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ABSTRACT 

Background: Patterns of coordinated variations of gray matter (GM) morphology across 

individuals are promising indicators of disease. However, it remains unclear if they can help 

characterize first-episode psychosis (FEP) and symptoms’ severity.  

Methods: Sixty-seven FEP and 67 matched healthy controls (HC) were assessed with 

structural MRI to evaluate the existence of distributed GM structural covariance patterns 

associated to brain areas belonging to salience network. Voxel-based morphometry (VBM) 

and structural covariance differences, investigated with salience network seed-based Partial 

Least Square, were applied to explore differences between groups. GM density associations 

with Raven’s intelligent quotient (IQ) and Positive and Negative Syndrome Scale (PANSS) 

scores were investigated. 

Results: Univariate VBM results gave trend without significant GM differences across 

groups. GM and IQ correlated positively in both groups: in FEP, mostly in hippocampus, 

insula, and fronto-temporal structures, while in HC mostly in amygdala, thalamus and 

fronto-temporal regions. GM and PANSS scores correlated negatively in FEP, with 

widespread clusters located in limbic regions. Multivariate analysis showed strong and 

opposite structural GM covariance with salience network for FEP and HC. Moreover, 

structural covariance of the salience network in FEP correlated negatively with severity of 

clinical symptoms. 

Conclusion: Our study provides evidence supporting the insular dysfunction model of 

psychosis. Reduced structural GM covariance of the salience network, with its association to 

symptom’s severity, appears a promising morphometry feature for FEP detection. 
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Abbreviations: 

FEP: First-episode Psychosis  

HC: healthy controls 

GM: gray matter  

SN: salience network  

AI: anterior insula  

ACC: anterior cingulate cortex  

VBM: Voxel-based Morphometry  

PLS: partial least square  
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1. Introduction 

The diagnosis of first-episode psychosis (FEP) is challenging and has crucial implications for 

treatment and prognosis. Non-invasive neuroimaging techniques, such as magnetic 

resonance imaging (MRI), with the quantitative characterization of anatomical 

abnormalities, may contribute towards FEP diagnosis and monitoring. This could be of 

particular relevance at early disease stages, where abnormalities are less affected by 

chronicity and minimally influenced by exposure to medications. 

Multiple neuroanatomical MRI studies support associations between gray matter 

(GM) atrophy and FEP. Cross-sectional studies comparing FEP relative to healthy controls 

(HC) show ventricular enlargement and distributed GM reductions mostly in temporal lobes 

(Delvecchio et al., 2017; Fannon et al., 2000; Segall et al., 2009) and hippocampus (Baglivo 

et al., 2018; Steen, Mull, Mcclure, Hamer, & Lieberman, 2004). Longitudinal studies, which 

are more specific to disease stage, further corroborated these results, suggesting a decrease 

in GM evolving dynamically after the first psychotic episode (Gallardo-Ruiz, Crespo-Facorro, 

Setién-Suero, & Tordesillas-Gutierrez, 2019; Wood et al., 2001). Indeed, metanalytic results 

(Vita, De Peri, Deste, & Sacchetti, 2012), highlight how the greater magnitude of GM 

changes in psychosis is strictly related to early stages of the pathology (FEP).  

Starting from the idea that maximal GM reductions occurs at early stages of 

psychosis, the “progressive cortical reorganization” model (Lena Palaniyappan, 2017) 

proposes psychosis onset to be characterized by distributed cortical reorganization deficits. 

This reorganization would explain the multidimensional psychopathology of psychosis, 
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characterized by variety of symptoms affecting cognitive systems supported by several 

cortical areas. Indeed, from a clinical perspective, psychosis and all schizophrenic spectrum 

disorders are mainly characterized by three symptom domains: neurocognitive, positive and 

negative (Addington, Addington, & Maticka-Tyndale, 1991; Andreasen & Olsen, 1982). 

Overall, (i) both psychotic symptoms and cognitive performance are associated to GM 

changes/reductions (Brambilla et al., 2013; Dusi et al., 2017; Morgan et al., 2010; Whitford 

et al., 2005);  and (ii) cortical reorganization deficits have been related to higher positive 

symptom burden (M. Li et al., 2019; Rosa et al., 2015).  However, the GM areas or networks 

that are most vulnerable and show the earliest signs of cortical reorganization in psychosis 

remain debated.  

In this framework, the salience network (SN) has been found to be particularly 

important (Huang et al., 2019; V. Menon, 2015; Vinod Menon, 2011; L. Palaniyappan, White, 

& Liddle, 2013; Lena Palaniyappan & Liddle, 2012). The SN is defined as an intrinsic 

functional brain network characterized by two main hubs (Yeo et al., 2011) anchored in 

anterior insula (AI) and anterior cingulate cortex (ACC). Different cognitive processes, such 

as communication, social behavior and self-awareness, are related to SN’s activity, as well as 

integrative functions at sensory, emotional and cognitive level. Indeed, all the above cited 

mental operations, can underlie the ability of a stimulus to become critical, prominent and 

extremely outstanding (i.e. salient) respect to the surrounding environment. The salience of 

an object can be defined as a combination and integration of attentional and 

volitional/motivational processes competing towards the definition of the most relevant 

stimulus (V. Menon, 2015). In such circumstances the SN, it thought to be the neural core of 

the salience processing, guiding the individual through goal-directed behavior. 
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One of the main features of psychosis is the incorrect classification of salience 

between internal and external stimuli, which created the idea of neural interference 

proposed in the model of “aberrant salience” in schizophrenia (Kapur, 2003).  This model, 

presents the psychotic brain to be in a persistent hyperdopaminergic state, giving rise to 

misleading assignment of object’s salience, where, recurrently, internal cues of the 

individual are processed and attended rather than external one’s.  The neural reflection of 

this incorrect salience processing seems to be further supported by the critical role of the 

SN in psychosis, being functionally disconnected with other brain areas or large networks 

(Lena Palaniyappan & Liddle, 2012; Supekar, Cai, Krishnadas, Palaniyappan, & Menon, 

2019). In light of this, the behavioral impairment of aberrant salience processing could 

disrupt functional and structural neural networking and potentially establish psychotic 

symptoms from the early phases of the disease. Indeed, this is further corroborated by the 

found GM volume reductions in each of the SN’s hubs, while considered per se, in 

schizophrenic patients (White, Joseph, Francis, & Liddle, 2010).  Nevertheless, the degree to 

which distributed GM changes related to the SN in a networking framework at early illness 

stages, such as in FEP, and its relationship with positive symptomatology, is still unknown. 

The observed impairment of salience processing in psychosis has been associated to 

damage in the SN, which shows overall reduced functional brain connectivity (Lena 

Palaniyappan & Liddle, 2012; Supekar, Cai, Krishnadas, Palaniyappan, & Menon, 2019).  ). In 

addition, a critical role of the SN is further supported by brain morphometry studies that 

found focal GM volume reductions in schizophrenia patients, particularly at each of the SN’s 

hubs (White, Joseph, Francis, & Liddle, 2010).  However, several open questions remain. Are 

the observed focal morphological changes part of an abnormal large-scale brain 
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microstructure network? If so, are abnormalities in this structural network related to 

positive symptomatology in early psychosis, such as FEP?   

