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Abstract

:

Impairment in functioning since the onset of psychosis and further deterioration over time is a key aspect of subjects with schizophrenia (SCZ). Mismatch negativity (MMN) and P3a, indices of early attention processing that are often impaired in schizophrenia, might represent optimal electrophysiological candidate biomarkers of illness progression and poor outcome. However, contrasting findings are reported about the relationships between MMN-P3a and functioning. The study aimed to investigate in SCZ the influence of illness duration on MMN-P3a and the relationship of MMN-P3a with functioning. Pitch (p) and duration (d) MMN-P3a were investigated in 117 SCZ and 61 healthy controls (HCs). SCZ were divided into four illness duration groups: ≤ 5, 6 to 13, 14 to 18, and 19 to 32 years. p-MMN and d-MMN amplitude was reduced in SCZ compared to HCs, independently from illness duration, psychopathology, and neurocognitive deficits. p-MMN reduction was associated with lower “Work skills”. The p-P3a amplitude was reduced in the SCZ group with longest illness duration compared to HCs. No relationship between P3a and functioning was found. Our results suggested that MMN amplitude reduction might represent a biomarker of poor functioning in SCZ.
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1. Introduction


Schizophrenia is a severe mental illness with a high heterogeneity of risk factors, pathophysiology, psychopathology, and outcome [1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29].



People suffering from this disorder experience positive, disorganized, negative, depressive, extrapyramidal symptoms, cognitive impairment, as well as impairment in different areas of functioning [3,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48]. In particular, positive symptoms usually begin with the onset of psychosis or are present in an attenuated form in the prodromal stages; they tend to recur in conjunction with the acute phases. Negative symptoms and cognitive deficits predate the onset of psychosis, might worsen when the first episode occurs, and are much more stable as compared to positive symptoms throughout the course of the illness [47,48,49].



Moreover, schizophrenia is often a chronic and relapsing disorder with incomplete symptomatic remission and variable levels of disability [50,51,52,53,54,55,56,57,58,59]. The impairment in various domains of real-life functioning, such as interpersonal relationships, everyday life skills, and work skills, represents to date the main target of care in subjects with schizophrenia since it poses a huge burden on patients, their families, and health-care systems [60,61,62,63,64,65,66,67,68,69]. It has been demonstrated that the impairment in real-life functioning is associated with different variables, some related to the illness, others to personal resources, and others to the context [66,67,68,69]. Among these variables, the duration of the illness and of untreated psychosis play a crucial role in determining a poor outcome [70,71,72,73].



The high heterogeneity in terms of pathophysiology, psychopathology, and how the illness progresses can usefully be addressed by a clinical staging approach of the illness. For this reason, the present research priorities include the identification of biomarkers of illness progression [3]. In fact, biomarkers, which are measurable indicators of biological conditions, could help to understand the pathophysiological mechanisms underpinning the poor outcome forms of the disorder, which are associated with chronic stages and high disability [74,75]. Therefore, the biomarkers can contribute to the early identification of subjects who might progress to a severe form of the illness in order to plan intensive interventions, which might control the progression of the disease and reduce the probability of poor functional outcome



Many electrophysiological indices have been used as potential biomarkers of schizophrenia. Indeed, electroencephalography (EEG) is a non-invasive, inexpensive method with a high temporal resolution that allows the identification of abnormalities of cortical brain functions and the study of the neurophysiological bases of different clinical and behavioral aspects [76,77,78,79,80,81,82,83,84,85]. Event-related potentials (ERPs) are very small brain voltages occurring in response to specific sensory, motor, or cognitive events. They have been used to investigate neurophysiological correlates of psychopathology, cognitive deficits, and functioning disturbances in subjects with schizophrenia [86,87,88,89]. In particular, the ERP components mismatch negativity (MMN) and P3 have been frequently explored in schizophrenia [90,91,92,93,94].



In the MMN-P3a auditory oddball paradigm, MMN is elicited by presenting a relatively rare deviant sound interspersed in a sequence of frequently occurring standard sounds [95], and its peak occurs generally 150–250 msec after the presentation of the stimulus, with the highest intensity recorded in temporal auditory and frontal areas [96,97,98,99,100]. In the auditory paradigm, the deviant stimulus might have a different duration (dMMN) or pitch (pMMN) with respect to the standard one [101]. MMN is an index of pre-attentive processing and sensory encoding and memory [90,102]. A reduction of MMN amplitude is frequently observed in schizophrenia [90,91,103,104]. According to a meta-analysis [92], the alterations in MMN amplitude are stable after the first years of illness throughout the life span. However, dMMN and pMMN amplitude are both reduced in subjects with chronic schizophrenia, while in the early stages of the disease, only a reduction of dMMN amplitude is present [103,104]. Therefore, the reduction of pMMN amplitude could represent an index of poor outcome and illness chronicity. Moreover, the MMN impairment has been reported also in other mental disorders, e.g., bipolar disorder, although to a lesser degree than in schizophrenia [89]. Kaur et al. showed that in subjects with first-episode psychosis, from both affective and schizophrenia spectrum, neurobiological disturbances could be already detected through reduced MMN amplitude [105]. These findings suggest that MMN alterations are linked to the psychosis dimension rather than to specific categorical diagnoses. However, MMN deficits are present during phases of clinical stability and are not associated with psychotic symptoms [106].



P3 is a positive peak that can be observed after 300 msec after the presentation of a deviant/rare stimulus during an oddball paradigm [107,108]. The P3a component is elicited by presenting rare non-target stimuli and can be observed even under passive conditions. As for the MMN, P3a might be elicited by deviant stimuli in terms of duration (dP3a) or pitch (pP3a). P3a is generated in frontal cerebral regions sustaining orientation of attention to novel stimuli. In fact, this ERP reflects early attention-mediated auditory processing, and consistent deficits of this index have been detected in subjects with schizophrenia [109,110,111,112,113] since the early stage of the disorder [90,114]. It has been demonstrated that P3 amplitude and latency are, respectively, decreased and delayed in patients with longer illness duration [110,111,115,116]. However, similar to MMN, the reduction in P3 amplitude is not specific of schizophrenia, as it can also be observed in other conditions, such as bipolar disorder and schizoaffective disorder [89,105,117].



Several studies investigated the relationship between MMN/P3a and poor outcome in subjects with schizophrenia. In particular, the impairment in MMN has been linked to cognitive and functional impairment in subjects with schizophrenia [88,90,91,118,119,120]. These relationships seem to be present since the early stages of the disorder [119,121,122,123]. On the other hand, fewer studies have examined the relationship between P3a and functioning, reporting often inconsistent results [88,90,124,125,126]. Hamilton et al. [90] investigated simultaneously the association of both MMN and P3a with functioning and assessed it using the Multidimensional Scale of Independent Functioning. Authors found that MMN but not P3a amplitude reduction was associated with the impairment in functioning of subjects with schizophrenia [90].



Although different studies investigating the relationship between ERPs and functional outcome reported associations of MMN and, to a lesser extent, of P3a with functioning measures, these results are not very robust due to some limitations. In fact, these works examined only a single or a few domain/s of functioning and did not take into account several factors that may influence real-life functioning (e.g., delusions, hallucinations, lack of insight, disorganized thinking, cognitive deficits, negative symptoms, or depression); furthermore, these studies generally included small samples of subjects with schizophrenia [88,91,118,119,120,126,127,128].



The current study aimed to investigate in clinically stable subjects with schizophrenia: (1) the impact of illness duration on MMN and P3a and (2) the relationships between MMN-P3a and real-life functioning. In order to overcome the above-reported limitations, we used the Specific Level of Functioning Scale (SLOF) for the assessment of real-life functioning. This instrument has good psychometric properties [129,130]. In contrast to other scales, it assesses multiple functional domains; providing separate scores for each domain; it can be rated on the basis of an interview with patient’s key relative/caregiver, or staff members [129,131,132,133]; and it does not include elements concerning the psychopathology or cognitive dysfunctions but evaluates the patient’s current functioning and observed behavior, focusing on person’s abilities and resources [130].




2. Materials and Methods


2.1. Study Participants


The study has been conducted as part of the add-on EEG study of the Italian Network for Research on Psychoses (Galderisi et al., 2014). One hundred and forty-eight subjects with schizophrenia (SCZ) and 70 healthy controls (HCs) were enrolled for the study at five research sites in Naples, Foggia, Rome “Tor Vergata”, Rome “Sapienza”, and Salerno. Subjects with schizophrenia were outpatients in care at the five mentioned Italian university psychiatric clinics. Inclusion criteria for patients were: a diagnosis of schizophrenia based on the DSM-IV criteria and confirmed by the Structured Clinical Interview for DSM-IV—Patient version (SCID-I-P); age between 18 and 65 years; and no treatment modifications and/or hospitalization due to symptom exacerbation in the last three months. The HCs were recruited from the community at the same research sites. The inclusion criterion for HCs was the absence of a current or lifetime Axis I or II psychiatric diagnosis.



Exclusion criteria for SCZ and HCs were: (a) a history of head trauma with loss of consciousness; (b) a history of mental retardation (moderate to severe) or of neurological diseases; (c) a history of alcohol and/or substance abuse in the last six months; (d) current pregnancy or lactation; and (e) inability to provide an informed consent.



All participants signed a written informed consent after a clear and comprehensive description of the study procedures and goals.



The electrophysiological add-on study was approved by the Ethics Committee of the involved institutions. The study has been conducted in accordance with the ethical principles of the Declaration of Helsinki.




2.2. Assessments


All subjects were evaluated for socio-demographic variables, such as age, education and gender, using every available source of information.



The Positive and Negative Syndrome Scale (PANSS) was administered to patients to rate positive and disorganization symptoms [134]. All items are rated on a 7-point scale from 1 (absent) to 7 (extremely severe).



The Brief Negative Symptom Scale, a second-generation rating scale [135,136], was administered to patients to assess negative symptoms according to their current conceptualization. The scale has 13 items organized into six subscales (five negative symptom subscales, Anhedonia, A-sociality, Avolition, Blunted Affect, and Alogia, and a control subscale: Distress). All the items are rated on a 7-point (0–6) scale, thus ranging from absent (0) to moderate (3) to extremely severe (6) symptoms. A total score was computed by summing the 13 individual items; subscale scores were computed by summing the individual items within each subscale [135]. Two negative symptom domains were assessed: the Experiential domain, computed by summing the scores on the subscales Anhedonia, Avolition, and A-sociality, and the Expressive deficit, calculated by summing the scores on the subscales Blunted Affect and Alogia [135].



The Calgary Depression Scale for Schizophrenia (CDSS) was used to assess depressive symptoms in SCZ [137]; the St. Hans Rating Scale (SHRS) for Extrapyramidal Syndromes assessed extrapyramidal symptoms in SCZ [138].



