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Abbreviations used

Table 1.
ACC Anterior cingulate cortex
Al Anterior insula
ANOVA | Analysis of variations
BACS Brief assessment of cognition in schizophrenia
Cl Category instances
CWA Controlled Word Association
dACC dorsal anterior cingulate cortex
dIPFC dorsolateral prefrontal cortex
DSM Diagnostic and statistical manual of mental disorders
dTG Inferior temporal gyrus
ELIZA Enzyme-linked immunosorbent assay
FC Functional connectivity
fMRI Functional magnetic resonance imaging

HAM-A | Hamilton anxiety rating scale

HAM-D | Hamilton depression rating scale

HC Healthy controls

HP Hippocampus

IAPS International Affective Picture System
ICD International Classification of Diseases
IFG Inferior frontal gyrus

IL Interlevkin

KYNA Kynurenic acid

LACC Left anterior cingulate cortex

LDA Linear discriminant analysis

LLT List Learning Tasks

MADRS | Montgomery asberg depression rating scale
MC Multiple sclerosis

mFG Medial frontal gyrus

mFG Middle frontal gyrus

MINI Mini international neuropsychiatric interview
MNP Major neurocognitive psychosis

MOFK Medial orbitofrontal cortex

PANSS Positive and negative syndrome scale




PFC Prefrontal cortex

QA Quinolic acid

SANS Scale for the assessment of negative symptoms
SCT Symbol Coding Test

SDS Schedule for deficit syndrome

sFG Superior frontal gyrus

SIMCA | Soft independent modelling of class analogies
SN Salient Network

SNP Simple neurocognitive psychosis

sTG Superior temporal gyrus

SVM Support vector machine

Th T helper

TMT Token motor task

TNFa Tumor-necrotizing factor-alpha

TOLL Tower of London

TRYCAT | Tryptophan catabolite




1. Introduction

In its classical form and within the traditional biomedical model, psychiatry
has remained to some extent separated from "somatic™ medicine, contributing to
the perception of a persistent crisis within the specialty.

The existing multitude of competing approaches to mental illness also
contribute to this, such as: psychodynamic, biological, molecular, cognitive,
phenomenological, dualistic, descriptive psychopathological and postpsychiatry
approaches, which are indirect evidence of the crisis in psychiatry.

At present, the DSM-5 and ICD-10 classifications are the "gold standard" for
diagnosing schizophrenia. On the other hand, they are unreliable mainly due to
the prevailing phenomenological approach. The grouping of diagnostic criteria
into symptomatological complexes (clusters) does not allow the use of deductive
reasoning. Therefore, it is not unexpected that research on affective disorders and
schizophrenia fails to update traditional classifications and propose better
therapeutic strategies.

The historical understanding of schizophrenia as an independent mental
disorder is closely related to the development of the nosological classification of
psychoses and the transition from the symptomatic to the nosological period in
psychiatry. This development includes the following key milestones:

« The dichotomous classification of "endogenous psychoses” by E.
Kraepelin - "dementia praecox" and "manic-depressive psychosis"”. The group of
early-onset dementias includes hebephrenia of E. Hecker (1871), C. Kahlbaum's
catatonia (1863) and various chronic psychotic disorders.

« E. Bleuler distinguished the underlying disorder (thinking disorder) from
secondary symptoms (delusions, hallucinations, etc.). The concept of "dementia™
has been replaced by the idea of a specific defect.

» K. Schneider identified 11 main symptoms of schizophrenia, which he
considered pathognomonic (primary symptoms), such as manifestations of
Kandinsky-Clérambault syndrome and deficiency symptoms.

» Concepts of schizophrenia as a nervous process with deficit of the
emotional-volitional sphere and reduced energy capabilities - "Depletion of
energy potential" by Conrad (1958), "dynamic depletion™ by Jandzarik (1957),
etc.

+ John Hughlings Jackson (1931) described the disintegration of higher and
more differentiated levels of psychic activity and the release of lower, more
primitive levels. Psychosis does not create new phenomena, they are the result of
the breakdown of higher levels ("minus syndromes"”, deficient or negative) and
disinhibition of lower levels ("plus-syndromes”, positive or productive). In the
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same direction, the so-called. organo-dynamic theory of Henry Ey, as well as the
pathokinetic concept of A. V. Snezhnevsky.