This study sought to address those questions. We hypothesized that, relative to HC, 

FEP subjects would show an abnormal brain structural covariance network relative to the SN 

hubs. Moreover, we expect these changes to be widely correlated with severity of the 

present psychotic symptoms, since the tested population allows the early detection of the 

pathology and the reduction of other confounds (e.g. pharmacological treatments, 

chronicity, etc.). 

Summarizing, the goal of this study is to investigate if neuroanatomical MRI could 

help differentiate FEP from HC with respect to: 1) GM density effects ; 2) correlations 

between GM density and clinical and cognitive variables; and 3) GM density covariation with 

SN as defined from selected high-confidence seeds (DuPre & Spreng, 2017).  

 

2. Materials and Methods 

2.1. Participants and assessment measures 

Sixty-seven FEP patients (mean age: 29±9 years; 27 females) and sixty-seven age and 

gender-matched HC (mean age: 31±8 years; 38 females) participated in this study. However, 

a trend effect for age difference between the two group (FEP>HC, T-score=-1.70, p-

value=0.9) was found. Patients were recruited by the multisite GET UP project (Genetic 

Endophenotype and Treatment: Understanding early Psychosis), for eligibility criteria (<3 

months antipsychotic medications) see Ruggeri et al., 2012; Ruggeri et al., 2015. HC were 

recruited by the University of Verona in the context of other projects. 
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The clinical sample consists of 67 patients with an ICD-10 diagnosis of schizophrenia 

(F20, n=18); schizotypal disorder (F21, n=2); schizoaffective disorders (F25, n=8); delusional 

disorders (F22, n=10); brief psychotic disorder (F23, n=14); acute and transitory psychotic 

episode (F23.3, n=1); unspecified psychosis not due to a substance or known physiological 

condition (F29, n=1); manic episode, severe with psychotic symptoms (F30.2, n=5); major 

depressive disorder, single episode, severe with psychotic features (F32.3, n=6); unspecified 

bipolar disorder (F31.9, n=1); bipolar disorder, mixed episode (F31.6, n=1).  Duration of 

Untreated Psychosis (DUP, Table 1) in the FEP group ranged between 0 and 2240 days, with 

31.25 % of the sample with DUP < 1 months, 31.25 % DUP < 3 months, 18.75 % DUP < 6 

months and 18.75 % DUP > 6 months.  

The following cognitive and clinical measures were acquired: i) Progressive Raven’s 

Matrices (Caffarra, Vezzadini, Zonato, Copelli, & Venneri, 2003), a non-verbal set of tests 

aimed at measuring Intelligence quotient (IQ, both FEP and HC); ii) Positive and Negative 

Syndrome Scale (PANSS, only FEP) (Kay, Fiszbein, & Opler, 1987) to measure severity of 

psychotic symptoms.  

Additional demographic, clinical and ethical approval information are summarized in 

Table 1 and in Supplementary Materials 1.1. 

 

2.2.Brain structural MRI data acquisition and pre-processing 

MRI data were obtained using a Siemens 3.0 T Magnetom Allegra MRI scanner 

(Neuroradiology Section of AOUI Verona, Italy). Structural T1-weighted 3D MPRAGE images 

were acquired with the following acquisition parameters: 1×1×1 mm
3
, TR=2060 ms, TE=3.93 

ms, flip angle 15°. Image pre-processing steps are described in Supplementary Materials 1.2. 
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2.3. Gray matter density differences between FEP and HC 

Subject-level local GM density was quantified using Voxel-based Morphometry (VBM), a 

univariate whole-brain volume analysis method. GM differences across groups were 

estimated using two-sample t-test (NFEP=67, NHC=67). Voxel-wise multiple linear regression 

was used to quantify associations between GM density and cognitive profile (NFEP=66, 

NHC=58) and clinical symptom severity (NFEP=66). These latter analyses were performed on 

subsets of the original dataset were all the relevant scores were acquired by assuming 

samples as independent and with unequal variance across groups. Voxels with GM density 

absolute value above 0.2 were included in analysis, using total intracranial volume, age and 

gender as nuisance covariates. Statistical thresholds were set to p <0.05 with family wise 

error (FWE) correction for multiple comparisons.  

 

2.4. Gray matter density covariance with functional SN 

A multivariate analysis was used to investigate patterns of voxel-wise distributed GM 

volume associations with GM volume in nodes of the functional SN. A seed-based partial 

least square (PLS) method was used due to its advantages for modelling association 

between brain regional GM volume and multivariate cognitive or clinical factors (Giessing, 

Fink, Rösler, & Thiel, 2007; Krishnan, Williams, McIntosh, & Abdi, 2011; Menzies et al., 

2007).  In this study, seed PLS was performed in the attempt to detect differences in the 

pathological FEP condition (i.e. being our clinical variable) compared to HC. 

Briefly, seed PLS shows how GM volume at whole brain level correlates with GM 

volume of the chosen seeds defining different structural covariance patterns between 

groups.  In our study structural integrity of all the SN nodes were extracted and then 
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correlated across participants with all other brain voxels which PLS then uses to recognize 

patterns of correlation (i.e. structural covariance network, R. N. Spreng & Turner, 2013). For 

this purpose,  seed PLS was applied to determine structural GM density covariance between 

SN seed ROIs and the rest of brain structures, through PLSgui (https://www.rotman-

baycrest.on.ca), on pre-processed T1-weighted images (NFEP=67, NHC=67). The following 

main functional SN nodes (10.5 mm
3
 spheres centered in the MNI seed coordinates) were 

used as seeds for PLS analysis (Figure 1): anterior cingulate cortex (ACC) and anterior insula 

(AI), using hemispheric spatial coordinates from previous studies (Buckner et al., 2011; 

DuPre and Spreng, 2017). Then, the between-subject correlation matrix of GM volume 

between SN seeds and all other voxels in the brain was decomposed into latent variables 

(LV) describing distinctive patterns of structural correlation (e.g. structural covariance). 

Importantly, using decomposition and resampling techniques, PLS takes into account all 

voxels simultaneously, avoiding multiple comparison issues (for more details see 

Supplementary Materials 1.3).   

 

3. Results  

3.1. Gray matter density differences and associations with cognitive and 

clinical variables  

The VBM analysis showed no significant differences in GM density between FEP and HC (two 

sample t-test, NFEP=67, NHC=67, FEW correction p<0.05). A few clusters showed decreased 

GM volume (p <.001, uncorrected), mainly located in fronto-temporal regions with a strong 

presence in superior-frontal and superior-temporal gyri (Figure S1, Table S2).  
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Intelligence scores were significantly different between the groups (p <.0001; 

FEP>HC 

T-score=-21.43): FEP: range [75-102], mean IQ=94±7 and HC: range [100-128], mean 

IQ=122±8. For FEP, the severity of psychotic symptoms measured by PANSS results in: range 

[33-124], mean=65±19.  The associations between these scores and GM density were 

investigated separately.  