Neurocognitive functions were evaluated with the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB) [139,140]. Raw scores on the MCCB were standardized to T-scores, corrected for age and gender, and based on the Italian normative sample.



Real-life functioning was assessed using the SLOF, a scale that was endorsed by the panel of experts involved in the Validation of Everyday Real-World Outcomes (VALERO) initiative as a valid measure to evaluate real-life functioning [128,141]. The SLOF is a hybrid instrument that explores many aspects of functioning, and it is based on the key caregiver’s judgment on behavior and functioning of patients. It consists of 43 items and includes the following domains: (1) physical functioning, (2) personal care skills, (3) interpersonal relationships, (4) social acceptability, (5) everyday life skills, and (6) work skills. Higher scores correspond to better functioning. In our study the SLOF was administered to the key caregiver, i.e., the person more frequently and closely in contact with the patient. For outpatients living in the community, it is possible to observe a ceiling effect for personal care skills and social acceptability; thus, according to Sabbag and colleagues [142], in our study we focused on three SLOF subscales: interpersonal relationships, everyday life skills, and work skills. The Italian version of the scale was validated as part of the Italian Network for Research on Psychoses project [129].




2.3. Recording Procedure


EEGs were recorded with two highly comparable EEG systems: EASYS2 (Brainscope, Prague, Czech Republic) and Galileo MIZAR-sirius (EBNeuro, Florence, Italy). In order to guarantee the same recording settings in all sites, a harmonization of the amplifier settings and recording procedures was performed. EEGs were recorded with a 29 unipolar leads cap electrode system (Fpz, Fz, Cz, Pz, Oz, F3, F4, C3, C4, FC5, FC6, P3, P4, O1, O2, Fp1, Fp2, F7, F8, T3, T4, T5, T6, AF3, AF4, PO7, PO8, Right Mastoid and Left Mastoid), placed following the 10–20 system (American Electroencephalographic Society Guidelines in Electroencephalography, 1994). All leads were referenced to earlobes (a resistor of 10 kOhm was interposed between the earlobe leads). A ground electrode was allocated on the forehead.



In order to check for artifacts, during the EEG recording, a horizontal electro-oculogram (hEOG) from the epicanthus of each eye and a vertical EOG (vEOG) from the leads beneath and above the right eye were also recorded. All impedances of the leads were kept below 5 kΩ. The EEG data were filtered with a band-pass of 0.15–70 Hz. The sampling rate was 512 Hz. Before each session, a calibration was carried out for all channels with a 50 μV sine wave.



MMN and P3a were recorded through a stereo headset during the presentation of 2400 tones (80 db SPL), of which 83.3% were standard tones (50 msec, 1000 Hz), 8.3% duration (d) deviant tones (100 msec, 1000 Hz), and 8.3% pitch (p) deviant tones (50 msec, 1200 Hz), with an interstimulus interval of 450 msec. During stimuli presentation subjects were asked to watch a silent animated cartoon, and after the paradigm ended, they were asked some questions regarding the video (test duration = 20 min).



For each recording, subjects were invited to relax and to minimize movements or muscle tension.



Participants were invited not to drink coffee or tea and abstain from smoking cigarettes in the 2 h before the recording session and not to take the psychotropic drugs during the morning. If the subject reported a non-restoring sleep during the night prior to the recording, EEG session was postponed.




2.4. EEG Data Analysis


The pre-processing analyses were performed by one expert from the coordinating center (Naples) using Brain Vision Analyzer software (Brain Products, Munich, Germany). In order to characterize MMN and P3a deflections, data were parsed into epochs of 1000-mc duration, which were time-locked to the onset of the cue and spanned from a 100-mc pre-stimulus period up to 900 msec post-stimulus. The recorded EEG was digitally filtered offline using a band-pass filter of 1–30 Hz. MMN and P3a waves were extracted in each subject by the averaging method on all the “deviant” trials separately for duration and pitch deviant trials in order to ameliorate the signal/noise ratio, ruling out baseline activity not related to the stimulus. Trials with drifts larger than ±75 μV in any scalp electrode were refused. If, following artifacts and noisy trials removal, less than 100 usable trials for either duration or deviant trials (50% of d- or p-deviant trials) remained, the subject was excluded from the analysis. Data were baseline-corrected using the 100-msec time window preceding stimuli. For MMN analysis, peaks resulting from the presentation of standard tones, duration deviant (dMMN), and pitch deviant (pMMN) were automatically marked using the “peak finder” function of Brain Analyzer, with the most negative point ranging from 90–250 msec. Then, we subtracted the standard tone waveform from the duration deviant and pitch deviant ones. For both subtraction waves (pMMN and dMMN), the amplitude was then measured. P3a peaks were automatically marked using the “peak finder” function of Brain Analyzer, with the most positive point ranging from 230–380 msec after pitch (pP3a) and duration deviant (dP3a) stimuli. According to previous literature, MMN peak was analyzed from Fz and P3a from Cz [119,143].




2.5. Statistical Analyses


SPSS Version 22.0 (IBM Corporation, 2014; Armonk, NY, USA) was used to perform all statistical analyses.



SCZ were divided into four groups using quartiles of the illness duration.



Pearson’s χ2 test was performed to evaluate differences on gender distribution between groups.



Analyses of variance (ANOVA) and covariance (ANCOVA) were used to test group differences on continuous variables. Bonferroni post-hoc comparisons were conducted following significant ANOVA F-tests.



Spearman’s rank correlations were performed to test the relationships between MMN and P3a with real-life functioning domains. Furthermore, if correlations were statistically significant, we performed partial correlations to exclude the influence of possible confounding factors (positive, negative, disorganized, depressive, and extrapyramidal symptoms as well as cognitive impairment).





3. Results


3.1. Subject Characteristics


One hundred and forty-eight SCZ and 70 HCs were originally enrolled in the study. However, 23 SCZ and four HCs did not complete the paradigm for MMN-P3a recording. Furthermore, eight SCZ and five HCs were excluded for the presence of many artifacts in the ERP recordings. Thus, 117 SCZ and 61 HCs were included in the present analysis.



Data on relevant demographic and clinical characteristics of the study sample are provided in Table 1.



Gender distribution was significantly different between the two groups (χ2 = 6.42; p = 0.01) since, in the SCZ group, the number of male subjects was higher as compared to HCs. There was no significant difference in the mean age between the two sample groups (F = 2.257; p = 0.135). Furthermore, as expected, SCZ had significantly lower education as compared to controls (F = 7.139; p = 0.008). SCZ had a mild severity of both positive and disorganization symptoms (PANSS mean dimension score < 9 for both dimensions) and mild to moderate severity of the negative symptoms (BNSS total score of 34.70 ± 16.381). Finally, SCZ showed low scores of depression (CDSS total score < 4) and of parkinsonism (SHRS Parkinsonism score < 1) (Table 1).



Based on quartiles of illness duration, SCZ were divided into four groups: SCZ-A, ≤ years (n = 23); SCZ-B, 6 to 13 years (n = 38); SCZ-C, 14 to 18 years (n = 27), and SCZ-D > 18 years (19 to 32 years, n = 29). Table 2 shows demographic and clinical details of the four patients’ groups. Subjects with the longest illness duration (SCZ-D) had a significantly higher positive symptom score than patients with the shortest illness duration (SCZ-A) (p = 0.008). Furthermore, SCZ-D group had a significantly higher global parkinsonism score (SHRS) and lower cognitive skills (MCCB) compared to the SCZ-A (respectively, p = 0.008; p = 0.015) and SCZ-B groups (respectively, p = 0.003; p = 0.033).




3.2. Group Differences on ERPs


Group comparisons for the amplitude of MMN and P3a, elicited by duration (dMMN, dP3a) and pitch (pMMN, pP3a) deviants, were made between the five sample groups (HCs, SCZ-A, SCZ-B, SCZ-C, and SCZ-D), controlling for age and gender.



There was a significant group effect on dMMN (F = 8.3, p < 0.001) and pMMN (F = 7.5, p < 0.001) amplitudes. Post-hoc pairwise comparisons demonstrated that all groups of SCZ, compared to HCs, showed reduced dMMN (all p < 0.001) and pMMN amplitudes (SCZ-A< HCs, p = 0.01; SCZ-B < HCs, p = 0.03; SCZ-C and SCZ-D< HCs, p < 0.001), while no statistically significant difference was observed between patients’ groups.



In addition, there was a group effect on dP3a (F = 2.5, p = 0.04); however, this result did not survive the correction for multiple tests. Follow-up post-hoc pairwise comparisons demonstrated that this effect was driven by differences between SCZ-D and HCs (SCZ-D < HCs, p = 0.003), while no differences were found between patients’ groups. In addition, we did not find any significant difference between the five groups for pP3a amplitude (F = 2.1, p = 0.078) (Figure 1, Table 3).



Furthermore, since MMN and P3a amplitudes could be influenced by different factors, we also performed control analyses in order to reveal the possible effect of confounding factors on these results. In particular, we performed analysis of covariance in order to evaluate differences between the four groups of patients on MMN-P3a parameters, controlling for age, gender, positive symptoms, neurocognition, and global parkinsonism.



We did not find any statistically significant difference in the MMN and P3a amplitude (p > 0.05) among the four SCZ groups as well as when we controlled for the possible effects of the confounding variables.




3.3. Correlation Analyses


Correlation analyses revealed a negative relationship between pMMN amplitude and the “work skills” domain of the SLOF scale (r = −0.257; p = 0.005) (Figure 2). This correlation remained significant after controlling for positive, negative, and disorganized symptoms; depression; neurocognition; and global parkinsonism. No correlation was found between P3a and real-life functioning in SCZ.




3.4. Additional Analyses


Additional control analyses were performed to test differences in MMN and P3a between between two subgroups of subjects with schizophrenia, divided on the basis of the “work skills” domain scores. We reported methods and results of this analysis within the Supplementary materials and Supplementary Tables S1–S3.





4. Discussion


The main results of our study included: (1) a reduction of MMN amplitude for pitch and duration deviant stimuli in all groups of subjects with schizophrenia as compared to healthy controls, independently from illness duration, age, gender, positive symptoms, neurocognition, and global parkinsonism; (2) subjects with a longer duration of illness had reduced dP3a amplitude as compared to healthy controls; and (3) in SCZs, pMMN was correlated with the “work skills” domain of the SLOF.



