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M.I.N.I. – The Mini International Neuropsychiatric Interview  

PANSS – Positive and Negative Symptoms Scale 

SN – Salience network 



Page 7 of 45 

 

Introduction 

In clinical practice, the boundaries between schizophrenic and depressive 

symptoms are often „blurred“, especially in the presence of negative symptoms 

and cognitive impairment in schizophrenia or psychotic phenomena in depressive 

disorder. This undermines the diagnostic process bound to the usage of specific 

criteria according to the available manuals, since in a significant amount of cases 

the symptoms of the two disorders overlap. Psychiatrists are the only medical 

professionals who do not routinely perform an objective examination of the organ 

they are treating. Clinical pharmacological treatment is often subjected to a “trial 

and error” principle, which can lead to unsatisfactory therapeutic outcomes, the 

development of therapeutic resistance, and a loss of confidence in the 

psychopharmacological approach to treatment. 

In order to objectify the diagnostic tools, it is necessary to validate them on 

the basis of central nervous system substrates, which can be identified by an in-

depth study of the brain processes as well as aberrant brain functions, which are 

assumed to cause behavioral disorders - for example, abnormal 

neurotransmission, impaired connectivity between brain nodes and networks, 

abnormal neurodevelopment, neurodegenerative changes occurring in the course 

of illness, etc. Additional knowledge can be gained by an in-depth understanding 

of the psychopharmacodynamic and psychopharmacokinetic mechanisms 

involved in the pathophysiology of psychiatric disorders. 

Neuroimaging methods such as quantitative structural imaging, voxel-based 

neuromorphometry, functional neuroimaging and spectroscopy via Magnetic 

Resonance Imaging (MRI) are pertinent tools for achieving this goal. Functional 

MRI (f-MRI) has the potential to be both diagnostically informative in terms of 

objectifying data on individual functional disorders in the central nervous system 

(CNS), and also through the approaches of contemporary translational 

neuroscience, to enhance clinical outcomes by transforming research data into 

relevant applied tools to be used in clinical practice. 
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The focus of contemporary psychiatry is on the translational approach in 

neuroscience and the search for objective biomarkers which can establish the 

hitherto deficient association with other medical disciplines employing evidence-

based methods. Imaging techniques in neuroscience provide an opportunity to 

detect disease-specific anatomical and functional brain aberrations, yielding 

available resources for non-invasive analysis with the required accuracy. By the 

simultaneous application of clinical assessment tools and functional 

neuroimaging techniques, it may be possible to acquire in-depth knowledge of 

structural and functional disturbances in the CNS as well as aberrations in the 

connectivity of separate brain regions. 

Motivated by the progress of neuroscience and the opportunities provided 

for non-invasive analysis via MRI methods, we developed an interdisciplinary 

study which aimed at a cross-validation of a psychometric instrument (PMI) for 

clinical assessment of psychotic and affective disorders, and it was conducted in 

three consecutive stages (Figure 1). where data was analysed as follows: 1) 

functional neuroimaging exploring the effective brain connectivity at rest; 2) task-

related brain activations associated with the application of the Paranoid-

Depressive Scale (PDS) of von Zerssen; and 3) implementation of a multivariate 

linear model (MLM) - artificial intelligence, which includes overlaying different 

image modalities, thus reflecting a prospect for providing an affordable evidence-

based method for assessment and monitoring of the therapeutic. 

 

Figure 1Design and stages of the study 
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Research aims and objectives  

Aim 

The aim of the present study is to validate through neuroimaging biomarkers 

a self-assessment scale in two clinical groups – paranoid (schizophrenia) and 

depressive (major depressive disorder or bipolar disorder) syndrome with to 

explore whether the differences in the brain activations during the task can be 

translated into or explained by disturbances in the brain connectivity at rest as 

well as to assess to what extent the combination of the different imaging 

modalities i.e., resting state and task related fMRI, along with structural MRI can 

contribute to the differentiation of these major psychiatric disorders by 

incorporating machine-learning approach through artificial intelligence. 

Objectives 

• To examine patients with paranoid syndrome (schizophrenia) and 

patients with depressive syndrome (bipolar disorder or major 

depressive disorder) by fMRI and simultaneously conduct the PDS 

self-assessment scale. 

• To compare quantitative neuromorphometric parameters in the two 

clinical groups. 

• To compare the BOLD activations during the implementation of the 

paradigm in the two clinical groups. 

• To search for a correlation between the PDS score and the strength of 

the BOLD signal in paranoid and depressive syndrome. 

• To compare the effective brain connectivity in and between 

predefined regions of interest that construct the Salience network 

(SN) and the Default mode network (DMN). 

• To apply a multivariate linear model by superimposing the different 

neuroimaging modalities (structural, resting-state fMRI and task-

related fMRI) and to determine the discriminant value of the method. 
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Materials and methods 

Participants  

The MRI research was conducted in the “Research Complex 

for Translational Neuroscience” of the Medical University – Plovdiv. At each 

stage of the study, two clinical groups of patients were examined - 1) adults 

meeting the DSM - IV TR criteria for major depressive disorder or bipolar 

disorder with a current moderate or severe depressive episode (DE), with an 

overall MADRS score ≥ 20 and 2) adults with paranoid syndrome, meeting the 

DSM - IV TR criteria for Schizophrenia (SCH), paranoid type, tested by PANSS, 

with a minimum of 3 points for P1 (delusions) and / or 3 points for P6 (sensitivity). 

The diagnoses were assessed on the basis of: 1) the admission diagnosis and 

the history of the disease (hospital and outpatient documentation); 2) interview 

with the patient's doctor; 3) Mini International Neuropsychiatric Interview for 

DSM-IV - M.I.N.I. 6.0.0.; 4) The Clinical Global Impression (CGI) rating scale; 

5) collateral information from the patient's relatives. The participants were 

referred to the “Research Complex for Translational Neuroscience” by various 

medical institutions and outpatient practices in the Republic of Bulgaria - 

Psychiatric Clinic of the University Hospital "St. Georgi”, Plovdiv; State 

Psychiatric Hospital Pazardzhik; State Psychiatric Hospital "St. Ivan Rilski”, etc. 