 

Gray matter density associations with global cognition in FEP and HC 

A multiple regression analysis between GM density and Raven’s intelligence scores, done 

separately in each group (66 FEP and 58 HC), showed associations between GM and global 

cognition. The positive correlation resulted in: (i) supra-threshold clusters in FEP mainly 

localized in hippocampal, superior frontal and temporal regions, amygdala and para-

hippocampal gyrus (Figure S2, panel A; FWE correction at p <.05, Table S3); and (ii) supra-

threshold clusters in HC mainly localized in superior medial gyrus and inferior temporal 

gyrus (Figure S2, panel B; FWE correction at p <.05, Table S4). The distribution of clusters 

was relatively similar across groups, with subtle differences in terms of cluster peak 

positions. 

 

Gray matter density associations with symptom severity in FEP 

Significant negative correlations were found between GM density and clinical scores of 

psychosis severity (Figure S3, Table S5) considering global PANSS scores (Figure S3, Panel A), 

mainly located in thalamus, para-hippocampal gyrus and temporal regions (FWE correction 

set at p <.05). The correlation analysis was also done separating Positive Syndrome Scale 

(items from P1 to P7) and Negative Syndrome Scale (items from N1 to N7) scores. GM 
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correlated with Positive scores in a similar way as it did with global PANSS (cluster peaks: 

hippocampus, thalamus and insula; Figure S3, panel B, Table S6). No correlation between 

Negative scores and GM was found (FWE correction for p < .05). 

  

3.2. Gray matter density covariance with the functional Salience Network 

The PLS framework was used to conduct a multivariate analysis to evaluate if FEP and HC 

had different structural GM covariance patterns with respect to GM volume in nodes of 

functional SN. Only one LV resulted significant in describing a GM covariance pattern. Figure 

2 shows the salience map of the LV (bilateral ACC and AI nodes) in the full group (Fig. 2A, 

FEP and HC, T =-5.8, p<.01), only FEP patients (Fig. 2B, p=.04) and only HC (Fig. 2C, p=.01). The 

salience of the significant LV is characterized by opposite signs between groups (Fig. 2A), 

indicating group differences in structural integrity of the SN (Mcintosh & Gonzalez-Lima, 

1998).  

The group covariance network identifies brain regions where the two groups had 

significantly different GM volume with respect to the SN seeds. The LV (p <.05) reflected 

structural covariance differences to SN seeds in patients and controls, with FEP exhibiting 

significantly reduced spatial pattern in right hemisphere of both seeds (rACC and rAI) than 

other seed regions. Correlation between the BrainScore (e.g. how much each subject 

contributes to SN covariance pattern, see Supplementary Materials) and SN seeds (Fig. 2D) 

consistently showed, via bootstrap testing and multiple runs, reversed signs and non-

overlapping confidence intervals in the two groups, highlighting how structural integrity in 

each seed significantly differs across groups, besides right ACC in FEP. Indeed, for FEP the 

most salient region for LV is left ACC (r=.42) whereas for HC is right AI (r=.50). FEP’s spatial 
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pattern of positive covariance extended through cingulate cortex to bilateral culmen, 

inferior parietal lobule and right dorsolateral prefrontal cortex. Negative covariance in FEP 

was observed in left insula, middle frontal gyrus, inferior temporal lobe and middle 

temporal area (Table S7). On the other hand, in HC, the spatial pattern of positive 

covariance extended through bilateral insular cortex to cerebellar structures and negative 

covariance was observed in bilateral thalamus, left middle temporal gyrus and right 

cingulate cortex (Table S8).   

Structural covariance strength within the functional SN in FEP correlated with 

psychosis severity as measured by PANSS. We found that the BrainScore of the significant 

LV, representing the SN, was negatively and significantly correlated with PANSS scores, 

representing occurrence of symptomatology (r=-.25, p=.03, Figure 3 and Table S9, see 

Supplementary Materials 2.1 section for correlation with PANSS sub-scales). This shows how 

a higher BrainScore (e.g. structural integrity of SN’s covariance pattern) is related to lower 

PANSS symptoms burden, regardless the SN nodes (Figure S4). 

 

4. Discussion 

Motivated by searching early neuroanatomical MRI markers of psychosis, the overall goal of 

this study was to investigate structural GM differences between FEP patients and age- and 

gender-matched HC. The main findings are as follows: 4.1) we found no significant GM 

differences between FEP and HC groups using a univariate VBM analysis; 4.2) Raven’s IQ 

showed similar patterns of correlations with GM density in both groups, thereby suggesting 

no disease specificity; 4.3) in the FEP group, GM density correlated negatively with clinical 

scores of symptoms severity (PANSS), particularly in limbic system and fronto-temporal 
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regions; 4.4) our multivariate analysis showed significant GM covariance between limbic 

system and SN, with opposite patterns in FEP and HC groups. Specifically, in FEP, SN 

covariance integrity correlated negatively with symptoms severity.   

 

4.1. FEP and HC do not differ in gray matter density using univariate 

morphometry analyses  

Several single- and meta-studies done mostly with adult subjects have reported significant 

GM differences between early psychosis patients and matched HC  (Baglivo et al., 2018; 

Fusar-Poli et al., 2011). Other studies, mostly on adolescent populations, have reported no 

GM differences between early onset FEP and healthy matched controls, both in longitudinal 

(Castro-Fornieles et al., 2018)  and cross-sectional designs (Pagsberg et al., 2007) even if GM 

abnormalities are considered to be strictly related to the symptomatic development of the 

pathology rather than its progression (Borgwardt et al., 2007; Satterthwaite et al., 2016). 

Our study, which includes only adult subjects, found trends of decreased GM in FEP relative 

to HC, mostly in fronto-temporal regions and in superior orbitofrontal gyrus. However, the 

GM differences observed did not survive statistical corrections for multiple comparisons. 

Several reasons may explain why our GM differences were not significant, including smaller 

sample size than other studies (Fusar-Poli et al., 2011) and brain morphometry methods 

differences (Baglivo et al., 2018). In fact, previous studies have shown that morphometry 

pipelines differences can lead to different results even if the same FEP sample is considered 

(Glahn et al., 2008; Grimm et al., 2015; Hartzell et al., 2016; Voets et al., 2008).  

An additional reason for having detected only subtle yet not significant GM 

differences between FEP and HC may relate to our FEP population, which was scanned 
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immediately after hospitalization. Since GM loss/reorganization in FEP takes place around 

30 months after onset, and not in the first 10 months of disease (Theberge et al., 2007), FEP 

may have not developed sufficient GM atrophy. Moreover, it is also plausible that since the 

relatively short DUP ranges of our sample (see Table 1), we failed detecting the 

acknowledged GM reorganization caused by long untreated psychotic state (Lappin et al., 

2006; Malla, Bodnar, Joober, & Lepage, 2011). 