In line with previous findings, MMN amplitude was reduced in subjects with chronic schizophrenia compared to healthy controls, for both pitch and duration deviant stimuli [103,104]. Furthermore, as expected, our results showed that MMN was reduced independently from illness duration and other factors, such as age, gender, positive symptoms, neurocognition, and parkinsonism. Different studies reported that the impairment in MMN amplitude is present since the early stages of the illness as well as in subjects with chronic schizophrenia [90,91,103,104]. This MMN amplitude impairment is stable after the first years of illness, and it is not progressive throughout the life span [92]. Our results suggested that subjects with schizophrenia do present deficits in pre-attentive processing, as indexed by reduced MMN amplitude and that these deficits are independent from illness progression. Thus, deficit in MMN might represent a possible stable trait marker of schizophrenia, allowing early diagnosis and hopefully early intervention in subjects with schizophrenia.



With respect to P3a, we found that there was a weak group effect on dP3a amplitude; however, this result did not survive the correction for multiple tests. In particular, this effect was driven by the fact that patients with longer illness duration showed reduction in dP3a amplitude as compared to healthy controls, while no significant difference was found between patient’s groups. Although we did not find any difference in pP3a and dP3a across different stages of the disease, our study showed a trend of P3a amplitude reduction in the group with the highest illness duration. These results are in line with previous studies which demonstrated that P3 amplitude is reduced in patients with longer illness duration [110,111,115,116]. Therefore, these findings suggest that P3, reflecting early attention-mediated auditory processing, might represent a marker of illness progression. However, whether P3a represent a marker of schizophrenia progression has to be further investigated, and more studies are needed to confirm this finding. Indeed, results of previous studies on the topic are controversial: some of these studies reported that P3a amplitude is reduced mainly in patients with longer illness duration, while some others found this alteration also in first-episode psychosis patients and at-risk subjects [90,110,111,113,114,116]. Moreover, some studies demonstrated that P3a amplitude is affected by antipsychotic administration [144], suggesting that the progressive P3a amplitude reduction across illness stages might depend on the use of antipsychotic drugs instead of the illness progression. Our results cannot add to this debate, as we could not compare drug-treated and untreated subjects.



As regard to the relationship of MMN and P3 with measures of functioning, according to a previous study [90], we found that only MMN and not P3a amplitude negatively correlated with real-life functioning in subjects with schizophrenia. In particular, we found an association between MMN amplitude reduction and impairment in the “work skills” domain of the SLOF. This finding of association between MMN and functioning was also supported by the additional analyses performed testing the differences between two subgroups of subjects with schizophrenia divided on the basis of the “work skills” domain scores.



Previous works reported in subjects with schizophrenia a relationship of MMN amplitude deficit with functional impairment and psychosocial and socio-occupational disability [88,90,91,118,119,120]. This association has been identified since the early stages of the disease [119,121,122,123]. On the contrary, scarce and inconsistent findings have been reported about the association between P3a amplitude and functioning [88,90,124,125,126].



As said before, MMN is an index of basic cognitive processes, which are usually impaired in subjects with schizophrenia [46,47,48,49]. Our results concerning the association between MMN and functioning might be interpreted in the light of the influence of deficits in cognitive processes on functioning in subjects with schizophrenia, a finding which has been extensively reported in literature [49,145,146]. This relationship is complex and mostly indirect, with many variables, such as social cognition, negative symptoms, and functional capacity, acting as mediators and moderators in the pathway from cognitive impairment to functioning [66,67,68,69,145,147]. Moreover, cognitive deficits are associated with everyday life skills, independent living, and occupational functioning [145]. This is in line with our results, which provide a deeper knowledge about the impact of basic cognitive processes alterations, as indexed by MMN amplitude reduction, on functioning in subjects with schizophrenia. In the light of these observations, further studies are encouraged in order to evaluate the pathways towards functioning impairment starting from pre-attentive processing deficits.



The strengths of our study stem from the fact that it overcomes different limitations of previous studies investigating associations between ERPs and functioning. As a matter of fact, previous studies on the topic examined only a single or fewer domain/s of functioning; they did not take into account symptoms and cognitive deficits that may affect real-life functioning; they collected only information from patients that could be influenced by many factors (e.g., delusions, hallucinations, lack of insight, disorganized thinking, cognitive deficits, negative symptoms, or depression); and they had usually small samples [88,91,118,119,120,126,127,128]. In order to overcome these limitations, we used a large sample of stabilized subjects with schizophrenia, and we assessed the functioning through the SLOF, which assesses multiple functional domains, and the scoring is based on patient’s key relative/caregiver or staff members. Furthermore, this instrument does not include elements concerning psychopathology or cognitive impairment but evaluates the patient’s current functioning and observed behavior, focusing on person’s abilities and resources.



As a limit of the present study, the possible confounding effect of the pharmacological treatment should be taken into account, as we could not control for the dosage of the antipsychotic medications. However, subjects with schizophrenia with a longer illness duration (from 19 to 32 years) had a significantly higher global parkinsonism score (which might be regarded as an indirect measure of the use and dosage of antipsychotics) as compared to subjects with illness duration ≤ 5 or from six and 13 years. Therefore, in order to test the possible effect of confounding factors on group comparison for MMN-P3a, we used as covariates the global parkinsonism score alongside with other variables that were different across the SCZ subgroups (age, gender, positive symptoms, and neurocognition), with no change in the results. In addition, with regard to correlation analyses between MMN-P3a measures and functioning, we also performed partial correlations, controlling for variables that might affect the results, such as global parkinsonism; positive, negative, and disorganized symptoms; depression; and neurocognition, with no change in the results.



However, for a clear interpretation of our findings, further studies, including drug-naïve subjects at their first episode as well as subjects at high risk for psychosis, are needed to confirm that MMN reduction is an index of poor functional outcome.



In conclusion, our results demonstrated that deficits in pre-attentive processing, as indexed by MMN reduction, are key aspects of schizophrenia. In fact, these deficits have been reported already in the prodromal stage of the disorder, remain stable through the lifespan, and are associated with poor real-life functioning. Therefore, MMN amplitude reduction might represent a possible stable trait biomarker of schizophrenia, and thus, it might help clinicians in predicting the functional outcome and implementing early and effective treatment strategies for patients with these deficits.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/jcm10245838/s1, Additional control analyses, Methods and Results. Table S1: Demographic and clinical characteristics of the two patient subgroups; Table S2: Group differences for MMN and P3a amplitudes and Table S3: Group differences for MMN and P3a amplitudes (positive and disorganized symptoms and global parkinsonism as covariates).





Author Contributions


Conceptualization, G.M.G., L.G., A.P., P.B., G.D.L., A.S., F.B., P.P., M.F., M.A., A.B., G.C., A.C., P.M., M.P., S.G. and M.M.; methodology, G.M.G., L.G., A.P., P.B., G.D.L., A.S., F.B., P.P., M.F., M.A., A.B., G.C., A.C., P.M., M.P., S.G. and M.M.; project administration, G.M.G., P.B., S.G. and M.M.; supervision, S.G. and M.M.; writing—original draft, G.M.G., L.G., A.P., P.B., G.D.L., A.S., F.B., P.P., M.F., M.A., A.B., G.C., A.C., P.M., M.P., S.G. and M.M.; writing—review and editing, G.M.G., L.G., A.P., P.B., G.D.L., A.S., F.B., P.P., M.F., M.A., A.B., G.C., A.C., P.M., M.P., S.G. and M.M. All authors were responsible for the interpretation of the analyses, contributed to critically revising the content, and approved the final manuscript for submission to the Journal of Clinical Medicine. All authors have read and agreed to the published version of the manuscript.




Funding


The study was funded by the Italian Ministry of Education (grant number: 2010XP2XR4), the Italian Society of Psychopathology (SOPSI), the Italian Society of Biological Psychiatry (SIPB), Roche, Switzerland Lilly, United States AstraZeneca, United Kingdom Lundbeck foundation, Denmark and Bristol-Myers Squibb, United Kingdom. These entities had no role in the study design; in the collection, analysis and interpretation of data; in the writing of the report and in the decision to submit the paper for publication.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of the Università degli Studi della Campania “Luigi Vanvitelli”—A.O.U. “Luigi Vanvitelli”, A.O.R.N. “Ospedali dei Colli (protocol code 323 and approved on 2 August 2013).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


All data supporting the findings of this study are available within the article and Supplementary materials.




Acknowledgments


Members of the Italian Network for Research on Psychoses participating in the add-on EEG study include: Edoardo Caporusso, Eleonora Merlotti, Giuseppe Piegari (University of Campania “Luigi Vanvitelli”); Fabio M.P. Tortorelli, Flavia A. Padalino (University of Foggia); Cinzia Niolu, Michele Ribolsi (University of Rome “Tor Vergata”); Valentina Corigliano, Roberto Brugnoli (University of Rome “La Sapienza”); Giulio Corrivetti, Giulia D’agostino (University of Salerno).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Andreasen, N.C. The diagnosis of schizophrenia. Schizophr. Bull. 1987, 13, 9–22. [Google Scholar] [CrossRef] [PubMed]

	



Lieberman, J.A.; Drake, R.E.; Sederer, L.I.; Belger, A.; Keefe, R.; Perkins, D.; Stroup, S. Science and recovery in schizophrenia. Psychiatr. Serv. 2008, 59, 487–496. [Google Scholar] [CrossRef]

	



Tandon, R.; Nasrallah, H.A.; Keshavan, M.S. Schizophrenia, “just the facts” 4. Clinical features and conceptualization. Schizophr. Res. 2009, 110, 1–23. [Google Scholar] [CrossRef]

	



Insel, T.R. Rethinking schizophrenia. Nature 2010, 468, 187–193. [Google Scholar] [CrossRef] [PubMed]

	



van Os, J.; Kenis, G.; Rutten, B.P. The environment and schizophrenia. Nature 2010, 468, 203–212. [Google Scholar] [CrossRef]

	



Fornito, A.; Zalesky, A.; Pantelis, C.; Bullmore, E.T. Schizophrenia, neuroimaging and connectomics. Neuroimage 2012, 62, 2296–2314. [Google Scholar] [CrossRef]

	



Bentall, R.P. Would a rose, by any other name, smell sweeter? Psychol. Med. 2013, 43, 1560–1562. [Google Scholar] [CrossRef]

	



Gaebel, W.; Zielasek, J. Schizophrenia in 2020: Trends in diagnosis and therapy. Psychiatry Clin. Neurosci. 2015, 69, 661–673. [Google Scholar] [CrossRef]

	



Guloksuz, S.; van Os, J. The slow death of the concept of schizophrenia and the painful birth of the psychosis spectrum. Psychol. Med. 2018, 48, 229–244. [Google Scholar] [CrossRef]

	