* In the middle of the 20th century, modern nosography was introduced,
which refers to the systematic classification and description of diseases with the
adoption by the World Health Organization (WHO) of the International Statistical
Classification of Diseases (ICD). This marked the beginning of the reference
nosography used internationally. In ICD 10-th Revision, Section F20-F29 covers
schizophrenia, schizotypal and delusional disorders. Negative symptomatology is
characteristic of schizophrenia and is part of the clinical picture of the following
disorders of the schizophrenic spectrum: F20.4 post-schizophrenic depression,
F20.5 residual schizophrenia, F20.6 simple schizophrenia.

« Unlike DSM 1V, which generally followed the forms of schizophrenia
described in the 1CD-10, DSM-V removed individual forms and attempts to
operationalize the disorder based on common characteristics, while retaining a
predominantly descriptive approach. This classification focuses on negative
symptoms as one of the five main symptoms for diagnosis, but not mandatory
(minimum 2 out of 5, among which are negative symptoms). The authors of DSM
-V also acknowledge the absence of reliable biomarkers for the disorder, despite
neurobiological findings such as reduced total brain volume and accelerated age-
related volume loss.

« Among the modern concepts of schizophrenia, a special place is occupied
by the classification model of M. Maes. It distinguishes between two qualitatively
different subtypes: Major Neurocognitive Psychosis, characterized with a
predominance of clinically significant negative symptoms and simple
neurocognitive psychosis - (Simple Neurocognitive Psychosis). Major
neurocognitive psychosis is associated with more severe neurocognitive deficits
and more pronounced psychopathological symptoms, as well as activation of
Immune-inflammatory processes, increased oxidative stress, elevated levels of
quinolic acid, and reduced levels of kynurenic acid.



RESEARCH HYPOTHESES

Hypotheses regarding prospective study I:

Functional magnetic resonance imaging (fMRI), is expected to demonstrate
abnoramilities in specific brain structures and functional networks in patients with
negative type schizophrenia compared to healthy controls in the following areas:

1.

With the help of attention and short-term memory research tasks, to
identify structures related to cognitive impairment that occur in a large
proportion of patients with negative schizophrenia.

. The results are expected to confirm would confirm previously reported

abnormalities in brain connectivity and activity within frontotemporal
networks and the prefrontal cortex in negative schizophrenia.

. Residual activation patterns identified in specific brain structures may be

associated with specific clinical symptoms.

Hypotheses regarding a retrospective study II:
To confirm the role of immune-mediated mechanisms as a significant factors

in the etiopathogenesis of schizophrenia, according to data from previous studies.
In this regard, the following working hypotheses are formulated:

l.

Elevated levels of inflammatory markers, as an expression of
neuroinflammatory processes, may be associated with adverse effects on
neurotransmission in patients with negative type schizophrenia.

. Dysregulation of inflammatory pathways, including the IL-6/IL-23/Th17

axis, may be associated with neurocognitive deficits and negative
symptomatology in schizophrenia, through mechanisms of neuroimmune-
mediated toxicity.

. Through the study of molecular biomarkers, it is expected to be obtained

data allowing the differentiation of patients with Major Neurocognitive
Psychosis (MNP), Simple Neurocognitive Psychosis (SNP) and healthy
controls.



2. Aim and Objectives

Aim of the study

The aim of this dissertation was to investigate the diagnostic value of
neuroimaging and neuroimmunological biomarkers in patients and healthy
controls and to contribute to the development of a new model of nomothetic
networks in psychiatry.

The fulfillment of the aim and objectives of the dissertation was set within
the framework of two studies:

Prospective Study I: Study of the diagnostic value of neuroimaging
markers in patients with schizophrenia and healthy controls;
Retrospective Study Il: Study of the diagnostic value of peripheral
biological markers in patients with negative schizophrenia (Major and
Simple Neurocognitive Psychosis) and healthy controls.

2.1. Aim and objectives of prospective study I

Aim of study I:

To investigate neuroimaging biomarkers by comparing changes in brain
activity during activation of working memory and cognitive interference tasks in
patients with negative (deficit) schizophrenia and healthy controls, using a
paradigm involving attention and short-term memory in the presence or absence
of emotional distractors.

Objectives of study I:

1.

To implement in patients with schizophrenia compared to healthy controls
a paradigm that allows the activation of working memory and cognitive
interference using functional magnetic resonance imaging (fMRI).