 

4.2. Gray matter density associations with global cognition seem unspecific 

to FEP  

 In agreement with previous FEP studies, we found that intelligence, as a global cognitive 

measure estimated by Raven’s IQ, was lower in FEP than in controls (Woodberry et al., 

2008) and correlated with GM density in multiple brain structures including hippocampus, 

thalamus, insula and fronto-temporal regions (Ferro et al., 2015; X. Li et al., 2015; 

Minatogawa-Chang et al., 2009). The FEP and HC groups showed similar correlations 

between IQ and GM density, both in space and in strength. This suggests that in our groups 

and with our experimental design, the GM density associations with IQ may be general 

(Frangou, Chitins, & Williams, 2004) and not specific to the FEP pathology. 

 

 

4.3. Gray matter density reduction is associated with severity of psychotic 

symptoms in FEP 

Even though we found no significant GM density differences between the FEP and HC 

groups, we found that in the FEP group, distributed GM density reductions correlated with 
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psychosis symptoms severity. The strongest effects were found in para-hippocampus, 

hippocampus, thalamus and insula regions, previously known to be related to early onset 

psychosis (Okada et al., 2016; Uddin, 2015).  These findings are consistent with the recent 

proposed model of “progressive cortical reorganization” in schizophrenia (Lena 

Palaniyappan, 2017). This model proposes that in psychotic patients and in association with 

symptoms severity, especially the positive ones, GM undergoes an inefficient reorganization 

leading to GM reductions in specific regions such as insula and ACC.  

 

4.4. Gray matter covariance with the salience network is reduced in FEP and 

correlates with psychosis symptoms severity  

In recent years there has been a growing interest in measuring distributions of structural 

covariance of GM across subjects as an indicator of brain networks disruption (V. Menon, 

2015; Vinod Menon, 2011; L. Palaniyappan et al., 2013; Lena Palaniyappan & Liddle, 2012; 

Supekar et al., 2019). Indeed, the importance of such neural networks for the 

pathophysiology of psychosis has been established by one of the major theoretical 

frameworks of schizophrenia: the “disconnection hypothesis” (Friston, Brown, Siemerkus, & 

Stephan, 2016; Pettersson-Yeo, Allen, Benetti, McGuire, & Mechelli, 2011). By explicitly 

making reference to the definition of the diagnostic entity of schizophrenia per se (i.e. 

split/disassociated mind), the “disconnection hypothesis” states disruptions in anatomical 

and functional connections, seen as neuromodulators, to be at the basis of the psychotic 

experience. With the advent of connectomics, an increasing body of literature has looked at 

how particular functional brain networks are aberrant in psychosis and additional specific 

models has been proposed, such as the “triple-network model” (Vinod Menon, 2011) and 
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the “insular dysfunction model” (Lena Palaniyappan & Liddle, 2012). These models highlight 

how not only the psychotic disorder arises from a series of aberrant functional networking 

organization, but also these disruptions are particularly targeting the SN. These have been 

confirmed and studied at multiple levels, such as functional and dynamic networking (L. 

Palaniyappan et al., 2013; Supekar et al., 2019), at neurobiological and neurotransmitter 

scale (Roiser, Howes, Chaddock, Joyce, & McGuire, 2013) and in terms of GM atrophy (L. 

Palaniyappan, Mallikarjun, Joseph, White, & Liddle, 2011).  

Focusing on structural GM changes in schizophrenia, previous evidence 

demonstrated how psychosis is strongly characterized by altered irregular covariance 

between different brain regions, with a particular involvement of cortices involved in 

salience processing  (Heinze et al., 2015; Kuang et al., 2017; Lena Palaniyappan, Park, Balain, 

Dangi, & Liddle, 2015; Rosengard et al., 2020; Zugman et al., 2015). To-date, regardless of 

the extensive research about neuroanatomical covariance in different psychosis populations 

(Lena Palaniyappan et al., 2019), very few studies focusing on precise GM networks (R 

Nathan Spreng et al., 2019). Our study is the first to focus specifically on the structural 

covariance of the SN in FEP. We found distinct, specific and dissociating structural 

covariance pattern trends in FEP and HC populations involving AI and ACC comparable to 

results previously reported in schizophrenia (R Nathan Spreng et al., 2019). In the following 

paragraphs, we discuss our findings and the roles of these two structural hubs in early 

psychosis stages. 

Regarding insula, we found morphometric and structural covariance differences 

between conditions (FEP vs HC). The AI is thought to be a key region in the brain, not only 

because of its functional role in SN, but also as a relevant center of multisensory 

integrations (Kurth, Zilles, Fox, Laird, & Eickhoff, 2010; Mutschler et al., 2009). Previous 
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studies showed insular cortex notably involved in psychosis-related structural and functional 

abnormalities (Corradi-Dell’Acqua et al., 2012; Lee et al., 2016; Mutschler et al., 2009; Nickl-

Jockschat et al., 2011; Radua et al., 2012). More recent studies (Clos, Rottschy, Laird, Fox, & 

Eickhoff, 2014) looked at combined connectivity of AI, only in left hemisphere, and found 

this region to be involved in multiple cognitive domains at functional level which are all 

impacted by establishment of the psychotic disorder. These functional findings further 

corroborate the inversion of the SN’s covariance pattern in FEP found in this study, which 

may be driven by a large and robust decrease of the insular involvement in GM covariance 

networking possibly resulting in an abnormal activation of the region. In this framework, our 

study on FEP population clarifies the establishment of the insular dysfunction in psychosis, 

even at GM structural covariance level, previously stated volumetrically in Palaniyappan et 

al., 2012b. Indeed, the psychosis neural model proposed by Palaniyappan & Liddle, 2012a 

talks about an insular dysfunction not only present in real time processing of salience 

stimuli, so as functional disengagement of region, but also as an abnormal structural 

characteristic. This model specifically proposes a strong association between a dysfunction 

in salience networking and positive psychotic symptoms. Here, firstly, we further confirmed 

this statement by showing brain structural covariance changes in psychotic patients; 

secondly, we clarified the presence of salience disruption driven by GM insular volume at 

the first stages of the pathology. Furthermore, our analysis negatively associated GM 

covariance in AI with symptoms severity, measured by PANSS, supporting an association 

that was previously detected only at the functional level (Pang et al., 2017). This may show 

an implication of insular structure in positive psychotic symptoms formations, since we have 

shown correlation effect with GM brain structures is mainly driven by Positive sub-scale of 

PANSS. Recent studies, in fact, showed: (i) decreased functional connectivity in insula leads 
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to over-activity in auditory networking at the basis of one of most common positive 

symptoms of psychosis such as auditory hallucinations (Mallikarjun et al., 2018), (ii) clinical 

symptomatology variability is explained by intrinsic insula connectivity changes 

characteristic of each individual (Tian, Zalesky, Bousman, Everall, & Pantelis, 2019) and (iii) 

functional connectivity is reduced in term of differentiation between anterior and posterior 

insula and significantly interacting with diagnosis (Tian et al., 2019). Therefore, we may infer 

that the strong negative covariance pattern found in FEP in AI, combined with negative 

correlation with PANSS, may explain a decrease in its functional connections and the 

resulting behavioral outcome of psychotic symptoms.  

