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The cognitive model of negative symptoms suggests that some dysfunctional beliefs mediate the relationship between neurocognitive deficits and negative symptoms and disability. This study tested the hypothesis that dysfunctional performance beliefs mediate neurocognitive deficits, negative symptoms, and disability. We used a hierarchal component model with 85 men patients diagnosed with chronic schizophrenia. Results showed a moderate to strong correlation between dysfunctional performance beliefs, neurocognitive deficits, negative symptoms, and disability. These results support the Hierarchal component model (HCM) of the cognitive model of negative symptoms. Our results indicated that the disability in schizophrenia is mediated through dysfunctional performance beliefs, neurocognitive deficits, and negative symptoms pathway. Further, dysfunctional performance beliefs have a crucial role in this pathway. Therefore, targeting this vicious cycle of dysfunctional beliefs can improve disability in patients with schizophrenia.
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INTRODUCTION

Negative symptoms such as diminished emotional expression, avolition, alogia, anhedonia, and asociality account for significant disability in persons diagnosed with schizophrenia (1). Approximately 60% of people with schizophrenia suffer from negative symptoms that persist despite treatment (2, 3). The negative symptoms can be disabling and can significantly burden psychosocial health, occupational functioning, and quality of life in people with schizophrenia (4, 5). Psychotropic medications have limited efficacy on negative symptoms (6–8). Evidence indicates that psychotropic medications have little efficacy on the real-world functioning of people with schizophrenia in general (9, 10). Similarly, side effects of antipsychotic drugs might lead to secondary negative symptoms or at least exacerbate negative symptoms (3, 11, 12).

In addition to negative symptoms, cognitive deficits can be troubling features of schizophrenia, adding to their real-world functioning, with almost 98% of the persons with schizophrenia suffering from cognitive deficits (13, 14). Cognitive deficits such as processing speed, attention, vigilance, working memory, verbal learning, visual learning, reasoning, problem-solving, and social cognition are common cognitive deficits in persons with schizophrenia (15, 16).

The cognitive model of negative symptoms suggests that the dysfunctional beliefs such as pessimistic beliefs about performance (e.g., “If I fail at my work, then I am a failure as a person”) and need for approval (e.g., “If someone disagrees with me, it probably indicates he does not like me”) mediate the relationship between neurocognitive deficits, negative symptoms, and disability (17–20). Grant and Beck (20) suggest that the psychological aspects of negative symptoms have been less acknowledged. They suggested that the psychological reaction of patients to their neurocognitive deficits (e.g., dysfunctional beliefs) exacerbates negative symptoms and disability (20, 21).

Several studies have examined the cognitive model of negative symptoms. For example, Horan et al. (4) reported the association between dysfunctional beliefs and negative symptoms with quality of life in schizophrenia. However, this study has been criticized for not conducting an in-depth analysis of dysfunctional beliefs. In another study, Green (22) tested functional impairment in schizophrenia through a single-path model from early visual perception, social cognition, defeatist beliefs, and negative symptoms to functional outcomes. They found that defeatist beliefs and negative symptoms mediate the relationship between perception and functional outcomes. Quinlan et al. (23) examined the mediating role of dysfunctional beliefs in the relationship between neurocognitive deficits, negative symptoms, and functional outcomes in patients diagnosed with schizophrenia and schizoaffective disorders. Their result supported the mediating role of dysfunctional beliefs in the relationship between neurocognitive deficits and functional outcomes.

In a recent study, Luther et al. (24) tested the cognitive model of negative symptoms in a community sample. Their results showed a significant path from self-efficacy to negative symptoms and the mediating role of defeatist beliefs. Further, they found a direct relationship between defeatist beliefs and the negative symptoms.

Reviewing the literature of the cognitive model of negative symptoms [e.g., (4, 20, 24)] indicated that the previously proposed models consisted of simple path analysis. Conceptually, it is often better to use hierarchical component models rather than standard one-dimensional structures because their use often reduces the number of structural model relationships, making the PLS path model more parsimonious and easier to understand (25). For example, in most of the currently proposed models [e.g., (4, 20, 22–24)], it has not been well-explained that what type of dysfunctional beliefs is specific and more strongly related to negative symptoms (e.g., performance evaluation, need for approval subscale). Also, while measurement model (outer model) misspecifications is a threat to the validity of SEM results, earlier models seem to have ignored it (26). Therefore, a separate study is needed to examine the cognitive model of negative symptoms using the hierarchical component model (HCM).

Toward this end, the present study is the first one designed to examine the cognitive model of negative symptoms using the hierarchical component model (HCM). In the current study, we utilized the hierarchal component method (HCM) using the Partial Least Squares-Structural Equation Modeling (PLS-SEM). This method is a composite-based approach for modeling complicated interrelationships between observed and latent variables, which has become popular in recent years (27). In addition, PLS-SEM has several advantages over other methods such as first-generation and covariance-based SEM. For example, PLS-SEM is an exploratory method based on an ordinary least squares regression method that predicts the path relationships in complex models. Additionally, PLS-SEM does not require assumptions about the normal distribution of the data and works well with small sample sizes and complex models (25).

Furthermore, the present study implemented a comprehensive assessment battery, that is, neuropsychological tests based on the MATRICS Consensus Cognitive Battery (MCCB), an agreed-upon battery for assessing negative symptoms in schizophrenia (28). MCCB is a performance-based measurement method, and previous studies (4, 23) have recommended using such performance-based assessment tools instead of merely relying on self-report and clinician-rated measures, which improves the accuracy of the measurement that enhances the fitness of a model.

In the current study, we hypothesizeed that dysfunctional performance beliefs significantly mediate the relationship between neurocognitive deficits, negative symptoms, and disability hierarchically in a patient with schizophrenia. We also expected to find significant associations between neurocognitive deficits, dysfunctional performance beliefs, negative symptoms, and disability in patient with schizophrenia.



MATERIALS AND METHODS


Participants

Participants included 100 male patients diagnosed with a schizophrenia spectrum disorder in Tehran Razi Psychiatric Center and were recruited through the purposive sampling method. Data from 15 patients were excluded from the study because of the patients' lack of cooperation and their incomplete data. Thus, we analyzed data from the remaining 85 participants using a structured form; information on the patients' primary demographic data, diagnosis, duration of illness, and psychotropic use, were recorded. Patients have been prescribed Second-generation antipsychotics, Antidepressants, Mood stabilizers, Concomitant medications, and did no patients receive first-generation antipsychotics (For demographics information, See Table 1). While the determination of appropriate sample size is a critical issue in SEM, there is no consensus in the literature regarding the appropriate method for estimating sample size for SEM. Notwithstanding, some evidence suggests that simple SEM models could be meaningfully tested even if the sample size is quite small (29, 30). Also, we used PLS-SEM for data analysis, which is not sensitive to small sample sizes (25). In the current study, inclusion criteria were: (a) being 20–60-year-old (b) at least 2 years duration of illness since the onset of schizophrenia spectrum disorder, (c) presence of significant negative symptoms with SANS scores above the cut-off point of 24, and (d) being able to read and write in the Persian language. Exclusion criteria included: (a) a brain injury, learning disability or physical disability, and neurological disease (e.g., Epilepsy, Alzheimer disease, Dementia, Parkinson disease, Multiple sclerosis) that interfere with the assessment process, (b) side effects of psychiatric medications that interfere with the assessment process (c) presence of acute psychotic symptoms (delusions and hallucinations) that were assessed by SCID-5 in the pre-assessment stage, and (d) being severely disturbed by substance use.


Table 1. Demographic characteristic.
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Assessments
 
Structured Clinical Interview for DSM-5 (SCID-5)

SCID-5 is a semi-structured clinical interview used to diagnose psychiatric disorders based on DSM-5 diagnostic criteria. This interview is designed to reduce interview-related problems, clinical errors, and clinical judgment. The Persian translation of SCID-5 has been found to have acceptable reliability and validity for various categorical diagnoses in different clinical settings (31, 32).



The Scale for the Assessment of Negative Symptoms (SANS)

The Scale for the Assessment of Negative Symptoms (SANS) includes 24 items and categorizes negative symptoms into five dimensions, including Blunted Affect, Alogia, Avolition and Apathy, Asociality, and Attention (33). The Persian version of SANS has an excellent internal consistency (α = 0.94), and test-retest reliability (r = 0.92) (34). In the current study, the internal consistency of SANS was in a good range (α = 0.82).



Dysfunctional Attitude Scale [DAS; Weissman and Beck (17)]

DAS consists of 40 items designed to measure underlying beliefs about depressive symptoms. Fifteen items of DAS assess dysfunctional beliefs about performance, and 10 items measure the need for approval subscale. The measure is completed based on a 7-point Likert scale from 1 = strongly agree to 7 = strongly disagree. The Persian version of DAS showed good test-retest reliability (r = 0.76) (35). In the present study, the internal consistency of DAS was in the excellent range (α = 0.82).



MATRICS Consensus Cognitive Battery (MCCB)

Measurement and treatment research to improve cognition in schizophrenia consensus cognitive battery (MCCB) is a standard cognitive assessment method in Schizophrenia. The MCCB measures Processing Speed, Attention/Vigilance, Working Memory, Verbal Learning, Visual Learning, Reasoning/Problem Solving, and Social Cognition. It has a high test-retest reliability (28). In the current study, the internal consistency of 0.75 was reported for MCCB.



World Health Organization Disability Assessment Schedule (WHODAS 2.0)

This 36-item self-administered questionnaire assesses disability in general areas of life. WHODAS 2.0 subscales include Cognition, Mobility, Getting Along, Life Activities, Participation, and Self-Care. The total Cronbach's alpha of 0.98 has been reported for the Persian version of WHODAS 2.0 total score, and scores of 0.97, 0.98, 0.98, 0.98, and 0.97 has been found for the general population, substance abusers, alcohol abuser sample, patients with mental disorders, and patients with the physical illness, respectively (36, 37). The internal consistency of WHODAS 2.0 was 0.80 in the current study.




Procedure

The study received ethical approval from the Research Ethics Committee of the University of Social Welfare and Rehabilitation Sciences (IR.USWR.REC.1399.103). All participants were informed about the aims of the study and the confidentiality of the data. Those who provided written informed consent were invited to participate. Each assessment lasted between 3 and 5 h. Diagnostic assessments to confirm diagnosis criteria of schizophrenia spectrum disorder were carried out by a psychiatrist and a clinical psychologist using the Persian Version of Structured Clinical Interview for DSM-5, SANS, MCCB, DAS, and WHODAS 2.0. These assessments were carried out between July 2020 and November 2020.



Analyses

Descriptive statistics and correlational analysis were performed using SPSS 22.0. To deal with outliers and missing data, the Boxplot method and the Series mean method was used. Finally, 85 valid data were found eligible for analyses. We first conducted the descriptive analyses for the study sample and the measures (see Tables 1, 2).


Table 2. Descriptive statistic of Variables (n = 85).
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Structural equation modeling (SEM) was conducted by Smart PLS 2.0.M3 (38). We performed a partial least squares—structural equation modeling method because PLS-SEM predicts path relationships in complex models more effectively. Also, data distribution criteria are not among PLS-SEM assumptions, and it applies efficiently with small sample sizes and more complex models (25). It is noteworthy that in comparison or other SEM approaches, the model fit indices in PLS-SEM are determined by R2 (explained variance), T-values, and beta paths (β) (25).

To execute PLS-SEM following steps were performed. First, we addressed preliminary considerations, such as data distribution assumption and multicollinearity. Second, we estimated the loadings, Cronbach's alpha, composite reliability (CR), average variance extracted (AVE), and R2 (explained variance) value for all variables (see Table 3). The visual learning subscale of neurocognitive deficits was removed because of the low loading factor (<3). We considered a factor loading of <3 representing a weak relationship, CR >0.7, and AVE >0.5 as was deemed to be desirable (39). Discriminant validity was also calculated to evaluate the measurement model. Discriminant validity indicates how the observed indicators are related to their constructs (25). Cross-loading estimation revealed that the correlation values for selected observed indicators were higher than other constructs. Therefore, each indicator showed the highest correlation with its construct and had the lowest correlation with other constructs.


Table 3. Assessment of measurement model of latent Variables (n = 85).
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We also examined the discriminant validity of the latent variables using the Pearson correlation coefficient (see Table 4). Furthermore, to evaluate the overall measurement model fitness, we obtained the goodness-of-fit-index (GOF) measure, which was 0.54, indicating a strong model fit. Tenenhaus et al. (40) considered values of 0.01, 0.25, and 0.36 as weak, medium to high, and robust values for GOF. Then, after examining the measurement model, we performed PLS-SEM (see Figure 1), and the Sobel test was performed to assess indirect effects (41).


Table 4. Pearson correlations between neurocognitive deficits, dysfunctional performance believe, negative symptoms, and disability (n = 85).
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FIGURE 1. Structural model results show Dysfunctional Performance Beliefs mediate Neurocognitive deficits Negative Symptoms and disability. NCD, Neurocognitive deficits; DPBs, Dysfunctional Performance Beliefs; NS, Negative Symptoms; Dis, Disability. β, path coefficients; R2, explained variance; **p< 0.01.





RESULTS

The Pearson correlation results indicated a significant positive association between neurocognitive deficits, dysfunctional performance beliefs, negative symptoms, and disability. All correlations were positively significant at the range of (0.15 ≤ r ≤ 0.84; p< 0.01, p< 0.05). The results showed that neurocognitive deficits are significantly correlated with dysfunctional performance beliefs (r = 0.150, p = 0.05), negative symptoms (r = 0.510, p = 0.01), and disability (r = 0.410, p = 0.01) (For full information, see Table 4).


Structural Model

We started with a theoretical model based on our hypothesis that dysfunctional performance beliefs would mediate the association between neurocognitive deficits and negative symptoms with disability hierarchically. The results showed non-significant direct paths from neurocognitive deficits and dysfunctional performance beliefs to disability (T = 1.17, β = 0.10; T = 0.86 and β= 0.05 respectively). By removing non-significant paths, our hypothesized model yielded a proper fit. As Figure 1 shows, neurocognitive deficits, as an exogenous construct, affect dysfunctional performance beliefs and negative symptoms significantly (T = 2.78, β = 0.27, R2 = 0.076, p< 0.01). Furthermore, neurocognitive deficits significantly affect negative symptoms as the dependent variable (T = 12.06 β= 0.64, p< 0.01). On the other hand, dysfunctional performance beliefs significantly mediated the association between neurocognitive deficits and negative symptoms (T = 3.48, β= 0.23 R2 = 0.562, p< 0.01). Finally, negative symptoms affected disability significantly (T = 9.54, β = 0.85, R2 = 0.734, p< 0.01). We assumed T-values above 1.96 as significant (25).



Assessing the Indirect Effect in the Structural Model

Due to its parametric nature and reliance on unstandardized path coefficients, the indirect is not applicable in a PLS-SEM context (25). Therefore, the Sobel test was performed to assess the significance of the model's indirect effects. As Table 5 shows, the path from neurocognitive deficits to negative symptoms is mediated significantly by dysfunctional performance beliefs (T = 2.007, p= 0.044). Similarly, the path from neurocognitive deficits to disability was mediated considerably by negative symptoms (T = 7.873, p = 0.001). Also, a path from dysfunctional performance beliefs to disability was mediated significantly by negative symptoms (T = 2.856, p = 0.004). Finally, dysfunctional performance beliefs did not significantly mediate the path from neurocognitive deficits to disability (T = 0.677, p = 0.49).


Table 5. Sobel test results for indirect effects of neurocognitive deficits, dysfunctional performance beliefs, negative symptoms, and disability (n = 85).
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DISCUSSION

To the best of our knowledge, this study is the first study that utilized the hierarchal component method (HCM) with a partial least squares—structural equation modeling (PLS-SEM) to examine that dysfunctional performance beliefs would mediate the association between neurocognitive deficits and negative symptoms with disability hierarchically in a patient with schizophrenia. Our results indicated that dysfunctional performance beliefs significantly mediated the association between neurocognitive deficits, negative symptoms, and disability hierarchically. In addition, a moderate to strong correlation was found between dysfunctional performance beliefs, neurocognitive deficits, negative symptoms, and disability. More specifically, dysfunctional performance beliefs had a moderate correlation with neurocognitive deficits and a strong correlation with negative symptoms and disability. Also, the highest correlation was found between disability and neurocognitive deficits. These findings are consistent with previous studies [e.g., (4, 20, 22–24, 42)].

Our results supported the hierarchal component model (HCM) of the cognitive model of negative symptoms. A growing body of studies proposed the dual-path (20), simple (4, 24), and structural (22, 23) models of the cognitive model of negative symptoms. The closest model to our suggested model proposed by Quinlan et al. (23) is a dual-path model with two mediational paths between neurocognition and real-world functioning, including one well-replicated pathway from neurocognition to functional skill capacity to real-world functioning, and the second from neurocognition to defeatist attitudes to negative symptoms to real-world functioning. However, our research differs from Quinlan et al.'s (23) study in several areas. First, the main difference between the current study and Quinlan et al.'s (23) is that we used the hierarchal component method (HCM) with PLS-SEM. This method offers a detailed and more accurate indicator. For example, in Quinlan et al.'s (23) suggested model, defeatist attitudes and functional capacity each affected the real-world functioning in one pathway, and it doesn't appear to be well-integrated and parsimonious. While in the original cognitive model of negative symptoms (20), the main emphasis is on dysfunctional beliefs and how they can lead to negative symptoms and disability, Quinlan et al. (23) introduced two pathways in which the role of defeatist attitude was not considered appropriately. Also, the subscales of defeatist attitudes, negative symptoms, and real-world functioning were not assessed. However, in our hierarchal component method (HCM), we assessed neurocognitive deficits, dysfunctional performance beliefs, negative symptoms, disability subscales; in addition, paths from neurocognitive deficits to dysfunctional performance beliefs to negative symptoms explained 73 percent of disability in Schizophrenia, making our model more detailed. However, it should be emphasized that because of different analysis approaches used in our research and Quinlan et al. (23), different indices were considered for examining model fitness. For example, we relied on R2 (explained variance), T-values, and beta paths (β) to examine model fitness, while Quinlan et al., (23) considered χ2, CFI, and RMSEA as model fit indices, which makes it difficult to compare the two models. Our findings (based on theoretical reasoning) revealed a more precise and detailed model of the cognitive model of negative symptoms. It means that, conceptually, disability in schizophrenia is affected by neurocognitive deficits, dysfunctional performance beliefs, and negative symptoms. Further, while each of these paths provides a weak and incomplete prediction of disability separately and directly, the indirect paths from neurocognitive deficits → dysfunctional performance beliefs → and negative symptoms better explain the disability in schizophrenia (see Figure 1, Table 5).

To conceptualize psychosocial mechanism underlying negative symptoms and disability in schizophrenia, our findings provide some evidence that neurocognitive deficits in schizophrenia can lead to failure experiences or failure expectations, which affect persons daily life functioning, leading to dysfunctional, and asocial attitudes and negative evaluation of their self and potentials (e.g., “If I do not do well all the time, people will not respect me” or “If I fail partly, it is as bad as being a complete failure”) (17). Dysfunctional and asocial attitudes could lead to negative symptoms (e.g., apathy, indifference, withdrawing social relationships, a lack of engagement in purposeful actions) and interfere with their most social competencies. As a result, patients develop a dysfunctional attitude as defective mechanisms, which lead to repeated failure experiences, underestimating themselves, and low expectation of pleasurable experiences. Usually, this vicious cycle continues and is repeated constantly.

Our model supports the idea that negative symptoms serve as a maladaptive mechanism that protects individuals from the anticipated pain and rejection associated with engagement in constructive activity. Furthermore, beliefs induced by the stigma of mental illness (e.g., “I won't be able to achieve anything or have meaningful relationships because I have schizophrenia”) exacerbate the situation. Further, neurocognitive deficits can put the patient in a recurring cycle of frustration and failure, such as inaccurate goal setting and reduced ability to learn from errors (18, 43, 44).

The therapeutic implication of our results is that if patients with schizophrenia receive effective therapy to modify and disconfirm their dysfunctional beliefs, their daily life performance could significantly improve. In this context, different evidence-based versions of cognitive-behavioral therapy and cognitive remediation have emerged to target these issues s (9, 45–56).

There are several limitations to this study that need to be explained. First, despite using accurate assessment measures, we used a self-report tool (e.g., DAS), so it is recommended that future studies use more precise assessment tools, especially in measuring dysfunctional beliefs. Furthermore, our research design was a cross-sectional study, which does not confirm causal relationships; therefore, future research should focus on longitudinal studies. Similarly, this model can be tested with persons at different stages of the illness; in our study, we conducted on patients with chronic illness and predominantly negative symptoms. Also, Participants were prescribed second-generation antipsychotics, antidepressants, mood stabilizers, and Concomitant medications. Negative symptoms can be primary expressions of illness or secondary to other factors (e.g., depression, medication). To what degree the negative symptoms were primary or secondary cannot be estimated. In addition, side effects were not assessed systematically using a validated scale, only the classification of psychotropic drugs was recorded, and no information related to dosage was recorded.

Further, in the current study, we assessed positive symptoms using SCID-5 criteria; we recommend that future studies use valid measures such as the Scale for the Assessment of Positive Symptoms (SAPS) and other valid and reliable tools for assessing positive symptoms. Also, we did not measure the level of depressive symptoms, which is an essential source for secondary negative symptoms and should be included and controlled. Finally, the present study's sample included only men, so one should be careful not to generalize the results from this sample to other groups. Therefore, It is recommended that future studies include and study women and adolescents samples with schizophrenia spectrum disorder.
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Introduction: Negative symptoms, neurocognitive deficits and functional impairment are prevalent in individuals with major depressive disorder (MDD) and schizophrenia (SCZ). However, unlike neurocognitive deficits, little is known about the role of negative symptoms toward functioning in individuals with MDD. On the other hand, both factors are well-studied in individuals with SCZ. Thus, this study aimed to examine the contributions of negative symptoms and neurocognitive impairments in functioning in individuals with MDD, compared to individuals with SCZ.

Methods: Participants included 50 individuals with MDD, 49 individuals with SCZ and 49 healthy controls. The following measures were administered—Negative Symptom Assessment (NSA-16), Brief Assessment of Cognition in Schizophrenia (BACS), Patient Health Questionnaire (PHQ-9), and MIRECC-Global Assessment of Functioning (MIRECC-GAF) to evaluate negative symptoms, neurocognition, depressive symptoms, and functioning respectively.

Results: Both MDD and SCZ groups had significantly more severe negative symptoms, depressive symptoms, and poorer functioning than healthy controls. Individuals with SCZ performed significantly poorer on the BACS than the other two groups. Both negative symptoms and neurocognition were significantly correlated with social and occupational functioning in SCZ. Motivation subdomain of the negative symptoms was significantly correlated with occupational functioning, while depressive symptoms correlated with functioning in MDD.

Conclusion: Both negative symptoms and neurocognitive deficits appear to play differential roles on individual domains of functioning between MDD and SCZ. Future longitudinal studies with larger sample sizes should be done for a better understanding about the associations between the factors and functioning.

Keywords: major depressive disorder, schizophrenia, negative symptoms, neurocognition, functioning


INTRODUCTION

According to the World Health Organisation (WHO) (1), MDD is a leading cause for non-fatal health loss and has prevailed as one for nearly three decades. With varying degrees of severity and scope, most individuals with major depressive disorder (MDD) face some forms of impairment in their daily functioning, such as work or interpersonal relationships (2). Studies have reported that only 20% of individuals with MDD manage to attain complete functional recovery (3, 4). The persistence of functional disruption, even in symptomatic remission, highlights the insufficiency of symptom reduction as an end goal for individuals with MDD. A return to premorbid level of functioning remains a key treatment goal (5). As such, it is important to understand factors that influence functioning in order to provide the right treatment to people with MDD and aid them in their functional recovery.

In the literature, two factors—neurocognitive deficits and negative symptoms often stand out in relation to their strong association with functioning. Specifically in MDD, neurocognitive deficits are prevalent in the individuals and have been reported to be one of the core features of the condition (6, 7). These deficits often involve multiple subdomains of cognitive functions and are heterogeneous between individuals (8, 9). Strong and consistent associations have been demonstrated linking neurocognitive deficits to functional impairment in individuals with MDD (7, 10). Another study (11) also found that baseline cognitive deficits was significantly associated with functional disability measured 6 months later. In addition, the authors found that improvements in neurocognition was associated with greater functional recovery over the course of follow up. These results support the role of neurocognitive deficits in functional recovery for individuals with MDD.

Negative symptoms, i.e., asociality, amotivation, affect blunting and alogia, commonly described in schizophrenia are less studied in MDD population (12). While studies (13–15) have provided substantial evidence about the presence of negative symptoms in this population, the relationship between negative symptoms and functioning in MDD is however sparely addressed. Two studies (16, 17) have found motivation-related deficits to be significantly related to functioning. Another study (18) also found that loss of interest was associated with work and family life impairment. However, the authors had classified loss of interest as part of residual depressive symptoms alongside sleeping and concentration difficulties, rather than as a construct of negative symptoms. While depressive symptoms have a considerable amount of overlap with negative symptoms (12, 19), both concepts are often suggested to be separable and independent concepts (12, 14). On the other hand, there were contrary old findings (20) where no significant associations between negative symptoms and role functioning were observed. In that study, the authors had studied negative symptoms in three specific domains—flat affect, alogia, and motor retardation. This incongruence might suggest that specific negative symptoms domains have differential effects on functioning in MDD. Therefore, the role of negative symptoms in functional impairment in individuals with MDD remains unclear and require further examinations.

On the other hand, both neurocognitive deficits and negative symptoms have been widely studied and can be considered the most significant correlates of impaired functioning in individuals with schizophrenia (SCZ) (21–24). Few studies have compared the predictive abilities of both factors; some studies reported neurocognitive deficits to be superior (25, 26) while some found otherwise (27). However, they support the contribution of both factors toward functional impairment in SCZ.

Therefore, the aim of the current study is to better understand negative symptoms and neurocognitive deficits in MDD in their individual contribution toward functioning, alongside individuals with SCZ and healthy individuals.



METHODS


Participants

Fifty individuals with MDD and 49 individuals with SCZ were recruited from the Institute of Mental Health, Singapore. Forty-nine healthy controls (HC) were recruited from the community. The data collection was completed between September 2017 and April 2019.

The inclusion criteria for the patient groups were as follows: diagnosis of SCZ or MDD, aged 21–65 years, English-speaking and has capacity to provide informed consent. The inclusion criteria for the HC group includes aged 21–65, English-speaking, has capacity to provide informed consent and no history of any mental disorder. Individuals with intellectual disability, neurological disorders, and history of cerebrovascular accidents or traumatic brain injuries were excluded.

The diagnoses of SCZ and MDD were ascertained on the Structured Clinical Interview for DSM-IV (SCID-I/P) (28); HCs were screened using the non-patient version (SCID-I/NP) (29).



Procedure

All the assessments were conducted by trained research psychologists in a single visit. In order to reduce bias in rating negative symptoms, the assessments for negative symptoms were conducted by a research psychologist who was not involved in the SCID interview and blinded to the participant's condition. This study was reviewed and approved by the National Healthcare Group Domain Specific Review Board (DSRB), Singapore. Written informed consent was obtained from all participants.



Measures
 
Negative Symptoms

The 16-item Negative Symptom Assessment (NSA-16) (30, 31) was used to assess the negative symptoms in all participants. The NSA-16 is a semi-structured interview which assesses negative symptomology in the past 7 days. There are 16 items in the scale, each scored on a 6-point scale. A 7-point global negative symptom rating is also scored, assessed based on the interviewer's overall gestalt of the severity of the individual's negative symptoms. Higher scores in the scale reflect higher severity of negative symptoms. Five symptom factors—Emotion/affect, communication, social involvement, motivation, and retardation were derived from factor analysis (31) and used in the analysis. The NSA-16 has a high Cronbach's alpha of 0.92 (31).



Neurocognition

The Brief Assessment of Cognition in Schizophrenia (BACS) (32) was used to assess the cognitive abilities of the participants. The BACS consists of six tasks that evaluate the cognitive domains that are persistently impaired and strongly associated with functional outcomes in individuals with SCZ—Verbal memory, working memory, motor speed, attention, executive functioning, and verbal fluency. The BACS has been shown to have high test-retest reliability in individuals with SCZ and controls (32). Z-scores of each subtest were computed based on the results from the original developers and a composite score was then obtained by averaging the z-scores of the six subtests (32). BACS has also been used in other studies to assess cognitive abilities in MDD (33–35) and has shown its ability to differentiate cognitive abilities between individuals with MDD from HC (8).



Depressive Symptoms

The Patient Health Questionnaire-9 (PHQ-9) (36, 37) was used to assess severity of depressive symptoms in the participants. PHQ-9 is a patient-reported questionnaire which used the criteria from the DSM-IV symptoms for MDE. The scale consists of 9 items that are each scored on a frequency scale from 0 to 3, 0 being not at all and 3 being nearly every day. It also consists of a tenth item that rates the patient's difficulty in functioning, which is not used for scoring. PHQ-9 has been found to have good psychometric properties (36).



Functioning

The MIRECC-Global Assessment of Functioning (MIRECC-GAF) (38) was used to assess the real-world functioning of the participants. This clinician-rater scale measures the participants' occupational functioning, social functioning and symptom severity on three individual subscales. The range of the scores on each subscale is from 0 to 100, with higher scores reflecting better functioning or lower symptom severity. The developers have reported that MIRECC-GAF has high reliability (ICCs >0.98), predictive abilities, and superior concurrent validity than the conventional GAF scores (38).




Statistical Analysis

Normality assumptions and homogeneity of variance were tested using Shapiro-Wilk and Levene's tests respectively. Transformation was performed on those variables that were not normally distributed. The NSA-16 subdomains—social involvement in SCZ and motivation in MDD groups were normally distributed after applying square root transformation. All three MIRECC-GAF domains in MDD and SCZ groups were normally distributed after applying Blom's transformation. However, for the three MIRECC-GAF domains in HC, departure from normality was severe and none of the transformation method could yield a normal distribution. Parametric tests were used for normally-distributed variables while non-parametric tests were used when non-normally distributed variables were involved. For comparisons between the three diagnostic groups, the Chi-squared tests were used for categorical variables; the Univariate Analysis of Variance (ANOVA) was used for continuous variables if normality assumption was met, while the Kruskal-Wallis H test was used if the normality assumption was violated. Correlation analysis was used to measure the association between NSA-16, BACS, PHQ-9, and MIRECC-GAF. The NSA-16 total scores were used in this study. The analyses with NSA-16 global scores are available in the Supplementary Table 1. The data was analyzed using IBM SPSS version 23 (39).




RESULTS


Demographics and Clinical Characteristics

The demographics and clinical characteristics of the participants are shown in Table 1. There were no statistical differences between the groups in terms of gender, employment status, age and total years of education. Significantly more HCs (57.1%) are married as compared to the MDD (24%) and SCZ (14.3%) groups. The SCZ group (M = 14.30, SD = 10.22) has significantly longer duration of illness than the MDD group (M = 4.80, SD = 4.94).


Table 1. Demographic and clinical characteristics.
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Within the MDD group, males (M = 62.77, SD = 24.16) were found to have significantly higher MIRECC-GAF occupational functioning scores than females (M = 48.08, SD = 20.00), T(47) = 2.17, p = 0.035. None of the other socio-demographic factors were found to be significantly associated with the three MIRECC-GAF domains.

With regards to the clinical characteristics between groups, the SCZ group performed significantly poorer on BACS composite score than the other two groups. Both the SCZ and MDD groups had significantly poorer MIRECC-GAF ratings, higher NSA-16 total, subdomains, global scores, and PHQ-9 total than the HCs.



Associations Between Cognition, Negative Symptoms, Depressive Symptoms, and Functioning Across Groups

Univariate analyses were performed to test whether socio-demographic factors including age, gender, duration of illness and total years of education were associated with functioning in each diagnostic group. Only gender was significantly associated with occupational functioning in MDD.

The results of correlational analyses between cognition, negative symptoms, depressive symptoms, and functioning across groups are presented in Tables 2, 3 and Supplementary Table 3. For individuals with MDD, NSA-16 total was significantly associated with the MIRECC-GAF symptomatic (r = −0.39, p = 0.005). Within the subdomains of NSA-16, motivation was significantly correlated with the MIRECC-GAF occupational functioning (r = −0.48, p < 0.001) and symptomatic functioning (r = −0.42, p = 0.003). Another subdomain, motor retardation was significantly associated with the MIRECC-GAF symptomatic subscale (r = −0.38, p = 0.007). No significant association was observed between BACS composite score and MIRECC-GAF subscales. The 6 individual BACS domains were also not significantly associated with the MIRECC-GAF subscales (details were presented in Supplementary Table 2). PHQ-9 score was found to be significantly correlated with MIRECC-GAF social (r = −0.54, p < 0.001) and symptomatic (r = −0.50, p < 0.001) domains. In view of the significant relationship of gender on occupational functioning in MDD, a multiple regression for occupational functioning was performed using gender and NSA-16 motivation as predictors (F = 11.35, p < 0.001); this revealed a significant effect of NSA-16 motivation (β = −0.18, p < 0.001) on occupational functioning in MDD.


Table 2. Association between MIRECC-GAF, BACS composite, NSA-16 total and PHQ-9 total across groups.
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Table 3. Correlations between MIRECC-GAF and NSA-16 domains between groups.

[image: Table 3]

For individuals with SCZ, both the NSA-16 total and BACS composite score were significantly correlated with most MIRECC-GAF subscale scores. Within the NSA-16 subdomains, motivation was significantly correlated with the MIRECC-GAF occupational functioning (r = −0.49 p < 0.001), while social involvement was associated with MIRECC-GAF social functioning (r = −0.32, p = 0.24). Communication was significantly correlated with two MIRECC-GAF subscales—Social (r = −0.42, p = 0.002) and Symptomatic (r = −0.33, p = 0.002). PHQ-9 score was significantly correlated with only MIRECC-GAF symptomatic domain (Spearman's rho = −0.32, p = 0.026).

In HC, neither the BACS nor NSA-16 total scores were significantly correlated with the MIRECC-GAF score. However, two of the NSA-16 subdomains—emotion/affect and motivation were significantly associated with the MIRECC-GAF occupational (Spearman's rho = −0.38, p = 0.007) and social (Spearman's rho = −0.29, p = 0.045) subscales respectively. PHQ-9 score was not significantly correlated with MIRECC-GAF.




DISCUSSION

This study examined the association of negative symptoms, neurocognitive deficits, and depressive symptoms with functioning in individuals with MDD, individuals with SCZ and HC. The results revealed differences across the three groups in terms of severity of neurocognitive deficits, negative symptoms, depressive symptoms and functioning. The MDD and SCZ groups had more severe depressive ratings than the HC, while the SCZ group had greater impairments in neurocognition compared to the two other groups, consistent with existing studies (28, 29, 40). Both the MDD and SCZ groups had significantly greater negative symptom severity and poorer functioning than HC, which is consistent with the current literature (2, 13, 40, 41). The relationships between the NSA-16 subdomains differed across the three groups. In MDD, the NSA-16 motivation subdomain was significantly associated with occupational functioning. On the other hand, depressive symptoms were associated with social functioning, which is consistent with existing literature (42, 43). Both motivation subdomain and depressive symptoms were also associated with symptomatic functioning. On the other hand, in SCZ, neurocognition was associated with occupational and symptomatic functioning while overall negative symptoms and some of the subdomains were associated with all three domains of functioning. As for the HC, negative symptom subdomains, specifically emotion/affect and motivation, were significantly associated with occupational and social functioning. Neurocognition was not significantly associated with functioning in MDD and HC.

The results have implications on the presence and nature of negative symptoms in individuals with MDD. Negative symptoms are present in MDD, almost to the same degree of severity as individuals with SCZ, as seen in the lack of significant difference in the negative symptom subdomains and total severity rating between both groups. This is consistent with existing studies (44, 45), which have shown comparable severity between both groups. This further highlights the importance of assessing and treating negative symptoms in MDD in clinical treatment.

This study found that the overall negative symptoms severity was not significantly associated with functioning in MDD; only the motivation subdomain was associated with occupational functioning in MDD. Though the impairments in negative symptoms are present across multiple subdomains, the subdomains are however, not equal in terms of their impact on functioning. This further suggests that treatments that target functional recovery in MDD should focus on motivation in order to ensure optimal results. Furthermore, the differential associations between SCZ and MDD suggest that specific subdomains of negative symptoms are related to different domains of functioning in the two diagnostic groups. Only motivation appears to be consistently associated with occupational functioning in both groups. This finding has also been seen in other studies that examined both groups individually (16, 46). A possible explanation for the link between motivation and occupational functioning could be the individuals having aberrant cost-benefit calculations as a result of neural abnormalities in reward-processing circuit (47), which leads them to choose passive tasks that mostly require lesser effort e.g., laying on bed instead of performing active tasks like going out to work or doing housework when at home. There had been some focus in explicitly targeting rewards in psychosocial treatments in individuals with MDD, with a goal of providing the individuals with more exposure to rewarding elements and personal experience of reward (48). A review (49) has found that such explicit behavioral exposure has benefits on clinical outcomes in the individuals. A more recent study has also found that reward exposure therapy through behavioral activation helped reduce depressive symptoms in a group of older adults with MDD (50). With this positive finding, it might be worth studying if such benefits could also be broadened onto the individuals' functioning abilities.

Unexpectedly, this study did not find a significant association between neurocognitive deficits and functioning in MDD, which is inconsistent with the current literature (6, 10, 11). A potential explanation would be relevant to the relatively younger ages of the MDD participants in the study, where almost half the group (46%) is aged 30 years old and below. It is also evident in the significantly shorter duration of illness in the MDD group. Neurocognitive abilities tend to deteriorate with age (51), and studies have found that neurocognitive impairments are typically less pronounced in younger adults with MDD (52). As such, this suggests that the neurocognitive impairments in this current sample of MDD might have been minimal, as backed by the lack of significant difference in BACS performance between them and the HC. Hence, the seemingly absent neurocognitive deficits faced by the younger MDD group might have been the reason for the minimal association with functioning seen in this study. On the other hand, neurocognitive impairments were significantly associated with occupational functioning in the SCZ group. This difference between both groups can thus be attributed to the younger MDD group, and the relationship between neurocognitive impairments and functioning being age-dependent in MDD, unlike that in SCZ (53).

This study provided more information on the effects of negative symptoms on functioning in MDD, an area that has not been studied widely (54, 55). One strength of this study is that the raters who performed NSA-16 were blinded to the diagnosis of the participants. This would reduce rating bias related to rater's preconceived notions of negative symptoms in MDD or SCZ. However, there are also limitations worthy of mention. First, this is a cross-sectional study, and findings reported are only associational in nature. As such, we were not able to examine the trajectories of negative symptoms and cognitive impairments in MDD and its relationship to functioning. Second, NSA-16 is a measure that is validated in SCZ and its validity in MDD might not have been previously reported. Also, NSA-16 does not directly address anhedonia, one of the negative symptom subdomains (56). A past study (57) has found that anhedonia is a strong predictor of psychosocial functioning in depressed patients. That said, the objective of the study requires a common scale to be used across all groups so that comparisons can be made. Future studies might seek to address these issues related to the properties of the measures. Third, medication use might have effects on the variables of interest, e.g., benzodiazepine and antidepressants use were found to affect different cognitive domains (8). However, due to the small sample size in this study, the effects of medications were not studied. Lastly, the short duration of illness for the MDD group might affect the generalizability of the study results. The relationship between negative symptom and neurocognition with functioning may vary as a function of illness duration. Future studies may seek to examine the relationship between factors with a sample of a larger range of illness duration for better generalizability.



CONCLUSION

In this study, we reported the presence of negative symptoms in individuals with MDD. Also, specific negative symptoms subdomains and neurocognitive deficits were found to play different roles in individual domains of functioning between MDD and SCZ. Having validation studies on transdiagnostic measures might be useful for interpreting results of future MDD studies. Additionally, future longitudinal studies with larger sample sizes would improve our understanding about the relationship between the factors and functioning in MDD and SCZ.
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Introduction: Interest in the idea of recovery for certain patients with schizophrenia has been growing over the last decade. Improving symptomatology and functioning is crucial for achieving this. Our study aims to identify those factors that substantially contribute to real-world functioning in these patients.

Methods: We carried out a cross-sectional study in stable outpatients with schizophrenia on maintenance antipsychotic monotherapy. Patients: We studied 144 outpatients with schizophrenia (DSM-IV-TR criteria) meeting the following criteria: (1) 18–65 years of age; (2) being clinically stable for at least the previous three months; (3) on maintenance antipsychotic monotherapy (prescriptions ≤ 10 mg olanzapine, ≤200 mg quetiapine, or ≤100 mg levomepromazine as hypnotics were also allowed); and (4) written informed consent. Assessment: We collected information on demographic and clinical variables by using an ad hoc questionnaire. For psychopathology, we employed the Spanish versions of the following psychometric instruments: the Positive and Negative Syndrome Scale (PANSS), the Brief Negative Symptom Scale (BNSS-Sp), and the Calgary Depression Scale (CDS). In addition, cognitive domains were assessed using the Verbal Fluency Test (VFT), the Digit Symbol Substitution Test (DSST), and the Trail Making Test, parts A and B (TMT-A and TMT-B). Finally, we employed the Spanish versions of the University of California San Diego Performance-based Skills Assessment (Sp-UPSA) and the Personal and Social Performance (PSP) for assessing functional capacity and real-world functioning, respectively. Statistical analysis: A forward stepwise regression was conducted by entering those variables significantly associated with PSP total score into the univariate analyses (Student's t-test, ANOVA with Duncan's post-hoc test, or bivariate Pearson correlation).

Results: A total of 144 patients; mean age 40 years, 64% males, mean length of illness 12.4 years, PSP total score 54.3. The final model was a significant predictor of real-world functioning [F(7, 131) = 36.371, p < 0.001] and explained 66.0% of the variance. Variables retained in the model: BNSS-Sp abulia, asociality, and blunted affect, PANSS general psychopathology, Sp-UPSA transportation, TMT-B, and heart rate.

Conclusion: Our model will contribute to a more efficient and personalized daily clinical practice by assigning specific interventions to each patient based on specific impaired factors in order to improve functioning.

Keywords: functioning, recovery, schizophrenia, monotherapy, antipsychotic


INTRODUCTION

Although schizophrenia has traditionally been linked to severe functional deficits, interest in the idea of recovery as a possibility for particular patients has been growing in recent years. This concept of recovery is relatively new and still under construction in schizophrenia. It is complex, encompasses multiple aspects of the patient's life, and can be operationalized in two domains that are distinct, but to some extent interdependent, i.e., the objective or clinical and the subjective or personal (1–3).

The objective clinical recovery domain includes symptomatology and functioning, and it is well known that there is no direct relationship between the two (4). Furthermore, numerous studies have focused on functioning predictors, but their results are rarely replicated. Among the most consistently reported predictors are negative symptoms and cognitive performance (2, 5–15). Recently, a systematic review and evidence synthesis on the relationship between functional capacity, as measured by the University of California San Diego Performance-based Skills Assessment (UPSA), and different measurements of real-world functioning reported a connection between these two constructs that merits further investigation (16). In this sense, Menendez-Miranda et al. (9) quantified the relationship between the UPSA and the Personal and Social Performance scale (PSP), one of the most widely used real-world functioning measures, reporting that each one explained 17% of the variance of the other. Depressive symptoms have also been associated with worse functioning (10, 17), although the strength of this relationship was very weak (17). Gonzalez-Blanco et al. (15) found IL-2, a peripheral inflammatory biomarker, to be associated with worse functioning and negative and general psychopathology symptoms. Other predictors of functional remission or recovery in patients with schizophrenia identified by Vita and Barlati (3) in their review were education level, employment status, family economic status, age at onset, hospitalizations, relapses, adherence to treatment, and disorganization symptoms. Except for age at onset, all of these were reported by a single study.

Concerning treatment, Tandon et al. (18) concluded that side effects associated with second-generation antipsychotics substantially impact patient functioning and quality of life. However, they acknowledged that this is a convoluted, under-researched area. To better understand the relationship between different treatment options and outcomes measures, we need studies in naïve patients, but the difficulty enrolling them severely hampers the research (19).

With the above in mind, it can be hypothesized that different factors would have a small but significant effect on the real-world functioning of patients with schizophrenia. Therefore, identifying this plethora of factors would help to manage this disorder with greater precision and reduce its associated functional impairments through specific interventions aimed at their modification. Thus, this study aims to model the relationship between the real-world functioning of patients with schizophrenia on maintenance antipsychotic monotherapy and an extensive range of independent variables. We hypothesize that, in addition to negative symptoms and cognitive performance, depressive symptoms, somatic comorbidities, and functional capacity will be found to substantially contribute to patient functioning.



METHODS


Design

This is a naturalistic, cross-sectional study carried out in outpatients with schizophrenia consecutively seen at either of the two mental health centers participating in the study. Both centers are in Oviedo, Northern Spain, and each has a catchment area population of about 80,000 inhabitants.

The study was conducted according to the Declaration of Helsinki (20). The Clinical Research Ethics Committee of Hospital Universitario Central de Asturias in Oviedo approved the study protocol (Ref. 127/15), and written informed consent was obtained from all participants before enrolment.



Patients

A total of 144 outpatients with schizophrenia (DSM-IV-TR criteria) were included in the study. Inclusion criteria were: (1) 18–65 years of age; (2) being clinically stable for at least the previous 3 months (without hospitalizations, symptom exacerbation, or any significant change in the type/dose of antipsychotic treatment); (3) on maintenance antipsychotic monotherapy (prescriptions ≤ 10 mg olanzapine, ≤ 200 mg quetiapine, or ≤ 100 mg levomepromazine as hypnotics were also allowed); and (4) written informed consent. Having an intellectual disability disorder or acquired brain injury was the sole exclusion criteria.

The sample was collected between July 2017 and December 2019. Therefore, we consecutively offered the study to the patients meeting all the inclusion criteria and none of the exclusion criteria at the clinic.



Assessment

Information on sociodemographic and clinical characteristics, including weight, heart rate, and blood pressure, was collected using an ad hoc questionnaire. To evaluate different psychopathological domains, we used the Spanish versions of the following psychometric instruments: Positive and Negative Syndrome Scale (PANSS) (21), Brief Negative Symptoms Scale (BNSS-Sp) (22), and Calgary Depression Scale for Schizophrenia (CDSS) (23). In all cases, higher scores indicate greater severity of the symptomatology.

Cognition was evaluated using phonemic (F-A-S) and semantic (animals) Verbal Fluency (VF) tests (24, 25), Digit Symbol Substitution Test (DSST) (26), and Trail Making Test parts A and B (TMT-A and TMT-B) (27). These tests measure the following cognitive domains:

• VF tests: attention, memory, verbal fluency, and executive functions (28)

• DSST: motor speed, attention, and visuoperceptual functions, but probably also associative learning and working memory (29) and

• TMT: Part A measures psychomotor speed, attention, and spatial organization, while Part B measures attention switching, mental flexibility, and recall (30).

For VF and DSST, lower scores indicate lower cognitive performance, while for TMT-A and -B, higher scores reflect lower cognitive performance.

We employed the Spanish version of the University of California San Diego Performance-based Skills Assessment (Sp-UPSA) to measure functional capacity (31). It assesses everyday adaptive skills, including finance management, communication, planning recreational activities, and transportation, under optimal conditions. The Sp-UPSA provides four domain scores (from 0 to 25 points) and a total score, potentially ranging from 0 to 100 points. In all cases, higher scores indicate better functional capacity.

Finally, real-world functioning was assessed using the Personal and Social Performance scale (PSP) (32). The PSP is a clinician-rated instrument that evaluates patient functioning in four areas of their lives: self-care, socially useful activities including work and study, personal and social relationships, and disturbing and aggressive behaviors. It provides scores in each of the four areas ranging from 0 to 6, where higher scores indicate worse functioning. It also provides a single total score ranging from 0 to 100, where higher scores reflect better personal and social functioning.



Statistical Analysis

To estimate the proportion of patients with a PSP total score ≥70, starting from a population size of 250 patients on maintenance antipsychotic monotherapy at our clinics, a sample of 144 subjects is required. This sample size was determined for a 95% confidence interval, with a precision of ±5%, and taking into account that the true estimated proportion will be 33%.

The statistical analysis was performed using IBM SPSS Statistics for Windows, Version 24.0. For all tests, the significance level was set at p < 0.05. To explore the potential relationships between PSP total score and sociodemographic, clinical, and psychometric variables, we used Student's t-test, ANOVA with Duncan's post-hoc test, or bivariate Pearson correlation. Finally, to model the relationship between the PSP total score and all variables found to be significantly associated with it in the univariate analysis, we performed a multiple linear regression (forward stepwise regression). To avoid collinearity, for those psychometric instruments that provide subscale scores (i.e., PANSS total score, UPSA total score), we do not include the total score in the analysis, nor do we include redundant measures (i.e., PANSS negative subscale or Marder negative factor).




RESULTS


Sociodemographic and Clinical Characteristics

Patient mean age was 39.67 (11.93), 63.6% were males, and 58.3% had a secondary school degree. Most of the patients were never married (72.2%), were living with their family of origin (64.6%), and were not working (70.1%), and almost half were receiving a mental disability benefit (43.8%).

Their mean length of illness was 12.36 (10.91) years. Most had had at least one previous hospitalization (70.8%), and 19.4% had a history of suicide attempts. In addition, 45.8% had psychiatric comorbidities (substance use disorders, especially tobacco), and 63.9% had physical comorbidities (see Table 1).


Table 1. Sociodemographic and clinical characteristics of the sample.
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Concerning psychopharmacotherapy, all patients were on maintenance antipsychotic monotherapy (paliperidone 46.5%, aripiprazole 19.5%, olanzapine 13.9%, clozapine 4.9%, and only 3.5% of patients received typical antipsychotics). Almost half were on long-acting intramuscular antipsychotics (paliperidone LAI-3 months 20.1%, paliperidone LAI-1 month 13.9%, aripiprazole LAI 1-month 6.3%, fluphenazine decanoate 2.1%, and Risperdal Consta LAI 1.4%). Furthermore, 15% of patients were taking low doses of olanzapine (7.6%) or quetiapine (7.6%) as hypnotics, 19.4% were taking antidepressants and 43.8% at least one benzodiazepine (see Table 2).


Table 2. Prescribed pharmacological treatment in descending order of frequency.
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On the whole, patients included in the study had predominantly negative symptoms [PANSS Negative = 18.68 (5.57), PANSS Positive = 12.31 (5.30)], almost no depressive symptomatology [CDSS = 2.96 (3.62)] and performed relatively poorly on the cognitive tests [Verbal Fluency phonemic total = 26.03 (10.18), semantic animals = 16.70 (5.33), Digit Symbol Substitution = 41.73 (17.02), and TMT-A = 50.02 (25.89) and -B = 124.96 (67.19)]. Their functional capacity was mildly impaired [Sp-UPSA total score = 70.90 (14.56)], with communication being the domain most impaired [15.87 (4.75)] while transportation was the least [18.87 (4.72); see Table 1].



Real-World Functioning and Its Predictors

Patients showed manifest impairment in real-world functioning [PSP total score = 54.33 (18.43)], and only 18.1% of the patients showed a reasonable level of functioning (PSP total score > 70). Useful activities and relationships were the areas most impaired [2.32 (1.29) and 2.31 (1.29), respectively].

As shown in Tables 3, 4, several independent variables were significantly associated with patient real-world functioning. All variables involving negative symptoms showed the strongest correlations, followed by general psychopathology and functional capacity. On the contrary, the cognitive domains showed the weakest correlation with functioning, with attention switching, mental flexibility, and recall being the most strongly related. Also, being female, having some higher education, working or a homemaker/student, not receiving a mental disability benefit, having no history of suicide attempts, and no alcohol or benzodiazepine use were associated with better real-world functioning.


Table 3. Statistically significant associations between PSP total score and independent (categorical) variables.
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Table 4. Statistically significant associations between PSP total score and independent (continuous) variables.
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Results of the multiple linear regression are shown in Table 5. The final model explained 66.0% of the variance (R2 = 0.660, standard error of the estimate = 10.928), and the model was a significant predictor of real-world functioning [F(7, 131) = 36.371, p < 0.001]. As shown in Table 2, the seven variables retained in the model contributed significantly to it. The final predictive model was:

[image: image]

Abulia and asociality were the independent variables that had the highest multicollinearity with other variables, but their variance inflation factor (VIF) values were very far from 5 (2.410 and 2.166, respectively, see Table 2).


Table 5. Multiple linear regression model predicting real-world functioning (PSP total score).
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DISCUSSION

In line with our objective, we were able to model the relationship between the real-world functioning of patients with schizophrenia on maintenance antipsychotic monotherapy and several independent variables. Our hypothesis identified seven factors with a small but significant effect on patient real-world functioning. Negative symptomatology (BNSS abulia, asociality, and blunted affect subscales), general psychopathology (PANSS subscale), functional capacity (UPSA transportation domain), cognitive performance (Trail Making Test, part B), and heart rate were found to significantly contribute to predicting real-world functioning.