Reininghaus, U.; Bohnke, J.R.; Chavez-Baldini, U.; Gibbons, R.; Ivleva, E.; Clementz, B.A.; Pearlson, G.D.; Keshavan, M.S.; Sweeney, J.A.; Tamminga, C.A. Transdiagnostic dimensions of psychosis in the Bipolar-Schizophrenia Network on Intermediate Phenotypes (B-SNIP). World Psychiatry 2019, 18, 67–76. [Google Scholar] [CrossRef] [PubMed]

	



Guloksuz, S.; Pries, L.K.; Delespaul, P.; Kenis, G.; Luykx, J.J.; Lin, B.D.; Richards, A.L.; Akdede, B.; Binbay, T.; Altınyazar, V.; et al. Examining the independent and joint effects of molecular genetic liability and environmental exposures in schizophrenia: Results from the EUGEI study. World Psychiatry 2019, 18, 173–182. [Google Scholar] [CrossRef]

	



Grace, A.A.; Gomes, F.V. The Circuitry of Dopamine System Regulation and its Disruption in Schizophrenia: Insights into Treatment and Prevention. Schizophr. Bull. 2019, 45, 148–157. [Google Scholar] [CrossRef] [PubMed]

	



Kishimoto, T.; Hagi, K.; Nitta, M.; Kane, J.M.; Correll, C.U. Long-term effectiveness of oral second-generation antipsychotics in patients with schizophrenia and related disorders: A systematic review and meta-analysis of direct head-to-head comparisons. World Psychiatry 2019, 18, 208–224. [Google Scholar] [CrossRef] [PubMed]

	



Huhn, M.; Nikolakopoulou, A.; Schneider-Thoma, J.; Krause, M.; Samara, M.; Peter, N.; Arndt, T.; Bäckers, L.; Rothe, P.; Cipriani, A.; et al. Comparative efficacy and tolerability of 32 oral antipsychotics for the acute treatment of adults with multi-episode schizophrenia: A systematic review and network meta-analysis. Lancet 2019, 394, 939–951. [Google Scholar] [CrossRef]

	



Reed, G.M.; First, M.B.; Kogan, C.S.; Hyman, S.E.; Gureje, O.; Gaebel, W.; Maj, M.; Stein, D.J.; Maercker, A.; Tyrer, P.; et al. Innovations and changes in the ICD-11 classification of mental, behavioural and neurodevelopmental disorders. World Psychiatry 2019, 18, 3–19. [Google Scholar] [CrossRef]

	



Zandersen, M.; Parnas, J. Borderline personality disorder or a disorder within the schizophrenia spectrum? A psychopathological study. World Psychiatry 2019, 18, 109–110. [Google Scholar] [CrossRef] [PubMed]

	



McKenna, P.; Leucht, S.; Jauhar, S.; Laws, K.; Bighelli, I. The controversy about cognitive behavioural therapy for schizophrenia. World Psychiatry 2019, 18, 235–236. [Google Scholar] [CrossRef]

	



Bond, G.R.; Drake, R.E.; Becker, D.R. An update on Individual Placement and Support. World Psychiatry 2020, 19, 390–391. [Google Scholar] [CrossRef]

	



Taipale, H.; Tanskanen, A.; Mehtala, J.; Vattulainen, P.; Correll, C.U.; Tiihonen, J. 20-year follow-up study of physical morbidity and mortality in relationship to antipsychotic treatment in a nationwide cohort of 62,250 patients with schizophrenia (FIN20). World Psychiatry 2020, 19, 61–68. [Google Scholar] [CrossRef] [PubMed]

	



Richards, A.L.; Pardinas, A.F.; Frizzati, A.; Tansey, K.E.; Lynham, A.J.; Holmans, P.; Legge, S.E.; Savage, J.E.; Agartz, I.; Andreassen, O.A.; et al. The Relationship between Polygenic Risk Scores and Cognition in Schizophrenia. Schizophr. Bull. 2020, 46, 336–344. [Google Scholar] [CrossRef] [PubMed]

	



Correll, C.U.; Schooler, N.R. Negative Symptoms in Schizophrenia: A Review and Clinical Guide for Recognition, Assessment, and Treatment. Neuropsychiatr. Dis. Treat. 2020, 16, 519–534. [Google Scholar] [CrossRef] [PubMed]

	



Guloksuz, S.; Pries, L.K.; Ten Have, M.; de Graaf, R.; van Dorsselaer, S.; Klingenberg, B.; Bak, M.; Lin, B.D.; van Eijk, K.R.; Delespaul, P.; et al. Association of preceding psychosis risk states and non-psychotic mental disorders with incidence of clinical psychosis in the general population: A prospective study in the NEMESIS-2 cohort. World Psychiatry 2020, 19, 199–205. [Google Scholar] [CrossRef] [PubMed]

	



Singh, S.P.; Javed, A.; WPA Expert International Advisory Panel for Early Intervention in Psychosis. Early intervention in psychosis in low- and middle-income countries: A WPA initiative. World Psychiatry 2020, 19, 122. [Google Scholar] [CrossRef] [PubMed]

	



Gaebel, W.; Falkai, P.; Hasan, A. The revised German evidence- and consensus-based schizophrenia guideline. World Psychiatry 2020, 19, 117–119. [Google Scholar] [CrossRef] [PubMed]

	



Moritz, S.; Silverstein, S.M.; Dietrichkeit, M.; Gallinat, J. Neurocognitive deficits in schizophrenia are likely to be less severe and less related to the disorder than previously thought. World Psychiatry 2020, 19, 254–255. [Google Scholar] [CrossRef]

	



Smeland, O.B.; Frei, O.; Dale, A.M.; Andreassen, O.A. The polygenic architecture of schizophrenia—Rethinking pathogenesis and nosology. Nat. Rev. Neurol. 2020, 16, 366–379. [Google Scholar] [CrossRef] [PubMed]

	



Kotov, R.; Jonas, K.G.; Carpenter, W.T.; Dretsch, M.N.; Eaton, N.R.; Forbes, M.K.; Forbush, K.T.; Hobbs, K.; Reininghaus, U.; Slade, T.; et al. Validity and utility of Hierarchical Taxonomy of Psychopathology (HiTOP): I. Psychosis superspectrum. World Psychiatry 2020, 19, 151–172. [Google Scholar] [CrossRef]

	



McCutcheon, R.A.; Krystal, J.H.; Howes, O.D. Dopamine and glutamate in schizophrenia: Biology, symptoms and treatment. World Psychiatry 2020, 19, 15–33. [Google Scholar] [CrossRef]

	



McCutcheon, R.A.; Reis Marques, T.; Howes, O.D. Schizophrenia-An Overview. JAMA Psychiatry 2020, 77, 201–210. [Google Scholar] [CrossRef] [PubMed]

	



Grube, B.S.; Bilder, R.M.; Goldman, R.S. Meta-analysis of symptom factors in schizophrenia. Schizophr. Res. 1998, 31, 113–120. [Google Scholar] [CrossRef]

	



Kitamura, T.; Okazaki, Y.; Fujinawa, A.; Yoshino, M.; Kasahara, Y. Symptoms of psychoses. A factor-analytic study. Br. J. Psychiatry 1995, 166, 236–240. [Google Scholar] [CrossRef] [PubMed]

	



Van der Does, A.J.; Linszen, D.H.; Dingemans, P.M.; Nugter, M.A.; Scholte, W.F. A dimensional and categorical approach to the symptomatology of recent-onset schizophrenia. J. Nerv. Ment. Dis. 1993, 181, 744–749. [Google Scholar] [CrossRef] [PubMed]

	



Van Os, J.; Gilvarry, C.; Bale, R.; Van Horn, E.; Tattan, T.; White, I.; Murray, R. A comparison of the utility of dimensional and categorical representations of psychosis. UK700 Group. Psychol. Med. 1999, 29, 595–606. [Google Scholar] [CrossRef]

	



Nakaya, M.; Suwa, H.; Ohmori, K. Latent structures underlying schizophrenic symptoms: A five-dimensional model. Schizophr. Res. 1999, 39, 39–50. [Google Scholar] [CrossRef]

	



Lykouras, L.; Oulis, P.; Psarros, K.; Daskalopoulou, E.; Botsis, A.; Christodoulou, G.N.; Stefanis, C. Five-factor model of schizophrenic psychopathology: How valid is it? Eur. Arch. Psychiatry Clin. Neurosci. 2000, 250, 93–100. [Google Scholar] [CrossRef]

	



Scully, P.J.; Owens, J.M.; Kinsella, A.; Waddington, J.L. Dimensions of psychopathology in bipolar disorder versus other affective and non-affective psychoses among an epidemiologically complete population. Bipolar Disord. 2002, 4 (Suppl. 1), 43–44. [Google Scholar] [CrossRef] [PubMed]

	



Drake, R.J.; Dunn, G.; Tarrier, N.; Haddock, G.; Haley, C.; Lewis, S. The evolution of symptoms in the early course of non-affective psychosis. Schizophr. Res. 2003, 63, 171–179. [Google Scholar] [CrossRef]

	



Loza, B.; Kucharska-Pietura, K.; Kopacz, G.; Debowska, G. Factor structure of paranoid schizophrenia: A prospective study. Psychopathology 2003, 36, 132–141. [Google Scholar] [CrossRef] [PubMed]

	



Alves, T.M.; Pereira, J.C.; Elkis, H. The psychopathological factors of refractory schizophrenia. Braz. J. Psychiatry 2005, 27, 108–112. [Google Scholar] [CrossRef]

	



Murray, V.; McKee, I.; Miller, P.M.; Young, D.; Muir, W.J.; Pelosi, A.J.; Blackwood, D.H. Dimensions and classes of psychosis in a population cohort: A four-class, four-dimension model of schizophrenia and affective psychoses. Psychol. Med. 2005, 35, 499–510. [Google Scholar] [CrossRef]

	



Klingberg, S.; Wittorf, A.; Wiedemann, G. Disorganization and cognitive impairment in schizophrenia: Independent symptom dimensions? Eur. Arch. Psychiatry Clin. Neurosci. 2006, 256, 532–540. [Google Scholar] [CrossRef] [PubMed]

	



Tirupati, S.N.; Padmavati, R.; Thara, R.; McCreadie, R.G. Psychopathology in never-treated schizophrenia. Compr. Psychiatry 2006, 47, 1–6. [Google Scholar] [CrossRef] [PubMed]

	



Villalta-Gil, V.; Vilaplana, M.; Ochoa, S.; Dolz, M.; Usall, J.; Haro, J.M.; Almenara, J.; González, J.L.; Lagares, C.; NEDES Group. Four symptom dimensions in outpatients with schizophrenia. Compr. Psychiatry 2006, 47, 384–388. [Google Scholar] [CrossRef]

	