During the first stage of the study, effective brain connectivity was 

examined, with a sample of 58 individuals, 26 of whom with SCH and 32 with 

DE, in the context of unipolar - 14 subjects, or bipolar depression - 18 subjects. 

The second stage of the study examines task-related brain activations by 

submitting visual stimuli - the items form the PDS, the distribution of the sample 

is as follows: group SCH, psychotic episode with paranoid delusions - 25 patients 

and group DE - 26 individuals - in the context of unipolar - 10 individuals and 

bipolar depression - 16 individuals. The decrease in the number of participants is 

related to the inability of some of them to complete the task. 

In the last stage of the study, the same sample was reduced to 44 subjects, 

of which 19 with SCH and 25 with current DE, in the context of unipolar - 10 

individuals and bipolar depression - 15 individuals. The reduction of the sample 

is related to artifacts of some of the images obtained during the second stage of 

the study. 
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In accordance with the Helsinki Convention on Human Rights, all subjects 

were informed in advance of the objectives, tasks and procedure of the study and 

gave written informed consent to participate in the study. 

The study was approved by the Commission on Scientific Ethics at the 

Medical University - Plovdiv (ID: P-369 / 29.05.2015). The patients studied were 

recruited on the basis of whether they met the following inclusion and exclusion 

criteria: 

Inclusion criteria 

• age over 18 years and under 65 years; 

• current moderate or severe DE (MADRS ≥ 20); or paranoid syndrome in SCH 

(P1 ≥ 3 and / or P6 ≥ 3 according to PANSS); 

• given written informed consent to participate in the study 

Exclusion criteria 

• age under 18 years and over 65 years; 

• MRI-incompatible metal implants or body grafts (e.g. pacemaker); 

• inability to give informed consent to participate in the study due to 

misunderstanding of its meaning and nature - low educational qualifications, 

lack of reading or comprehension skills, etc.; 

• comorbid mental disorder (e.g. substance abuse, panic disorder, etc.); 

• severe decompensated somatic diseases or pregnancy; 

• traumatic brain injury with loss of consciousness. 
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Methods 

Clinical methods 

Each patient’s condition is initially assessed on the above-mentioned 

inclusion and exclusion criteria. The diagnosis was confirmed on the basis of the 

clinical assessment of the current complaints, objective status and on the basis of 

the Bulgarian translation of the short version of M.I.N.I 6.0. 

The severity of DE is further assessed using the MADRS scale, with a limit 

value selected for a total score of 20, above which depression is usually considered 

moderate (severe depression is considered above 35). The paranoid syndrome is 

further confirmed by the PANSS scale, which allows a detailed assessment of 

various positive, negative and general symptoms. A minimum score of 3 points is 

set for P1 (delusions) and / or P6 (sensitivity). Patients in the target groups who 

gave informed consent to participate in the study are further assessed through the 

CGI - Severity and Suicide Scale (CGI-S, CGI-SS). The patients who participated 

in the study have been taking medication for the last 14 days. 

Image Acquisition 

The participants were scanned on a 3T MRI system (GE Discovery 750w) 

with 3 different MRI sequences: high-resolution structural scan (Sag 3D T1 

FSPGR sequence), with slice thickness 1 mm, matrix 256 × 256, TR (relaxation 

time) 7.2 ms, TE (echo time) 2.3, and flip angle 12◦ ; and two functional scans 

(2D EPI sequence) while resting with eyes closed—slice thickness 3 mm, 36 

slices, matrix 64 × 64, TR, 2000 ms, TE, 30 ms, flip angle 90◦ , 192 volumes and 

during the task (see the following paragraph); and slice thickness 3 mm, matrix 

64 × 64, TR 2000 ms, TE 30 ms, and flip angle 90◦ , 256 volumes. The functional 

scan started with 5 dummy time series, which were automatically excluded. 

Specialized software - SPM version 12, installed on the MATLAB R2020 

platform for Windows - was used for the processing of the images by fMRI. 

Preprocessing of raw images includes the following procedures: 1) 

realignment - correction of discrepancies in the time series caused by the 

movements of the head in the reference image - average image of all time series 

2) coregistration - co-registration between high-resolution structural images and 

functional images 3) normalization - transformation of co-registered images to 

standard MNI space and 4) smoothing - with Gaussian kernel - 6x6x6mm to 

smooth out differences in functional anatomy and improve the signal-to-noise 

ratio. 
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Voxel-Based Morphometry  

The preprocessing of the T1 images encompassed, first, segmentation with 

the CAT 12 toolbox, including normalization to standardized MNI (Montreal 

Neurological Institute) space; and second, spatial smoothing with an 8 mm full-

width-at-half-maximum (FWHM) Gaussian kernel. In addition, the total 

intracranial volume (TIV) was calculated for each subject. In the next step, a 

general-linear model was defined with age, sex, and TIV as covariates. We then 

compared the grey-matter volumes of the two groups with a two-sample t-test. 

The statistical threshold was set to p < 0.05 FWE (Family Wise Error) corrected. 

Resting State Data Processing  

First-level resting-state analysis was conducted using a general linear model 

(GLM) applied to the time series. Nuisance covariates included the six rigid body 

motion parameters, average white matter, and cerebrospinal fluid signal time 

series. 

In two stages, predetermined regions of interest (ROI) are identified from 

areas with a radius of 6 mm, respectively the first time - five and the second time 

- eight ROI, taking into account their participation in important brain networks 

that are thought participate in impaired brain connectivity in schizophrenia and 

depression, namely the Salience network (SN) - e.g., anterior insula, anterior 

cingulum, etc. and Default mode network (DMN) - e.g. precuneus, angular gyrus, 

prefrontal cortex areas, etc. 