Unsurprisingly, negative symptomatology was found to be the most robust predictor of real-world functioning, as reported by other authors (8, 9, 11–15, 33). It is worth highlighting the advantage of using the BNSS over the PANSS negative subscale or the Marder negative factor. It allowed us to determine the relationships between these two domains more accurately. We found that three out of the five dimensions that constitute the negative syndrome (34)—abulia, asociality, and blunted affect—were retained in the model. In this respect, we previously found identical results in patients during their first 10 years of the disorder (mean age 31.7, mean length of illness 4.6 years) (15), although other authors (11, 13, 35) did not find any relationship between the so-called expressive dimension of the negative symptomatology (blunted affect and alogia) and functioning. However, as early as 2000; Jablensky et al. (36) had linked the deficit in language and communication with difficulties in daily life, interpersonal relationships, and social functioning. We find our result regarding the relevance of affective expression to real-world functioning of great interest since non-verbal language constitutes more than 90% of the oral communication between human beings, and communication is a crucial ability for appropriate functioning in our society. Thus, psychosocial interventions intended to improve language and communication difficulties in these patients could also help enhance their psychosocial functioning.

Although Szabo et al. (16), in their systematic review and evidence synthesis, did not find a significant impact of functional capacity, measured using the UPSA, on different measurements of real-world functioning [Specific Level of Functioning (SLOF), Global Assessment of Functioning (GAF), and Multidimensional Scale of Independent Functioning (MSIF)] some studies have demonstrated the opposite. For example, Menendez-Miranda et al. (9) and Galderisi et al. (11) reported a positive and significant influence of functional capacity on real-world functioning (PSP and SLOF, respectively), as we did in this study. Specifically, we found that out of the four domains included in the functional capacity construct, the use of public transportation was retained in the model. Like the other tasks included in the UPSA, this specific task reflects general abilities essential to independent living, such as planning and organizing (37), and would mediate the potential functional impact of cognitive performance (11, 38).

The impact of cognitive performance on functioning was also demonstrated in patients with schizophrenia (5–7, 11), but the majority of the studies proving their relationship were carried out more than 10 years ago. Recently, Galderisi et al. (11) reported an indirect neurocognitive effect on patient work skills and interpersonal relationships. Social cognition was the mediator in both areas of real-world functioning, while functional capacity acted as a mediator only for work skills. However, Gonzalez-Blanco et al. (15) did not find any effect. These contradictory results could be explained by the fact that in the first study, the performance in the different neurocognitive areas was considered a single factor, while in the second, each cognitive domain was considered separately. Our study found that attention switching, mental flexibility, and recall were the only cognitive domains retained in the model. But, to further cloud the issue they were associated with functioning in the unexpected direction (partial correlation coefficient = 0.041); that is, if the rest of the variables in the equation remain constant, an increase of 1 second in performing the TMT-B will result in an increase of 0.041 points in the PSP total score. The magnitude of the coefficient is indeed minimal, but its contribution to the model is significant. This unexpected result could have been due to multicollinearity between TMT-B and other independent variables in the model, but this is not the case, as shown in Table 2. The TMT-B is a multifactorial test that measures processing speed, complex attention, cognitive flexibility, inhibitory control, and for some authors working memory as well. It is known that it is influenced by several factors such as age, motor speed (related to the former), and years of education, among others. Although neither age nor educational level was included in the model, both significantly affected the results of the univariate analysis in the expected direction (results not shown).

Furthermore, some prospective studies reported the effect of cognition on functioning to be mediated by negative and general symptomatology (39, 40), and Gonzalez-Blanco et al. (15) also found a significant effect of general psychopathology on PSP total score, as we did. Thus, further research is required to elucidate the real contribution of the TMT-B on real-world functioning. Unfortunately, there are no TMT-B normative data for Spanish patients with schizophrenia, and our sample size does not allow us to conduct the analysis stratifying for these factors.

Increased heart rate has been described in patients with schizophrenia since Kraepelin and also demonstrated in untreated first-episode patients and healthy first-degree relatives (41). This autonomic dysfunction has been related to the excess cardiovascular and metabolic morbidity and mortality seen in these patients (41, 42), as well as those with positive symptomatology (43, 44) and impairment in psychosocial functioning (45), even in first-episode patients (46). Our results add more support to the negative impact of autonomic dysfunction on real-world functioning, providing a specific line of intervention to improve it. This relationship may be mediated by the cognitive impairment often present in these patients. In this sense, a recent meta-analysis confirmed a significant association between the presence of several cardiovascular risk factors and cognitive impairment in patients with schizophrenia (47); thus, cognitive impairment is a plausible mediating factor between autonomic dysfunction and poor real-world functioning.

Contrary to our hypothesis, our model did not include depressive symptoms. However, in the bivariate analysis, total score on the CDSS was significantly related to PSP total score. Therefore, we think our result is mainly connected to the sample characteristics and their effect on the statistical analyses. On the one hand, our patients had almost no depressive symptomatology when they were evaluated. On the other, negative symptomatology, which showed the most robust relationship to patient functioning, displaced depressive symptoms in the multivariate analysis.

It is beyond the scope of this study to detect differences in the level of functioning according to the pharmacological treatment patients were prescribed. Still, we would like to highlight that only benzodiazepine use was related to real-world functioning in the univariate analysis. Although this is highly speculative, the lack of relationship to the antipsychotic treatment could be associated with the inclusion criterion of a monotherapy regimen.

The main limitation of our study is its cross-sectional design. Long-term longitudinal studies could describe changes in real-world functioning and search for predictor variables of these changes. It would also be of great interest to conduct this research in first-episode schizophrenia patients before starting pharmacological treatment. Thus, we could more accurately delineate the influence of the different factors from the beginning of the disorder and design phase-specific interventions to modify their impact. As for our study's strengths, the extensive range of variables and domains included and the use of the BNSS to assess the negative syndrome of schizophrenia instead of the PANSS negative subscale are the two main ones. Finally, the condition of being on antipsychotic monotherapy is a novelty in this field.

In conclusion, we have provided clinicians with a simple formula that identifies the factors most substantially associated with patient real-world functioning. This formula will contribute to a more efficient and personalized daily clinical practice by assigning specific interventions to each patient based on specific impaired factors to improve functioning.
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This study aimed to evaluate the efficacy of high-frequency repetitive transcranial magnetic stimulation (rTMS) over left dorsolateral pre-frontal cortex (DLPFC) in ameliorating negative symptoms and cognitive impairments in patients with chronic schizophrenia. Fifty-two patients with chronic schizophrenia were randomly assigned to two groups: active rTMS group and sham rTMS group, with existing antipsychotic drugs combined 20 sessions of 10 Hz active/sham rTMS over DLPFC (20 min/session, 5 times/week). The PANSS, RBANS, and SCWT were used to evaluate the clinical symptoms and cognitive functions of the patients. Our results indicated significant improvements in clinical symptoms (PANSS total and subscale scores) and cognitive functions (RBANS total and subscale scores, card 1 and card 3 of the SCWT test) (All p <0.05) after 4-week intervention both in active and sham rTMS group. Moreover, the active rTMS group showed more effective on ameliorating negative symptoms (p = 0.002), immediate memory (p = 0.016) and delayed memory (p = 0.047) compared to the sham group. Interestingly, PANSS negative symptom scores was negatively correlated with RBANS language scores in the real stimulation group (p = 0.046). The study found that the high frequency rTMS stimulation over left DLPFC as a supplement to antipsychotics may have potential benefits in improving clinical symptoms and cognitive functions in patients with chronic schizophrenia.

Keywords: schizophrenia, negative symptoms (schizophrenia), cognitive impairment, repetitive transcranial magnetic stimulation, treatment


INTRODUCTION

Schizophrenia is a severe and chronic mental disorder that affects ~1.0% of the global population (1). Patients with schizophrenia usually suffer from positive symptoms (i.e., delusions, hallucinations, experiences of being controlled, or Confusion of thoughts) and negative symptoms (i.e., apathy, diminished expression) (2), and may experience other symptoms such as cognitive impairments (3, 4). Compared to the general population, patients with schizophrenia have a two to three times increased risk of death. Generally, the prognosis of patients with schizophrenia is poor, with about one in seven people achieve complete remission (5). Further, according to the 2016 Global Burden of Disease Study, about 1.7% of the total global years lived with disability (YLDs) is caused by schizophrenia (6).

At present, the main treatment for schizophrenia relies on antipsychotic drugs. Antipsychotic drugs have been widely used to treat schizophrenia patients since chlorpromazine was found to uniformly alleviate positive symptoms in the 1950s. Since then, antipsychotics have been the primary treatment for schizophrenia (7–9). However, these drugs have limited effect, especially on negative symptoms and cognitive deficits (9). For example, for some schizophrenia patients, even though when the positive symptoms are controlled with effective antipsychotic drugs, the negative symptoms can persist (10). Moreover, negative symptoms and cognitive deficits are common in patients with chronic schizophrenia. Psychosocial therapy may be effective for the positive and negative symptoms or cognitive symptoms of early schizophrenia, but its therapeutic efficacy may be reduced when the course of schizophrenia is prolonged (11). Therefore, it is necessary to find other treatment options, such as other non-pharmaco-therapies, to better treat schizophrenia and meet the unmet needs of patients (12, 13).

In recent years, repetitive transcranial magnetic stimulation (rTMS), a non-invasive and safe brain stimulation technology, has been widely used in the clinical treatment of mental disorders, such as schizophrenia, major depressive disorder, anxiety and insomnia (14). rTMS is based on the principle that rapidly changing magnetic field can induce electric currents in localized areas of the cerebral cortex, thereby including changes in neuronal activity in the cerebral cortex. Generally speaking, high-frequency rTMS increases cortical excitability, while low-frequency rTMS can suppress cortical excitability (15–17). In addition, rTMS can alter the metabolic activity of the brain, neuronal plasticity, local brain function, and the functional connections between different brain regions (18). rTMS may be a useful treatment for some of the symptoms of schizophrenia, such as persistent auditory hallucinations, negative symptoms (19), and cognitive impairments. The current study focused on the refractory symptoms that cannot be effectively controlled by antipsychotic drugs, including negative symptoms and cognitive function deficits. Evidences from recent studies suggest that high-frequency rTMS is an effective treatment option for improving the prognosis of schizophrenia (20), but there are mixed reports in the literature. Some studies have confirmed that high-frequency rTMS has a significant effect on negative symptoms and cognitive impairments (20–22) in schizophrenia patients. For instance, Gan et al. found that high-frequency rTMS relieved the negative symptoms (especially affective flattening and anhedonia) of schizophrenia to a certain degree and the improvement in negative symptoms lasted for at least 2 months (12). Li et al. found that an improvement in negative symptoms occurred in 8 weeks after rTMS treatment, suggesting a delayed effect of 10 Hz rTMS on negative symptoms (21). Moreover, several rTMS studies using different methods have reported beneficial effects of rTMS on single cognitive domains (i.e., working memory, facial emotion recognition, or short-term language memory) (22–24). However, other studies have reported no effect of high-frequency rTMS on clinical symptoms and cognitive impairments. For example, Wobrock et al. found that the application of active 10 Hz rTMS to the left dorsolateral pre-frontal cortex (DLPFC) was not superior to false rTMS in ameliorating the negative symptoms of schizophrenia (25). Further, Hasan et al. found that a 3-week intervention (10 Hz rTMS, 15 sessions) with active or sham rTMS produce no significant differences in negative or cognitive symptoms compared to the pre-interaction period (26). Several factors may account for the discrepancies in these studies, including the disease status of the patients (acute or stable phase) and the characteristics of the rTMS stimulation (including frequency, intensity of stimulation, and electrical placement). It should be noted that several meta-analyses with larger sample sizes have demonstrated a therapeutic effect of rTMS on negative symptoms and cognitive impairment in schizophrenia patients (27–32). These meta-analyses concluded that the best rTMS parameter for the treatment of clinical symptoms in schizophrenia is a 4-week (20 times) intervention on the left DLPFC. However, it should be noted that these previous meta-analyses did not specify the status of patients the time of study selection. Thus, effectiveness of high-frequency rTMS in patients with chronic schizophrenia remains controversial.

To this end, the aim of the present study was to determine whether high-frequency rTMS over the DLPFC (20 min/session, 5 times/week) ameliorates negative symptoms and cognitive impairments in chronic schizophrenia patients. Based on the available literature, we hypothesized that patients who received the recommended rTMS protocol may improve negative symptoms and cognitive function in patients with chronic schizophrenia.



METHODS


Participants

Fifty-two patients were consecutively recruited into the study between December 2018 and December 2019 at the Affiliated Kangning Hospital of Wenzhou Medical University. All participants provided written informed consent and had the ability to comply with the rTMS therapy protocol and cognitive assessment. And participant's rTMS treatment fee was waived. The clinical trial protocol was approved by the institutional review committee of the Affiliated Kangning Hospital of Wenzhou Medical University.

The patients were diagnosed with schizophrenia based on the Structured Clinical Interview for DSM-IV Axis I disorders (SCID). The study inclusion criteria were as follows: (1) Han Chinese, (2) aged 18–70 years, (3) with a disease course of more than 1 year, and (4) on a stable dose of antipsychotic medication for at least 1 month before study enrollment. The exclusion criteria were: (1) any major physical diseases (e.g., cardiovascular, liver, kidney, gastrointestinal diseases, etc.), (2) the presence of a cardiac pacemaker, intracranial metal, or prior history of epilepsy or head injury, (3) female patients who were pregnant, planning to become pregnant, or breastfeeding during the study period, (4) patient had received rTMS or modified electroconvulsive therapy (MECT) in the previous month, and (5) patient had a history of alcohol or other substance abuse or dependence.

All experimental procedures in this study were carried out in strict accordance with the Declaration of Helsinki and other relevant regulations.



Study Design

The recruited patients were assigned a sequential number. If the patient chooses to quit the study between the randomization and the rTMS intervention, this patient will be excluded from the final analyses. And then we randomly divided the patients into two groups by using default random number generator of SPSS version 25.0 (SPSS Inc., Chicago, IL). The groups were as follows: the active rTMS group (n = 26, with existing antipsychotic drugs + 20 sessions of 10 Hz active rTMS over the DLPFC, lasting for 20 min/session, 5 times/week) and the sham rTMS group (n = 26, with existing antipsychotic drugs + 20 sessions of sham rTMS over the DLPFC, lasting for 20 min/session, 5 times/week). Before the intervention, the patients didn't take any psychotherapeutic treatment. And the clinical symptoms of the two groups were basically the same at baseline. The most common antipsychotic drug taken by the patients was clozapine, followed by risperidone and olanzapine. Clinical data was collected at baseline and after rTMS treatment, including the Positive and Negative Syndrome Scale (PANSS), the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS), and the Stroop Color and Word Test (SCWT). The study was a double-blind randomized control trial. The scale raters and patients were blind to the study grouping. The study was registered in the clinicaltrials.gov database (NCT04055181).



Intervention

rTMS was administered using a YRDCCY-I stimulator (Yiruide Medical Equipment New Technology Co., Ltd., Wuhan, China) with a figure-eight-shaped coil. The patient was awake and maintained a comfortable seated position when receiving rTMS. The loop coil provides stimulation tangentially to the plane of the skull; the middle position of the loop coil is aligned with the stimulation point. Participants all received 20 treatment sessions on consecutive weekdays and were randomly assigned to receive either 10 Hz rTMS applied to the DLPFC with the YRDCCY-I stimulator or the sham condition. The rTMS was presented at 110% of the motor threshold (MT) and stimulation lasted for 4 s with 26 s intervals, with a total of 1,600 pulses per session for a total time of 20 min per day. The left DLPFC stimulation site was determined on a para-sagittal plane 5.5 cm anterior to the area of the optimal site. The sham condition involved tilting of the magnetic coil on one wing at a 45-degree angle, resulting in a similar skin sensation, but the biological activity was significantly reduced (33). Thus, in the sham group, all procedures were identical to the 10 Hz group except that in the sham rTMS, the probe of the apparatus was held perpendicular to the patient's skull plane.



Clinical Assessments

The PANSS (34) was used to evaluate patients' psychotic symptoms. It consists of 30 items that are scored from 1 to 7, with higher scores indicating greater symptom burden. In this study, the positive (PANSS-P), negative (PANSS-N), and general psychopathology (PANSS-G) subscales as well as the total score (PANSS-T) pre- and post-rTMS treatment were analyzed.

The RBANS and the SCWT were used to assess the cognitive function in all participants. The 12-item RBANS consists of five subsets, corresponding to the following five neuropsychological processes: immediate memory, visuospatial function, language, attention, and delayed memory (35). The RBANS has good validity and reliability in Chinese people and is suitable for the cognitive evaluation of patients with schizophrenia (36). Generally, a higher RBANS score reflects a better cognitive function. The SCWT consists of three white cards containing a matrix of stimulus materials, which are words or color patches (37). The reaction time and the number of errors a participant makes when responding to the stimuli are recorded. In general, the shorter the answering time and the higher the correct rate indicate that the patient's executive function is better.

The Udvalg for Kliniske Under-sogelser (UKU) side effect rating scale was also used to evaluate side effects 4 weeks after the rTMS intervention. The scale comprises 48 items, measuring psychic, neurologic, autonomic, and other adverse effects. All scales exhibited test-retest correlations of up to 0.8 in repeated assessments (38).

All assessments were performed by at least two professionally trained psychiatrists at baseline and at 4 weeks after rTMS intervention.



Data Analysis

Comparison of the baseline demographics and clinical features between the active and sham rTMS groups was carried out using the chi-square test for categorical variables and analysis of variance (ANOVA) for metric variables. The post-intervention data were all analyzed using repeated measures. The time course and treatment differences in relation to changes in clinical symptoms and cognitive functions were evaluated by means of a mixed-effects model for repeated measures analysis with the main effects of treatment and time and a treatment × time interaction adjusted for age, sex, education level, duration of illness, and daily antipsychotic dose. Finally, correlation analysis was carried out between the reduction in PANSS scores and improvement in RBANS in the two groups, with age, gender, education level, duration of illness, and daily antipsychotic dose as covariates. For all models, a two-sided P-value of < 0.05 was considered statistically significant. The statistical analyses were carried out using SPSS 26.0 (SPSS Inc., Chicago, IL, USA).




RESULT


Demographic and Clinical Characteristics at Baseline

In total, 52 patients were recruited into the study and randomly assigned to either the active rTMS (N = 26) or sham rTMS (N = 26) groups. All patients received a stable dose of antipsychotics during the treatment period. Table 1 shows that aside from the duration of illness and the negative symptoms as measured by the PANSS (both p < 0.05), there were no significant differences between the two groups in terms of demographic characteristics, the PANSS-T, PANSS-P, and PANSS-G, the RBANS total and subscale scores, as well as Stroop reaction time (all p > 0.05) at the baseline assessment.


Table 1. Baseline socio-demographics and clinical characteristics between groups of active rTMS and sham rTMS.
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Four patients dropped out of the active rTMS group and three from the sham rTMS group during the study, leaving a final experimental sample of 22 patients in the active rTMS group and 23 patients in the sham rTMS group.



Psychotic Symptoms and Cognitive Function After 4-week rTMS Treatment

The PANSS total and subscale scores stratified by group (active rTMS group and sham rTMS group) and time (baseline and post-treatment) are presented in Figure 1 and Table 2. The repeated-measures ANOVA showed a significant time effect (F = 34.9, df = 1, 43, p < 0.001) and an interaction effect (group × time: F = 10.3, df = 1, 43, p < 0.01), but no significant group effect (F = 0.21, df = 1, 43, p = 0.648) on negative symptoms, while there was only a significant time effect on the PANSS total score (F = 119.5, df = 1, 43, p < 0.001), positive symptoms subscore (F = 56.9, df = 1, 43, p < 0.001), and general psychopathology subscore (F = 29.7, df = 1, 43, p < 0.001). Further, ANOVA revealed that the average PANSS negative symptom score at week 4 in the active rTMS group was significantly lower than that in the sham group (F = 9.088, df = 1, 43, p < 0.01; ES = 0.327), after controlling for age, education level, duration of illness, and dose of antipsychotic drugs (chlorpromazine equivalent). However, there were no significant differences in the PANSS positive symptoms and general psychopathology scores at week 4 between the active and sham rTMS groups (both P > 0.05).


[image: Figure 1]
FIGURE 1. Changes in the PANSS negative symptom scores, the RBANS immediate memory scores and the RBANS delayed memory scores between active rTMS and sham group at baseline and endpoint (4th week) (A–C). Changes in the total score of RBANS between the two groups was of marginal significant (D).



Table 2. Primary and secondary outcome measures at the beginning and the end of 4 weeks of rTMS treatment.
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In terms of changes in cognitive function, the repeated-measures ANOVA showed a significant time effect (F = 62.1, df = 1, 43, p < 0.001) and a marginally significant group effect (F = 3.0, df = 1, 43, p = 0.089) on RBANS total scores; however, there was no significant interaction effect (F = 2.4, df = 1, 43, p = 0.127). Further, the RBANS subscales were analyzed with repeated-measures ANOVA and the results showed a significant time effect (F = 33.2, df = 1, 43, p < 0.001) and interaction effect (group × time: F = 6.3, df = 1, 43, p < 0.05), as well as a marginally significant group effect (F = 3.1, df = 1, 43, p = 0.085) on immediate memory, a significant time effect (F = 26.4, df = 1, 43, p < 0.001) and group effect on delayed memory, and significant time effects on attention (F = 15.6, df = 1, 43, p < 0.001) and visuospatial/constructional function (F = 6.4, df = 1, 43, p < 0.05) (see Table 2 and Figure 1). The ANOVA further indicated that immediate memory was significantly better in the active rTMS group than in the sham group at week 4 (F = 6.713, df = 1, 43, p = 0.013; ES = 0.161), after controlling for age, duration of illness, dose of antipsychotics, and PANSS negative symptoms subscore.



Associations Between the Reduction of Negative Symptoms of Schizophrenia and the Improvement of Cognitive Function

The correlation analysis showed that the change in RBANS language subscore was negatively correlated with the change in the PANSS negative subscore when age, education level, duration of illness and DAD (β = 0.446, t = 2.15, p < 0.05) were all controlled (see Figure 2).


[image: Figure 2]
FIGURE 2. The multiple regression analysis confirmed that the increase in language index score was significantly associated with the decrease of the PANSS negative score from baseline to week 4 (β = 0.446, p = 0.046).




Safety Assessment

After 4 weeks of treatment, four patients in the active rTMS group reported mild adverse reactions (one reported a reduced duration of sleep, one reported emotional indifference, two reported tension headaches) and three patients in the sham rTMS group reported mild adverse reactions (one reported a reduced duration of sleep and two reported tension headaches). There was no significant difference in the incidence of adverse events between the two groups (p > 0.05).




DISCUSSION

As a non-pharmacological treatment strategy, rTMS has great application prospect for the treatment or cure of schizophrenia. Research has shown that rTMS may reduce positive and negative symptoms in patients with schizophrenia who take antipsychotic drugs, but there has been significant heterogeneity in the reported effects in different trials (39). In contrast to previous studies, the current study focused on exploring the role of high-frequency rTMS on both negative symptoms and cognitive deficits in chronic schizophrenia patients. The efficacy of high-frequency (10 Hz) rTMS over left DLPFC in ameliorating psychotic symptoms and cognitive impairments in chronic schizophrenia patients was evaluated. After the 4-week intervention, active rTMS was found to improve negative symptoms and immediate and delayed memory in schizophrenia patients. Further, our study found that the improvement in cognitive function in the active rTMS group was positively correlated with the decrease in negative symptoms score in hospitalized patients with chronic schizophrenia, which is consistent with the previous study (40).

Other studies had reported similar benefits of rTMS on negative symptoms in patients with schizophrenia. For example, Prikryl et al. found that high-frequency (10 Hz) rTMS stimulation of the left DLPFC with high stimulation intensity effectively reduced the negative symptoms of schizophrenia (41). Kumar et al. verified that the rTMS intervention with a frequency of 10 Hz may lead to better improvement of negative symptoms (42). Research suggests that the efficacy of rTMS on negative symptoms is best with a 10 Hz stimulating frequency and a longer stimulation period, ideally 4–6 weeks (29). Further, a recent study not only showed negative symptom improvement after 4 weeks of 10 Hz rTMS over the DLPFC, but this effect was maintained at the 24-week follow up (43). Most previous studies that treated schizophrenia patients with 20 Hz rTMS over the left DLPFC also showed significant improvements in negative symptoms (44–46). What we know is that higher frequencies of rTMS (frequencies of 5 Hz and greater) have been shown to have excitatory effects on neurons in the stimulated cortex (47). Earlier research found that schizophrenic patients exhibited hypoactivity of the pre-frontal cortex (48), which is related to the negative symptoms. By stimulating the cerebral cortex, the activity of the cortex increases, and the negative symptoms improve. Furthermore, recent research reported that disruption of the cerebellar-pre-frontal network functional connection was the basis for the negative symptoms in schizophrenia (49). The disrupted network connectivity may be restored with rTMS, resulting in a reduction in negative symptoms. Interestingly, previous human and animal studies have also indicated that rTMS induces dopamine release in the pre-frontal cortex (50, 51). Therefore, the release of endogenous dopamine in subcortical structures may be the most likely mechanism underlying the improvement in negative symptoms by rTMS. In addition, Kirschner et al. suggested that the improvement of depression would reduce negative symptoms with the reduction of secondary negative symptoms (52). We only asked the individuals whether they had depressive symptoms verbally, while we didn't conduct a scale assessment. Even though, we also speculated that rTMS may improve negative symptoms by affecting depressive symptoms. We will further verify this in future studies.

However, other studies have failed to find any benefit of 10 Hz rTMS on negative symptoms in patients with schizophrenia. Holi et al. found no significant difference in negative symptoms of schizophrenia between the group who received 10 Hz rTMS and the sham treatment group, though both groups showed improvement in negative symptoms (53). Wobrock and colleagues performed a sham-controlled, randomized multicenter trial with 76 schizophrenia patients treated with 10 Hz rTMS to the left DLPFC. The results revealed no statistically significant difference in improvement in negative symptoms between the active and sham rTMS groups at day 21 or subsequently through today 105 (25). The discrepancy in the treatment effect of 10 Hz rTMS over the DLPFC on negative symptoms among different studies may be due to complex confounding factors, such as heterogeneity in the sample, the assessment tool used for negative symptoms (54), total stimulation number or duration, number of treatment sessions, concomitant medication, sample size, and the setting of the clinical trial (25). Hence, more research should be performed to identify the optimal mode at a frequency of 10 Hz over DLPFC to achieve the best improvement effects on negative symptoms.

The current study showed a beneficial effect of 10 Hz rTMS on cognitive function, including immediate memory and delayed memory. An early study found that both 10 and 20 Hz rTMS improved memory in patients with schizophrenia, while another study found that both 10 and 20 Hz rTMS had delayed effects on cognitive function at the 6-month follow-up (55). Guan et al. also found the effectiveness of high-frequency rTMS stimulation in improving the cognitive function of patients with schizophrenia (56). A recent meta-analysis also found that 10 Hz rTMS over the DLPFC significantly improved all indicators of working memory performance, including reaction time and accuracy (57). It has been well-documented that abnormalities in beta and gamma-band activity are implicated in the cognitive deficits in schizophrenia (58). High-frequency rTMS may be a possible approach for cognitive improvement in schizophrenia patients via the modulation of gamma oscillatory activity in the brain. Interestingly, we found a significant correlation between the decrease in PANSS negative scores and the increase in RBANS language scores. Previous studies have shown that negative symptoms aggravate cognitive impairment in schizophrenia, and the current findings further highlight the significance of focusing on improving negative symptoms, which will, in turn, promote cognitive rehabilitation to a certain extent (59). The exact mechanism underlying the effect of rTMS on cognitive impairment and negative symptoms in schizophrenia remains unclear. Many studies have demonstrated that cognitive impairment and negative symptoms in schizophrenia share a common pathological mechanism, which may be associated with structural and functional abnormalities in the frontal lobe of the brain (19, 60). The improvement in immediate memory and delayed memory by active rTMS treatment over the DLPFC in chronic schizophrenia patients may be explained by the enhanced cortical excitability and metabolic activity of target neurons in the pre-frontal cortex, which is the brain area responsible for memory function. Nonetheless, this association and the mechanisms behind it deserve more research.

In the present study, there was no significant difference in the improvement in positive symptoms between the active rTMS and sham groups, which is in agreement with most previous studies (39, 61–63). The most important reasons underlying the lack of improvement in positive symptoms may be the frequencies and sites of stimulation. Evidence suggests that low-frequency (≤1 Hz) rTMS over the temporal-parietal cortex (TPC) could significantly ameliorate positive symptoms, especially in relation to auditory hallucinations (28, 62). Therefore, the improvement of positive symptoms by 10 Hz rTMS over DLPFC may not be significant. Future studies should verify this hypothesis.

The current research has several limitations: (1) the relatively small sample size meant that there was limited statistical power to detect differences between the groups; (2) the relatively short intervention period made it impossible to compare whether there was a difference between the short- and long-term effects of rTMS treatment;(3) the rTMS stimulation site was not guided by MRI;(4) there are no assessment and follow-up of depressive symptoms;(5) our study excluded patients who had received rTMS treatment more than a month before the beginning of this study, but some researchers believed that the benefits of rTMS on negative symptoms can be maintained for several months (43), so patients who had previously received rTMS treatment may have an impact on the results. We will pay attention to these issues in our future studies.



CONCLUSIONS

The current study sheds light on the effect of high-frequency (10 Hz) rTMS over the left DLPFC on negative symptoms, immediate memory, and delayed memory in chronic schizophrenia patients. As a non-pharmacological strategy, rTMS has broad application prospects. Our study provides some practical significance to the clinic that when curing some treatment-resistant symptoms of schizophrenia, especially negative symptoms and cognitive deficit, 10 Hz rTMS maybe a good treatment.
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The identification of factors associated with functional outcome of subjects with schizophrenia is a great challenge in current research oriented to the personalization of care. The Italian Network for Research on Psychoses (NIRP) is a network of 26 university psychiatric clinics and/or mental health departments aimed to carry out multicenter research projects to improve the standards of prevention, diagnosis, and treatments of schizophrenia. The network has promoted 2 main studies, a cross-sectional one and a longitudinal one and seven “add-on” studies. The cross-sectional study of the network included 921 subjects with schizophrenia, 379 unaffected first-degree relatives of these patients, and 780 healthy controls. Results from this study documented that social and non-social cognition, functional capacity, negative symptoms, resilience, and family or social incentives strongly influence a measure of global functioning. The follow-up study included 618 patients from the original sample and has produced evidence of the key role of cognition, functional capacity, the experiential domain of negative symptoms, and everyday life skills in predicting functional outcome. The longitudinal study demonstrated that social cognition and the experiential domain of negative symptoms had an impact on interpersonal functioning, while non-social cognition had an impact on everyday life skills. Both non-social cognition and social cognition predicted work skills. The research question concerning the relationships of cognitive impairment and negative symptoms has been investigated with an innovative approach, using a structural equation model (SEM) and a network analysis. Both analyses demonstrated that only the experiential domain of negative symptoms had a distinct direct effect on functioning. The network analysis showed that expressive deficit was connected to functional capacity, as were social and non-social cognitive variables, and to disorganization. These findings were confirmed by the follow-up study. The add-on studies showed distinct electrophysiological correlates of the two negative symptom domains and the partial overlap between disorganization and neurocognitive impairment. Moreover, they identified and characterized a specific subgroup of patients suffering from schizophrenia with autism spectrum symptoms. The NIRP studies have implications for personalized management of patients with schizophrenia and highlight the need for a careful assessment of several domains rarely evaluated in clinical settings.
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INTRODUCTION

Schizophrenia is a severe mental disorder that presents a high heterogeneity in terms of risk factors, clinical manifestations, comorbidities, treatment response, and outcomes (1–19).

About 75% of people suffering from this disorder shows a clinical course characterized by relapses and remissions (20–23), and <1 in 7 people meets the criteria for recovery (24, 25). Two aspects are fundamental to achieve clinical recovery in schizophrenia: the remission of symptoms and the improvement in functioning (26–29). However, despite the introduction of innovative pharmacological and psychosocial treatments that facilitate symptomatic remission (3, 6–8, 10), the impairment in different areas of real-life functioning still represents an unmet need in the care of people suffering from schizophrenia, thus causing a huge burden on patients, their families, and health care systems (30–41).

A variety of factors, some related to the illness, some to personal resources, and others to the social context, seem to influence functional outcome, through direct or indirect relationships (18, 41–50). The identification of these factors, as well as their relative impact on the outcome through complex pathways, represents, to date, a main goal of current psychiatric research, in order to develop integrated and individualized treatments aiming at ameliorating functioning and thus at achieving recovery (51, 52).

Within this frame, a national multicenter project, promoted by the Italian Network for Research on Psychoses, has been developed. This is a network of 26 university psychiatric clinics and/or mental health departments, coordinated by the Department of Psychiatry of the University of Campania “Luigi Vanvitelli” (Table 1). By promoting and enhancing the collaboration among the involved centers, this network is intended to carry out research projects in order to improve the standards of prevention, diagnosis, and treatments for people suffering from primary psychotic disorders. So far, the network promoted two main studies, a cross-sectional one and a longitudinal 4-year follow-up one. In addition, seven “add-on” studies have been promoted by the network (Table 2).


Table 1. Centers involved in the Italian Network for Research on Psychoses and their coordinators.
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Table 2. Add-on studies of the Italian Network for Research on Psychoses.
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The cross-sectional study had been carried out between 2011 and 2013 (32, 33). The primary objective of the study was to identify factors affecting real-life functioning of subjects with schizophrenia and to define their relative contribution. The longitudinal study was conducted after 4 years. This study investigated whether factors identified as predictors and mediators of real-life functioning in the cross-sectional study were confirmed as such as follow-up (34, 37). As compared to previous studies on the topic, both studies analyzed a greater number of variables, some of which have never been examined before. Moreover, these studies used state-of-the-art instruments for the assessment of each variable included and appropriate data analysis methods in order to explore the complex relationships between possible predictors, mediators, and outcome measures.

The implementation of the longitudinal assessment allowed us to overcome the limitations of the cross-sectional design, which prevented inferences about the direction of causality. In fact, the majority of studies investigating factors associated with functional outcome in schizophrenia have had a cross-sectional design, while only few and inconsistent findings have been reported by investigations with a longitudinal design (44, 53–63). The inconsistency of results might be due to different factors, such as the small sample sizes included in the studies, the use of different measures of functional outcome, and the use of assessment instruments, especially for cognitive impairment and negative symptoms, that were often not in line with their current conceptualization (32, 64–67). Indeed, although negative symptoms and cognitive impairment are stable dimensions of schizophrenia, are often present since the early phases of the illness, persist into clinical remission, and predict outcomes (41, 56, 57), uncertainties still remain about the correct evaluation and management of these dimensions (4, 68–70).

In the present article, we report the main findings of the two studies conducted by the network, which have contributed to the advancement of knowledge on the complex pathways involved in functional outcomes in people with schizophrenia.



CROSS-SECTIONAL STUDY


Participants

Within the cross-sectional study, 921 patients with a diagnosis of schizophrenia, aged between 18 and 66 years; 379 unaffected first-degree relatives of these patients; and 780 healthy controls were recruited (32, 33). For the patient group, inclusion criteria were a diagnosis of schizophrenia according to DSM-IV, confirmed with the Structured Clinical Interview for DSM-IV–patient version (SCID-I-P), and an age between 18 and 66 years. Exclusion criteria were a history of head trauma with loss of consciousness; a history of moderate to severe mental retardation or of neurological diseases; a history of alcohol and/or substance abuse in the last 6 months; current pregnancy or lactation; inability to provide an informed consent; and treatment modifications and/or hospitalization due to symptom exacerbation in the last 3 months. For each recruited patient who agreed to involve relatives, two first-degree relatives were recruited, when available. They were preferably the two parents, or one parent and one sibling, or two siblings. These relatives were included in the study if criteria for a current or lifetime psychiatric diagnosis were not met when they were interviewed with the SCID-I–non-patient version and the SCID-II. Exclusion criteria were (a) a history of head trauma with loss of consciousness; (b) a history of moderate to severe mental retardation or of neurological diseases; (c) a history of alcohol and/or substance abuse in the last 6 months; (d) inability to provide an informed consent. Healthy subjects matched with patients for gender and geographical area of origin were recruited from the community at the same sites as the patient sample. Inclusion and exclusion criteria were the same as those listed for first-degree relatives.



Assessment Instruments

The study evaluated the impact on real-life functioning of a larger number of variables compared to previous investigations, some of which had never been investigated before. The assessed variables were grouped into three categories: (a) illness-related variables (positive, negative, disorganized, depressive, and extrapyramidal symptoms; neurocognition; social cognition; and functional capacity); (b) personal resources (resilience and engagement with mental health services); and (c) context-related factors (socio-demographic variables; socioeconomic status; availability of a disability pension; access to family and social incentives; and social network). The variables included in each category are reported in Table 3. Real-life functioning was chosen as any index of clinical recovery. State-of-the-art instruments were used to assess variables of each category and real-life functioning. The adopted instruments were chosen on the basis of the literature and the researchers' experience, to overcome limitations of previous studies. When it was necessary, assessment instruments were translated, adapted, and validated for the Italian context.


Table 3. Investigated variables in the cross-sectional and follow-up studies of the network.
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All the instruments have been used to evaluate subjects with schizophrenia, their first-degree relatives, and healthy controls.


Illness-Related Variables

A clinical form was filled in with data on age of disease onset, course of the disease, and treatments received, using all available sources of information (patient, family, medical records, and mental health workers).

The severity of positive and disorganized symptoms was evaluated using the Positive and Negative Syndrome Scale (PANSS) (89).

Negative symptoms were assessed with the Brief Negative Symptom Scale (BNSS), a second-generation rating scale which is in line with the current conceptualization of negative symptoms (64, 90). As compared to first-generation rating scales, the BNSS shows several advantages. It does not include aspects that are related to cognitive or depressive dimensions; it provides a separate assessment of behavior and inner experience for items referring to experiential deficits such as avolition, thus enabling a better differentiation from social functioning and other subjective experiences such as decreased interest or energy; it provides a separate assessment of consummatory and anticipatory anhedonia; it generates a total score as well as separate scores for the five negative symptom domains (avolition, anhedonia, asociality, blunted affect, and alogia). The two-factor structure, consisting of the experiential domain (avolition, anhedonia, and asociality) and the expressive deficit domain (blunted affect and alogia), is supported by the use of this instrument (64, 66, 90–92). Depressive symptoms were evaluated using the Calgary Depression Scale for Schizophrenia (CDSS) (93); extrapyramidal symptoms, with the St. Hans Rating Scale (SHRS) (94). The Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB) was adopted to evaluate cognitive impairment (65, 67). This instrument was built up within the MATRICS initiative, aiming to develop a cognitive battery for subjects with schizophrenia designed for use in clinical trials (65, 67). MCCB assesses seven cognitive domains that are reported to be compromised in subjects with schizophrenia: speed of processing, attention and vigilance, working memory, verbal learning and memory, visuospatial learning and memory, reasoning and problem solving, and social cognition (44). The MCCB Mayer-Salovey-Caruso Emotional Intelligent Test (MSCEIT), the Facial Emotion Identification Test (FEIT) (95), and the Awareness of Social Inference Test (TASIT) (96) were used to measure different aspects of social cognition, such as emotional intelligence, emotion recognition, and theory of mind.



Personal Resources

The Resilience Scale for Adults (RSA) (97) was used to assess resilience; the Service Engagement Scale (SES) (87), to evaluate the access of subjects with schizophrenia to mental health services.



Context-Related Factors

A socio-demographic questionnaire was developed ad hoc to collect data on gender, age, marital status, schooling, housing, eating habits, substance use, socioeconomic status, availability of a disability pension, and access to family and social incentives (32). The Internalized Stigma of Mental Illness (ISMI) (98) was used to assess stigma in subjects with schizophrenia.



Functional Capacity and Real-Life Functioning

The functional capacity was assessed through the brief version of the University of California, San Diego (UCDS) Performance-Based Skills Assessment–brief version (UPSA-B), a performance-based instrument that assesses “financial skills” and “communication skills” (99).

Real-life functioning was evaluated with the Specific Level of Functioning Scale (SLOF) (100, 101), a hybrid scale endorsed by the panel of experts involved in the Validation of Every-day Real-World Outcomes (VALERO) (100–103), which evaluates different areas of functioning and is based on the key caregiver's judgment on behavior and functioning of patients. The use of the SLOF allowed us to overcome limitations of previous studies investigating real-life functioning, which examined only a single or fewer domain(s) of functioning and collected only information from patients that could be influenced by many factors (e.g., delusions, hallucinations, lack of insight, disorganized thinking, cognitive deficits, or depression). The SLOF includes 43 items grouped into six domains: physical functioning, personal care skills, interpersonal relationships, social acceptability, everyday life skills, and work skills.

For each category of variables, at least one researcher per site was trained. In order to avoid halo effects, the same researcher could not be trained for more than one category. A good to excellent agreement among raters was observed for the instruments included in the study (32).



Translation and Validation of Assessment Instruments

The BNSS was translated in Italian and validated within the cross-sectional study (92, 104). The validation study showed an excellent inter-rater reliability and a good convergent and discriminant validity, confirming that BNSS is a reliable tool for the assessment of negative symptoms in multicenter studies.

The validation study of the Italian version of the SLOF showed a good construct validity and internal consistency and a well-delineated factor structure of the instrument (100, 105).

The MCCB was translated in Italian (106), and this version was validated in a large sample, composed by subjects with schizophrenia, their unaffected first-degree relatives, and healthy controls (107). Furthermore, in collaboration with the MCCB developers, the standardization of raw scores through the computation of T scores was performed, using the scores of the normative Italian sample (107).

The TASIT manual was translated and the related video clips were dubbed in Italian, at the Fono Roma Studio (www.fonoroma.com) (108). In addition, the Italian version of the FEIT was developed (108).




Statistical Analysis

In order to investigate the simultaneous impact on functional outcome of multiple factors interacting with each other, two main statistical approaches were used: the structural equation model (SEM) and the network analysis. The SEM consists in a set of simultaneous multiple regression models for estimating and testing a pathway of relationships among variables (measured variables and latent constructs) (109). This approach allows researchers to infer causal relationship among predictors and outcome and to identify possible mediation and moderation factors, with the estimation of direct, indirect and total effects. It requires a priori assumptions of the possible associations among variables and of possible predictors, mediators, and outcomes, which is not always possible, especially because of the non-unidirectionality of some relationships (e.g., illness-related variables may influence real-life functioning and vice versa). In order to overcome these limits, a second approach, the network analysis, was used (110, 111). This type of analysis is a data-driven approach which does not require an a priori modeling of relationship among variables but generates a spatial ordered network where strongly related variables are at the center of the network and the weakly related ones at the periphery. Furthermore, estimating the number and the strength of variable connections and their closeness, this approach allows us to investigate which variables belong to the same construct and how different constructs are mutually interacting and reinforcing each other (111).



Results From SEM and Network Analyses

SEM analysis (32) showed that disorganization, the experiential domain of negative symptoms (including avolition, asociality, and anhedonia), positive symptoms, deficits in neurocognition, social cognition and functional capacity, internalized stigma, low resilience, and poor access to familial and social incentives had a significant direct and/or indirect impact on real-life functioning, explaining 53.8% of the variance. Neurocognition showed the strongest association with real-life functioning. The impact of neurocognition on the outcome turned out to be mainly indirect, mediated by functional capacity, social cognition, engagement with services, and internalized stigma. Social cognition also had a direct influence on real-life functioning, independently from neurocognition and negative symptoms. Service engagement was directly associated with the functional outcome, while internalized stigma showed an indirect impact on real-life functioning, mediated by resilience. Psychopathology, in particular positive and disorganized symptoms, and the experiential domain of negative symptoms were found to be directly and indirectly correlated with real-life functioning. The impact of positive symptoms was mediated by service engagement; the effect of disorganization, by functional capacity; and the impact of the experiential domain, by services engagement, internalized stigma, and resilience (see Figure 1).
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FIGURE 1. Final structural equation model after trimming of non-significant paths. Neurocognition, social cognition, resilience, and SLOF are latent variables (with arrows pointing to their respective indicators). PANSS POS, PANSS DISORG, BNSS avolition, neurocognition, and incentives are independent predictors. Social cognition, functional capacity, internalized stigma, resilience, and service engagement are mediators, and SLOF is the dependent variable. PANSS, Positive and Negative Syndrome Scale; POS, positive; DISORG, disorganization; BNSS, Brief Negative Symptom Scale; EE, poor emotional expression; AVOL, avolition; PROC SPEED, processing speed; ATTN, attention; WORK MEM, working memory; VERB MEM, verbal memory; VIS MEM, visuospatial memory; PROBL SOLV, problem solving; TASIT, The Awareness of Social Inference Test; MSCEIT, Mayer-Salovey-Caruso Emotional Intelligence Test; PERC. SELF, perception of self; PERC. FUTURE, perception of the future; SOCIAL COMPET, social competence; SLOF, Specific Level of Functioning; PERS, skills in self-care; ACTIV, community activities; ACC, social acceptability; INTER, interpersonal relationships; WORK, working abilities.


The network analysis (33) confirmed that neurocognition, social cognition, resilience, and real-life functioning are well-defined independent constructs.

With respect to psychopathologic aspects, the experiential and expressive deficit domains of negative symptoms were highly interconnected but showed different associations. In particular, the experiential domain was associated with depression, social competence, “interpersonal relationships,” and “work skills,” while the expressive deficit was associated with disorganization, functional capacity, and “everyday life skills.” Depression did not show any connection with real-life functioning. Positive and disorganized symptoms had few connections to the other nodes and were peripheral nodes in the network.

The most central and interconnected nodes of the obtained network were functional capacity and everyday life skills.

Functional capacity was shown to be the bridge between cognition (neurocognition and social cognition) and real-life functioning, in particular with the “everyday life skills.” The neurocognition and social cognition constructs were adjacent and densely connected and interconnected. Both constructs had a high impact on functional capacity, and through this, on real-life functioning. In the social cognition domain, the TASIT-1, which measures the ability to identify basic emotions, showed the highest connection with functional capacity. This finding might suggest that a good comprehension of social and emotional stimuli may lead to a better acquisition of interpersonal skills required for some of the tasks incorporated in the functional capacity assessment (e.g., communication skills).

Furthermore, also the SLOF domain “everyday life skills” had a central position within the network and connected other real-life functioning domains with psychopathology, internalized stigma, functional capacity, and through this, neurocognition and social cognition.



Other Results of the Cross-Sectional Study

In first-degree relatives of subjects with schizophrenia, similar direct or indirect interactions among predictors, mediators, and functional outcome were observed (112). These findings confirm the results of the main cross-sectional study, in the absence of confounding factors, such as residual psychotic symptoms and pharmacological treatment. In addition, the presence of impairment in the “interpersonal relationships” and “work skills” also in the group of unaffected relatives suggests the possible involvement of schizophrenia vulnerability factors.

The specific impact of personal resources on functional outcome has been investigated in three different network studies (113–115). A greater resilience and a higher degree of education were associated with a better social functioning, while worse problem solving and higher internalized stigma, along with male gender and depression, were associated with more severe symptoms (114). Furthermore, lower resilience, more severe negative symptoms, and female gender were associated with depressive symptoms, while internalized stigma represented a mediator between negative symptoms and resilience, suggesting a complex relationship between personal resources, negative symptoms, and depression in schizophrenia (115). The third study investigated the relationship between self-reported personal recovery and functional recovery, identifying three different clusters of patients: (a) patients with good personal recovery and good functional outcome; (b) patients with poor personal recovery and poor functional outcome; and (c) patients with intermediate personal recovery (between the other two clusters), with good insight and high levels of depression (113). These studies underline the importance and need of an accurate characterization of personal resources in subjects with schizophrenia, in order to implement individualized treatment plans aimed at improving different aspects of these resources, which have a different impact on functioning.

The role of social cognition and its impact on functioning were investigated in a study conducted by Rocca et al. (108). The authors identified three groups of patients: (a) patients without impairment in social cognition; (b) patients with a moderate impairment in social cognition; and (c) patients with a strong impairment in social cognition. This study revealed a linear relationship between social cognition, neurocognition, disorganization, and real-life functioning across the three groups. Positive symptoms were lower in patients without social cognition impairment, as compared to those with a moderate and a strong impairment in social cognition. Furthermore, negative symptoms were highest in subjects with moderate social cognition deficits, compared to subjects with absent or severe impairment in social cognition (108).

The relationship between disorganization and real-life functioning has emerged in one study that demonstrated that conceptual disorganization, among other disorganized symptoms, was the most relevant one impacting, through direct or indirect associations, “everyday life skills” (116).

Mucci et al. (107) reported impairment of all MCCB domains in subjects with schizophrenia. First-degree relatives showed a pattern of neurocognitive impairment, with intermediate scores between those of patients and healthy controls. In addition, patients' MCCB scores were able to predict the first-degree relatives scores on all domains except for visual learning.

One study investigated the role of premorbid academic and social functioning impairment on real-life functioning, cognition, and psychopathology. Subjects with schizophrenia showed an impairment in premorbid academic and social functioning compared to healthy controls, while first-degree relatives had only impairment in academic aspects (117). In patients, impairment of premorbid functioning predicted severity of negative symptoms, working memory deficits, social cognition deficits, and real-life functioning. These data suggest that a poor premorbid functioning might represent a vulnerability marker of schizophrenia and highlight the need to implement early psychosocial and cognitive remediation interventions (118).

One study explored the association between insight and depressive symptoms and reported greater self-depreciation, pathological guilt, morning depression, and suicidal ideation in patients with high levels of insight (119).

Another explored aspect was the prevalence of extrapyramidal symptoms in subjects with schizophrenia and its association with neurocognition, social cognition, and psychopathology. The network analysis showed that parkinsonism was directly connected to both psychopathological and neurocognitive indices, whereas no direct connection emerged between extrapyramidal symptoms and social cognition (120).

Two studies investigated also genetic aspects in this population (121, 122). In particular, one study investigated de novo copy number variations (CNVs) in the whole-genomic DNA obtained from 46 family trios of schizophrenia probands. The authors reported the presence of de novo CNVs in genes involved in brain and neural development, suggesting that these alterations could contribute to the genetic vulnerability to the disorder (122). The study by Gennarelli et al. (121) aimed to explore the genetic basis of social cognition, using a genome-wide study approach. The authors found significant associations between the patients' ability in social inference and the TMEM7M4 gene.




LONGITUDINAL STUDY


Participants

After 4 years, 618 subjects, out of the 921 subjects with schizophrenia enrolled in the cross-sectional study, agreed to participate in the longitudinal study (34, 37). These subjects did not differ from the rest of the baseline sample with respect to socio-demographic characteristics, illness-related factors, personal resources, context-related factors, and real-life functioning (34, 37). First-degree relatives and healthy controls were not recruited for the longitudinal study.



Assessment Instruments

In order to evaluate illness-related variables, personal resources, context-related factors, and real-life functioning in subjects with schizophrenia after 4 years from the cross-sectional study, the same assessment instruments used at baseline were adopted.

In addition, in the longitudinal study, the patients' insight on their real-life functioning impairment, as well as the awareness of their own cognitive impairment in several domains, was also investigated. Therefore, the SLOF was administered to both patients and their caregivers, in order to explore their accuracy in self-reporting functioning. Moreover, the Cognitive Assessment Interview (CAI) was introduced in the longitudinal study (123). This is a second-generation co-primary measure and consists of 10 items that investigate six of the seven impaired domains in subjects with schizophrenia (concerning the visuospatial memory domain, no interview question was deemed appropriate). This instrument was administered to the patient and his or her caregiver to measure the perceived severity of the impairment in several cognitive domains. The impact of cognitive impairment on the patients' daily functioning, the patients' awareness of their own cognitive deficits, and the possible discrepancy between the patients' and caregivers' interviews were evaluated. The CAI was translated and adapted for the Italian context and showed a good to excellent reliability and excellent internal consistency (124).



Statistical Analysis

In order to test whether variables affecting real-life functioning in the cross-sectional study confirmed their influence at follow-up and which variables were related to changes in real-life functioning at follow-up, SEM and latent change score (LCS) modeling were conducted, respectively. Moreover, a network analysis was used to investigate whether the pattern of relationships among variables involved in the cross-sectional study was similar at follow-up and to compare the network structure of recovered and non-recovered patients at follow-up. For the classification of recovered and non-recovered patients at the 4-year follow-up, we used two criteria: (1) the presence or absence of symptomatic remission according to the Andreasen criteria and (2) the presence or absence of functional recovery, defined as a weighted score of at least 76.2 on SLOF “interpersonal relationships,” “work skills,” and “everyday life skills” scales (34).



Results From SEM and Network Analyses in the Longitudinal Study

In the longitudinal study, SEM and LCS analyses (37) showed that baseline measures of neurocognition, social cognition, the experiential domain of negative symptoms, everyday life skills, and to a lesser degree, positive symptoms predicted functional outcome after a 4-year follow-up.

The SEM model confirmed that neurocognition, social cognition, positive symptoms, the experiential domain, and available incentives had a significant direct or indirect impact on at least one real-life functioning domain at the 4-year follow-up assessment. Higher baseline neurocognitive functioning predicted better everyday life skills and work skills; better social cognition predicted better work skills and interpersonal relationships; more severe positive symptoms predicted lower work skills; more severe experiential domain symptoms predicted worse interpersonal relationships; and more social incentives predicted better everyday life skills. The LCS model showed that the same baseline variables, except incentives, predicted changes in functioning at the 4-year follow-up. In particular, better baseline neurocognition predicted improvement in everyday life skills, work skills, social cognition, and functional capacity after 4 years. Less severe experiential domain symptoms and better social cognition at baseline predicted improvement in interpersonal relationships at follow-up, while less severe positive symptoms at baseline predicted improvement in work skills. Finally, better baseline everyday life skills predicted improvement in work skills and in functional capacity at follow-up.