Boks, M.P.; Leask, S.; Vermunt, J.K.; Kahn, R.S. The structure of psychosis revisited: The role of mood symptoms. Schizophr. Res. 2007, 93, 178–185. [Google Scholar] [CrossRef] [PubMed]

	



Levine, S.Z.; Rabinowitz, J. Revisiting the 5 dimensions of the Positive and Negative Syndrome Scale. J. Clin. Psychopharmacol. 2007, 27, 431–436. [Google Scholar] [CrossRef] [PubMed]

	



Barch, D.M. Nonsocial and social cognitive function in psychosis: Interrelationships, specificity and innovative approaches. World Psychiatry 2019, 18, 117–118. [Google Scholar] [CrossRef] [PubMed]

	



Green, M.F.; Horan, W.P.; Lee, J. Nonsocial and social cognition in schizophrenia: Current evidence and future directions. World Psychiatry 2019, 18, 146–161. [Google Scholar] [CrossRef] [PubMed]

	



Melle, I. Cognition in schizophrenia: A marker of underlying neurodevelopmental problems? World Psychiatry 2019, 18, 164–165. [Google Scholar] [CrossRef]

	



Grant, P.M.; Best, M.W.; Beck, A.T. The meaning of group differences in cognitive test performance. World Psychiatry 2019, 18, 163–164. [Google Scholar] [CrossRef]

	



Andreasen, N.C.; Carpenter, W.T., Jr.; Kane, J.M.; Lasser, R.A.; Marder, S.R.; Weinberger, D.R. Remission in schizophrenia: Proposed criteria and rationale for consensus. Am. J. Psychiatry 2005, 162, 441–449. [Google Scholar] [CrossRef]

	



Bebbington, P.E.; Craig, T.; Garety, P.; Fowler, D.; Dunn, G.; Colbert, S.; Fornells-Ambrojo, M.; Kuipers, E. Remission and relapse in psychosis: Operational definitions based on case-note data. Psychol. Med. 2006, 36, 1551–1562. [Google Scholar] [CrossRef]

	



Haro, J.M.; Novick, D.; Suarez, D.; Alonso, J.; Lepine, J.P.; Ratcliffe, M.; SOHO Study Group. Remission and relapse in the outpatient care of schizophrenia: Three-year results from the Schizophrenia Outpatient Health Outcomes study. J. Clin. Psychopharmacol. 2006, 26, 571–578. [Google Scholar] [CrossRef] [PubMed]

	



Vita, A.; Barlati, S. Recovery from schizophrenia: Is it possible? Curr. Opin. Psychiatry 2018, 31, 246–255. [Google Scholar] [CrossRef] [PubMed]

	



Jaaskelainen, E.; Juola, P.; Hirvonen, N.; McGrath, J.J.; Saha, S.; Isohanni, M.; Veijola, J.; Miettunen, J. A systematic review and meta-analysis of recovery in schizophrenia. Schizophr. Bull. 2013, 39, 1296–1306. [Google Scholar] [CrossRef] [PubMed]

	



Liberman, R.P.; Kopelowicz, A. Recovery from schizophrenia: A concept in search of research. Psychiatr. Serv. 2005, 56, 735–742. [Google Scholar] [CrossRef] [PubMed]

	



Davidson, M. Cognitive impairment as a diagnostic criterion and treatment target in schizophrenia. World Psychiatry 2019, 18, 171–172. [Google Scholar] [CrossRef]

	



Harvey, P.D.; Bellack, A.S. Toward a terminology for functional recovery in schizophrenia: Is functional remission a viable concept? Schizophr. Bull. 2009, 35, 300–306. [Google Scholar] [CrossRef]

	



Harvey, P.D.; Strassnig, M.T. Cognition and disability in schizophrenia: Cognition-related skills deficits and decision-making challenges add to morbidity. World Psychiatry 2019, 18, 165–167. [Google Scholar] [CrossRef]

	



Shrivastava, A.; Johnston, M.; Shah, N.; Bureau, Y. Redefining outcome measures in schizophrenia: Integrating social and clinical parameters. Curr. Opin. Psychiatry 2010, 23, 120–126. [Google Scholar] [CrossRef] [PubMed]

	



Leifker, F.R.; Bowie, C.R.; Harvey, P.D. Determinants of everyday outcomes in schizophrenia: The influences of cognitive impairment, functional capacity, and symptoms. Schizophr. Res. 2009, 115, 82–87. [Google Scholar] [CrossRef] [PubMed]

	



Fleischhacker, W.W.; Arango, C.; Arteel, P.; Barnes, T.R.; Carpenter, W.; Duckworth, K.; Galderisi, S.; Halpern, L.; Knapp, M.; Marder, S.R.; et al. Schizophrenia—time to commit to policy change. Schizophr. Bull. 2014, 40 (Suppl. 3), S165–S194. [Google Scholar] [CrossRef]

	



Green, M.F.; Hellemann, G.; Horan, W.P.; Lee, J.; Wynn, J.K. From perception to functional outcome in schizophrenia: Modeling the role of ability and motivation. Arch. Gen. Psychiatry 2012, 69, 1216–1224. [Google Scholar] [CrossRef]

	



Ventura, J.; Subotnik, K.L.; Gitlin, M.J.; Gretchen-Doorly, D.; Ered, A.; Villa, K.F.; Hellemann, G.S.; Nuechterlein, K.H. Negative symptoms and functioning during the first year after a recent onset of schizophrenia and 8 years later. Schizophr. Res. 2015, 161, 407–413. [Google Scholar] [CrossRef] [PubMed]

	



Strauss, J.S.; Carpenter, W.T., Jr. The prognosis of schizophrenia: Rationale for a multidimensional concept. Schizophr. Bull. 1978, 4, 56–67. [Google Scholar] [CrossRef]

	



Strassnig, M.T.; Raykov, T.; O’Gorman, C.; Bowie, C.R.; Sabbag, S.; Durand, D.; Patterson, T.L.; Pinkham, A.; Penn, D.L.; Harvey, P.D. Determinants of different aspects of everyday outcome in schizophrenia: The roles of negative symptoms, cognition, and functional capacity. Schizophr. Res. 2015, 165, 76–82. [Google Scholar] [CrossRef]

	



Galderisi, S.; Rossi, A.; Rocca, P.; Bertolino, A.; Mucci, A.; Bucci, P.; Rucci, P.; Gibertoni, D.; Aguglia, E.; Amore, M.; et al. The influence of illness-related variables, personal resources and context-related factors on real-life functioning of people with schizophrenia. World Psychiatry 2014, 13, 275–287. [Google Scholar] [CrossRef] [PubMed]

	



Galderisi, S.; Rucci, P.; Kirkpatrick, B.; Mucci, A.; Gibertoni, D.; Rocca, P.; Rossi, A.; Bertolino, A.; Strauss, G.P.; Aguglia, E.; et al. Interplay Among Psychopathologic Variables, Personal Resources, Context-Related Factors, and Real-life Functioning in Individuals with Schizophrenia: A Network Analysis. JAMA Psychiatry 2018, 75, 396–404. [Google Scholar] [CrossRef]

	



Galderisi, S.; Rucci, P.; Mucci, A.; Rossi, A.; Rocca, P.; Bertolino, A.; Aguglia, E.; Amore, M.; Bellomo, A.; Bozzatello, P.; et al. The interplay among psychopathology, personal resources, context-related factors and real-life functioning in schizophrenia: Stability in relationships after 4 years and differences in network structure between recovered and non-recovered patients. World Psychiatry 2020, 19, 81–91. [Google Scholar] [CrossRef] [PubMed]

	



Mucci, A.; Galderisi, S.; Gibertoni, D.; Rossi, A.; Rocca, P.; Bertolino, A.; Aguglia, E.; Amore, M.; Bellomo, A.; Biondi, M.; et al. Factors Associated with Real-Life Functioning in Persons with Schizophrenia in a 4-Year Follow-up Study of the Italian Network for Research on Psychoses. JAMA Psychiatry 2021, 78, 550–559. [Google Scholar] [CrossRef] [PubMed]

	



Galderisi, S.; Mucci, A.; Bitter, I.; Libiger, J.; Bucci, P.; Fleischhacker, W.W.; Kahn, R.S.; Eufest Study Group. Persistent negative symptoms in first episode patients with schizophrenia: Results from the European First Episode Schizophrenia Trial. Eur. Neuropsychopharmacol. 2013, 23, 196–204. [Google Scholar] [CrossRef] [PubMed]

	



Lieberman, J.A.; Perkins, D.; Belger, A.; Chakos, M.; Jarskog, F.; Boteva, K.; Gilmore, J. The early stages of schizophrenia: Speculations on pathogenesis, pathophysiology, and therapeutic approaches. Biol. Psychiatry 2001, 50, 884–897. [Google Scholar] [CrossRef]

	



Lieberman, J.A.; Small, S.A.; Girgis, R.R. Early Detection and Preventive Intervention in Schizophrenia: From Fantasy to Reality. Am. J. Psychiatry 2019, 176, 794–810. [Google Scholar] [CrossRef]

	



Altamura, A.C.; Serati, M.; Buoli, M. Is duration of illness really influencing outcome in major psychoses? Nord. J. Psychiatry 2015, 69, 403–417. [Google Scholar] [CrossRef] [PubMed]

	



Pratt, J.; Hall, J. Biomarkers in Neuropsychiatry: A Prospect for the Twenty-First Century? Curr. Top. Behav. Neurosci. 2018, 40, 3–10. [Google Scholar] [CrossRef] [PubMed]

	



Biomarkers Definitions Working Group. Biomarkers and surrogate endpoints: Preferred definitions and conceptual framework. Clin. Pharmacol. Ther. 2001, 69, 89–95. [Google Scholar] [CrossRef] [PubMed]

	



Galderisi, S.; Mucci, A.; Volpe, U.; Boutros, N. Evidence-based medicine and electrophysiology in schizophrenia. Clin. EEG Neurosci. 2009, 40, 62–77. [Google Scholar] [CrossRef]

	



Koukkou, M.; Koenig, T.; Bänninger, A.; Rieger, K.; Diaz Hernandez, L.; Higuchi, Y.; Sumiyoshi, T.; Vignapiano, A.; Giordano, G.M.; Amodio, A.; et al. Neurobiology of schizophrenia: Electrophysiological indices. In Advances in Psychiatry; Javed, A., Fountoulakis, N.K., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 433–459. [Google Scholar]

	



Bullmore, E.T.; Frangou, S.; Murray, R.M. The dysplastic net hypothesis: An integration of developmental and dysconnectivity theories of schizophrenia. Schizophr. Res. 1997, 28, 143–156. [Google Scholar] [CrossRef]

	