The ROIs are pre-selected with their MNI coordinates and presented in 

Tables 1 and 2.
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Table 1 Five regions of interest with their Montreal neurological institute coordinates 

Region of interest X Y Z Brodmann area 

DLPFC (Left) -28 46 26 46 

VLPFC–opercular part of the IFG (Left) -41 19 41 44 

dACC (Left) 0 32 26 24 

aI (Left) -36 14 -4 48 

Pc (Left) -10 -54 30 23 

DLPFC: Dorsolateral prefrontal cortex; VLPFC: Ventrolateral prefrontal cortex; IFG: Inferior frontal gyrus; 

dACC: Dorsal Anterior cingulate cortex; aI: Anterior insula; Pc: Precuneus; X, Y, Z: Montreal neurological 

institute coordinates 

 

Table 2 Eight regions of interest with their Montreal neurological institute coordinates 

Region of interest X Y Z Brodmann area 

precuneus (PreCu) – L -10 -64 24 23 

hippocampus (HPC) – L -24 -11 -18 35 

anterior insula (aI) – L -34 22 4 48 

angular gyrus (AngG) – L -26 -80 42 19 

orbitofrontal cortex (OFC) - L -40 27 -8 47 

planum temporale (PT) - L -54 -33 15 42 

thalamus (anterior nuclei) (Th) – L -6 -10 2 0 

Prefrontal cortex (PFC) – L -41 19 41 44 

MNI – Montreal neurological institute; X, Y, Z: Montreal neurological institute coordinates;  

 

Spectral dynamic causal modeling (spDCM) was performed with these 

regions of interest. We used a fully connected model where each node was 

connected to each other node. Further, the individual spDCM models were jointly 

estimated, using the Parametric Empirical Bayes (PEB) framework, implemented 

in SPM12. Finally, connectivity strengths (A-matrix) were extracted from the 

estimated spDCM models, and further statistical analysis in SPSS was performed. 

BOLD signal from some of the ROIs (OFC) was lacking in one patient 

which led to the exclusion of this dataset from further analysis

https://en.wikipedia.org/wiki/Brodmann_area
https://en.wikipedia.org/wiki/Brodmann_area
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Task-Related Functional Data Processing  

The paradigm was created using E-prime software (Psychology Software 

Tools, Inc., Pittsburgh, PA, USA) and consisted of 32 s blocks with three different 

active conditions and one 20 s block with the rest condition (fixation cross). The 

stimuli were presented using Nordic Neuro Lab Visual System. As it is described 

in detail in our previous work, we will here briefly summarize it. The active blocks 

represented four written statements of 8 s each taken from the von Zerssen’s 

Paranoid-depressive scale. There were Depression Specific (DS) blocks with the 

statements from the depression subscale (“I often feel simply miserable”, “I don’t 

have any feelings anymore”) and Paranoid-Specific (PS) blocks from the paranoia 

subscale (“Other people constantly follow and control me”). The Diagnostically 

Neutral (DN) blocks included statements from a questionnaire about general 

interests and likes (such as “I like to write books or plays”, “I like to repair 

household appliances”, etc.). (Figure 2). 

 

Figure 2 Task-related fMRI paradigm – the PDS  
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Four possible answers (“completely true”, “mostly true”, “somewhat true”, 

“not true”) and the respective four response buttons (upper left, lower left, lower 

right, upper right) were presented under each statement. The whole task 

incorporated four blocks of each type, alternating between the three active 

conditions, followed by the rest condition (DS__rest__DN__rest__PS__rest . . . 

). The participants were instructed to read the statements carefully and to respond 

with a button press according to their level of agreement. During the rest 

condition, they had to focus on the fixation cross without thinking of anything.   

Following the preprocessing, a first-level analysis was conducted using a 

general linear model (GLM) applied to the time series, convolved with a canonical 

hemodynamic response function. Covariates of no interest included the six rigid 

body motion correction parameters. Individual T-contrasts were defined for active 

vs. passive conditions. The contrast maps obtained from each comparison were 

included in a second-level random-effects analysis to test for differences between 

the two patient groups (schizophrenia > depression = SCH > D and depression > 

schizophrenia = D > SCH). The level of significance was set to p < 0.05 FWE 

corrected using an uncorrected cluster-forming threshold of p < 0.001. The effects 

of age and sex were controlled for as they were added as covariates of no interest 

in the design matrix. 

Multivariate Linear Model  

To identify the brain signatures which encompass most of the differences 

between the diagnoses and between the different mapping modalities, we used a 

multivariate method, namely the Multivariate Linear Model—MLM 

(https://github.com/LREN-CHUV/MLM). MLM is a data driven approach which 

has shown great potential for summarizing and capturing the components of 

individual differences across multiple areas. The method has wide applicability 

for statistical reference, predictive approach, and statistical mapping. We 

extended the MLM root method to a multi-level approach in order to capture 

multi-scale latent variables in hierarchically organized data. To adapt to our data 

sets and the corresponding assumptions, we have implemented a two-step 

procedure. In the first step, we performed an MLM analysis of each of the 

modalities with the constraints operationalized in an F-test for the differences 

between the two diagnostic groups. The procedure identified the optimal brain 

mapping signature (or eigen-image) discriminating between the two groups of 

diseases. The method also produced a subsystem load displaying the 

discriminative information but at a subject level. At the second step, we also 



Page 17 of 45 

 

performed an MLM analysis using the results (clean image and eigen-

components) from the first step. Thus, we attempted to find the optimal 

combination from the previous mapping which best explained the difference 

between the diagnostic groups, so that theoretically we could identify up to 3 of 

these components. 

Statistical analysis  

SPSS 22.0 for Windows was used for the statistical analysis of the 

demographic and clinical characteristics of the participants. Continuous variables 

were tested with Student’s t-test while categorical ones—with Chi-square test. 

The threshold for the level of significance was set to p < 0.05 for all tests. 

The following methods were used: 

• Descriptive analysis - in tabular form is presented the frequency 

distribution of the considered signs, broken down by groups of 

research; 

• Graphic analysis - to visualize the results; 

• Mann-Whiteney test - to compare quantitative values in two 

independent samples with a different distribution than normal; 

• Chi-square criterion and Fisher's exact test - to test hypotheses about 

the existence of a relationship between category variables. 

• Correlation analysis - to study the connections and the corresponding 

scores from the diagnostically-specific items of PDS among the 

residual activations in the contrasts for the groups. 



Page 18 of 45 

 

Results  

Demographic and Clinical Characteristics  

Demographic analysis of the sample in the study of effective connectivity at rest  

The initial sample included 58 individuals who did not differ significantly 

in their demographic and clinical characteristics at the level of syndrome 

(paranoid and DE), as well as subgroup (uni- / bipolar depression) in the sample 

of DE (Tables 3 and 4). 