The network analysis in the longitudinal study (34) confirmed the results of the cross-sectional one (33). The network structure remained substantially unchanged: neurocognition, social cognition, resilience, and real-life functioning were spatially contiguous and highly interconnected; everyday life skills and functional capacity were the most central and interconnected nodes of the network, while psychopathological domains were more peripheral. The number and the strengths of network connections in non-recovered patients were significantly different compared to those of the recovered ones. In fact, the network of non-recovered patients had more connections, whose strengths were higher than those found in recovered patients. The SLOF domain everyday life skills and disorganization had a higher strength among non-recovered patients, as compared to recovered ones.



Other Results of the Longitudinal Study

The network longitudinal study also contributed to the investigation of the accuracy of subjects with schizophrenia in self-evaluation of functioning. The study, conducted by Rocca et al. (125), aimed to investigate the concordance of patients' reported impairment in real-life functioning with the caregivers' reported one. Furthermore, it aimed to identify which factors are associated with discrepancies between patients' and caregivers' reports. Results indicated that patients systematically reported a higher functional level than their relatives; however, the patient–caregiver discrepancy was significant only in 17.6% of the cases. The strongest predictors of patient–caregiver discrepancies were caregivers' ratings in each SLOF domain. These findings underline the possibility to use in clinical practice patients' self-evaluation of functioning in order to design tailored rehabilitative programs.




ELECTROPHYSIOLOGICAL AND OTHER ADD-ON STUDIES

Two investigations were carried out within the electrophysiological add-on study (126, 127). The first study aimed to investigate neurophysiological correlates of negative symptom domains. This study showed that the brain electrical microstate A (microstate associated with the visual network) was related to the experiential domain and not to the expressive one. Within the experiential domain, avolition, asociality, and anticipatory anhedonia, but not consummatory anhedonia, showed a similar pattern of correlation. These data suggest the existence of distinct electrophysiological correlates of the two negative symptom domains and lend support to the hypothesis that only the anticipatory component of anhedonia shares the same pathophysiological underpinnings of the experiential domain (126). The second study aimed to investigate electrophysiological and neurocognitive correlates of the PANSS disorganization dimension, in order to evaluate the heterogeneity of this dimension and its possible overlap with neurocognitive deficits. The authors reported that the slow alpha activity was negatively correlated with disorganization in subjects with schizophrenia. At item level, only the PANSS item “Difficulty in abstract thinking” showed the same correlation. The MCCB neurocognitive composite score was associated with disorganization dimension as well as PANSS items “Conceptual disorganization” and “Difficulty in abstract thinking”. These findings support a partial overlap between disorganization and neurocognitive impairment. In addition, they suggest that some aspects of disorganization could be related to the impairment of basic neurobiological functions that are only partially evaluated using MCCB (127).

Finally, the network longitudinal study contributed also to the characterization of a subgroup of subjects with schizophrenia defined by the presence of autistic spectrum symptoms. Patients with autistic traits represent a specific population of subject with schizophrenia, characterized by specific patterns of functioning, resilience, and coping abilities (128). Moreover, autistic symptoms may have a relevant impact on different aspects of the disease, in particular neurocognitive and social cognition domains, functional capacity, real-world interpersonal relationships, and participation in everyday life activities (129).

The other add-on studies are still ongoing, and their results have yet to be published.



DISCUSSION

So far, the network has published more than 20 scientific papers and contributed to the validation of state-of-the-art assessment tools and to the training of many researchers from all the involved centers. Furthermore, in the last decade, the network contributions have led to an improvement in knowledge about main determinants of functioning and, therefore, of clinical recovery in subjects with schizophrenia. Despite the introduction of innovative pharmacological and psychosocial treatments that facilitate symptomatic remission, the impairment in different areas of real-life functioning still represent an unmet need in the care of people suffering from schizophrenia, thus causing a huge burden on patients, their families, and health care systems (31–35, 37, 39–41). The strengths of the two main network studies, with respect to previous studies, include the analysis of a greater number of variables, some of which had never been examined before; the use of state-of-the-art instruments for the assessment of each variable included; and appropriate data analysis methods, in order to explore the complex relationship between possible predictors, mediators, and functional outcome measures. Finally, the implementation of the longitudinal study allowed us to overcome the limitations of the cross-sectional design that prevented inferences about the direction of causality.

The findings from the network studies (32–34, 37) suggest that different factors–some related to the illness, some to personal resources, and others to the social context–contribute to functional outcome, through direct or indirect associations.

The network findings strongly support the implementation of integrated treatments, combining pharmacological, psychosocial, and rehabilitative interventions. In fact, pharmacotherapy is mainly used in order to achieve the remission of positive symptoms, which had a small impact on real-life functioning of subjects with schizophrenia. Functional capacity and everyday life skills were the most central and interconnected nodes of the schizophrenia network, suggesting that they should be the main target of rehabilitative recovery-oriented programs. Moreover, since impairment in neurocognition and social cognition was the most important predictors of real-life functioning, cognitive remediation interventions should be integrated into routine clinical practice. Negative symptoms, in particular those belonging to the experiential domain, i.e., avolition, asociality, and anhedonia, have a direct impact on interpersonal functioning and predict follow-up levels of functioning in the same domain. These negative symptoms do not show any connections with functional capacity or social and non-social cognitive abilities. Their treatment remains an unmet need of schizophrenia care. Further research is needed in order to disentangle the complexity of this negative symptom domain, looking also at behavioral and neurobiological correlates in order to search for effective treatments (130).

The research question concerning the relationships of cognitive impairment and negative symptoms has been investigated with an innovative approach in the two network studies. In the cross-sectional study, SEM analysis demonstrated that only the experiential domain of negative symptoms had a distinct direct effect on functioning, while the expressive domain was not retained in the model when including cognitive impairment. The network analysis findings added further insight to the issue, showing that expressive deficit had no direct connection to real-life functioning nodes and was connected to functional capacity, as were social and non-social cognitive variables, and to disorganization. The experiential domain was directly connected to the interpersonal relationships and work skills domains of real-life functioning, while having no direct or indirect connections with the cognitive nodes, functional capacity, and disorganization. These findings were confirmed by the network analysis carried out on the follow-up data and have implications for the personalized management of patients with negative symptoms. The implementation of psychosocial interventions focused on motivation and pleasure, which targeted the experiential domain of negative symptoms, is very recent and awaits further testing. Effective treatments such as social skills training and cognitive remediation interventions should be made available to subjects with negative symptoms, in particular to those with expressive deficit, such as alogia and blunted affect. Clinical research on the effectiveness of these interventions for negative symptoms should always include at least as a secondary outcome the differential efficacy on the two domains of the negative symptoms.

The network studies document that many other factors have an impact on functional outcome, such as other aspects of psychopathology, personal resources, or context-related factors. This suggests the importance of personalized treatments based on a detailed characterization of each patient, as recently suggested by a group of experts in the field (51).

Moreover, the electrophysiological add-on studies of the network contributed to improve the knowledge of neurophysiological correlates of psychopathology. In fact, although several papers reported resting-state electrophysiological alterations in subjects with schizophrenia (131–133) and their association with psychopathology and cognitive impairment (134, 135), no study investigated the neurophysiological mechanisms underlying distinct negative symptom domains and the disorganization dimension. The network studies showed the existence of distinct electrophysiological correlates of the two negative symptom domains. Furthermore, they suggested the partial overlap between disorganization and neurocognitive impairment and the relationship of some aspects of disorganization with basic electrophysiological alterations which might represent biomarkers of this dimension.

Finally, moving from the evidence of significant levels of autistic traits in a substantial proportion of patients with schizophrenia (136, 137), the network add-on studies on this topic showed that patients with autistic traits represent a population of subject with schizophrenia, characterized by peculiar patterns of social and non-social cognitive impairment and deficits in real-life functioning, thus suggesting that these patients might benefit from specific and targeted interventions.

The network will continue to promote research in this field in order to improve the functional outcome of people suffering from schizophrenia, thus reducing the burden on patients, their families, and health care systems.
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Background: Negative symptoms represent a heterogeneous dimension with a strong impact on functioning of subjects with schizophrenia (SCZ). Five constructs are included in this dimension: anhedonia, asociality, avolition, blunted affect, and alogia. Factor analyses revealed that these symptoms cluster in two domains: experiential domain (avolition, asociality, and anhedonia) and the expressive deficit (alogia and blunted affect), that might be linked to different neurobiological alterations. Few studies investigated associations between N100, an electrophysiological index of early sensory processing, and negative symptoms, reporting controversial results. However, none of these studies investigated electrophysiological correlates of the two negative symptom domains.

Objectives: The aim of our study was to evaluate, within the multicenter study of the Italian Network for Research on Psychoses, the relationships between N100 and negative symptom domains in SCZ.

Methods: Auditory N100 was analyzed in 114 chronic stabilized SCZ and 63 healthy controls (HCs). Negative symptoms were assessed with the Brief Negative Symptom Scale (BNSS). Repeated measures ANOVA and correlation analyses were performed to evaluate differences between SCZ and HCs and association of N100 features with negative symptoms.

Results: Our findings demonstrated a significant N100 amplitude reduction in SCZ compared with HCs. In SCZ, N100 amplitude for standard stimuli was associated with negative symptoms, in particular with the expressive deficit domain. Within the expressive deficit, blunted affect and alogia had the same pattern of correlation with N100.

Conclusion: Our findings revealed an association between expressive deficit and N100, suggesting that these negative symptoms might be related to deficits in early auditory processing in SCZ.

Keywords: schizophrenia, negative symptoms, EEG, ERP, N100


INTRODUCTION

Negative symptoms represent an unmet therapeutic need in the care of subjects with schizophrenia (SCZ) (1, 2). Indeed, these symptoms do not respond satisfactorily to current available treatments and are regarded as one of the main determinants of the poor outcome of SCZ (1–6). According to the present conceptualization, negative symptoms are described as five individual symptoms: avolition (reduced interest and motivation for goal-directed activities), asociality (diminished social drive or interest and desire for affiliation), anhedonia (reduced ability to experience or anticipate pleasure), blunted affect (reduced intensity and range of emotional expression), and alogia (reduced spontaneous speech and loss of conversational fluency) (2, 7–10). Different factor analytic studies demonstrated the existence of two negative symptom domains, which are named as experiential domain, including anhedonia, avolition, and asociality, and the expressive deficit domain, including blunted affect and alogia (2, 8, 10–14). Clustering into two domains is also supported by studies that showed how these domains are associated with different behavioral and neurobiological alterations (8, 10, 15, 16). The experiential domain is associated with abnormalities in different aspects of the motivational processes, which might be related to the motivational value system (research domain criteria-RDoC-positive valence system) (17, 18) or to the salience system (8, 19). The former refers to motivational aspects such as reward prediction, value encoding, action outcome contingency learning, and the integration of goal-directed behavior and experienced value (8, 10, 16, 20–45). On the other side, the salience system refers to motivational aspects related to orientation toward salient stimuli (aversive or rewarding stimuli), cognitive activation, and general motivation (8, 46–48). Another hypothesis, which has not been entirely supported by previous studies (8), poses at the bases of the experiential domain deficits in the executive control of behavior (16, 49–53).

The pathophysiology of the expressive deficit domain has been less investigated, in comparison to the experiential domain (8). Symptoms that belong to the expressive deficit have been found to relate to deficits in neurocognitive and social cognition abilities and to neurological soft signs, suggesting that these symptoms are probably subtended by a diffuse neurodevelopmental disconnectivity (8, 54, 55). In particular, it is possible that the expressive deficit domain is related to limited availability of cognitive resources. According to this hypothesis, alogia might depend on deficits in semantic memory organization and verbal fluency. Furthermore, it has been suggested that in “high-load” situations (e.g., social situations) subjects might allocate less cognitive resources to speech production due to the high cognitive demands required from the surrounding environment (15). Another hypothesis has indicated emotion expression and emotion perception deficits as possible candidate mechanisms that subtend this domain and in particular blunted affect (15, 56, 57).

Electrophysiology (EEG), which is a non-invasive and inexpensive technique with a high temporal resolution, represents a valid method to identify abnormalities of cortical brain functions and to investigate the neurophysiological bases of different psychopathological aspects, such as negative symptoms (58–61). Specifically, the analysis of event-related potentials (ERPs) represents an objective tool to study mental processes, due to its high temporal resolution in capturing responses to internal and external events (62, 63). However, so far, findings regarding associations between ERPs and negative symptoms are scattered/scarce and often inconsistent. Three studies investigated abnormalities of reward anticipation and evaluation processes (assessed using the stimulus preceding negativity-SPN, P300, and N200) and their eventual association with negative symptoms (64–66). Wynn et al. (66) found that the SPN was associated with trait anhedonia and with the total negative symptoms score. P300 (64) and N200 (65) amplitude did not correlate with the two negative symptom domains, while the P300 amplitude was found to be associated with social anhedonia (64). However, other studies found that these ERP indices correlated also with other psychopathological aspects, for instance P300 was associated also to positive and disorganized dimensions. The inconsistence about previous findings might be due to different factors, such as the heterogeneity of negative symptoms, the improper conceptualization of these symptoms, the use of assessment instruments often not in line with the current conceptualization of negative symptoms and the small sample sizes of the studies.

Another ERP that has been extensively studied in SCZ is the N100, which is thought to measure early perceptual processing. N100 is one of the largest auditory and visually evoked ERP and can be visualized as a negative deflection peaking between 80 and 120 ms after the stimulus onset (67). The N100 has gained attention due to the fact that its alterations (a reduction in N100 amplitude and delayed latency of its peak) represent well-replicated findings in SCZ, since the early phases of the disorder (67–78). Furthermore, aberrations of N100 in schizophrenia include also deficits in N100 gating ratio probably due to decreased N100 amplitude to initial stimulus, whereas the N100 amplitudes to the repeated stimulus did not systematically vary between patients and controls (79). Previous findings demonstrated that abnormalities in sensory gating and decreased N100 amplitude might be associated with deficits in processing of auditory salience, auditory verbal hallucinations (80–82), antipsychotic intake (67), and attention deficits (83, 84). Subjects with primary and persistent negative symptoms demonstrated a reduction of N100 but not of other ERP components such as P300 (69, 85), suggesting a link between early information processing and primary negative symptoms.

Alterations in N100, reflecting deficits in gating and early sensory processing, are consistently found in SCZ, and contribute to poor outcome (86–88). Indeed, some “cascade” models have hypothesized that impairment in early visual and auditory processing might contribute to deterioration of higher-level processing, such as social cognition. These deficits might be related to negative symptoms and might contribute to impairment in functioning (86–88).

Therefore, it seems to be of great interest the investigation of eventual associations between N100 impairment and negative symptoms. However, also in this case findings are inconsistent. In particular, two studies investigated abnormalities in ERPs in subjects with deficit schizophrenia (subjects with primary and persistent negative symptoms) as compared to subjects with non-deficit schizophrenia and healthy controls (HCs) (69, 89). One study (69) reported an association between N100 and primary and persistent negative symptoms. The authors of this study found that subjects with deficit schizophrenia, as compared to subjects with non-deficit schizophrenia and HCs, had a reduction in N100 amplitude for target tones and also topographic abnormalities for standard tones in brain areas involved in the evaluation of motivational relevance of events, auditory discrimination, and memory retrieval (69).

In contrast, the study conducted by Li et al. failed to find any specific associations between primary and persistent negative symptoms and N100, since both subjects with deficit and those with non-deficit schizophrenia presented the same alterations in N100 (reduced amplitude and delayed latency) as compared to HCs (89). Other two studies did not find a significant correlation between N100 and negative symptom severity (90, 91). While in a small sample of men with recent-onset psychosis, a correlation was found between N100 and negative symptom severity (85). In particular, the authors reported that men with recent onset psychosis had lower right-anterior N100, as compared to HCs, and that this abnormality correlated with the severity of negative symptoms, measured with the positive and negative syndrome scale (PANSS) (92). Starting from the assumption that the main generator of the anterior N100 is the anterior cingulate cortex, these results suggested that negative symptoms might be due to abnormalities in anterior cingulate cortex in modulating signal to noise ratio (85).

However, the majority of the above-mentioned studies (85, 89–91) used first generation rating scales, such as the PANSS (92) and the scale for the assessment of negative symptoms (SANS) (93) to assess negative symptoms. These assessment instruments present some limitations, as they include aspects that actually are not conceptualized as negative symptoms, but are mostly related to cognitive functions and disorganization (2). Furthermore, the study of Li et al. (89) used a proxy from the PANSS for categorizing subjects with deficit and non-deficit schizophrenia. However, it has been demonstrated that the proxy for categorizing DS and NDS patients has some problems in terms of face validity and temporal stability (2). The association between N100 abnormalities with the two negative symptom domains in SCZ has never been investigated.

Therefore, in the light of above observations, our study aims to fill the gap investigating in SCZ the relationships between N100 and the two negative symptom domains, evaluated with state-of-the-art instruments, in a large sample of SCZ.

To achieve this aim, the study investigated: (1) the differences in N100 parameters between subjects with SCZ and HCs; (2) the associations between N100 parameters with negative symptom domains in SCZ.



METHODS


Study Participants

The study has been conducted as part of the add-on EEG study of the Italian Network for Research on Psychoses (3). One hundred and forty-eight SCZ and 70 HCs were recruited for the study, at five research sites in Naples, Foggia, Rome “Tor Vergata”, Rome “Sapienza”, and Salerno. The SCZ sample included individuals seen at the outpatient units of the five mentioned Italian university psychiatric clinics. All patients had a diagnosis of schizophrenia according to DSM-IV, confirmed with the Structured Clinical Interview for DSM IV-Patient version (SCID-I-P), and an age between 18 and 65 years.

The HCs sample was recruited from the community at the same sites mentioned above. Inclusion criteria for HCs were the absence of a current or lifetime Axis I or II psychiatric diagnosis. Exclusion criteria for both groups were: (a) a history of head trauma with loss of consciousness; (b) a history of moderate to severe mental retardation 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. Schizophrenia with treatment modifications and/or hospitalization due to symptom exacerbation in the last three months were excluded.

The Ethics Committee of the involved institutions approved the electrophysiological add-on study. The study has been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. All participants signed a written informed consent to participate after receiving a detailed explanation of the study procedures and goals.



Clinical and Neurocognitive Assessments

All subjects recruited were evaluated for sociodemographic variables such as age, education, and gender, through a clinical form filled using every available source of information.

For SCZ, a semi-structured interview, the Brief Negative Symptom Scale (BNSS) was used to assess negative symptoms (94, 95). The scale includes 13 items, organized into six subscales (blunted affect, alogia, avolition, anhedonia, asociality, and a control subscale named 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 (except distress for which the severity rating is reversed: 0 normal distress and 6 absent).

With regard to the two domains, the experiential domain was computed by summing the scores on the subscales anhedonia, avolition, and asociality; the expressive deficit was computed by summing the scores on the subscales blunted affect and alogia (94).

The PANSS was used to rate the severity of positive symptoms and disorganization (92). All items are rated on a 7-point scale from 1 to 7, ranging from absent (1) to moderate (4) to extremely severe (7). We also assessed depressive symptoms using the Calgary Depression Scale for Schizophrenia (CDSS) (96) and extrapyramidal symptoms using the St. Hans rating scale (SHRS) (97).



EEG Recording Procedure

EEGs were recorded using two highly comparable EEG recording systems: EASYS2 (Brainscope, Prague) and Galileo MIZAR-sirius (EBNeuro, Florence). Before starting the study, a harmonization of the amplifier settings and recording procedure was carried out to ensure the same settings in all the centers. All EEGs were recorded using a cap electrode system with 29 unipolar leads (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), which were placed following the 10–20 system. All the leads were referenced to the linked earlobes (a resistor of 10 kΩ was interposed between the earlobe leads). A ground electrode was placed on the forehead.

For artifact monitoring, a horizontal electro-oculogram (hEOG) was recorded from the epicanthus of each eye, and a vertical EOG (vEOG) from the leads beneath and above the right eye. All impedances of the leads were kept below 5 kΩ. The EEG data were filtered with a band-pass of 0.15–70 Hz and recorded with a sampling rate of 512 Hz.

A calibration was performed for all channels, using a 50 μV sine wave, before each recording session. Subjects were seated in a reclining chair, in a sound attenuated room, minimizing eye movement or muscle tension. Subjects performed an auditory “odd-ball” task during which 320 standard stimuli (1,500 Hz, 80 dB) and 80 target stimuli, deviant for their frequency (1,000 Hz, 80 dB), were played. Patient were asked to press the button as fast as possible upon the appearance of every target stimulus. Participants who scored <60% on the behavioral target detection task were excluded from the analysis.

Participants were instructed not to drink coffee or tea and to abstain from smoking cigarettes in the 2 h before the beginning of the recording session and did not take psychotropic medications in the morning. Information on the quality of sleep during the night prior to the recording was collected and the EEG session was postponed if the subject reported a non-restoring sleep.



EEG Data Preprocessing

One expert from the coordinating center (Naples) using Brain Vision Analyzer software (Brain Products, Munich, Germany) performed all the pre-processing analyses on data collected by the different recording sites. Data were parsed into epochs of 1,000 ms duration, which were time-locked to the onset of the cue and spanned from a 100 ms pre-stimulus period up to 900 ms post-stimulus. The recorded EEG was digitally filtered offline using a band-pass filter of 0.01–30 Hz. N100 waves were extracted in each subject by the averaging method in order to improve the signal/noise ratio, ruling out baseline activity not related to the stimulus. The N100 components for standard and target tones were analyzed separately. Trials with drifts larger than ±100 μV in any scalp electrode were rejected. If following artifacts and noisy trials removal, <40 usable target trials (50% of target trials) remained, the subject was excluded from the analysis. Data were baseline-corrected using the 100 ms time window preceding stimuli. N100 peaks were automatically marked using the “peak finder” function of Brain Analyzer, as the most negative peak point ranging from 80 to 120 ms post-stimulus. We analyzed amplitude and latency of N100 from the Fz, Cz, and Pz electrodes. Target stimuli also elicited a later auditory ERP known as the P3b, which is related to the allocation of attentive resources toward task relevant tones. Although the current study aimed to characterize the very early processing stages of auditory perception rather than higher-order processing phases, a control analysis was carried out to verify whether the later component was associated with negative symptoms. Findings concerning the difference between patients and controls for this component are reported elsewhere (Giordano et al., unpublished).



Statistical Analysis

All statistical analyses were computed using SPSS Version 22.0 (IBM Corporation, 2014). Normality tests were performed on demographic, clinical, and electrophysiological variables to test distribution of data in order to set up parametric or non-parametric tests.

Mann-Whitney U-Tests and χ2-tests were used to compare SCZ and HCs on demographic characteristics. N100 amplitude and latency were entered separately into a two-factor repeated measures ANOVA design, incorporating electrode × stimulus type × group, with electrode and stimulus type as within subjects' variables and group as between subjects' factors. The Huynh-Feldt correction was applied. Significant main and interaction effects were further analyzed by post-hoc comparisons with Bonferroni adjusted alpha level using independent samples t-test and Mann-Whitney U-test.

Pearson or Spearman rank correlations, based on normality test results, were performed to test the relationships between N100 amplitude and latency for standard and target stimuli separately at the three midline electrodes (Fz, Cz, and Pz) with negative symptom severity (BNSS total score) in SCZ. For all the correlations considered, Bonferroni-Holm correction was applied in order to control for type-I error inflation, accordingly to the number of tests (three tests for each stimulus type, p < 0.016). Only when a significant correlation of BNSS total score with N100 measures was observed, correlations of the same measures with the two negative symptom domains (experiential domain and expressive deficit), and their component symptoms were further assessed (p-value threshold corrected accordingly to the number of symptom domains). Furthermore, if correlations with negative symptoms were statistically significant, we performed partial correlations to exclude the influence of positive and extrapyramidal symptoms, disorganization, and depression.




RESULTS


Participants

One hundred and forty-eight SCZ and 70 HCs were originally enrolled as part of the add-on EEG study. However, 23 SCZ and 4 HCs did not complete the paradigm for the electrophysiological recording. Furthermore, 11 SCZ and 3 HCs were excluded either for the presence of artifacts in the ERP recordings or for poor behavioral performance on the active target recognition task. Thus, the final study sample consisted of 114 SCZ and 63 HCs.



Demographic and Clinical Characteristics

Data on relevant demographic and clinic characteristics are provided in Table 1. The gender ratio was significantly different between the two groups (χ2 = 7.214; p < 0.01) since in the SCZ group the number of male subjects was higher, as compared to HCs; the mean age was not significantly different between the two sample groups (U = 2982.00; p > 0.05). Furthermore, as expected, SCZ had significantly lower education as compared to HCs (U = 2759.00; p < 0.01). Schizophrenia were characterized by mild to moderate severity of the negative symptoms (BNSS total score of 34.75) and absent to mild severity of both positive and disorganization dimensions (PANSS mean dimension score <9 for both). They had a low mean level of depression (CDSS total score <4) and of Parkinsonism (SHRS Parkinsonism score <1).


Table 1. Demographic characteristics and illness related variables.
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Group Comparison on N100 Amplitude and Latency

Mean values of N100 amplitude (Table 2) and latency (Table 3) were calculated for SCZ and HCs.


Table 2. Comparisons of N100 mean amplitude for standard and target stimuli between subjects with schizophrenia and healthy controls.
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Table 3. N100 mean latency for standard and target stimuli in subjects with schizophrenia and healthy controls.
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No significant electrode × stimulus × group interaction [F(1.724, 301.67) = 0.906; p > 0.05] on N100 amplitude was detected. A significant main effect of the electrode was recorded [F(1.772, 310.18) = 354.03; p < 0.001; highest peaks amplitude recorded on Fz and Cz electrodes], while no significant electrode × group interaction was detected (p > 0.05). A significant main effect of the stimulus type was observed [F(1, 175) = 27.658; p < 0.001; higher peak amplitude on target trials], but this was not influenced by group (p > 0.05). Finally, a main effect of group was found [F(1, 175) = 20.272; p < 0.001]. Given the above group main effect and influence of stimulus type and electrode, the difference between the two groups were further investigated at each electrode level, separately for standard and target stimuli. Post-hoc analysis showed that remarkable reductions (p < 0.001) in N100 amplitude could be observed both in standard and target stimuli (lower N100 absolute value in SCZ; Figure 1; Table 2).


[image: Figure 1]
FIGURE 1. Grand-average N100 waves elicited by standard (top) and target (bottom) stimuli on the three midlines electrodes for subjects with schizophrenia (SCZ) and healthy controls (HCs). Following stimulus onset, the N100 component was measured in a time window within 80–120 ms. The potential was filtered between 0.01 and 30 Hz to optimize scoring of the N100 component.


No significant interaction group × electrodes × stimulus type was detected for N100 latency [F(1.757, 307.55) = 0.550; p > 0.05]. No significant electrode × group interaction or main effect of electrode was found (p > 0.05). A significant main effect was detected for stimulus type [F(1, 175) = 15.976; p < 0.001; longer latency for target stimuli], which was not affected by the group variable (p > 0.05).

Finally, no significant main effect of group was detected [F(1, 175) = 0. 542; p > 0.05]. Given the absence of a main effect of group, no post-hoc analysis for N100 latency was implemented (Table 3).



Correlation Analysis Between N100 Characteristics and Negative Symptoms

Correlations between N100 features and severity of negative symptoms, assessed through the BNSS total score, were initially performed. Correlations between BNSS total score and N100 amplitude and latency are reported in Tables 4, 5, respectively. We found that N100 amplitude recorded at Fz elicited by standard stimuli correlated with the BNSS total score (rs = 0.241; p = 0.011) (Figure 2; Table 4). No significant associations between N100 latency and BNSS total score were observed (Table 5).


Table 4. Correlations between N100 amplitude for standard and target stimuli and BNSS total score in SCZ.
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Table 5. Correlations between N100 latency for standard and target stimuli and BNSS total score in SCZ.
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FIGURE 2. Correlations between standard-stimuli N100 amplitude (Fz electrode) with the BNSS total score (A) (rs = 0.241; p = 0.011) and the expressive deficit domain (B) (rs = 0.296; p = 0.002) in subjects with schizophrenia. Both correlations remained significant after controlling for the possible confounding effects of positive symptoms, extrapyramidal side effects, depression, and disorganization.


Furthermore, when we considered the two domains of negative symptoms, we found a different pattern of correlations between these domains and N100 amplitude. In particular, while a correlation was observed between N100 amplitude (standard stimuli–Fz electrode) and the expressive deficit domain (rs = 0.296; p = 0.002) (Figure 2; Table 6), no significant correlation was found for the experiential domain (rs = 0.188; p = 0.051) (Table 6). Since the p-value of this last correlation was close to the threshold value, we performed an exploratory analysis focusing on the correlations between N100 amplitude and all the symptoms constituting the experiential domain (avolition, anhedonia, and asociality). The correlations between the N100 amplitude and avolition (rs = 0.075; p = 0.445) and asociality (rs = 0.040; p = 0.686) were not statistically significant, while the correlation with anhedonia did not survive correction for multiple tests (rs = 0.205; p = 0.035).


Table 6. Correlations between N100 amplitude (standard stimuli–Fz electrode) and negative symptom domains.
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Finally, within the expressive deficit, both blunted affect (rs = 0.240; p = 0.011) and alogia (rs = 0.253 p = 0.007) had the same pattern of correlation with N100 (Table 6). All correlations remained significant after controlling for the possible confounding effects of positive symptoms, extrapyramidal side effects, depression, and disorganization.



Control Analysis of Correlations of P3b With Negative Symptoms

No association of P3b with negative symptoms was observed in the study. In particular, no significant correlations were found between P3b amplitude and the BNSS total (rs = −0.054; p = 0.575) or the experiential (rs = −0.053; p = 0.577) and the expressive deficit (rs = −0.060; p = 0.533) domains. Finally, no significant correlations were found between P3b latency and the BNSS total (rs = −0.046; p = 0.635) and the experiential (rs = −0.037; p = 0.701) and the expressive deficit (rs = −0.083; p = 0.387) domains.




DISCUSSION

The current study aimed to investigate auditory-elicited N100 in SCZ and its association with negative symptom domains. The two main aims were: (1) to identify differences in N100 amplitude between SCZ and HCs; (2) to investigate the presence of associations between N100 and negative symptom domains (experiential and expressive deficit) in SCZ. The main results of our study included: (1) N100 amplitude was reduced in SCZ, compared to HCs, while no significant differences were detected in N100 latency between the two groups; (2) negative symptoms, assessed by BNSS scale, showed an association with N100 amplitude for standard stimuli; (3) expressive deficit, but not the experiential domain, was associated with N100 amplitude; and (4) both blunted affect and alogia were associated with N100 amplitude.

N100 amplitude was reduced in SCZ compared to HCs, for both standard and target stimuli. These results are in line with previous literature findings, which robustly documented diminished N100 amplitude in SCZ (67–71, 73, 76, 77). Abnormalities of N100 are already detectable in early stages of the disease and in high-risk individuals (74, 75) and, therefore, have been proposed as indicators of brain functional changes related to schizophrenia vulnerability (98). In line with this hypothesis, N100 amplitude deficit has also been recorded in unaffected first-degree relatives of subjects with SCZ (72). Using topographic analysis, such as low-resolution electromagnetic tomography analysis (LORETA), it is possible to detect the main brain areas involved in N100 generation: the primary auditory cortex, the dorsolateral prefrontal cortex, and the anterior cingulate (69, 99). Abnormalities in these areas, along with widespread connectivity alterations are consistently reported in neuroimaging studies conducted in SCZ (8, 100, 101).

The N100 is regarded as an index of early visual and auditory processing, which is also influenced by selective attention and unpredictability of the stimuli. Therefore, the reduction in N100 amplitude in SCZ is interpreted as a deficit in early sensory processing of the stimulus, an aspect well documented in schizophrenia both through behavioral and neurophysiology studies, since the earliest stages of the disease (67, 70, 75, 79, 85). Deficits in early visual and auditory processing, along with aberrations in the integration of simultaneous and multisensory stimulation, might lead to impairment also in higher-level functions (86, 102–105).

The second part of our study aimed to evaluate the relationship between N100 and negative symptoms. Previous studies have found an association between dysfunctions in N100 elicitation in SCZ and auditory hallucinations (80–82), antipsychotic intake (67), attention deficits (83, 84), and negative symptoms (69, 85).

As reported in the Introduction, the association between N100 abnormalities and negative symptoms remains unclear since results reported by different studies are inconsistent (69, 85, 89–91). However, the majority of the above-mentioned studies (85, 89–91) used first generation rating scales, such as the PANSS (92) and the SANS (93) to assess negative symptoms. These assessment instruments present some limitations, as they include aspects that actually are not conceptualized as negative symptoms, but are mostly related to cognitive functions and disorganization (2). In addition, previous studies did not investigate associations between N100 and the two negative symptom domains.

In a large sample of stabilized subjects with chronic schizophrenia, our study demonstrated a relationship between N100 abnormalities with negative symptoms. The strength of this finding stem from fact that negative symptoms were evaluated with the BNSS, a second-generation rating scale in line with the current conceptualization of negative symptoms, and that as documented by partial correlation analysis, this outcome was not mediated by positive symptoms, extrapyramidal side effects, disorganization, or depression, frequently causing secondary negative symptoms within negative symptoms, the expressive deficit domain was strongly correlated with N100 amplitude, as compared to the experiential domain. In particular, although the p-value of association between the experiential domain and the N100 was close to threshold, none of the symptoms belonging to this domain was significantly correlated with N100 amplitude, while the expressive deficit domain and its subcomponent symptoms were correlated with N100.

The presence of an association of N100 amplitude with only one of the two negative symptom domains is in agreement with previous results that suggest the existence of separate neurobiological mechanisms at the core of the experiential domain and expressive deficit (8, 10, 15, 16, 37, 58).

Indeed, neuroimaging studies have provided a rich evidence of the possible faulty neuronal circuits underlying the two domains of negative symptoms. The experiential domain seems to be related to abnormalities in brain networks regulating different aspects of motivation, and probably to impairment in executive functions. On the other side, the pathophysiological mechanisms at the basis of the expressive deficit domain remain less understood (8, 10, 15, 16). This domain of negative symptoms has been related to deficit in neurocognitive skills, social cognition abilities, and neurological soft signs, which comprise also subtle deficits in sensory integration, along with motor coordination, and sequencing of complex motor acts (8). These associations seem to pinpoint that this domain is related to a diffuse neurodevelopmental disconnectivity.

According to the hypothesis of the limited cognitive resource, expressive deficit symptoms, in particular alogia, might depend on deficits in different cognitive functions, such as semantic memory organization and verbal fluency. Starting from limited cognitive resources, in “high-load” situations (e.g., social situations) subjects are exposed to high cognitive demands and might allocate less cognitive resources to speech production (15). As we have reported above, reduced N100 amplitude is an index of deficits in sensory processing and sensory gating, a well-replicated finding in SCZ. It has been proposed that alterations in sensory gating of N100 cause sensory flooding and defective processing of information to the brain, contributing to the symptoms of SCZ (91). Given the relationship between N100 and sensory processing deficits, our study demonstrated a connection between deficits in sensory processing with negative symptom severity, in particular those belonging to the expressive deficit. A possible interpretation of this connection is based on some “cascade” models that have hypothesized that impairment in early sensory processing might contribute to deficits in higher-level processing which are related to negative symptoms, leading to poor functioning (86–88, 106).

Certain limitations of this study should be taken into account. For instance, age and pharmacological treatment might have had an impact on our results. In our study, we used a sample in which subjects were matched for age: therefore, we could exclude the effect of age on the differences between HCs and SCZ. With regard to medication, we excluded the confounding effect of medication on correlation between N100 and negative symptoms, using partial correlation analysis in which we controlled for extrapyramidal symptoms that might cause secondary negative symptoms. However, further studies including drug-naïve subjects at their first episode, as well as subjects at high risk for psychosis, using a proper characterization of negative symptoms, are needed in order to disentangle different neurobiological underpinnings of negative symptom domains.



CONCLUSIONS

In conclusion, in line with previous studies, our results suggested that chronic individuals with schizophrenia are affected by neurophysiological abnormalities in early stages of auditory processing, as indexed by reduced N100 amplitude. In addition, we reported a correlation between reductions of N100 amplitude and severity of the expressive deficit domain, while no correlation was found with the experiential domain. These results reinforce the hypothesis of separate neurophysiological correlates of the two negative symptom domains. Furthermore, previous models have hypothesized a concatenation of pathological features starting from impairment in early sensory processing up to deficits in higher-level processing that could lead to negative symptoms, and finally might contribute to poor functioning in real life. Further studies, including large sample sizes, a proper characterization of negative symptoms, and an analysis of pathways to functional outcome, are needed.

Improving knowledge in the pathophysiology of different aspects of negative symptoms and their relative contribution to poor functioning is one of the main goals of the research, since it could help in the design and implementation of effective treatments for negative symptoms, which unfortunately still represent an unmet need in the care of SCZ.
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Objective: The relationship between negative symptoms and neurocognitive performance in schizophrenia is well documented, but the mechanism of these connections remains unclear. The study aims to measure the relationship between the results on the new scales for the assessment of negative symptoms such as Brief Negative Symptom Scale (BNSS) and Self-evaluation of Negative Symptoms (SNS), and the results of some neurocognition tests. The second aim is to assess a possible gender effect on these associations.

Methods: The study included 80 patients (40 men, 40 women) with schizophrenia, aged 19–63 (mean 38 years), during the improvement period (total PANSS score <80, unchanged pharmacological treatment in the last 3 weeks). They were assessed using the BNSS, SNS, Personal and Social Performance (PSP) scales, and the tests for neuropsychological performance such as the Trail Making Test (TMT-A, TMT-B), Stroop Color-Word Interference Test, Verbal fluency tests (VFT), Category fluency test (CFT), and Digit Symbol Substitution Test (DSST).

Results: Male patients obtained higher scores than females on some PANSS and BNSS items. No gender differences were observed for the SNS scale. Female patients scored better in the PSP and CFT. In male patients, a significant positive correlation between the intensity of negative symptoms measured by the BNSS and the results of PSP with the Trail Making Test was observed. In female patients, we found a positive correlation between the results of BNSS and PSP with the Stroop Color-Word Interference Test.

Conclusion: The obtained results confirm the relationship between negative symptoms and neurocognition in schizophrenia patients. However, in male and female patients such association was observed for different cognitive domains. Further research is needed to explain the nature of these differences.

Keywords: self-evaluation of negative symptoms, negative symptoms, neurocognition, brief negative symptom scale, schizophrenia


INTRODUCTION

Schizophrenia is a multidimensional disorder, the disease syndrome consists of positive, negative, disorganized, and affective symptoms with varying degrees of intensity, accompanied by disorders of neurocognition and social cognition. Many studies focus on assessing the mutual relations between these domains. The relationship between negative symptoms and cognitive impairment is well documented (1), it seems to be stronger (2) than for positive (3) and affective symptoms (4). The mechanism of these connections, however, remains unclear (5), the obtained results are heterogeneous, and there are also methodological controversies.

Negative symptoms and cognitive impairment share many things in common. Their frequency, course, prognostic significance, and correlation with many aspects of daily functioning are similar (6). In most studies, the severity of both disorders negatively correlates with each other (7, 8). It should be noted, however, that there are also studies in which no correlation between negative symptoms and neurocognition was found (9, 10).

To explain these discrepancies, Harvey et al. (6) suggest the possibility of the occurrence of as many as four different models of the relationship between negative symptoms and cognitive impairment. Both disorders are a common dimension of the disease, both disorders are a separate dimension but with a similar etiology, each disorder has a separate etiology but with some common elements, and finally both disorders are a separate dimension and have a separate etiology. Summing up, the authors support the conclusion that both symptoms are separate, a similar position is taken by Yolland et al. (11). In their work, they did not observe the relationship between the severity of negative symptoms and cognitive impairment, which led them to suggest that negative symptoms and neurocognition are separate constructs and require separate therapeutic strategies.

Despite the above reservations, it seems that the mutual relationship between these two symptoms is more complex and multidimensional. Harvey et al. (6) indicate that cognitive disorders appear even before the clinical onset of psychosis and, similarly to negative symptoms, can be referred to as “early symptoms,” which allows treating them as a neurodevelopmental component of schizophrenia. Ventura et al. (7) point out that negative symptoms may mediate between cognitive impairment and functional outcome, for Velligan et al. (12) negative symptoms are a behavioral consequence of cognitive impairment.

Harvey et al. (6) also indicate that the relationship between negative symptoms and cognitive impairment depends on the definition of negative symptoms while emphasizing that negative symptoms are defined based on the clinical picture, and cognitive disorders based on the tests performed. Additionally, the definition of negative symptoms differs depending on whether we are dealing with primary or secondary negative symptoms. Thus, patients with stable negative symptoms forming the deficit syndrome are characterized by a significant intensification of cognitive disorders (13).

As indicated by Milev et al. (2), the type of research tool used has a significant impact on the obtained results. In the research so far, the most frequently used scale is the Positive and Negative Syndrome Scale (PANSS). Some symptoms of cognitive nature (deficits in abstract thinking, stereotyped thinking, poor attention) are defined as negative or as general symptoms of schizophrenia by the PANSS. SANS also describes behavioral disorders such as deficits in social, occupational, and educational activity as negative symptoms, the same problem applies to attention disorders treated as negative symptoms (6). In a large systematic review of studies assessing the relationship of schizophrenia symptoms, including negative ones, with cognitive impairment, the authors cited the results of 18 studies from 2008-2019, none of the research protocols included the so-called 2nd generation scales for the assessment of negative symptoms, taking into account the NIMH- MATRICS consensus statement on negative symptoms (14, 15).

The nature and structure of the scales used so far lead, as noted by Alpert et al. (16) to evaluate individual items of negative symptoms through the prism of the global assessment of the clinical picture, which significantly affects the obtained results.

It also seems important to consider sex differences in research protocols that affect the age of onset of the disease, premorbid adjustment, course, and expression of clinical symptoms, which is particularly important in the context of the assessment of cognitive disorders and their relationship with negative symptoms (17).

Significant gender effects have been observed in schizophrenia for both negative symptoms and neurocognition. Moriarty et al. (18) suggested that negative symptom severity is greater in male patients. This was confirmed in subsequent research of Galderisi et al. (19) as well as our recent study as to the assessment on the BNSS scale (20).

The results of studies assessing the relationship between gender and cognitive processes in patients with schizophrenia are inconclusive. Some studies have reported superior cognitive function in women, others found the opposite or no gender difference, while some observed a reversal of normal sexual dimorphism (21). In numerous studies, men with schizophrenia performed worse in terms of cognitive functions, both in comparison with the control group (22) and female patients (23, 24). Only a few studies have shown better neurocognitive performance in men compared to women with schizophrenia (25, 26). There are also studies showing no difference in terms of neurocognition between men and women with schizophrenia (27, 28). As a factor assisting better cognitive performance in women with schizophrenia, estrogen and its neuroprotective role in the body are most often indicated (17, 29).

It seems that the endocrine system and its influence on the central nervous system are more closely related to the development of schizophrenia and sexual differences in the course of this disease than previously thought (30). Recent studies show that structural plasticity of the brain is regulated by hormones (31), not only in the systemic aspect, but also in the local–the brain is also capable of locally generating estrogens, either from androgens and possibly also directly from cholesterol (32, 33). The estrogen hypothesis is supported by late-onset age and second incidence peak around menopausal age in women. Indeed, estrogen deficiency is highly related to the severity of psychiatric symptoms in women during menopause (34). For example, female schizophrenia patients often have more severe symptoms in the low estrogen phase of their menstrual cycle (35). Interestingly, the negative correlation between plasma estrogen levels and schizophrenia symptoms was also reported in male patients (36). The biochemical nature of the neuroprotective effects of estrogens has not been fully identified yet, but a number of studies points to a direct implication of the dopaminergic system, in addition to glutamate and GABA (37). When it comes to testosterone, studies found that low levels of testosterone appear to be associated with more severe symptoms, although results are less consistent than for estrogens (38). For instance, studies found that schizophrenia patients with low levels of testosterone often have predominantly negative symptoms, and serum testosterone levels are associated with greater severity of negative symptoms (39). Another important hormone associated with the pathogenesis of schizophrenia appears to be oxytocin. Several studies suggest that schizophrenia patients with higher levels of plasma oxytocin develop fewer psychotic symptoms (40), and have better cognition (41). Oxytocin is thought to regulate central dopamine, and might therefore exhibit antipsychotic effects (42).

The study aims to evaluate the relationship between negative symptoms assessed by the so-called 2nd generation scales such as the Brief Negative Symptoms Scale (BNSS) (43), and the Self-evaluation of Negative Symptoms (SNS) (44), with neuropsychological performance, in patients with chronic schizophrenia. The hypothesis was put forward postulating that such a relationship can be connected with gender.



METHODS


Study Design and Participants

This is a cross-sectional study. The study participants were recruited among subjects attending the outpatient and inpatient unit of the Department of Adult Psychiatry, Poznan University of Medical Sciences. The recruitment was carried out from October 31, 2016, to July 15, 2017.

Eighty patients (40 male, 40 female), aged 19–63 (mean 38 ± 11) years, with a diagnosis of schizophrenia, according to ICD-10 and DSM-5 were included. Their onset of illness was 26 ± 8 years, the duration of illness was 12 ± 9 years, and the number of hospitalization was 6 ± 6. They were either inpatients (60 subjects) or were under the care of the outpatient clinic (20 subjects), at the Department of Adult Psychiatry, Poznan University of Medical Sciences. All patients remained in the phase of symptomatic stabilization defined as achieving a total PANSS score of the maximum of 80 points. They received unchanged pharmacological treatment in the last 3 weeks (inpatients) or 3 months (outpatients). Four male and four female patients were treated with haloperidol. The remaining subjects received atypical antipsychotics (olanzapine, clozapine, aripiprazole, risperidone, quetiapine, amisulpride, and ziprasidone) the proportion of which was comparable in male and female patients.

Participants with significant physical, visual, verbal impairments, neurological disorders, and substance abuse or dependence, were excluded.

The local Ethics Committee approved the study (Agreement no 1122/16), and it was performed in accordance with the ethical standards of the Declaration of Helsinki (45). All participants signed a written informed consent to participate in the study, after receiving a detailed explanation of the study's procedures and goals.



Neuropsychological and Clinical Assessment
 
General Psychopathological Assessment

The Positive and Negative Syndrome Scale (PANSS) PANSS was developed by Kay et al. (46). It is a 30-item rating scale developed specifically to assess patients with schizophrenia. It is divided into three subscales, a positive scale with seven positive symptoms (P1-P7), a negative scale with seven negative symptoms (N1-N7), and a general psychopathology scale with 16 items (G1G16). Psychopathology severity is defined as 1 = absent; 2 = minimal; 3 = mild; 4 =moderate; 5 = moderate-severe; 6 = severe; 7 = extreme.



Assessment of Negative Symptoms
 
The Brief Negative Symptoms Scale

The BNSS was developed by Kirkpatrick et al. (43). The scale defines negative symptoms as the absence or decrease in behaviors and subjective experiences that are normally present in a person from the same culture and age group. The scale has 13 items organized into six subscales: anhedonia (intensity and frequency of pleasure, the intensity of expected pleasure), distress (subject's experience of unpleasant or distressing emotion of any kind, such as sadness, depression, anxiety, grief, anger), asociality (reported as reduced social activity accompanied by decreased interest in forming close relationships with others–behavior, internal experience), avolition (reported as a reduction in the initiation of and persistence in activity–behavior, internal experience), blunted affect (which refers to a decrease in the outward expression of emotion–facial expression, vocal expression, gestures), and alogia (reported as poverty of speech–the quantity of speech, spontaneous elaboration of speech). The examination is of an interview nature, based on a manual including, among other things, prompts and suggested questions. All items are rated on a 7-point scale (0–6), with anchor points ranging from a symptom being absent (0) to severe (6). The time frame for the ratings is 1 week. The basis for the interview is provided by the patient–participant observation also constitutes an important element–or, if needed, data obtained from external sources. The Polish version of BNSS was used in the study (47).



The Self-Evaluation of Negative Symptoms

The SNS was developed by Dollfus et al. (44). The scale evaluates all five groups of negative symptoms, i.e., social withdrawal, blunted affect, avolition, anhedonia, and alogia. Social withdrawal (asociality) assesses social relationships as well as the patient's propensity to establish new relationships; diminished emotional range (blunted affect) reflects a presence of happiness or sadness in situations in which they are usually felt; avolition relates to motivation, energy level and the ability to achieve goals; anhedonia describes the experienced and expected pleasure; alogia (poverty of speech) is evaluated by the subjective assessment of the examined person. The scale contains 20 items, four items for each negative symptom, and the evaluation pertains to the previous week. For maximal simplification, the number of responses was limited to 3: “strongly agree” scoring 2, “somewhat agree” scoring 1, and “strongly disagree” scoring 0. The total score is the sum of the 20 items, ranging from 0 (no negative symptoms) to 40 (severe negative symptoms). The Polish version of SNS was used in the study (48).




Assessment of Social Functioning

The Personal and Social Performance scale (PSP) evolved based on the social functioning component of the DSM-IV Social and Occupational Functioning Assessment Scale (SOFAS) as an effort to assess social functioning in schizophrenia. It is being proposed as an improvement over the Global Assessment of Functioning (GAF) scale and SOFAS. PSP is a 100-item scale, divided into 10 similar intervals. The score is based on the assessment of patient's performance in four categories: socially useful activities, personal and social relationships, self-care, disturbing and aggressive behavior. PSP provides a score between 1 and 100, divided into 10 equal intervals to rate the degree of difficulty. Higher scores represent better personal and social functioning (49).



Assessment of Neurocognition
 
Trail Making Test (TMT-A, TMT-B)

Trail Making Test is used to assess working memory and as an indicator of visual scanning, graphomotor speed, and executive function. In part A, the subject is asked to connect the circles marked with numbers from 1 to 25 as quickly as possible, which allows the measurement of psychomotor speed. In part B, the subject's task is to as quickly as possible connect the circles marked with numbers 1–13 and letters A-L in the order 1-A-2-B-3-C, etc. This operation requires keeping two different sequences of numbers and letters in working memory. The result of the test is the time and correctness of parts A and B of the test (50). We also calculated the TMT B-A difference as proposed in recent studies (51).



Stroop Color–Word Interference

Test Stroop Color–Word Interference Test is used to evaluate verbal working memory. The test consists of two parts. In the first one (Reading Color Names in Black, RCNb, Stroop A), the respondent is asked to read the words (color names) written in black on a white sheet as soon as possible. In the second part (Naming Color of Word different, NCWd, Stroop B), the respondent's task is to name the font color of individual words, whereby the font color of the word is different from the color indicated by him. This activity requires a change in the form of reaction (switching from content to color). The result of the test is the time needed to complete the first and second parts and the number of incorrect answers (52). The difference between Stroop B-A was also calculated (53).



Verbal Fluency Tests and Category Fluency Test

Verbal fluency tests and Category fluency test are used to evaluate speech functions, and semantic memory access and executive functions. The tests assess the ability to pronounce words fluently in accordance with a specific criterion in a given time (for 60 seconds). This criterion is a given letter (in VFT) or category (in CFT). In the Polish version used in the study, in the part assessing verbal fluency, the respondent's task is to list for 1 min as many words starting with the letters of the alphabet as possible: K, O, S, and in the part assessing categorical fluency, the greatest number of words from three categories: animals, vegetables, fruits (54, 55).



Digit Symbol Substitution Test

Digit Symbol Substitution Test is a wordless test on the Wechsler Adult Intelligence Scale (WAIS-R). It is used to evaluate motor speed, attention, and visuoperceptual functions. The task of the examined person is to assign symbols to digits according to a given key within a specified time (90 s). The result of the test is the number of correctly assigned symbols (56, 57).





Statistics

Continuous data is presented as means and standard deviations. Except of the descriptive statistics the effect size was denoted (d Cohen). The Shapiro-Wilk test was applied to check if data follow the normal distribution. Because the data of BNSS, SNS, and PSP were consistent with a normal distribution, the gender differences were assessed by the two-tailed t-test. The data of neurocognitive tests was not normally distributed which is why the Box-Cox transformation of non-normal dependent variables was performed in order to assess a normal shape. Additionally, the Benjamini–Hochberg adjusted p-value for multiple comparisons was calculated. Statistical relationships between BNSS, SNS, PSP and the results of neurocognitive tests were calculated using Pearson correlation coefficient. The statistical analysis was performed with the use of TIBCO Software Inc. (2017). Statistica (data analysis software system), version 13. http://statistica.io. All test were considered significant at p < 0.05.




RESULTS

The mean age of women with schizophrenia was higher than men (41 vs. 35, p = 0.048), the mean number of years of education was greater in the group of women than in men (13 vs 12, p = 0.046). There was no gender difference in disease duration and number of hospitalizations (see Table 1).


Table 1. Demographic characteristics of the study group.

[image: Table 1]

The comparison of the results of psychometric tests in male and female schizophrenia patients is shown in Table 2.


Table 2. The comparison of the results of clinical and psychometric tests in female and male schizophrenia patients.
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Among the PANSS scores, there was a significantly higher score on negative symptoms and total score in male patients (both p < 0.05, d Cohen 0.6, medium effect size). On the BNSS scale, there was a significantly higher score of male patients in subscales of distress (p = 0.01, d Cohen 0.7) and asociality (p = 0.05, d Cohen 0.6). There was also a tendency (p < 0.1, d Cohen 0.5) for the higher total BNSS score. No gender differences were found as to the assessment on the SNS scale.