Friston, K.J.; Frith, C.D. Schizophrenia: A disconnection syndrome? Clin. Neurosci. 1995, 3, 89–97. [Google Scholar]

	



Di Lorenzo, G.; Daverio, A.; Ferrentino, F.; Santarnecchi, E.; Ciabattini, F.; Monaco, L.; Lisi, G.; Barone, Y.; Di Lorenzo, C.; Niolu, C.; et al. Altered resting-state EEG source functional connectivity in schizophrenia: The effect of illness duration. Front. Hum. Neurosci. 2015, 9, 234. [Google Scholar] [CrossRef]

	



Li, F.; Wang, J.; Jiang, Y.; Si, Y.; Peng, W.; Song, L.; Jiang, Y.; Zhang, Y.; Dong, W.; Yao, D.; et al. Top-Down Disconnectivity in Schizophrenia During P300 Tasks. Front. Comput. Neurosci. 2018, 12, 33. [Google Scholar] [CrossRef] [PubMed]

	



Schmitt, A.; Hasan, A.; Gruber, O.; Falkai, P. Schizophrenia as a disorder of disconnectivity. Eur. Arch. Psychiatry Clin. Neurosci. 2011, 261 (Suppl. 2), S150–S154. [Google Scholar] [CrossRef]

	



Giordano, G.M.; Brando, F.; Perrottelli, A.; Di Lorenzo, G.; Siracusano, A.; Giuliani, L.; Pezzella, P.; Altamura, M.; Bellomo, A.; Cascino, G.; et al. Tracing links between early auditory information processing and negative symptoms in schizophrenia: An ERP study. Front. Psychiatry 2021, in press. [Google Scholar]

	



Giordano, G.M.; Koenig, T.; Mucci, A.; Vignapiano, A.; Amodio, A.; Di Lorenzo, G.; Siracusano, A.; Bellomo, A.; Altamura, M.; Monteleone, P.; et al. Neurophysiological correlates of Avolition-apathy in schizophrenia: A resting-EEG microstates study. Neuroimage Clin. 2018, 20, 627–636. [Google Scholar] [CrossRef] [PubMed]

	



Vignapiano, A.; Koenig, T.; Mucci, A.; Giordano, G.M.; Amodio, A.; Altamura, M.; Bellomo, A.; Brugnoli, R.; Corrivetti, G.; Di Lorenzo, G.; et al. Disorganization and cognitive impairment in schizophrenia: New insights from electrophysiological findings. Int. J. Psychophysiol. 2019, 145, 99–108. [Google Scholar] [CrossRef]

	



Pfefferbaum, A.; Roth, W.T.; Ford, J.M. Event-related potentials in the study of psychiatric disorders. Arch. Gen. Psychiatry 1995, 52, 559–563. [Google Scholar] [CrossRef] [PubMed]

	



Sur, S.; Sinha, V.K. Event-related potential: An overview. Ind. Psychiatry J. 2009, 18, 70–73. [Google Scholar] [CrossRef]

	



Hermens, D.F.; Ward, P.B.; Hodge, M.A.; Kaur, M.; Naismith, S.L.; Hickie, I.B. Impaired MMN/P3a complex in first-episode psychosis: Cognitive and psychosocial associations. Prog. Neuropsychopharmacol. Biol. Psychiatry 2010, 34, 822–829. [Google Scholar] [CrossRef] [PubMed]

	



Kaur, M.; Lagopoulos, J.; Lee, R.S.; Ward, P.B.; Naismith, S.L.; Hickie, I.B.; Hermens, D.F. Longitudinal associations between mismatch negativity and disability in early schizophrenia- and affective-spectrum disorders. Prog. Neuropsychopharmacol. Biol. Psychiatry 2013, 46, 161–169. [Google Scholar] [CrossRef] [PubMed]

	



Hamilton, H.K.; Perez, V.B.; Ford, J.M.; Roach, B.J.; Jaeger, J.; Mathalon, D.H. Mismatch Negativity but Not P300 Is Associated with Functional Disability in Schizophrenia. Schizophr. Bull. 2018, 44, 492–504. [Google Scholar] [CrossRef] [PubMed]

	



Umbricht, D.; Krljes, S. Mismatch negativity in schizophrenia: A meta-analysis. Schizophr. Res. 2005, 76, 1–23. [Google Scholar] [CrossRef] [PubMed]

	



Erickson, M.A.; Ruffle, A.; Gold, J.M. A Meta-Analysis of Mismatch Negativity in Schizophrenia: From Clinical Risk to Disease Specificity and Progression. Biol. Psychiatry 2016, 79, 980–987. [Google Scholar] [CrossRef]

	



Urban, A.; Kremlacek, J.; Libiger, J. Mismatch negativity in patients with schizophrenia. Acta Med. 2007, 50, 23–28. [Google Scholar] [CrossRef]

	



Turetsky, B.I.; Bilker, W.B.; Siegel, S.J.; Kohler, C.G.; Gur, R.E. Profile of auditory information-processing deficits in schizophrenia. Psychiatry Res. 2009, 165, 27–37. [Google Scholar] [CrossRef] [PubMed]

	



Nagai, T.; Tada, M.; Kirihara, K.; Yahata, N.; Hashimoto, R.; Araki, T.; Kasai, K. Auditory mismatch negativity and P3a in response to duration and frequency changes in the early stages of psychosis. Schizophr. Res. 2013, 150, 547–554. [Google Scholar] [CrossRef]

	



McCarley, R.W.; Faux, S.F.; Shenton, M.E.; Nestor, P.G.; Adams, J. Event-related potentials in schizophrenia: Their biological and clinical correlates and a new model of schizophrenic pathophysiology. Schizophr. Res. 1991, 4, 209–231. [Google Scholar] [CrossRef]

	



Naatanen, R.; Paavilainen, P.; Rinne, T.; Alho, K. The mismatch negativity (MMN) in basic research of central auditory processing: A review. Clin. Neurophysiol. 2007, 118, 2544–2590. [Google Scholar] [CrossRef] [PubMed]

	



Oknina, L.B.; Wild-Wall, N.; Oades, R.D.; Juran, S.A.; Ropcke, B.; Pfueller, U.; Weisbrod, M.; Chan, E.; Chen, E.Y. Frontal and temporal sources of mismatch negativity in healthy controls, patients at onset of schizophrenia in adolescence and others at 15 years after onset. Schizophr. Res. 2005, 76, 25–41. [Google Scholar] [CrossRef] [PubMed]

	



Garrido, M.I.; Kilner, J.M.; Stephan, K.E.; Friston, K.J. The mismatch negativity: A review of underlying mechanisms. Clin. Neurophysiol. 2009, 120, 453–463. [Google Scholar] [CrossRef] [PubMed]

	



Earls, H.A.; Curran, T.; Mittal, V. Deficits in Early Stages of Face Processing in Schizophrenia: A Systematic Review of the P100 Component. Schizophr. Bull. 2016, 42, 519–527. [Google Scholar] [CrossRef]

	



Naatanen, R. The mismatch negativity: A powerful tool for cognitive neuroscience. Ear Hear. 1995, 16, 6–18. [Google Scholar] [CrossRef]

	



Fitzgerald, K.; Todd, J. Making Sense of Mismatch Negativity. Front. Psychiatry 2020, 11, 468. [Google Scholar] [CrossRef] [PubMed]

	



Haigh, S.M.; Coffman, B.A.; Salisbury, D.F. Mismatch Negativity in First-Episode Schizophrenia: A Meta-Analysis. Clin. EEG Neurosci. 2017, 48, 3–10. [Google Scholar] [CrossRef] [PubMed]

	



Perrottelli, A.; Giordano, G.M.; Brando, F.; Giuliani, L.; Mucci, A. EEG-Based Measures in At-Risk Mental State and Early Stages of Schizophrenia: A Systematic Review. Front. Psychiatry 2021, 12, 653642. [Google Scholar] [CrossRef]

	



Kaur, M.; Battisti, R.A.; Ward, P.B.; Ahmed, A.; Hickie, I.B.; Hermens, D.F. MMN/P3a deficits in first episode psychosis: Comparing schizophrenia-spectrum and affective-spectrum subgroups. Schizophr. Res. 2011, 130, 203–209. [Google Scholar] [CrossRef] [PubMed]

	



Hirt, V.; Schubring, D.; Schalinski, I.; Rockstroh, B. Mismatch negativity and cognitive performance in the course of schizophrenia. Int. J. Psychophysiol. 2019, 145, 30–39. [Google Scholar] [CrossRef]

	



Polich, J. Updating P300: An integrative theory of P3a and P3b. Clin. Neurophysiol. 2007, 118, 2128–2148. [Google Scholar] [CrossRef] [PubMed]

	



Huang, W.J.; Chen, W.W.; Zhang, X. The neurophysiology of P 300--an integrated review. Eur. Rev. Med. Pharmacol. Sci. 2015, 19, 1480–1488. [Google Scholar] [PubMed]

	



Ford, J.M. Schizophrenia: The broken P300 and beyond. Psychophysiology 1999, 36, 667–682. [Google Scholar] [CrossRef]

	



Mathalon, D.H.; Ford, J.M.; Rosenbloom, M.; Pfefferbaum, A. P300 reduction and prolongation with illness duration in schizophrenia. Biol. Psychiatry 2000, 47, 413–427. [Google Scholar] [CrossRef]

	



Jeon, Y.W.; Polich, J. Meta-analysis of P300 and schizophrenia: Patients, paradigms, and practical implications. Psychophysiology 2003, 40, 684–701. [Google Scholar] [CrossRef]

	



Bramon, E.; Rabe-Hesketh, S.; Sham, P.; Murray, R.M.; Frangou, S. Meta-analysis of the P300 and P50 waveforms in schizophrenia. Schizophr. Res. 2004, 70, 315–329. [Google Scholar] [CrossRef]

	



Raghavan, D.V.; Shanmugiah, A.; Bharathi, P.; Jeyaprakash, R. P300 and neuropsychological measurements in patients with schizophrenia and their healthy biological siblings. Indian J. Psychiatry 2016, 58, 454–458. [Google Scholar] [CrossRef]

	



Lepock, J.R.; Mizrahi, R.; Korostil, M.; Bagby, R.M.; Pang, E.W.; Kiang, M. Event-Related Potentials in the Clinical High-Risk (CHR) State for Psychosis: A Systematic Review. Clin. EEG Neurosci. 2018, 49, 215–225. [Google Scholar] [CrossRef]

	



Mori, Y.; Kurosu, S.; Hiroyama, Y.; Niwa, S. Prolongation of P300 latency is associated with the duration of illness in male schizophrenia patients. Psychiatry Clin. Neurosci. 2007, 61, 471–478. [Google Scholar] [CrossRef]