. To analyze and compare Blood oxygen level dependent (BOLD) -

activation during the execution of a task that activates attention and short-
term memory.

. Using functional magnetic resonance imaging (fMRI) to identify potential

brain structures associated with the etiopathogenesis of Negative
Schizophrenia.

. To perform an intergroup analysis to identify residual differences in

activation between the two study groups.
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2.2. Aim and objectives of retrospective study I1I:

Aim of study I1:

Study of the diagnostic value of peripheral neurobiological markers in
patients with Schizophrenia - Major Neurocognitive Psychosis and Simple
Neurocognitive Psychosis and in Healthy Controls.

Objectives of study II:

1.

To investigate and compare the levels of major immunological and
inflammatory biomarkers in patients with Major Neurocognitive
Psychosis (MNP), patients with Simple Neurocognitive Psychosis (SNP),
and healthy controls.

. To investigate the role of the IL-6/1L-23/Th17 axis and other indicators of

the immunoinflammatory response in the pathogenesis of negative
(deficit) type of schizophrenia.

. To analyze the relationships between immunological indicators,

neurocognitive deficits and the severity of negative symptoms in patients
with schizophrenia.

. To evaluate the ability to distinguish between patients with Major

Neurocognitive Psychosis (MNP), Simple Neurocognitive Psychosis
(SNP), and healthy controls based on molecular biomarkers and indicators
of cognitive functioning.

. To assess the applicability of a combination of clinical, cognitive and

immunobiological indicators for the development of an integrative model
for the phenotyping of patients with schizophrenia.

Common objective of both studies:
To propose a diagnostic algorithm supporting the diagnosis of negative
schizophrenia based on the concept of nomothetic networks.
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3. Material and methods of prospective study |

3.1. Participants in study |

A prospective descriptive study was conducted in adults meeting the criteria
of DSM-5/ICD-10 for schizophrenia, a Positive and negative syndrome scale
(SCI-PANSS) was applied with a result > 20p for the subscale of negative
symptoms (SANS). The study included 17 patients meeting the criteria of DSM -
5/1CD-10 for schizophrenia and 34 healthy controls.

The study included outpatients and inpatients aged 18 to 65 years, at the time
of signing the informed consent. All patients had an established nosological
diagnosis of schizophrenia (F20) according to ICD-10 / DSM-5 during the period
2022-2025.

Patients were recruited from various psychiatric facilities providing inpatient
and outpatient psychiatric care, primarily in the Plovdiv region, as well as from
facilities outside the region.

Diagnostic confirmation was based on:

« the medical documentation provided

« Interview with the patient's attending physician

« additional information obtained from relatives, if necessary

All participants were informed in advance about the aims, objectives and
methodology of the study, in accordance with the principles of the Declaration of
Helsinki and provided written informed consent to participate. The study was
approved by the Commission on Scientific Ethics at the Medical University of
Plovdiv (ID: P-186/22.01.2021).

3.2. Inclusion criteria:

» Written informed consent

» Age betweeen 18 and 65 years at the time of providing informed consent

 Diagnosis of schizophrenia according to DSM-5 / ICD-10 criteria

+ Positive and Negative Syndrome Scale (SCI-PANSS), with a score of at
least > 20 points on the Negative Symptoms Rating Scale (SANS) (N1-
N7)

3.3. Exclusion criteria:

» Comorbid psychiatric disorders according to DSM-5/ICD-10,including:
intellectual disability,substance use disorders, organic mental disorders

» Comorbid severe neurological, neurodegenerative or neuroinflammatory
disorders (e.g. Alzheimer's disease, Parkinson's disease, multiple
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sclerosis, stroke)

« Suicidal risk or aggressive behavior

« Decompensated somatic disease that could compromise the participant’s
safety or study participation

« Pronounced extrapyramidal symptoms: tremor, akathisia, dystonia, etc.

« Metal implants, fixators, prostheses, pacemaker, stents, or other devices
incompatible with functional magnetic resonance imaging (fMRI).