Female patients scored significantly better on the PSP scale (68.1 vs. 60.7, p = 0.021, d Cohen 0.5)

The comparison of the results of neurocognition tests in male and female schizophrenia patients is shown in Table 3.


Table 3. The comparison of the results of neurocognition tests in female and male schizophrenia patients.
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No significant gender differences were observed except that female patients performed significantly better on the Category Fluency Test (p < 0.001, d Cohen 1.0).

The relationships between the results of women and men on the BNSS, SNS, and PSP scales and the results of neurocognitive tests are shown in Table 4.


Table 4. Relationships between the results of men and women on the BNSS, SNS, and PSP scale and the results of neurocognition tests.
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In male patients, we found a significant positive correlation between BNSS total and subscales and a significant negative correlation between the results on PSP with the Trail Making Test (TMT-A, TMT-B).

In female patients, a significant positive correlation between the intensity of negative symptoms measured by the BNSS total and most subscales, and the results of Stroop B was found. The BNSS asociality correlated with the results of Stroop A. The intensity of negative symptoms measured by the SNS sum, social withdrawal, and anhedonia subscale correlated with the results of Stroop A. A significant negative correlation between the results of PSP with the results of both Stroop A and B was observed.



DISCUSSION

The results obtained may indicate gender differences in schizophrenia patients in the assessment of negative symptoms and personal and social performance as well as in the correlations between negative symptoms and the results of neurocognitive tests. In male patients, the higher score on BNSS and worse results on PSP make a corroboration of our previous work (58). Also, the better results in schizophrenic women on PSP were recently confirmed by Spanish investigators (59).

The main aim of our study was to investigate the correlation between negative symptoms and neurocognitive functions. Such correlation of negative symptoms with various indexes of neurocognition has been described in many papers (5, 6, 60). In all these studies, the negative symptoms were assessed by the PANSS. However, in a recent validation of the BNSS in Korean patients with schizophrenia, a correlation of negative symptoms assessed by this scale with neurocognitive tests of verbal memory, processing speed, and attention was found (61).

Recently, Eack and Keshavan (62) suggested three potential underpinnings of such correlation. First, that cognitive and negative symptoms share similar underlying pathophysiology giving rise to their overlap and impact on functioning. Second, that cognitive impairment leads to greater negative symptoms and reduced functional performance, and third, that negative symptoms lead to impaired cognitive abilities that drive poor functional outcomes. In this respect, is of importance the paper of Luther et al. (63) in which in the 20-year longitudinal study, it was found that greater negative symptoms predicted reduced neurocognition and indirectly–impaired work functioning.

In our research, the results of the neurocognitive tests were numerically worse in males, however, the only significant difference was in the category fluency. Whereas, significant correlations between negative symptoms and the results on some neurocognitive tests were obtained. However, in male and female patients they were observed for different cognitive tests. In males, a significant positive correlation between the intensity of negative symptoms measured by the BNSS and the Trail Making Test was observed. In female patients, we found positive correlations between the results of the BNSS and Stroop Color-Word Interference Test. Interestingly, similar correlations in male and female schizophrenia patients were obtained between these neurocognitive tests and the results of the PSP scale.

Therefore, the most intriguing result of our study is a relationship obtained in male and female schizophrenia patients between negative symptoms and social functioning, with different cognitive domains. In men, increased negative symptoms and worse functioning were correlated with inferior results of TMT test measuring visual attention and task switching, while in female patients such correlations were obtained with a worse outcome of the Stroop test, assessing the ability to inhibit cognitive interference. Probably, it can be speculated that these clinical and functioning disturbances are mostly underpinned by different cognitive factors depending on gender.

Why impaired cognitive abilities involved in the Trail Making Test are related to the intensity of negative symptoms and social performance in men but not in women? It can be speculated that in men, impaired psychomotor speed, attention, and mental flexibility are more important than in women for a generation of negative symptoms and social functioning. A similar question can be asked, why impaired performance on the Stroop test is related to the intensity of negative symptoms and social performance in women but not in men? Probably, in women, impaired ability to inhibit cognitive interference is more important than in men for a generation of negative symptoms and social functioning.

Regardless of the neurophysiological mechanisms of these differences, the results may point to distinctive features of negative symptoms in male and female schizophrenia patients. This was also shown in our recent study in which in female patients, a significant positive correlation between the intensity of negative symptoms measured by the BNSS scale and the concentration of high-density lipoprotein (HDL) cholesterol, and a trend for negative correlation with BMI was observed. Whereas, such correlations were not found in male patients (58).

The study suffers from four major limitations. First, the experimental sample consisted of chronic and clinically stable subjects with schizophrenia and did not include a control group (e.g., healthy controls). Second, we did not include the measure of IQ, which is important for cognitive functioning in schizophrenia and potential differences between groups. Third, the study took place in a controlled environment, which resulted in a low ecological validity of the used neuropsychological assessment, consequently, it is more difficult to generalize the study's findings. Last, but not least, the chlorpromazine equivalents of drugs that were administered to patients and which may have an important role for cognitive functioning in schizophrenia were not recorded in the study. Given the importance of the above limitations, future research should take them into account.

In conclusion, the results obtained confirm the relationship between negative symptoms and neurocognition in schizophrenia patients, although for different cognitive domains, depending on gender. Considering the above aspects together seems to be important from a clinical point of view, as suggested by Li et al. (34). Consideration of gender differences in schizophrenia provides an important insight for understanding the sex-specific characteristics of the disease's onset, symptoms, and the opportunity to deliver sex-specific treatments and care for schizophrenia. The above observations have already been reflected in previous studies in which an integrated therapeutic approach with the combination of neurocognition and social cognition might be a more effective approach to treating the symptomatology of people with schizophrenia (1, 64).

Further research is needed to confirm these findings and to explain the nature of these differences. It seems particularly important to correctly define negative symptoms, to standardize tools for the assessment of neurocognition, and in the aspect of gender differences-to take into account such differentiating factors as the endocrine system or molecular-genetic findings. Study design should also take into account ecological validity in subsequent studies, to predict better behaviors in real-world settings.
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Background: Early-onset psychosis (EOP) is among the leading causes of disease burden in adolescents. Negative symptoms and cognitive deficits predicts poorer functional outcome. A better understanding of the association between negative symptoms and cognitive impairment may inform theories on underlying mechanisms and elucidate targets for development of new treatments. Two domains of negative symptoms have been described in adult patients with schizophrenia: apathy and diminished expression, however, the factorial structure of negative symptoms has not been investigated in EOP. We aimed to explore the factorial structure of negative symptoms and investigate associations between cognitive performance and negative symptom domains in adolescents with EOP. We hypothesized that (1) two negative symptom factors would be identifiable, and that (2) diminished expression would be more strongly associated with cognitive performance, similar to adult psychosis patients.

Methods: Adolescent patients with non-affective EOP (n = 169) were included from three cohorts: Youth-TOP, Norway (n = 45), Early-Onset Study, Norway (n = 27) and Adolescent Schizophrenia Study, Mexico (n = 97). An exploratory factor analysis was performed to investigate the underlying structure of negative symptoms (measured with the Positive and Negative Syndrome Scale (PANSS)). Factor-models were further assessed using confirmatory factor analyses. Associations between negative symptom domains and six cognitive domains were assessed using multiple linear regression models controlling for age, sex and cohort. The neurocognitive domains from the MATRICS Consensus Cognitive Battery included: speed of processing, attention, working memory, verbal learning, visual learning, and reasoning and problem solving.

Results: The exploratory factor analysis of PANSS negative symptoms suggested retaining only a single factor, but a forced two factor solution corroborated previously described factors of apathy and diminished expression in adult-onset schizophrenia. Results from confirmatory factor analysis indicated a better fit for the two-factor model than for the one-factor model. For both negative symptom domains, negative symptom scores were inversely associated with verbal learning scores.

Conclusion: The results support the presence of two domains of negative symptoms in EOP; apathy and diminished expression. Future studies on negative symptoms in EOP should examine putative differential effects of these symptom domains. For both domains, negative symptom scores were significantly inversely associated with verbal learning.

Keywords: apathy, diminished expression, early-onset schizophrenia, MATRICS, MCCB, factor analysis


INTRODUCTION

Early-onset psychosis (EOP) is defined as the onset of a psychotic disorder before 18 years of age (1). Although EOP is rare [affecting about 0.05–0.5% of the general population (2–4)], it is among the leading causes of disease burden in adolescents (5). Negative symptoms are present in 37–50% of EOP at illness onset (6, 7), and offer a particular challenge concerning outcome and quality of life as they are associated with poor functional outcome (8), cognitive impairments (9), and multiple treatment failures (6).

Negative symptoms commonly refer to symptoms reflecting diminished normal functions and behaviors, including alogia, blunted affect, anhedonia, asociality, and avolition (10). Studies investigating the factorial structure of different negative symptom rating scales in adult-onset schizophrenia, suggest that negative symptoms consist of two or more factors (11, 12). Most consistently reported and investigated are the two domains: apathy, including avolition, asociality and anhedonia, and diminished expression, including blunted affect and alogia (11, 13–16). Previous studies examining the factorial structure of negative symptoms in the widely used Positive and Negative Syndrome Scale [PANSS; (17)] have confirmed the two domains, and the models have been largely convergent (13, 14, 18). The reported two-factor structure comprise of: (1) an apathy domain, including emotional withdrawal, passive social withdrawal, and active social avoidance and (2) a diminished expression domain, including blunted affect, poor rapport, lack of spontaneity, and motor retardation (13, 14). This structure has been supported by a confirmatory factor analysis in an adult schizophrenia sample (19), and validated against corresponding subdomains of the Brief Negative Symptom Assessment Scale (20). Investigations of the two negative symptom domains, separately, have reported differential associations with other clinical aspects of psychotic disorders and neurobiology, including functional outcome (21), cognitive impairments (22, 23), neuronal task activation (24), and white matter connectivity (25). Although the exact mechanisms still need to be elucidated, these results may indicate different underlying pathophysiology (26), which may require different treatment approaches. Current conceptualizations of negative symptoms advocate the importance of deconstructing this symptom construct into separate symptoms and dimensions to achieve a better understanding of the phenomenology, and the functional and biological correlates (15, 27).

In adult-onset schizophrenia, associations with cognitive deficits have been shown for both apathy and diminished expression when the domains have been investigated separately (26). Specific problems with executive functioning and working memory may be associated with motivational deficits and reduced goal directed behavior in the apathy domain (26). More general cognitive impairments, according to the “cognitive resource limitation model”, have been proposed to contribute to diminished expression symptoms (26, 28, 29). Some studies exploring the putative associations between cognition and the two negative symptom domains, have suggested a stronger association to cognitive impairments for diminished expression, than for apathy (22, 23, 30).

Adolescence is a sensitive developmental period associated with rapid neuro-maturational changes (31). Negative symptoms and cognitive difficulties are particularly challenging as currently available treatment is not adequately effective (32, 33). Studies of children and adolescents with EOP have demonstrated higher genetic heritability, poorer premorbid adjustment, longer duration of untreated psychosis (DUP), more severe illness course and outcome, and higher suicide rate, relative to patients with adult-onset psychosis (7, 34–36). These findings illustrate a crucial need for increased knowledge of pathological mechanisms associated with EOP. In a previous study from our group including an overlapping EOP sample with the present study, negative and disorganized symptoms were found to mediate the relationship between verbal learning and global functioning (37). However, to the best of our knowledge, the factorial structure of negative symptoms and how specific subdomains of negative symptoms relate with cognition, have not yet been investigated in adolescent patients with EOP. A better understanding of the phenomenology of negative symptoms, and how these symptoms relate to cognitive domains may improve early detection and inform theories on underlying mechanisms.

Thus, we aimed to (1) explore the factorial structure of the negative symptom construct and (2) investigate associations between cognitive impairments and negative symptom domains in EOP. We hypothesized that two factors of negative symptoms will be identifiable; an apathy factor and a diminished expression factor, and that diminished expression is more strongly associated with cognitive impairments, in accordance with studies of adult patients [e.g., (22, 23)].



MATERIALS AND METHODS


Participants

The subject sample included 169 adolescents with non-affective EOP with the following diagnoses: schizophrenia (n = 101), schizophreniform disorder (n = 33), schizoaffective disorder (n = 4), brief psychotic disorder (n = 2) and psychosis not otherwise specified (n = 29). Participants were recruited from three different cohorts: (1) the Thematically Organized Psychosis Study for Youth (Youth-TOP), Norway (n = 45, recruited from 2013 to 2019), (2) the Early-Onset Study, Norway (n = 27, recruited from 2005 to 2007) and (3) the Adolescent Schizophrenia Study, Mexico (n = 97, recruited from 2011 to 2020). The Norwegian cohorts were recruited from adolescent inpatient units and outpatient clinics in the south-east area of Norway (mainly the Oslo area). The Mexican cohort was recruited from an inpatient unit at the Child and Adolescent Psychiatric Hospital in Mexico City.

Inclusion criteria for the current study were: (1) A non-affective psychotic disorder, verified according to the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) (38), (2) age 12–18 years, and (3) adequate language abilities to complete the interviews and self-rating questionnaires. Patients were excluded if they had a substance-induced psychotic disorder, organic brain disease, previous moderate/severe head injury, or IQ outside of the normal range. IQ was formally tested in the participants from the Youth-TOP and Early-Onset Study using the Wechsler Abbreviated Scale of Intelligence (39), and participants with IQ below 70 were excluded. In the Adolescent Schizophrenia Study, IQ was considered within the normal range if the patient did not have significant developmental delays and was attending regular school without any formal educational support.

All participants (and/or legal guardians if age <16 years) were thoroughly informed about the study and signed a written consent form. The Youth-TOP and Early-Onset Study were approved by the Norwegian South-East Regional Committee for Medical Research Ethics and the Norwegian Data Inspectorate. The Adolescent Schizophrenia Study was approved by the Child Psychiatric Hospital Ethics Committee. All studies were conducted in accordance with the Helsinki declaration.



Clinical Assessments


Diagnosis and Global Functioning

Diagnoses were established according to the DSM-IV, using the following structured interviews: (1) Youth-TOP study: the Schedule for Affective Disorders and Schizophrenia for School Aged Children – Present and Lifetime Version (K-SADS-PL) (40), (2) Early-Onset Study: the Structural Clinical Instrument of Diagnosis for DSM-IV Axis I disorders (SCID-I), module A-D (41), and (3) Adolescent Schizophrenia Study: the Mini International Neuropsychiatric Interview (MINI-KID) (42).

Global functioning was assessed using three different scales: the Youth-TOP study: the Children's Global Assessment Scale (CGAS) (43), (2) Early-Onset Study: the Global Assessment of Functioning Scale, split version (GAF-F) (44), (3) Adolescent Schizophrenia Study: the Personal and Social Performance Scale (PSP) (45).



Negative Symptoms

Characteristic symptoms of psychosis, including negative symptoms were assessed using the PANSS (17). Although the PANSS was originally developed for adults, it has been used in several studies in adolescent patients (46, 47). In line with previous work in adult patients with schizophrenia (13, 14), negative symptom items from the negative symptom factor scores published by Marder and colleagues (48) were included for the exploratory factor analysis. The PANSS items included: n1 (blunted affect), n2 (emotional withdrawal), n3 (poor rapport), n4 (passive/apathetic social withdrawal), n6 (reduced spontaneity and flow of conversation), g7 (motor retardation), g16 (active social avoidance).



Cognitive Measures

Six cognitive domains were investigated based on nine tests from the MATRICS Consensus Cognitive Battery (MCCB) (49): (1) Speed of processing [combining BACS Symbol coding (50), Trail making test, part A (51), and Category fluency (52)], (2) Attention/vigilance (Continuous performance test, identical pairs) (53), (3) Working memory [combining WMS-III Spatial span (54) and Letter-number span (55)], (4) Verbal learning (Hopkins verbal learning test, revised) (56), (5) Visual learning (Brief visuospatial memory test, revised) (57), and (6) Reasoning and problem solving (NAB Mazes) (58). Although the MCCB was developed for adult patients with schizophrenia, the cognitive tests have been successfully used in adolescent EOP patients (59–62) and healthy adolescents (63, 64). The social cognition test (MSCEIT: Managing emotions) (65) included in the MCCB has been shown to be less suitable for adolescents (61) and was therefore excluded from the analyses in the current study. A global composite cognition score was calculated based on the nine included tests.



Medication

Information on current use of psychotropic medication was assessed, and chlorpromazine (CPZ) equivalents (66) were calculated for antipsychotic medication.




Statistical Analyses

Statistical analyses were performed with SPSS (version 27), except for the confirmatory factor analysis which was performed using R (version 4.0.5).


Clinical and Demographic Data

Demographic and clinical data were compared between cohorts using analysis of variance (ANOVA) and chi-square statistics. All tests were two-tailed.



Factor Analysis

The exploratory factor analysis (EFA, Principal Axis Factoring, SPSS) was performed to investigate the underlying structure of negative symptoms. The Kaiser-Meyer-Oklin (KMO) and Bartlett's test of sphericity were calculated to assess sampling adequacy. Number of factors to retain was determined based on Kaiser's criterion of an eigenvalue >1, and visual inspection of the scree plot. As two factors have been demonstrated in adult schizophrenia populations (13, 14, 18) we also explored setting the number of factors to be retained to two. The Promax oblique rotation was applied as we expected factors to be correlated, and items with loadings >0.3 were used for factor interpretation.

To further assess the models derived from the exploratory factor analysis, confirmatory factor analysis was conducted using the Lavaan package in R (67). Because of non-normality of data, the maximum likelihood estimation with robust standard errors and Satorra-Bentler scaled test statistics was used (68). Two models were assessed: (1) a one-factor model (n1, n2, n3, n4, n6, g7 and g16), and (2) the two-factor model of diminished expression (n1, n3, n6 and g7) and apathy (n2, n4 and g16) (13, 14). Goodness-of-fit was evaluated using different indices: chi-square, comparative fit index (CFI >0.95), Tucker-Lewis index (TLI >0.95), root mean square error of approximation (RMSEA <0.06), and standardized root mean square residual (SRMR <0.08) (69). As chi-square may be affected by sample size, a normed chi-square was calculated by dividing the chi-square by degrees of freedom, and a value below 5.0 was considered acceptable (70).



Associations of Negative Symptom Domains and Cognition

Based on previously published negative symptom factor models in adult-onset schizophrenia using PANSS (13, 14), scores for avolition-apathy (n1 + n3 + n6 + g7) and diminished expression (n2 + n4 + n6) were calculated by summing the scores of items included in each factor. Putative associations between cognitive domains and negative symptom factors were investigated using separate multiple linear regression models, controlling for age, sex, and cohort. Sex-specific associations were assessed by exploring models including sex-by-negative domain interactions. The linear regression models were investigated for influential cases. Standardized residuals >3 were identified for the models in speed of processing (3 cases), working memory (1 case) and global cognition (2 cases). However, Cook's distances did not exceed a value of 1 and all cases were retained in the analyses. The cognitive raw tests scores from the MCCB were transformed to standard scores (Z scores) using the standardization function in SPSS. For composite scores such as speed of processing, working memory and global cognition, Z scores from the individual tests were summated and transformed into a composite Z score, in line with the recommended procedure from the MCCB standardization study (71). The TMT-A score included in the speed of processing domain was reversed as high scores on this test indicate lower performance.

As the cognitive domains are not independent, a modified Bonferroni correction that accounts for correlations between outcome variables was used (72). Applying this method resulted in a p-value threshold of p < 0.018 (accounting for 7 domains and an intra-class correlation coefficient of 0.714).

Significant associations between cognition and negative symptom domains were investigated for the influence of PANSS positive and depressive symptom factors (73) and antipsychotic medication (antipsychotic medication use, and among patient using antipsychotics; CPZ equivalents).





RESULTS


Clinical and Demographic Data

Demographic and clinical data for the patients are presented in Table 1, and comparisons on mean scores on cognitive domains in Table 2. The Adolescent Schizophrenia Study consisted of significantly more males, with greater symptom severity, and lower cognitive performance compared to the Youth-TOP and the Early-Onset study. Patients in the Youth-TOP study had more PANSS negative and disorganized symptoms compared to the Early-Onset study. Use of antipsychotic medication was more prevalent in the Adolescent Schizophrenia Study, but there were no significant differences in medication dose (CPZ-equivalents) between the cohorts.


Table 1. Demographic and clinical data.
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Table 2. Cognition across cohorts.
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Factor Analysis

The exploratory factor analysis showed excellent Kaiser-Meyer-Oklin value of 0.886, and a significant Bartlett's test (p < 0.001), indicating adequate sample size and correlation matrix for factor analysis. When considering both criteria of eigenvalue >1 and visual inspection of the scree plot, one factor was retained (eigenvalue of 4.758, explaining 68% of the variance). As shown in Table 3, when the model was forced to extract two factors, items n2, n4 and g16 loaded highly on factor 1 (corresponding to the avolition-apathy domain) and n1, n3, n6 and g7 loaded highly on factor 2 (corresponding to the diminished expression domain. Factors 1 and 2 were highly correlated 0.798. The two domains showed good internal consistency as demonstrated by a Cronbach's alpha of 0.852 for the apathy domain, and 0.890 for the diminished expression domain.


Table 3. Factor structure.
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Results from the confirmatory factor analysis for the one- and two-factor models are presented in Table 4. Overall, goodness-of-fit statistics were better for a two-factor model than for a one-factor model, with a smaller chi-square as compared to the one-factor model, and values for normed chi-square (2.84), CFI (0.964), and SRMR (0.033) indicating a good fit.


Table 4. Results from confirmatory factor analysis.
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Associations of Negative Symptom Domains and Cognition

Negative symptom scores for both apathy (β = −0.257, p = 0.002) and diminished expression (β = −0.259, p = 0.001) were inversely associated with verbal learning scores. An association was also seen between diminished expression and speed of processing (β = −0.173, p = 0.024), but this result was not significant after correction for multiple comparisons. No other significant associations were observed between the negative symptom domains and cognitive performance (Table 5). There were no significant sex-by-negative domain interactions.


Table 5. Associations between negative symptom domains and cognition.
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The association between verbal learning and the two negative symptom domains remained significant after controlling for positive psychotic symptoms, depressive symptoms and antipsychotic medication use and dose.




DISCUSSION

In the present study, we explored the factorial structure of negative symptoms in patients with EOP and investigated how domains of negative symptoms were related to cognition. Overall, our results indicated a factorial structure of two domains similar to what has been shown for PANSS negative symptoms in adults (13, 14). However, the two factors were highly correlated. Both negative symptom domains were significantly associated with verbal learning.

We performed an exploratory factor analysis to investigate the factorial structure of negative symptoms in EOP as to our knowledge, this has not been investigated in EOP before. When considering standard criteria for factor retention, such as retaining only factors with an eigenvalue above 1 or by investigating the scree plot, the results suggested that only one factor should be retained. However, because of the theoretically supported model of two factors from adult schizophrenia, we explored forcing the extraction of two factors. Interestingly, the pattern of item loadings that emerged were identical to the two-factor model described from factor analytic studies in adult patients with schizophrenia (13, 14). PANSS items addressing blunted affect, poor rapport, lack of spontaneity, and motor retardation loaded the highest on a factor corresponding to a diminished expression domain, and emotional withdrawal, passive social withdrawal, and active social avoidance loaded highest on a second factor corresponding to an apathy domain. We further assessed both a one-factor model and a two-factor model (13, 14) using confirmatory factor analysis. Goodness-of-fit indices were better for the two-factor model, supporting this latent structure of two domains of negative symptoms in EOP. Discrepancies in the results from the exploratory and confirmatory factor analyses may reflect the different methodology and rationale for the two methods. In the exploratory factor analysis, the number of factors are explored in a data-driven approach, while the confirmatory factor analysis tests a predefined factor-model. Our sample size, although large with respect to EOP studies, did not allow for splitting the sample to perform exploratory and confirmatory factor analyses in separate samples. As such, replications of the confirmatory factor analysis should be performed in independent samples for generalizability.

An important implication of investigating subdomains of negative symptoms is that if such subdomains exist, they may have different biological and clinical correlates and may require different treatment strategies (15, 26). For instance, for the apathy domain, behavioral and neural dysfunctions related to motivation and goal-directed behavior have been shown, which have inspired the emerging research on targeted treatment options (26). Generally, models for underlying mechanisms of diminished expression are less clear (15, 26). One line of research points to cognitive deficits underlying symptoms of this domain (26, 28, 29). In support of this theory, a stronger association to cognitive deficits for diminished expression than apathy has been shown in some studies of adult patients with schizophrenia, although the overall differences are not large, and not consistent regarding the cognitive domains involved (22, 23, 30). In the present study of adolescents with EOP, apathy and diminished expression were similarly associated with lower verbal learning performance.

Overall, our results show that, although the factor analysis supports two domains of negative symptoms, these two domains could not be as clearly discriminated in our sample of patients with EOP as has been shown in previous studies of adult patients with schizophrenia (13, 14, 18). This may reflect differences between patients with adult- and early-onset schizophrenia. EOP has been associated with higher genetic heritability, poorer premorbid adjustment, longer duration of untreated psychosis (DUP), more severe illness course and outcome, and higher suicide rate, relative to patients with adult-onset psychosis (7, 34–36). Furthermore, the clinical presentation of underlying pathology may be different in adolescents who are in a period of life where the brain is rapidly changing, and cognitive abilities are developing.

Verbal learning deficits have been associated with earlier age of onset (74), and shown to be one of the earliest predictors of psychosis development in at-risk individuals (75, 76). Thus, verbal learning deficits and negative symptoms may be early markers for psychosis development and functional decline in youth. As cognitive assessment is better at predicting psychosis development in adolescents than in adults (77), our results indicate that clinicians working with young people need to be attentive to both verbal learning difficulties and negative symptoms. The patients presenting with these symptoms may represent a subgroup who may require closer follow-up and quick access to alternative treatment strategies in addition to antipsychotic medication, such as cognitive remediation. Furthermore, the results encourage future studies on how verbal learning and negative symptoms are associated and whether they relate to common underlying neurobiology.

Strengths of the study include a large and well-characterized sample of patients with early onset psychosis, which allowed for performing a factor analysis. Furthermore, a complete and standardized battery (MCCB) for cognitive testing was used. Nevertheless, some limitations should be mentioned. First, as a manifest diagnosis of a psychotic disorder is relatively rare in adolescents, combining samples from geographically different cohorts was necessary to obtain a sufficient sample size, however this may introduce unwanted variation related to cohort. There were significant cohort differences in sex, symptom severity and cognitive scores between cohorts. To address this concern all our multivariate analyses were controlled for cohort. Second, there are limitations to the PANSS as an assessment of negative symptoms (12). The ratings of negative symptoms in PANSS are based only on observation of behaviors, and not the subjective experience of the patients. For symptoms within the domain of apathy, this means that the patient's own experience of pleasure and motivation is not assessed. Newer scales for assessment of negative symptoms have been developed, so called “second-generation rating scales” (12), for instance the Brief Negative Symptom Scale (BNSS) (78) and the Clinical Assessment Interview for Negative Symptoms (CAINS) (79)) have been developed that include assessment of the subjective experience of symptoms within the apathy domain. However, these scales are currently not widely used in adolescents. Third, we included PANSS items for motor retardation (G7) and active social avoidance (G16) in the factor analysis, in line with previous factor analytic studies on negative symptoms in adult patients with schizophrenia. However, it should be noted, that recent guidelines from the European Psychiatric Association (12) on the assessment of negative symptoms advise against including these items as negative symptoms due to their inconsistent loading on the negative symptom factor. Fourth, high total PANSS scores indicate that some patients were in an acute or subacute phase of illness, which may have influenced their cognitive performance. Furthermore, positive symptoms, psychotropic medication, and depression may contribute to secondary negative symptoms. In our multivariate models on cognitive measures, we controlled for such possible secondary sources of negative symptoms (positive symptoms, depression and antipsychotic medication), but this did not change any results. Further, given the young age of the patients, we would expect them to be less influenced by chronicity and medication.

In conclusion, the results support the presence of two domains of negative symptoms in EOP, but the domains were highly correlated, and should be confirmed in independent samples. Contrary to our hypothesis of a stronger association between diminished expression and cognition, we found that for both domains, the negative symptom scores were similarly significantly associated with lower verbal learning scores. Based on the results, we recommend that future studies of negative symptoms in adolescents should examine differential effects of the two negative symptom domains. Furthermore, the association between negative symptoms and verbal learning warrants more studies on how these features are related and whether they for instance share common biological mechanisms that could be targeted for treatment.
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Clinicians and researchers consider that there are a variety of symptoms that constitute negative symptoms in schizophrenia, and they may use different definitions for the same symptoms. These differences are also reflected in a variety of negative symptom rating scales. Both research and clinical work are negatively affected by the lack of consensus regarding the symptoms that constitute negative symptoms in schizophrenia. Leading research groups have investigated ways to reduce heterogeneity in the domain of negative symptoms in schizophrenia; however, little attention has been paid to regional differences in the concepts of negative symptoms in schizophrenia. The objective of this review was to collect and summarize information about the assessment and treatment of negative symptoms of schizophrenia in Central and Eastern Europe (CEE). Nineteen experts from 17 countries in CEE participated in this project. The participants collected information about their countries, including the following: (1) the most important publications about negative symptoms in schizophrenia (irrespective of the time of their publication); (2) the most frequently used negative symptom of schizophrenia in clinical practice; (3) definitions of frequently used negative symptoms; and (4) treatment of negative symptoms in schizophrenia. The participating experts/countries most frequently reported the following five negative symptoms: avolition, blunted affect, alogia, asociality, and anhedonia. Several experts also considered other symptoms as belonging to the negative symptom domain, such as a decrease in energy level and changes in personality. The importance of evaluating the long-term course and the relationship between negative symptoms and other symptom domains was also noted. No noticeable differences were reported in the treatment of negative symptoms compared to currently published guidelines and algorithms. The most frequently reported negative symptoms included those defined by the NIMH-MATRICS consensus statement on negative symptoms and recently endorsed in a guidance paper of the European Psychiatric Association. The main differences in the concepts, names, and definitions of primary negative symptoms, especially those related to personality changes, and to the evaluation of the long-term course and relationship between different symptom domains in CEE compared to the current English language literature deserve the attention of psychiatrists and other professionals in this field.

Keywords: negative symptoms, schizophrenia, assessment, treatment, review, personality, Central and Eastern Europe


INTRODUCTION

Clinicians and researchers consider a variety of symptoms as negative symptoms of schizophrenia and may use different definitions for the same symptom (1). This ambiguity is also reflected by a variety of negative symptom rating scales, which include a range of different negative symptoms, sometimes with the same name but with different definitions (2). Both research and clinical work are negatively affected by the lack of consensus regarding negative symptoms. Expert groups addressed ways to improve the definitions of negative symptoms in schizophrenia in order to improve their assessment and treatment (2–4); however, little attention has been paid to regional—including cultural—differences in the clinical approaches of different schools of psychiatry.

Examples of geographical/regional differences in psychiatry that have been previously addressed include the following: in the context of large regional variability in the time to all-cause discontinuation of antipsychotic treatment of schizophrenia (5, 6); or “the lack of uniformity in the definition of treatment resistant depression (TRD) within the Asia-Pacific (APAC) region,” which “may have implications for patient management” (7). A review on mental health care for people with severe mental illnesses in Central and Eastern Europe (CEE) resulted in a large “review on mental health systems in the former Eastern Bloc”; however, the focus of this work was on the structure and functioning of mental health care in post-communist countries rather than research, medical education, and training (8). The authors of a literature review on the “Epidemiology and Treatment Guidelines of Negative Symptoms in Schizophrenia in Central and Eastern Europe…” (9) concluded the following: “Despite the extensive search, we were unable to find relevant data in all areas of interest.” A similar conclusion was made by the authors of a previously published paper about psychiatry in nine CEE countries: “There is a great tradition of psychiatry in the region; however, the scientific output and number of psychiatric publications in international peer-reviewed journals is considerably low.” (10). However, in another study focusing on patients with a diagnosis of schizophrenia in CEE, the authors reported that the information provided by selected experts was useful (11), which is similar to the conclusion in the paper by Winkler et al. (8).

The discussion of the history of psychiatry and the heterogeneity of higher education and research systems in CEE countries is far beyond the scope of this paper; however, it is important to emphasize that these countries are rather heterogeneous. Indeed, CEE countries are even more heterogeneous than countries in Western Europe. Some CEE countries were part of the Habsburg Empire; for example, Czechia, Croatia, Hungary, Slovakia, Slovenia, parts of Poland, Ukraine, and Romania, and others have been in close contact with Russia and were included in the Soviet Union. Most countries in the region were significantly influenced by German psychiatry until the 1980s, while other countries (especially the former republics of the Soviet Union) had ties to Russian psychiatry. Considering the representation of psychiatry as a medical discipline in each respective country, we find substantial differences in the history of psychiatry. For example, Tbilisi State University was founded in 1918 (https://en.wikipedia.org/wiki/Tbilisi_State_University), which contributed to the development of the discipline of psychiatry in the native language in Georgia (12). In contrast, Kraepelin was the Professor of Psychiatry at the University of Tartu (earlier: Dorpat) in Estonia between 1886 and 1891. Meanwhile, the Charles University in Prague was founded in 1348. “As a date of the very beginning of the Psychiatric Clinic of the Czech University, the November 19th, 1886, is considered.” Before this date, the language of teaching in Prague was German and the same applied to Dorpat. The University in Vilnius (Lithuania) was founded in 1579 and has been a leading university in Europe. The names of the two founding fathers of Russian psychiatry, Korsakoff (1854-1900) from Moscow (https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-79948-3_631) and Bekhterev (1857-1927) from St. Petersburg (https://en.wikipedia.org/wiki/Vladimir_Bekhterev), are well-known worldwide. After the major political changes in the CEE region in the 1990s, English language publications and US psychiatry had an overwhelming influence on psychiatry. Several countries from the CEE region became EU member states, and psychiatrists also participated in EU-funded research and educational projects.

There is a detectable increase in interest in the negative symptoms of schizophrenia. Based on data from Google Scholar, 44% of papers on schizophrenia published in 2000 and 73% published in 2020 (38,900/53,200 hits) refer to negative symptoms (12,100/27,600 hits) (the search was performed on October 16, 2021, and the search terms were “schizophrenia negative symptoms” and “schizophrenia,” respectively). During professional meetings, the authors of this paper had the opportunity to discuss the development of research on negative symptoms in schizophrenia and concluded that some current issues in this field could be more efficiently addressed with contributions from experts working in CEE. These contributions may pose some challenges, since some contributions do not simply increase the amount of current information about negative symptoms in schizophrenia, but also raise questions about the usefulness of current phenotyping in schizophrenia for much needed basic research, including drug discovery and development for the treatment of this disease. Examples include long-term evaluation of negative symptoms and personality changes during the course of schizophrenia.

The objective of this scoping review was to summarize the selected literature and expert opinions on negative symptoms in schizophrenia from CEE countries.



METHODS

Nineteen experts (the authors of this paper) from 17 countries participated in this project. We used the World Health Organization's definition of Europe, which includes some Asian countries. The selection of countries also reflects the availability of interested experts in the region. The 17 countries are Belarus, Bulgaria, Croatia, Czech Republic, Georgia, Hungary, Kazakhstan, Latvia, Lithuania, Moldova, Poland, Romania, Russia, Serbia, Slovakia, Slovenia, and Ukraine.

The coordinator of the project (IB) distributed a questionnaire and collected additional information from the project participants, mainly via email communication. The questionnaire included the following questions and requests with additional instructions.

• Request for the identification of the most important publications on negative symptoms of schizophrenia in the participating countries, irrespective of the time of their publication.

• Request for a list of the negative symptoms of schizophrenia used in clinical practice in the participating countries ranked by their “popularity” and endorsed by academia (e.g., textbooks). We collected all symptoms that were considered negative symptoms in the participating countries, irrespective of the current views on negative symptoms.

• Request for the description of the definitions of the listed negative symptoms (e.g., “How are they defined in well-accepted textbooks in your language/country?”).

• The following questions were included in the questionnaire: “Are there recommendations in the participating country for the treatment of negative symptoms in schizophrenia? If yes, please refer to (short summary).” If no recommendation existed, participants were asked to summarize the clinical practice for the treatment of negative symptoms in their countries. Based on the participants' responses regarding lack of or limited availability of psychosocial interventions for negative symptoms in schizophrenia, the question was changed and included only pharmacological treatment.



RESULTS


Evaluation

Online Supplementary 1 includes a list of selected references provided by participating experts. The literature provided by the experts addressed the assessment more than the treatment of negative symptoms. Many important contributions are available only in the local languages. Russian is also used in some countries that were republics of the Soviet Union. A few of the provided references were from outside the country of the responding expert, which illustrates the importance of some authors and/or schools of psychiatry in a specific country; they are either translated into the language used in the country or published in English or Russian.

The literature collected by the participants of this regional project shows that negative symptoms are considered important, and the selected literature and expert opinions reflect high-level interest in the negative symptoms of schizophrenia in CEE countries. In the majority of CEE, the terminology of negative symptoms is dominated by English, as summarized in the currently published European guidance paper on the evaluation of negative symptoms in schizophrenia (2) however, traditional German psychopathology [e.g., the work of Huber (13, 14)] has a significant influence in the region, and Russian schools have a strong influence not only in Russia, but also in some other countries, especially in former republics of the Soviet Union (15, 16). Table 1 includes the names and frequencies of negative symptoms listed by experts from 17 countries.


Table 1. List of the negative symptoms used in 17 countries across CEE.

[image: Table 1]

The following symptoms were collected by Raspopova from Kazakhstan: “emotional decline, socially withdrawn and passive, gross personality changes, narrowing of the range of interests, increasing autism, slowly increasing autism, slight decrease in energy potential, violation of logical harmony and of the purposefulness of thinking; disorganization of psychic activity; a significant decrease in interests and activity characteristic for a given person; emotional impoverishment; increasing social withdrawal (autism); various disorders of thinking and behavior.” Raspopova et al. published a study guide in Russian focusing on negative symptoms and provided a detailed review on cariprazine (17). The following terms were included in a 1968 dissertation by Chiladze (1968; see Online Supplementary 1): (1) the “loosening up” of concepts; (2) poverty of imagination/fantasy; (3) the flatness of spiritual feelings; (4) emotional alienation; (5) indifferent/“indisciplined.” These two examples uncover the results of old research in the field and show the wealth of terms used to describe the devastating effects of schizophrenia.

The most noticeable difference in the current descriptions of negative symptoms in the English language literature is the inclusion of “personality changes (“personality shift”)” in the negative symptom domain in some countries (e.g., Russia, Ukraine, and Kazakhstan) and the proposed analysis of the long-term course and relationship of negative symptoms to positive and other symptom domains during the course of schizophrenia (16, 18).

Based on the selected publications from the region and on the written reports from the authors of this review, we found that in routine clinical practice, negative symptoms are not stratified by the doctors in most countries into “primary” and “secondary” symptoms. Cognitive symptoms are often not differentiated; however, Capatina and Miclutia (19) published a study demonstrating the absence of a relationship between cognitive and negative factors when using the Positive and Negative Syndrome Scale (PANSS) scale. Nevertheless, when investigating the relationship of the PANSS cognitive factor with the negative symptoms evaluated using the Negative Symptom Assessment (NSA-16) scale, it was shown that there was a significant association between cognition and motor retardation. They concluded that negative symptoms represent a separate treatment target. The same group identified studies on the stability of negative symptoms over 1 year (20), as well as secondary negative symptoms. In their review, they reported the following. “Factorial analyses showed that secondary negative symptoms encompass the same domains as primary negative symptoms: avolition/apathy and diminished expression, but it is not yet clear, and evidence are sparse regarding how specific causes of secondary negative symptoms are related which negative symptom domain. Although recent research has defined the main causes of secondary negative symptoms, evidence-based treatment recommendations remain scattered.”

Based on a survey of the Russian Association of Psychiatry, including 807 psychiatrists representing 78 regions of Russia, 35% of the respondents supported the proposal that negative symptoms should be defined and considered obligatory for the diagnosis of schizophrenia in the diagnostic systems, and the respondents estimated that the specificity of “emotional-volitional reduction” for schizophrenia was 72.1% (SD = 19.6; n = 685) (21).

None of the participants in this study reported ethnic or transcultural diversities in the description of negative symptoms in patients with schizophrenia, either in scientific research or in clinical practice.



Pharmacological Treatment

All experts reported that the current literature on the treatment of negative symptoms is available in their countries. Approaches to the treatment of negative symptoms in schizophrenia in the CEE [e.g., (22–24)] are in line with the current literature, including suggested algorithms, guidelines, and reviews about the treatment of negative symptoms (3, 25, 26). In some countries (e.g., Georgia and Romania), cariprazine was unavailable at the time of writing this manuscript. A number of countries (e.g., Czechia, Kazakhstan, Russia, and Slovakia) incorporated the treatment algorithm for negative symptoms in schizophrenia suggested by Cerveri et al. (2, 24) in their new guidelines or in other publications, which reflects the current progress and limitations in the field. The authors emphasize the need for further research on the treatment of primary or predominant and persistent negative symptoms. Their recommendation is to use cariprazine as a first-line drug for the treatment of negative symptoms in schizophrenia; amisulpride is a second-generation antipsychotic with a partial agonist effect on D2/D3 dopamine receptors and with variable levels of evidence (3). The third-line options include other second-generation antipsychotics (SGAs), specifically olanzapine and quetiapine, and the fourth option is the addition of antidepressants. The Czech guidelines also cautiously suggest high-frequency, repetitive transcranial magnetic stimulation (rTMS) administered over the left dorsolateral prefrontal cortex (DLPFC Czechia, Croatia, and Russia have reported the use of rTMS for negative symptoms in patients with schizophrenia with variable outcomes (27–30).




DISCUSSION


Evaluation

The majority of the participating experts/countries endorsed the five main symptoms as conceptualized by the NIMH-MATRICS consensus statement on negative symptoms: avolition, blunted affect, alogia, asociality, and anhedonia (4). Avolition and blunted affect were the most frequently endorsed symptoms in the CEE study. Research of the psychopathology of “will” has long been a tradition both in Germany and Russia, which has been addressed by Mosolov and Yaltonskaya (in press) (12). The severity (from mild inhibition of will to lack of will), components (drive, imagination, decision making, etc.), and temporal phases of the disturbances of will are present in different works about negative symptoms from CEE; however, those details [see for example (31)] are not included in currently used rating scales for negative symptoms (2). A current treatment study suggests that decoupling the influence of motivational processes from other negative symptom domains is essential for producing global improvements. The search for pathophysiological mechanisms and targeted treatment development should focus on avolition, with the expectation of improvement in the entire constellation of negative symptoms if avolition is effectively treated (32). Considering this finding and the accumulated knowledge about the disturbances of “will” (31), a detailed analysis of the components of avolition and their relationship to constructs, such as drive, motivation, decision making, asthenia, ambivalence, etc., may help make significant advances in this field. For example, we have witnessed how the distinction between anticipatory and consummatory pleasure changed our thinking about anhedonia in schizophrenia (33). Additional symptoms were also named in CEE; for example, negative symptoms from Russia, Kazakhstan, and Ukraine included “decrease in energy potential” and “personality changes,” where “decrease in energy potential” was defined as the initial core symptom in the hierarchy of negative symptoms.

The complex relationship between schizophrenia and personality disorders has been an important topic in psychopathology, with a focus on personality disorders during the premorbid and prodromal phases of schizophrenia and in the differential diagnosis of schizophrenia (34). The Russian School of Psychopathology includes personality changes in the hierarchy of negative symptoms associated with poor outcomes in patients with schizophrenia. Personality changes as negative symptoms have also been reported by Ukrainian and Kazakh experts. They refer to a hierarchy of negative symptoms by the level of their severity and report 10 levels, which include several personality-related negative symptoms.

The Russian school also emphasizes the “long-term course of negative symptoms and their relationship” between symptom domains in the course of schizophrenia; for example, it differentiates between a “synchronized” and “desynchronized” course of positive and negative symptoms (18). In the case of a “synchronized” relationship between positive and negative symptoms, the secondary nature of the increase in severity of negative symptoms can be hypothesized, while in the case of a “desynchronized” course, the increase in the severity of negative symptoms is not associated with an increase in positive symptoms. The 11th edition of the International Statistical Classification of Diseases and Related Health Problems (35) includes the following “Symptom Specifiers” for the cross-sectional characterization of the symptomatology in schizophrenia: “Positive symptoms,” “Negative symptoms,” “Depressive symptoms,” “Manic symptoms,” “Psychomotor symptoms,” and “Cognitive impairments.” These specifiers should characterize the symptom status of a patient only for 1 week and not over longer periods of time; thus, the length of time of the presence or absence of a specifier is a major difference between the approach of ICD-11 and of the representatives of Russian psychopathology (18). The requirement of predominant negative symptoms for a long period by the European Medicines Agency results in the exclusion of a group of patients with primary negative symptoms, which is one of the reasons that the concept of predominant negative symptoms as an inclusion criterion in clinical trials has been challenged (1, 2). There is a well-defined need for more research into the primary symptoms of schizophrenia (36).



Pharmacological Treatment

In contrast to the evaluation of negative symptoms in schizophrenia, we found no differences between the current evidence-based literature (3, 26, 37) and the opinions of experts and papers published on this topic by experts from CEE countries. This finding is not surprising, considering that very few drugs are available worldwide that have any evidence of efficacy for the treatment of negative symptoms of schizophrenia. The third and fourth switches of medication indicate treatment resistance. The concept of treatment-resistant schizophrenia is broader than resistance to the treatment of negative symptoms; however, it also includes negative symptoms. In addition, the evidence base is quite low at the 3rd or 4th step of the proposed treatment algorithms for primary negative symptoms; for example, the recommendation of quetiapine is based on a small study with 44 patients comparing quetiapine to risperidone (23).

Our study highlights the need for more intensive collaborative research and dialogue between researchers in different parts of the world.




LIMITATIONS

The 17 countries included in the study cover a large proportion of, but not all, countries in CEE. Data collection was based on the opinion of participating experts; however, the selected experts had a demonstrable track record (oral presentations during national and international meetings, and published books, papers, and abstracts about or closely related to the topic of negative symptoms in schizophrenia).



CONCLUSIONS

Our review reports the most important information regarding the evaluation and treatment of negative symptoms in a large geographic region. The region has rich diversity in the form of different languages, traditions, and current trends in psychiatry. The main differences in the concepts, names, and definitions of primary negative symptoms in CEE compared to the current English language literature deserve the attention of psychiatrists and other interested professionals, such as the inclusion of personality changes in the negative symptom domain or the importance of considering the long-term course of negative symptoms in schizophrenia.
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Introduction: Previous studies have shown that in addition to having impairments in facial emotion recognition, patients with schizophrenia also show a lack of facial expression. Although negative symptoms such as decreased facial activity are common symptoms of schizophrenia, the related factors remain inconclusive. Therefore, this study compared healthy controls to explore the characteristics of facial muscle activity intensity in patients with schizophrenia and its relationship with negative symptoms.

Methods: This observational and cross-sectional study conducted in a psychiatric hospital in China included a total of 135 patients with schizophrenia and 134 healthy controls. The negative symptoms of schizophrenia were evaluated using the Brief Negative Symptom Scale. The intensity of facial muscle activity under positive, neutral, and negative emotional stimuli conditions was automatically collected by a computer, including 17 values (F01-F17) that represent different facial muscle activities. Statistical tests were performed to analyze facial muscle activity indexes, to explore an objective and quantitative method to evaluate the negative symptoms of schizophrenia.

Results: The facial muscle activity intensity of the schizophrenia group at F02 (outer eyebrow), F04 (upper eyelid), F07 (nose), F10 (dimple), F12 (lower jaw 1), F14 (lip 2), and F17 (blink) was lower than that of the healthy controls (p < 0.05). Under positive, neutral, and negative emotional stimuli conditions, the facial muscle activity intensity of F16 (lower jaw 2) was positively correlated with negative symptoms (p < 0.05).

Conclusion: Our study indicated that patients with schizophrenia show defects in facial muscle activity and that is associated with negative symptoms.

Keywords: schizophrenia, facial muscles, activity intensity, negative symptoms, emotional stimuli


INTRODUCTION

Schizophrenia is a serious mental disorder. According to an epidemiological survey in China in 2019, the lifetime prevalence of schizophrenia is 0.6%, second only to depressive and anxiety disorders (1). Moreover, surveys in some cities in China show that schizophrenia accounts for 70.8% of psychiatric diseases and 46.7% of hospitalized patients and that these figures trend upward annually (2, 3). Therefore, schizophrenia has placed a serious burden on Chinese patients' families and society. The common symptoms of schizophrenia include positive and negative symptoms; negative symptoms such as decreased facial activity and indifference are the most common initial symptoms of schizophrenia (4). Negative symptoms exist even in the early stages of the disease, but they are easily masked by strong positive symptoms, so they may be delayed and even gradually aggravated, which is also an important reason for the high disability rate in relation to schizophrenia. At present, the primary methods of evaluation for negative symptoms either are various scales or rely on the subjective judgment of doctors' clinical experience, and there is a lack of objective and quantitative evaluation methods.

The existence of negative symptoms may also lead to cognitive impairment (5, 6), especially social cognitive impairment with emotional expression as the core. A study on the autonomous facial emotion expression of patients with schizophrenia (that is, in the absence of stimulation materials, subjects spontaneously express facial emotions such as sadness, anger, and happiness) suggests that the emotional expression ability of such patients is significantly weaker than that of healthy controls; moreover, the impairment of emotional expression is related to the score of negative symptoms (7). In another study, in daily life, patients with schizophrenia talked with their families about numerous practical problems. The study found that the number of facial expression changes in patients with schizophrenia per unit time was significantly lower than that in healthy controls, and the correlation between facial expression changes and conversation content decreased (8). It is suggested that there are obvious defects in both intentional emotional expression and autonomous emotional expression in patients with schizophrenia. These defects are not caused by clinical symptoms and drug side effects, but rather by a group of independent symptoms (9). Although the above studies suggest that there is a correlation between facial emotional expression and the negative symptoms of schizophrenia, these studies either only focus on a designated emotional expression or only study the indicators of the number of changes in facial expression and cannot completely quantitatively evaluate negative symptoms.

Therefore, we assume that the facial muscle activity of patients with schizophrenia under the same emotional stimuli is different from that of healthy controls, which may reflect the severity of negative symptoms. We preliminarily explore negative symptoms using an objective and quantitative evaluation method to provide reference for the symptom evaluation of auxiliary diseases. This will assist clinicians in noticing negative symptoms earlier, assessing the severity of negative symptoms more accurately, and formulating intervention plans for negative symptoms earlier so as to reduce the social function defects caused by negative symptoms as well as to reduce the burden on patients' families and society.



MATERIALS AND METHODS


Subjects

Based on the previous literature on the changes of facial emotion in relation to the negative symptoms of schizophrenia, the reported effect value is 0.80 (10), calculated by G-Power software using a two-tailed test and setting α = 0.05 and 1- β = 0.85; the ratio between the case group and the control group is set to 1:1, and the sample size of each group is 30 cases. The subjects were outpatients and inpatients with schizophrenia at Beijing HuiLongGuan Hospital between October 2017 and July 2019. Healthy controls were recruited through the community and media advertising during the same period. The inclusion criteria for patients with schizophrenia were as follows: meeting the diagnostic criteria for schizophrenia in the Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-IV) (11), being aged 18–60 years old, and having a junior high school level of education or above. Exclusion criteria were having an intellectual disability, having a serious physical diseases or adverse drug reactions, substance dependence or abuse, having excited, impulsive behavior or, during the decline associated with schizophrenia, being unable to cooperate with the test, and lactation or pregnancy. Inclusion criteria for healthy controls were as follows: having no abnormal mental state in the fixed interview with psychiatrists, having no family history of mental disorders, being aged 18–60 years old, and having a junior high school level of education or above. Exclusion criteria were having an intellectual disability, suffering from serious physical diseases, substance dependence or abuse, and lactation or pregnancy. Following the application of the inclusion and exclusion criteria, a total of 160 patients with schizophrenia and 143 healthy controls were included. Because some subjects failed to complete the experimental task, 135 patients with schizophrenia and 134 healthy controls were ultimately included in the study. The task comprised measurements of facial muscle strength under three different emotional states as well as evaluation of the scale to determine whether there is a difference in the intensity of facial muscle activity between the two groups and whether the difference correlates with negative symptoms of schizophrenia.

This study was approved by the ethics committee of Beijing HuiLongGuan Hospital. After the subjects were fully informed of the study plan, we obtained their written informed consent to participate in the study.



Basic Information and Clinical Symptom Evaluation

The gender, age, and years of education of the subjects were collected using a self-made basic information questionnaire. The Brief Negative Symptom Scale (BNSS) (12) was used to evaluate the severity of negative symptoms in patients with schizophrenia. There are 13 items on the scale, including six subscales: anhedonia subscale, depression subscale, blunted affect subscale and so on. Each of the 13 items is rated on a 7-point scale (0–6). The total score ranges from 0–78, with a higher score indicating more serious symptoms. The reliability of the scale was evaluated by psychiatrists who had received unified training, and the consistency among raters was good (intra-class correlation coefficient, ICC > 0.8).



