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The Neural Correlates of Effortful Cognitive Processing Deficits in Schizophrenia: An ERP Study












	 
	ORIGINAL RESEARCH
published: 28 May 2021
doi: 10.3389/fnhum.2021.664008





[image: image]

The Neural Correlates of Effortful Cognitive Processing Deficits in Schizophrenia: An ERP Study

Chen-Guang Jiang, Jun Wang, Xiao-Hong Liu, Yan-Ling Xue and Zhen-He Zhou*

Department of Psychiatry, The Affiliated Wuxi Mental Health Center of Nanjing Medical University, Wuxi, China

Edited by:
Michel Audiffren, University of Poitiers, France

Reviewed by:
Verner Knott, University of Ottawa, Canada
Elisa C. Dias, Nathan Kline Institute for Psychiatric Research, United States

*Correspondence: Zhen-He Zhou, zhouzh@njmu.edu.cn

Specialty section: This article was submitted to Cognitive Neuroscience, a section of the journal Frontiers in Human Neuroscience

Received: 05 February 2021
Accepted: 03 May 2021
Published: 28 May 2021

Citation: Jiang C-G, Wang J, Liu X-H, Xue Y-L and Zhou Z-H (2021) The Neural Correlates of Effortful Cognitive Processing Deficits in Schizophrenia: An ERP Study. Front. Hum. Neurosci. 15:664008. doi: 10.3389/fnhum.2021.664008

Background: Individuals’ information processing includes automatic and effortful processes and the latter require sustained concentration or attention and larger amounts of cognitive “capacity.” Event-related potentials (ERPs) reflect all neural activities that are related to a certain stimulus. Investigating ERP characteristics of effortful cognitive processing in people with schizophrenia would be helpful in further understanding the neural mechanism of schizophrenia.

Methods: Both schizophrenia patients (SCZ, n = 33) and health controls (HC, n = 33) completed ERP measurements during the performance of the basic facial emotion identification test (BFEIT) and the face-vignette task (FVT). Data of ERP components (N100, P200, and N250), BFEIT and FVT performances were analyzed.

Results: Schizophrenia patients’ accuracies of face emotion detection in the BFEIT and vignette emotion detection in the FVT were both significantly worse than the performance of the HC group. Repeated-measures ANOVAs performed on mean amplitudes and latencies revealed that the interaction effect for group × experiment × site (prefrontal, frontal, central, parietal, and occipital site) was significant for N250 amplitude. In FVT experiment, N250 amplitudes at prefrontal and frontal sites in schizophrenia group were larger than those of HC group; the maximum N250 amplitude was present at the prefrontal site in both the groups. For N250 latency, the interaction effect for group × experiment was significant; N250 latencies in the schizophrenia group were longer than those of the HC group.

Conclusion: Schizophrenia patients present effortful cognitive processing dysfunctions which reflect in abnormal ERP components, especially N250 at prefrontal cortex and frontal cortex sites. These findings have important implications for further clarifying the neural mechanism of effortful cognitive processing deficits in schizophrenia.
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INTRODUCTION

Schizophrenia protect is a severe mental disorder characterized by destruction of thinking, sense of self, emotional response, logical reasoning, cognition, perceptions and volitional behavior. Among all the major symptoms of schizophrenia, cognitive dysfunction authentically contributes to the disabling nature of the disorder (Bowie et al., 2006; Stern, 2012). Systematic studies have confirmed that cognition is an individual’s process of obtaining and applying knowledge, that is, a process of processing information (Tomasello and Call, 2011). Individuals’ information processing includes automatic processes and effortful processes. Automatic cognition processing requires almost no attention to be allocated to the task at hand and in many instances is executed in response to a specific stimulus. Correspondingly, effortful cognition, namely as effortful information processing, depends on attentional capacity and usually can be tested by an “effort-demanding” cognitive task (i.e., tasks that require sustained concentration or attention or require larger amounts of cognitive “capacity”) (Tancer et al., 1990; Hammar and Ardal, 2012; Rodriguez-Larios et al., 2020).

