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Objective

This study aims to explore the relationships between the agitation behavior, cognitive function and cortical thickness in first-episode drug-naïve schizophrenia (FESN).





Methods

A total of 55 male healthy controls (HC) and 79 male inpatients with FESN were enrolled in the present study. Whole brain cortical thickness was extracted from T1-weighted MRI using Freesurfer Version 7.4.1 software package. Cognitive function was evaluated using the MATRICS Consensus Cognitive Battery (MCCB). The Positive and Negative Syndrome Scale-Excited Component (PANSS-EC) is used to divide these inpatients into agitation group (FESN+A) and non-agitation group (FESN+NA). Correlation analysis was employed to investigate the potential associations between cortical thickness and cognitive function.





Results

The FESN+A group had higher Positive and Negative Syndrome Scale (PANSS) total score, positive symptom score, and general psychopathology score than the FESN+NA group. Both the FESN+A/NA groups showed significantly worse performance than the HC in symbol coding, working memory, attention/vigilance, reasoning and problem solving, and social cognition. The FESN+A group performed worse on working memory when comparing to FESN+NA group. Furthermore, the cortical thickness of the left paracalcarine gyrus was increased in the FESN+NA group, compared to HC. FESN+A group had thicker cortical thickness in the right posterior cingulate cortex (rPCC) compared with the FESN+NA group. The cortical thickness of rPCC was negatively correlated with score of working memory in the FESN+A group.





Conclusion

The present study demonstrated that the abnormal cortical thickness of rPCC may be related to the agitation behavior and cognitive function in patients with FESN+A, suggesting a potential treatment target for agitation behavior and cognitive impairment in schizophrenia.
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1 Introduction

Schizophrenia (SZ) is a complex and chronic mental disorder with a global prevalence of approximately 1% (1). Its core clinical features encompass positive symptoms, negative symptoms and cognitive impairments (2). SZ frequently results in severe disability, impaired social functioning, and a poor long-term prognosis (3). Additionally, patients may exhibit behavioral abnormalities, such as agitation. Agitation, also referred to as excitement symptoms, manifests as excessive emotional, behavioral, and cognitive hyperactivity in patients with SZ. In more severe cases, these symptoms can escalate to extreme behaviors including hostility, verbal threats, impulsive actions, aggressive violence, and even self-harm. The risk of violent behavior in patients with SZ is 1 to 7 times higher than in healthy controls (HC) (4). Such agitation behaviors may have a significant impact on the cognitive function and brain structure of patients, though their relationship remains not fully elucidated.

SZ patients with cognitive impairment frequently exhibit significant deficits in working memory, verbal memory, visual memory, processing speed, and executive function, which can severely impact daily life and social adaptation, potentially leading to poor prognosis and long-term disability (5, 6). Research has demonstrated a significant correlation between neurocognitive decline and an increased risk of violent behavior in SZ patients (7). For example, Elena et al. found that SZ patients who engaged in violent behavior performed significantly worse on symbol encoding tasks compared to nonviolent SZ patients (8). Ahmed et al. identified working memory, reasoning/problem solving, language learning, and executive dysfunction as significant predictors of aggressive behavior in SZ patients (9, 10). Social cognitive impairment also plays a crucial role in the violent behavior of SZ patients. Previous studies have shown that empathy deficits modulate aggressive behavior in chronic SZ patients (11). Moreover, SZ patients with a history of violent behavior exhibited significant impairments in facial emotion recognition compared to those without such a history (12). In SZ patients, the attribution affected by severe delusions is a critical factor in predicting paranoid thoughts and is significantly associated with aggressive behavior (13). These studies suggest that agitation may be linked to cognitive dysfunction in SZ patients. However, most of these studies focused on chronic SZ patients and those with long-term medication, leaving the specific effects of medication and disease duration unverified. First-episode drug-naïve schizophrenia (FESN) patients, free from medication interference and early in their disease course, provide an ideal population for investigating the relationship between agitation symptoms and cognitive function.