Regarding cingulate cortex, previous studies in psychosis patients have shown this 

brain region undergoing progressive structural changes impacting on large scale 

connectivity in the individuals at high-risk of psychosis  (Allen et al., 2010; Borgwardt, 

McGuire, Fusar-Poli, Radue, & Riecher-Rössler, 2008; Cui et al., 2015) and with progress of 

the disorder (Pettersson-Yeo et al., 2011). Anyhow, whether these morphometric changes 

may worsen, interact or be ameliorated by means of long treatments with antipsychotic 

medications is still a matter of debate (Leung et al., 2011; Pressler, Nopoulos, Ho, & 

Andreasen, 2005; Radua et al., 2012). For this reason, by design, our study excluded FEP 

patients that have taken any type of anti-psychotic medication for more than 3 months, in 

the attempt of investigating of early brain morphometry effects by reducing as much as 

possible contribution of medication effects. We found that in our FEP group structural 

covariance involving left ACC was different from that found in HC group, showing not only a 

reversed but also a more confined structural GM covariance pattern. These observations 

suggest a new interpretation about antipsychotic medication effects on SN. A recent reward 

functional MRI study (Schmidt et al., 2016) reports evidence supporting the model of insular 
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dysfunction, with reduced functional connectivity in SN during reward prediction even in 

untreated FEP. The authors propose decrease in functional connectivity could be related to 

the formation of psychotic symptoms, and in this sense antipsychotic drugs may reverse this 

brain connectivity pattern. In our study, we expand those findings by confirming them at 

GM structural level. We show, in FEP patients with minimal pharmacological treatment 

history (less than 3 months), abnormal structural covariance patterns between ACC and SN. 

Therefore, these distributed network effects seem to be related to the disease before 

effects of long-term medications are visible reconfirming the hypothesis of GM 

reorganization occurring during the first stages of the disease (Lena Palaniyappan, 2017).  

 

4.5. Potential limitations and future directions 

Our study has potential limitations. First, due to relatively small sample size, we did not 

stratify our sample by diagnostic group (e.g. affective and non-affective psychosis) and we 

were not able to control for potential confounds due to the diagnostic heterogeneity of the 

sample. Future longitudinal studies with larger sample size would be useful to better 

understand the effect of sub-types of psychosis on SN structural covariance as well as their 

temporal psychopathological evolution. Second, our evaluation of global cognition was 

limited to IQ from Raven Matrices. Future studies should include evaluations of additional 

high cognitive functions to more specifically characterize them in relation to structural 

covariance of the SN, as well their temporal profiles in longitudinal assessments. Lastly, 

regarding potential pharmacological treatment confounds: FEP patients with more than 3 

months of antipsychotic treatment were excluded and only a small percentage of them 

underwent typical antipsychotics, which are thought to largely impact GM volumes (Leung 

et al., 2011; Pressler, Nopoulos, Ho, & Andreasen, 2005; Radua et al., 2012). However, since 
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we cannot exclude that even this small period of pharmacological treatment could influence 

cortical reorganization, further work is needed. 

 

4.6.Conclusions 

Our brain morphometry study in FEP patients with minimal treatment provides evidence in 

support of the insular dysfunction model of psychosis. The multivariate analysis of GM 

structural covariance was more sensitive than the univariate VBM to differentiate FEP 

patients from matched HC. The GM structural findings showed that the main hubs of the SN 

have distinct and opposite brain structure covariance patterns depending on the presence 

or absence of the pathology. Moreover, we identified a negative association between the 

SN node’s structural covariance pattern and positive psychosis symptoms. The findings of 

this study suggest that insular and ACC GM covariance reduction with the rest of the brain 

may be a signature of altered brain morphometry in early psychosis. The use of such 

neuroanatomical MRI measures may be of interest in longitudinal or treatment response 

studies of psychosis. 
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Tables 

Table 1: Demographic and clinical information of First-episode Psychosis (FEP) and Healthy 

Control (HC) participants. More details about the pharmacological molecules used in 

psychosis treatments can be found in the supplementary materials (Table S1). 

 

Variable HC 

(N=67) 

FEP 

(N=67) 

Group Statistic P value 

 

Age, years, mean (SD) 31(8) 29(9) FEP>HC 

T-score=-1.70 

p=0.09 

 

Sex, No. (%)     

         Men 40(60) 40(60) FEP>HC 

χ2=0 

 

p=1 

 

         Women 27(40) 27(40) FEP>HC 

T-score=-1.68 

 

 

p=0.09 

 

Handedness, mean (SD) 

         Right 

         Left 

 

16(6) 

-1(6) 

 

17(5) 

-1(4) 

 

FEP>HC 

T-score=0.48 

FEP>HC 

T-score=0.01 

 

 

p=0.63 

 

p=0.99 

Years of education, mean (SD) 15(3) 12(3) FEP>HC 

T-score=-6.77 

 

p<.0001 

Premorbid IQ on the Raven Matrices, mean (SD) 122(8) 94(7) FEP>HC 

T-score=-21.43 

 

p<.0001 

Total Intracranial Volume, cm
3
, mean (SD) 1508(132) 1593(135) FEP>HC 

T-score=0.63 

 

p=0.52 

Duration of untreated psychosis (DUP), days, mean (SD) N.A. 134(291)               N.A.  

Antidepressant treatment, No. (%) N.A. 8(12) N.A.  

Antipsychotic treatment, No. (%) N.A. 44(66) N.A.  

GAF, total score, mean (SD) N.A. 48(14) N.A.  

PANSS, Positive sub-scale, mean (SD) N.A. 14(6) N.A.  

PANSS, Negative sub-scale, mean (SD) N.A. 16(7) N.A.  

PANSS, General sub-scale, mean (SD) N.A. 34(10) N.A.  

PANSS, Total score, mean (SD) N.A. 65(19) N.A.  

 

PANSS, Positive and Negative Syndrome Scale 

N.A., not applicable  
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Table 2: Performed analyses and their effect sizes in First-episode Psychosis (FEP) and 

Healthy Control (HC) participants.  

 

Type of analysis HC FEP 

 

Group 

Statistic 

P value 

 

Effect size 

Whole brain VBM analysis N=67 N=67 FEP>HC 

T score=-4.0 

 

p <.001 

uncorr 

N.A. 

 

Multiple regression VBM IQ  N=66 T score=9.3 

 

p <.0001** Cohen’s d= 2.07 

         N=58  T score=9.1 

 

p <.0001** Cohen’s d= 2.41 

 

Multiple regression VBM PANSS 

Multiple regression VBM PANSS-P 

 N=66 

 

N=66 

T score=32.5 

 

T score=40.3 

p=.001** 

 

p=.001** 

Cohen’s d= 6.86 

 

Cohen’s d = 9.85 

Structural covariance Salience Network seed PLS N=67 N=67 FEP>HC 

T score=-5.8 

p<.01* Cohen’s d= 0.98 

Structural covariance Salience Network correlation with 

PANSS 

 N=66  p = .03* Cohen’s d= =0.51

 

VBM, Voxel-based Morphometry 

N.A., not applicable 

IQ, Intelligence Quotient measured with Raven Matrices 

PANSS, Positive and Negative Syndrome Scale 

PANSS-P, Positive Syndrome sub-Scale 

PLS, Partial Least Square 
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Figures Legend 

Figure 1: Location of salience network seeds used in Partial Least Square seed-based 

analysis. Anterior Cingulate cortex is represented in red, MNI coordinates (mm): [x=±5, 

y=15, z=32]; Anterior Insula is represented in blue, MNI coordinates (mm): [x=±31, y=11, 

z=8]. Seeds were selected based on previous studies (DuPre & Spreng, 2017), more details in 

the Materials and Methods section. 

