neurosci. 2(3), 340-350. 

Toronov, V., Webb, A., Choi, J.H., Wolf, M., Michalos, A., Gratton, E., Hueber, D., 2001. 

Investigation of human brain hemodynamics by simultaneous near-infrared spectroscopy 

and functional magnetic resonance imaging. Med. Phys. 28(4), 521-527. 

Tremeau, F., 2006. A review of emotion deficits in schizophrenia. Dialogues Clin. 

Neurosci. 8(1), 59-70. 

Tsuzuki, D., Jurcak, V., Singh, A.K., Okamoto, M., Watanabe, E., Dan, I., 2007. Virtual 

spatial registration of stand-alone fNIRS data to MNI space. NeuroImage 34(4), 1506-

1518. 

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., Delcroix, 

N., Mazoyer, B., Joliot, M., 2002. Automated anatomical labeling of activations in SPM 

using a macroscopic anatomical parcellation of the MNI MRI single-subject brain. 

NeuroImage 15(1), 273-289. 



Vercammen, A., Morris, R., Green, M.J., Lenroot, R., Kulkarni, J., Carr, V.J., Weickert, 

C.S., Weickert, T.W., 2012. Reduced neural activity of the prefrontal cognitive control 

circuitry during response inhibition to negative words in people with schizophrenia. J. 

Psychiatry Neurosci. 37(6), 379-388. 

Volman, I., Roelofs, K., Koch, S., Verhagen, L., Toni, I., 2011. Anterior prefrontal cortex 

inhibition impairs control over social emotional actions. Curr. Biol. 21(20), 1766-1770. 

Wallwork, R.S., Fortgang, R., Hashimoto, R., Weinberger, D.R., Dickinson, D., 2012. 

Searching for a consensus five-factor model of the Positive and Negative Syndrome Scale 

for schizophrenia. Schizophr. Res. 137(1-3), 246-250. 

Wessa, M., Houenou, J., Paillère-Martinot, M.L., Berthoz, S., Artiges, E., Leboyer, M., 

Martinot, J.L., 2007. Fronto-striatal overactivation in euthymic bipolar patients during an 

emotional go/nogo task. Am. J. Psychiatry 164(4), 638-646. 

Wible, C.G., 2012. Schizophrenia as a disorder of social communication. Schizophr. Res. 

Treatment 

Wyk, B.C., Hudac, C.M., Carter, E.J., Sobel, D.M., Pelphrey, K.A., 2009. Action 

understanding in the superior temporal sulcus region. Psychol. Sci. 20(6), 771-777. 



Figure legends 

Figure 1. Task design of the emotional go/no-go task in fNIRS.  

Each block included two variations of facial information discrimination (E1 and E2 in the 

emotional block, NE1 and NE2 in the non-emotional block). The target stimuli for Go 

differ in each task. For example, in the emotional block, angry and fearful faces are the 

target stimuli of the E1 and E2 tasks, respectively. All of the blocks are 404 s. 

C, Control task; E, Emotional task; NE, Non-emotional task. 

Figure 2. Within-group comparison of mean [oxy-Hb] changes during the emotional and 

non-emotional go/no-go blocks in patients with SZ and healthy subjects. 

A: Red traces indicate [oxy-Hb] during the emotional block, and pink traces indicate 

[oxy-Hb] during the non-emotional block in healthy subjects. Orange boxes show 

channels with significant mean [oxy-Hb] changes between the emotional and non-

emotional go/no-go blocks in healthy subjects. B: Blue traces indicate [oxy-Hb] during 

the emotional blocks, and turquoise trace indicate [oxy-Hb] during the non-emotional 

blocks in patients with SZ. C: Orange circles with the channel number represent the 

location of the channels with significance in A, and white circles represent the location 

of non-significant channels. 



Figure 3. Between-group comparison of mean [oxy-Hb] changes during the emotional 

go/no-go blocks between patients with SZ and healthy subjects. 

A: Red traces indicate [oxy-Hb] in healthy subjects, and blue traces indicate [oxy-Hb] in 

patients with SZ during the emotional go/no-go block. Orange boxes show channels with 

significantly different mean [oxy-Hb] changes during the emotional blocks between 

patients with SZ and healthy subjects. B: Orange circles with the channel number 

represent the location of the channels with significance in A, and white circles represent 

the location of non-significant channels. 



Healthy
(n = 28)

Schizophrenia
(n = 25) p

Age (years) 40.1 ± 8.1 41.3 ± 9.2 0.62
Sex (m/f) 12/16 10/15 0.83
Educations (years) 15.9 ± 2.1 13.4 ± 2.3 <0.001
a  Handedness 86.1 ± 18.1 79.6 ± 39.3 0.44
b Estimated premorbid IQ 102.0 ± 6.4 99.4 ± 10.8 0.28
DUP (months) 14.6 ± 30.3
Duration of illness (years) 21.5 ± 11.0
PANSS five-factor model
  Positive factor 6.6 ± 3.0
  Negative factor 18.7 ± 7.7
  Disorganized/concrete factor 5.1 ± 2.6
  Excited factor 4.8 ± 2.6
  Depressed factor 4.0 ± 1.5
GAF 47.8 ± 17.9
CPZ-eq (mg/day) 981.6 ± 589.7

Data were given as mean ± sd. a Assessed using the Edinburgh Handedness Inventory.
b Assessed using the Japanese version of the National Adult Reading Test.
p  < 0.01 by Student's t-test

Table 1.  Demographic and clinical characteristics of participants.

DUP, duration of untreated psychosis; PANSS, Positive and Negative Syndrome Scale;
GAF, Global Assessment of Functioning; CPZ-eq, chlorpromazine-equivalents