The vulnerability model of schizophrenia was derived from the integration of heredity, abnormal brain structure, impaired brain functioning, physiological and psychological development and early learning (Yank et al., 1993). Reduced availability of processing resources is the critical feature of the vulnerability model of schizophrenia (Rund and Landrø, 1990). Studies have indicated that schizophrenia patients also experience severe deficiencies in resources availability for effortful controlled processing (i.e., effortful cognitive dysfunction) (Granholm et al., 2007; Patrick et al., 2015). Previously a study investigated the relationship between early visual information processing deficits and effortful processing resource allocation (Granholm et al., 2007). In this study, both chronic schizophrenia patients and healthy controls (HCs) performed a span of apprehensive task, and pupillary responses were recorded as an index of resource allocation or mental effort during the task. Their results revealed that patients displayed reduced effortful resource allocation and impaired detection accuracy. Another study compared the effortful decision making of schizophrenia patients versus HCs by focusing on the effort expended when completing a rewards task; the findings also revealed a pattern of inefficient effortful decision making in schizophrenia patients relative to HCs (McCarthy et al., 2016).

Effortful cognitive processing was involved in both social cognition and neurocognition. For example, effortful emotional cognitive processing is a kind of effortful cognition that may supply top-down as well as goal-directed reappraisal of emotion-laden stimuli to contextually modulate affect-driven responding (Phillips et al., 2003; Ochsner and Gross, 2005). The essential characteristic of effortful emotional cognition is attributable to either social cognition or neurocognition. Effortful emotional cognition can be measured by a face-vignette task (FVT), which is an information-processing task with a high processing load, and individuals’ performances on FVT represent their available processing resources (Patrick et al., 2015). Previous studies have confirmed that patients with schizophrenia exhibit impairments in effortful emotional processing (Rowland et al., 2012; Patrick et al., 2015). Cognitive deficits, one of the major symptom dimensions occurring early in the stage of schizophrenia and relatively stable over time, have been considered as a potential treatment target (Rowland et al., 2012; MacKenzie et al., 2018).

Event-related potentials (ERPs), based on electroencephalogram (EEG) recordings, are electrophysiological responses reflecting cognition-related neural activities that can be evoked by certain stimuli during an experiment. ERPs have become a prominent approach for studying the neural mechanisms involved in cognitive function. To date, although previous studies have suggested that schizophrenia patients have impaired effortful cognitive processing, the ERP characteristics of effortful cognitive processing in schizophrenia have not been reported yet, although it would be of help to understand the neural mechanism of this disease. Furthermore, clarifying such ERP characteristics would have implications for better understanding the etiology, clinical features and treatment strategies in schizophrenia.

On the basis of the foregoing, it is supposed that people with schizophrenia would have abnormal ERP responses due to effortful emotional processing deficits. To test this hypothesis and investigate the neural mechanism of effortful cognitive processing in schizophrenia, both schizophrenia patients and HCs performed a Basic facial emotion identification test (BFEIT) and a FVT, to reflect their automatic cognitive function and effortful cognitive function, respectively. ERPs evoked by BFEIT and FVT were synchronously measured.



MATERIALS AND METHODS


Time and Setting

This study was conducted from January 01, 2017, to July 31, 2020 in the affiliated Wuxi Mental Health Center of Nanjing Medical University. The study protocol was approved by the Ethics Committee of Wuxi Mental Health Center and was conducted in accordance with the Declaration of Helsinki (Reference No. 2017LLKY007).



Participants

All participants with schizophrenia were recruited from inpatients of Wuxi Mental Health Center. The inclusion criteria were: (a) met the criteria of schizophrenia according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth edition (DSM-5), (b) Chinese Han, aged 18 to 65 years, (c) had no current or history of neurological illness or any other kind of severe physical illness that would affect his/her cognitive function, (d) educational level no less than junior middle school (normally 9 years), (e) volunteer to participate in this study, and (f) clinical stable enough to fulfill this study. The exclusion criteria were: (a) met criteria of any other mental disorder according to DSM-5, (b) treated by electroconvulsive therapy (ECT) or modified ECT within 6 months before recruitment, (c) had nicotine/other substance misuse or dependence within the latest 6 months, and (d) visual impairment that cannot be corrected to satisfy the demand of the current study. Healthy controls were recruited from local citizen through advertisement. The inclusion criteria were: (a) met no criteria of any kind of mental disorder according to DSM-5, and (b) to (e) criteria as the schizophrenia patients group. The exclusion criteria of HCs were the same as (c) and (d) items as the patients group.