* Pregnancy

3.4. Study methods

¢ Clinical methods
Each participant was assessed according to the predefined inclusion and
exclusion criteria. Diagnostic assessment was based on the psychiatric history,
mental status examination: all patients were diagnosed according to the I1CD-
10/DSM-5 criteria.

v" Physical examination
v" Neurological examiantion
v" Psychometric scales and questionnaires: SCI-PANSS and MADRS

¢ Functional magnetic resonance imaging (fMRI):

Participants were examined using a 3T MRI system (GE Discovery 750 w)
with 3 different MRI sequences: high-resolution structural scanning (Sag 3D T1
FSPGR sequence), with a repetition time (TR) of 7.2 ms, TE (echo time) 2.3 ms
and turning angle 12°, slice thickness of 1 mm, and a matrix of 256 x 256; two
functional series were acquired: resting-state (2D EPI sequence) with the
paticipants eyes closed using a slice thickness of 3 mm, 36 slices, matrix of 64 x
64, TR of 2000 ms, TE of 30 ms, turning angle of 90° and 192 volumes and task-
sequence with cutting thickness of 3 mm, matrix 64 x 64, TR 2000 ms, TE 30 ms
and turning angle 90°, 352 volumes. Functional scanning began with 5 dummy
time seriesq, which were automatically discarded. During the task sequence,
patients performed a task designed to activate attention and short-term memory in
the presence or absence of emotional distractors. The paradigm consisted of 16
active blocks, each lasting 24 seconds and 16 off-blocks (at rest, in which the
patient was instructed to concentrate on a fixation cross in the middle of the
screen) lasting 20 seconds. During the active blocks, figures with an oval or square
shape were presented (Fig. 1), which are monochromatic (basic blocks - without
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a distractor) or contained an image with a neutral (neutral blocks - neutral
distractors) or a negative emotional charge (negative blocks - negative distractor)
(Fig. 1). The images were selected from the International Affective Picture
System (IAPS), which is a validated system of images for the study of emotional
response. The task of the examined person was to follow the sequence of the
figures and press a button whenever two or more consecutive squares were
presented (the number of answers is the same in all active blocks). Participants
were additionally instructed to ignore the content of the images.

Sun

Figure 1. Methodology (adapted by Todeva and co-authors)

Scheme of the sequence of stimuli in the paradigm.

Abbreviations used: B — button; ND — no distractor; NeuD — neutral distractor; NegD —
Negative distractor
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e Statistical methods

Statistical methods:

For the purposes of the prospective study, SPM 12 was used on the
MATLAB platform to investigate brain activity during a task assessing short-term
memory and attention under the presence of emotional disctractors.

All data were preprocessed using the following steps:

1. Realignment and unwarping;

2. Outlier detection;

(98]

. Functional Direct Segmentation & Normalization;

N

. Structural Segmentation & Normalization;

9,

. Functional Smoothing.

The data of each person were then post-processed at the individual level and
included in analysis using a two-sample t-test in order to investigate within-group
and between-group differences in activation of different brain regions, using
predefined contrasts between the three active conditions: neutral distractors > no
distractors, no distractors > neutral distractors, negative distractors > neutral
distractors, neutral distractors > negative distractors, negative distractors > lack
of distractors and lack of distractors > negative distractors.

15



4. Materials and Methods of retrospective study Il

4.1. Participants in study 11

A retrospective descriptive study in adults was conducted including 90
patients meeting the DSM-5/ICD-10 criteria for schizophrenia and 40 healthy
controls.

4.2. Inclusion criteria:

» Written informed consent

« Age between 18 and 65 years at the time of providing informed consent

+ Diagnosis of schizophrenia, clinically confirmed by the criteria of DSM-
5/ICD-10.

« Positive and negative syndrome scale (PANSS)

« Scale for the assessment of dificit syndrome (SDS), used to divide patients
into two subgroups according to the severity of negative symptoms

« Mini International Neuropsychiatric Interview (MINI)

4.3. Exclusion criteria:

« Comorbid psychiatric disorders - psycho-organic disorders, substance use
disorders, intellectual disability, schizoaffective disorder, major
depressive disorder, bipolar disorder, obsessive-compulsive disorder.

« Comorbid severe neurological, neurodegenerative or neuroinflammatory
conditions (e.g. Alzheimer's disease, Parkinson's disease, multiple
sclerosis, stroke)

« Autoimmune diseases - rheumatoid arthritis, psoriasis, chronic obstructive
pulmonary disease, type 1 diabetes mellitus

« Suicidal risk or aggressive behavior

« Decompensated somatic disease that could compromise the participant’s
safety or study participation

» Presence of extrapyramidal side effects, including tardive dyskinesia,
akathisia, dystonia, neuroleptic malignant syndrome.