Evaluation of Facial Muscle Activity Intensity (FMAI)

The subjects sat in front of a computer with a camera (full HD camera, model Logitech C920 Pro) facing them about 80cm from their face, such that they subject could watch (as well as hear the corresponding audio) three videos including positive, neutral, and negative emotions, respectively. The name of the positive-emotion video is “Funny insects”; this video depicts interesting things that happen to three insects together, and the plot is humorous. The neutral-emotion video is called “The millennium of the universe” and is a documentary about astronauts exploring the universe. Finally, the negative-emotion video is called “Besieged city in October” and describes an old father's grief-stricken scene after seeing his son killed. The computer automatically collected the facial muscle activity state of the subjects throughout the entire experiment under the projection of the three emotional stimuli. The program E-face was used to process the data related to facial muscle activity. The duration of the positive, neutral, and negative videos was 83 s, 82 s, and 95 s, respectively. The corresponding facial muscle activity data were intercepted according to the time start and end points with a sampling rate was 20 frames per second. For each subject, the total sampling rate of positive, neutral, and negative stimuli was approximately 1,660, 1,620, and 1,900 frames, respectively. Each frame collects 17 values (F01-F17), representing the intensity of 17 facial muscle activities. The data collection range was divided according to Ekman's facial action coding system (FACS) (13), which included the following, as shown in Figure 1: F01, inner eyebrow; F02, outer eyebrow; F03, eyebrow; F04, upper eyelid; F05, cheek; F06, eyelid; F07, nose; F08, upper lip; F09, lip angle 1; F10, dimple; F11, lip angle 2; F12, lower jaw 1; F13, lip 1; F14, lip 2; F15, lip 3; F16, lower jaw 2; and F17, blink.


[image: Figure 1]
FIGURE 1. The 17 sites of facial muscle activity intensity measurement in this study.




Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) version 20.0 (IBM, USA) was used for data analysis. The chi-square test was used for comparison between continuous data groups. Repeated measurement analysis of variance (ANOVA) was used to test the intensity of the facial muscle activity of the two groups (schizophrenia group, SZ; healthy control group, HC) under three different emotional stimuli conditions, used Bonferroni correction (statistical significance set at p < 0.003). Taking the patient group and the healthy control group as dependent variables and the facial muscle activity intensity of different parts as independent variables, F01-F17 facial muscle activity intensity was included in the logistic regression model for logistic regression analysis. Taking the total BNSS score as the dependent variable and the intensity of facial muscle activity under three emotional stimuli conditions as the independent variable, the relationship between facial muscle activity intensity and negative symptoms was analysed by multiple linear regression. Statistical significance was set at p < 0.05.




RESULTS


Demographic and Clinical Characteristics

There was no significant difference in sex and age between the schizophrenia group (n = 135) and healthy control group (n = 134) (p > 0.05), but there was a significant difference in the years of education between the two groups (p < 0.05) in that the schizophrenia group had fewer years of education than the healthy control group (Table 1).


Table 1. Demographic and clinical data for the schizophrenia group and the healthy control group (N = 269).

[image: Table 1]



Facial Muscle Activity Intensity Under Different Emotional Stimuli Conditions

A comparison of facial muscle activity intensity between the schizophrenia group and the healthy control group under three different emotional stimuli conditions is outlined in Table 2. Repeated measurement ANOVA showed that the grouping main effect of F11, F13, and F17 facial muscle activity intensity was statistically significant (p < 0.003), while the emotional main effect of F03, F05, F09, F11, F12, F15, and F17 facial muscle activity intensity was statistical significance (p < 0.003). The interaction effect of grouping and emotion of F05, F06, F08, F09, and F10 was statistically significant (p < 0.003).


Table 2. Comparison of facial muscle activity intensity between the schizophrenia group and the healthy control group under three different emotional stimuli conditions.

[image: Table 2]

The facial muscle activity intensity of the schizophrenia group in F11, F13, and F17 was higher than that of the healthy control group. The intensity of facial muscle activity for positive emotion was higher than that of neutral and negative emotion at F05, F09 and F15, and lower at F11 and F17; the facial muscle activity intensity of negative emotion was higher than that of positive and neutral emotion at F03. Further simple effect analysis of the inteaction showed that, the intensity of facial muscle activity for positive emotion was higher than that of neutral and negative emotion at F05, F06, F08, F09 and F10 in healthy control group, and was not significant in patient group (p < 0.05).



Facial Muscle Activity Intensity in the Schizophrenia and Healthy Control Groups

Taking the grouping of the schizophrenia group and healthy control group as dependent variables and the intensity of facial muscle activity in different parts of the face as independent variables, all intensities of facial muscle activity for F01-F17 were simultaneously included in the logistic regression model. The results of the logistic regression analysis showed that facial muscle activity for F02, F04, F07, F10, F12, F14, and F17 was significantly different between the schizophrenia and healthy control groups (p < 0.05). The accuracy of the logistic regression model was 69.6% for predicting schizophrenia, 77.6% for predicting healthy controls, and 73.6% in total (Table 3).


Table 3. Results of the logistic regression model of facial muscle activity intensity in the schizophrenia group and the healthy control group.

[image: Table 3]

The total score of BNSS was taken as the dependent variable, and the intensity of facial muscle activity was taken as the independent variable; α = 0.05, excluding level β = 0.10. The results of multiple linear regression analysis using the enter method showed that the variables that were significant for negative symptoms were screened. Under positive, neutral, and negative emotional stimulation, the intensity of F16 facial muscle activity in patients was positively correlated with the total score of BNSS, and the model was statistically significant (p < 0.05). Positive emotion F12, neutral emotion F16, negative emotion F16 facial muscle activity intensity was positively correlated with the score of Anhedonia subscale; Neutral emotion F12 facial muscle activity intensity was positively correlated with the score of Depression subscale; Positive, neutral and negative emotion F16 facial muscle activity intensity was positively correlated with the score of Asociality subscale and Avolition subscale; Positive emotion F01 and F07, neutral emotion F15 facial muscle activity intensity was positively correlated with the score of Blunted affect subscale. This correlation was not statistically significant in other facial muscle activity intensity models (p > 0.05) (Table 4). See the Supplementary Material for other results.


Table 4. Multiple linear regression analysis of facial muscle activity intensity related to negative symptoms of schizophrenia.
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DISCUSSION

Previous studies have shown that in addition to having impairments in facial emotion recognition, patients with schizophrenia also show a lack of facial expression. This study directly measured the facial muscle activity intensity of patients with schizophrenia under different emotional stimuli conditions to explore the attributes of negative symptoms that may lead to a reduction in facial activity. Our study had two main findings. First, we found that some facial muscle activity intensity in patients with schizophrenia was worse than that in healthy controls. Second, the weakening of some facial muscle activity intensity in patients with schizophrenia may be related to negative symptoms, suggesting that schizophrenia may have some defects in the expression of basic social emotions, which provides a theoretical basis for further exploring the characteristics of schizophrenia in the expression of basic social emotions in the future.

This study showed that under the same emotional stimulation, the facial muscle activity intensity of patients with schizophrenia is lower than that of healthy controls; this suggests that this effect does not have emotional specificity, which is consistent with the results of previous studies (14–17) and may be related to face emotion recognition disorder in patients with schizophrenia. In this regard, corresponding psychological and physiological responses to different emotional stimuli cannot be fully expressed, which leads to the changes in facial muscle activities behind facial expressions. Some studies suggest that this may be related to changes in brain activation (18). Moreover, a small number of studies have reported that the facial muscle activity of patients with schizophrenia can be fully expressed (19, 20). Previous studies of basic socio-emotional perception primarily focused on facial emotion recognition and expression; however, cultural differences may affect patients in a variety of ways according to ethnicity, nationality, or race. This may be related to inconsistent measurement tools: those studies also used electromyography measurements with electrodes and sensors connected to the subject's face (21), while in this study, we used a full HD optical camera for computer automatic acquisition and measurement of facial muscle activity intensity, which is not affected by the above factors. Measurements were taken in positive, neutral, and negative emotional states rather than dichotomously divided into happiness and anger, and these were combined with clinical symptoms for effective results (22). The intensity may also be related to different stages of schizophrenia. Most of the patients in this study were long-term hospitalized patients in chronic remission. At the same time, this study also suggests that the decrease in facial muscle activity intensity in schizophrenia is related to negative symptoms, which is consistent with previous research results (4, 10). This may be related to the pathological mechanism of attention bias and memory loss related to emotional information (23) as well as to the defect of facial muscle activity caused by facial emotion recognition disorder, which is then followed by negative symptoms (24).

The findings of this study are also consistent with clinical experience; that is, patients with schizophrenia will show a decrease in overall facial muscle activity, poor richness of emotional expression, and more simplicity and repeatability, and they will exhibit basic socio-cognitive emotion impairment with negative symptoms as the core (25, 26).

This study has several limitations. First, this is a cross-sectional study, which cannot facilitate dynamic understanding of the changes of facial muscle activity over the course of the disease. Second, the patient group is still receiving drug treatment, and the effect of drugs and Parkinsonian side effects (caused by anti-psychotics) on facial muscle activity cannot be ruled out. Therefore, he current study can be viewed only as an exploratory study. In future studies, we plan to include patients at first onset or patients who are not undergoing drug treatment and to conduct follow-up studies to further understand the characteristics of facial muscle activity in patients with schizophrenia.



CONCLUSIONS

The intensity of some facial muscle activity of patients with schizophrenia is damaged to some degree, an effect that is may be related to the negative symptoms of schizophrenia. Whether the intensity of facial muscle activity can be used as an index to evaluate the negative symptoms and severity of schizophrenia needs to be further explored in future research.
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Introduction: Aripiprazole is hypothesized to have an effect on negative and cognitive symptoms in schizophrenia. Likewise, amisulpride is one of the only second-generation antipsychotics with which an effect on negative symptoms is reported. In the present study, we compare the effect of aripiprazole and amisulpride in initially antipsychotic-naïve patients with first-episode psychoses.

Methods: Psychopathology and cognitive measures from two consecutive cohorts of antipsychotic-naïve first episode psychotic patients were obtained before and after 6 weeks of antipsychotic monotherapy with either aripiprazole or amisulpride. Matched healthy controls were included to account for retest effects on the cognitive measures. Analyses of variance (repeated-measures ANOVA) were performed to detect effect of time and possible cohort*time interactions.

Results: Longitudinal data was obtained from 47 and 48 patients treated for 6 weeks with amisulpride or aripiprazole, respectively. For the Wallwork negative symptom dimension, there was a cohort*time interaction [F(1, 93) = 4.29, p = 0.041] and a significant effect of time [F(1, 93) = 6.03, p = 0.016], which was driven by an improvement in patients treated with aripiprazole [t(47) = 4.1, p < 0.001] and not observed in patients treated with amisulpride (p > 0.5). For the eight cognitive measures, no cohort*time interaction was found and neither was cognitive improvement in any of the cohorts when accounting for retest effect.

Conclusion: Patients treated with aripiprazole improved on negative symptoms, which was not the case for patients treated with amisulpride. This may point to a general effect of a partial D2 receptor agonist on negative symptoms in patients with first-episode psychoses. There was, however, no improvement in cognitive functions.
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INTRODUCTION

Patients with schizophrenia often suffer from multiple symptoms. Antipsychotic medication ameliorates psychotic symptoms in most patients, but negative symptoms and cognitive deficits rarely improve during treatment (1–3). This constitutes a major clinical challenge because these symptoms are associated with worse outcomes in terms of lower levels of functioning and quality of life (4–6).

Psychotic symptoms are associated with a dopaminergic hyperactivity in ventral and associative parts of striatum (7–9). Although the neurobiological underpinnings of cognitive deficits and negative symptoms are not fully understood, they are both associated with disturbances in cerebral networks and may, to some degree, be related to a hypodopaminergic function in prefrontal cortex (10–12).

So-called first- and second-generation antipsychotic medication work by D2 antagonism thereby dampens an overactive dopamine turnover in the more ventral parts of striatum. Partial D2 agonists are denoted third-generation antipsychotics and are hypothesized to dampen the overactive dopamine system in striatal regions but increase dopamine-induced signaling in hypodopaminergic areas such as prefrontal cortex. Theoretically, this may improve negative symptoms and cognitive deficits (13).

Amisulpride is a relatively selective D2 receptor antagonist but is categorized as a second-generation antipsychotic because of a limbic selectivity (14). Due to an affinity for presynaptic D1 receptors in striatum, there should primarily be an effect on negative symptoms when given in doses below 300 mg, which has also been confirmed in two meta-analyses (15, 16). Few studies point to a small improvement in cognitive functions after treatment with amisulpride and other second-generation antipsychotics (17, 18); this may, however, primarily be caused by practice effects (19).

Aripiprazole was the first partial D2 receptor agonist registered for treating psychoses. Although it has been used for two decades, only a few studies focus on the effect on negative symptoms. In studies comparing the effect of aripiprazole to first-generation antipsychotics, aripiprazole showed a superior effect on negative symptoms (20, 21). Studies comparing aripiprazole with second-generation antipsychotics have primarily used risperidone and did not demonstrate a differential effect on the global negative symptom score (22–24) although a superior effect on the avolition-apathy subscore was found in one study (24).

Regarding a possible effect on cognitive impairments, a few open-label trials demonstrate a positive effect on verbal cognitive functions 8–26 weeks after switching to aripiprazole (25–27) although this was not the case in all studies (28). These studies were all carried out in patients who were already medicated and changed to aripiprazole from other antipsychotic drugs. One study examined the effect of using aripiprazole as adjunctive treatment and found a negative effect on verbal fluency and executive functions although motor speed was improved (29). None of the previous studies included a placebo or a healthy control group to correct for retest effects, which is of great importance in trials measuring cognitive functions (30). Further, there are no studies examining the effect of aripiprazole on cognitive functions in patients with first-episode psychoses.

In the Danish guidelines, both aripiprazole and amisulpride are recommended as first-line treatment for patients diagnosed with first-episode psychoses (31). Because both are also suggested to be effective for treating negative symptoms, we found it relevant to use the data from two consecutive cohorts of first-episode psychoses patients to compare their effect on negative symptoms. Based on the partial dopamine agonistic effect, we hypothesized that aripiprazole would show a superior effect on negative symptoms compared with amisulpride. Secondarily, we explored the effect on selected cognitive measures and hypothesized that patients treated with aripiprazole would improve in cognitive performance compared with patients treated with amisulpride.



MATERIALS AND METHODS

Data were collected in the Capital Region of Denmark, Copenhagen, as part of two consecutive longitudinal multimodal studies; the PECANS 1 cohort 2009–2013 (here denoted “amisulpride cohort”) and the PECANS 2 cohort 2013–2019 (here denoted “aripiprazole cohort”). Detailed descriptions of the studies can be found in (32, 33) and www.clinicaltrials.gov (NCT01154829, NCT02339844). For a full overview of previous publications, please see www.cinsr.dk. Participants provided oral and written informed consent prior to inclusion, and both studies were approved by the regional Committee on Biomedical Research Ethics (H-D-2008-088, H-3-2013-149).


Participants

Patients were recruited from psychiatric hospitals and outpatient clinics in the Copenhagen catchment area. Diagnoses according to International Classification of Diseases 10th revision (ICD-10) were confirmed using the Schedules for Clinical Assessment in Neuropsychiatry (SCAN), version 2.1 (34). For the amisulpride cohort, patients met the criteria for schizophrenia (DF20.x) or schizoaffective psychoses (DF25.x), whereas patients with diagnoses in the non-affective psychotic spectrum (DF2X.x except schizotypal disorder, DF21.x) were also included in the aripiprazole cohort. All patients were strictly antipsychotic-naïve and had never been treated with methylphenidate, whereas treatment with antidepressant medication more than a month before the baseline examinations was accepted. Previous or present use of benzodiazepines was allowed. Other exclusion criteria were current diagnosis of drug dependency, involuntary admission or treatment, or severe physical illness. Current occasional use of substances and benzodiazepines and previous substance abuse was accepted for patients.

Two consecutive groups of healthy controls (HC) matched to patients based on age (±2 years), sex, and parental socioeconomic status were recruited using online advertisement. Exclusion criteria for HCs were any physical or mental illness, substance abuse, and having a first-degree relative with psychotic symptoms. Data from the HCs are in the present study only used for calculating z-values for the cognitive measures.



Clinical and Cognitive Assessments

At baseline and after 6 weeks, psychopathology in patients was assessed using the Positive And Negative Syndrome Scale (PANSS) (35). Because we were particularly interested in the effect on negative symptoms and the original PANSS negative symptom cluster has been criticized (36–38), our primary outcome was the negative symptom dimension described by Wallwork et al. (39), which is also found to be most ideal among patients with first-episode psychosis (40). In the Wallwork five-factor model, the negative dimension includes the following items from the PANSS scale: N1: Blunted affect; N2: Emotional withdrawal; N3: Poor rapport; N4: Passive/apathetic social withdrawal; N6: Lack of spontaneity and flow of conversation, and G7; Motor retardation. Additional analyses were performed on the original PANSS negative, positive, and general end total PANSS-scores.

Level of functions was estimated with the Global Assessment of Function scale (GAF) (41), and adverse effects were estimated with the Extrapyramidal Symptom Rating Scale (ESRS) (42).

Cognitive functions were examined using the Cambridge Neuropsychological Test Automated Battery (CANTAB) (43, 44) and the Brief Assessment of Cognition in Schizophrenia (BACS) (45). We focused our analyses on verbal working memory (number sequences, NSq), verbal fluency (VF), and processing speed (symbol coding, SC) from BACS and measures of spatial working memory, (strategy and between errors from Spatial Working Memory [SWM]), planning (Stockings of Cambridge [SOC]), mental flexibility (Intra-Extradimensional Set Shifting [IED]), and sustained attention (A' from Rapid Visual Information processing [RVP]) from CANTAB.

For each cohort separately, the means and standard deviations of the HCs at both time points were used to calculate z-scores for patients, thereby accounting for retest effect. Z-scores for SWM and IED were inverted to report all variables in the same direction and ease the interpretation; i.e., a negative z-score indicates less successful performance in patients compared with HCs.



Treatment

After baseline assessments, patients commenced treatment for 6 weeks with amisulpride or aripiprazole. The dose was individually adjusted according to the clinical impression of symptoms and report of adverse effects.



Statistics

Information on demography and baseline psychopathology was compared using Chi square and independent t-tests. Repeated-measures ANOVA was used to evaluate cohort*time interaction for the primary outcome; the Wallwork negative dimension; and for the secondary outcome, the selected cognitive measures. To account for the multiple comparison effect of analyzing eight cognitive measures, the corrected significance threshold for secondary analyses was ≤ 0.006 (0.05/8). Post hoc analyses were performed using independent and paired t-tests.

Explorative analyses were performed on the original PANSS symptom clusters, GAF, ESRS, weight and BMI. Because of a small difference in sex distribution and age, primary analysis was performed with sex and age as cofactors.

To account for patients who did not complete the follow up, analyses were repeated using mixed modeling, and dropout analyses were done using one-way ANOVA.

Finally, we repeated analyses including only the patients with schizophrenia/schizoaffective psychoses from the aripiprazole cohort (n = 35).




RESULTS

In total, 69 and 74 patients were included in the two cohorts. Baseline and follow-up measures on psychopathology were obtained from 47 patients from the amisulpride cohort and 48 patients from the aripiprazole cohort; numbers and reasons for exclusion are illustrated in Figure 1. For patients who completed the study, there were no differences between cohorts in age, sex, or baseline level of psychopathology except from a higher PANSS general mean score in the amisulpride cohort. In the amisulpride cohort, 96% (n = 45) had a schizophrenia diagnosis, and the remaining 4% (n = 2) were diagnosed with schizoaffective psychoses. For the aripiprazole cohort, 71% (n = 34) had a schizophrenia diagnosis, 2% (n = 1) were diagnosed with a schizoaffective psychosis, and the remaining 27% (n = 13) were diagnosed with other non-affective psychoses (see Table 1). Mean dose of antipsychotic treatment at follow up was 276 (±173, range 50–800) mg for amisulpride and 10 (±4.7, range 2.5–25) mg for aripiprazole. Converted into chlorpromazine equivalent (46), the doses were comparable (216 vs. 201 mg).


[image: Figure 1]
FIGURE 1. Flowcharts of the two studies.



Table 1. Demography, antipsychotic dose, and diagnoses for both cohorts.
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Psychopathology

For the primary outcome, the Wallwork negative dimension, repeated-measure ANOVA showed a cohort*time interaction [F(1, 92) =4.29, p = 0.041] and a significant effect of time [F(1, 92) = 6.033, p = 0.016] but no effect of cohort (p = 0.235). Post hoc analyses showed a difference between cohorts after 6 weeks [t(92) = 2.11, p = 0.037], which was not found at baseline (p = 0.93) and a paired sample t-test showed an effect of time in the cohort treated with aripiprazole [t(47) =4.1, p < 0.001], but not in the cohort treated with amisulpride (p = 0.23), illustrated in Figure 2. Including sex and age as covariates made the cohort*time interaction slightly more significant [F(1, 92) = 5.54, p = 0.021]. There was no primary effect of either sex or age, but the effect of time disappeared, and a sex–time interaction was found [F(1, 92) =4.21, p = 0.043]. Men improved in Wallwork negative symptoms score in both cohorts, whereas women improved on aripiprazole but worsened on amisulpride although none of these post hoc results reached significance.


[image: Figure 2]
FIGURE 2. Illustration of the group*time interaction on the Wallwork negative symptom dimension score.


The additional analyses on PANSS total and PANSS positive, negative, and general subscores, showed an effect of time and no effect of cohort and no cohort*time interaction although a trend was found for general and negative symptoms. All the Wallwork dimensions showed an effect of time: An effect of cohort was found in excitedness and disorganization with higher levels in the amisulpride cohort (Table 2). Both cohorts improved significantly in GAF score (p < 0.001), but there were no effects of cohort or cohort*time interactions. Likewise, there were no cohort*time interactions on ESRS score, but an overall effect of time (p = 0.034) and cohort (p = 0.018) was found. Both cohorts increased in ESRS score during treatment, and the amisulpride cohort had a higher rating at both baseline and follow up although this was not significant in the post hoc analyses (all ps > 0.09). Regarding weight and BMI, there was a cohort*time interaction (p ≤ 0.001), an effect of time (p < 0.001), and for BMI also an effect of cohort (p = 0.048). The weight increase was driven by patients treated with amisulpride; these patients had a higher weight and BMI already at baseline although this was not significant (p > 0.10).


Table 2. Psychopathology, side effects and level of function for both cohorts at baseline and after six weeks.
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Cognitive Measures

For the secondary outcome, i.e., the eight selected cognitive measures, no cohort*time interaction survived the corrected significance threshold (p < 0.006). A main effect of time was found for verbal fluency (p = 0.002) and sustained attention (p < 0.001), where average z-scores became more negative, meaning that patients improved less after six weeks than HC. A main effect of cohort was found for spatial working memory strategy (p = 0.002) and at the trend level for mental flexibility (p = 0.008); for both measures the aripiprazole cohort had lower z-scores at both time points than the amisulpride cohort (Figure 3; Supplementary Table S1).


[image: Figure 3]
FIGURE 3. Bar graph illustrating cognitive performance for patients in both cohorts at baseline and after 6 weeks as measured by z-score.




Mixed Modeling

For the primary outcome, the Wallwork negative dimension, there was a main effect of time and no effect of cohort, but a trend-level cohort*time interaction (p = 0.067) (Table 3). For the remaining analyses, please refer to Table 4.


Table 3. Estimated means and p values from the mixed modeling analyses on the whole sample.
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Table 4. Baseline psychopathology score on patients with and without follow up data and p-values for ANOVA comparing the four groups.

[image: Table 4]

Importantly, including the patients who dropped out introduced a main effect of cohort in PANSS total and general score, which was not observed in the original analyses. This was confirmed by dropout analyses showing a difference in baseline PANSS total and general score and in the disorganized and excitement dimension on the Wallwork five-factor model. Except for the Wallwork positive dimension, patients who dropped out had a higher baseline psychopathology score. This was most pronounced in the amisulpride cohort, where a post hoc t-test showed a significant difference for PANSS total and general score (both p-values < 0.02, all other p-values < 0.05).

Performing mixed modeling analyses on the cognitive measures resulted in results identical with the primary analyses: No cohort*time interaction survived the corrected significance threshold (p < 0.006). A main effect of time was found for verbal fluency (p = 0.003) and sustained attention (p < 0.001). A main effect of cohort was found for spatial working memory strategy (p = 0.002) and at the trend level for mental flexibility (p = 0.031, Supplementary Table S2).

Removing the 13 patients with other psychoses diagnoses resulted in less comparable groups as a group difference in baseline psychopathology was introduced (Supplementary Table S4). Further, removing 27% of the data in one of the cohorts reduced the power for detecting significant development over time. Therefore, these analyses are only presented in the Supplementary Material.




DISCUSSION

In the present analyses examining patients with first-episode psychoses who had not previously been treated with antipsychotic medication, we found a significant decrease in negative symptoms of 2.5 points in patients treated with aripiprazole for 6 weeks but not in patients treated with amisulpride. We found no indication of any positive effects on the cognitive performance of the two antipsychotic compounds when controlling for simple retest effect. In addition, we found a significant weight gain in the amisulpride cohort, whereas the aripiprazole cohort were weight stable during these first 6 weeks of antipsychotic treatment.

The primary aim of the presented analyses was to compare the effect on negative symptoms of two antipsychotic drugs that are both recommended for first-line treatment in patients with first-episode psychoses. Treating negative symptoms is relevant because the level of negative symptoms has a high impact on the long-term outcome (47, 48). Although amisulpride in low doses (<300 mg) is registered for treatment of negative symptoms in Denmark, we were not able to measure a treatment effect on any of the negative symptom dimensions we analyzed. This was the case although patients were treated with relatively low doses, and therefore, they did not develop extrapyramidal side-effects (EPS), which could have induced secondary negative symptoms and affected their negative symptom score. The fact that there were no significant development of EPS and no group*time interaction on this measure is important because most previous studies compare aripiprazole with compounds such as haloperidol and risperidone, which are prone to induce EPS (21–24, 28). Our results indicate that the superior effect of aripiprazole on negative symptoms is not only accounted for by not inducing EPS. One could argue that ESRS only measures EPS, whereas it does not specifically address other important side effects such as feeling or being sedated. We can, therefore, not rule out that different level of sedation in the two cohorts may explain some of the difference in the negative symptom score.

Importantly, patients treated with amisulpride improved just as much on positive and general symptoms as the patients treated with aripiprazole, which indicates that the difference in treatment effect is not accounted for by an effect on secondary negative symptoms, such as being socially isolated because of anxiety or psychotic symptoms. This could indicate that aripiprazole due to the dopamine receptor agonistic properties has an effect on primary negative symptoms although primary negative symptoms are difficult to disentangle from secondary negative symptoms, especially in recently diagnosed first-episode patients. There is, however, other evidence pointing toward third-generation antipsychotics that may influence primary negative symptoms. In a recent study focusing specifically on patients with primary negative symptoms, an effect of cariprazine was found on several different PANSS-derived factors (49). Future studies, including neurophysiological measures of specific neurocircuits while examining change in negative symptoms during treatment with a partial dopamine receptor agonist, may be able to establish a direct link between the influence on neurophysiology and negative symptoms.

Because the patients were all first-episode psychotic patients, we chose the Wallwork definition of the negative symptom dimension of PANSS items (39). It would have been optimal to use one of the newer negative symptom rating scales, such as the Brief Negative Symptom Scale (BNSS) (50) or the Clinical Assessment Interview for Negative Symptoms (CAINS) (51). Unfortunately, the data were collected in the period 2009–2019, when these scales were being developed, and the BNSS were not translated into Danish and validated in a Danish sample until 2019 (52). In future studies, it would be highly relevant to examine the effect of dopamine receptor agonists on negative symptoms using one of the new scales, in which also the effect on different subdomains could be explored.

We did not observe a treatment effect on any of the cognitive measures. This is interesting because the design of the present study corrected for the retest effect by calculating z-scores based on healthy controls examined at the same time point. Previous studies did not use this strategy. Some studies only included one group, and thus, any improvement may simply be a retest effect (25, 27). Other studies compared two groups of patients receiving different antipsychotics in which any group difference may reflect differences in retest effect rather than an actual improvement in cognitive functions (26, 28). Thus, the clinical evidence of aripiprazole having a superior effect on cognitive deficits is not convincing. Nonetheless, there is limited evidence in humans that a partial D2 receptor agonist can at least affect working memory. One study on seven patients with schizophrenia found a relation between the D2 receptor occupancy of aripiprazole in striatum and the performance on an N-back test (53). The occupancy in prefrontal cortex was not directly measured, but the authors assumed that the result could be extrapolated to include prefrontal cortex. Whether this is plausible can be debated, but the results are interesting and underline the importance of addressing this directly in future imaging studies.

Although metabolic issues were not a primary or secondary outcome in the present study, it is important to notice that we observed no weight gain in the cohort treated with aripiprazole, whereas this was the case for patients treated with amisulpride. Although we only collected data during the first 6 weeks of treatment, this is an important observation because metabolic side effects constitute a major clinical problem.

In our primary analyses, we did not include patients who dropped out of the studies. Including these patients by using mixed modeling changed our results on psychopathology slightly, and the different effect on negative symptoms was now only a trend. However, dropout analyses showed that psychopathology at baseline in the patients who dropped out differed between the two cohorts. Including these patients in the analyses decreased cohort comparability and may, therefore, not be the optimal approach for these data. Also, it is important to note that comparing the treatment effect between cohorts was not a main aim of the original studies, which is, of course, a major limitation. The data were collected consecutively, unblinded, and there were diagnostic differences between cohorts. Although collected consecutively, the data was collected by the same research group, which may decrease variability in rating traditions. Because the present analyses were not planned when any of the studies were carried out, raters were not biased toward one of the compounds. A randomized design would be optimal although the two cohorts were very similar regarding age, sex, level of symptoms, and functioning. Importantly, diagnostic differences are present: The amisulpride cohort only included patients with schizophrenia/schizoaffective psychoses, whereas 27% of the patients in the aripiprazole cohort had other psychoses diagnoses. One could argue that the subgroup with other psychoses diagnosis may not have the same level of negative symptoms because negative symptoms do not appear in the diagnostic criteria. This was not the case in our additional analyses, where we found that the cohorts became less comparable regarding psychopathology after excluding these patients. We do, therefore, not believe that the diagnostic difference explains the effect of aripiprazole on negative symptom. We chose to use the Wallwork negative symptom dimension because this has been suggested in literature (40). This dimension does, however, include motor retardation, which other guidelines recommend should be excluded (54). The use of Wallwork and not one of the newer scales is a limitation.

Negative symptoms and cognitive deficits remain a challenge in the treatment of psychosis, and so far, there are no medical treatment strategies showing convincing effect. Although we found no effect on cognitive performance when accounting for the retest effect, our results support the notion that partial dopamine receptor agonists may improve negative symptoms in first episode psychoses patients.
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Negative and cognitive symptoms are core features of schizophrenia that are correlated in cross-sectional designs. To further explore the relationship between these critical symptom dimensions we use a method for stratifying participants based on level and persistence of negative symptoms from absent to sustained levels over a 10-year follow-up period. We investigate associations with cognitive performance and level of global functioning. First-episode psychosis (FEP) participants (n = 102) and healthy controls (n = 116) were assessed at baseline and follow-up. A cognitive battery consisting of 14 tests derived into four domains and a composite score were used in the analyses. FEP participants were stratified based on negative symptom items from the Positive and Negative Syndrome Scale (PANSS-R) into four groups with either no, mild, transitory or sustained symptoms over the 10-year follow-up period. Global functioning was measured with Global Assessment of Functioning Scale-Split version. Multivariate and univariate analyses of variance were used to explore between-group differences in level and course of cognitive performance as global functioning. A multivariate analysis with four cognitive domains as dependent variables, showed significant group differences in performance when including healthy controls and the negative symptom groups. The groups with no and mild negative symptoms outperformed the group with sustained levels of negative symptoms on verbal learning and memory. The group with no negative symptoms also outperformed the group with sustained negative symptoms on the cognitive composite score. Significant improvements on verbal learning and memory, executive functioning and the cognitive composite were detected for the entire sample. No differences in cognitive course were detected. There was a significant improvement in global functioning as measured by the GAF-F over the follow-up period (p < 0.001), without any time x group interactions (p = 0.25). Participants with sustained negative symptoms had a significantly lower level of global functioning at 10-year follow-up with an additional independent effect of the cognitive composite score, compared to all other groups. Individuals with an early illness course characterized by absence of negative symptoms form a group with better cognitive and functional outcomes than the impairments typically associated with schizophrenia. Individuals with sustained levels of negative symptoms on the other hand may require a combined focus on both negative and cognitive symptoms.

Keywords: cognition, longitudinal, negative symptoms (schizophrenia), attention, processing speed, executive functions, global functioning


INTRODUCTION

Negative and cognitive symptoms are core features of schizophrenia (1–3). Both are consistently associated with poorer clinical and functional outcome (1, 4–8), yet currently few effective treatments for either exist (2). The suggestion of subtypes, such as type II schizophrenia (9), negative schizophrenia (10) or deficit schizophrenia (11) have highlighted the significant co-occurrence of negative and cognitive symptoms in a subset of patients. Although sustained negative symptoms is not currently seen as a marker of a distinct disease sub-group within the schizophrenia spectrum (12), the association between negative symptoms and cognition remains important. This association is present for a wide range of cognitive domains, including memory, processing speed, attention, and executive functions (13–16). Furthermore, both cognitive and negative symptom domains have been associated with early predictors of outcome suggesting possible targets for early intervention, prevention, and treatment planning (17, 18).

An important question regarding the relationship between negative and cognitive symptoms concerns their temporal relationship. Although negative symptoms are more stable than positive symptoms, longitudinal studies have shown that they do show variation over time (19–21). Using latent class analysis to identify symptom courses in a 10-year follow-up in the OPUS study, Austin et al. (21) identified four course types for negative symptoms (21). One group had symptoms that were consistently high, i.e., above moderate levels while another group showed only mild negative symptoms at baseline with no negative symptoms from 1 year until 10-year follow-up. The remaining two groups fell in-between and with more variability in symptom scores (21). It has been argued that distinguishing enduring high levels of negative symptoms from fluctuating negative symptoms or symptoms hovering around threshold levels is important, both from a theoretical and an empirical perspective (12, 22, 23). This distinction is also deserving of attention for clinical reasons, since the course of negative symptoms is related to functional outcome, especially social functioning, in individuals with schizophrenia (8, 24).

In a recent study, we used clinically meaningful cut-off values in a 1-year follow-up study (25) to investigate the longitudinal relationship between negative symptoms and cognitive functioning in first-episode psychosis (FEP) participants. The groups had either no (NNS), mild (MNS), transitory (TNS) or sustained (SNS) negative symptoms. We found a dose-effect type relationship between the level of negative symptoms and the level of cognitive functioning, with the largest group differences in cognitive functioning between FEP participants with SNS and NNS. The latter group did not differ significantly from healthy controls on any cognitive measure.

In the current study, our main aim was to follow-up these results and investigate how negative symptom severity over a longer (10-year) follow-up period was related to cognitive functioning in a group of FEP participants, using the same stratification as at 1-year follow-up but here based on baseline and 10-year symptom levels. As in our previous study we included a group of healthy controls to explore the relative cognitive performance of the four FEP groups, stratified for levels of negative symptoms, i.e., sustained, transitory, mild or no negative symptoms (25) over 10 years. To evaluate the clinical significance of any group differences, we added an assessment of global functioning as external validation. Based on our findings at 1-year follow-up we hypothesized that the main difference in cognitive functioning would be between the NNS and SNS groups. The specific research aims were as follows:

First, to investigate if the method of grouping participants according to negative symptoms at the 10-year follow-up would replicate the previous findings, i.e., would reproduce four groups of approximately the same size and with comparable clinical characteristics and differences in baseline cognitive functioning.

Second, to investigate the course of cognitive functioning over the follow-period, both in the entire sample and between groups.

Third, to investigate the course of global functioning over the follow-up period for the different negative symptom groups, and evaluate to what extent the putative difference between the negative symptom groups result from differences in cognitive functioning, in addition to the influence from other clinical symptoms.



METHODS


Participants

Participants were recruited through the “Thematically Organized Psychosis” (TOP) study, an ongoing prospective cohort study recruiting participants from in- and outpatient clinics in the greater Oslo area and the Innlandet Hospital Trust region, in Norway. All FEP participants were assessed for the study within 1 year of starting their first adequate treatment for a psychotic episode (defined as hospital treatment in an acute/psychosis ward and/or antipsychotic medication in recommended dosage). For the current study, we included participants with broad schizophrenia spectrum disorder at baseline and at follow-up including the following DSM-IV diagnoses: schizophrenia, schizophreniform disorder, schizoaffective disorder, delusional disorder, brief psychotic disorder and psychosis NOS (12). Exclusion criteria were IQ below 70, not speaking a Scandinavian language, clinically significant head injury or age beyond the range 18–65.

One hundred forty-six from a total of 382 participants with a broad schizophrenia spectrum diagnosis at baseline met for follow-up assessment at 10 years, a retention rate of 38.2%. A final sample of 102 participants who had undergone cognitive assessment at the 10-year follow-up met all criteria to participate in the current study. Figure 1 provides details about loss to follow-up and unmet inclusion criteria.
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FIGURE 1. Account of attrition in the 10-year follow-up.


Healthy controls were recruited from the same catchment area as FEP participants and were invited by letter through random selection from the public population registry. They were screened using the Primary Care Evaluation of Mental Disorders (PRIME-MD) (26) to assess for symptoms of severe mental health disorders, and underwent a brief demographic interview at both baseline and 10-year follow-up including direct questions about mental disorders in the family. In addition to the listed exclusion criteria for FEP participants, healthy controls were excluded from the study if they met criteria for substance abuse or dependency in the last 6 months, or if they reported a history severe mental disorder in first-degree relatives. Only control participants who met for 1-year follow-up were contacted for 10-year follow-up. A total of 164 healthy controls from baseline were eligible for the 10-year follow-up study and a total of 120 met for reassessment, giving a retention rate of 73%. A total of 116 healthy controls completed necessary cognitive assessment at baseline and 10-year follow-up and were included and used to generate standardized scores on the cognitive tests. The resulting sample was significantly larger than any of the patient groups and had also different error variances. To meet the assumptions for conducting analyses of variance (ANOVAs) as the main statistical analyses, the sample was randomly reduced to 26 participants to fit the statistical purposes. Study participation required written informed consent using a form approved by the Regional Ethics Committee.



Cognitive Assessment

A total of 14 tests were used to cover four cognitive domains which are known to be negatively influenced in schizophrenia: Verbal learning and memory, attention, processing speed, and executive functions. Cognitive assessments were carried out by psychologists or masters of neuroscience trained by senior research psychologists in the specific tests used and calibrated to ensure reliable test scores according to procedures developed at the research center. All test scores were converted into standardized Z-scores based on the total healthy control sample (n = 116).

The verbal learning and memory domain was comprised of trials 1–5 and delayed free recall from the California Verbal Learning Test (CVLT-II) (27), and the immediate and delayed recall conditions from the Logical Memory test in the Wechsler Memory Scale (WMS) (28). Attention was assessed using the Digit Span and Letter-Number Sequencing Test (28). Processing speed was assessed with the Digit Symbol Test (WAIS-III) (29), and the Color Naming and Word Reading subtest of the Color-Word Interference Test of the Delis-Kaplan Executive Function Scale (D-KEFS) (30). Executive functions were comprised of five separate scores from the D-KEFS test battery; the Inhibition and Inhibition/Switching subtests from the Color-Word Interference Test and Letter Fluency, Category Fluency and Category Switching from the Verbal Fluency Test. As a measure of general cognitive ability, a cognitive composite score was also calculated as the total sum of all test scores divided by the number of tests. Current IQ was measured with the abbreviated Wechsler intelligence scale WASI (31).



Clinical Assessment

Clinicians with formal background as licensed psychologists, psychiatrists or psychiatric residents conducted diagnostic interviews at baseline and follow-up using the Structured Clinical Interview for DSM IV Axis I disorders (SCID-I) (32). All interviewers were trained according to a program developed at UCLA prior to conducting interviews, and the inter-rater reliability from this program has previously been evaluated and found satisfactory with overall agreement for DSM-IV diagnostic categories of 82% and an overall κ of 0.77 (95% CI:0.60–0.94) (33). The duration of untreated psychosis, time from onset of psychotic symptoms to first adequate treatment, was established based on information from interviews with participants and medical records. Symptoms were assessed with the Positive and Negative Syndrome Scale (PANSS) (34) using a validated five-factor model (35), but the depressive factor was excluded and instead measured by the Calgary Depression Scale for Schizophrenia (CDSS) (36) which is designed not to overlap with negative symptoms. Alcohol and substance use severity was assessed with the Alcohol Use Disorder Identification Test (AUDIT) and the Drug Use Disorder Identification Test (DUDIT) (37). The Global Assessment of Functioning Scale-Split version (GAF-F) (38) was used as a clinician rated measure of global functioning. The GAF-Split version assesses global symptoms and global functioning using two separate scales. The GAF-F thus serves the same purpose as the SOFAS.



Negative Symptom Subgroup Definition

PANSS items N1, N2, N3, N4 and N6 have been recommended for studying negative symptoms because they measure core negative symptoms and do not conceptually overlap with cognition (1). The PANSS items are rated 1–7, where 1–2 is within what is considered normal variation, 3 is a mild symptom and 4 is clear symptomatology with increasing values up to 7 indicating a more severe pathology (34). The distinction between 3 and 4 is pivotal because a score of 3 marks the upper limit for widely used and validated remission criteria (39, 40), and a score of 4 is also commonly used as a lower limit in studies investigating negative symptoms (22, 23). Here, we followed the same approach and logic as in a previous 1-year follow-up study (25), but with negative symptoms at 10-year follow-up as the endpoint.

Four groups based on levels of negative symptom severity at two time-points were thus determined based on baseline and 10-year follow-up assessment:

1. Sustained negative symptoms (SNS): Participants with at least one item ≥ 4 at both time points.

2. Transitory negative symptoms (TNS): Participants with at least one item ≥ 4 at only one time point.

3. Mild negative symptoms (MNS): Participants with at least one item = 3 at one or both time points, but no item ≥ 4.

4. No negative symptoms (NNS): Participants with no item > 2 at either time point.

Based on these criteria, the SNS group consists of participants with enduring levels of clear negative symptomatology, while the NNS group consists of participants who did not exceed normal levels for any negative symptom item as assessed at the two time points. The MNS group presents with only mild symptomatology, while the TNS group presents with clear negative symptomatology at one time-point without the stability of the SNS group.



Statistical Analyses

The Statistical Package for the Social Sciences version 27 (SPSS, Inc., Chicago, IL, USA) was used to perform all analyses.

Variables were inspected for normality and outliers. Due to skewness, the DUP variable was log-transformed before entering analyses, while median and range values were reported from the untransformed variable. ANOVA is sensitive to deviances in error variance when group size differences are large. Due to initial violations of assumptions made in analyses of variance (i.e., equality of covariance matrices and equality of error variances), the original group of healthy controls was randomly pruned from 116 to 26, the average size of the FEP groups (n = 102 divided into four groups; i.e., with an average size of ~26). Following this operation, all assumptions concerning sample size and error variances were met. Alpha level was set at 0.05 for all statistical tests. All reported p-values are two-tailed.

Analyses of variance (ANOVAs), chi-square test, and independent samples t-tests were used to compare groups for differences in demographic and clinical characteristics, including investigations of differences between participants retained and those lost to follow-up, as reported in Table 1. We used the following approach to identify and correct for putative confounding factors in the analyses of cognition: First, to be a potential confounder the variable in question had to show significant associations with both the negative symptom groups and with the assessment of cognitive functioning. Second, the variable in question did not have any criteria overlaps with (i.e., was not measuring parts of the same phenomenon as) either negative symptom group or cognitive functioning, since entering these would lead to spurious findings. Based on this, IQ, PANSS negative, and PANSS disorganized/concrete symptoms factor (41) were not included in any evaluations as putative confounders. For the remaining, we investigated associations between negative symptom-based groups, cognitive domains, and clinical characteristics using Spearman's rank correlations. The group variable was here treated as an ordinal scale based on putative severity, with healthy controls = 0, NNS = 1, MNS = 2, TNS = 3, and SNS = 4 (see Supplementary Table 1).


Table 1. Baseline descriptive information for the different patient groups.
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Analysis of Differences in Baseline Cognitive Functioning

To investigate whether there was an overall difference in baseline cognitive functioning based on the level of negative symptoms over the follow-up period, we first performed a multivariate analysis of variance (MANOVA) as an omnibus test with “group” (the four negative symptom groups and healthy controls) as the independent variable and the four cognitive domains as dependent variables (Wilk's Λ). Further, given a significant group effect, follow-up explorations were done with separate ANOVAs for each cognitive domain and for the cognitive composite score, reporting partial η2 as effect size and post-hoc Bonferroni correction for multiple comparisons when relevant. There were no clinical symptoms that were statistically significantly associated with both negative symptoms-based groups and cognitive domains, and we thus did not proceed with ANCOVAs.



Analysis of Differences in the Cognitive Course Between Groups

Differences between groups in the cognitive course over the 10-year study period were investigated by performing a series of repeated measures ANOVAs for each cognitive domain and the cognitive composite score (Pillai's Trace reported). As validation of the repeated measures ANOVAs, we performed additional linear mixed models for the five cognitive variables. Time (baseline vs. follow-up), group (HC and four negative symptom groups) and the time x group interaction were fixed. The models included a random intercept and were conducted with maximum likelihood estimation. The linear mixed models were undertaken with the complete HC sample (n = 116).



Analysis of Global Functioning in Negative Symptom Groups

Our third aim was to investigate differences in global functioning between negative symptom groups and to assess the independent contributions of both group and cognition on GAF-F. We investigated group differences in GAF-F scores at baseline and follow-up using ANOVAs, and the development of GAF-F scores over time with separate repeated measures ANOVA (Pillai's Trace reported). Finally, we investigated the added contribution of cognitive functioning to global functioning using multiple linear regression analysis, with GAF-F at follow-up as the dependent variable and with the cognitive composite score and coming from the SNS group (vs. all other groups) as the two independent variables, corrected for differences in other clinical symptoms. Since the aim here was to identify the added contribution of cognition and not primarily to rule out confounder effects, the different symptom domains were entered independent of their association or lack of association to cognition. Symptom domains that did not have a significant contribution to the variation in functioning was not retained in the final model. Residual plots and evaluation of outliers were used to ascertain that the statistical requirements were met.




RESULTS


Demographic and Clinical Characteristics

Participants lost to follow-up did not differ from those who met for 10-year assessment on IQ, age, gender, or any clinical measure at baseline. The age of the healthy control group (M = 32.7, SD = 7.9) and their IQ (M = 114.7, SD = 8.5) was statistically significantly higher than the clinical groups (F4,123 = 3.53, p =0.009) and (F4,123 = 5.94, p < 0.001). Clinical and demographic characteristics of the negative symptom groups are presented in Table 1. As expected, there were several significant between-group differences for clinical measures at baseline, including PANSS positive, depressive, and disorganized symptoms and GAF-F. As shown in Table 1, the negative symptom groups varied in size from 17 to 36 out of the total N = 102. As a proportion of the total, the NNS group was 18%, the MNS 30%, the TNS 35%, and the SNS 17%.



Analysis of Differences in Baseline Cognitive Functioning

Our first research question concerned differences in cognitive functioning at baseline. The main multivariate analysis (MANOVA) done to compare all five groups on overall baseline cognitive performance was significant, F16,352 = 3.18, p < 0.001; Wilk's Λ = 0.662, partial η2 = 0.10. The following separate ANOVAs for each cognitive domains are presented in Table 2 with a graphical illustration of the five groups according to cognitive domain and the cognitive composite score is presented in Figure 2. The observed differences between groups from the Bonferroni-corrected post-hoc analyses are given in Table 2. For any cognitive domain and for the cognitive composite score, the healthy controls did not differ significantly from the NNS group. The remaining negative symptom groups were outperformed by healthy controls on all domains and the cognitive composite score except for the MNS group on verbal learning and memory and the SNS group on attention. The NNS and the MNS group outperformed the SNS group on verbal learning and memory. The NNS group also differed significantly from the SNS group with superior performance on the cognitive composite. As displayed in Figure 2, the mean values for cognitive performance decreased stepwise with an increase in the burden of negative symptoms, and with the largest difference between the NNS and SNS groups. There were no differences in age between negative symptom groups, but since there was a significant age difference when including healthy controls, we conducted a follow-up analysis controlling for age. This analysis did not provide different results. Between-group differences in cognitive functioning at 10-year follow-up are presented in Supplementary Table 3.


Table 2. Baseline cognitive scores for the different patient groups and healthy controls.
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FIGURE 2. Cognitive domains by negative symptom groups at baseline.




Analysis of Differences in the Cognitive Course Between Groups

Between-group differences in cognitive course over the 10-year follow-up for each domain and the cognitive composite score are displayed in Figure 3. There was a significant improvement in verbal learning (F1,118 = 17.87, p < 0.001; Pillai's Trace = 0.132), executive functioning (F1,121 = 4.86, p = 0.03; Pillai's Trace = 0.039), and the cognitive composite (F1,123 = 8.34, p = 0.005; Pillai's Trace = 0.063) over time. Visual inspection of means plots suggested that these improvements were mainly due to the healthy controls, the NNS and MNS groups, but there were no significant time x group interaction effects. The linear mixed model analyses, which included the complete HC sample, confirmed these results. All five analyses yielded significant effects of group. In addition, the effects of time were significant for verbal learning [b = 0.28, t(213.61) = 3.28, p = 0.001], executive function [b = 0.21, t(217.79) = 2.05, p = 0.041], and the composite score [b = 0.16, t(218.00) = 2.53, p = 0.012]. None of the interaction effects were significant.
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FIGURE 3. Development of cognitive domains over the 10-year follow-up.




Analysis of Global Functioning in Negative Symptom Groups

Global functioning at baseline, follow-up, and in the course over the 10-year follow-up is displayed in Figure 4. There was a significant improvement in global functioning as measured by the GAF-F over the follow-up period (F1,97 = 49.97, p < 0.001; Pillai's Trace = 0.340), without any time x group interactions (F1,97 = 1.40, p = 0.25; Pillai's Trace = 0.041). There were significant between-group differences in GAF-F at follow-up. The SNS group had the poorest level of global functioning, and the largest differences in GAF-F score were between this group and the NNS (mean difference 13.34, p = 0.018) and the MNS (mean difference 13.35, p = 0.007) groups. To explore the potential added contribution of cognitive functioning to the groups-based differences in global functioning, we performed a multiple linear regression analysis with GAF-F as the dependent variable and with the cognitive composite score and coming from the SNS group (vs. all other groups) as the independents, correcting for differences in other symptom areas, Both the cognitive composite score (beta = 0.98, p < 0.001), the PANSS positive component score (beta = 0.28, p < 0.001) and the PANSS depressive component score (beta 0.30, p < 0.001) had significant contributions to the variation in GAF-F at follow-up. Still, belonging to the SNS group had an independent and statically significant contribution to GAF-F when entered at the last step of the analysis (beta = 3.4, p = 0.038) (adjusted model R2 = 0.49, F = 42.6, p < 0.001).
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FIGURE 4. Global functioning (gaf-f) over the 10-year follow-up.





DISCUSSION

Using baseline and 10-year follow-up data to group FEP patients based on negative symptom severity, the current study largely replicates findings from our previous 1-year follow-up study, albeit with minor variations in group size (25). The SNS group which comprised 17% of the FEP sample is approximately the same size as reported for groups with deficit schizophrenia (42) or persistent negative symptoms (43) elsewhere. We also replicate our previous finding of group differences in cognitive functioning at baseline between the four groups. The post-hoc analyses showed that the NNS group was not significantly outperformed by healthy controls on any domain or on the cognitive composite score. With some minor exceptions the healthy controls outperformed the remaining negative symptom groups on the four cognitive domains and on the cognitive composite. In the FEP sample, the NNS group significantly outperformed the SNS group on the verbal learning and memory domain and on the cognitive composite score. Our findings indicate that we already after 1 year of treatment in FEP can identify valid subgroups based on stratification of negative symptoms that have relevance for long-term outcome.

Concerning our second aim, we found parallel courses in the cognitive domains across subgroups. Significant improvements were detected for the cognitive composite and the domains of verbal learning and memory and executive function. The domains of processing speed and attention remained stable. These results add to the mixed findings in FEP, suggesting mainly stability (44), but improvements have also been reported (45). A recent 10-year follow-up study with healthy controls and a similar FEP sample size as the present, also reported a generally stable cognitive course (46). Although the authors reported finding a subgroup with a deteriorating course, they were unable to identify significant predictors. Upon visual inspection of slopes the SNS group did not show the same tendency toward improvement as the other groups, but there were no statistically significant interaction effects that would indicate a difference in course.

Concerning our third aim, we found that the groups differed significantly in their level of global functioning at baseline but did not differ in their course of global functioning over the 10-year follow-up period. The main difference in global functioning was as expected between the NNS and the SNS groups. However, the SSN group mainly showed a stable course and not clear deterioration. This is in line with some (47, 48), but not all (49–51), studies of the development of functioning over time in FEP. We also found that the differences in cognitive functioning had an independent contribution to global functioning, beyond the effect of severe negative symptoms as represented by belonging to the SNS group. Since the addition of a measure of functioning was added to serve as an external validator of clinical relevance, we conducted analyses of global functioning and the cognitive composite score not including functional- and/or cognitive subdomains. The latter type of analyses could give a more in-depth understanding of the relationship between cognition and functioning but was outside the focus of the current paper which was the relationship between negative symptoms and cognition.