All participants provided written informed consent. Considering that some schizophrenia patients might have impaired capacity to provide consent even if they are clinically stable, we also got consent from patients’ guardians or close relatives. All participants were compensated 300.00 Chinese Yuan (equals to about 45 US dollars) for their time taking part in this study.



Measurements


Basic Facial Emotion Identification Test

In the BFEIT task, there were six categories of basic emotions (i.e., happy, angry, sad, fear, surprise, and disgust) which were selected from the Chinese facial affective picture system (Gong et al., 2011). All pictures were black-and-white photographs with hair removed. Each category of facial emotion types included 8 pictures and the number of male and female face pictures were balanced across each emotion category. The procedure of BFEIT is sketched in Figure 1. Briefly, in each trial, following a centrally presented fixation (“ + ”, 1.0 × 1.0 cm, last for 1000 ms), there was a facial picture with two choices below. One choice represented the basic emotion matched to the face picture and the other one conveyed a non-basic emotion (i.e., guilty, smugness, painful, determined, hopeful and insulted). The position (bottom left or bottom right) of the two choices were pseudo-random. Participants were required to make a choice to classify the emotion represented by the picture as quickly and accurately as possible, with a response deadline of 5000 ms, by pressing a labeled keypad. The next trial started following an inter-trial interval (ITI) with a range varied randomly from 500 to 2000 ms.
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FIGURE 1. A diagram illustrating the experimental procedures (experiment 1: the measurement of the basic facial emotion identification test; experiment 2: the measurement of the face-vignette task). [image: image], angry; [image: image]: determined; [image: image], happy; [image: image], smugness. ITI, inter-trial interval.




Face-Vignette Task

The procedure of FVT was designed similarly as described in a previous study (Patrick et al., 2015). A succinct situational vignette was constructed, for each face picture, to convey an above mentioned non-basic emotion. Before the test in participants of this study, the intended emotion for each vignette was validated by seven Chinese undergraduates. The mean accuracy was 0.91 [standard deviation (SD) = 0.03], and the observed inter-rater reliability was 0.75. According to the specific emotional category (e.g., a fearful facial expression paired with a painful vignette), the face-vignette pairs were matched such that each vignette was inconsistent with the facial expression (see Figure 2). The specific face-vignette pairs included sadness-guilty, happy-smug, fear-painful, angry-determined, disgusted-insulted and surprised-hopeful. During the FVT trial, the vignette was presented first and the participants were required to read it aloud. After the participants well understood the vignette, he/she could press the “SPACE” of a keyboard to continue. Then a fixation presented in the center of the screen for 1000 ms followed by a face picture. Be different from the BFEIT, participants were required to choose the emotion that best matching the vignette by pressing a labeled keypad (include three items, i.e., face responses, vignette responses and random responses). The procedure of FVT is also sketched in Figure 1.
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FIGURE 2. An example of a trial of the FVT. The situational vignette is displayed as follows (in Chinese): This is a story about a bus driver. The driver is driving a bus on the road. Suddenly, he sees a running child on the road no more than 10 m ahead of his bus. He quickly steps on the brakes. Followed by the vignette, there appears a picture of a face on the upper and two choices (angry vs. determined) on the lower position. Subjects are required to choose the better one that reflects the given scenario. [image: image], angry; [image: image]: determined.


Both BFEIT and FVT were designed and performed via E-Prime software version 3.0 (Psychology Software Tools Inc, Sharpsburg, PA, United States). All stimuli were presented on a 19-inch computer screen with 1280 × 1024 resolution and a 60 hertz (Hz) refresh rate. Participants were seated in a moderate light and sound attenuated room in front of the screen at a distance of around 60 cm. Participants were asked to complete BFEIT (experiment 1) and then FVT (experiment 2). Before the formal trial, there was a practice procedure (12 trials) to ensure that participants understood the task.




Electroencephalogram Recordings and ERP Analysis

The BioSemi Active Two system was employed to record EEGs in continuous mode at a 500 Hz digitization rate. According to the international 10/20 system, a customized BrainCap (EasyCap, Herrsching, Germany) containing 64 Ag/AgCl ring-type electrodes was arranged for EEG recordings. Vertical and horizontal electrooculography (EOG) was monitored by additional electrodes placed below and on the external canthi of the left eye. Electrode impedances were below 5 kiloohm (kΩ). The EEG and EOG were filtered by 0.05–100 Hz bandpass filter. The left and right mastoids served as references, and the ground electrodes were placed under the left clavicle site. ERPs were only derived from participants’ correct responses.