* Pregnancy
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4.4. Study methods:

e Clinical methods

« Psychiatric history, mental status examination - all patients were
diagnosed according to ICD-10/DSM-5 criteria.

 Physical examiantion

+ Neurological examination

* Questionnaires (see appendix)

 Mini International Neuropsychiatric Interview (MINI)

« Positive and negative syndrome scale (PANSS)

« Brief Psychiatric Rating Scale (BPRS)

« Hamilton Depression Rating Scale (HAM-D)

« Hamilton Anxiety Rating Scale (HAM-A)

« Scale for the assessment of deficit syndrome (SDS)

+ Brief assessment of cognition in schizophrenia (BACS)

« List learning test (LLT) (verbal episodic memory)

« Digit Sequencing Task (working memory)

« Category Instances (semantic fluency)

 Controlled Word Association (verbal fluency)

« Symbol Coding test (attention and processing speed)

« Tower of London (executive functions)

« Token Motor Task (speech motor speed)

e Laboratory methods

Fasting venous blood samples were collected from each participant in the
early morning. Following a 15-minute period at room temperature, the blood was
centrifuged at 3,000 rpm for 10 minutes after coagulation had occurred over a
period of 10 minutes. The separated serum was transferred into Eppendorf tubes
and stored at -80°C until thawing for analysis. Serum concentrations of
interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-17 (IL-17), interleukin-
21, 22, 23 (IL-21, 22, 23), TNF-a), granulocyte colony stimulating factor (G-
CSF), and interleukin (IL-1p) were determined using ELISA kits. Samples with
biomarker concentrations exceeding the assay’s measurable range were
appropriately diluted. The accuracy of the assay was with a coefficient of
variation of less than 10% for all assays. The sensitivity of the assays was 1.0
pg/ml for (IL-10, 17, 21, 22, 23), TNF-a. The sensitivity for IL-1p and IL-6 was
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0.1 pg/mL. Using these assays, three composite z-score indices were constructed.
a) z result for IL-1pB (z IL-1B) + z IL-6 + z TNF-a (indicating M1 macrophage
function), b) z IL-17 + z IL-6 + z IL-23 (Th-17 index); and ¢) z IL-1p + z IL-6 +
z TNF-a + z IL-17 + z IL-23 (indicating the immune-inflammatory response or
IRS index).

e Statistical methods

>  Classical statistical analysis

To analyze the differences in the assessed scales among the three groups -
simple neurocognitive psychosis (SNP), major neurocognitive psychosis (MNP)
and healthy controls - a one way analysis of variance (one-way ANOVA) was
performed. Associations between categorical variables, including sex across the
diagnostic groups, were analyzed using the chi-square (yx?) test. Associations
between diagnostic categories, biomarkers and neurocognitive test results were
assessed usinga univariate General Linear Model (GLM). This approach allowed
adjustment for potential confounding factors, including smoking, sex, age, body
mass index (BMI), and educational level. The estimated marginal means, obtained
by the GLM analysis, are standardized and presented as z-values. To establish
between group differences, post-hoc pairwise comparisons were performed using
the least significant difference (LSD) method. All tests were two-tailed, with
statistical significance at p < 0.05. Statistical processing of the data was performed
with IBM SPSS Statistics, version 25.0 for Windows.

Principal Component Analysis, PCA
Support Vector Machine, SVM

Linear Discriminant Analysis, LDA

vV V V V¥V

Soft Independent Modelling of Class Analogy, SIMCA
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5. Results and discussion

5.1. Results of Prospective Study |

The current study included 51 participants - 17 patients with schizophrenia
and 34 healthy controls.

Regarding sex distribution, women predominated in the healthy control
group (67.6%), whereas men accounted for 32.4%. Among patients with
schizophrenia, men accounted for (58.8%) and women for (41.2%). In the total
sample, women represented 58.8% and men 41.2%. The sex distribution is
presented in table 2.

Table 2. Sex distribution of patients with schizophrenia and healthy controls.