Figure 2. Structural covariance pattern of the salience network.  A. Volumetric orthogonal 

views of BootStrap Ratio in the significant Latent Variable (LV) extracted from salience 

network seed-based PLS analysis performed jointly in both groups (N=134). Spatial pattern 

of seed-based PLS performed in FEP patients (B, N=67, p= .04) and in HC (C, N=67, p= .01). 

D. BrainScore–seed correlation patterns for the significant LV showing significant differences 

between FEP and HC in all nodes besides right ACC. The bars represent the weight that the 

salience network seeds have (bilateral Anterior Cingulate cortex, ACC, and bilateral Anterior 

Insula, AI) describing the GM covariance pattern in the LV as a function of presence (FEP) or 

absence (HC) of pathology. Error bars are plotted as 95% bootstrapped confidence intervals 

(C.I.). Absence of overlap in C.I. shows reliable difference for any pair of correlations, 

whereas overlap with 0 represents a correlation not significantly different from 0. 

Figure 3. Correlation between psychotic symptoms severity and structural covariance 

pattern of the salience network 

 BrainScore correlation patterns with symptoms severity, measured by PANSS, for the 

significant latent variable in FEP group. The negative correlation shows (r=-.25, p=.03) how 
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the structural integrity of the SN is compromised in the presence of higher symptoms 

burden.  
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Family intervention staff: Flavia Aldi, Barbara Bianchi, Paola Cappellari, Raffaello Conti, Laura De Battisti, Ermanna Lazzarin, 

Silvia Merlin, Giuseppe Migliorini, Tecla Pozzan, Lucio Sarto, Stefania Visonà. 

Case management staff: Andrea Brazzoli, Antonella Campi, Roberta Carmagnani, Sabrina Giambelli, Annalisa Gianella, Lino 

Lunardi, Davide Madaghiele, Paola Maestrelli, Lidia Paiola, Elisa Posteri, Loretta Viola, Valentina Zamberlan, Marta Zenari. 

Staff for biological sample processing and support for brain imaging procedures: Sarah Tosato, Martina Zanoni, Giovanni 

Bonadonna, Mariacristina Bonomo. 

Research unit Eastern Veneto. 

Coordinator: Paolo Santonastaso (Padova). 

Leading administrative institution: University of Padova. 

Coordinating center: Carla Cremonese, Paolo Scocco, Angela Veronese. 

Participating MHCs: TAU Arm: Ulss 8 (Castelfranco), Ulss 9 (Treviso Nord; Oderzo), Ulss 10 (San Donà di Piave), Ulss 12 

(Venezia; Mestre sud), Ulss 13 (Dolo), Ulss 14 (Piove di Sacco), Ulss 15 (Cittadella), Ulss 16 (II° Servizio), Ulss 17 (Este; 
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Montagnana). Experimental Arm: Ulss 8 (Montebelluna; Valdobbiadene), Ulss 9 (Treviso; Mogliano Veneto), Ulss 10 

(PortogReserach Unitaro), Ulss 12 (Mestre Centro), Ulss 13 (Mirano), Ulss 14 (Chioggia I°; Cavarzere), Ulss 15 

(Camposanpiero), Ulss 16 (I° Srvizio; III° Servizio), Ulss 17 (Monselice; Conselve). 

MHC reference contacts: Patrizia Anderle, Andrea Angelozzi, Isabelle Amalric Gabriella Baron, Enrico Bruttomesso Fabio 

Candeago, Franco Castelli, Maria Chieco, Carla Cremonese, Enrico Di Costanzo, Mario Derossi, Michele Doriguzzi, Osvaldo 

Galvano, Marcello Lattanzi, Roberto Lezzi, Marisa Marcato, Alessandro Marcolin, Franco Marini, Manlio Matranga, Donato 

Scalabrin, Maria Zucchetto, Flavio Zadro. 

CBT staff: Giovanni Austoni, Maria Bianco, Francesca Bordino, Filippo Dario, Alessandro De Risio, Aldo Gatto, Simona 

Granà, Emanuele Favero, Anna Franceschini, Silvia Friederici, Vanna Marangon, Michela Pascolo, Luana Ramon, Paolo 

Scocco, Angela Veronese, Stefania Zambolin, Rossana Riolo. 

Family intervention staff: Antonella Buffon, Carla Cremonese, Elena Di Bortolo, Silvia Friederici, Stefania Fortin, Marisa 

Marcato, Francesco Matarrese, Simona Mogni, Novella Codemo, Alessio Russi, Alessandra Silvestro, Elena Turella, Paola 

Viel, Anna Dominoni. 

Case management staff: Lorenzo Andreose, Mario Boemio, Loretta Bressan, Arianna Cabbia, Elisabetta Canesso, Romina 

Cian, Claudia Dal Piccol, Maria Manuela Dalla Pasqua, Anna Di Prisco, Lorena Mantellato, Monica Luison, Sandra Morgante, 

Mirna Santi, Moreno Sacillotto, Mauro Scabbio, Patrizia Sponga, MLuisa Sguotto, Flavia Stach, MGrazia Vettorato, Giorgio 

Martinello, Francesca Dassiè, Stefano Marino, Linda Cibiniel, Ilenia Masetto, Marisa Marcato. 

Staff for biological sample processing and support for brain imaging procedures: Oscar Cabianca, Amalia Valente, Livio 

Caberlotto, Alberto Passoni, Patrizia Flumian, Luigino Daniel, Massimo Gion, Saverio Stanziale, Flora Alborino, Vladimiro 

Bortolozzo, Lucio Bacelle, Leonarda Bicciato, Daniela Basso, Filippo Navaglia, Fabio Manoni, Mauro Ercolin. 

Research unit Emilia. 

Coordinators: Giovanni Neri (Modena), Franco Giubilini (Parma). 

Leading administrative institution: Azienda ULSS, Parma. 

Coordinating center: Massimiliano Imbesi, Emanuela Leuci, Fausto Mazzi, Enrico Semrov. 

Participating MHCs: TAU Arm: Piacenza (Castel S.Giovanni), Parma (Parma Est; Sud Est; Valli Taro e Ceno), Reggio Emilia 

(CastelNovo nei Monti; Montecchio), Modena (Mirandola; Polo Ovest; Sassuolo; Pavullo). Experimental Arm: Piacenza 

(Piacenza; Fiorenzuola), Parma (Nord; Ovest; Fidenza), Reggio Emilia (Correggio; Guastalla; Reggio Emilia III; Reggio Emilia; 

Scandiano), Modena (Carpi; Polo Est; Vignola). 