The EEG data were processed offline using Brain Vision Analyzer 2.0 (Brain Products GmbH, Munich, Germany) and re-referenced offline to the averaged left and right mastoids. A bandpass filtered between 0.1 and 30 Hz using a zero-phase shift Butterworth filter was used. In each single trial, the EOG was eliminated by the independent component analysis (ICA) algorithm. Data were segmented by stimulus marker from −200 to 1000 ms. Segments were baseline corrected using −200 to 0 ms prestimulus time and were eyeblink corrected using established measures (Monaghan et al., 2019). Artifact rejection for individual channels was performed, and a given segment was rejected if the voltage gradient exceeded 50 microvolts (μV)/ms, the amplitude was ±75 μV, or the signal was flat (<0.5 μV for more than 100 ms). Segments were averaged across stimulus markers. The time-windows locked in each peak were selected.

Grand average ERP responses to target stimuli in experiment 1 and experiment 2 were computed across all participants, and three distinct ERP components, i.e., N100, P200, and N250, were identified and used for statistical analyses based on their distinctive polarities, latencies and topographic maps. In this study, following the stimulus onset, N100 data were measured in a time window between 80 and 150 ms; P200 data were measured in a time window between 150 and 230 ms; and N250 data were measured in a time window between 200 and 350 ms.

According to the scalp topographical distribution of grand-averaged ERP activity in this study, a set of available electrodes was used for statistical analyses. Nineteen electrode sites (AF3, AFz, AF4, F1, F2, Fz, F3, F4, C1, C2, Cz, C3, C4, P1, Pz, P2, PO3, PO4, and POz) were selected and classified into the following five regions of sites: prefrontal site (AF3, AFz, and AF4), frontal site (F1, F2, Fz, F3, and F4), central site (C1, C2, Cz, C3, and C4), parietal site (P1, Pz, and P2), and occipital site (PO3, POz, and PO4). The peak amplitude and corresponding latency of each ERP component and electrode site were measured. And then the average amplitude and latency for each of the five brain regions were calculated.



Statistical Analysis

All data were analyzed using Statistical Program for Social Sciences software version 22.0 (SPSS, IBM Corp., United States). Quantitative data were compared between the two groups by independent t tests (two-tailed) and quantitative data by Pearson chi-square test. The amplitudes and the latencies of ERP components (N100, P200, and N250) in each brain regions (prefrontal, frontal, central, parietal and occipital sites) were compared between the schizophrenia group and the HC group using a 2 (group, schizophrenia vs. HCs) × 2 (experiment, BFEIT vs. FVT) × 5 (brain region, prefrontal vs. frontal vs. central vs. parietal vs. occipital) repeated-measures analysis of variance (ANOVA). Effect sizes were estimated using η2 and Cohen’s d. The degrees of freedom of the F ratio were corrected using the Greenhouse-Geisser method. Least square difference (LSD) tests were performed as post hoc analyses if needed. The Pearson’s correlation analysis was conducted between the amplitudes and latencies of N250 and the PANSS scores respectively. Alpha values of 0.05 were considered significant.




RESULTS


Demographic Characteristics of Participants

In line with the inclusion and exclusion criteria, data of 33 schizophrenia patients and 33 HCs were retained for analysis after ruling out those incomplete or low-quality data. The demographic characteristics and clinical information of them are shown in Table 1. There were no significant differences in mean age, educational level, duration of illness, handedness and male-female ratio between the two groups. For patients, the mean lurasidone-equivalent dose was 75.8 ± 4.1 mg/d as calculated according to the previous report (Ng-Mak et al., 2019).


TABLE 1. Demographic characteristics and clinical information of participants [mean (SD)].
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Comparisons of BFEIT and FVT Performance Accuracy Between the Two Groups

For BFEIT, independent sample t test results indicated that there was significant difference in emotion identification accuracy between the schizophrenia group (Mean = 69.3%, SD = 11.8%) and the HC group (Mean = 77.1%, SD = 12.4%) (t = 2.629, p = 0.011). For FVT, significant difference was found in correct vignette response proportions between the schizophrenia patients (face response proportions: Mean = 29.9% SD = 13.8%; vignette response proportions: Mean = 67.9% SD = 14.1%) and the HCs (face response proportions: Mean = 22.6%, SD = 8.9%; vignette response proportions: Mean = 75.3%, SD = 8.9%) (t = 2.546, 2.659; p = 0.013, 0.008). However, there were no significant differences in random response proportions between the schizophrenia group (Mean = 2.2%, SD = 0.1%) and the HC group (Mean = 2.1%, SD = 0.1%) (t = 1.231, p = 0.168). The performance of the HC group was much better than that of the schizophrenia group.