In addition to the significant and long-term effect of sustained negative symptoms, the most interesting finding in the current study is that the NNS group did not differ significantly from healthy controls for any cognitive measure. This replicates our previous findings from the 1-year follow-up of the current group and strengthens our argument that comparting the extreme groups of patients with stable absence or presence of negative symptoms would enhance our ability to explore the relationships between cognitive and negative symptoms. Future research would profit from more theory-driven approaches to the study of negative symptoms.

Moreover, our findings add to the broader discussion of the defining features of schizophrenia, as they show that a stable absence of negative symptoms is linked to more subtle deficits in cognition and less functional impairment. As noted by a recent review, there is a growing literature questioning the emphasis on positive symptoms to define the diagnostic category of schizophrenia (52). According to this view, both negative and cognitive symptoms are more specific to schizophrenia than positive symptoms, in line with the former Bleulerian concept of the disorder (52). In the absence of clear biomarkers, the “correct” diagnostic criteria remain elusive. Our findings do, however, suggest that characteristics important to the original concept of schizophrenia (i.e., cognitive, and functional impairments) are more closely associated with negative symptoms, rather than the positive symptoms often used to define the diagnosis. This is an additional argument for more in-depth studies of negative syndromes and their neuroscientific underpinnings.


Future Research

Contrasting individuals with NNS and SNS has the potential to give new insights into negative symptoms, their association with cognitive symptoms, and relevant biomarkers including genetics and brain phenotypes captured by imaging techniques. In addition, more specific and elaborate measures of functional domains and particularly real-world functioning would also add to our understanding of their functional consequences. Furthermore, including frequent measurement points based on smart phone technology could provide more detailed data on the course of negative symptoms in critical periods of their developments. Finally, our study was planned before general access to good and reproducible measures of social cognition and thus did not include any such assessments at baseline.



Strengths and Limitations

The strengths of this study are the longitudinal design, and the inclusion of a sample recruited through the Norwegian public health system, which covers all citizens regardless of socioeconomic status. The sample is also well-characterized, with validated assessments for both clinical and cognitive variables.

A clear limitation is a 10-year period without any in-between measurements that could map variability in negative symptoms. However, previous studies have indicated considerable stability in negative symptoms from 1- to 10-year follow-up (53).

Also, the loss of participants from baseline to follow-up is always a threat to the representativeness of the sample, and the retention rate in this study is low. However, a study simulating the effect of losing participants in long-term longitudinal studies found that association between variables was not affected even with high rates of attrition (54). Moreover, there were no significant differences in baseline demographic and clinical variables between participants included compared to those lost to follow-up in the current study. We are, however, not able to rule out attrition bias due to different courses of illness.

The statistical tests used do not make assumptions about the equality of sample sizes, and type I errors are not increased by this limitation. However, there might be an increase of type II error due to the small and unequal sample sizes, particularly concerning the main groups of interest, the NNS and SNS groups, since they were the smallest. This could cause a conservative bias in the statistical interpretation overlooking group differences that in fact are present.

Finally, our study was planned before general access to good and reproducible measures of social cognition and thus did not include any such assessments at baseline. This can be considered a limitation as social cognition has been found to mediate the relationship between neurocognition and functioning (55).




CONCLUSION

Stratifying FEP patients based on the severity of negative symptoms over time could be key to understanding important aspects of heterogeneity in schizophrenia, such as the differences in cognitive functioning. This particularly applies to the differences between patients with persistently absent and persistently present negative symptoms. In the current study, participants with persistently low levels of negative symptoms over the 10-year follow-up period did not differ significantly from healthy controls and largely outperformed participants with sustained moderate-severe negative symptoms on verbal learning and memory. The group with persistent negative symptoms also demonstrated inferior global functioning, with an additional independent contribution from the difference in cognitive functioning. Clinical implications of the study are that differences in course of negative symptoms may indicate different treatment needs, and that the SNS group may need interventions specifically targeting cognitive impairments such as cognitive remediation. Although cognitive remediation does not primarily target negative symptoms, several studies have shown that in addition to improving cognition (56) this intervention may also have a beneficial effect on negative symptoms (57).
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Current research suggests that emotion recognition is impaired in individuals affected by schizophrenia spectrum disorders (SSD). However, the specific impact of negative symptoms on the ability to recognize single basic emotions has not yet been explored sufficiently and is the aim of the present study. A sample of N = 66 individuals diagnosed with SSD was recruited at the Charité – Universitätsmedizin Berlin. In a first step, correlation analyses were conducted between seven different negative symptom subdomains of the Positive and Negative Syndrome Scale (PANSS) and the accuracy and latency in recognizing the six basic emotions (anger, disgust, fear, happiness, sadness, surprise) using the Emotion Recognition Task (ERT) of the Cambridge Neuropsychological Test Automated Battery (CANTAB). The significant correlations were subjected to linear regression models that controlled for the significant covariates diagnoses, age, sex, and education. Results revealed that in individuals with SSD the negative symptom domain of blunted affect significantly predicted the accuracy of emotion recognition performance (p < 0.05), particularly, when recognizing happiness (p < 0.05). Additionally, we found that stereotyped thinking also predicted the performance of emotion recognition, especially the response latency (p < 0.05) and difficulty in abstract thinking predicted the recognition of fear (p < 0.05). However, the nominal significances did not withstand correction for multiple tests and therefore need to be followed up in further studies with a larger sample.

Keywords: schizophrenia spectrum disorders, negative symptoms, emotion recognition, schizophrenia, psychosis


INTRODUCTION

Social cognition is a crucial domain for interacting with other people and participation in society. It has been defined as the psychological processes that underlie social interactions, including perception, experience sharing, mentalizing, and experiencing and regulating emotion and information about other people and about ourselves (1, 2). Among this heterogeneous category of processes, the most important domains of social cognition include the perception of social cues like emotion perception (1–4). Individuals affected by schizophrenia spectrum disorders (SSD) show significant impairments in their ability to recognize and express emotions, as already described by Kraepelin (2, 5, 6). Previously, studies of emotion deficits in schizophrenia focused on three main domains: expression, experience, and recognition of emotions. A review of 110 studies revealed marked impairment in all three domains in individuals with SSD (7). It is essential to differentiate between emotion recognition – which refers to the ability to recognize an expression of emotion such as disgust - and finding a face disgusting, which is called subjective appraisal (7). Emotion recognition has been linked to emotional intelligence and social perception, whereas appraisal has been linked to emotion processing (7). Gur et al. (8) reported an association of greater impairment for individuals with SSD in emotion recognition via facial stimuli with the severity of negative symptoms. Social cognitive impairments and negative symptoms are core features of SSD closely associated with high burden due to impairments in social functioning and quality of life already apparent prior to illness onset (2, 5, 6, 9–12). For example attenuated impairment in emotion recognition manifests in unaffected first-degree relatives, ultra-high-risk individuals (13, 14), and young individuals with first-episode schizophrenia (5, 15, 16). A study found that young individuals with schizophrenia were impaired in their ability to recognize faces and gestures from movie scenes during the first two to 3 years of their illness after symptom onset (15, 17). According to Comparelli, Corigliano (13), facial emotion recognition impairment already present in ultra-high-risk individuals remained stable across the course of illness. Deficits in emotion recognition may be one of the most consistent and severe aspects of interpersonal problems (15) and impairment of social skills (18) and are related to poorer social outcomes in schizophrenia (19). Some researchers argue emotion recognition deficits are long-term stable features of schizophrenia (20). In one model, negative symptoms, emotion recognition latency, and processing speed were significant predictors of social functioning in individuals at ultra-high risk for psychosis (21, 22). Another model for schizophrenia onset included face emotion processing and negative symptoms as predictors of transition in individuals at high clinical risk to schizophrenia with an accuracy of 96% (11). Accordingly, this represents a particularly relevant field of research since both negative symptoms and impairments in social cognition could be apparent prior to illness onset with psychotic symptoms (10, 11).

Impaired emotional functioning has been linked to negative symptoms and can be conceptualized as a fundamental clinical feature in SSD (7, 23, 24). Newer discussions on deficits in emotion recognition raise the question of whether those belong to the negative symptom spectrum or form a separate domain in SSD (1, 25, 26). According to recent models, negative symptoms are also described as deficient social cognitions (27). The existing data non-etheless suggest that negative symptoms and social cognition are related, yet distinct constructs. Over time, deficits in social cognition could manifest behaviourally as negative symptoms (1). There are different models for a possible connection between social cognition and negative symptoms. On the one hand it is assumed that specific impairments in social cognition are linked to one or some negative symptoms but not others, which means there is a mechanistic heterogeneity. In support of this model, associations between only specific social cognition domains and negative symptoms have been reported (1). On the other hand, findings support broad impairments in basic sensory and cognitive processes (e.g., visual perception, motor output, processing speed, and implicit attention), which affect downstream processes. These are directly involved in social cognitive operations, which, in turn, result in the development of a range of negative symptoms and functional impairment (1). In studies looking at various factor models no correlations were found between the social cognitive factors and negative symptoms suggesting that social cognition and negative symptoms are largely separate constructs. They can be seen as relatively independent causes of dysfunction and disability and can be used to meaningfully classify non-acute patients (12, 28, 29). Furthermore, the entry level of negative symptoms was significantly associated with poor social functioning. Important predictive links have been found in the early course of schizophrenia, mostly indicating that higher negative symptom severity is associated with poor daily functioning and worse long-term outcomes (30–33). Given this, there is increasing interest in understanding to what amount negative symptoms reflect the expression of deficits in social cognition and the relationship between the two symptom domains (1). However, little is known about the dependence of these dimensions of illness and, whether individuals with schizophrenia can be meaningfully classified based on these dimensions and potentially differentially treated. Ruocco et al. (34), who compared emotion recognition deficits in individuals with schizophrenia, schizoaffective disorders, and bipolar disorders, discovered that compared to healthy controls, emotion recognition deficits among individuals increased progressively from bipolar disorder to schizoaffective disorder to schizophrenia. The researchers concluded that emotion recognition deficits are apparent at the first psychotic episode and prominent but different across psychotic disorders and relatively independent of mood state and antipsychotic treatment dosages (34–36). Conclusively illness-related characteristics like negative symptoms need further investigation (34–36). A priority of negative over positive symptoms in determining deficits in social cognition and functioning in chronic schizophrenia was concluded by many researchers (5, 37). To develop intervention approaches in the early phase of SSD, it is crucial to understand the longitudinal course of negative symptoms, especially in relationship to functioning (30).

There are, however, no sufficient treatment options for negative symptoms. The most often employed approaches as medication, psychotherapy, psychosocial interventions, and electroconvulsive therapy have only small effect sizes (38–40). A model of negative symptoms as the behavioral manifestation of altered social cognition has the potential to reveal areas of intact functioning, including domains of social cognition that remain unaffected by the illness, which novel treatments could rely upon to enhance the recovery of individuals with schizophrenia (1). The findings regarding social cognition in schizophrenia have treatment implications and the social processes that are aberrant in schizophrenia may each require their own specific therapeutic intervention. Training programmes that target facial emotion perception and mentalizing deficits have been validated in individuals with schizophrenia (2, 41, 42).

Some researchers, such as Schneider et al. (43), concluded that especially impairments in facial emotion perception were strongly associated with the severity of negative symptoms. Since then, several studies have investigated the connection between negative symptoms and emotion deficits, but findings on the relationship between emotion recognition and negative symptoms remain inconclusive (5, 15, 43–56). There are various explanations for these mixed results. Most of the studies did not differentiate subdomains of negative symptoms and only considered negative symptoms overall. Also, some studies did not include all six basic emotions in their experimental designs but presented the subjects with a smaller selection of emotional stimuli. Paul Ekman first defined the six basic emotions: anger, disgust, fear, happiness, sadness and surprise (15, 57). Furthermore, different operationalizations and instruments for negative symptoms could be a source of variation (58, 59). To better understand the link between specific negative symptoms and emotion recognition, this study aims to explore the relationship between recognizing the six basic emotions and seven distinct negative symptoms in individuals with SSD in an exploratory approach by using the Positive and Negative Syndrome Scale (PANSS) (60) and the Emotion Recognition Test of the Cambridge Neuropsychological Test Automated Battery (ERT-CANTAB) (61).

According to the current state of research, five key sub-domains of negative symptoms have been identified: (1) avolition, (2) anhedonia, (3) blunted affect (4) social withdrawal, and (5) alogia (9, 62–64). Negative symptoms can be assessed via various instruments [e.g., PANSS, Scale for the Assessment of Negative Symptoms (SANS) (65), Brief Negative Symptom Scale (BNSS) (66), Clinical Assessment Interview for Negative Symptoms (CAINS) (67), Negative Symptom Assessment (NSA) (68)]. So, it is necessary to consider the nature of each measurement instrument, especially with the aim of relating each symptom domain to the recognition of individual basic emotions. The domain of negative symptomatology is very complex encompassing primary and secondary symptoms as a result of medication side effects, depressive symptomatology and other causes (64). In SSD, studies confirmed moderate to large associations between negative symptoms and deficits in social cognition using the SANS (65) and/or the PANSS (1, 5, 12, 28, 30, 60, 69) as well as newer negative symptom scales like the BNSS (1, 5, 12, 66, 70). In many older studies, the negative syndrome scale of the classic PANSS was used to assess the individual domains of negative symptoms. However, according to recent factor analytic studies, it must be considered that the two symptom domains difficulty in abstract thinking (N5) and stereotyped thinking (N7) are now no longer regarded as negative symptoms but are assigned to the domain of cognitive symptoms (56) and difficulty in abstract thinking (N5) to the domain of disorganization, depending on the study design (71). This should therefore be considered when evaluating results using the PANSS. Nevertheless, in the context of an explorative approach of our study and for comparability with previous studies, especially older ones, we selected the PANSS as the primary rating tool for negative symptoms as a still frequently used third-party rating instrument in clinical studies (1, 5, 12, 28, 30, 60, 69). Depending on our results, a selection of the other measurement instruments should also be included in follow-up studies for an even better understanding of the relationships between negative symptoms and social cognition. We selected the Emotion Recognition Test of the CANTAB to measure the recognition of basic emotions. It contains all six basic emotions and is easy to use as a tablet-based measurement instrument in different settings (61). It is explicitly part of the Schizophrenia Test Battery of the CANTAB and several studies with patients with SSD have already been conducted with it. For example, Gica et al. (20) could show with the ERT-CANTAB, that emotion recognition deficits are long term stable features of schizophrenia and Kanchanatawan et al. (72) showed associations of anxiety and depressive symptoms in individuals with SSD with social cognition by using the ERT-CANTAB. Glenthøj et al. (22) could show impairments in social cognition with the ERT-CANTAB in ultra-high risk for psychosis individuals and that hereby emotion recognition latency but not accuracy relates to real life functioning in these individuals (21).



MATERIALS AND METHODS


Sample and Procedure

The recruitment of participants was based on recommendations of a multiprofessional team. A sample of N = 66 individuals diagnosed with SSD was recruited at the in- (n = 36) and out-patients (n = 30) clinic of the Department for Psychiatry and Psychotherapy at the Charité – Universitätsmedizin Berlin, Germany (see Table 1). Of these, n = 54 were diagnosed with schizophrenia and n = 12 with a schizoaffective disorder. For inclusion, participants had to a) be aged between 18 to 65, b) meet diagnostic criteria for SSD (ICD-10: F2X.X) assessed by an attending psychiatrist and c) be able to give informed consent to participate in the study. Exclusion criteria encompassed (a) a score > 6 on any item of the positive scale of the Positive and Negative Syndrome Scale (PANSS) (60), which suggests an acute psychotic episode with severe psychotic symptoms, (b) acute suicidality assessed with the Clinical Decision Support System (CDSS) (item 8 > 1) (73), (c) current substance use other than nicotine or (d) the existence of neurological disorders or brain damages. For inpatients, the surveys were conducted within the first 8 weeks of treatment to avoid long hospitalization as a possible influencing factor on negative symptoms, respectively the exclusion criteria of an acute psychotic episode. The prescribed psychotropic medication and dosage was systematically recorded (see Table 2). Trained clinical staff assessed the seven different negative symptoms using the PANSS (60). The individuals‘ ability to recognize the six basic emotions happiness, sadness, fear, anger, surprise and disgust was measured using the Emotion Recognition Task (ERT) of the Cambridge Neuropsychological Test Automated Battery (CANTAB) (61) on an Apple® iPad Air using the software iPadOs 15.2. Basic demographic information of the study sample is summarized in Table 1.


Table 1. F2-Diagnoses and demographic data of the sample.
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Table 2. Overview of the antipsychotics taken during the study.
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Measures
 
The Positive and Negative Syndrome Scale (PANSS)

The Positive and Negative Syndrome Scale (PANSS) is a clinical instrument specifically designed to measure symptoms associated with SSD on a 7-point scale (1 = absent, 2 = minimal, 3 = mild, 4 = moderate, 5 = moderate severe, 6 = severe and 7 = extreme). It encompasses three subscales; seven items to measure positive symptoms, seven items for negative symptoms and 16 on general symptomatology (60). Furthermore, the scale allows the calculation of a global score of overall symptom severity. These items are rated based on a comprehensive interview carried out by a trained clinician. The Negative Scale of the PANSS was used to assess the seven itemized negative symptoms: blunted affect (N1), emotional withdrawal (N2), poor rapport (N3), passive and apathetic social withdrawal (N4), difficulty in abstract thinking (N5), lack of spontaneity and flow of conversation (N6) and stereotyped thinking (N7). Regarding the psychometric properties of the Negative Scales of the PANSS, it can be said that the PANSS scores are normally distributed, and negative scales showed good interrater reliability. Negative syndromes also proved their factorial validity. The Negative Scale also held a high concurrent validity with the Scale for the Assessment of Negative Symptoms (SANS) (60, 65, 74).



Emotion Recognition Task (ERT)

The assessment of emotion recognition was carried out with the iPad version of the validated Cambridge Neuropsychological Test Automated Battery (CANTAB) in German language. The CANTAB is a computerized assessment developed from animal behavior paradigms and human neuropsychology, initially developed in the late 1980s (61). It has been widely used in many neurocognitive examinations of individuals with and without SSD (75). The largely non-verbal nature of the tests makes the CANTAB practical for use across multisite and multilingual clinical trials. The CANTAB schizophrenia test battery comprises computerized neuropsychological tests presented on a touchscreen system assessing eight cognitive domains most impaired in people affected by SSD. These captured cognitive domains were prioritized by the National Institute of Mental Health (NIMH) sponsored Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) program (76). To assess social cognition within this study, we used the tablet-based Emotion Recognition Task (ERT), a facial emotion labeling task recently added to the battery, including testing for all six basic emotions: anger, disgust, fear, happiness, sadness, and surprise. Within this task participants are presented with computer-morphed faces expressing one specific emotion out of six basic emotions. Each face image is shown for 200 ms. The study participants are then asked to indicate the displayed emotion out of the six primary emotions or choose a neutral option. The task takes around 12 min to complete (61). Key outcome measures of the ERT are the overall median reaction time to select an emotion (ERTOMDRT), the total number of correct responses (total hits, ERTTH) and the unbiased hit rate for each of the six emotions: anger (ERTUHRA), disgust (ERTUHRD), fear (ERTUHRF), happiness (ERTUHRH), sadness (ERTUHRS) and surprise (ERTUHRSU).




Ethical Approval

The current study was reviewed and approved by the Ethics Committee of Charité – Universitätsmedizin Berlin (EA4/225/19). All participants provided written informed consent to participate in this study.



Statistical Analysis

The statistical analysis was carried out in R Studio Version 1.2.5033 running R version 4.0.4 and IBM SPSS Version 25. The following steps were performed for the statistical analyses in an exploratory approach of the study:

1. The Pearson's correlation coefficient was calculated between the seven negative symptoms and the accuracy and latency of recognition for each basic emotion.

2. Multiple linear regression models followed up the significant correlations to investigate the relationship while controlling for the covariates diagnoses, age, sex, and education. For covariate analysis, multiple linear regressions were run to examine the effect of each potential covariate on each CANTAB variable.

3. Each significant correlation between a negative symptom and a CANTAB variable was tested as a linear regression model by including the significant covariates in the regression models.

4. Bonferroni corrections for multiple testing were performed despite a not sufficient sample size for statistical completeness. The Bonferroni adjusted p-value is reported as pBonf respectively (77). Power and sample size calculations followed.




RESULTS

In Figure 1, a correlational matrix with an overview of the findings that emerged after data collection is presented. Positive correlations within the respective scales can also be found in the literature (60, 78–80). There was a significant negative correlation between blunted affect (N1) and the total number of correct responses in emotion selection (r = −0.291, p < 0.05), the recognition of happiness (r = −0.034, p = < 0.05), fear (r = −0.246, p < 0.05) and disgust (r = −0.253, p < 0.05). A significant negative correlation of difficulties in abstract thinking (N5) with fear recognition (r = −0.337, p < 0.05) was found. There was also a significant positive correlation of the response latency in emotion recognition with difficulties in abstract thinking (N5) (r = 0.289, p < 0.05) and stereotyped thinking (N7) (r = 0.349, p < 0.05). There were no significant correlations between the negative symptom domains emotional withdrawal (N2), poor rapport (N3), passive and apathetic social withdrawal (N4), and lack of spontaneity and flow of conversation (N6) and the assessed CANTAB variables among those with SSD. In the next step, linear regressions were run to examine a significant effect of the covariates age, education, sex and diagnoses on each CANTAB variable.
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FIGURE 1. Correlation Matrix of Positive and Negative Syndrome Scale (PANSS) Negative Scale and Emotion Recognition Test (ERT) key outcomes in form of a heat map with Pearson correlation coefficient and significance level with unadjusted p-values (***p < 0.001, **p < 0.01, *p < 0.05); N1, blunted affect; N2, emotional withdrawal; N3, poor rapport; N4, passive and apathetic social withdrawal; N5, difficulty in abstract thinking; N6, lack of spontaneity and flow of conversation; N7, stereotyped thinking; ERTOMDRT, the overall median reaction time to select an emotion; ERTTH, the total number of correct responses; ERTUHRA, the unbiased hit rate for the emotion anger; ERTUHRD, the unbiased hit rate for the emotion disgust; ERTUHRF, the unbiased hit rate for the emotion fear; ERTUHRH, the unbiased hit rate for the emotion happiness; ERTUHRS, the unbiased hit rate for the emotion sadness; ERTUHRSU, the unbiased hit rate for the emotion surprise.


When controlling for age and education, a multiple linear regression analysis was conducted to assess whether blunted affect (N1) significantly predicted the total number of correct responses in emotion selection. Hereby blunted affect (N1) significantly predicted the total number of correct responses in emotion selection [B = −0.919, t = −2.199, p = 0.032]. Blunted affect (N1) could also be identified as a significant predictor of the accurate recognition of happiness when controlling for the covariates [B = −0.241, t = −2.113, p = 0.039]. Likewise, the negative symptom domain of difficulties in abstract thinking (N5) was identified as a significant predictor of fear recognition in the regression analyses [B = −0.037, t = −2.044, p = 0.045] when controlling for education. A linear regression analysis was conducted to assess whether difficulties in abstract thinking (N5) and stereotyped thinking (N7) predicted the response latency when controlling for age. In this model stereotyped thinking (N7) significantly predicted the response latency [B = 195.921, t = 2.400, p = 0.019], whereas the negative symptom difficulties in abstract thinking (N5) was not a significant predictor in this model [B = 117.474, t = 1.535, p = 0.130]. Linear regression analysis models showed that that blunted affect (N1) was not a significant predictor for recognizing either fear [B = −0.023, t = −1.607, p = 0.113] or disgust [B = −0.027, t = −1.699, p = 0.094], while controlling for the significant covariate education. For an overview of the above significant regression analyses, please refer to Table 3. The complete respective regression tables are provided in the Supplementary Material.


Table 3. Regression analysis predicting the ERT items resulting from the correlation analyses.
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The demonstrated nominal significances did not withstand correction for 111 multiple tests. After Bonferroni correction, none of the mentioned correlation and regression analyses between PANSS and the ERT items, respectively, reached statistical significance (see Supplementary Material). With a power of 0.8, an expected small effect of f2 = 0.054 of the PANSS negative scales on emotion recognition based on preliminary studies (81), and a p-value of 0.00045 corrected for 111 multiple tests, a sample size of 446 subjects would be necessary to detect a significant effect. According to the guidelines of Cohen (82) f2 ≥ 0.02, f2 ≥ 0.15, and f2 ≥ 0.35 represent small, medium, and large effect sizes, respectively.



DISCUSSION


Summary of the Main Results

In the present study, blunted affect (N1) emerged as the negative symptom most strongly predicting the total number of correct responses, especially happiness recognition. First, a significant correlation was shown between blunted affect (N1) and happiness, fear and disgust. After controlling for the significant covariates, blunted affect (N1) only significantly predicted the recognition of happiness. We also found a prediction of difficulties in abstract thinking (N5) for recognizing the basic emotion of fear. Additionally, a significant correlation between difficulties in abstract thinking (N5) and response latency and a significant prediction of stereotyped thinking (N7) for the response latency in emotion recognition was found. However, results must be weighed against the methodological limitations of the study.



Prediction for Response Latency in Emotion Recognition

With reference to the results regarding response latency and the association with stereotyped thinking (N7) and difficulty in abstract thinking (N5), some authors assign stereotyped thinking, difficulties in abstract thinking alongside conceptual disorganization, disorientation, and poor attention rather to a cognitive symptom dimension than to the negative symptom dimension (56). This could explain the prediction for the response latency, where cognitive processing of impressions may play a role. Glenthøj et al. (21), also using the CANTAB for emotion recognition, reported that latency in emotion recognition, but not accuracy, related to real-life functioning for individuals at ultra-high risk for psychosis (21). More studies have been conducted on the relationship between cognitive capabilities and the ability to recognize emotions in individuals with SSD, but again with inconclusive results. According to Turetsky et al. (83), emotion recognition deficits could be assumed to be secondary to problems in a structural encoding of faces, and a specific signal recognition could play a role that precedes emotion recognition. Additionally, several studies reported a clear association between neuropsychological functions and emotion recognition (43, 56, 84, 85).



Prediction for the Correct Recognition of the Six Emotions

Blunted affect (N1) significantly predicted the recognition of happiness. The current study results have been confirmed in the literature, while other studies reported inconclusive results and need further classification (15). On the one hand some authors like Turetsky et al. (83) showed that recognizing happy faces correlated with the severity of negative symptoms, especially in individuals with SSD. On the other hand, ratings in the blunted effect's subdomain uniquely predicted performance on the emotion processing tasks. They were associated with better speed and accuracy than other negative symptom domains (8). Blunted affect being more evident in men than women is in line with the findings of Kohler et al. (84), showing a poorer performance of men in emotion recognition. Several studies examined the relationship between impaired emotion perception with different symptom rating scales, e.g., the Brief Psychiatric Rating Scale (BPRS) (86), the Scale for the Assessment of the Positive Symptoms (SAPS) (87), the SANS (65), and the PANSS (60). Their impact and differences in the sample recruitment may have contributed to the inconsistencies reported in the literature (44) and should be further pursued. Since emotional impairments are connected to negative symptoms such as blunted affect and influence the course of illness from the onset on (8, 23, 55, 88), it would be important to focus on emotion recognition and early detection, especially regarding young individuals with SSD.

In some studies, the impaired recognition of positive emotions was found to be a prominent deficit in individuals with schizophrenia (34, 89) and significant group differences between individuals with SSD and healthy individuals were only limited to positive emotions like happiness (55, 56, 84). Tsoi et al. (89) showed that recognizing happy faces was more impaired than recognizing sad or fearful faces in a sample with individuals with schizophrenia. It could be shown that the perception of happy and sad emotions also relates differently to significant illness parameters such as age, intelligence quotient (IQ), cumulated time in hospital and negative symptoms (7, 48, 90). This supports the idea of the existence of an emotion-specific deficit in the perception of emotions in individuals with schizophrenia and of at least two separate neurobiological pathways for processing positive and negative emotions (18, 48, 89, 91–95). The inconsistencies of the findings on differential abilities to recognize positive vs. negative affect states could also be due to methodological, stimuli and sampling differences or other as yet unknown variables (18, 56).



Implications for Future Research and Future Practice

Despite the needs and hopes for therapeutic interventions in the field of emotion recognition for individuals with SSD, many aspects in this field of research must be further clarified in future studies. Finally, a study design with a larger sample to follow up on the investigated predictors within the framework of our exploratory study would be helpful. This study initially pursued an exploratory approach to shed more light on the associations between negative symptoms and emotion recognition. Each significant correlation between a negative symptom and a CANTAB variable was tested as a linear regression model by including the significant covariates in the regression models. The nominal significances of our exploratory study did not withstand Bonferroni correction for multiple tests, which was performed despite a not sufficient sample size for statistical completeness in the exploratory approach. Nevertheless, this explorative approach yielded results that can be built upon in follow-up studies with larger sample sizes, additional measurement instruments, and covariates. The correlation matrix (see Figure 1) shows significant within-correlations of all negative symptoms, some of which remain significant even after Bonferroni correction (see Supplementary Material). Therefore, the question arises whether the individual negative symptoms can even independently predict the ERT variables. Also, a larger sample could be used to calculate additional regression models in which all negative symptoms are included in future studies.

For covariate analysis, multiple linear regressions were run to examine the effect of each potential covariate on each CANTAB variable in our sample. Due to the initially exploratory approach of our study with a small sample size, the analyses were initially performed with a limited and selected number of covariates to control for. The variables that were expected to be most informative in the context of the study were diagnosis, gender, age, and education, as these include biological and cognitive components. The antipsychotic medication of the patients was systematically recorded and can be seen in Table 2. Due to the exploratory approach of our study with a small sample and the heterogeneity in medication, we did not statistically control for these. Since it could be shown that emotion recognition is relatively independent of the influence of antipsychotics (34–36) and most antipsychotics of our sample belonged to second generation antipsychotics with only a minor influence on negative symptoms and cognitive functions (96), medication was considered as a negligible influence factor concerning the sample size. However, the heterogeneity of the collected medication in our sample reflects the treatment of patients with SSD for generalizability of the results. To allow generalizability of our study sample in this exploratory approach, we wanted to recruit as heterogeneous a cohort as possible, which also reflects a realistic representation of individuals with SSD in the inpatient and outpatient setting. In a large-scale follow-up study based on our results, further covariates like neurocognition, positive symptoms, medication and duration of illness and hospitalization should be therefore considered. A distinction between individuals with schizophrenia, schizoaffective disorders, and other diagnoses of SSD especially according to the ICD-11 classification regarding emotion recognition would be also of interest for future research in a larger sample. To reach the potential of personalized medicine, associations with the severity of predominant symptom manifestations should also be further illuminated in the framework of larger samples (34).

Additionally different measurements for negative symptoms are needed to ensure comparability. We initially chose the PANSS as the primary rating tool for negative symptoms within the framework of an explorative approach for the purpose of comparability with previous studies, especially older studies and due to inconsistencies in literature. The PANSS is a still frequently used external rating instrument in clinical studies. However, the limitations of the PANSS with respect to the nature of the negative symptom domains must certainly be considered in the interpretation of the results. Thus, as already mentioned, in factor analyses difficulty in abstract thinking (N5) and stereotyped thinking (N7) are attributed to the cognitive symptom domain (56) and difficulty in abstract thinking (N5) can be also accounted to the domain of disorganization (71). New generation scales like BNSS, CAINS and NSA should be included in follow-up studies to assess negative symptoms for an even broader understanding of their relationships with social cognition. Since most of the scales evaluate the behavioral side of negative symptoms, while the emotion recognition tasks assess the subjective experience, the new Self-evaluation of Negative Symptoms (SNS) (97) as a self-rating instrument would be an option for an additional perspective. Another alternative measure to be included is the recently introduced PANSS Autism Severity Score (PAUSS) (98, 99). The PAUSS is a score obtained from – essentially – the negative scale of the PANSS aimed to resemble autism spectrum disorder features in people with schizophrenia. It is a new construct with respect to autism conceptualized by classical continental psychopathology, as in the Autism Rating Scale (ARS) (100) and has already been studied in relation to social cognition (98).

Another reason for using the PANSS for our study was the ERT-CANTAB as an already relatively new measurement instrument to be chosen to capture emotion recognition. Hereby an advantage is the feasibility on a tablet and the thereby simple manageability. In addition, in studies by Glenthøj et al. (21) ERT-CANTAB was used in UHR for psychosis, so that in follow-up studies these individuals could be also included regarding the fact that impairments in emotion recognition and negative symptoms can already be determined before the onset of other symptoms (10, 11). However, different survey instruments for emotion recognition should be considered in follow-up studies to obtain a better insight independent of the measurement instrument. A comparison should therefore be made with likewise established measurement instruments for emotion recognition such as the Facial Emotion Identification Test (FEIT) (95), the Bell-Lysaker Emotion Recognition Task (BLERT) (101) or The Awareness of Social Inference Test (TASIT) (102). A systematic comparison of the measurement instruments would be of great benefit for clarifying the inconclusive results in literature. Research should be also expanded on all modalities of emotion recognition impaired in individuals with SSD (7, 15), including visual, verbal, and auditory channels (15). In addition, a longitudinal study and a study design for causality statements would be useful.

Consequently, impairments identified in the subdomains of negative symptoms and emotion recognition should be considered for early detection and individualized treatment as one of the research goals in social cognition in individuals with SSD, considering the enormous social burden. For example, specific interaction and emotion recognition training for a subgroup of individuals with specific profiles of negative symptoms, for instance in analogy to training programs for individuals with autism spectrum disorders (103, 104), could be developed to improve the recovery of individuals with SSD. Another treatment option that should be examined more closely in this area is the use of the neuropeptide oxytocin. In some studies, nasal oxytocin administration could improve the social performance of individuals with SSD (105).



Strength and Limitations

Concerning the size and selection of our exploratory study sample, larger diverse samples are needed to allow more precise analyses regarding the different variables. Our sample size calculations showed a sample size of 446 subjects required to detect a significant effect after correction for multiple testing. As could be expected, the nominal significances of our exploratory study did not withstand correction for multiple tests. Therefore, follow-up studies are necessary and recruitment for the present study is continued. Our research focused on negative symptoms, so we did not include positive symptom scores or total PANSS scores as well as further covariates like neurocognition. Only the CANTAB was used as a measurement instrument for emotion recognition. No comparison was made with other measurement instruments so that individual characteristics of the battery could have influenced the results. Additionally, different measurements for negative symptoms are needed to avoid bias and ensure comparability. Our results were collected in a cross-sectional design, so statements are limited to significant predictors in emotion recognition.




CONCLUSION

Conclusively in our exploratory study individuals with SSD and high scores of the negative symptoms blunted affect (N1), difficulty in abstract thinking (N5) and stereotyped thinking (N7) showed impairments in recognizing basic emotions and, here, particularly happiness. However, results must be weighed against the methodological limitations of the study and follow-up studies are necessary.
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Negative symptoms have attracted growing attention as a psychological treatment target and the past 10 years has seen an expansion of mechanistic studies and clinical trials aimed at improving treatment options for this frequently neglected sub-group of people diagnosed with schizophrenia. The recent publication of several randomized controlled trials of psychological treatments that pre-specified negative symptoms as a primary outcome warrants a carefully targeted review and analysis, not least because these treatments have generally returned disappointing therapeutic benefits. This mini-review dissects these trials and offers an account of why we continue to have significant gaps in our understanding of how to support recovery in people troubled by persistent negative symptoms. Possible explanations for mixed trial results include a failure to separate the negative symptom phenotype into the clinically relevant sub-types that will respond to mechanistically targeted treatments. For example, the distinction between experiential and expressive deficits as separate components of the wider negative symptom construct points to potentially different treatment needs and techniques. The 10 negative symptom-focused RCTs chosen for analysis in this mini-review present over 16 different categories of treatment techniques spanning a range of cognitive, emotional, behavioral, interpersonal, and metacognitive domains of functioning. The argument is made that treatment development will advance more rapidly with the use of more precisely targeted psychological treatments that match interventions to a focused range of negative symptom maintenance processes.

Keywords: negative symptoms, motivation, apathy, psychological treatment, recovery


INTRODUCTION

Providing psychological therapies for paranoia and distressing hallucinations alongside pharmacotherapy and other medical treatments is now well-established in clinical guidelines (1) and there continues to be considerable innovation in the types of therapies being developed for positive symptoms [e.g. (2, 3)]. However, the negative symptoms of schizophrenia such as avolition-apathy and diminished expressive abilities have remained a major source of distress and arrested recovery that frequently present a significant treatment challenge (4, 5). Furthermore, surveys of people with a diagnosis of schizophrenia suggest that loss of emotional engagement and low motivational drive are a high priority for treatment (6) but at present there are very few effective psychological or pharmacological treatment options (7–9). This lack of progress in the development of viable treatments is particularly frustrating as earlier meta-analytic evidence suggested that even general CBTp led to medium effect size reductions on negative symptoms [d = 0.437, 95% CI: 0.171–0.704; (10)]. Also, it has become clearer that negative symptoms fluctuate more than previously assumed (11), leading to renewed hope that psychological interventions could be deployed to accelerate recovery. Reasons for cautious optimism can be drawn from recent meta-analytic evidence that suggests psychological treatments for negative symptoms can be beneficial, although the effects are less substantial when trial quality is factored in (12). To help accelerate the refinement of viable treatment packages this mini-review set out to analyze a range of negative symptom treatment trials conducted in the past decade with the aim of identifying ways that the targeting of treatments could be improved in future studies. Psychological treatment RCTs with the pre-specified aim of evaluating effects on negative symptoms were selected for review and analysis. The eligible papers were closely scrutinized, descriptive information was extracted, and themes and patterns across the studies were explored. Table 1 presents the key summary information from each paper with the emphasis placed on describing which negative symptoms were targeted, what therapeutic techniques were applied, the proposed mechanisms of therapeutic change, and the effects observed including acceptability and implementation outcomes such as attrition. Where the authors presented effect sizes these are reported to support description and comparison across studies.


Table 1. A descriptive summary of selected psychological treatment RCTs with negative symptoms specified as a primary or co-primary outcome 2009–2021.
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ONE PROBLEM OR MANY? SUBDIVIDING THE NEGATIVE SYMPTOM CLINICAL PHENOTYPE

One feature of this set of studies is that there is considerable heterogeneity in the clinical profile of people recruited into the trials and just about every study specifies a different constellation of primary and co-primary outcomes. This is an important issue as it is recognized that negative symptoms are more helpfully understood as comprising at least two separable sub-factors (27, 28) and that a very similar clinical phenotype can be seen when withdrawal and isolative behaviors are secondary to different underlying mechanisms such as positive symptoms or medication side effects (4, 29). Although nine of the included studies set some threshold for negative symptom severity as part of trial eligibility, only three clearly specified patient exclusion criteria based on the co-presence of positive symptoms or depressive features. These variations in method also extend to the ways that the primary outcomes were measured with seven studies using established negative symptom scales (e.g. CAINS, PANSS, SANS, BNSS) and the remaining three studies using measures of global functioning, social functioning, or independent living skills. There were also variations in practice across studies using established negative symptom measures as the outcome with some using a composite score of all negative symptoms and others selecting relevant subscale scores that indexed the negative symptom domain of interest [e.g. Favrod et al. (23) combined SANS avolition-apathy and anhedonia-asociality subscale scores as their primary outcome of the PEPS intervention programme]. As a result, the selected set of papers do not describe findings for a clearly delineated group of people with negative symptoms.



WHAT WORKS, ON WHAT AND FOR WHOM?

Six of the 10 studies returned results suggestive of at least some impact of the tested therapies on the targeted primary outcomes and the effect sizes reported are of a similar magnitude to those presented in previous meta-analyses (10). However, in several instances both the intervention and control arm patients showed improvements, possibly suggesting that for some people with negative symptoms giving any kind of supportive contact may be beneficial (30). The past 10 years has also seen a substantial increase in the studies testing one of the main tenets of the cognitive model of negative symptoms (31)—that self-defeating cognitions are a key cause and maintenance factor (32, 33). As described in Table 1 and depicted in Figure 1, helping people with negative symptoms to identify, challenge, and modify self-defeating beliefs is explicitly mentioned in eight of the 10 studies analyzed here. This is by far the most common strategy deployed across the studies. As highlighted in the mechanisms of change column of Table 1, two studies have supplementary analyses which suggest that modification of defeatist cognitions at least partially mediate treatment outcomes (15). The analysis of treatment mediators across other studies suggests that factors such as patient gender (20) and group climate (21) may also influence some treatment effects.


[image: Figure 1]
FIGURE 1. Schematic summary of treatment strategies across negative symptom focused RCTs (superscript numbers refer to papers listed in Table 1).


However, one of the key observations of this review is that understanding the mechanisms of change and the doses of therapy needed to produce beneficial effects is obscured by the extensive array of techniques, procedures, and therapy combinations that have been deployed to support people struggling to recover from negative symptoms. Figure 1 portrays this information in schematic form and shows that while the treatment protocols tested to date may share some features (e.g. attention to reducing defeatist cognitions), heterogeneity of treatment packages is the norm. It should be noted that the constellation of treatment techniques and the domains of therapeutic action depicted in Figure 1 does not fully capture all of the nuances and complex processes involved in the negative symptom therapy packages described. But, it does provide a framework for deconstructing and analyzing the psychological treatment methods that have been used to support people with negative symptoms. Splitting treatment packages into constituent parts provides one way of identifying testable hypotheses about plausible mechanisms of therapeutic change that can be then used to refine future therapy protocols.



SPLITTING THINGS APART

To advance our understanding of promising psychological treatment strategies for negative symptoms the therapeutic procedures described in each of the trials was “split apart” into constituent techniques. In some trials there was a clear link between the therapy techniques and the underlying theory of symptom formation and/or maintenance. For example, eliciting and challenging defeatist cognitions is a core feature of the dominant CBT model of negative symptoms and this leads to use of strategies such as belief modification and associated behavioral experiments. But, in other trials the link between the techniques and mechanisms of change were more opaque, or there were compound techniques that involved a mixture of potential change processes. Figure 1 depicts five overlapping categories of intervention that addressed cognitive, interpersonal, emotional, behavioral, and metacognitive domains. These are underpinned by a sixth neurocognitive/biological domain which has been introduced in a number of trials to convey how neural factors may provide a substrate that can constrain the potential for recovery (34, 35). By mapping the variety of therapy techniques reported across studies to this framework we can also see that some therapeutic strategies will require the operation of overlapping systems. For example, successfully exploring personal boundaries described in Body Oriented Psychotherapy may involve successful coordination of metacognitive, interpersonal, emotional and behavioral systems and a breakdown in any one domain may make it difficult for a person to fully capitalize on therapy. Other therapeutic strategies may be simpler to implement because they make less complex demands on the patient and can be structured and scaffolded by a therapist (e.g. activity scheduling). Hence, Figure 1 summarizes the candidate processes involved in supporting recovery from negative symptoms and tries to capture some of the reasons why the understanding of psychological treatment for negative symptoms is still very much a work in progress.

This approach to refining negative symptom treatments is warranted given the evidence that psychological treatments for positive psychotic symptoms have advanced through the use of causal manipulationist techniques that specify and modify psychological processes causally related to the clinical phenomenon of interest (2, 36). Currently the negative symptom treatment literature is dominated by multicomponent treatments, some elements of which are offshoots of experimental studies, but the specification of mechanistic targets is often incomplete. Next generation psychological treatment studies for negative symptoms are likely to benefit from a more explicit bottom-up development approach (37).



PUTTING THINGS BACK TOGETHER AGAIN

A symptom rather than syndrome focus has been highly successful for psychological treatment research over the past 30 years (38) and in psychosis treatment studies the focus on specific symptoms has driven several therapy refinements (39). In some notable instances, treatment trials focused on discrete symptoms such as command hallucinations have produced some of the largest treatment effect sizes in the literature (40). When considering which negative symptoms to focus on in future treatment development, the current evidence suggests that at least the experiential and expressive subdomains should be treated as different types of problems in need of suitably tailored treatment approaches (41). The therapeutic value of more precisely matching treatments strategies to problem subtypes is beginning to be shown by meta-analytic results which suggest that CBT may be more effective for amotivation while cognitive remediation approaches may address problems of diminished expression (12). Future success in improving treatments will also be helped by following consensus guidelines that support the assessment and appropriate sub-classification of persistent, predominant, prominent, primary, and secondary negative symptoms (42). However, in taking specific symptom focused approach it is also important that future negative symptom treatment development does not lose sight of the whole person receiving care. In addition to “splitting things apart” to target specific symptoms we must also ensure that treatments also use person-centered formulation to help re-construct the fragmented self-experience that underpins schizophrenia (43). As highlighted in Figure 1, a number of the therapeutic strategies evident in existing treatment protocols are likely to be beneficial because they enrich the persons capacity to understand themselves, the boundary between the self and other people, and the operation of key experiences such as emotional self-regulation and the modulation of social interactions. Supporting these integrative processes is likely to be a necessary component of any successful psychosis intervention (44). This maps to the process of individual case formulation which has been shown to enhance the outcome of CBT for hallucinations (45) and may be particularly relevant to the improvement of interventions for negative symptoms. For example, some people with negative symptoms exhibit such severe disturbances of metacognitive functioning that they may find it extraordinarily difficult to even think about and reflect on their own mental state (46). Matching therapeutic techniques to both the reflective and neurocognitive capacities of the patient provides a way to help people with problematic negative symptoms regain the ability to link their ongoing experiences into the autobiographical narrative needed to support effective social and interpersonal functioning (47, 48). An important challenge for the next phase of negative symptom treatment development will be to convert the increasingly refined set of models used to understand specific negative symptoms into targeted and personalized therapies.
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Background: Mirror neuron system (MNS) consists of visuomotor neurons that are responsible for the mirror neuron activity (MNA), meaning that each time an individual observes another individual performing an action, these neurons encode that action, and are activated in the observer's cortical motor system. Previous studies report its malfunction in autism, opening doors to investigate the underlying pathophysiology of the disorder in a more elaborate way and coming up with new rehabilitation methods. The study of MNA function in schizophrenia patients has not been as frequent and conclusive as in autism. In this research, we aimed to evaluate the functional integrity of MNA and the microstructural integrity of MNS in schizophrenia patients.

Methods: We included case-control studies that have evaluated MNA in schizophrenia patients compared to healthy controls using a variety of objective assessment tools. In August 2022, we searched Embase, PubMed, and Web of Science for eligible studies. We used an adapted version of the NIH Quality Assessment of Case-Control Studies tool to assess the quality of the included studies. Evidence was analyzed using vote counting methods of the direction of the effect and was tested statistically using the Sign test. Certainty of evidence was assessed using CERQual.

Results: We included 32 studies for the analysis. Statistical tests revealed decreased MNA (p = 0.002) in schizophrenia patients. The certainty of the evidence was judged to be moderate. Investigations of heterogeneity revealed a possible relationship between the age and the positive symptoms of participants in the included studies and the direction of the observed effect.

Discussion: This finding contributes to gaining a better understanding of the underlying pathophysiology of the disorder by revealing its possible relation to some of the symptoms in schizophrenia patients, while also highlighting a new commonality with autism.

Systematic review registration: PROSPERO identifier: CRD42021236453.
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 mirror neuron activity, schizophrenia, meta-analysis, systematic review, schizophrenia spectrum disorder, mirror neuron system, mirror neurons


Introduction


Rationale
 
Mirror neuron system; An introduction

The mirror neuron system (MNS), which is a physiological substrate that may subserve certain mechanisms underlying social cognition has recently gained a lot of attention from the research community. MNS is a system consisting of visuomotor neurons that are responsible for the mirror mechanisms, meaning that each time an individual observes another individual performing an action, these neurons which encode that action, are activated in the observer's cortical motor system (1). Observed activations of this system are referred to as mirror neuron activity (MNA). MNA is considered a subdomain of social cognition (2). Several important functions beyond the action domain have been theorized for MNS, such as being a fundamental building block for understanding others' actions (3), encoding the intentions of the actor (4, 5), facilitating imitation (6, 7), and playing a role in human infants' ability to map similarities between self and others (8). Additionally, there has been an emphasis on the possible ties between MNA and empathy (9), and language (10). Mirror neurons were first discovered in the premotor area F5 of macaque monkeys (11). Later, similar neurons were found in the inferior parietal lobule, area PF, of macaque monkeys, and the concept of MNS was established (12). Some studies have claimed the discovery of similar neurons in various regions of the human brain, including the ventral premotor cortex (PMv) (13, 14), inferior frontal gyrus (IFG) (15–17), superior temporal sulcus (STS) (18–20), and inferior parietal lobule (IPL) (14, 21). In the meantime, some counter-arguments exist that question the function and even the very existence of the human MNS, with the strongest argument being the absence of single-cell recording data for human subjects (22). These counter-arguments were assuaged following single-cell recording studies in pre-surgical patients (23), the repetition suppression functional magnetic resonance imaging (fMRI) procedure in healthy volunteers (17), and lesion study in the human brain regions that have been proposed to be associated with human MNS (24). Nevertheless, MNS has been one of the most widely investigated domains of social cognition in psychiatric disorders within human beings. Even a recent paper by Heyes and Catmur (25) has called for more research on this phenomenon.

Other regions have also been proposed as an extension to MNS, one of the most important of them being the Brodmann area 2 (BA2) (26), which is the strongest generator of the mu rhythm (27). Mu rhythm (oscillations from 8 to 13 Hz) suppression has been proposed to be an indication of the MNA, as it is seen both when an individual performs and observes an action (28–30). A meta-analysis has demonstrated that there might also be other brain regions that do not have mirror properties but may convey necessary information to MNS including the primary visual cortex, supplementary motor area, dorsal premotor cortex, superior parietal lobe, cerebellum, and parts of the limbic system (31).



MNA in psychological disorders; Broken mirror theory and autism

In the context of psychological disorders, MNA has been mostly investigated in autism. This is due to the “broken mirror” hypothesis and its role in explaining the social and language deficits of this disorder (32). However, research has produced insufficient evidence to support this hypothesis in its pure form, and instead, two alternative models have been proposed: the EP-M model and the social top-down response modulation (STORM) model. The STORM model proposes that autism symptoms originate from abnormalities within the top-down regulation of the MNS, rather than within the MNS itself, while the EP-M model proposes that imitation behavior in autistic individuals is served by the pathways between brain areas associated with MNS (33). Nevertheless, both these alternative models also suggest that there might be some possible dysfunction in the MNA in these patients, either within the MNS itself or within the systems that regulate MNA (32, 33). The discovery of such dysfunction has opened the doors to investigate and explain the underlying pathophysiology of the disorder in a more elaborate way and to come up with new rehabilitation methods (34–36).



MNA dysfunction in schizophrenia and autism; A commonality?

Schizophrenia is one of the most debilitating and common neuropsychiatric disorders, with an estimated prevalence between 0.28 and 0.75% in the population worldwide (37–40). Deficits in a variety of cognitive domains are well-known for this disorder, such as impaired attention, verbal memory, and social cognition, and these are listed as specifiers for schizophrenia in the 11th revision of the International Classification of Diseases (ICD-11) (41). There are several reports of individuals with both autism and schizophrenia (42–45), which reveal that deficits in the theory of mind (ToM) exist in both disorders. Also, there are reports that both disorders share several genetic signals (46). A previous meta-analysis (47) of fMRI studies on autism and schizophrenia patients during ToM tasks revealed hypoactivation in the STS area, one of the main brain regions associated with MNA, in both groups, yet again emphasizing the deficits in ToM in both disorders, and possibly, hypothesizing the presence of MNA impairments in schizophrenia similar to the already known MNA impairments in autism patients.

MNA dysfunction might be another commonality between these disorders. Investigations of MNA in schizophrenia have not been as profound and conclusive as in autism. Based on a recent review (48) that partly examined this subject, findings of the state of MNA function in schizophrenia are mixed, with some studies suggesting impaired MNA function in the patients, while others did not find such a phenomenon. If such dysfunction is proven to be present in schizophrenia patients, it might potentially serve for implementing new rehabilitation treatments based on MNA training, as such treatment options have been previously found in multiple reports to be beneficial for autism patients (49–53).




Objectives

To date, there has not been a systematic review with a qualitative analysis of studies that examine MNA/MNS in schizophrenia patients. Although a previous systematic review of the studies exists (54), that paper is a review of the evidence with little data analysis, and thus, considering the importance of the functions theorized to be associated with MNA, and the new studies published since that review, a new systematic examination of studies on this subject with a more in-depth analysis of the findings seems necessary. Results of such investigations may also help in gaining a more in-depth understanding of the mechanisms underlying schizophrenia and its possible common pathogenesis with autism. Specifically, we aim to evaluate the following:

• Primary objective: The functional integrity of MNA in schizophrenia patients. By functional integrity, we mean evaluating MNA using brain function measurement methods to investigate if it is identical to those in healthy control subjects.

• Secondary objective: The microstructural integrity of MNS in schizophrenia patients. By microstructural integrity, we mean evaluating MNS using brain microstructure evaluation methods to investigate if it is identical to those in healthy control subjects.




Methods

The design and methods used for this review comply with the Center for Reviews and Dissemination (CRD) Guidance for Undertaking Reviews in Healthcare (55), a guideline that presents rigor methods for undertaking systematic reviews, and Meta-analyses of Observational Studies in Epidemiology (MOOSE) (56), a guide on methods for conducting systematic reviews and meta-analyses specifically on observational studies. This review is reported in line with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (57) guideline. The review protocol has been published elsewhere (58).


Eligibility criteria

Eligibility criteria for including studies were informed using the SPIDER (Sample, Phenomenon of Interest, Design, Evaluation, Research type) framework (59):

Sample: Patients of any age and sex diagnosed with schizophrenia or schizoaffective disorder confirmed by a physician in line with the International Classification of Diseases (ICD) or Diagnostic and Statistical Manual of Mental Disorders (DSM), irrespective of the severity or duration of illness, compared to healthy controls. Participants with any other macrostructural or functional neurologic disorders were excluded.