MHC reference contacts: Silvio Anelli, Mario Amore, Laura Bigi, Welsch Britta, Giovanna Barazzoni Anna, Uobes Bonatti, 

Maria Borziani, Stefano Crosato, Isabella Fabris, Raffaele Galluccio, Margherita Galeotti, Mauro Gozzi, Vanna Greco, 

Emanuele Guagnini, Stefania Pagani, Silvio Maccherozzi, Raffaello Malvasi, Francesco Marchi, Ermanno Melato, Elena 

Mazzucchi, Franco Marzullo, Pietro Pellegrini, Nicoletta Petrolini, Paolo Volta. 

Jo
urn

al 
Pre-

pro
of



35 
 

CBT staff: Silvio Anelli, Franca Bonara, Elisabetta Brusamonti, Roberto Croci, Ivana Flamia, Francesca Fontana, Romina Losi, 

Fausto Mazzi, Roberto Marchioro, Stefania Pagani, Luigi Raffaini, Luca Ruju, Antonio Saginario, MGrazia Tondelli, Donatella 

Marrama. 

Family intervention staff: Lucia Bernardelli, Federica Bonacini, Annaluisa Florindo, Marina Merli, Patrizia Nappo, Lorena 

Sola, Ornella Tondelli, Matteo Tonna, MTeresa Torre, Morena Tosatti, Gloria Venturelli, Daria Zampolla. 

Case management staff: Antonia Bernardi, Cinzia Cavalli, Lorena Cigala, Cinzia Ciraudo, Antonia Di Bari, Lorena Ferri, 

Fabiana Gombi, Sonia Leurini, Elena Mandatelli, Stefano Maccaferri, Mara Oroboncoide, Barbara Pisa, Cristina Ricci. 

Staff for biological sample processing and support for brain imaging procedures: Enrica Poggi, Mara Oroboncoide, Corrado 

Zurlini, Monica Malpeli, Rossana Colla, Elvira Teodori, Luigi Vecchia, Rocco D'Andrea, Tommaso Trenti, Paola Paolini, Fausto 

Mazzi, Paolo Carpeggiani. 

Research unit Romagna: 

Coordinators: Francesca Pileggi (Bologna), Daniela Ghigi (Rimini). 

Leading administrative institution: Azienda ULSS, Rimini. 

Coordinating center: Mariateresa Gagliostro, Michela Pratelli, Paola Rucci. 

Participating MHCs: TAU Arm: Bologna (Zanolini; Scalo; Casalecchio; Vergato; San Giovanni), Ferrara (CSA Ferrara; SIPI 

Ferrara Sud; Codigoro; Portomaggiore), Ravenna (Ravenna; Fenza), Forlì (Forlì), Cesena (Cesena), Rimini (Riccione). 

Experimental Arm: Bologna (Mazzacorati; Tiarini, Nani; S. Lazzaro; Budrio; San Giorgio), Imola (UOT_Imola), Ferarra 

(Copparo; Ferrara Nord; Cento), Ravenna (Lugo), Cesena (Rubicone), Rimini (Rimini). 

MHC reference contacts: Antonio Antonelli, Luana Battistini, Francesca Bellini, Eva Bonini, Caterina Bruschi Rossella Capelli, 

Cinzia DiDomizio, Chiara Drei, Giuseppe Fucci, Alessandra Gualandi, Maria Rosaria Grazia, AnnaM. Losi, Federica Mazzanti 

Paola Mazzoni, Daniela Marangoni, Giuseppe Monna, Marco Morselli, Alessandro Oggioni, Silvio Oprandi, Walter Paganelli, 

Morena Passerini, Maria Piscitelli, Gregorio Reggiani, Gabriella Rossi, Federica Salvatori, Simona Trasforini, Carlo Uslenghi, 

Simona Veggetti>. 

CBT staff: Giovanna Bartolucci, Rosita Baruffa, Francesca Bellini, Raffaella Bertelli, Lidia Borghi, Patrizia Ciavarella, Cinzia 

DiDomizio, Giuseppe Monna, Alessandro Oggioni, Elisabetta Paltrinieri, Francesco Rizzardi, Piera Serra, Damiano Suzzi, 

Uslenghi Carlo, Maria Piscitelli. 

Family intervention staff: Paolo Arienti, Fabio Aureli, Rosita Avanzi, Vincenzo Callegari, Alessandra Corsino, Paolo Host, 

Rossella Michetti, Michela Pratelli,Francesco Rizzo, Paola Simoncelli, Elena Soldati, Eraldo Succi. 

Case management staff: Massimo Bertozzi, Elisa Canetti, Luca Cavicchioli, Elisa Ceccarelli, Stefano Cenni, Glenda Marzola, 

Vanessa Gallina, Carla Leoni, Andrea Olivieri, Elena Piccolo, Sabrina Ravagli, Rosaria Russo, Daniele Tedeschini. 

Staff for biological sample processing and support for brain imaging procedures: Marina Verenini, Walter Abram, Veronica 

Granata, Alessandro Curcio, Giovanni Guerra, Samuela Granini, Lara Natali, Enrica Montanari, Fulvia Pasi, Umbertina 
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Ventura, Stefania Valenti, Masi Francesca, Rossano Farneti, Paolo Ravagli, Romina Floris, Otello Maroncelli, Gianbattista 

Volpones, Donatella Casali. 

Research unit Firenze. 

Coordinator: Maurizio Miceli (Firenze). 

Leading administrative institution: Azienda Sanitaria di Firenze. 

Coordinating center: Maurizio Miceli. 

Participating MHCs: TAU Arm: MOM SMA 5; MOM SMA 8; MOM SMA 11; MOM SMA 12. Experimental Arm: MOM SMA 3; 

MOM SMA 7; MOM SMA 9; MOM SMA 10. 

MHC reference contacts: Andrea Bencini, Massimo Cellini, Luca De Biase, Leonardo Barbara, Liedl Charles, Maurizio Miceli, 

Cristina Pratesi, Andrea Tanini. 

CBT staff: Massimo Cellini, Maurizio Miceli, Riccardo Loparrino, Cristina Pratesi, Cinzia Ulivelli. 

Family intervention staff: Cristina Cussoto, Nico Dei, Enrico Fumanti, Manuela Pantani, Gregorio Zeloni. 

Case management staff: Rossella Bellini, Roberta Cellesi, Nadia Dorigo, Patrizia Gullì, Luisa Ialeggio, Maria Pisanu. 

Staff for biological sample processing and support for brain imaging procedures: Graziella Rinaldi, Angela Konze. 

Research unit Milano Niguarda. 

Coordinator: Angelo Cocchi (Milano). 

Leading administrative institution: Azienda Ospedaliera Ospedale Niguarda Ca’ Granda, Milano. 

Coordinating center: Anna Meneghelli. 

Participating MHCs: TAU Arm: corso Plebisciti; via Mario Bianco. Experimental Arm: via Cherasco e via Livigno; via Litta 

Modignani. 

MHC reference contacts: Maria Frova, Emiliano Monzani, Alberto Zanobio, Marina Malagoli, Roberto Pagani. 

CBT staff: Simona Barbera, Carla Morganti, Emiliano Monzani, Elisabetta Sarzi Amadè. 