Comparisons of RTs Between the Schizophrenia Group and the HC Group

For BFEIT, there were significant differences in RTs for target stimuli between the schizophrenia group (Mean = 750.3 ms, SD = 146.2 ms) and the HC group (Mean = 609.5 ms, SD = 102.8 ms) (t = 4.531, p = 0.000). For FVT, similar differences were found between the two groups. The average RTs for target stimuli of schizophrenia patients (Mean = 808.7 ms, SD = 97.7 ms) was much longer than that of the HC group (Mean = 621.1 ms, SD = 66.1 ms) (t = 9.138, p = 0.000).



ERP Data Analysis

For BFEIT, the average number of trials for ERP analyzing were 32.34 ± 5.44 in the schizophrenia group and 36.02 ± 5.87 in the HC group. For FVT, the average number of trials for ERP analyzing were 31.75 ± 6.59 in the schizophrenia group and 35.73 ± 4.46 in the HC group.

Using N100, P200 and N250 as dependent variables, a 2 × 2 × 5 repeated-measures ANOVA was performed on mean amplitudes and mean latencies, respectively, with the group (schizophrenia group vs. HC group) as the between-subjects factor and the experiment (experiment 1 vs. experiment 2) and site (prefrontal, frontal, central, parietal, and occipital) as the within-subjects factor.


N100 Component

As shown in Figures 3, 6A–D, for N100 amplitude, the three following interaction effects involving the factor ”group” failed to reach significance: group × experiment × site (F1, 78 = 0.025, p = 0.914, η2 = 0.000); group × experiment (F1,64 = 0.025, p = 0.174, η2 = 0.029); and group × site(F1,83 = 0.475, p = 0.542, η2 = 0.007).
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FIGURE 3. Comparisons of N100 latencies (A) and amplitudes (B) between the schizophrenia group and HC group within ROIs and experiments. SZ, schizophrenia; HC, healthy control; exp, experiment; Pre, prefrontal, Fro, frontal, Cen, central, Par, parietal, Occ, occipital.


For N100 latency, the three following interaction effects involving the factor “group” also failed to reach significance: group × experiment × site (F2,135 = 2.215, p = 0.110, η2 = 0.033); group × experiment (F1,64 = 0.053, p = 0.818, η2 = 0.001); and group × site (F2,108 = 1.113, p = 0.324, η2 = 0.017).



P200 Component

As shown in Figures 4, 6A–C,E, for P200 amplitudes, the three following interaction effects involving the factor “group” failed to reach significance: group × experiment × site (F1,95 = 0.791, p = 0.422, η2 = 0.012), group × experiment (F1,64 = 0.925, p = 0.340, η2 = 0.014), and group × site (F1,82 = 0.437, p = 0.558, η2 = 0.007).
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FIGURE 4. Comparisons of P200 latencies (A) and amplitudes (B) between the schizophrenia group and HC group within sites and experiments. SZ, schizophrenia; HC, healthy control; exp, experiment; Pre, prefrontal, Fro, frontal, Cen, central, Par, parietal, Occ, occipital.
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FIGURE 5. Comparisons of N250 latencies (A) and amplitudes (B) between the schizophrenia group and HC group within sites and experiments. SZ, schizophrenia; HC, healthy control; exp, experiment; Pre, prefrontal, Fro, frontal, Cen, central, Par, parietal, Occ, occipital.
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FIGURE 6. Grand average event-related potentials (ERPs) at the AF3, AFz, AF4, F1, F2, Fz, F3, F4, C1, C2, Cz, C3, C4, P1, Pz, P2, PO3, PO4, and POz sites for all participants during experiment 1 and experiment 2 (A). Following stimulus onset, the N100 component was measured in a time window within 80–150 ms, the P200 component was measured in a time window within 150–230 ms, and the N250 component was measured in a time window within 200–350 ms. In experiment 2, N250 amplitudes at the prefrontal site and frontal site in the SZ group were larger than those of the HC group; N250 latencies in the SZ group were longer than those of the HC group (B,C). Topographic distributions of the N100 components (D), P200 components (E), and N250 components (F) in the SZ group and HC group. SZ, schizophrenia; HC, healthy control.