 

Table 3 Demographic and clinical characteristics of аll participants 

 SCH patients (n = 26) Ds patients (n = 32) P value 

Age (mean ± SD) 39.2 ± 13.2 42.9 ± 11.7 0.4481 

Sex (M/F) 13/13 10/22 0.1152 

Education (years) 13.6 ± 3.1 13.5 ± 3.2 0.8711 

Age at onset (years) 25.8 ± 8 32.1 ± 11.8 0.0601 
Episode duration (weeks) 19.6 ± 28 13.7 ± 16.8 0.1591 
1Independent samples t-test; 2χ2—test, P < 0.05. SCH: Schizophrenia; Ds: Depressive syndrome; SD: Standard 

deviation; n: Number of patients. 

 

 

Table 4 Demographic and clinical characteristics of the two depressive syndrome subgroups 

 MDD patients (n = 14) BD patients (n = 18) P value 

Age (mean ± SD) 42.4 ± 12 43.3 ± 11.8 0.2861 

Sex (M/F) 5/9 5/13 0.7122 

Education (years ± SD) 14.6 ± 3.8 12.8 ± 2.6 0.1971 

Age at onset (years) 30 ± 12 31.5 ± 12 0.7341 

Episode duration (weeks) 8.8 ± 9.3 17 ± 20 0.1971 

1Independent samples t-test; 2χ2—test, P < 0.05. MDD: Major depressive disorder; BD: Bipolar disorder; SD: 

Standard deviation; n: Number of patients. 

 

Demographic analysis of the sample in the study of the task-related activations  

 The sample of patients studied at this stage of the study included 51 

individuals. The two clinical groups did not differ significantly in age, education 

and gender. 

The two subgroups of the sample with DE (uni- and bipolar depression) also 

do not show significant deviations in demographic and clinical aspects. The 

clinical characteristics between the two study groups (SCH and DE) are presented 

in Table 5, and between the two DE subgroups (uni- / bipolar depression) are 

presented in Table 6. 
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Table 5 Demographic and clinical characteristics of all participants 

 
Schizophrenia 
Patients (n = 25)  

Depressed 
Patients (n = 26) 

Statistical 
Significance 

Age (mean ± SD) 38.8 ± 13.5 41 ± 11.4 0.434 a 

Sex (M/F) 13/12 9/17 0.210 b 

Education (years) 13.4 ± 3 13.6 ± 3.3 0.567 a 

Age at onset (years) 26 ± 9.2 29.6 ± 10.3 0.173 a 

Illness duration (months)  150 ± 115 139 ± 92 0.885 a 

SD—Standard Deviation, a Independent samples t-test, b χ2—test,  p < 0.05. 
 

 
Table 6 Demographic and clinical characteristics of the two depression subgroups 

 
MDD Patients (n 
= 10)  

BD Patients 
(n = 16)  

Statistical 
Significance  

Age (mean ± SD) 37.5 ± 9.9 43.1 ± 12.1 0.286 a 

Sex (M/F) 4/6 5/11 0.648 b 

Education (years ± SD) 16 ± 3.7 12.6 ± 2.6 0.113 a 

MADRS score (mean ± SD) 27.4 ± 4.7 30.4 ± 6.7 0.357 a 

Age at onset (years) 27.2 ± 6.4 31 ± 12 0.522 a 

SD—Standard Deviation, a Independent samples t-test, b χ2—test, MADRS—Montgomery–Åsberg Depression Rating Scale,  p < 0.05, N—number of 

patients, MDD—major depressive disorder, BD—bipolar disorder 

 

Demographic analysis of the sample in the MLM 

The sample of patients studied in the last stage of the study included 44 

individuals who did not differ significantly in their demographic and clinical 

characteristics at the level of syndrome (paranoid and DE),  

The statistics are presented in Tables 7. 

Table 7 Demographic and clinical characteristics of the participants 

 Schizophrenia 

patients (n=19)  

Depressed 

patients 

(n=25) 

Statistical 

significance  

Age (mean ± SD) 39.3 ± 14.8 44.2 ± 12.1 0.231a 

Sex (M/F) 9/10  9/16 0.542b 

Education (years) 13.5 ± 2.8 14.1 ± 3.5 0.548a 

Age at onset (years) 27.1 ± 9.1 33.8 ± 12.4 0.139a 

Illness duration (months)  142.8 ± 121.6 121.8 ± 84.5 0.505a 

SD – Standard Deviation, a Independent samples t-test, b  χ2 - test, * p<0.05. 



Page 20 of 45 

 

Magnetic resonance imaging  

Voxel-Based Morphometry Analysis  

The gray matter volumes of the two patient groups failed to demonstrate 

any significant differences when the effects of age, sex, and TIV were accounted 

for and a stringent statistical threshold of p < 0.05 after FWE correction was 

applied. 

Resting-state effective connectivity  

Results from five regions of interest  

Effective connectivity in DE 

The coupling connectivity strengths that significantly differed from zero in 

the group of patients with DE are presented in Table 8 and Figure 3. There were 

15 significant both inhibitory and excitatory connections mainly engaging the 

prefrontal and parietal regions. 

 

Table 8 Connections significantly different from zero in the DE group (5 ROI) 

Connections Mean P value 

dACC→DLPFC 0.146 0.029a 

Pc→DLPFC -0.239 0.002b 

VLPFC⸧ -0.185 0.002b 

dACC→VLPFC 0.180 0c 
aI→VLPFC  -0.250 0.002b 

Pc→VLPFC -0.177 0.007b 

DLPFC→dACC 0.212 0.004b 
VLPFC→dACC -0.181 0.02a 

dACC⸧ -0.160 0.007b 

Pc→dACC -0.228 0.006b 
aI⸧ -0.216 0.003b 

DLPFC→Pc 0.090 0.047a 

VLPFC→Pc 0.133 0.029a 

dACC→Pc 0.090 0.049a 
aI→Pc -0.284 0c 

aP < 0.05; bP < 0.01; cP < 0.001. ⸧: Self-inhibitory connection; DLPFC: Dorsolateral prefrontal cortex; VLPFC: 

Ventrolateral prefrontal cortex; IFG: Inferior frontal gyrus; dACC: Dorsal Anterior cingulate cortex; aI: Anterior 

insula; Pc: Precuneus
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Figure 3 Connections significantly different from zero (P < 0.05) in the Ds group 

Red arrow: Inhibitory influence; green arrow: Excitatory influence; DLPFC: Dorsolateral prefrontal 

cortex; VLPFC: Ventrolateral prefrontal cortex; dorsal ACC: Dorsal anterior cingulate cortex. 