Numerous studies have demonstrated abnormal changes in brain structure among patients with SZ, which may be closely associated with an increased risk of impulsive aggressive behavior. These alterations broadly involve multiple key brain regions, including the frontal and temporal lobes, the limbic system, and the cerebellum (14–16). Recent research has identified a correlation between violent behavior and microstructural abnormalities in several brain areas in SZ patients, specifically within the frontal lobe, uncinate fasciculus, and superior longitudinal fasciculus (17, 18). Patients with SZ who exhibit violent behavior show significantly reduced gray matter volume (GMV) in the left frontal pole, bilateral hippocampal, inferior temporal gyrus, middle temporal gyrus, temporal pole, fusiform gyrus, and insula, compared to those nonviolent behavior (19–21). Furthermore, GMV in the hypothalamic region was found to be diminished when compared to HC and exhibited a negative correlation with scores on both the Positive and Negative Syndrome Scale (PANSS) and Modified Overt Aggression Scale among violent SZ patients (22). In addition to GMV findings, studies focusing on cortical thickness have revealed that SZ patients with a history of violence demonstrate significantly reduced cortical thickness in the right inferior parietal gyrus, sensorimotor areas, and ventrolateral prefrontal cortex when contrasted with nonviolent patients (19, 23, 24). Moreover, Baumann et al. reported a positive correlation between the cortical thickness of the frontal cortex and impulsive behaviors observed in patients diagnosed with SZ (25). These structural brain abnormalities related to cognitive function and emotional regulation underscore complex interconnections between brain changes, cognitive dysfunction, and agitation within patients with SZ. However, research on the relationship between agitation behavior and cortical thickness specifically within FESN remains relatively limited.

To conduct a precise analysis of the relationship between agitation symptoms, cognitive function, and cortical thickness, this study scanned the structural MRI and assessed the Positive and Negative Syndrome Scale-Excited Component (PANSS-EC) and the MATRICS consensus cognitive battery (MCCB) in patients with FESN. The hypothesis of this study is that abnormal cortical thickness in specific brain regions may be associated with agitation behaviors and cognitive function in patients diagnosed with FESN.




2 Materials and methods



2.1 Participants

Considering that male patients in this population have a higher risk of violent behavior (7), a total of 79 male patients with FESN were recruited consecutively from the inpatient department in the Affiliated Brain Hospital of Nanjing Medical University between November 2021 and June 2024. All patients were diagnosed consistently by two experienced senior psychiatrists according to the Diagnostic and Statistical Manual of Mental Disorders–V criteria (DSM-V). After at least 6 months of follow-up, all patients enrolled in the study were eventually diagnosed with SZ. Inclusion criteria for all SZ patients were as follows: (1) Han ethnicity, right-handed, age between 16 and 45; (2) education years ≥ 7 years, intelligence quotient (IQ) ≥ 70; (3) first episode illness, duration of their first experience of psychosis ≤ 24 months, no taking antipsychotic medications and no physical therapies; (4) the score of 60 or more on the PANSS. Exclusion criteria encompassed significant physical health issues, organic mental disorders, dementia or intellectual disability, along with any history of substance abuse.

55 male HC were recruited from the social channels via poster advertisements. The HC were screened using the Structured Clinical Interview for DSM-IV-TR Axis I, non-Patient Edition (SCID-I/NP), and met the following conditions: Han ethnicity, right-handed, age between 16 and 45; no personal history of psychosis, or a family history of mental disorder. The exclusion criteria were the same as the patients group.

The study was approved by the Medical Research Ethics Committee of the Affiliated Brain Hospital of Nanjing Medical University. All participants provided written informed consent.




2.2 Clinical assessments

The age, gender, years of education and handedness were obtained from the patients and their parent or guardian as the demographic information. The Chinese version of the Wechsler Adult Intelligence Scale-Revised (WAIS) was applied for measuring the IQ, which included four sub-tests: the common sense, similarity, picture completion tests, and block design. The PANSS was used for psychopathological assessment in SZ patients, which involved positive symptom, negative symptom and general psychiatric symptom. Specifically, we will adopt the PANSS-EC to assess agitation symptoms, which include Excitement (P4), Hostility (P7), Tension (G4), Non-cooperation (G8), and Poor Impulse Control (G14). Patients were divided into the FESN with agitation (FESN+A) group using the PANSS-EC total scores ≥ 14 and one or more items scores ≥ 4. The FESN with non-agitation (FESN+NA) group was defined as the patients without FESN+A during the first episode (26). We ultimately enrolled 48 FESN+A patients and 31 FESN+NA patients to participate in the study.