For P200 latency, the three following interaction effects involving the factor “group” failed to reach significance: group × experiment × site (F2,128 = 2.666, p = 0.073, η2 = 0.040), the interaction effect for group × experiment (F1,64 = 0.016, p = 0.901, η2 = 0.000), and group × site was not significant (F1,95 = 0.717, p = 0.451, η2 = 0.011).



N250 Component

As shown in Figures 5, 6A–C,F, for N250 amplitudes, the interaction effect for group × experiment × site was significant (F1,87 = 5.992, p = 0.009, η2 = 0.086).

In experiment 1, the interaction effect for group × site was not significant (F1,83 = 0.612, p = 0.476, η2 = 0.009), and the main effect for site was significant (F1,83 = 127.404, p = 0.000, η2 = 0.666); however, the main effect for group was not significant (F1,64 = 1.910, p = 0.172, η2 = 0.029). There were no significant differences in N250 amplitudes between the schizophrenia group and the HC group in experiment 1, and the maximum N250 amplitude was observed in the prefrontal site.

In experiment 2, the interaction effect for group × site was significant (F1,83 = 4.018, p = 0.038, η2 = 0.059). The simple effect for the group within sites was significant (F1,64 = 10.674, p = 0.002, η2 = 0.143). N250 amplitudes at the prefrontal site and frontal site in the schizophrenia group were larger than those of the HC group (F1,64 = 10.647, 8.064; p = 0.002, 0.006; η2 = 0.143, 0.112), and no differences were observed in other sites. The simple effect for site within groups was significant (for schizophrenia, F3,62 = 42.867, p = 0.000, η2 = 0.675; for HC group, F3,62 = 23.664, p = 0.000, η2 = 0.534). The maximum N250 amplitude was noted at the prefrontal site in both groups.

For N250 latency, the interaction effect for group × experiment × site was not significant (F2,114 = 0.613, p = 0.053, η2 = 0.090), and the interaction effect for group × site was not significant (F2,97 = 0.570, p = 0.521, η2 = 0.009); however, the interaction effect for group × experiment was significant (F1,64 = 4.228, p = 0.044, η2 = 0.062). In experiment 1, the simple effect for the group within sites was not significant (F1,64 = 0.798, p = 0.375, η2 = 0.012). In experiment 2, the simple effect for the group within sites was significant (F1,64 = 23.582, p = 0.000, η2 = 0.269); N250 latencies in the schizophrenia group were longer than those in the HC group.




Correlation Analysis Between N250 and PANSS Scores

The Pearson’s correlation analysis was conducted between the amplitudes and latencies of N250 at AFz and Fz electrode sites and the PANSS scores, respectively. As shown in Table 2, no significant correlation was found between any two parameters.


TABLE 2. Correlations between N250 and PANSS.
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DISCUSSION

This study is the first to investigate the ERP characteristics of effortful cognitive processing in schizophrenia using a face-vignette task. In this study, the capacity of effortful cognitive processing was determined by the ability of schizophrenia patients to apply contextual information when judging the meaning of facial expressions, while the capacity of automatic cognitive processing was determined by the sample emotion identification task. Our findings showed that the emotion identification accuracy of normal controls was higher than that of the schizophrenia patients in sample emotion identification task; however, schizophrenia patients exhibited poor face-vignette task performance, i.e., the face response proportions of the normal controls were lower than those of the schizophrenia patients, and the vignette response proportions of the normal controls were higher than those of the schizophrenia patients. Most importantly, we found that N250, which was evoked by target stimuli in the face-vignette task and basic facial emotion identification test, was responsible for the ERP characteristics of effortful cognitive processing in participants. N250 amplitudes at the prefrontal site and frontal site in the schizophrenia group were larger than those in the HC group, and N250 latencies in the schizophrenia group were longer than those in the HC group.