	



Oribe, N.; Hirano, Y.; Kanba, S.; Del Re, E.; Seidman, L.; Mesholam-Gately, R.; Goldstein, J.M.; Shenton, M.; Spencer, K.M.; McCarley, R.W.; et al. Progressive reduction of visual P300 amplitude in patients with first-episode schizophrenia: An ERP study. Schizophr. Bull. 2015, 41, 460–470. [Google Scholar] [CrossRef] [PubMed]

	



Bestelmeyer, P.E. The visual P3a in schizophrenia and bipolar disorder: Effects of target and distractor stimuli on the P300. Psychiatry Res. 2012, 197, 140–144. [Google Scholar] [CrossRef] [PubMed]

	



Naatanen, R.; Shiga, T.; Asano, S.; Yabe, H. Mismatch negativity (MMN) deficiency: A break-through biomarker in predicting psychosis onset. Int. J. Psychophysiol. 2015, 95, 338–344. [Google Scholar] [CrossRef]

	



Tada, M.; Kirihara, K.; Mizutani, S.; Uka, T.; Kunii, N.; Koshiyama, D.; Fujioka, M.; Usui, K.; Nagai, T.; Araki, T.; et al. Mismatch negativity (MMN) as a tool for translational investigations into early psychosis: A review. Int. J. Psychophysiol. 2019, 145, 5–14. [Google Scholar] [CrossRef] [PubMed]

	



Hochberger, W.C.; Thomas, M.L.; Joshi, Y.B.; Molina, J.; Treichler, E.B.H.; Nungaray, J.; Cardoso, L.; Sprock, J.; Swerdlow, N.; Light, G.A. Oscillatory biomarkers of early auditory information processing predict cognitive gains following targeted cognitive training in schizophrenia patients. Schizophr. Res. 2020, 215, 97–104. [Google Scholar] [CrossRef] [PubMed]

	



Koshiyama, D.; Kirihara, K.; Tada, M.; Nagai, T.; Fujioka, M.; Koike, S.; Suga, M.; Araki, T.; Kasai, K. Association between mismatch negativity and global functioning is specific to duration deviance in early stages of psychosis. Schizophr. Res. 2018, 195, 378–384. [Google Scholar] [CrossRef]

	



Thomas, M.L.; Green, M.F.; Hellemann, G.; Sugar, C.A.; Tarasenko, M.; Calkins, M.E.; Greenwood, T.A.; Gur, R.E.; Gur, R.C.; Lazzeroni, L.C.; et al. Modeling Deficits from Early Auditory Information Processing to Psychosocial Functioning in Schizophrenia. JAMA Psychiatry 2017, 74, 37–46. [Google Scholar] [CrossRef] [PubMed]

	



Salisbury, D.F.; Shafer, A.R.; Murphy, T.K.; Haigh, S.M.; Coffman, B.A. Pitch and Duration Mismatch Negativity and Heschl’s Gyrus Volume in First-Episode Schizophrenia-Spectrum Individuals. Clin. EEG Neurosci. 2020, 51, 359–364. [Google Scholar] [CrossRef] [PubMed]

	



Light, G.A.; Swerdlow, N.R.; Thomas, M.L.; Calkins, M.E.; Green, M.F.; Greenwood, T.A.; Gur, R.E.; Gur, R.C.; Lazzeroni, L.C.; Nuechterlein, K.H.; et al. Validation of mismatch negativity and P3a for use in multi-site studies of schizophrenia: Characterization of demographic, clinical, cognitive, and functional correlates in COGS-2. Schizophr. Res. 2015, 163, 63–72. [Google Scholar] [CrossRef] [PubMed]

	



Monaghan, C.K.; Brickman, S.; Huynh, P.; Ongur, D.; Hall, M.H. A longitudinal study of event related potentials and correlations with psychosocial functioning and clinical features in first episode psychosis patients. Int. J. Psychophysiol. 2019, 145, 48–56. [Google Scholar] [CrossRef]

	



Koshiyama, D.; Thomas, M.L.; Miyakoshi, M.; Joshi, Y.B.; Molina, J.L.; Tanaka-Koshiyama, K.; Sprock, J.; Braff, D.L.; Swerdlow, N.R.; Light, G.A. Hierarchical Pathways from Sensory Processing to Cognitive, Clinical, and Functional Impairments in Schizophrenia. Schizophr. Bull. 2021, 47, 373–385. [Google Scholar] [CrossRef]

	



Bowie, C.R.; Twamley, E.W.; Anderson, H.; Halpern, B.; Patterson, T.L.; Harvey, P.D. Self-assessment of functional status in schizophrenia. J. Psychiatr. Res. 2007, 41, 1012–1018. [Google Scholar] [CrossRef] [PubMed]

	



Leifker, F.R.; Patterson, T.L.; Heaton, R.K.; Harvey, P.D. Validating measures of real-world outcome: The results of the VALERO expert survey and RAND panel. Schizophr. Bull. 2011, 37, 334–343. [Google Scholar] [CrossRef] [PubMed]

	



Mucci, A.; Rucci, P.; Rocca, P.; Bucci, P.; Gibertoni, D.; Merlotti, E.; Galderisi, S.; Maj, M.; Italian Network for Research on Psychoses. The Specific Level of Functioning Scale: Construct validity, internal consistency and factor structure in a large Italian sample of people with schizophrenia living in the community. Schizophr. Res. 2014, 159, 144–150. [Google Scholar] [CrossRef]

	



Montemagni, C.; Rocca, P.; Mucci, A.; Galderisi, S.; Maj, M. Italian version of the “Specific Level of Functioning”. J. Psychopathol. 2015, 21, 287–296. [Google Scholar]

	



Apiquian, R.; Elena Ulloa, R.; Herrera-Estrella, M.; Moreno-Gomez, A.; Erosa, S.; Contreras, V.; Nicolini, H. Validity of the Spanish version of the Personal and Social Performance scale in schizophrenia. Schizophr. Res. 2009, 112, 181–186. [Google Scholar] [CrossRef] [PubMed]

	



Nicholl, D.; Nasrallah, H.; Nuamah, I.; Akhras, K.; Gagnon, D.D.; Gopal, S. Personal and social functioning in schizophrenia: Defining a clinically meaningful measure of maintenance in relapse prevention. Curr. Med. Res. Opin. 2010, 26, 1471–1484. [Google Scholar] [CrossRef] [PubMed]

	



Lindenmayer, J.P.; McGurk, S.R.; Khan, A.; Kaushik, S.; Thanju, A.; Hoffman, L.; Valdez, G.; Wance, D.; Herrmann, E. Improving social cognition in schizophrenia: A pilot intervention combining computerized social cognition training with cognitive remediation. Schizophr. Bull. 2013, 39, 507–517. [Google Scholar] [CrossRef]

	



Kay, S.R.; Fiszbein, A.; Opler, L.A. The positive and negative syndrome scale (PANSS) for schizophrenia. Schizophr. Bull. 1987, 13, 261–276. [Google Scholar] [CrossRef] [PubMed]

	



Kirkpatrick, B.; Strauss, G.P.; Nguyen, L.; Fischer, B.A.; Daniel, D.G.; Cienfuegos, A.; Marder, S.R. The brief negative symptom scale: Psychometric properties. Schizophr. Bull. 2011, 37, 300–305. [Google Scholar] [CrossRef]

	



Mucci, A.; Galderisi, S.; Merlotti, E.; Rossi, A.; Rocca, P.; Bucci, P.; Piegari, G.; Chieffi, M.; Vignapiano, A.; Maj, M.; et al. The Brief Negative Symptom Scale (BNSS): Independent validation in a large sample of Italian patients with schizophrenia. Eur. Psychiatry 2015, 30, 641–647. [Google Scholar] [CrossRef] [PubMed]

	



Addington, J.; Shah, H.; Liu, L.; Addington, D. Reliability and validity of the Calgary Depression Scale for Schizophrenia (CDSS) in youth at clinical high risk for psychosis. Schizophr. Res. 2014, 153, 64–67. [Google Scholar] [CrossRef] [PubMed]

	



Gerlach, J.; Korsgaard, S.; Clemmesen, P.; Lauersen, A.M.; Magelund, G.; Noring, U.; Povlsen, U.J.; Bech, P.; Casey, D.E. The St. Hans Rating Scale for extrapyramidal syndromes: Reliability and validity. Acta Psychiatr. Scand. 1993, 87, 244–252. [Google Scholar] [CrossRef] [PubMed]

	



Nuechterlein, K.H.; Green, M.F.; Kern, R.S.; Baade, L.E.; Barch, D.M.; Cohen, J.D.; Essock, S.; Fenton, W.S.; Frese, F.J., 3rd; Gold, J.M.; et al. The MATRICS Consensus Cognitive Battery, part 1: Test selection, reliability, and validity. Am. J. Psychiatry 2008, 165, 203–213. [Google Scholar] [CrossRef] [PubMed]

	



Kern, R.S.; Nuechterlein, K.H.; Green, M.F.; Baade, L.E.; Fenton, W.S.; Gold, J.M.; Keefe, R.S.; Mesholam-Gately, R.; Mintz, J.; Seidman, L.J.; et al. The MATRICS Consensus Cognitive Battery, part 2: Co-norming and standardization. Am. J. Psychiatry 2008, 165, 214–220. [Google Scholar] [CrossRef] [PubMed]

	



Harvey, P.D.; Raykov, T.; Twamley, E.W.; Vella, L.; Heaton, R.K.; Patterson, T.L. Validating the measurement of real-world functional outcomes: Phase I results of the VALERO study. Am. J. Psychiatry 2011, 168, 1195–1201. [Google Scholar] [CrossRef]

	



Sabbag, S.; Twamley, E.M.; Vella, L.; Heaton, R.K.; Patterson, T.L.; Harvey, P.D. Assessing everyday functioning in schizophrenia: Not all informants seem equally informative. Schizophr. Res. 2011, 131, 250–255. [Google Scholar] [CrossRef] [PubMed]

	



Perlman, G.; Foti, D.; Jackson, F.; Kotov, R.; Constantino, E.; Hajcak, G. Clinical significance of auditory target P300 subcomponents in psychosis: Differential diagnosis, symptom profiles, and course. Schizophr. Res. 2015, 165, 145–151. [Google Scholar] [CrossRef]

	



Mondragon-Maya, A.; Solis-Vivanco, R.; Leon-Ortiz, P.; Rodriguez-Agudelo, Y.; Yanez-Tellez, G.; Bernal-Hernandez, J.; Cadenhead, K.S.; de la Fuente-Sandoval, C. Reduced P3a amplitudes in antipsychotic naive first-episode psychosis patients and individuals at clinical high-risk for psychosis. J. Psychiatr. Res. 2013, 47, 755–761. [Google Scholar] [CrossRef] [PubMed]