2.3 Measures of cognitive function

The MCCB was used to evaluate the cognitive function in all participants (27), which consisted of nine subitems: trail making test (TMT), Hopkins verbal learning test–revised (HVLT-R), brief visuospatial memory test–revised (BVMT-R), category fluency: animal naming (Fluency), Mayer-Salovey-Caruso emotion intelligence test: managing emotions (MSCEIT ME), brief assessment of cognition in schizophrenia: symbol coding (BACS SC), Wechsler memory scale-III: spatial span (WMS-III SS), neuropsychological assessment battery: mazes (NAB Mazes), and continuous performance test-identical pairs (CPT-IP). A total of nine tests scores were matched with age, gender and years of education by MCCB transfer software to obtain T scores (28).




2.4 Magnetic resonance imaging data acquisition

All participants underwent MRI on a 3.0 T Siemens Verio magnetic resonance imaging scanner (Erlangen, Germany). T1-weighted MPRAGE structural MRI scans took the following optimized acquisition parameters: repetition time (TR) = 2530 ms, echo time (TE) = 2.98 ms, inversion time (TI) = 1100 ms, flip angle = 7°, voxel size = 1.0mm×1.0mm×1.0 mm, matrix size = 256×224×192, slice thickness = 1.00 mm, field of view (FOV) = 256mm×256 mm. During the scan, participants should keep awake, eyes closed, head fixed, supine position quietly, and not perform specific cognitive tasks. Wear the earplugs to avoid scanner noise and reduce head motion.




2.5 Cortical thickness measurement

The T1-weighted images were processed using the FreeSurfer Version 7.4.1, an open neuroimaging toolkit, to automatically acquire measurement of cortical thickness in each hemisphere. Initially, T1-weighted images underwent registration that included correcting signal in homogeneity and applying affine transformation for image correction; non-brain tissues such as the scalp and skull were subsequently removed. The software’s built-in algorithm then automatically identified and segmented the subcortical structures, standardized the image signal intensity, separated the white matter from gray matter portions, and constructed the cortical surface of both types of matter. Finally, smoothing was applied at the gray-white matter interface while expanding the cortical surface for enhanced visualization and analysis purposes. The software simulated how pia mater expands outward toward cerebrospinal fluid boundaries to measure cortical thickness based on the Desikan-Killiany-Tourville (DKT) Atlas which divides the cerebral cortex into two hemispheres with 34 cortical regions (29).




2.6 Statistical analysis

Data analysis was carried out using SPSS 27.0 software. For demographic and clinical data evaluation, we employed the Shapiro-Wilk test to check for normality in data distribution; one-way Variance model (ANOVA) was used for normally distributed data while non-parametric tests addressed those not conforming to a normal distribution pattern. Additionally, Pearson correlation analysis explored relationships between cognitive function and cortical thickness. A p-value of less than 0.05 was considered statistically significant. The p-values were corrected with Benjamini-Hochberg (BH) and Bonferroni, and corrected p-values of less than 0.05 were considered to indicate statistical significance.





3 Results



3.1 Demographic and clinical characteristics

The demographic and PANSS scores are shown in Table 1. No significant age differences emerged among the three groups (H=2.742, p>0.05). In addition, the years of education showed statistically meaningful variation in three groups(H=20.023, p<0.001), and the HC group had more years of education than the FESN+A(corrected p=0.002) and FESN+NA groups(corrected p<0.001), but there was no significant difference among the FESN subgroups(corrected p>0.05). The FESN+A group had higher total scores (t=2.615, p<0.05), positive symptom scores (Z=-2.072, p<0.05), and general psychopathology scores (Z=-4.500, p<0.05) than the FESN+NA group. There was no significant difference in scores on the negative symptom score domain (Z=-0.847, p>0.05).


Table 1 | Demographic data and clinical assessment of FESN+A/NA and HC.