 

Effective connectivity in SCH 

The results from the one-sample t-test in the SCH group yielded 7 

connections that were significantly different from zero. These connections were 

presented mostly by SN regions and the Pc, as well as self-inhibition of the dorsal 

anterior cingulate cortex (dACC). The Ventro-Lateral Prefrontal Cortex (VLPFC) 

did not present in any of the significant connections. A detailed description of the 

results is given in Table 9 and Figure 4. 

Table 9 Connections significantly different from zero in the SCH group (5 ROIs) 

Connections Mean P value 

dACC→DLPFC 0.172 0.004b 

Pc→DLPFC -0.384 0.001b 

dACC⸧ -0.189 0.009b 
aI→dACC  -0.303 0.013a 

Pc→dACC -0.366 0.001b 

DLPFC→aI 0.110 0.039a 

dACC→aI 0.126 0.026a 
aP < 0.05; bP < 0.01; cP < 0.001. ⸧: Self inhibitory connection; DLPFC: Dorsolateral prefrontal cortex; VLPFC: 

Ventrolateral prefrontal cortex; dACC: Dorsal Anterior cingulate cortex; aI: Anterior insula; Pc: Precuneus.
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Figure 4 Connections significantly different from zero (P < 0.05) in the SCH group. 

Red arrow: Inhibitory influence; green arrow: Excitatory influence; DLPFC: Dorsolateral 

prefrontal cortex; VLPFC: Ventrolateral prefrontal cortex; dorsal ACC: Dorsal anterior 

cingulate cortex. 

 

Comparison of the effective connectivity between schizophrenia and depression 

 

To explore the differences between the two groups, independent samples t-

tests comparing the mean connectivity strengths were performed. The coupling 

strengths of the connection from the Pc to VLPFC and from the aI to the Pc, both 

inhibitory connections were present in the DE group but absent in the SCH group. 

In the SCH patients, a significant excitatory connection from the dACC to aI was 

present which was absent in the DE study group (Figure 5).  

The findings of this study suggest that physicians treating patients with SCH 

and DE should communicate with their patients that their illness is characterized 

by alterations in brain connectome data, which in part may explain their 

symptoms. 
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Figure 5 Connections significantly different from zero (P < 0.05) between the two groups. 

Red arrow: Inhibitory influence; green arrow: Excitatory influence; DLPFC: Dorsolateral prefrontal 

cortex; VLPFC: Ventrolateral prefrontal cortex; dACC: Dorsal Anterior cingulate cortex; aI: Anterior 

insula; Pc: Precuneus. 

 

 

Results from eight regions of interest  

Effective connectivity in DE 

The connections that were identified in the DEP group involved primarily 

the anterior insula, orbitofrontal cortex, and hippocampus. The self-inhibitory 

connections were significantly different from zero for the above-mentioned three 

regions, the middle frontal gyrus, and the angular gyrus as well. The coupling 

strengths are detailed in Table 10 and Figure 6. 
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Table 10 Connections significantly different from zero in the DE group (8 ROIs) 

Connections Mean SD a Significance 

HPC ⸧ −0.145 0.270 0.011 

PreCu → AI −0.200 0.300 0.002 

HPC → AI −0.198 0.292 0.002 
AI ⸧ −0.207 0.236 0.000 ** 

AngG⸧ −0.161 0.310 0.014 

HPC → OFC −0.173 0.289 0.005 
AI → OFC 0.202 0.400 0.016 

OFC⸧ −0.140 0.241 0.007 

AI → PlT 0.208 0.311 0.002 

PlT⸧ −0.154 0.204 0.001 
HPC → MFG −0.255 0.357 0.001 

MFG ⸧ −0.186 0.209 0.000 ** 

SD—Standard Deviation, a One sample t-test p < 0.05, ** p < 0.001, ⸧—self-inhibitory connection, PreCu—

precuneus, HPC—hippocampus, AI—anterior insula, AngG—angular gyrus, OFC—orbitofrontal cortex, PlT—
planum temporale, Th—thalamus, MFG—middle frontal gyrus. 
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Figure 6 Connections significantly different from zero (P < 0.05) in the Ds group. 

Red arrow: Inhibitory influence; green arrow: Excitatory influence 

PreCu—precuneus, HPC—hippocampus, AI—anterior insula, AngG—angular gyrus, OFC—orbitofrontal 

cortex, PT—planum temporale, Th—thalamus, PFC – prefrontal cortex 
 

 

Effective connectivity in SCH 

In the SCH group, the connections that were found to be significantly 

different from zero included mainly the angular gyrus, anterior insula, and planum 

temporale. Significant self-inhibitory connections presented the following nodes: 

precuneus, angular gyrus, planum temporale, and thalamus. These results are 

given in detail in Table 11 and Figure 7. 
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Table 11 Connections significantly different from zero in the SCH group (8 ROIs). 

Connections Mean SD a Significance 

PreCu ⸧ −0.156 0.263 0.008 

AI ⸧ −0.108 0.207 0.017 
MFG → AI −0.112 0.257 0.043 

AngG⸧ −0.161 0.300 0.015 

Th → AngG −0.199 0.337 0.011 
AI → OFC 0.169 0.256 0.004 

AngG → PlT 0.120 0.265 0.037 

PlT⸧ −0.214 0.230 0.000 ** 
PlT → Th −0.156 0.324 0.035 

Th ⸧ −0.258 0.328 0.000 ** 

SD—Standard Deviation, a One sample t-test p < 0.05, ** p < 0.001, ⸧—self-inhibitory connection, PreCu—

precuneus, HPC—hippocampus, AI—anterior insula, AngG—angular gyrus, OFC—orbitofrontal cortex, PlT—
planum temporale, Th—thalamus, MFG—middle frontal gyrus. 

. 

 

 

 

Figure 7 Connections significantly different from zero (P < 0.05) in the schizophrenia group. 