	



Kharawala, S.; Hastedt, C.; Podhorna, J.; Shukla, H.; Kappelhoff, B.; Harvey, P.D. The relationship between cognition and functioning in schizophrenia: A semi-systematic review. Schizophr. Res. Cogn. 2022, 27, 100217. [Google Scholar] [CrossRef] [PubMed]

	



Falkai, P.; Schmitt, A. The need to develop personalized interventions to improve cognition in schizophrenia. World Psychiatry 2019, 18, 170. [Google Scholar] [CrossRef] [PubMed]

	



Reichenberg, A.; Velthorst, E.; Davidson, M. Cognitive impairment and psychosis in schizophrenia: Independent or linked conditions? World Psychiatry 2019, 18, 162–163. [Google Scholar] [CrossRef]








[image: Jcm 10 05838 g001 550] 





Figure 1. Mismatch negativity (MMN) and P3a waveforms recorded during the auditory paradigm in healthy controls and subjects with schizophrenia. HCs, healthy controls (blue line); SCZ, subjects with schizophrenia; ID, illness duration. SCZ-A, ID ≤ 5 (green line); SCZ-B, ID 6 to 13 years (yellow line); SCZ-C, ID 14 to 18 years (pale blue line); SCZ-D, ID 19 to 32 years (red line). 
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Figure 2. Correlation between p-MMN amplitude and the “work skills” domain of the SLOF scale. p-MMN, pitch deviant mismatch negativity. Negative correlation between p-MMN amplitude and the “work skills” domain of the SLOF scale (r = −0.257; p = 0.005) (significant p-value threshold 0.008). This correlation remained significant after controlling for positive, negative, and disorganized symptoms; depression; neurocognition; and global parkinsonism. 
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Table 1. Demographic and clinical characteristics of the study sample.
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	Demographic and Clinical Information
	HC (n = 61)
	SCZ (n = 117)
	F/χ₂
	p





	Gender (M/F)
	31/30
	82/35
	6.420
	0.01



	Age (years, mean ± SD)
	33.8 ± 12.276
	36.25 ±9.116
	2.257
	0.135



	Education (years, mean ± SD)
	13.95 ± 4.084
	12.51 ± 2.999
	7.139
	0.008



	Paternal Education (years, mean ± SD)
	10.43 ± 4.612
	9.97 ± 4.91
	0.344
	0.559



	Maternal Education (years, mean ± SD)
	9.818 ± 4.41
	9.183 ± 4.0556
	0.844
	0.360



	BNSS Total score (mean ± SD)
	
	34.70 ± 16.381
	
	



	BNSS Expressive deficit domain (mean ± SD)
	
	11.30 ± 7.31
	
	



	BNSS Experiential domain (mean ± SD)
	
	21.10 ± 9.185
	
	



	PANSS Positive (mean ± SD)
	
	8.32 ± 4.727
	
	



	PANSS Negative (mean ± SD)
	
	15.65 ± 5.843
	
	



	PANSS Disorganization (mean ± SD)
	
	8.64 ± 3.604
	
	



	CDSS Total score (mean ± SD)
	
	3.23 ± 3.835
	
	



	SHRS global parkinsonism (mean ± SD)
	
	0.86 ± 1.149
	
	



	SLOF Interpersonal relationships (mean ± SD)
	
	23.09 ± 5.725
	
	



	SLOF Everyday life skills (mean ± SD)
	
	46.85 ± 6.834
	
	



	SLOF Work Skills (mean ± SD)
	
	20.72 ± 6.10
	
	



	MCCB Neurocognitive Composite Score (mean ± SD)
	
	35.18 ± 10.902
	
	



	Duration of illness (mean ± SD)
	
	12.98 ± 8.067
	
	



	Type of AP medication (%)
	
	78.4% second-generation AP

11.2% first-generation AP

10.3% both AP
	
	







AP, antipsychotic; BNSS, Brief Negative Symptom Scale; CDSS, Calgary Depression Scale for Schizophrenia; HCs, Healthy controls; MCCB, MATRICS Consensus Cognitive Battery; PANSS, Positive and Negative Syndrome Scale; SCZ, subjects with schizophrenia; SD, standard deviation; SHRS, The St. Hans Rating Scale for extrapyramidal syndromes; SLOF, The Specific Level of Functioning scale. p values in bold indicate statistical significance.
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Table 2. Demographic and clinical characteristics of the four patients’ groups, composed by subjects with different illness duration (SCZ-A, ID ≤ 5; SCZ-B, ID 6 to 13 years; SCZ-C, ID 14 to 18 years; SCZ-D, ID 19 to 32 years).
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	Demographic and Clinical Information
	SCZ-A

(23)
	SCZ-B

(38)
	SCZ-C

(27)
	SCZ-D

(29)
	F/χ₂
	p





	Age (years, mean ± SD)
	26.87 ± 6.75
	33.1 ± 6.031
	37.41 ± 4.925
	46.62 ± 6.34
	50.82
	<0.001 *



	Gender (M/F)
	19/4
	22/16
	19/8
	22/7
	4.877
	0.181



	Education (years, mean ± SD)
	11.87 ± 2.68
	12.76 ± 3.16
	12.70 ± 3.074
	12.52 ± 3.03
	0.471
	0.703



	Paternal Education (years, mean ± SD)
	9.65 ± 4.380
	10.89 ± 4.9
	10.42 ± 4.851
	8.29 ± 5.238
	1.51
	0.217



	Maternal Education (years, mean ± SD)
	10.20 ± 3.75
	9.368 ± 3.91
	9.923 ± 4.3811
	7.32 ± 3.761
	2.604
	0.056



	BNSS Tot (mean ± SD)
	30.13 ± 18.5
	34.26 ± 15.3
	36.58 ± 14.409
	37.29 ± 17.7
	0.951
	0.419



	Expressive deficit (mean ± SD)
	10.57 ± 7.80
	10.21 ± 6.99
	11.92 ± 6.603
	12.79 ± 7.99
	0.803
	0.495



	Experiential domain (mean ± SD)
	18.22 ± 10.8
	21.74 ± 8.51
	21.73 ± 7.754
	22.04 ± 9.83
	0.953
	0.418



	PANSS Positive (mean ± SD)
	5.83 ± 2.552
	8.24 ± 4.037
	8.77 ± 4.616
	10.07 ± 6.19
	3.751
	0.013 **



	PANSS Negative (mean ± SD)
	14.74 ± 6.69
	16.47 ± 5.72
	14.54 ± 4.35
	16.32 ± 6.49
	0.872
	0.458



	PANSS Disorganization (mean ± SD)
	7.35 ± 2.145
	8.50 ± 3.790
	9.04 ± 3.504
	9.54 ± 4.194
	1.72
	0.167



	CDSS Tot (mean ± SD)
	2.78 ± 4.552
	3.61 ± 3.803
	2.96 ± 3.538
	3.36 ± 3.654
	0.273
	0.845



	SHRS global parkinsonism (mean ± SD)
	0.52 ± 0.846
	0.55 ± 0.86
	0.89 ± 1.05
	1.54 ± 1.503
	5.35
	0.002 ***



	SLOF Interpersonal relationships (mean ± SD)
	23.43 ± 5.73
	22.97 ± 6.21
	3.30 ± 4.681
	22.75 ± 6.22
	0.076
	0.973



	SLOF Everyday life Skills (mean ± SD)
	48.17 ± 6.7
	47.34 ± 5.72
	46.30 ± 6.638
	45.64 ± 8.451
	0.698
	0.555



	SLOF Work Skills (mean ± SD)
	23.04 ± 5.62
	21.32 ± 5.82
	19.52 ± 5.905
	19.14 ± 6.609
	2.28
	0.083



	Neurocognitive Composite Score (mean ± SD)
	38.57 ± 9.28
	36.97 ± 11.5
	35.93 ± 10.321
	29.43 ± 10.29
	3.99
	0.010 ****







BNSS, Brief Negative Symptom Scale; CDSS, The Calgary Depression Scale for Schizophrenia; HCs, Healthy controls; MCCB, MATRICS Consensus Cognitive Battery; PANSS, Positive and Negative Syndrome Scale; SCZ, subjects with schizophrenia; SD, standard deviation; SHRS, The St. Hans Rating Scale for extrapyramidal syndrome; SLOF, The Specific Level of Functioning scale. p values in bold indicate statistical significance. Post-hoc pairwise comparisons: * For age, each group differs from the others (all p < 0.001); ** SCZ-D had higher PANSS positive score compared to SCZ-A (p = 0.008); *** SCZ-D had higher SHRS global parkinsonism score compared to SCZ-A (p = 0.008) and SCZ-B (p = 0.003); **** SCZ-D had lower cognitive performance compared to SCZ-A (p = 0.015) and SCZ-B (p = 0.033).
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Table 3. Group differences for MMN and P3a. Age and gender as covariates.
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	MMN-P3a Amplitude
	HCs

(n = 61)
	SCZ-A

(n = 23)
	SCZ-B

(n = 38)
	SCZ-C

(n = 27)
	SCZ-D

(n = 29)
	F
	p





	d-MMN
	−5.51 ± 2.47
	−3.456 ± 1.83
	−3.87 ± 2.05
	−3.55 ± 1.71
	−3.208 ± 1.99
	8.274
	<0.001 *



	p-MMN
	−3.50 ± 1.56
	−2.43 ± 1.129
	−2.70 ± 1.29
	−2.11 ± 0.930
	−2.35 ± −1.19
	7.533
	<0.001 *



	d-P3a
	2.95 ± 1.95
	2.02 ± 1.81
	2.54 ± 1.79
	2.13 ± 1.11
	1.53 ± 1.21
	2.5
	0.04 **



	p-P3a
	1.52 ± 1.05
	1.40 ± 1.26
	1 ± 1.16
	0.95 ± 0.87
	0.70 ± 1.01
	2.1
	0.078







HCs, healthy controls; SCZ, subjects with schizophrenia; d-MMN, duration deviant MMN; p-MMN, pitch deviant MMN; d-P3a: duration deviant P3a; p-P3a, pitch deviant P3a. p values in bold indicate statistical significance (significant p-value threshold 0.002). Post-hoc pairwise comparisons: * All SCZ groups had reduced d-MMN (all p < 0.001) and p-MMN (SCZ-A< HCs, p = 0.01; SCZ-B < HCs, p = 0.03; SCZ-C and SCZ-D< HCs, p < 0.001) amplitude compared to HCs; ** SCZ-D had reduced d-P3a amplitude compared to HCs (p = 0.003).
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