Group Measure Men Women Total
Healthy controls (n) 11 23 34
% 1in the group 32.4 67.6 100.0
% by sex 52.4 76.7 66.7
Patients (n) 10 7 17
% 1in the group 58.8 41.2 100.0
% by sex 47.6 233 33.3
Total (n) 21 30 51
% in the group  41.2 58.8 100.0
% by sex 100.0 100.0 100.0

The association between sex and group membership (patients/healthy
controls) was assessed using the chi-square (¥?) test of independence. The results
of the Pearson y? test showed a statistically significant association between sex
and group affiliation (y*> = 4.149; df = 1; p = 0.042). However, Fisher's two-sided
accurate test did not reach statistical significance (p = 0.070), therefore a
statistically significant association between the two variables cannot be
conclusively established. This discrepancy is likely attributable to the limited
sample size and the low expected frequencies in some cells of the contingency
table. (Table 3).

19



Table 3. Results of the chi-square (y?) test of independence between sex and group membership
(patients/healthy controls).

Y
. p
, p (asymptotic, (exact, i
Test o) df two-country) double- (ex;c(;técti))ne
sided)

Pearson 2 test 4149 1 0.042
Continuity Correction 3.015 1 0.083
(YYates)
Attitude of plausibility 4.103 1 0.043
(Likelihood ratio)
Fisher Accurate Test 0.070 0.420
Linear More Linear 4072 1 0.044
Association

Number of valid cases 51

(N)

Table 4 presents the differences in mean values between the two independent
groups - namely patients with schizophrenia and healthy controls. The
independent samples t-test demonstrated statistically significant differences
between the groups in terms of education and MADRS scores (p <0.001). Healthy
controls had on average, approximately 3.8 more years of education than patients
with schizophrenia. No statistically significant differences were found in terms of
age (p > 0.05).
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Table 4. Results of the independent samples t-test comparing patients with schizophrenia and
healthy controls

Levene’s test
for equality of T-test for equal averages
variances

95% confidence

Levene (two- Average in?erval for
F p t df way differenc SE difference
e Lower Upper
Variable street) limit  limit
= Variance 1.203 0.277 3.879 49 p<0.001 3.824 0.986 1.846 5.801
£ Equals
=
=
5 Unequal 4.071 35.154 p<0.001 3.824  0.939 1.917 5.730

variances

Variance 17.189 p< -20.868 49 p<0.001 -24.445 1.171 26.796 -23.09451
Equals 0.001

MADRS

Unequal -14.634 16.806 p<0.001 -24.415 1.670 27.073  -20.918
variances

Variance 0.042 0.839 1.832 49 p=0.073 5.585 3.051 -0.331 11.710
Equals

Age

Unequal 1.870 32.807 p=0.070 5.388  2.988 -.102 11.668
variances

Table 5 presents the mean percentage of correct responses in the paradigm
(assessing attention and short-term memory) among healthy controls and patients.
A statistically significant difference was found between the groups (t(49) = 2.02,
p = 0.049), with patients with schizophrenia showing a lower percentage of
correct responses compared with healthy controls.

Table 5. Mean percentage of correct responses among healthy controls (HC) and patients with
schizophrenia (Sch).

Group n Mean (%) Standard Deviation (SD)
Healthy Controls (HC) 34 96.24 8.25
Patients (SCZ2) 17 91.19 9.05
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The mean PANSS score in the schizophrenia group was 88.29 (£3.81),
corresponding to a "moderately ill" classification according to the Clinical Global
Impression-Severity (CGI-S) scale. The mean SANS score was 29.41 (£1.26)
indicating a moderate level of negative symptom severity (Table 6).

Table 6. Average values of the PANSS and SANS scores™® (*only for the group of patients with

schizophrenia)
Descriptive statistics Mean Standard error
PANSS Mean 88.2941 3.81538
95% confidence Lower bound 80.2059
interval for the mean Upper bound 06.3824
5% trimmed mean 87.1601
Median 84.00000
Variance 247.471
Standard deviation 15.7312
Minimum 68.00
Maximum 129.00
Range 61.00
Interquartile range 22.50
Skewness 1.186 .550
Kurtosis 1.310 1.063
SANS Mean 29.4118 1.26624
95% confidence Lower bound  26.7274
interval for the mean ~ Upper bound ~ 32.0961
5% trimmed mean 29.1241
Median 28.0000
Variance 27.257
Standard deviation 5.22086
Minimum 22.00
Maximum 42.00
Range 20.00
Interquartile range 7.00
Skewness .962 .550
Kurtosis 540 1.063
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At the intragroup level, contrast neutral distractors > absence of distractors,
residual activations were found in the healthy control group in the following
regions:

o left: orbital gyrus (anterior, posterior, medial, lateral), frontal gyrus
(superior, middle, triangular part of the inferior), occipital pole, cuneus,
frontal pole, calcarina.