3.2 Cognitive function

All the scores of cognitive tasks in FESN group were significantly lower than that of HC (all p<0.01), as shown in Table 2. In the comparisons among FESN+A/NA groups and HC, both FESN+A/NA groups showed lower scores in symbol coding, working memory, attention/vigilance, reasoning, problem-solving, and social cognition, compared to HC (all corrected p<0.01). In addition, compared to HC, patients with FESN+A group performed worse in trail-making test (H=10.288, corrected p<0.01), word learning (H=15.958, corrected p<0.001), visual learning (H=14.155, corrected p<0.01), and fluency (H=14.131, corrected p<0.01). Patients with FESN+A performed worse than those FESN+NA in working memory (F=18.841, corrected p<0.05, Cohen’s d=-0.531), but there were no significant differences in the other domains of cognitive function between these two groups (all corrected p>0.05) (Figure 1).


Table 2 | Cognitive function in FESN and HC.






Figure 1 | The differences in cognitive function among the HC, FESN+A group and FESN+NA group. (A-F) The performance of the three groups on TMT, HVLT-R, NAB Mazes, BVMT-R, Fluency and MSCEIT ME are shown. The violin plot shows the distribution of the data, including the quartiles. The p values were corrected by Bonferroni. (G-I) The performance of the three groups on BACS SC, WMS-III SS and CPT-IP are shown. The p values corrected by BH (Benjamini-Hochberg). The center line of each violin plot indicates the median and the width indicates the data density. Corrected p values of less than 0.05 were considered statistically significant, and the level of significance in the figure is indicated by asterisks: *p < 0.05, **p < 0.01, ***p < 0.001. FESN+A: agitated patients with first-episode drug-naïve schizophrenia. FESN+A, first-episode drug-naive schizophrenia patients with agitation. FESN+NA, first-episode drug-naive schizophrenia patients with non-agitation. HC, healthy controls; TMT, Trail Making Test; HVLT-R, Hopkins Verbal Learning Test - Revised; BVMT-R, Brief Visuospatial Memory Test - Revised; Fluency, Category Fluency, Animal Naming; MSCEIT ME, Mayer - Salovey - Caruso Emotion Intelligence Test, Managing Emotions; BACS SC, Brief Assessment of Cognition in Schizophrenia, Symbol Coding; WMS-III SS, Wechsler Memory Scale - III, Spatial Span; NAB Mazes, Neuropsychological Assessment Battery, Mazes; CPT-IP, Continuous Performance Test - Identical Pairs.






3.3 Cortical thickness

Compared with HC, FESN group showed increased cortical thickness in bilateral paracalcarine gyrus (all corrected p<0.05), as shown in Table 3. Furthermore, FESN+NA group had increased cortical thickness in left pericalcarine gyrus compared to HC (F=9.428, corrected p<0.05). There was no significant difference in the cortical thickness of this region between FESN+A group and HC (F=9.428, corrected p>0.05). FESN+A group showed a significant thickening of cortical thickness in the right posterior cingulate cortex (rPCC) compared with FESN+NA group (F=6.717, corrected p<0.05, Cohen’s d=0.898) (Figure 2).


Table 3 | The different cortical thickness of FESN and HC.






Figure 2 | The cortical thickness variations among the three groups and the correlation between working memory and the cortical thickness of the rPCC in the FESN+A group. (A-C) The performance of the three groups on the cortical thickness of the left pericalcarine gyrus and right posterior cingulate cortex are shown. The p values corrected by BH (Benjamini-Hochberg). The box boundaries from bottom to top represent the first quartile (Q1), median (Q2), and third quartile (Q3), respectively. The “whiskers” outside the box extend to the minimum and maximum values in the data range, but do not include outliers. Corrected p values of less than 0.05 were considered statistically significant, and the level of significance in the figure is indicated by asterisks: *p < 0.05. FESN+A, first-episode drug-naive schizophrenia patients with agitation. FESN+NA, first-episode drug-naive schizophrenia patients with non-agitation; HC, healthy controls; rPCC, right posterior cingulate cortex.






3.4 Correlation analysis

Pearson correlation analysis showed that the cortical thickness of rPCC was negatively correlated with score of working memory in FESN+A group (r=-0.37, p=0.010, Figure 2). No correlation was found between the cortical thickness of rPCC and the score of working memory in FESN+NA group (p>0.05).