Red arrow: Inhibitory influence; green arrow: Excitatory influence; 

PreCu—precuneus, HPC—hippocampus, AI—anterior insula, AngG—angular gyrus, OFC—orbitofrontal 

cortex, PT—planum temporale, Th—thalamus, PFC – prefrontal cortex 

 



Page 27 of 45 

 

 

Comparison of the effective connectivity between schizophrenia and depression 

In order to explore the differences between the two groups, independent 

samples t-tests comparing the mean connectivity strengths were performed. The 

coupling strengths of the connection from the middle frontal gyrus to the anterior 

insula demonstrated significant difference between the two groups (p = 0.041), 

inhibition of the prefrontal cortex to the anterior insula is observed, whereas in 

patients with DE this association does not demonstrate a level of significance. The 

result obtained is presented in Figure 8. 
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Figure 8 Connections significantly different from zero between 8 ROIs between the two groups: 

Red arrow: Inhibitory influence. 
PreCu—precuneus, HPC—hippocampus, AI—anterior insula, AngG—angular gyrus, OFC—orbitofrontal 

cortex, PT—planum temporale, Th—thalamus, PFC – prefrontal cortex. 

 

 

Task-related fMRI results  

The comparison between the schizophrenia and the depression group 

(schizophrenia > depression) using a t-test on the contrasts between the DP and 

the PS blocks resulted in two significant clusters of activations on both cluster and 

peak level. The first one was localized in the left precuneus extending to the left 

posterior cingulate gyrus with a cluster size of 376 voxels and a level of 

significance p = 0.034, peak MNI coordinates [−12, −60, 30]. The second cluster, 

with a size of 72 voxels, encompassed regions of the right superior parietal lobule, 

and right angular gyrus, p = 0.023, peak MNI coordinates [30, −50, 36]. An 

illustration of these results is given in Table 12 and Figure . The opposite 

comparison (depression > schizophrenia) did not yield any significant clusters. 
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Table 12 Correlation between paranoid-specific items in the contrast PS>DS in the comparison  SCH>DE 

ROI 
X Y Z 

Brodman’s 
area 

Voxels 
Р 
(FDR-corrected) 

Pc – PCC – L -12 -60 30 23 376 0.034 

SPL – AG – R 30 -50 36 40 72 0.023 

FDR – False Discovery Rate; X, Y, Z – MNI coordinates; MNI – Montreal Neurological Institute; Pc – 

precuneus; PCC – posterior cingulate cortex; SPL – superior parietal lobule; AG – angular gyrus; L – left; 

R – right; Р<0.05. 

 

 

(A)—left precuneus; (B)—right posterior parietal lobule 

Figure 9 Clusters of activations significantly higher in schizophrenia 
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Multivariate linear model results 

To adapt to our data sets and the corresponding assumptions, we have 

implemented a two-step procedure. In the first step, we performed an MLM 

analysis of each of the modalities with the constraints operationalized in an F-test 

for the differences between the two diagnostic groups. The procedure identified 

the optimal brain mapping signature (or eigen-image) discriminating between the 

two groups of diseases. The method also produced a subsystem load displaying 

the discriminative information but at a subject level. 

At the second step, we also performed an MLM analysis using the results 

(clean image and eigen-components) from the first step. Thus, we attempted to 

find the optimal combination from the previous mapping which best explained the 

difference between the diagnostic groups, so that theoretically we could identify 

up to 3 of these components (Figure 10). 
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Figure 10 Schematic representation of the multimodal MLM approach. 

Multi-modal MLM takes place in two stages. First, separate MLMs are done for each modality. Each MLM 

analysis will identify the eigen-image (brain signature) and the corresponding subjects' scores that best explain 

the differences between the two groups. In the second step, we use MLM and the eigen-images (or the scores) 
from the previous stage to identify the best combinations of the modality-specific signatures and the 

corresponding combined brain signatures. 
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Modality Specific MLM 

MLM was applied separately to the data from all three modalities combined 

with a similar model that included a covariate for patient groups and adjustment 

covariates (age, sex, IVR) (Figure 11). 

 
Figure 11MLM components and subjects score for each of the modality. 

The first subjects, to the left (x-axis=N of subjects) correspond to the schizophrenia group and the rest to the 
depression group. The blue curve corresponds to the calculated components and the red one to its projections in 

the space defined by the condition of interest, i.e., the differences between the two diagnostic groups. Figure 11.a 

shows the specific components identified using the resting state fMRI data. Figure 2.b shows the eigen-components 
which best summarize the fMRI task-related data. Figure 11.c shows the specific components for the anatomical 

differences between the two patient groups.
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MLM Analyses across the Modalities 

We found that all eigenvalues were not null for the 3 components, which 

means they are all informative. The variance explaining the difference between 

the diagnostic groups by each component was respectively (35%, 33% and 32%). 

Figure 12 shows the optimal contribution to each of these components. 

The first component shows an equal contribution of the 3 modalities. Figure. 

12Bb) shows the contribution (positive or negative) of the voxels to the mapping 

which corresponds to the first component. 

The second component shows a difference between the idle state and the 

functional data related to the task. The contribution of the structural anatomy is 

low. Figure 12C shows the mapping corresponding to the third component, which 

is characterized by a larger contribution of the structural modality. 

 

 

Figure 12 Second stage MLM analysis across modalities: 

The top figure (A) represents bar plots for the three components (1,2,3) with the contribution of each modality 

(resting state fMRI - blue, task fMRI - red, structural MRI - yellow). For the first component, the contribution is 
almost equal for all the modalities. The second bar plot, shows that that the second component is driven by the 

functional modalities. The last bar plot, shows that the largest contribution in the third component is from the 

anatomical brain signature. B, C and D are the corresponding eigen-images calculated by MLM projected on a 

3D surface. The voxel values in the eigen-images represent the correlation of the value across all subjects at that 
voxel with the identified principal components. 
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The eigen-images above were automatically parcellated into 114 gray 

matter regions based on Neuromorphometrics atlas (containing cortical and 

subcortical structures) using the SPM atlas function (spm_atlas in SPM12). To 

identify which regions were contributing the most to the combined brain signature 

across modalities, we calculated the average of the voxel's projections from the 

maps in figure 12 (A, B, C and D) for all regions of the Neuromorphometric atlas. 