Family intervention staff: Virginia Brambilla, Anita Montanari. 

Case management staff: Giori Caterina, Carmelo Lopez. 

Staff for biological sample processing and support for brain imaging procedures: Alessandro Marocchi, Andrea Moletta, 

Maurizio Sberna, M. Teresa Cascio. 

Research unit Milano S. Paolo. 

Coordinator: Silvio Scarone (Milano). 

Leading administrative institution: Azienda ULSS San Paolo, Milano. 

Coordinating center: Maria Laura Manzone. 

Participating MHCs: TAU Arm: CPS Zona 14 (Barabino). Experimental Arm: Rozzano; Zona 15 (Conca del Naviglio); Zona 16 

(San Vigilio). 
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MHC reference contacts: Barbera Barbara, Luisa Mari, Maria L. Manzone, Edoardo Razzini. 

CBT staff: Yvonne Bianchi, MRosa Pellizzer, Antonella Verdecchia. 

Family intervention staff: MGabriella Sferrazza, MLaura Manzone, Carmine Pismataro. 

Case management staff: Benedetta Cerrai, Alessandra Gambino, Rosa Panarello. 

Staff for biological sample processing and support for brain imaging procedures: Gian Vico Melzi D'Eril, Alessandra Barassi, 

Rosana Pacciolla, Gloria Faraci. 

Research unit: Bolzano. 

Coordinator: Stefano Torresani (Bolzano). 

Leading administrative institution: Azienda Sanitaria dell’Alto Adige- Suedtiroler Sanitaetbetrieb, Bolzano. 

Participating MHCs: TAU Arm: none. Experimental Arm: Bolzano Rosmini; Bolzano del Ronco. 

MHC reference contacts: Fabio Carpi, Margit Soelva. 

CBT staff: Monica Anderlan, Michele De Francesco, Efi Duregger, Stefano Torresani, Carla Vettori. 

Family intervention staff: Fabio Carpi, Sabrina Doimo, Erika Kompatscher, Margit Soelva, Stefano Torresani. 

Case management staff: Michael Forer, Helene Kerschbaumer. 

Staff for biological sample processing and support for brain imaging procedures: Anna Gamper, Maira Nicoletti. 

Psychotherapists supporting treatments in the experimental arm. 

Chiara Acerbi, Daniele Aquilino, Silvia Azzali, Luca Bensi, Sarah Bissoli, Davide Cappellari, Elisa Casana, Nadia Campagnola, 

Elisa Dal Corso, Elisabetta Di Micco, Erika Gobbi, Laura Ferri, Erika Gobbi, Laura Mairaghi, Sara Malak, Luca Mesiano, 

Federica Paterlini, Michela Perini, Elena Maria Puliti, Rosaria Rispoli, Elisabetta Rizzo, Chiara Sergenti, Manuela Soave.  

Experts supervising treatments in the experimental arm. 

Andrea Alpi, Laura Bislenghi, Tiziana Bolis, Francesca Colnaghi, Simona Fascendini, Silvia Grignani, Anna Meneghelli, 

Giovanni Patelli. 

Research units for specific topics. 

Research unit: Life events. 

Coordinator: Carlo Faravelli (Firenze). 

Coordinating center: Silvia Casale. 

Leading administrative institution: University of Firenze. 

Research unit: Communications skills. 

Coordinator: Christa Zimmermann (Verona). 

Coordinating center: Giuseppe Deledda, Claudia Goss, Mariangela Mazzi, Michela Rimondini. 

Leading administrative institution: University of Verona. 

Research unit: Genetics. 
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Coordinator: Massimo Gennarelli (Brescia). 

Coordinating center: Catia Scassellati, Cristian Bonvicini, Sara Longo. 

Leading administrative institution: IRCCS Centro S.Giovanni di Dio Fatebenefratelli, Brescia. 

Research unit: Neuropsycopharmacology. 

Coordinator: Luisella Bocchio Chiavetto (Brescia). 

Coordinating center: Roberta Zanardini. 

Leading administrative institution: IRCCS Centro S.Giovanni di Dio Fatebenefratelli, Brescia. 

Research unit: Molecular biology. 

Coordinator: Mariacarla Ventriglia (Roma). 

Coordinating center: Rosanna Squitti. 

Leading administrative institution: Department of Neuroscience, AFaR-Fatebenefratelli Hospital, Rome, Italy. 

Research unit: Lenitem. 

Coordinator: Giovanni Frisoni (Brescia). 

Coordinating center: Michela Pievani. 

Leading administrative institution: IRCCS Centro S.Giovanni di Dio Fatebenefratelli, Brescia. 

Research unit: Rubin. 

Coordinator: Matteo Balestrieri (Udine). 

Coordinating center: Paolo Brambilla, Cinzia Perlini, Veronica Marinelli, Marcella Bellani, Gianluca Rambaldelli, Alessandra 

Bertoldo, Manfredo Atzori, Fausto Mazzi, Paolo Carpeggiani, Alberto Beltramello, Franco Alessandrini, Francesca Pizzini, 

Giada Zoccatelli, Maurizio Sberna, Angela Konze. 

Leading administrative institution: DISM, University of Udine, Udine and DSPMC, University of Verona. 

Research unit: Stress. 

Coordinator: Pierluigi Politi (Pavia). 

Coordinating center: Enzo Emanuele, Natascia Brondino. 

Leading administrative institution: University of Pavia. 

Research unit: Neuroimmunologiy. 

Coordinator: Gianvito Martino (Milano). 

Coordinating center: Alessandra Bergami e Roberto Zarbo. 

Leading administrative institution: IRCCS S. Raffaele, Milano. 

Research unit: Animal models. 

Coordinator: Marco Andrea Riva. 
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Coordinating center: Fabio Fumagalli, Raffaella Molteni, Francesca Calabrese, Gianluigi Guidotti, Alessia Luoni, Flavia 

Macchi. 

Leading administrative institution: University of Milano. 

Independent evaluators and researchers supporting the onsite data collection. 

Stefania Artioli, Marco Baldetti, Milena Bizzocchi, Donatella Bolzon, Elisa Bonello, Giorgia Cacciari, Claudia Carraresi, 

MTeresa Cascio, Gabriele Caselli, Karin Furlato, Sara Garlassi, Alessandro Gavarini, Silvia Lunardi, Fabio Macchetti, 

Valentina Marteddu, Giorgia Plebiscita, Sara Poli, Stefano Totaro. 

International advisory board. 

PIANO: Paul Bebbington, Max Birchwood, Paola Dazzan, Elisabeth Kuipers, Graham Thornicroft. 

GUITAR: Carmine Pariante; CONTRABASS: Steve Lawrie, Carmine Pariante, Jair C. Soares. 

 
 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Highlights 

• Multivariate structural covariance analysis from structural MRI differentiates first-episode 

psychosis patients from matched healthy controls, standard univariate morphometry 

analysis does not. 

• In the structural gray matter nodes of the salience network, the structural covariance in 

psychosis and healthy controls show opposite patterns.  

• Coordinated variation of cortical gray matter of the salience network is related to early 

untreated psychosis and its clinical symptoms severity.  
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