4 Discussion

This study investigated the differences in brain structure and cognitive function between FESN+A/NA groups and HC, and further explored the relationships between cortical thickness, cognitive function, and agitation symptoms in FESN. Our main findings are as follows: Firstly, compared with HC, both FESN+A/NA groups showed cognitive dysfunction, and the FESN+NA group showed a significant increase in cortical thickness in the left paracalcarine gyrus. In addition, compared with the FESN+NA group, the FESN+A group showed more severe working memory impairment, and the cortical thickness of the rPCC was significantly increased in the FESN+A group. Finally, working memory is negatively correlated with the cortical thickness of the rPCC in FESN+A patients. To our best knowledge, this study is the first to explore the impact of agitation symptoms on cognitive dysfunction and cortical thickness abnormalities in FESN patients.

In this study, cortical thickness changes in the rPCC were found to be significantly different only within the FESN subgroup. This study reveals that increased cortical thickness in the rPCC may specifically refer to a neurobiological feature of agitation symptoms in patients with SZ rather than an intrinsic component of the schizophrenic pathological process. The PCC, located in the parico-occipital junction region of the brain, is the core of the limbic system and default mode network (DMN) and is essential for cognitive functions such as spatial perception, memory, emotion, and problem solving (30). PCC dysfunction may increase SZ risk (31). Decreased PCC GMV was observed in patients with SZ and their siblings, and non-psychotic populations with aggressive or antisocial behavior also have decreased volume in limbic regions associated with executive function, including the PCC (32, 33). In light of the inconsistency between our findings and those of prior studies, we hypothesize that this discrepancy may be associated with neuroinflammation, neurodevelopmental abnormalities, and compensatory mechanisms. Cui et al. proposed that short-term brain structural changes in first-episode SZ patients might be linked to the transcription levels of inflammatory factors. Their study demonstrated that cortical thickness changes in first-episode patients were positively correlated with monocyte gene expression (34). Meanwhile, Cheng et al. identified that a higher monocyte/high-density lipoprotein ratio could predict aggressive behavior during the acute phase of schizophrenia (35). Consequently, the increased cortical thickness of the rPCC observed in our study may reflect an early inflammatory response in SZ patients. Hoang et al.’s research corroborates our hypothesis, as they reported increased thickness in the right parahippocampal gyrus and other cortical regions among first-episode SZ patients with high inflammation levels compared to those with low inflammation levels. However, no significant differences in clinical symptoms were detected between these two groups in their findings (36). Therefore, additional investigations are warranted to validate this association. It is important to note that our study focused exclusively on FESN patients, who are less likely to be influenced by long-term neurodegenerative processes. In contrast, Zhou et al.’s findings indicated that the PCC volume progressively decreases with disease progression and worsening negative symptoms (37). Thus, the rPCC thickening observed in our study may also be attributed to the shorter disease duration of the enrolled participants. Additionally, the phenomenon of increased cortical thickness in our study may represent a critical component of the neuroadaptive mechanisms in the early stages of schizophrenia, aligning closely with the “neural compensation hypothesis.” Furthermore, previous studies revealed the abnormally enhanced activation in PCC may be associated with agitation in patients with SZ (38, 39). Although direct evidence confirming a causal link between PCC dysfunction and agitation is lacking, PCC dysfunction may indirectly contribute to impulsive aggressive behavior by affecting emotional processing, cognitive function, and neurotransmitter balance. For example, abnormal PCC activation in self-reflection and non-introspective tasks in SZ patients may distract attention, affect decision-making, and induce agitation or aggressive behavior (40, 41). Furthermore, functional dysconnectivity in PCC is associated with violent behaviors. The connectivity between the ventromedial prefrontal cortex and the PCC is impaired in patients with antisocial behavior (33). The enhanced functional connectivity between hippocampus and PCC may be related to introspective thinking in DMN (42). Based on the above findings, abnormal PCC connectivity may cause irrational responses under impulse. But hype-connectivity in the PCC was found to be associated with higher arousal and extroverted attention in SZ patients, possibly reducing attentional impulsivity (43). Neurotransmitter imbalance in the PCC is also associated with agitation behavior. Low expression of monoamine oxidase is associated with reduced cingulate cortex volume, affecting reactive aggression and psychiatric traits (44). Previous studies have also found that the level of pro-acetylcholine is increased in PCC of SZ patients, which may be associated with impulsive behavior (45). Meanwhile, the relationship between PCC and agitation is complex and needs further study.