The results are shown in the Figures 13, 14 and 15 for the first, second and third 

component respectively. 

 

 

Figure 13 First component 

The bars plot shows the average contribution for the first component/ Eigenimage computed at the regional level 

using the Neuromorphometric atlas. The higher the value, the higher the contribution positively or negatively. 
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Figure 14 Second component 

The bars plot shows the average contribution for the Secondcomponent/ Eigenimage computed at the regional 

level using the Neuromorphometric atlas. The higher the value the higher the contribution positively or negatively 
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Figure 15 Third component 

The bars plot shows the average contribution for the third component/Eigenimage computed at the regional level 

using the Neuromorphometric atlas. The higher the value the higher the contribution positively or negatively. 
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Disscusion 

The results of the current study in patients with DE and SCH can be 

summarized as follows: 

1) There are no significant structural differences between the two groups of 

patients in terms of gray matter volume when comparing the whole brain, 

voxel by voxel; 

2) The SCH group demonstrates significantly stronger activations during the 

processing of paranoid-specific items from the PDS, in contrast to 

depressive-specific items, in the following significant zones: 

a. left precuneus, left posterior cingulate cortex; 

b. right superior parietal cortex and angular gyrus 

3) Abnormal effective connectivity is observed in the SCH group: 

a. inhibitory influence from the prefrontal cortex to the anterior insula and 

b. excitatory connection from anterior cingulum to anterior insula: 

4) Abnormal inhibitory connectivity was observed in the DE group: 

a. from anterior insula to precuneus and 

b. from the precuneus to the prefrontal cortex: 

5) The main highlight of the MLM study demonstrates the differential 

contribution of the various MRI modalities as combined in principal 

components (PC) to brain signatures with high capacity for discrimination 

of the two diagnostic entities studied (schizophrenia and depression). In 

PC1 the three modalities have convergent cross-validation, i.e., explanatory 

power of structural, resting state and functional MRI which remain in one 

and the same direction and encompass mainly dopaminergic and 

noradrenergic pathways with nodes in the Default Mode Network (DMN). 

PC 2 is composed of divergent cross-validation of resting state and task-

related functional MRI, which means that the direction of the explanatory 

power of the structural and functional measures is exactly the opposite. This 

PC includes the effort-mode network and subcortical areas with mainly 

glutamate / GABA-ergic neurotransmission. The PC3 is driven by MRI 

signal in the structural MRI and covers temporal and occipital areas. 
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With the results obtained, we are able to provide evidence that despite the 

clinical overlap of symptoms, there are objective neuroimaging markers that can 

fundamentally distinguish schizophrenia from mood disorders. 

 

Discussion of the results for schizophrenia  

Our a priori hypothesis that there are fundamental aberrations in the 

connectivity of the Salience network in schizophrenia, which prevents switching 

between anti-correlation networks, thus interfering with the execution of their 

main functions, is confirmed by the present study. We believe that our findings 

could enhance the knowledge both on the biological understanding of the etiology 

of schizophrenia and the improvement of the therapeutic approach. 

The result of the task-related analysis (residual activations in the precuneus, 

posterior cingulate cortex, and angular gyrus) demonstrates the involvement of 

brain networks such as DMN and SN, along with abnormal interactions between 

them in the etiopathogenesis of schizophrenia. 

The observed aberrant salience during resting-state in schizophrenia may 

explain psychotic symptoms, where hallucinations are due to flawed salient 

recognition of intrinsically generated indifferent stimuli and delusions are a 

secondary cognitive phenomenon through which the patient, by a causal 

mechanism, creates erroneous mental interpretations of these salient perceptions. 

The inclusion of the concept of "proximal salience" draws attention to insular 

dysfunction in the formation of complex schizophrenic symptoms, such as speech, 

mental and behavioral disorganization, which facilitates a better understanding of  

the role of the Salience network in the etiology of persistent and chronic 

psychosis. 
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The abnormal hyperconnectivity of the Salience network and frontal-insular 

inhibition at rest inhibits the function of the insula as a dynamic switch. This 

disturbance may also explain the inability of DMN components to both activate 

at rest and deactivate during a cognitive load. The fundamental disruption of SN 

in SCZ prevents switching between the anti-correlated DMN and CEN, thus 

interfering with their core functions (Figure 16). 

 

 

 

 

Figure 16 Finding in schizophrenia 

Resting-state aberrant connectivity and task-related abnormal activations that are observed in schizophrenic 

patients. AG—Angular gyrus; mPFC—Medial prefrontal cortex; PCC—Posterior cingulate cortex; AI—Anterior 

insula; ACC—Anterior cingulate cortex; DLPFC—Dorsolateral prefrontal cortex; PPC—Posterior parietal cortex 

 

 

The results of the current study are directive towards some interesting and 

novel therapeutic applications associated with the capacity to modulate the 

Salience network and thus restore Default mode network dysfunction.  
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For example, repetitive transcranial magnetic stimulation (rTMS) and direct 

current stimulation (tDCS) are contemporary and advanced therapeutic methods 

that have the ability to modulate the network plasticity of the brain. However, the 

anterior insula is inaccessible for stimulation due to its localization outside the 

scope of these methods. The results of the current study suggest that the anterior 

insular function could be indirectly modulated, nonetheless, through the identified 

abnormal fronto-insular connectivity by directing the impulse to the prefrontal 

cortex, the location of which makes the insula accessible for stimulation. The 

comprehensive approach to the management of Salience network aberrant 

connectivity observed in patients with schizophrenia should further include a 

combination of psychopharmacological treatment to restore cerebral dysplasia, 

and targeted neuromodulation, which may exert a therapeutic effect through a 

reorganization in the brain networks. 

We visualize a future in which translational neuroscience will eventually 

integrate psychopathology, psychopharmacology, instrumental methods, and 

even neurosurgical techniques with the capacity to regenerate the fundamental 

imbalance via the modulation of abnormal brain connectivity in people with 

schizophrenia. 

 

Discussion of the results for depression 

The observed inhibitory connection from the precuneus to the prefrontal 

cortex in patients with MDD may explain the increased tendency to a negative 

interpretation of inner thoughts, as the precuneus plays an important role in the 

integration of thought processing through its involvement in cognitive control 

functions, including visual processing, episodic memory and self-directed 

processes. 