This study mainly focused on the investigations of effortful information processing using the effortful cognitive task, and we did not explore the effect of the emotional on individual’s cognition. The BFEIT and FVT only reflected automatic information processing and effortful information processing respectively. In our study, the procedure of the FVT mainly included vignettes describing situational information that was discrepant in affective valence prior to target facial expressions; this resulted in appraisals of emotional attributes reflecting the dominance of either the facial expression or the emotional context. Many studies on effortful cognitive processing have reported that schizophrenia patients present impairments in effortful emotional processing (Rowland et al., 2012; Patrick et al., 2015). Additionally, results of a study suggested that the impaired motivational drive in patients with schizophrenia may be at least partly due to a decreased effort-expenditure for greater rewards (Barch et al., 2014). Consistent with the findings of the above studies, this study confirmed that schizophrenia patients cannot perfectly utilize contextual information for specific story-face pairs, whereas normal controls more commonly made good judgments on the contextual information, which showed that schizophrenia patients present effortful cognitive impairment.

Many studies have indicated that ERP amplitudes, which are evoked by different complexity levels of tasks, reflect electrophysiological measurements of the mental workload (Horat et al., 2016; Shaw et al., 2018), whereas ERP latencies reflect the brain cognitive processing speed for the target stimulus onset (Mcarthur and Bishop, 2002; Tsai et al., 2012). N250 is an ERP component that has been studied in relation to face emotion processing in schizophrenia. Previous studies showed that abnormal N250 is related to the impaired face emotion processing in schizophrenia (Lee et al., 2010; Wynn et al., 2013; McCleery et al., 2015). Additionally, individuals at risk for schizophrenia showed significant impairments in facial affect recognition and reduced amplitudes in the N250 component (Wolfgang et al., 2012), and Positive and Negative Syndrome Scale (PANSS) scores of schizophrenia patients are related to N250 component (Kim et al., 2013). However, studies which investigated the characteristics of ERPs induced by facial emotion recognition displayed that schizophrenia patients did not show N250 abnormalities (Wynn et al., 2013; Yang et al., 2017). Our results showed that N250 amplitudes in schizophrenia patients were larger than those of HCs and N250 latencies in schizophrenia patients were longer than those of HCs, which might suggest that schizophrenia patients experienced an increased mental workload and slowed processing speed due to effortful information processing deficits. The characteristic ERP component N250 triggered by the target stimulus may be a valuable marker for studying schizophrenia.

In our study, the PANSS scores were not correlated with N250 amplitudes and latencies, which might indicate that abnormal N250 are not state dependent in schizophrenia. We assumed that larger N250 amplitude reflected more substantial increases in the cognitive resources allocated to the processing of the effortful cognitive task. Our findings also confirm that neural correlates of effortful cognitive processing deficits in Schizophrenia because of the abnormal N250 components at the prefrontal and frontal sites. Namely, a high load on “prefrontal and frontal site” cognitive processes led to a larger N250 amplitude.

Because no differences were observed between schizophrenia patients and HCs in the ERP component N250, which was triggered by the target stimulus in BFEIT (i.e., the picture of a face in the BFEIT) onset, all participants used a similar amount of cognitive resources. However, our findings for ERP characteristics in the BFEIT and FVT might be due to differences in task demands, i.e., automatic cognition processing requires near zero attention for the task, whereas effortful processes use attentional capacity; the mental workload was higher in the FVT than in the BFEIT.



CONCLUSION

Schizophrenia patients present effortful cognitive processing dysfunctions, and effortful cognitive processing deficits show abnormal ERP responses at prefrontal cortex and frontal cortex sites.



LIMITATIONS

There are several limitations in the present study. Firstly, participants’ effortful cognitive processing might be influenced by the working memory since the vignettes and face pictures were presented sequentially. It’s worthwhile to establish better experimental paradigm that can address this problem and further explore the effortful cognitive processing characteristics. Secondly, the schizophrenia patients in this study were clinical stable ones; therefore, whether the results can reflect situations of patients in other disease status remains unclear. Thirdly, because of the small sample sizes, the findings must be considered as preliminary. Further studies with larger sample sizes and with the same ERP parameters are needed to further verify the findings of the study. Finally, because of the deficient spatial resolution of ERPs, further studies with functional magnetic resonance imaging or magnetoencephalography should be conducted to confirm the underlying brain generators, as presented by an abnormality in ERP response, which may further clarify the neural mechanism of effortful cognitive processing deficits in schizophrenia.
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