Phenomenon of interest: MNA and microstructural integrity of main brain regions (PMv, IFG, STS, IPL, and BA2) that are theorized to be associated with MNS.

Design: Observational case-control studies.

Evaluation:

- Functional methods: Electroencephalography (EEG), Magnetoencephalography (MEG), Transcranial magnetic stimulation (TMS), Electromyography (EMG), Proton Emission Tomography (PET), and Functional magnetic resonance imaging (fMRI). These methods are indirect measurements of what may reflect MNA, based on prior literature, as we cannot directly measure MNA in humans yet.

- Microstructural methods: Diffusion Tensor Imaging (DTI), Diffusion-Weighted Imaging (DWI), and Diffusion Spectrum Imaging (DSI). Only studies that specifically aimed to evaluate the microstructural integrity of the MNS were included.

Research type: Qualitative, quantitative, and mixed-methods.



Information sources and search strategy

In August 2022, AV searched Embase (via Ovid), PubMed, and Web of Science for eligible studies. We also carried out a “snowball” search through forward-citation and backward-citation tracking using Scopus on all of the included studies. Our search strategy is reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses literature search extension (PRISMA-S) (60). No restriction or search filter was used. The search strategy is presented in Data sheet 1.



Selection process

Records were imported to EndNote version X9. NH and AH independently reviewed the titles and abstracts of the retrieved records. AV was consulted to make the final decision in cases of disagreements. The full texts of all potentially eligible records were retrieved. MMb and AR independently screened full-text studies. A study was included when both reviewers independently assessed it as satisfying the inclusion criteria.



Data collection process

A data extraction form was developed, pilot tested, and then refined. After finalizing the data extraction form, MMb, AR, and MSh independently used it to extract data from eligible studies. Extracted data were compared, with any discrepancies being resolved through discussion. AV entered data into Microsoft Excel, double-checking them for accuracy. When information regarding any data was unclear, we contacted the authors of the reports to provide further details.



Data items

We extracted the following information from the included studies:

• Sample size and characteristics such as age, gender, handedness, and ethnicity;

• Inclusion and exclusion criteria of the study;

• Assessment tool information (paradigm class and equipment properties);

• Ethical considerations;

• Severity score of the disease;

• Brain regions with different activation patterns between patients and controls (for task-based fMRI, MEG, and PET);

• Results and conclusions of the study; and

• Funding sources and conflicts of interest.

Ethnicities were categorized according to the NIH Racial and Ethnic Categories (61). Severity scores included the Positive and Negative Syndrome Scale (PANSS) (62), the Scale for the Assessment of Negative Symptoms (SANS) (63), and the Scale for the Assessment of Positive Symptoms (SAPS) (64). To achieve a better comparison state, SANS and SAPS were converted to PANSS (65) scores.



Study methodological and reporting quality assessment

We used an adapted version of the NIH Quality Assessment Tool for Case-Control Studies (66). This tool is originally developed to evaluate the internal validity of case-control studies, is consisted of 11 questions, and assesses the following factors: risk of potential for selection bias, information bias, measurement bias, confounding, exposures occurring before outcomes, evaluation of a dose-response gradient, accuracy of measurement of both exposure and outcome, sufficient time frame to see an effect, and appropriate control for confounding. Using this tool, the overall methodological and reporting quality of a study should be judged as either poor, fair, or good.

After consensus, we made some changes to the tool, so it better suits our review. As sample size justification does not apply to our topic, we changed the third question to check if the authors included a considerable sample size. Considering the multimodal nature of this review, it was not possible to use power analysis to calculate the minimum required sample size for each study. Considering a recent analytical study (67), a sample size of 34 participants is required to surpass 80% power to detect an effect size of D = 0.5 at α = 0.05 (though usually in functional neuroimaging studies α = 0.001 is the standard). Nevertheless, investigations revealed that 90% of the highly cited fMRI papers had a sample size smaller than that (67). Considering these facts, by consensus, we decided to define the minimum required sample size as at least 34 participants (17 for each group). We changed the fourth question to address one of the most important possible confounders in our review, unrelated concurrent psychiatric and neurologic disorders. We considered the minimum required inclusion/exclusion criteria to address substance dependence, and other possible medical disorders, and having specified the diagnostic criteria used to diagnose patients. Also, as the 8th and 9th (concurrent control and exposures occurring before outcomes) questions don't apply to our subject, we changed them to address if controls were matched with cases for age, gender, and handedness because they might be important confounders in our study. We defined matching for age as having a p > 0.05 for the difference between groups, while for gender, we defined it as having a p > 0.5. We modified the 10th question to assess the validity and sufficient report of the paradigm used in the study. We considered a paradigm valid if at least some methodological studies have previously confirmed its reliability for the assessment of MNA. In the case of methodological innovations, the validity of the paradigm was assessed subjectively by discussion among the reviewers. Also, in cases of the inadequate report of paradigm parameters (e.g., not reporting acquisition parameters of an fMRI experiment), the study was ranked poor for this domain. The reviewers' arguments for each subjective decision behind the validity and report of the paradigms used in each study are presented in detail in Data sheet 2. We also removed the 11th question which addressed blinding of outcome assessors, since interventional methods (where blinding is of paramount concern) do not apply to our subject. Finally, we changed the last question to check if ethical issues were considered in the study design.

The adapted version of the tool was pilot-tested before use. MMb and AR independently evaluated included studies and recorded supporting information and justifications for their judgments. In cases of disagreements, AV was consulted.



Analysis methods
 
Eligibility and preparing for analysis

As we included data from multiple paradigms, with different outcomes, quantitative analysis was not feasible. Thus, we aimed for qualitative analysis. The full texts of the included studies were read and evaluated by AV and MMo. We determined the direction of the effect based on the studies' results, as either “decreased,” “intact,” or “increased MNA” for the primary outcome and “intact” or “altered MNS” for the secondary outcome. Regarding the primary outcome, we only included studies that have directly evaluated MNA. We did not consider studies that assessed other cognitive domains hypothesized to be related to MNA (e.g., empathy, etc.) as eligible for analysis. For the secondary outcome, we did not perform any analysis as there were very few studies for this purpose.



Statistical analyses

AV analyzed the data using Microsoft Excel and dmetar (68) package for R version 4. A qualitative meta-analysis was performed for the primary outcome based on vote counting of the direction of the effect. Vote counting, a simple method for analyzing evidence from multiple evaluations, involves comparing the number of studies showing benefit (reduced MNA in the case of our study) with the number of studies showing harm (intact/increased MNA in the case of our study) (69). A harvest plot was designed to present results from the analysis. We also designed graphics to represent evaluated domains of methodological and reporting quality for each study and the quality across all studies.

To test for the statistical significance of the vote counting analyses, we used the sign test. The sign test is a non-parametric test that uses a binary measure of either a positive or a negative effect to test whether there is sufficient evidence to reject the null hypothesis of an equal number of positive and negative results (70). The P-value from a sign test represents the probability of observing the given number of positive and negative results if the null hypothesis was true. To perform the test, we counted the number of studies in each effect direction for the outcome. Also, to explore the results of the most commonly used paradigms, we conducted separate analyses on paradigms with more than 5 studies, which were EEG with 7 studies and task-based fMRI with 9 studies. We used GraphPad (Link) to calculate the two-tailed P-value for the sign test. We considered a p < 0.05 as significant (alpha error).



Subgroup analyses

To explore heterogeneity in the results, we compared the outcome between subgroups. We conducted a test for subgroup differences between studies that evaluated MNA in “drug-naïve/drug-free for at least 1 month” patients, against studies on “medicated” patients. To check for this difference, we conducted Fisher's exact test (Link). Also, knowing that gray matter volumes atypically decline with age in schizophrenia patients (71), we conducted a logistic meta-regression test by comparing the mean age of the participants in each study, against the direction of the effect. We used the weighted least squares (WLS) method for this regression, with the weight associated with each study being the square root of its sample size ([image: image]). Similar subgroup analyses were done for the gender of the participants (female to male ratio), mean positive PANSS scores of patients, and mean negative PANSS scores of the patients against the direction of the effect.



Sensitivity analyses

To evaluate the robustness of our results, we conducted a sensitivity analysis by excluding studies that were judged to be of poor methodological and reporting quality. We used the same previous methods above for this analysis.




Certainty assessment

The strength of the overall body of evidence was assessed using the Confidence in Evidence from Reviews of Qualitative Research Methods (CERQual) (72). This approach evaluates four components to score confidence in the review findings. These include methodological limitations, relevance, coherence, and adequacy. Each finding starts with a “high confidence” score which could be downgraded to “moderate confidence,” “low confidence,” or “very low confidence” if the CERQual process revealed concerns. AV and MMo evaluated each finding using the tool and attributed a score to it based on the four-point scoring system. We resolved discrepancies through discussion.




Results


Study selection

We identified 486 records through database searching. After deduplication and screening titles and abstracts of the records, 424 records were excluded. After reviewing the full texts of these reports, 28 were found to be eligible for inclusion in the review. Following citation searching of these studies, 6 more eligible studies were found. In the end, 32 studies (34 reports) were included in this review, 29 for the main outcome (functional integrity of MNA) and 3 for the secondary outcome (microstructural integrity of MNS). A detailed report of the study selection process is presented in Figure 1. It is of special notice that the three papers of Horan et al. were considered as one study for the statistical analyses (since they were performed on the same patients in the same setting), but were assessed for methodological quality separately (because they reported three different phases of a study).


[image: Figure 1]
FIGURE 1
 PRISMA Flow diagram of the study. We identified 486 records through database searching and six records through citation searching. Following deduplication, 317 records were screened, from which, 32 relevant studies (34 reports) were found and included in the review.




Study characteristics

We included 29 studies (73–103) with 1,542 participants for the primary outcome and 3 studies (104–106) with 126 participants for the secondary outcome. Overall, 32 studies were included in this systematic review. For a detailed summary of the characteristics of the included studies, see Data sheet 3.



Methodological and reporting quality of studies

Sixteen studies (14 for the primary outcome, 2 for the secondary outcome) were judged to have good methodological and reporting quality, eight (7 for the primary outcome, 1 for the secondary outcome) were judged to have fair quality, and ten (all for the primary outcome) were judged to have poor quality. For more information on the quality domains for each study, please check Data sheets 2, 3. Figure 2 shows the judgments for each domain in each included study for each outcome. Judgments for each domain and each outcome across all studies are presented in Figure 3.


[image: Figure 2]
FIGURE 2
 Methodological and reporting quality graph: Review authors' judgments about each methodological and reporting quality item presented as percentages across all included studies.



[image: Figure 3]
FIGURE 3
 Methodological and reporting quality summary: review authors' judgments about each methodological and reporting quality item for each included study.




Results of individual studies

Regarding the primary outcome, the direction of the effect in most studies was toward decreased MNA. Four studies concluded that MNA in schizophrenia patients was not different from healthy controls, while two studies indicated that they detected increased MNA in these patients. For a detailed summary of the results of individual studies for this outcome, see the harvest plot in Figure 4. All three studies that evaluated the secondary outcome concluded that MNS microstructural integrity was altered in patients.


[image: Figure 4]
FIGURE 4
 Harvest plot of the overall analysis for the primary outcome. The height of each bar represents the sample size, divided by a line into two sections to represent the sample size of each group (case and control). The methodological and reporting quality of each study is presented by the color of the bar; green for good, yellow for fair, and red for poor. The direction of the effect for the studies is mentioned below the bars: ▾ for decreased MNA, ◂▸ for intact MNA, and ▴ for increased MNA. MNA, Mirror neuron activity.




Results of analyses
 
Characteristics of contributing studies

A summary of the characteristics of the included studies is presented in Table 1. The comments section for this table is built upon the comments provided in a similar table in the systematic review of Mehta et al. (54). For a more detailed report of the characteristics of contributing studies, see Data sheet 3.


TABLE 1 The effect direction of the outcome table.

[image: Table 1]



Patterns of activity in MNA-specific brain regions

MEG, fMRI, and PET are known to provide good spatial resolutions. The different patterns of activity in MNA-specific brain regions between cases and controls in the included studies are provided in Table 2.


TABLE 2 The difference in the pattern of activation of different mirror neuron activity (MNA)-specific brain regions between schizophrenia and healthy control participants in task-based fMRI, MEG, and PET studies of MNA.

[image: Table 2]

IFG was the most investigated area across the literature where 6/7 studies reported the detection of a decreased MNA in that region. IPL was the second most investigated area, but interestingly, it was also the one with the most controversial results. Of the 6 studies that evaluated this area, 3 reported the detection of decreased MNA and the other 3 reported the detection of increased MNA. Also, MNA was reported to be decreased in PMv in 3 of the 4 studies that investigated this area. Results for the STG area were pretty consistent with 3 of 3 studies reporting decreased MNA. Only 2 studies reported a difference in the insula activation, where their results were in the opposite direction.



Results of statistical analyses

The results of the analysis for the primary outcome are presented as a harvest plot in Figure 4. Most studies concluded that MNA was significantly reduced in schizophrenia patients, compared to controls (23/29, 79.3%). The two-tailed sign test P-value was calculated to be 0.002, meaning that the chance of observing either 23 or more studies, or 6 or fewer studies in 29 studies, in that direction, is 0.2%. Only two studies (87, 92) found significant results in the opposite direction (2/29, 7.9%). Four studies (74, 75, 82–84, 102) concluded that there was no significant difference between patients and healthy controls (4/29, 13.8%).

We also conducted a vote-counting analysis for the direction of the effect for studies that only used task-based fMRI as their assessment tool. In this group, seven studies concluded that MNA was reduced in cases, although this finding was not statistically significant (7/10, 70.0%; P = 0.344). A similar analysis was also conducted for studies that only used EEG. In this group, four studies concluded that MNA was reduced in cases (4/7, 57.1%; P = 1.000), showing almost no statistical significance. Also, two studies showed an intact MNA and one concluded that MNA was increased in cases. Results were very contradictory for the EEG group and demanded explicit evaluation.



Results of subgroup analyses

Regarding the primary outcome, for the patients in the “drug-naïve/free for at least 1 month” subgroup, 4/4 studies, and the patients in the “medicated” subgroup, 14/20 studies were in the direction of decreased MNA, while 6 studies were in the direction of either intact or increased MNA. The test for subgroup differences revealed no significant difference between them (P = 0.539).

Results for the logistic meta-regression analyses for age, gender (female to male ratio), positive PANSS scores, and negative PANSS scores against the direction of the effect for the primary outcome are presented in Table 3 and Figure 5. There seems to be a relationship between the age of participants and the direction of the effect. A similar relationship was observed between the positive PANSS scores and the direction of the effect. Studies that found intact/increased MNA, were performed on patients of higher age and higher positive PANSS scores. These relationships were found to be statistically significant (P < 0.001 for age and P = 0.004 for positive PANSS scores).


TABLE 3 Results of the logistic meta-regression analyses for investigating the possible causes of heterogeneity.
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FIGURE 5
 Logistic meta-regression analyses for (A) age, (B) gender (female to male ratio), (C) +PANSS scores, and (D) −PANSS scores of participants in the included studies against the direction of the effect of those studies. PANSS: Positive and Negative Syndrome Scale.




Results of sensitivity analyses

To check the robustness of our results for the primary outcome, we performed an analysis on studies that were judged to have fair or good methodological and reporting quality. Most of these studies were in favor of decreased MNA in cases, although this finding was not statistically significant (13/18; P = 0.096).




Publication bias

Given the multi-modal nature of the included studies, it was not possible to use statistical tests or funnel plots to check for the possible role of publication bias in our results. We figured the best way for checking any potential publication bias in our review is to check for the time-lag phenomenon, defined as “an initial wave of studies reporting positive or expected results, followed by a secondary wave of negative results” which is an indicator of possible publication bias (107). Our investigations on a quarter of the most recent included studies [8 studies (75, 96, 97, 100, 102–105), from 2018 to 2021] revealed that 87.5% (7/8 studies) were in the same direction as the results of our main analysis (reduced MNA, altered MNS). Although this finding does not rule out the publication bias for certain, it ascertains the absence of it to some considerable degree.



Certainty of evidence

For the primary outcome, we believed there were some concerns for the “methodological limitations” domain as the considerable presence of bias across the included studies might have affected our results. We also believed there were minor concerns for the “coherence” domain because some studies reported contradictory results. No concerns were identified for the “adequacy” and “relevance” domains. Overall, given that the frequent presence of bias across the included studies might have affected our results, we decided to downgrade the certainty of the evidence by one level because of the “methodological limitations” domain. Thus, we believe there was moderate confidence in our findings.




Discussion


Interpretation of the results
 
MNA in schizophrenia; What did we find?

Mehta et al. (54) conducted a systematic review on the same subject in 2014. However, to our knowledge, this is the first systematic review that has also incorporated qualitative data analysis to evaluate the mirror mechanism in schizophrenia patients and identify some of the possible sources of heterogeneity in the findings.

Some hypothesize that schizophrenia might be a disorder of the “social brain” (108). Mirror neurons are collections of neurons that are believed to be part of this social brain network (109). From this point of view, it has been hypothesized that MNA is impaired in schizophrenia. Our study reveals, with moderate confidence, that there is indeed an impaired MNA system in these patients.



Contradictory results; Some possible explanations

Although most findings were in the same direction, one might question why others found contradictory results. We aim to describe here some of the potential causes underlying those results.

First, our meta-regression analyses found a statistically significant relationship between the mean positive PANSS scores and age of the participants in each study and the direction of the observed effect in that study. Studies that demonstrated intact/increased MNA enrolled patients with higher positive PANSS scores and age, compared to the studies that demonstrated decreased MNA.

Regarding the relationship between the positive PANSS scores and the direction of the effect, our results indicate that patients with higher positive PANSS scores are more likely to have intact/increased MNA. Positive PANSS measures the severity of the positive symptoms of the disorder, such as delusions, conceptual disorganization, hallucinations, and hostility (62). McCormick et al. (87) found a similar pattern in their study, suggesting that MNS may be overactive when positive symptoms are most prevalent (especially hallucinations). Mitra et al. (89) reported a negative correlation between the mu wave suppression and the thought disturbance cluster on PANSS, proposing that according to the theory that dopamine levels in the brain and the performance of the brain circuits have an “inverted-U” shaped relationship, an increase in brain dopamine levels during schizophrenia possibly disrupts the MNS circuit, leading to psychopathology manifestations. Other studies did not find a significant correlation between positive PANSS scores and MNA (74, 78, 80, 84, 86, 88, 90, 96, 99, 102). These contradictory results could be due to differences in experimental conditions, stage of disease, or the measures used to assess symptoms. Nevertheless, the idea of MNA correlating with patients' symptoms seems to be a plausible hypothesis. Indeed, this hypothesis was previously mentioned by Mehta et al. (54), making it an explanation worth further investigation. This is also in line with Frith and Corcoran's theoretical model of the relationship between social cognitive processes and psychotic symptoms (110).

Regarding age, similar results were found previously in autism, suggesting that individuals with autism may outgrow any mirror neuron deficit after a certain age (111, 112), although some other studies question these results (113, 114). One recent study indicates that in general, there might be some differences in the MNA between younger and older adults (115), where older adults showed Mu suppression in frontal and frontotemporal regions during a memory task, in contrast with young adults who showed Mu enhancement. Besides these, some studies have also shown that the social cognitive performance of schizophrenia patients may actually increase by age (116). Linke et al. (117) found a similar pattern in their study as well, but after including the patient's age at onset in their models, they concluded that this observed increase in social cognitive performance is not really due to the patients' age, but it is actually due to their later onset of the disease, as older patients are usually those with a later onset of psychosis as well. This is in line with previous studies that revealed age at the onset of the disease is negatively correlated with patients' cognitive performance (118, 119).

In the study of Horan et al. (82–84), they used a mask before group-level analyses, which might “bias against finding significant between-group differences,” as stated by the authors. In the study of Andrews et al. (73), they used a combination of TMS and EEG that may have reduced the quality of the EEG signals from some participants. Also, the baseline stimulus used to directly compare the EEG and TMS measures (blank screen) was not the same for the two measures. The studies of McCormick et al. (87) and Quintana (92) found increased MNA in patients. Quintana (91) study made a controversial decision by excluding BOLD signal changes during incorrect responses. The authors proposed that patients may have a compensatory increase in MNA while correctly performing the task. In the study of McCormick et al. (87), subgroup analyses showed only a subgroup of patients had greater mu suppression, the active psychosis subgroup. These findings indicate the need for more research on these subgroups of schizophrenia patients.

Most notably, we found the results of EEG studies to be very contradictory. Some possible explanations for such results have been previously mentioned in the study of Hobson and Bishop (120). First, they suggested that because the mu frequency band overlaps with the alpha frequency band (which is sensitive to attentional fluctuation), mu suppression could potentially be confounded by changes in attentional engagement. They also report that there is little consistency in how the specific baseline against which mu suppression is assessed should be defined. Finally, they examined mu suppression in 61 typical adults and reported that even in an optimal evaluation condition, 16–21% of participants showed no mu suppression to action observation task. Overall, they concluded that mu suppression can be used to index the human MNS, but the effect seems to be weak and unreliable, and it may also easily be confounded by alpha rhythm suppression. More interestingly, a recent study found that observation tasks may sometimes elicit mu rhythm enhancement rather than suppression (121). All these results question the reliability of the EEG paradigm for assessing MNA. Also, the validity of the TMS/EEG paradigm has been seriously questioned by another recent study (122). With all of those in mind, we still didn't consider these paradigms as invalid in our bias assessment process, as this domain required subjective judgments (where we tried to be conservative) and there are still some counter-arguments supporting the possible reliability of these paradigms.



MNA and negative symptoms in schizophrenia

Negative symptoms account for a substantial portion of the morbidity associated with schizophrenia (123). Empirical research has argued for an association between negative symptoms and anomalous MNA (124). We found the same association in some of the studies included in this review (85, 86, 95, 98). The study of Singh et al. (95) found lower mu wave suppression to positively correlate with negative PANSS scores, suggesting MNS may be underactive when negative symptoms predominate. However, the study of Brown et al. (76) found a statistically significant correlation between mu wave suppression and negative PANSS scores in the opposite direction of Singh's et al. Also, the study of Kato et al. (85) reported a negative correlation between the amplitudes of root-mean-square (RMS) of MEG responses and negative PANSS scores. Finally, Park et al. (91) reported the presence of a negative correlation between the functional deficits in MNS and negative PANSS scores. Although we didn't find any significant correlation between MNA and negative PANSS scores (P = 0.226), future studies should provide an in-depth assessment of the relationship between these two factors.



MNA and communication skills in schizophrenia

Deficits in communications skills have been previously documented in schizophrenia (125), but there has not been a comprehensive explanation for the etiology of this phenomenon up to this date. Indeed, MNS has been linked to developing communication skills via integrating auditory, visual, and motor stimulation (126). A study by Cantisani et al. reported a negative linear association between resting-state cerebral blood flow in the left inferior and middle frontal gyrus of schizophrenia patients with their communication skills, measured through the Social and Occupational Functioning Assessment Scale (SOFAS) (127). Our results indicate that across the literature, the inferior frontal gyrus (IFG) was the most investigated area for MNA in schizophrenia patients, where most studies indicated decreased MNA detection in this area. Putting these findings together, the disruption in MNA might be suggested as a possible explanation for communication skills in schizophrenia patients. Further studies are required to validate this hypothesis.



MNA and echopraxia in schizophrenia

Echopraxia is the pathological repetition by imitation of the movements of another person. In the context of schizophrenia, it has been mostly associated with the catatonic form (128). A previous speculative paper by Pridmore et al. suggested that pathologically handled MNS-generated representations, especially in IFG, might be involved in this dysfunction (129). Indeed, this was in line with the findings of the study of Zaytseva et al. (101) where the authors reported altered mu rhythm suppression in the right frontal and central brain regions in patients with catatonic schizophrenia. More studies on catatonic patients in the future are suggested to further evaluate the validity of this finding.



MNS and the “plasticity” hypothesis in schizophrenia

Previously, some have argued that MNS might have a plastic feature (130), meaning that after receiving treatment, disruptions in this system might at least partially resolve. However, a study by Mitra et al. (131) found that following 8 weeks of antipsychotic treatment, no significant changes took place in the MNA of patients. This is partly in line with our results that revealed there was no significant MNA difference between medicated and drug-free patients. These indicate that even though antipsychotic medications may improve cognitive deficits for some schizophrenia patients, they may not affect MNA significantly.



Another commonality between autism and schizophrenia

Our results indicate that MNA is altered in schizophrenia patients, similar to the individuals with autism. This finding contributes to the efforts of exploring the dimensions of mental disorders to integrate many levels of information to understand the nature of mental health and illness, such as efforts taking place in the projects of RdoC (132).



Rehabilitation through MNS-based training

Deriving clinical impact from such results could be an existing area of research. In a pilot study in 2020 (133), Hadoush et al. evaluated the effect of bilateral anodal transcranial direct current stimulation (tDCS) applied over the MNS of autism patients. They concluded that this intervention has a moderate therapeutic effect on children with autism in terms of their sociability, behavior, health, and even physical conditions. This pilot study reveals the potential of new rehabilitation methods through MNS-based training, which might benefit patients. It might be interesting to evaluate if similar results could be obtained for schizophrenia patients.

Another study that evaluated the effect of add-on yoga therapy on schizophrenia patients, revealed that MNA increased in the intervention group following 6 weeks of yoga therapy. They also found significant improvements in social cognition composite score (SCCS), negative symptoms (SANS), and positive symptoms (SAPS). One hypothesis is that the improvements in those clinical symptoms might have been achieved through the training of the MNS. Indeed, a previous study on yoga therapy for 2 years on 12 autism patients (6 in the interventional arm and 6 in the comparator arm) revealed improvements in imitation and other social skills of the participants (134). The authors hypothesized that guided imitation of therapist body positions might have stimulated MNA, resulting in an improved sense of self. Investigating the causal relationship between such findings might benefit future research.




Limitation of evidence

All the included studies used indirect measures of MNA. It is known that intracranial electrodes give the most reliable evidence of MNA, but understandably, such procedures cannot be used for research on humans. Nevertheless, the indirect nature of the assessment tools used in the included studies, compared to the definitive direct sell recording techniques, should be considered as a limitation of the evidence. Also, a considerable proportion of the included studies had a sample size of < 34, which decreased the power of their statistical analysis. By the way, some studies did not use valid and comprehensive inclusion/exclusion criteria, which might increase the chance of confounding in their results. Finally, a proportion of the included studies did not report if controls were matched with cases for handedness.



Limitations of review processes

We acknowledge several limitations in our study. Firstly, we used a weak statistical test for our analyses. Although it requires mentioning that considering the wide range of assessment paradigms we included in this review, more powerful statistical tests were not feasible. Secondly, we didn't assess the same outcome in other populations with almost the same pathology (i.e., schizoaffective disorder). Finally, some important information was not reported in the included studies. We tried to reach out to the authors to ask for that information but did not get any response. Nevertheless, we believe that possible none of these methodological limitations would significantly change the overall conclusions of this review.

Overall, we acknowledge that presenting a quantified summary for such a highly debated and controversial topic, given so few studies with vastly different modalities, would have its challenges and may require some methodological innovations. With that in mind, we still believe that our study managed to provide a clearer picture of the current state of knowledge on this subject, while also pointing to some of the existing biases and limitations in the literature.



Implications

From our findings, one can claim, with moderate confidence, that MNA is altered in schizophrenia patients. This finding provides clues for a more in-depth understanding of the disorder and helps find a more comprehensive revision of the underlying pathophysiology of psychosis spectrum disorders. As more findings are being discovered that help to achieve a more in-depth understanding of psychiatric disorders, adjustments to our definitions for these illnesses seem necessary. Future researchers may evaluate the same deficits in patients with other disorders (e.g., bipolar disorder, depression, etc.) to come up with a better understanding of the common features across these disorders and facilitate the process of finding new semantic definitions for psychiatric illnesses.

We also urge future researchers on this subject to try to compensate for the existing biases and limitations in the literature. This may include conducting studies with larger sample sizes, using rigor eligibility criteria to minimize confounding effects, and utilizing valid paradigms to ensure the reliability of the results. Also, research on deriving potential clinical impact using MNS-based training methods could be an exciting topic for future investigations.
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References Direction N (SCZ/HC) Mean Medicated+PANSS -PANSS Setting Paradigm Experimental condition

age

Microstructural methods

Tseng etal. (106) Altered 32732 32 v - - Inpatient  DSI Microstructural data

ElShahawi etal. (104)  Altered 15/15 29 v - - Mixed DWI/DTI  Microstructural data

Saito etal. (105) Altered 16/16 21 v - - Mixed DWIDTI  Microstructural data

Functional methods

Brown et al. (76) -« 1717 40 v 19(7) 25(8) Inpatient  EEG (a) Rest: inanimate motion, (b) Action-observation: observing video clips of two people sitting at
a table, transferring coins from one bowl to the other bowls at the table

Horan etal. (81) -« 32126 6 v - - Outpatient EEG (a) Rest: inanimate motion (two bouncing balls), (b) Action-observation: hand movements,
people playing a throw and catch game by throwing a ball to themselves, to each other, and to and
from the observer

McCormick etal. (7) A 16/16 37 v 17(12)  16(10) Inpatient  EEG (@) Rest: watching snow-fall, (b) Action-observation: bouncing balls and hand movements

Mitra etal. (89) v 15/15 29 x - - Inpatient  EEG (@) Rest: White screen, (b) Action-observation: video of handshakes, repeated at a rate of 1 per
second

Mahring et al. (90) v 15/15 35 v 16 (4) 20(5)  Outpatient EEG () Action-observation: observing a static image of gestures of a hand for the rock-paper-scissors
game, (b) Action-exccution: participants actively executed hand gestures when stimuli depicting
rock, paper, or scissors were displayed

Singh etal. (95) v 20/12 21 v 15(15) 17(13)  Outpatient EEG (a) Rest: inanimate motion (two bouncing balls), (b) Action-observation: hand movements, point
light display animation of a jumping human, people playing a game of throw and catch

Zaytsevaetal. (101) v 11732 23 v - - - EEG Imaginary representation of one’s own walking on a familiar street (2 min) followed by the
subjects’ self-reports

Varcin etal. (99) v 25025 42 v 15(13)  16(10)  Outpatient EMG Watching facial expressions of happiness and anger displayed in 4 male and 4 female faces, while

EMG was recorded from zygomaticus major and corrugator superc
Das etal. (78) v 2019 3 v 1003 18(5) Inpatient  fMRI 16 blocks: 8 experimental in which two triangles mimicked human behavior (bluffing,

persuading, surprising, and mocking), and 8 controls in which two triangles moved randomly

Ferri etal. (50) v 222 28 ~ 14 (4) 12(5)  Outpatient MRI 336 trials where subjects watched either “emotion action,” “emotion;” or “action” stimuli and 32
imitation trials where subjects were given a request to imitate either the action or the emotion
Heetal. (102) -« 1718 32 v 26(17)  16(13) Inpatient  fMRI Two runs of 182 trials each. Each run consisted of 3 stimuli: () observing videos of an actor

making incomprehensible Russian sentences with gestures, (b) making comprehensible German
sentences without any gestures, (<) making German sentences with accompanying gestures

Horan etal. (82) < 2323 47 v - - Outpatient AMRI Five runs of 6 blocks, each block consisted of 6 trals (3 fingers and 3 faces). The trials required
subjects to either (a) observe: observe finger movements or a facial expression, (b) imitate: imitate
the fingers movement or the facial expression, and (c) execute: make the movement or facial
expression described by each word. Words included the following in a random order: Lift Index,
Lift Middle, Happy, Sad, Angry, Afraid

Horan etal. (83) - 2121 47 v - - Outpatient fMRI Four runs of a mixed blocked/event-related paradigm. Each run consisted of two components:
(a): () observing videos of patients receivinga painful sound stimulation treatment; (ii)listening

to the painful sounds (to create ROIS). (b): manipulations of perspective-taking (imagine “Self”

vs. “Other” experiencing pain) and cognitive appraisal (treatment was “Effective” vs. “Not
Effective’)

Leeeetal. (86) v 15/16 37 v 1003 13(3)  Outpatient fMRI 180-trials (0.5 of watching phase for each); (a) observation phase: subjects watched either facial
or word stimuli, (b) expression phase: subjects actively expressed the emotions displayed, (c)
returning phase: subjects returned to neutral facial expression after watchinga neutral cue on the
screen

Okruszek etal. (100) v 25/26 35 v 1neE) 18(4)  Outpatient fMRI 112 trials-each trial consisted of (a) watching phase: watching animations displaying actions of
agents presented as point-light walkers, (b) behavioral response phase: responding to the question
“Are the two persons acting together or separately?” (c) IS phase

Park etal. (91) v 15/16 - v 13 17(4)  Outpatient fMRI 24 blocks; each block consisted of perceiving, inferring, and selecting appropriate responses (30,
20,and 105, respectively), to ambiguous or certain emotional events narrated by a graphical
avatar. The neutral certain condition was the control condition

Quintana (92) A /8 33 v - - Outpatient fMRI Four runs of block-design paradigms-each run consisted of 3 resting blocks scattered among 2
sets (colored circles or drawings of facial expressions) of 6 task trials, where the subject was
required to match the cues

Stegmayer etal. (96) v 215 38 v 18(7) 19(5)  Mixed AMRI ‘Two runs of event-related paradigm-each run consisted of 3 phases: (a) visual command phase
(35), (b) planning phase (35): participants had to plan movements, (c) execution phase (35):
participants should've executed the gesture that was stated in the visual command phase

Thakkar etal. (98) v 16/16 39 ~ 14(10)  23(12) Inpatient  fMRI Four runs of 14 blocks-each block consisted of 3 trials (3 movement conditions in each). Subjects

were required to either execute actions of pressing buttons while viewing these stimuli or observe

(a) a hand pressing buttons, (b) an image of a hand and a button box, (c) inanimate marks

Kato etal. (85) v 15/15 33 x 18 (4) 8@ - MEG (a) Rest: eyes fixed on a cross, (b) Action-observatior

: mouth opening movements.

Schiirmann et al. (94) v SV 54 v - - Outpatient  MEG () Rest: resting in a relaxed state, (b) Action-observation: manipulati

n of a small object with a
hand; (¢) Action-execution: participants manipulated the small object with their hand
Andereasen etal. (73) v 18/13 30 x 12(1)  9(8)  Outpatient PET Subjects were asked to say narrative stories explaining a given social situation. The control task

required subjects to read aloud a neutral story that was presented on the monitor

Choe etal. (77) v 26126 2 ~ 16 (4) 16(4)  Outpatient rs-IMRI  Resting-State

Guoetal. (81) v 69/62 31 v 12(5) 14(6)  Inpatient  rs-fMRI  Resting-State

Park etal. (103) v 37180 23 ~ 16 (4) 17(5)  Outpatient rs-fMRI Resting-State

Schilbach et al. (93) v 116/133 34 v - - Multi- MR Resting-State

centric

Sunetal. (97) v 2822 17 x 230 17(7)  Inpatient  rs-fMRI  Resting-State

Bagewadi etal. (75) v 30728 27 v 21(16)  20(16) Inpatient  TMS (@) Rest: observing a static image, (b) Natural action-observation: a key held in pinch grasp,
performing locking and unlocking, (c) Context-based action-observation: observing a video clip
of a mother trying to unlock the door of a house that is on fire and her child is stuck in calling for
help

Enticott etal. (79) v 15/15 38 v 15 (4) 156 - T™S (@) Rest: not specified, (b) Action-observation: non-goal directed and goal-directed finger
movements

Mehta etal. (35) v 54/45 31 ~ 24(6) 23(9)  Mixed ™S (a) Rest: observing a static image, (b) Action-observation: a key held in pinch grasp, performing
locking, and unlocking movements

Andrews etal. (74) -« 19719 410 v 16 (6) 16(5)  Outpatient TMS/EEG  (a) Rest: observinga black screen, (b) Action-observation: 6 video clips: 2 static hands; a hand

reaching out and clasping a mugs a hand pantomiming clasping a mugs and 2 interactive
movements, one with hands from two different people, and a similar movement carried out by

one person

A indicates increased mirror neuron activity (MNA) «p indicates
Jdrug-free for at least a month; &%, Mixe
; DTI, Diffusion tensor imaging; DWI, I
tate IMRI;

act MNA, and ¥ indicates decreased MNA. Colors represent the methodological quality of the study (green = good, yellow = fair, red = poor). v/, Mostly medicated patients; x,
mean (SD)] round to the nearest integer; ~PANSS, ~PANSS scores [mean (SD)] round to the nearest integer; DSI, Diffusi
lectroencephalography; EMG, Electromyographys fMRI, Functional magnetic res: s HC, Healthy controls; MEG, Magnetoencephalography;
, Transcranial magnetic stimulation.

Schizophrenia; T\
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References Modality PMv IFG IPL STG Insula

Andereasen etal. (73) PET
Dasetal. (78) ‘Task-Based fMRI
Ferri et al. (30) ‘Task-Based fMRI
Kato etal. (34) MEG

Lee etal. (35) ‘Task-Based fMRI
Okruszek etal. (100) ‘Task-Based fMRI
Park etal. (91) ‘Task-Based fMRI
Quintana (92) Task-Based fMRI
Schurmann etal. (94) MEG

Stegmayer et al. (96) ‘Task-Based fMRI
‘Thakkar et al. (95) ‘Task-Based fMRI

Lower means lower activity in patients compared to controls, while higher means higher actiity. IEG, Inferior frontal gyrus; IPL Inferior parietal lobule; STG, Superior temporal gyrus;
PMy, Ventral premotor cortex.
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Variables B

Constant 78.189
BNSS-Sp Abulia ~1626
PANSS general psychopathology ~0.391
BNSS-Sp asociality —1.448
Sp-UPSA transportation 0968
BNSS-Sp blunted affect -0.846
™TB 0.041
Heart rate ~0.161

S.E.

8.766
0.493
0.145
0.527
0.232
0.267
0.017
0.068

Beta

-0.261
-0.172
—0.206
0.251
-0217
0.144
-0.128

8919
-3.206
—2.698
—2.746

4.170
-8.172

2442
—2379

P

<0.001
0.001
0.008
0.007
<0.001
0.002
0.016
0.019

VIF

2410
1671
2.166
1.394
1.808
1.349
1.123

S.E., standard error; VIF, variable inflation factors. BNSS-Sp, brief negative symptoms scale, Spanish version; PANSS, positive and negative syndrome scale; PSP, personal and social
performance scale; TMT-B, trail making test, part B; Sp-UPSA, University of California San Diego performance-based skills assessment, Spanish version.
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Sociodemographic

Age [mean (sd)]
Sex, males
Marital status

Never married

Married®
Living arrangement

Aone

Family of origin

Own family

Institutionalized

Other
Educational level

Primary school

Secondary school

University
Years of education [mean (sc)]
Work status

Working

Not working*

Homeaker or student
Mental disability benefit, yes
Anthropometry and vital signs
BMI [mean (sc)]

Low weight (<18.5)
Normal weight (18.5-24.9)
Overweight (25-29.9)
Obesity (=30)

SBP [mean (sd)]

DBP [mean (sd))

Heart rate [mean (sd))

n (%)

39.67 (11.93)
92 (63.9)

104 (72.2)
40 (27.8)

16(11.1)

93(64.6)

30(20.8)
2(1.4)
3(@2.1)

38(26.4)
84(58.3)
22(15.3)

14.00 (4.42)

18 (12.5)
101 (70.1)
25(17.4)
63(43.8)

27.69(5.28)
3@.1)
46(31.9)
50(34.7)
43(20.9)
117.68 (14.68)
78.34(10.74)
80.79 (14.55)

Clinical

Length of ilness (years) [mean (sc)]
Hospitalizations, yes

No. of hospitalizations mean (sc)]
Age at first hospitalization [mean (sd)]

Suicide attempts, yes

No. of suicide attempts [mean (sd)]

Psychiatric comorbidities, yes
One disorder
Two disorders
Three disorders
SUD tobacco
SUD cannabis
SUD alcohol
SUD cocaine

Somatic comorbidities, yes
One disease
Two diseases
Three diseases
Four diseases.
Five diseases
Ophthalmological problems
Hypercholesterolemia
Hypertension
Hypertriglycerides
Constipation
Diabstes I
Respiratory disease
Hearing impairment
Migraine
Cardiovascular disease
Hyperthyroidism

n (%)

12.36 (10.91)
102 (70.8)
2,04 (1.64)
28.15(8.82)
28(19.4)
182 (3.59)
66 (45.8)
57(39.6)
749
2(1.9)
66 (45.1)
9(6.9)
3@.1)
10.7)
92 (63.9)
47 (32.6)
28(19.4)
13(9.0)
2(1.4
2(1.4)
45(313)
15 (10.4)
13(0.0)
1069
8(5.6
8(5.6
8(5.6
5(35)
5(35)
3(@.1)
3(@.1)

sd, standard deviation; $Married includes married, living as married, widow, and divorced. *Not working includes permanently disabled due to health conditions other than a mental
disorder, temporarily disabled, retired, and unemployed. AP, abdominal perimeter; DBR, diastolic blood pressure; SBP: systolic blood pressure; SUD: substance use disorder.
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Monotherapy antipsychotic

n (%)

Paliperidone LAI-3 months 29(20.1)

mg [mean (sd))/DE-OLZ1 mg 456.38 (142.4Y7.04
Paliperidone LAI-1 month 20(139)

mg [mean (sd)J/DE-OLZ1 mg 121.25 (48.8)/16.84
Olanzapine 20(139)

mg [mean (sd)J/DE-OLZ1 mg 1025 (8.6)/10.25
Avipiprazole oral 19(132)

mg [mean (sd)J/DE-OLZ1 mg 11.71 (7.1/8.30
Paliperidone oral 18(125)

mg [mean (sd)J/DE-OLZ1 mg 5.66(3.1/14.18
Risperidone 10(6.9)

mg [mean (sd)yDE-OLZ1 mg 32(1.8/8.42
Avipiprazole LAI-1 month 963

mg [mean (sd)J/DE-OLZ1 mg 255.56 (88.2/8.97
Clozapine 749

mg [mean (sd)yDE-OLZ1 mg 264,29 (143.5/8.63
Amisulpride 3.1

mg [mean (sd))/DE-OLZ1 mg 233.33 (152.7/6.09
Fluphenazine decanoate 321

mg [mean (sd))/DE-OLZ1 mg 29.17 (7.2/58.34
Quetiapine 2(1.4)

mg [mean (sd)J/DE-OLZ1 mg 712.50 (689.4y22.08
Risperdal consta LAl 2(1.4)

mg [mean (sd)J/DE-OLZ1 mg 150.00 (70.7)/89.29
Haloperidol 10.7)

mg [mean (sd))/DE-OLZ1 mg 60.00 (0.01/81.08
Ziprasidone 10.7)

mg [mean (sd)J/DE-OLZ1 mg 120.00 (0.0/15.15
Antipsychotic as hypnotic n (%)
None 121 (84.0)
Olanzapine 1(7.6)

mg [mean (sd)] 9.55(1.5)
Quetiapine 1(7.6)

mg [mean (sd)] 12250 (68.3)
Levomepromazine 10.7)

mg [mean (sd)] 25,00 (0.0)

Antidepressant n (%)
None 116 (80.6)
Escitalopram 1(7.6)
Sertraline 6(4.2)
Desvenlafaxine 3@.1)
Mirtazapine 2(1.4
Venlafaxine 2(1.4)
Bupropion 10.7)
Clomipramine 10.7)
Maprotiine 10.7)
Vortioxetine 10.7)
Benzodiazepines n (%)
None 81(66.3)
One 58(40.3)
Two 5(3.5)
Lorazepam 29(21.2)
Clonazepam 10 (7.0)
Clorazepate dipotassium 9(6.3)
Diazepam 7(4.9
Bromazepam 2(1.4)
Ketazolam 2(1.4)
Aprazolam 10.7)
Flurazepam 10.7)
Lormetazepam 5(3.5)
Zoplicone 2(1.4)
Other treatments n (%)
None 118 (82.0)
Biperiden 19(132)
Gabapentin 4@28)
Folic acid 10.7)
Oxcarbazepine 10.7)

DE-OLZ1mg, Dose equivalent to Olanzapine 1 mg/day; LAI, long-acting injectable; mg, milligrams; sd, standard deviation.
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Variables

Sex

Education level

Work status

Mental disability benefit

History of suicide attempts

Alcohol use

Benzodiazepine use

aStudent's t-test.
PANOVA.

“Duncan’s post-hoc test.
S.D, standard deviation.

Categories

Males
Females

Primary school
Secondary school
Higher

Working

Not working®
Homermaker or student
No

Yes

No

Yes

No

Yes

No

Yes

PSP total score
Mean (S.D.)

5073 (18.22)
60.69 (17.19)
51.16 (17.15)
53.08 (18.61)
64.56 (17.07)
66.39 (14.76)
49.96 (18.15)
63.28 (14.95)
5853 (18.04)
48.90 (17.62)
56.30 (17.69)
46.14 (19.49)
51.08 (18.75)
59.00 (17.05)
59.15 (18.06)
48.46 (17.26)

Statistical test, p

—3.2172,0.002

4.328°,0,015 Higher # (primary = secondiary school)®

10.988°, <0.001 Not working # (working = homermaker or student)®

3.203%, 0.002
2.674%,0.008
—2.586%,0.011

3.607%, <0.001

@ Not working includes permanently disabled due to a health condition other than a mental disorder, temporarily disabled, retired, and unemployed.
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Variables

Years of education
Length of iliness (months)
Weight (kg)

Heart rate

PANSS positive

PANSS negative

PANSS marder negative factor
PANSS general psychopathology
BNSS-Sp anhedonia

BNSS-Sp distress

BNSS-Sp asociality

BNSS-Sp abulia

BNSS-Sp blunted affect
BNSS-Sp alogia

coss

VF Semantic (animals)

DSST

TMTA

TMT-B

Sp-UPSA finance management
Sp-UPSA communication

Sp-UPSA planning recreational activiies

Sp-UPSA transportation

*Bivariate Pearson correlation. *p = 0.05 *'p = 0.01.

Statistical test?, p*

0.253%*
-0.190%
—0.195%
_0.308%
—0.367%
-0.683%*
—0.728%
-0.5674
—0.648%*
—0.428%
-0.653%
-0.7054
-0.6024
—0375%
—0.347%
0.194%
02154
-0.290%
—-0.254%
0.407
0.425"
0.2064
0.463%

BNSS-Sp, brief negative symptoms scale, Spanish version; CDSS, calgary depression
scale for schizophrenia; DSST, digit symbol substitution test; Kg, kiograms; PANSS,
positive and negative syndrome scale; PSR, personal and social performance scale;
TMT-A, trail making test, part A; TMT-B, trail making test, part B; Sp-UPSA, Universiy
of Calfornia San Diego performance-based skills assessment, Spanish version; VF,

verbal fluency.
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Measure

Occ
BACS 0.22*
NSA-16 -0.192
PHQ-9 -0.072

‘p < 0.05,*p <0.01.
2Pearson’s correlation.

MDD
Soc
0.122

-0.19*
—0.54*2

Symp

0.001*
-0.39"
-0.50"

04172
-0.32"
-0.18

scz
Soc Symp Oce
0.397° 0.14
-0.20° 0.08
-032" -0.10

HC

0.17
-0.17
-0.21

Symp

0.08
-0.07
-0.15

BACS, Brief Assessment of Cognition in Schizophrenia; NSA-16, Negative Symptom Assessment; PHQ-9, Patient Health Questionnaire; Occ, MIRECC-GAF Occupational functioning;
Soc, MIRECC-GAF Social functioning; Symp, MIRECC-GAF Symptomatic functioning.
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Emotion/Affect
Social involvement
Motivation

Motor retardation

'p < 0.05,"p <0.01.
2Pearson’s correlation.

NSA-16, Negative Symptom Assessment; Occ, MIRECC-GAF Occupational functioning; Soc, MIRECC-GAF Social functioning; Symp, MIRECC-GAF Symptomatic functioning.
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Variables Domains Min Max Mean sD Kurtosis Skewness t Sig.

NCD Speed of processing 104 21 14.14 422 0.077 -0.141 50.90 0.00"
Attention/Vigilance 29 143 98.59 14.55 0.655 1.000 —42.40 0.00"
Working memory il 19 741 3.01 1.696 2.416 56.32 0.00"
Verbal learning 37 74 49.74 10.21 0.332 -0.719 0.003 0.99
Visual learning 31 e 49.09 9.68 0.651 0.667 0.006 0.99
Reasoning/Problem solving 32 74 49.44 9.98 0.565 -0.432 0.001 0.99
Social cognition 18 69 49.64 9.98 —0.481 0.363 0.006 0.99
Total composite score 360 615 495.14 57.86 -0.314 -0.419 0.00 1.00
DAS Performance evaluation 36 95 61.97 12.36 0.394 —-0.009 0.003 0.99
Need for approval 7 34 21.32 535 0.280 0.761 0.001 0.99
Total 51 123 83.29 16.07 0.180 -0.208 0.003 0.99
NS Blunted affect 0 35 10.97 8.19 1.218 0.723 0.008 0.99
Alogia 0 25 8.67 6.51 0.983 -0.104 0.008 0.99
Avolition and apathy 0 19 8.35 5.62 0.346 —1.365 0.014 0.98
Asociality 0 23 7.06 5.05 0.874 0.404 0871 0.387
Attention 0 12 4.98 3.26 0.535 -0.532 0.019 0.98
Total 0 96 40.50 25.69 0.649 -0.672 0.00 1.00
Dis Cognition 6 27 14.79 6.28 0.266 -0.999 0.007 0.99
Mobility 5 25 16.75 655 —-0.349 —-1.009 0.009 0.99
Getting along 5 21 12.11 431 0.164 -0.548 14.48 0.00"
Life activities 8 40 20.97 9.84 0.396 -1.192 3.72 0.00"
Participation 8 37 19.61 9.12 0.173 —1.389 0.008 0.99
Self-care 4 20 16.82 2.87 -1.262 3.631 0.002 0.99
Total 36 156 101.07 3451 0.107 —1.382 0.002 0.99

'p < 0.00; NCD, Neurocognitive deficits; DPBs, Dysfunctional Performance Beliefs;

1S, Negative Symptoms; Dis, Disabilty.
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Variables Domains Loading CR AVE Cronbach’s R?

Alpha
NCD Speed of processing 0.71

Attention/Vigiiance 055

Working memory 030

Verbal learning 068

Reasoning/Problem sohing 0.7

Social cognition 065

Total composite score 079 040 075
DPBs  Performance evaluation 066

Need for approval 0.92

Total 077 064 082 007
NS Blunted affect 0.84

Alogia 0:84

Avoltion and apathy 092

Asociality 0.89

Attention 0.91

Total 094 078 082 056
Dis Cogpnition 0.92

Mobilty 0.87

Getting along 0.82

Life activities 0.92

Participation 0.90

Self-care 067

Total 092 094 078 080 074

INCD, Neurocognitive deficits; DPBs, Dysfunctional Performance Beliefs; NS, Negative
Symptoms; Dis, Disability; CR, Composite Reliabity; AVE, Average variance extracted.
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Age (year)

Education (year)

Length of condition (year)
Diagnosis

Schizophrenia

Muliple episodes in partial remission
Muliple episodes in full remission
Schizoaffective

Multiple episodes in full remission
Muliple episodes in partial remission
Medication

Second-generation antipsychotics
Antidepressants

Mood stabilzers

Concomitant medications

‘p < 0.001.

Patients (N = 85)

Mean

45.63
100
130

N

14
64

S

56
156

SD

897

1.94

1.68
%

165
753

0.005
-122.88
—140.35

Sig.

0.99
0.00"
0.00"
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Variable

Wallwork
Negative
Positive
Disorganized
Excited
Depressed
PANSS
Total
Positive
Negative
General

*Indicate group difference at baseline (p < 0.05). Bold italics indicate p-values < .05.