The inhibitory connection from DMN (precuneus) to the prefrontal cortex 

(inferior frontal gyrus) may explain the therapeutic efficacy of ketamine, which is 

considered one of the most effective drugs known to date for the treatment of 

suicidal and self-injurious behavior. Ketamine is known to have an effect on the 

inferior frontal gyrus, namely the opercular part (which was studied in the present 

study - Broadman field 44).Analyzing our findings for patients in a depressive 

episode, we suggest that future research should focus more indepth on the 

exploration of impaired effective connectivity between important brain regions, 

most notably the prefrontal cortex and the precuneus.  
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We believe that our findings may facilitate the integration of a therapeutic 

method the implementation of which includes combining a 

psychopharmacological approach by using ketamine, which is known to modulate 

the function of the lateral prefrontal cortex, together with a biomedical 

instrumental method - rTMS, targeting the precuneus. Such a translational 

therapeutic approach may lead to a lasting improvement in the condition, 

prolonging the short-term effect of ketamine, and ultimately optimizing the 

prognosis of the disorder. 

Discussion of the MLM results 

The first brain signature reflects an equivalent load of the three image 

modalities. The regions with the highest discriminating value are: planum polare, 

the opercular part of the inferior frontal gyrus, insular cortex, frontal cortex and 

nucleus accumbens (bilaterally), etc. OC-1 infolds mainly dopaminergic and 

noradrenergic pathways along with DMN nodes. This finding supports the 

"dopamine hypothesis" for schizophrenia. 

The functional modalities of MRI form the second brain signature, 

including nodes with mainly fronto-temporo-parietal spatial distribution - inferior 

and middle frontal gyrus, inferior parietal lobule, inferior temporal gyrus and 

others. Functional disruptions in these areas are thought to lead to cognitive 

impairment found in mental disorders of the schizophrenic spectrum. 

The third OC demonstrates inverse loads on structural and functional 

modalities and indicates the possibility of a right lateralization of the ventral 

attention network involved in 'salience detection'. 

The present study determined that utilizing a multivariate linear model of 

data processing (artificial intelligence) applied to various imaging modalities, 

including structural and functional, task-related and resting-state MRI in patients 

with schizophrenia and depression can identify significant brain signatures with 

high discriminatory value between psychotic and affective mental disorders. 
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Conclusion 

In conclusion, we can say that the results of our study support the 

translational cross-validation of the clinical paranoid-depressive self-assessment 

scale of von Zerssen's applied simultaneously with fMRI, where the paradigm 

blocks include contrasting elements of the clinical scale. At this stage we can 

confirm the specificity of the method (differentiation between different 

psychopathological units - in the case of the current study - the paranoid syndrome 

in schizophrenia versus the depressive syndrome in mood disorders). 

Even though our data corresponds to findings of impaired brain connectivity 

in schizophrenia from previous studies, such a model requires additional testing 

with a larger sample of patients studied by various imaging methods. 

In addition, the interdisciplinary translational approach in neuroscience can 

be applied via combining different scientific disciplines such as 

psychopharmacology, psychopathology and functional neuroimaging. 

An appropriate tool may be the Pharmacological Functional MRI, which 

could provide additional information on the complex mechanisms of interactions 

between key brain networks by studying the distribution of different molecules in 

and between the nodes that make up the Salience network, Default mode network 

and Central executive network.
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Findings 

1. Simultaneous application of the von Zerssen's Paranoid-depressive scale and 

fMRI is feasible in two clinical groups - schizophrenia and depression - and 

gives statistically significant results. 

2. The comparison between the two groups gives significantly more active zones 

in the sample of patients with schizophrenia in the processing of paranoid-

specific items in brain areas that are part of the Default mode network, 

including posterior cingulate gyrus, precuneus and angular gyrus. 

3. The specificity of the method is confirmed (its ability to distinguish between 

different psychopathological units - paranoid syndrome in schizophrenia 

versus depressive syndrome in mood disorders). 

4. The sample of patients with schizophrenia demonstrates fundamental effective 

connectivity abberations at rest in the Salience network - inhibitory connection 

from the prefrontal to the insular cortex and excitatory connection from the 

dorsal part of the anterior cingulum to the anterior insula, supporting the 

concepts of "aberrant salience" and "proximal salience" in the etiopathogenesis 

of schizophrenia. 

5. Dysconnectivity of the Salience network prevents the insula from acting as a 

dynamic switch between the Default mode network and the Central executive 

network, which explains the inability of the Default mode network 

components to both activate at rest and to deactivated during cognitive load in 

patients with schizophrenia. 

6. The sample of patients in a depressive episode demonstrates abnormal 

inhibitory connections at rest between the nodes of the Default mode network 

and the Salience network with the prefrontal cortex (Central executive 

network). 

7. The implementation of an unsupervised machine-learning approach (artificial 

intelligence) applied to multimodal datasets, including structural and functional 

(task-related and resting-state) MRI in patients with schizophrenia and 

depression, identifies high-discriminatory brain signatures, which distinguish 

the two disease units and can be used for prognosis in high-risk individuals. 
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Contributions  

Original 

• Biological validation of a psychometric instrument (von Zerssen's PDS) 

through functional neuroimaging biomarkers, which can distinguish 

individual disease units (schizophrenia and depression) at the syndrome 

level (paranoid and depressive syndrome). 

• Identification of schizophrenia-specific abnormalities in insular 

connectivity and proving abnormal hyperconnectivity in the Salience 

network via resting-state fMRI. 

• Implementation of an unsupervised machine-learning method (artificial 

intelligence) for complex neuroimaging analysis, combining different 

image modalities with high discriminatory ability between schizophrenia 

and depression. 

 

Confirmatory  

• Providing experimental evidence in support of the theory of translational 

cross-validation of a clinical scale that has biological validity and can be 

incorporated into clinical practice. 

 

Applied scientific 

• The translationally cross-validated self-assessment scale can be used as a 

tool for screening high-risk individuals; method for primary assessment of 

patients with psychotic and mood disorders and approach for monitoring 

the effect of psychopharmacological treatment. 
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