Previous studies have found that cognitive dysfunction is particularly prominent in multiple domains in violent SZ patients, especially in working memory and verbal learning (9). These cognitive deficits are considered prime predictors of patients’ risk of future violent behavior. Our study also revealed that the FESN+A group performed worse on the working memory than the FESN+NA group. Working memory impairment is a persistent cognitive deficit in patients with SZ, which extends from the initial stage of the disease to all stages of the disease course (46). In addition, our further analysis revealed a significant negative correlation between working memory and cortical thickness of the rPCC in the FESN+A group. This correlation may point to a potential link between abnormal PCC region function and working memory impairment. The PCC generally experiences activity inhibition when performing working memory tasks (47). Existing studies have shown that reduced functional connectivity of the PCC within the DMN is positively correlated with working memory performances in patients with SZ (48). Alternatively, a lower degree of inactivation of the PCC was associated with poorer working memory performance in patients with SZ (49). These findings provide a new theoretical basis and potential intervention targets for the clinical treatment and intervention strategies of SZ.

In our study, patients in the FESN+NA group showed a significant increase in cortical thickness of the left paracalcarine gyrus compared with HC. In addition, there were no significant differences in the performance of trail making tests, word learning, visual learning and fluency between these patients and HC. However, according to the existing neurodevelopmental studies, the volume, surface area and thickness of the cerebral cortex increase with age in early childhood, while the cortical structure decreases due to the initiation of cortical apoptosis in late childhood and adolescence (50). Our findings imply that the increased cortical thickness in the left paracalcarine gyrus may indicate a neurobiological adaptive change to symptoms in patients with FESN. Based on earlier neuroimaging findings, aberrant enhanced activation of the ventrolateral prefrontal cortex has been observed in patients with early-onset SZ during a 2-back working memory task. This activation pattern may reflect a compensatory neural mechanism designed to counter the impairment of working memory to achieve cognitive performance matching that of HC (51). These results provide support for a correlation between structural changes in specific brain regions and coping strategies with cognitive difficulties in patients with SZ.

However, this study faces some inherent limitations. First, the cross-sectional design of this study limits the longitudinal tracking of patient changes over time, which limits the establishment of causal relationships between variables. In addition, this study did not adequately control for a potential confounding variable, education level, which could have had a significant impact on the findings. Future studies should adopt longitudinal study designs while strictly controlling for potential confounders to more precisely explore the dynamic interactions among agitation symptoms, cognitive function, and cortical thickness, as well as their associations with disease progression and treatment response. To provide a stronger scientific basis for tailored cognitive rehabilitation programs for patients with SZ. Additionally, the sample of this study was limited to male patients, a limitation that limits the generalizability and extrapolation of the findings. Therefore, future study designs should include female patients in order to improve the representativeness of the findings. Our study was limited by an inadequate sample size, which may have increased the risk of false negative results. Furthermore, the present study relied solely on the scores of the PANSS-EC for the assessment of agitation symptoms, which has certain limitations. Subsequent studies should incorporate multimodal assessment tools to allow detailed analysis of the associations between agitation symptoms, cognitive function, and structural changes within the cortex.




5 Conclusions

In conclusion, in this study, patients in the FESN+A group suffered more severe cognitive impairment in the working memory domain than those in the FESN+NA group, and the cortical thickness of the rPCC in the FESN+A group was significantly thicker than that in the FESN+NA group. Furthermore, there is a negative correlation between cortical thickness of the rPCC and working memory performance in the FESN+A group. Taken together, our preliminary findings suggest that the abnormal cortical thickness of rPCC may be related to the agitation behavior and cognitive function in patients with FESN+A. These preliminary results need to be verified in future studies with more rigorous experimental design and methodology. Meanwhile, exploring the neurobiological mechanisms underlying these associations is also a key direction for future research.
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