Stayed
N=47

16.3
12.4
88
7.4

100

80.3"
202
199
402

Amisulpride

Dropped out
N=16

18.1
1.8
10.0
9.4

106

90.9*
211
234
46.5*

Stayed
N=48

165
129
7.4
6.1
99

744
186
19.2
36.6

Aripiprazole

Dropped out
N=18

16.1
125
87
6.7
1.1

793
18.9
20.1
40.3

ANOVA
p-value

0.761
0.529
0.025
0.001
0.387

0.003

0.130

0.172
<0.001
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Variable

Male
Married
Employed
Ethnicity
Chinese
Malay
Indlan
Other
Age in years

Total years of
education

Duration of ilness (in
years)
MIRECC-GAF
Symptomatic
Social
Occupational
BACS Z-score
Verbal memory
Digit sequencing
Token motor task
Semantic
fluency (Total)
Symbol coding
Tower of London
Composite
NSA-16
Communication
Emotion/Affect
Social involvement
Motivation
Motor retardation
Total

Global impression
score”

PHQ-9

MDD

(n=50)
26 (52.0)
12 (24.0)
33(66.0)

36 (72.0)
5(10.0)
6(12.0)
3(6.0)

36,66 + 13.01
14.20 £2.60

4.80 £ 4.94

50.02 + 17.43
63.56 % 10.41
56.72 £23.25

—-0.01 % 1.11
-0.03 £ 1.11
—0.56 + 1.02
036+ 1.19

-0.40+1.23
017 £0.77
013+ 1.19

7024233
846 +2.29
8304264
1214 £2.70
4464 1.89
4038 +7.79
350 (4)

14.02 (7.00)

Data are expressed as mean = SD or n (%).
*Global impression score is reported as median (range).
MIRECC-GAF, MIRECC-Global Assessment of Functioning; BACS, Brief Assessment of Cognition in Schizophrenia; NSA-16, Negative Symptom Assessment. PHQ-9, Patient

Health Questionnaire.

scz

(n=49)
25(51.0)
7(1429)

30(612)

41(83.7)
2(4.1)

6(12.2)

0(00)
4053+ 10.42
13.50 +2.86

14.30 £ 10.22

55.16 + 16.20
62.94 £ 11.99
53.16 +£23.14

—0.76 4 1.25
-0.61+1.23
—1.41£1.19
—0.84 +£0.87

—1.56+1.23
—0.56 + 1.62
—1.60 + 1.5

800327
8.96+239
882+272
11.61+263
459 +2.06
41.98+9.87
30

6.84(5.92)

HC

(n=49)
26(53.1)
28 (57.1)
34 (69.4)

32(65.3)
13 (26.5)
3(6.1)

120

39.98 + 12.41
13.64 £2.90

NA

90.90 + 7.62
81.04 +£8.17
87.39 +7.47

-0.11£1.02
-0.10£1.10
-0.30 +1.00
021£1.19

-029+1.13
-0.03+£1.05
-017£1.21

6.14£2.39
7864198
7.04£227
7.78 £ 247
308+ 1.24
31.90 % 7.07
2(@9)

255 (2.99)

Statistic value

Xf =004
2
X =22.04

Hgy=4.16
Flo.us = 0.97
U =1459.50
Hey = 64.94
He) = 65.76
Hey = 94.48
Fe. = 6.39
He) = 6.83
Hg =21.92

Hp =

He = 19.00
He = 3752
Hey = 62.47

Hep) =63.23

0.980
<0.001
0.694
0.016

0.125
0.382

<0.001

<0.001
<0.001
<0.001

0.002
0.033
<0.001
<0.001

<0.001
0.056
<0.001

0.003
0.049
0.004
<0.001
<0.001
<0.001
<0.001

<0.001
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Variables 1 R 3 4

1 NCD 1

2 DPBs 0.150* 1

3 NS 0.510" 0.418* 1

4 Dis 0.410" 0.403* 0.845™ 1

“p < 0.01; °p < 0.05; NCD, Neurocognitive deficits; DPBs, Dysfunctional Performance
Beliefs; NS, Negative Symptoms; Dis, Disability.
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Independent
variables

NCD
NCD
NCD
DPBs

Mediating
variables

DPBs
DPBs
NS
NS

Dependent T-values Std. error p-value

variables

NS 2.00 0.03 0.04*
Dis 0.67 0.02 0.49
Dis 7.87 0.06 0.001*
Dis 2.85 0.06 0.004™

INCD, Neurocognitive deficits; DPBs, Dysfunctional Performance Beliefs; NS, Negative

Symptoms; Dis, Disabilty; Std. Error, Standard Error.

'‘p < 0.01.
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Age (SD, range), years

Sex, female/male

Dose, mg (SD, range)
Chlorpromazine equivalent, mg
Diagnoses

Schizophrenia

Persistent delusional disorder
Schizoaffective psychoses

Other nonorganic psychotic
disorders

Unspecified nonorganic psychotic
disorders

Amisulpride
a1

24.5(6; 18-43)
2027
276 (173; 50-800)
216 (124; 87.5-600)

45

Aripiprazole
N=48

229 (4; 18-42)
24/24

10 (4.7; 2.6-25)

201 (94; 50-500)

34
4





OPS/images/fpsyt-13-834333/fpsyt-13-834333-t002.jpg
Variable

Wallwork
Negative
Positive
Disorganized
Excited
Depressed
PANSS
Total
Positive
Negative
General
ESRS
GAF
Weight
BMI

Amisulpride 47

Baseline

16.3
12.4
88
7.4
100

80.3
20.2
19.9
40.2
39
413
7
263

Six weeks

16.1
79
75
6.0
70

63.9
14.1
19.3
30.7
58
54.1
80.2
26.1

Aripiprazole 48

Baseline

16.2
129
74
6.1
99

744
186
19.2
36.6
27
46.7
716
238

Six weeks

18.7
9.4
5.7
52
7.7

60.1
13.8
16.5
298
35
54.1
7
239

Time

0.016
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.002
<0.001
0.034
<0.001
<0.001
<0.001

ANOVA, p-value

Cohort

0.235
0.085
0.003
0.018
0552

0.076
0219
0.158
0.083
0.018
0.083
0.104
0.048

Cohort*time

0.041
0.083
0.412
0.352
0.156

0.449
0.150
0.087
0.071
0.744
0.410
0.001
<0.001

Wallwork the five dimensions from Wallwork five factor model; PANSS, Positive And Negative Syndrome Scale; ESRS, The extrapyramidal Symptom Rating Scale; GAF, Global Assessment

of Function; BMI, Body Mass Index. Bold italics indicate p-values < .05.
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Variable

Wallwork
Negative
Positive
Disorganized
Excited
Depressed
PANSS
Total
Positive
Negative
General

Amisulpride n = 63

Baseline

16.6
12.2
9.0
79
10.2

830
20.4
20.6
419

Bold italics indicate p-values < .05.

Six weeks

16.2
78
7.7
6.2
l

65.4
14.2
195
31.7

Aripiprazole n = 66

Baseline

16.2
128
76
6.2
102

75.7
18.7
19.4
375

Six weeks

13.8
95
59
5.3
79

60.7
138
16.7
30.2

Time

0.007
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

Mixed modeling, p-value

Cohort

0.144
0.017
0.001
0.001
0.384

0.013
0.106
0.050
0.016

Cohort*time

0.067
0.073
0.369
0.142
0.179

0.302
0.114
0.158
0.046
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Sample Characteristics

198 people (44% female)
with a SCID DSM-IV
diagnosis of schizophrenia
and at least one moderate
severity PANSS negative
syndrome factor and no
PANSS positive or
depression symptom
score > 6.

60 people with DSM-IV
diagnosis of schizophrenia
or schizoaffective disorder.
At least moderate severity
rating on 2 SANS
subscales or marked
severity on 1 subscale.
Mean neurocognitive
profile at least —1 SD
below normal.

149 people with DSM-IV
diagnosis of schizophrenia
or schizoaffective disorder.
No inclusion restrictions
based on symptom
profile.

51 people with
schizophrenia marked by
ciinically meaningful and
persistent negative
symptoms and no more
than moderate positive
symptoms, mild
depression, and no
significant movement
disorder.

275 people with an ICD
diagnosis of schizophrenia
and PANSS negative
symptom subscale score
=18,

61 people with severe
negative symptoms

80 people with ICD
diagnosis of schizophrenia
(F20 or F25) and who
scored at least 2 on the
SANS Anhedonia scale.

99 people in early phase
of psychosis with
DSM-IV-TR diagnosis of a
schizophrenia spectrum
disorder. Social
withdrawal scores on
PANSS and BNSS had to
be at least n the mild
range to be eligible for
inclusion.

62 people with
DSM-IV-TR diagnosis of
schizophrenia or
schizoaffective disorder.
SANS asociality item
needed to score > 2 at
baseline.

55 people with a DSM-IV
diagnosis of schizophrenia
or schizoaffective disorder
with moderate to severe
negative symptoms on the
CAINS (total score 219).
People with severe
positive symptoms or
depression were ineligible.

Therapy Type, Format,
and Dose

Two active treatment arms
CBT vs. Cogritive
Remediation delivered
individually.

Two phase modular CBT:
Phase
1—psychoeducation,
destigmatizing, and
development of shared
formulation. Phase
2—two out of five
modules based on patient
needs (e.g. support with
planning, social skills
Twenty session over 9
months. Mean number of
sessions: CBT = 16.6;
CR=137

Individual outpatient
sessions delivered weekly
for 18 months. Average
dose 50.5 sessions (range
16 to 81 sessions).

Cognitive Behavioural
Social Skills Training
(CBSST) delivered in 36
weekly 2-h group sessions
over 9 months. Monthly
booster sessions were
offered during 12-month
post-treatment follow-up.

MOtiVation and
Engagement (MOVE)
Training —a manualized
community delivered
individual treatment.
Sessions last for
approximately 90 min
once per week over 9
months.

20 sessions of body
psychotherapy delivered
in group format twice
weekly for 10 weeks.

Integrated Neurocognitive
Therapy (NT)—a
manualized CRT
approach delivered over
15 weeks in group format.
Organized into four
therapy modules
addressing 11
NIMH-MATRICS
neurocognitive and social
cognition problems.

8x 60-min Positive
Emotions Programme for
Schizophrenia (PEPS)
group treatment sessions
for 5-8 patients.

Combined group (8
sessions) and indlvidual
treatment (6 sessions)
delivered over 3 months.
16 to 20 sessions.

Four six session modules
delivered over 24 weeks
with repetition of each
session to compensate for
learning problems (total
dose = 48 sessions).
Treatment arm patients
received intranasal
oxytocin; controls
received a placebo.

25 twice weekly 1h group
sessions for 12.5 weeks.
Mean number of sessions
attended was 8.65 (SD =
8.16 sessions) out of 25.

Outcomes Measured

Primary outcome was
total PANSS Modified
Negative Symptom Score
(MNS; items N1, N2, N3,
N4, N6, G7, G16) at 12
months post enrolment
Secondary outcomes
were SANS subscale
scores.

Ciinician rated single item
Global Assessment Scale
(GAS) at post-treatment
(18 months

after randomization).
Secondary outcomes
were SANS subscale total
scores and total

SAPS score.

Primary outcome was
self-reported functioning
on the Independent Living
Skills Survey (ILSS) at 9
months.

Primary outcome was
negative symptom
assessed with the
Negative Symptom
Assessment 16 (NSA-16).
The CAINS and BNSS
were used in secondary
analyses.

Primary outcome was
PANSS negative symptom
scale score immediately
post treatment.

Primary outcome was
reduction of negative
symptoms measured with
the PANSS using
Remission in
Schizophrenia Working
Group (RSWG)
thresholds. Secondary
outcomes included GAF
and neurocognitive
measures (e.g. Wisconsin
Card Sorting Test).
Primary outcome was
combined SANS
avolition-apathy and
anhedonia-asociality
subscale scores.

Co-primary outcomes
were Social Withdrawal
scores on the PANSS and
Brief Negative Symptom
Scale score total and
‘asociality scores.

Birchwood Social
Functioning Scale (BSFS)
was the primary outcorme
at 24 weeks.

Total negative symptom
scores (CAINS and
SANS).

Mechanism(s) of
Change

Social skills training
Modification of
sef-defeating thought
patterns

Improvement of
neurocognitive abilities

Modifying defeatist beliefs
about reduced cognitive
capacity, reduced
behavioral competence,
and reduced emotional
competence [see Staring
etal. (15))

Asocial beliefs and
defeatist performance
beliefs (17)

Negative symptoms are
viewed as defense against
the distress associated
with judging the self as
unable to cope.
Maintenance cycles are
estabiished where atrophy
of the capacity for initiation
of behavior exacerbates
loss of competence and
self-confidence.

Gender (20)
Group Climate (21)

Severe negative
symptoms are argued to
be under-pinned by
neurocognitive deficits
and problems with social
cognition which may be
targeted through
structured remediation
strategies.

Training of positive
emotion regulation skills
such as savoring,
anticipation of pleasure,
emotional expression
training, challenging
defeatist cognitions.

Challenging defeatist
beliefs and reducing
self-stigma.

Enhancing social-affiiative
information processing
through exogenous
oxytocin

Moification of defeatist
cognitions and
augmentation of capacity
to use psychological
therapy through targeted
cognitive remedation.

Therapy Techniques

CBT: Shared
formulation, improving
self-understanding
and acceptance,
social skills training
and feedback,
Modifying
expectations of failure.
CR: Restitution and
compensation based
cognitive training
focused on attention,
memory, and
executive functions.

Collaborative goal
setting, activity
scheduling, behavioral
experiments,
challenging defeatist
cognitions.

Thought identification
and change
processes (e.g. 3c'),
structured problem
solving skils training,
supported goal setting

Five targeted domains
of intervention
including: Goal setting;
social-cognitive skl
rehearsal including
social cue processing
and social reciprocity;
re-activation of leisure
interests; anticipating
and rating pleasure
experiences; and
linking of action plans
to personally
meaningful goals.
Structured group
tasks to strengthen
awareness of the self,
one's body, the
boundaries between
the self and others,
and the use of
movement as a mode
of expression.

Therapy techniques
teach cognitive coping
strategies
(compensation),
repeated skill practice
(restitution), and in vivo
application
(generalization and
“real-world” practice).

Didactic and
experiential delivery in
group format. Verbally
describing and sharing
pleasant experiences

Psychoeducation,
developing social
goals, problem solving
guidance

Behavioral social skills
practice, motivational
interviewing,
behavioral
self-regulation strategy
support, problem
solving skills training

Cognitive-behavioural
social skills training
augmented with up to
8 sessions of cognitive
remedation strategies
focused on attention,
prospective memory,
and learning.

Observed Effects

No difference on
primary outcome for
CBTvs. CR.

Both conditions
improved.

CBT treated patients
showed greater
improvement on
Global Assessment of
Functioning.

CBSST am showed
significant
improvements on the
primary outcome.
Retention was low
across both the active
and control treatment
ams (54% retained at
9 months)

MOVE treated patients
showed improvements
on negative symptom
measures at 9 months
(post-treatment)
compared to standard
care.

No difference between
body psychotherapy
and an active control
(Pilates) on PANSS
negative symptom
score at post
treatment.
Improvements on
expressive symptoms
are small and not
clinically meaningful.
Asignificantly greater
proportion of INT
treated participants
showed remission of
severe negative
symptoms at 3
months compared to
standard care.
Remission rate at 12
months showed a
trend in favor of INT.

Primary outcome of
combined SANS
apathy-anhedonia
scores improved in the
treatment arm.
Secondary outcomes
of improved
consummatory
pleasure experiences
also improved

Both the intervention
and control am
improved over time.
Twenty percent
attrition in active
treatment vs. 30% in
control,

No post treatment
between group
differences in social
functioning, defeatist
beliefs, asocial beliefs.

Main effect on SANS
total at end of
treatment (12 weeks)
was mostly due to
improvements on
SANS Diminished
Motivation score.
Attrition was very high
with 429 drop out in
active treatment and
T I —

Reported Primary
Outcome Effect Size

Pre-post change

on PANSS-MNS
CBTd = -0.42 (95%
Cl: ~0.70 to ~0.13)
CRd = —0.53 (95%
Cl: ~0.82 to ~0.25)

CT group GAS score
d=-136

SANS Apathy d

= -066.

ILSS at 9 months
d=0.56

PANSS negative
symptom score
change at 3 months d
31,

Combined SANS
apathy and anhedonia
subscale scores d =
—0.56.

CAINS total r =
—0.09; SANS total r =
-0.22; SANS
Diminished motivation
r=-024.
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Medication Generation / potency Mean (SD) (mg) Administration Number of patients

Flupentixol FG/HP 4.7 @3.1) po. 3
Haloperidol FG/HP 3 po. 1
Melperone FG/LP 75 po. 1
Pipamperone FG/LP 433 (29.4) po. 6
Amisulpride sG 553.9 (281) po. 14
Avipiprazole sG 13.4(83) po. 13
Avipiprazole sG 300 im. 1
Cariprazine sG 30 po. 2
Clozapine sG 266 (239) po. 22
Olanzapine SG 19(8.1) po. 11
Paliperidone sG 53(45) po. 5
Paliperidone sG 112.5 (25) im. 4
Quetiapine sG 240 (176.1) po. 10
Risperidone sG 32(12) po. 12
Risperidone sG 375 im. 1
Ziprasidone sG 50 (42.4) po. 2

FG, First Generation; SG, Second generation; HP. High potency; LP. Low potency; mg, miligram; p.o., per os; im., intramuscular.
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Independent Variable

B
N1 -0.919
N1 —-0.034
N5 -0.037
N7 195.921

Unstandardized coefficient

SE

0418
0.016
0.018
81.634

Standardized coefficient

Beta

—0.241
.241
.270
0287

-2.199
—2.118
—2.044

2.400

0.082
0.039
0.045
0019

Psont

1.000
1.000
1.000
1.000

Dependent variable

ERTTH
ERTUHRH
ERTUHRF
ERTOMDRT

Constant = 555.393, F(3,62) = 6,402, p = 0.001, 2 = 0.200; ey, Bonferroni adjusted p-value; N, blunted affect; N5, difficulty in abstract thinking; N7, stereotyped thinking; ERTTH,
the total number of correct responses; ERTUHRH, the unbiased ht rate for the emotion happiness; ERTUHRF; the unbiased hitrate for the emotion fear; ERTOMDRT, the overall median

reaction time to select an emotion.
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NNS (18)

Mean (SD)
Processing speed —0.74 (1.1)
Verbal learning and memory®  ~0.28 (0.8)
Attention® —0.43(1.0)
Executive functioning —0.70 (1.1)
Cognitive composite ~054(0.8)

ANOVA, analysis of variance; NNS, No negative symptoms;

Healthy contols.
abNNS (n = 16), MNS (n = 30) and TNS (r

MNS (31)

Mean (SD)

—1.05(1.4)
~058(1.1)
—0.76 (0.7)
—097 (1.1)
-0.83(0.8)

NS (36)

Mean (SD)

—132(1.4)
~0.80(0.9)
~097(0.9)
—-130(1.2)
~1.06(0.9)

SNS (17)

Mean (SD)

-1.98(1.9)
~1.66(1.2)
-0.86(1.3)
~1.48(1.4)
-147(12)

HC (26)

Mean (SD)

0.14(0.7)
0.02(0.7)
-002(0.9)
0.05(0.7)
0.05(0.6)

F

7.88
7.95
422
7.55
9.76

P-value

P <0.001
P <0.001
P=0.003
P <0001
P <0.001

2

0.20
021
0.13
0.20
0.24

ANOVA

Post-hoc analysis

HC > MNS, TNS, SNS

HC > TNS, SNS|NNS>SNS|MNS>SNS
HC > MNS, TNS

HC > MNS, TNS, SNS

HC > MNS, TNS, SNS|NNS>SNS

MNS, Mild negative symptoms; TNS, Transitory negative symptoms; SNS, Sustained negative symptoms; HC,

34) due to missing data.
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Variable

Female

Male

Age
N

Mean (SD)

Range

Education
Gymnasium (ISCED 3)

Realschule (ISCED 2)

Hauptschule (ISCED 2)

Missing

Overall,
N=66

25
(38%)
4
(62%)

66
41(13)
19, 69

30
(46%)
22
(34%)
13
(20%)
1

Schizoaffective
disorder
(F25),n =12
8(67%)

4(33%)

12

50 (14)
26,69

6(50%)

5(42%)

1(8.3%)

0

Schizophrenia
(F20),n = 54

17 (31%)

37 (69%)

54

40 (12)
19,67

24 (45%)

17 (32%)

12 (23)

1

N, sample size; SD, Standard Deviation; ISCED, International standard classification of

education.
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Variable

N 102 total (%)

Age (yrf*

Wornen N (%)

Education (yr®

el

Age at onset (Psychosis)®
Duration of untreated psychosis, median (range)®
PANSS postive

PANSS disorganized

PANSS excited'

AUDITY

DuDIT

Leverl of Antipsychotic medication in DDD
Antipsychotic medication yes/no
GAF-F

Depression (CDSS total)
Schizophrenia N (%)
Schizophreniform N (%)
Schizoaffective N (%)

Psychosis NOS N (%)

Delusional disorder (%)

Brief psychotic disorder (%)

NNS

18 (18)
289484
9(50)
135428
1095 £ 12.9
244487
195 (780)
93438
4419
56+20
97£79
6181
06406
1
5244165
4743

5
1
5

MNS

31(30)
266+9.1
15 (48)
13.7+£33
105.4 £ 13.7
22781
26 (1,209)
105£35
51£20
59+19
7454
28+6.4
07£08
23/8
468+ 126
67+45
13
2

- s~ s

TNS

36(35)
257 +82
19(69)
126+25
1006 = 13.6
211468
104 (1,039)
118839
59+22
62:+2.1
72£80
1426
07£06
2017
38293
94%4.4
22

~ oo n

SNS

17(17)
20456
5(29)
19+24
976195
216440
76 (774)
129448
81£85
73£8.1
65+59
48+69
09:£09
15/2
37576
58+85
13

[T

FIX?

1.10
268
223
2.54
0.92
2.64
3.18
835
200
0.70
3.00
0.70
4.09
827
5.69

df

[ R N R * S S NI SN SRR SR

0.35
0.44
0.09
0.06
0.43
0.06
0.03
<0.001
0.12
o7
0.04
0.55
0.25
<0.001
0.001

AUDIT, Alcohol Use Disorders ldentification Test; CDSS, Calgary Depression Scale for Schizophrenia; DD, defined dily dosage; DUDIT, Drug Use Disorders Identifcation Test; GAF-F,
Global Assessment of Functioning-Functioning; IQ, intelligence quotient; MNS, mid negative symptoms; NOS, not otherwise specified; NNS, no negative symptoms; PANSS, Positive
and Negative Syndrome Scale; SN, sustained negative symptoms; TNS, transitory negative symptoms. *When including the healthy controls age difference was significant Fa 123 =
3.53, p = 0.009. ®Education years: number of missing scores: TNS = 2. °When including the healthy controls IQ difference was significant Fa 123 = 5.94, p < 0.001. %Age at onset

(Psychosis): number of missing scores: TNS

. @Duration of untreated psychosis: missing data: MNS = 1, TNS = 1. /PANSS excited: number of missing scores: MNS = 1. SAUDIT:

number of scores missing: NNS = 1, MNS = 3, TNS = 3. "DUDIT: number of scores missing: MNS = 1, TNS = 3. CDSS: number of scores missing: NNS = 1, TNS = 2. P-values in

bold are statistically significant (p > 0.05).





OPS/images/fpsyt-12-825681/fpsyt-12-825681-t003.jpg
PANSS item Factor 1 Factor 2
Apathy  Diminished expression

N1 Blunted affect 0.595
N2 Emotional withdrawal 0.902
N3 Poor rapport 0418 0.498
N4 Passive/apathetic social withdrawal 0891
N6 Lack of spontaneity 0.795
G Motor retardation 0.794
(16 Active social avoidance 0.569

Pattern coefiicients from exploratory factor analysis on PANSS items N1, N2, N3, N,
N6, G7, G16, forced two factor solution, after Promex rotation. For simplicity, only item
loadings >0.3 are shown. Bolded values indicate the factor with the strongest loading.
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One-factor model Two-factor model

Chi-square 62.210 (o < 0.001) 36.938 (p < 0.001)
Normed chi-square 4.44 284
CFI 0928 0.964
U 0892 0942
RMSEA 0.160 0.117
SRMR 0.045 0.033

CFl, comparative fit index (CFI > 0.95); TLI, Tucker-Lewis index (TLI > 0.95); RMSEA root
mean square error of approximation (RMSEA < 0.06). SRMR, standardized root mean
square residual (SAMR < 0.08). Values within the considered thresholds for adequate fit
are bolded.
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B
Speed of processing, n = 164 ~0.122
Attention/vigilance, n = 157 0.029
Working memory, n = 165 0029
Verbal leaning, n = 168 -0.197
Visual learning, n = 169 ~0.010
Reasoning and problem sohing, =170 ~0018
Global cognition, n = 148 —-0.006

SE

0.063
0.065
0.061
0.064
0.067
0.056
0.063

Apathy
B

-0.159
0.038
0.037

-0.267

-0.012

—0.024

-0.008

Restults from the separate linear regression models controled for age, sex and cohort.
*Significant at p < 0.05 **Significant after correction for multiple comparisons.

-1.932
0.440
0.472

—3.090

—0.146

-0.323

—0.099

0.055
0.660
0.637
0.002
0.884
0747
0.921

-0.136
—-0.008
-0.018
-0.204
-0.056
-0.036
-0.081

Diminished expression

SE

0.060
0.063
0.059
0.061
0.063
0.054
0.061

[

-0.173

-0.023
-0.269

-0.047
-0.101

t

-2.279
-0.133
-0.307
-3.368
—-0.889
-0.673
—1.324

0.024*
0.894
0.759
0.001*
0.375
0.502
0.188
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Parameter

BNSS anhedonia

BNSS asociality

BNSS avolition

BNSS blunted affect

BNSS alogia

BNSS sum

SN social withdrawal

SNS diminished emotion
SNS alogia

SNS avolition

SNS anhedonia

SNS sum

PSP sum

Pearson correlation coefficient and ‘s

TMT-A

0399
p=0011
0343
p =008
0.459
p=0008
0524
p=0.001
0523
p=0.001
0502
p=0.001
0.165

0.285
0.142
-0.715
0215

0218

~0.439
p=0005

-0348
p=0038

" of significant correlations were given.

Stroop A

0.127

0.209

0.18

-0.026

0.284

0.158

0.007

0.003
0216
0.067
-0.175

0.029

-0.163

Stroop B

0.179

0.207

0.257

0.226

0.266

0.254

0.011

0.099
0.005
-0.087
0.001

0.019

-0.245

TMT-A

0.027

-0.009

-0.053

0.07

0.079

0.009

-0.114

0.013
0.038
0.004
0.026

—0.001

—0.001

TMT-B

-0.203

-0.250

-0.284

-0.265

-0.216

-0.272

-0.113

—-0.166
-0.153
-0.013
-0.085

-0.007

0.124

Female

Stroop A

0306
0380
p=0015
0308

0.24

0.24

Stroop B

0.368
p=0019
03

0.405
p=0009
0509
p=0001
0585
p=0001
0.487
p=0001
0.148

0.36
0.129

021
0.126

0.23

~0.367
p=002
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Al 1. Youth-TOP 2.Early-Onset Study 3.Adolescent

n=169 n=45 =27 Schizophrenia Study
n=97
Mean/n SD/% Mean/n SD/%  Mean/n SD/% Mean/n SD/% Test statistics Post-hoc
Diagnoses X2 =51.30, p <0.001
Schizophrenia spectrum 138 81.7% 25 556% 16 59.3% o7 100%
Other psychosis® 31 182% 20 44.4% 11 40.7% 0 0
Age 155 15 156 13 15.9 18 15.4 16 F=142,p=024
Sex, male 100 692% 16 356% 13 48.1% 7 732%  x2=1964,p <0001 3>1,3>2
Hand dominance, right 156 92.3% 42 93.3% 23 85.2% 91 938%  x?=230,p=0316
Ethnicity x2 = 163.14,p < 0.001
Caucasian 59 347% 88  844% 21 77.8% 0 0
Hispanic o7 57.6% 1 22% 0 0 96 99.0%
Other 13 7.6% 6 133% 6 22.6% 1 1.0%
Age of onset 140 19 142 17 144 20 139 19 F=0.42,p=0659
Global functioning® 452 17 48.0 152 34.6 134
PANSS positive® 143 5.1 13 36 98 33 169 44 F=4978,p <0001  3>1,3>2
PANSS negative® 185 76 166 63 1.6 45 212 7.4 F=2384,p <001 1>2,3>1,3>2
PANSS disorganized® 9.0 4.1 67 26 48 19 112 35 63.16,p<0.001  1>2,3>1,3>2
PANSS depression® 76 33 8.4 29 78 34 72 3.4 F=185,p=0161
PANSS excited® o1 4.4 66 20 67 25 1.0 47 F=2671,p<0001 3>1,3>2
PANSS total 89 267 716 152 575 129 1005 215 F=7253,p <0001 1>2,3>1,3>2
Apathy 33 13 30 14 20 08 38 12 F=3208,p <0001 1>2,3>1,8>2
Diminished expression 29 13 26 14 19 09 33 13 F=16.79,p <0001 1>2,3>1,3>2
Antipsychotic use 144 852% 28 622% 19 70% o7 100%  x?=40.41,p <0001 8>1,3>2
Antipsychotic dose (CPZ?) 2450 1284 2363  137.0 263.5 181.0 2439 1166  F=026,p=0772

@Other psychosis: Brief psychotic disorder (1 = 2), psychosis not otherwise specilied (NOS, n = 29).
bGlobal functioning: Chicren's Global Assessment Scale (Youth-TOF), Global Assessment of Functioning Scale (Early-Onset Study), and the Personal and Sociel Performence Scele
(Adolescent Schizophrenia Stucy).

Positive and Negative Syndrome Scale Wallwork 5-factor model.

dChiorpromazine equivalents.
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Domain

Speed of processing
Attention/vigilance

Working memory

Verbal learning

Visual learning

Reasoning and problem solving
Global cognition

Mean Z
score

-0.11
-0.08
-0.09
-0.05
-0.05
-0.11
-0.10

Al

SD

1.00
0.96
097
1.00
1.02
098
0.96

1. Youth-TOP
Mean Z sD
score
0.55 0.63
047 0.91
058 0.77
051 0.82
0.62 0.81
0.64 0.76
071 0.67

2.Early-Onset Study

Mean Z
score

034
0.28
025
0.21
0.26
0.41
0.35

SD

0.59
0.92
0.61
0.84
1.06
0.80
058

3.Adolescent

Schizophrenia Study
Mean Z sD

score
—050 108
—0.43 084
-0.51 0.93
-038 099
—0.41 095
—0.60 0.82
~055 092

23.8 <0.001
18.0 <0.001
28.4 <0.001
15.4 <0.001
17.1 <0.001
44.3 <0.001
35.2 <0.001

Post-hoc,
p <005

8>1,8>2
3>1,3>2
3>1,8>2
3>1,3>2
3>1,3>2
3>1,3>2
3>1,3>2
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Parameter

Mean
PANSS positive 136
PANSS negative 166
PANSS general 29
PANSS sum 59.2
BNSS anhedonia 62
BNSS distress 13
BNSS asociality 39
BNSS avolion 44
BNSS blunted affect 49
BNSS alogia 26
BNSS sum 233
SN social withdrawal 29
SNS diminished emotion 34
SNS alogia 38
SNS avolition 38
SNS anhedonia 28
SNS sum 16.7
PSP 60.4

*Difference between men and women significant p < 0.05. Significant differences are marked in bold.

Total

SD

31
5
53
108
3.4
1
4
21
32
22
15
2
241
24
23
24
88
145

Women

Mean

128
15.1
282
56.2
56
1
33
37
42
241
20.2
25
3
36
35
25
16.2
68.1

SD

3.1
4.9
6.2
1.7
37
1
2
2.1
32
2
1.7
21
21
26
25
25
99
141

Mean

14.3
182
29.7
62.2
6.6
7
45
4.6
57

264
33
37

4
4
3.1
18.2
60.7

sD

16
18

23

24

74
141

Effect size

d Cohen

-05
-06
-03
-06
-03
-07
-06
-0.4
-05
-04
-05
04
-03
—02
-02
-02
-03

05

p-value

0.041
0.006
0.221
0012
0.156
0.001
0.009
0.086
0.038
0.086
0.020
0.076
0.144
0.499
0.388
0.301
0.144
0.021

Adjusted p-value*

0.082
0.022*
0.221

0.035*
0.156
0.010*
0.050%
0.156
0.153
0.156
0.099
0.455
0.499
0.499
0.499
0.499
0.499
0.021*
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Parameter Total Women Men Effect size p-value Adjusted p-value*

Mean sD Mean sD Mean SD d Cohen
TMT-A 447 23.1 42.7 17.8 46.6 274 -0.2 0.457 1.000
TMT-B 1132 731 108.8 51.8 1176 89.9 -0.1 0.593 1.000
TMT B-A 68.5 60.5 66.1 45.6 il 723 -0.1 0.718 1.000
Stroop A time 28.6 126 286 12.1 286 13.1 0.0 1.000 1.000
Stroop B time 81.7 39.1 7786 35.6 85.7 422 -0.2 0.360 1.000
Stroop B-A time 53.1 340 49.1 332 57.1 34.7 -0.2 0.293 1.000
Stroop B incorrect answers 46 126 46 16.4 4.4 V2. 0.0 0.937 1.000
Category fluency test 36.6 13.4 42.7 12.2 30.4 11.6 10 <0.001 <0.001
Verbal fluency tests 324 14.7 34.8 15.2 30 138 03 0.138 1.000
Digit Symbol 346 14.8 36.7 159 325 135 03 0213 1.000

*Difference between men and women significant p < 0.001. Significant differences are marked in bold.





OPS/images/back-cover.jpg
Frontiers in
Psychiatry

Explores and communicates innovation in the.
field of psychiatry to improve patient outcomes.

The third most-cited journal in its field, using
translational approaches to improve therapeutic:
options for mental illness, communicate progress.
to clinicians and researchers, and consequently to
improve patient treatment outcomes,

Discover the latest
Research Topics

o= Frontiersin

Avenue du Trbunal-Fédeéral 34
1005 Lausanne, Switzeriand
nontersinor,

Contactus
+41(0215101700

& frontiers | research Topic






OPS/images/fpsyt-13-834333/crossmark.jpg
©

2

i

|





OPS/images/fpsyt-13-834333/fpsyt-13-834333-g001.gif
Avipiprazole Amisulpride

e s
EEErT
raseares
e e
S ] s
e S
r e
e
- | | [
ot T
e e
e ==






OPS/images/fpsyt-13-834333/fpsyt-13-834333-g002.gif
‘Symptom score

1)

120

Wallwork negative dimension

— anisupids
— higiprazls

Baseline Folowup

time





OPS/images/fpsyt-13-829363/fpsyt-13-829363-t001.jpg
Gender, n (%)
Male

Female

Age (years)
(Mean + SD)
Education

(years) (Mean
+50)

Course of
disease (years)
(Mean + SD)
BNSS total
score (Mean £
D)

“p < 0.01.

SZ(1=135)  HC (n=134) tx?

3.57
76 (56.30) 60 (44.78)
59 (43.70) 74(55.22)
4328+ 1154 41821118 —1.42
13.07 + 2.57 1421 +295 3.36
11.69 +9.32
23.79 + 18.49

82, schizophrenia group; HC, healthy control.

0.059

0.157

0.001**
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Face Muscle SZ (Mean & SD) HC (Mean & SD) Group Emotion Group x Emotion

PSE NUE NGE PSE NUE NGE F P F P F P
Fo1 1794145 1794144 187+145 134+141 161£130 1654139 342 0065 515 0007 275 0.069
Fo2 1724135 1.71+138 178+139 1454121 164£1.11 175116 078 0877 488 0009 260 0078
FO3 100+£0.76 1.03+081 1.12+081 088+£079 089+077 099+£079 212 0.147 844 0000" 0.16 0.843
Fo4 1184075 1164075 119+082 107+074 121+£075 128+083 002 0902 598 0004 591 0.004
FO5 074+061 075+061 076+0659 082+058 062+062 059+055 1.17 0280 1396 0.000" 20.19 0.000*
FoB 1244087 1264089 1284095 1.17+084 1.01£08 097+£08 431 0039 435 0014 847 0.000
Fo7 090+066 095+0.73 096+0.74 084+066 069+062 071+070 612 0014 119 0304 597 0.004
Fo8 092+£062 096+061 098067 096+063 077+060 085£065 172 0191 391 0023 0988 0.000
Fo9 0656+050 063+049 061+048 071+£045 053+038 051+£041 084 0360 2113 0000" 965 0.000"
F10 088+063 096+060 092+063 1044071 087+075 086+069 000 0987 264 0075 10.15 0.000*
F11 181£128 193+1.17 201+123 118+£088 150+101 145+£095 1872 0000 19.10 0.000" 252 0.081
F12 126+093 1.41+£091 148+093 1434095 164+089 1664094 356 0060 2021 0000 039 0.663
F13 1184079 121+074 124+079 086+054 084+052 089+052 2358 0000" 119 0303 051 0.593
F14 115+082 131081 132+085 1.14£068 115070 124073 107 0302 595 0003 167 0.190
F15 1.10£0.78 1.02+081 1.06+079 119+086 096+079 093+080 013 0723 949 0000 382 0.026
F16 132+099 135+100 133+108 137+£1.00 126+102 133+£1.06 001 0910 034 0706 149 0.228
F17 1.18+088 1.31+080 1.34+084 088+072 096+071 095+076 1547 0000 7.83 0001 1.04 0.353

“p < 0.003.
SZ, schizophrenia group; HC, healthy controls; PSE, positive emotion; NUE, neutral emotion; NGE, negative emotion.
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Independent variable

FO1
Fo2
F03
FO4
F05
F06
Fo7
F08
F09
F10
F11
F12
F13
Fi4
F15
F16
F17

p < 0.05; *p <0.01.

023
0.42
025
055
—056
031
0.79
0.18
—0.41
-058
0.14
-0.64
0.44
0.62
004
-017
0.63

SE

0.18
0.13
0.25
021
0.41
0.24
0.25
0.37
0.44
0.25
0.19
0.19
0.32
0.24
0.29
0.22
0.21

Wals

0.02
10.07
0.97
7.14
1.86
158
10.04
0.24
0.85
5.44
0.60
11.19
1.86
6.48
0.21
0.62
9.26

df

0.902
0.002**
0.325
0.008**
0.172
0.208
0.002**
0.627
0.358
0.020%
0.437
0.001*
0172
0.011*
0.885
0.433
0.002**

Exp (B)

1.02
1.62
0.78
173
0.68
1.36
220
1.20
067
0.56
1.16
083
1.65
1.85
1.04
084
1.88

95%CI

1.48-1.80
1.60-1.77
0.79-0.96
1.12-1.30
0.69-0.82
1.10-1.29
0.756-0.90
0.76-0.88
0.59-0.68
0.93-1.07
1.30-1.53
1.34-1.56
0.91-1.04
1.10-1.26
1.04-1.20
1.31-1.55
0.92-1.10
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Variable B SE B t

P
PSEF16 3.44 115 0.25 299 0.008"
NUE F16 3.07 114 0.23 2.70 0.008"
NGE F16 249 1.07 0.20 234 0.021*

‘P < 0.05 “p < 0.01. PSE positive emotion; NUE, neutral emotion; NGE,
negative emotion.
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Symptom

Avolition
Redution of voliive:
action,

Abulia

Abulia
Abulia-apathy*
Reduced

voltional activity
Blunted affect, flat
affect, Affective
flattening / blunting
Impoverishment of
emotional reactions
and blunted affect,
Affective blunting, and
poverty of emotional
expression

Lack of emotional
expression

Flattening of affect
(apathy)

Blunted or
inappropriate affect
Asociality

Lack of social interest
Social withdrawal
Social withdrawal
Limitation of social
contacts
Anhedonia-asociality
Social withdrawal

Alogia
Poverty of quantity or
content of speech

No spontaneity/fluency
in discussion (alogy)
Poverty of

verbal expression
Anhedonia
Anhedonia-asocialty

Apathy
Abuiia-apathy*
Flattening of affect
(apathy)

Apathy,

Abuiia, Hypobulia

Autism
Personality changes

Emotional
withdrawal

Psychomotor slowing
Motor retardation

Passivy,
Indifference

Lack of initiative

Reduction of energy
capacity/reduced
mental activity,
Asthenia

Poor rapport, poor
contact with others

Poor social
performance
Poor social functioning

Underactivity
Poor self-care
Deficit syndrome

Poor non-verbal
‘communication

Deterioration/reduction
of intellectual activity

Indecisiveness

Narrowing of the circle
of interests

Times
mentioned

16

16

14

14

1

Country/countries endorsed

Croatia, Czech Republic, Georgia,
Hungary, Latvia, Lithuania, Moldova,
Poland, Romania, Russia, Serbia
Slovakia

Kazakhstan

Belarus

Ukraine

Bulgaria

Croatia, Czech Republic, Hungary,
Kazakhstan, Latvia, Lithuania,
Moldova, Poland, Romania, Slovakia,
Ukraine,

Russia

Serbia

Belarus

Bulgaria

Slovenia

Czech Republic, Georgia, Hungary,
Kazakhstan, Lithuania, Poland,
Serbia, Ukraine

Croatia

Romania

Russia

Slovakia

Bulgaria

Slovenia

Czech Republic, Georgia, Hungary,
Kazakhstan, ~ Russia,  Lithuania,
Moldova, Romania, Serbia, Ukraine,
Slovenia

Latvia

Poland

Slovakia, Russia

Croatia, Czech Republic, Georgia,
Hungary, Kazakhstan, ~Lithuania,
Moldova, Romania, Serbia, Ukraine,
Bulgaria

Georgia, Russia, Slovakia
Ukraine
Bulgaria
Slovenia

Croatia, Moldova, Kazakhstan, Russia
Kazakhstan, Russia, Ukraine

Croatia
Poland

Latvia
Poland

Latvia,
Belarus

Latvia,
Belarus

Russia,
Kazakhstan

Croatia,
Poland

Latvia,
Slovenia

Latvia
Latvia
Lithuania
Latvia

Russia

Slovakia
Belarus

“The item “abulia-apathy” appears both as “abulia” associated with the item “avolition”
and as “apathy” associated with the item “apathy”.
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Factors

liness-related variables

Personal resources

Context-related variables

Variables

Neurocognitive deficit
Social cognition deficit
Negative symptoms.
Depressive symptorms.
Positive symptoms
Disorganization
Resilience

Senvice engagement
Social network

Job or housing opportunities and
residential support

Disability compensation
Internalized stigma

References

(71-73)
(74,75)
(66, 70, 76-81)
(78,82, 83)
(42,50, 84)
(60, 85)
(49, 86)
@®7)

(5, 46)
@5, 46)

(45, 46)
(48, 88)
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Center

Department of Psychiatry, University of
‘Campania “Luigi Vanvitelii”

Department of Neuroscience, Section of
Psychiatry, University of Turin

Department of Translational Medicine,
Psychiatric Unit, University of Eastern
Piedmont

Department of Psychiatry, State University
of Milan

Psychiatric Unit, School of Medicine,
University of Brescia, Brescia

Department of Neurosciences,
Rehabiltation, Ophthalmology, Genetics
and Maternal and Child Health, Section of
Psychiatry, University of Genoa
Department of Neurosciences, Psychiatric
Ciinic, University of Padua

Department of Biomedical and
Neuromotor Sciences, University of
Bologna

Department of Neuroscience, Psychiatry
Unit, University of Parma

Department of Neurosciences,
Psychology, Drug Research and Chid
Health, University of Florence

Department of Health Sciences,
Psychiatry Unit, University of Florence
Department of Clinical and Experimental
Medicine, Section of Psychiatry, University
of Pisa

Department of Molecular Medicine and
Ciinical Department of Mental Health,
University of Siena

Department of Life, Health and
Environmental Sciences, Unit of
Psychiatry, University of LAquila
Department of Biotechnological and
Applied Clinical Sciences, Section of
Psychiatry, University of L'Aquila
Department of Neuroscience and Imaging,
G. D'Annunzio University of Chieti
Department of Neurology and Psychiatry,
Sapienza University of Rome

Department of Neurosciences, Mental
Health and Sensory Organs, . Andrea
Hospital, Sapienza University of Rome
Department of Systems Medicine,
Psychiatry and Clinical Psychology Urit,
Tor Vergata University of Rome, Rome:
Department of Neuroscience,
Reproductive Science, and
Odontostomatology, Section of Psychiatry,
Federico Il University of Naples.
Department of Medicine, Surgery and
Dentistry *Scuola Medica Saleritana,”
Section of Neuroscience, University of
Salerno

Department of Neurological and
Psychiatric Sciences, University of Bari
Department of Glinical and Molecular
Biomedicine, Psychiatry Unit, University of
Catania

Department of Public Health, Clinical and
Molecular Medicine, Section of Psychiatry,
University of Caglari

Psychiatry Unit, Department of Medical
Sciences, University of Foggia
Department of Psychiatry, Neurobiology,
Pharmacology and Biotechnologies, UNIPI

Coordinator

Silvana Galderisi

Filppo Bogetto/Pacla Rocca

Patrizia Zeppegno

Carlo Altamura
Emilio Sacchetti/Antonio Vita

Mario Amore

Paolo Santonastaso/Angela Favaro

Diana De Ronchi

Carlo Marchesi

Stefano Pallanti

Valdo Ricca

Liliana Dell'Osso

Andrea Fagiolin

Massimo Casacchia/Rita Roncone

Alessandro Rossi

Massimo di Giannantonio
Massimo Biondi

Paolo Girardi/Maurizio Pompili
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Andrea De Bartolomeis
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Add-on studies

Investigation of electrophysiological correlates of schizophrenia and their
association with psychopathology, social and non-social cognition, and
real-lfe functioning

Investigation of structura-functional magnetic resonance imaging features
associated with diagnosis and real-world functioning in patients with
schizophrenia

Investigation of autistic spectrum symptoms and their impact on real-ife
functioning in subjects with schizophrenia

Investigation of sexual functioning in subjects with schizophrenia and its
association with psychopathology and social functioning

Investigation of obsessive symptoms and their impact on real-lfe
functioning in subjects with schizophrenia

Investigation of resources and global burden of patients’ families and their
impact on psychopathology and real-life functioning of subjects with
schizophrenia

Investigation of post-traumatic spectrum symptoms and their impact on
real-ffe functioning in subjects with schizophrenia
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Active rTMS Sham rTMS X2IF P

(n =26) (n=26)
Age (years) HAET5 388+9.1 127 026
Gender (M/F) 15/11 14/12 008 078
Education (years) 93431 88+28 037 055
Age of onset (years) 23.0£56 24485 048 049
Duration of ilness (years) ~ 18.4%7.3 14465 487 004"
Antipsychotics type
Clozapine 17 15 - -
Risperidone 4 6 - -
Olanzapine 5 5 - -
DAD (mg) 435843026 467.1£2676 016 069
PANSS total score 1020£112  987+£99 127 027
P-subscore 201 +37 205+ 4.0 0.13 0.72
N-subscore 289:+39 26732 500 003
G-subscore 526482 51678 022 064
RBANS total score 602 12.1 593112 008 077
Immediate memory 510+ 11.9 533+ 14.2 0.40 053
Attention 734£156  715+£169 047 068
Visuospatial 748+ 197 749%124 000 097
Delayed memory 63.1£190 587164 079 038
Language 713+ 15.1 6881144 037 054
sowrt
Card 1 word (5) 201114 282109 008 078
Card 2 color (s) 381118  87.0+120 136 025
Card 3 word (5) 355£133  365+139 007 079
Card 3 color (5) 515+ 10.0 537+£73 079 038

DAD, Daily Antipsychotic Dose (chlorpromazine equivalent); PANSS, Positive and
Negative Syndrome Scale; R, positive symptom; N, negative symptom; G, general
psychopathology; RBANS, Repeatable Battery for the Assessment of Neuropsychological
Status; SCWT, Stroop Color-Word test. *p < 0.05.
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PANSS total score
P-subscore
N-subscore
G-subscore

RBANS total score
Immediate memory
Attention
Visuospatial
Delayed memory
Language

sowt
Card 1 word (5)
Card 2 color (5)
Card 3 word (5)
Card 3 color ()

Baseline (1 = 52)

Sham rTMS
(n=26)

1020+ 11.2
201 £37
289+39
52682
60.2 +12.1
51.0£119
734+ 156
748 £19.7
63.1 £19.0
713£156.1

291 £11.4
331+£11.8
366+ 13.3
51.5£10.0

Active rTMS
(n=26)

98.7 £9.9
205 +£4.0
26.7+£3.2
516+£78
593+ 11.2
533+ 142
715+ 16.9
749+ 12.4
58.7 + 16.4
688+ 14.4

282+ 10.9
370+ 12.0
36.5+ 13.9
53.7£73

After treatment (n = 45)

Sham rTMS
(=22

860+ 12.4
169+ 4.2

256+ 3.1

453+£9.6
633+ 113
576+ 13.0
747 £ 149
812+ 152
6704157
702+ 149

251+ 105
362+ 125
366+ 14.3
555 +£8.1

Active rTMS
(=23

86988
16.7£28
245+39
45.6+58
705+ 13.5
689+ 17.6
81.4£13.5
80.4 £ 189
7794201
748 £13.0

241£101
300£93
36.7 £ 10.8
544+78

Group

F (p-value)

0.78(0.382)
008 (0.859)
021 (0.648)
0.16 (0.690)
3.0(0.089)
3.1(0.085)
1.8(0.189)
0.14(0.707)
4.2(0.047°)
2.0(0.166)

0.19(0.667)
3.8(0.057)
032 (0.575)
0.99(0.327)

Time

F (p-value)

1195 (0.000)
56.9 (0.000)
34.9(0.000)
29.7 0.000)
62.1(0.000)
33.2(0.000)
16.6 (0.000)
6.4(0.015)
26.4(0.000)
3.2(0.080)

21.8(0.000)
2.0(0.169)
050 (0.485)
4.9(0.031)

Group x Time

F (p-value)

22(0.148)
064 (0.429)
103 (0.002")
027 (0.607)
24(0.127)
63(0.016")
057 (0.454)
2.1(0.155)
0.39(0.538)
0.41(0.525)

0.24(0.629)

0,002 (0.967)
1.3(0.265)
1.4 (0.249)

PANSS, Positive and Negative Syndrome Scale; R positive symptom; N, negative symptom; G, general psychopathology; RBANS, Repeatable Bettery for the Assessment of
Neuropsychological Status; SCWT, Stroop Color-Word test. *p < 0.05, **p < 0.01.
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Category Total

n=80
Age 38410
Mean + SD (years)
Years of education 12£2
Mean  SD
liness duration 12+9
Mean  SD (years)
Number of hospitalizations 6+6
Mean  SD

Women
n =40

40+ 12

1342

183+£9

66

“Difference between men and women significant p < 0.05.

n=40

35+8

122

10+9

6+6

0.048*

0.046*

0.090

0.785
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N100 amplitude BNSS total score

Spearman’s p-values
correlation
coefficient
Fz-Standard 0241 0011
Cz-Standard 0089 0351
Pz-Standard 0.132 0.167
Fz-Target 0.123 0.197
Cz-Target 0030 0754
Pz-Target 0076 0.428

BNSS, brief negative symptom scale. Significant p-velue thresholds for the three
correlations ran for each stimulus type (o < 0.016). p-values in bold indicate
statistical significance.
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N100 latency BNSS total score

Spearman’s p-values

correlation

coefficient
Fz-Standard 0.052 0.586
Cz-Standard 0094 0328
Pz-Standard 0113 0.236
Fz-Target - 0,008 0946
Cz-Target ~0.040 0674
Pz-Target -0015 0878

BNSS, brief negetive symptom scale; Significant p-value thresholds for the three
correlations ran for each stimulus type (o < 0.016).
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BNSS N100 amplitude (standard stimuli-Fz electrode)

Spearman’s p-values
correlation
coefficient
Experiential 0.188 0051
domain
Expressive deficit 0296 0.002¢
Blunted affect 0240 0.011*
Alogia 0253 0.007*

BNSS, brief negative symptom scale. Significant p-value thresholds for the three
correlations ran for each stimulus tye (o < 0.025). p-values in bold indicate
statistical significance.

*The corretation remained significant when controlling for positive and extrapyramidel
symptoms, disorganization and depression.
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SCZ (n=114) HCs (n = 63) Statistics

Gender 81 M-33W 32 M-31W

Mean + SD Mean + SD U P
Age 36.86 +£9.39 34.44 + 12.48 U =2982.00 0.062
Educational level (years) 12.36 + 3.02 13.98 + 4.04 U =2759.00 0.0083
BNSS total score 34.75 + 16.31
BNSS expressive deficit domain 1.36+£7.27 - - -
BNSS experiential domain 21.11£925 - - -
PANSS total 7050 £ 19.41 - - -
PANSS negative factor 15.82 + 5.84 = =~ L
PANSS positive factor 8.33+4.74 - - -
PANSS disorganization Factor 8.60 £ 3.49 = o= =
CDSS total score 324 +£392 - - -
SHRS global Parkinsonism 086+ 1.15 - - -

BNSS, brief negative symptom scale; CDSS, the Calgary depression scale for schizophrenia; HCs, healthy controls; PANSS, positive and negative synarome scale; SCZ, subjects with
schizophrenia; SD, standard deviation; SHRS, the St. Hans rating scale for extrapyramidal syndrome. p-Values in bold indicate statistical significance.
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N100 amplitude

Standard-Fz
Standard-Cz
Standard-Pz
Target-Fz
Target-Cz
Target-Pz

HCs, healthy controls; SCZ, subjects with schizophrenia; SD, standard deviation. p-Values in bold indicate statistical significance.

SCZ (n =114)

Mean + SD

—5.71+£294
-5.34+£279
-258+201
-6.56 £3.18
-5.94 £3.34
—255+242

HCs (n = 63)

Mean + SD

—7.78 £3.22
—7.06 +2.91
—3.74 +1.87
—8.91+3.68
—7.69 +3.45
—4.04£2.22

v

t=4315

t=23.869

t=8.762
U =2165.00
=3202
U =2280.00

Statistics

<0.001
<0.001
<0.001
<0.001
<0.01
<0.001
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N100 latency SCZ (n=114) HCs (n = 63)

Mean + SD Mean + SD
Standard-Fz 88.55 + 10.54 88.97 +£9.46
Standard-Cz 87.90 + 10.04 90.27 & 11.29
Standard-Pz 8838+ 11.31 89.75 + 12.84
Target-Fz 92.53 + 12.23 92.26 + 11.34
Target-Cz 90.66 + 11.47 93.84 + 11.93
Target-Pz 90.25 + 11.95 90.37 + 12.48

HCs, healthy controls; SCZ, subjects with schizophrenia; SD, standard deviation. No
comparisons between the two groups were made since the main effect of group was
not significant (please refer to the text).
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