e right: orbital gyrus (anterior, posterior, medial, lateral), frontal gyrus
(superior, middle, triangular part of the inferior, opercular part of the
inferior), external cerebellum, inferior occipital gyrus, fusiform gyrus,
precuneus, lingual gyrus, posterior cingulate gyrus.

In patients with schizophrenia, residual activations of statistical significance
at the cluster level p < 0.05 with FWE correction were found in the following
regions:

« left: occipital pole, calcarina

« right: superior occipital gyrus, precuneus, lingual gyrus, calcarine gyrus,
occipital pole.

(Results are shown in Table 7)

Table 7. Statistically significant clusters in contrast neutral distractors > absence of distractors
at the intragroup level.

MNI Cluster Significance
Group coordinates . level p<0.05, Regions in the cluster
size
XYz FWE
HC -8-986 20 741 p<0.001 left occipital pole
left cuneus
left calcarine sulcus
right fusiform gyrus

right external cerebellum

right inferior occipital gyrus
3032 -14 3446 p<0.001 right posterior orbital gyrus

right medial orbital gyrus

right anterior orbital gyrus

right lateral orbital gyrus

left posterior orbital gyrus

left medial orbital gyrus

left anterior orbital gyrus

left lateral orbital gyrus

left superior frontal gyrus

left frontal lobe
543410 702 p<0.001 right triangular part of the inferior

frontal gyrus

right medial frontal gyrus

right opercular part of the inferior

frontal gyrus
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-523222 598 p<0.001 left medial frontal gyrus
left triangular part of the inferior
frontal gyrus
18 -56 160 p=0.028 right precuneus
right lingual gyrus
right posterior cingulate gyrus
SCZ 12-90-6 10 791 p<0.001 right precuneus
right lingual gyrus
right calcarine sulcus
right occipital pole
right superior occipital gyrus
left occipital pole
left calcarine sulcus

Neutral distractors>Absence of distractors

Healthy controls

Schizophrenia

Figure 2. Statistically significant residual activations (at cluster level with FWE correction) at
contrast neutral distractors>no distractors at intragroup level.
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At the intergroup level, statistically significant hypoactivation was found (at
the cluster level with p < 0.05 FWE) in patients with schizophrenia in contrast to
healthy controls in the following regions:

+ left: orbital gyrus (anterior, medial, lateral), medial, frontal cortex,
pallidum, thalamus, putamen, caudatus, nucleus accumbens, anterior
cingulate cortex.

The results are shown in Table 8.

Table 8. Statistically significant clusters in contrast neutral distractors > absence of distractors
at the intergroup level.

MNI Significance
Group  coordinates Cluster size level p<0.05, Regions in the cluster
X, y, Z FWE
HC>SCZ -28 44 -12 186 p<0.014 left anterior orbital gyrus
left lateral orbital gyrus
left medial orbital gyrus

left anterior cingulate cortex
left medial frontal cortex

-12-20 176 p<0.019 left pallidum
left thalamus
left putamen
left caudat
left region of the nucleus
accumbens

25



Neutral distractors>Absence of distractors
Healthy controls>Schizophrenia

Figure 3. Statistically significant residual activations (at the cluster level with FWE correction)
in contrast neutral distractors > no distractors at the intergroup level.
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At the intragroup level, with contrast of negative distractors > the absence of
distractors, residual activations were found in the group of healthy controls in the
following regions:

 left: occipital fusiform gyrus, inferior occipital gyrus, external
cerebellum, occipital pole, calcarine, cuneus, fusiform gyrus, precuneus,
lingual gyrus, posterior cingulate gyrus.

* right: frontal gyrus middle, triangular part of the inferior, opercular part
of the inferior), orbital gyrus (anterior, posterior, medial), external
cerebellum, temporal lobe, right precuneus, gyrus (precentral,
postcentral), lingual gyrus, posterior cingulate gyrus.

In patients with schizophrenia, residual activations of statistical significance
at the cluster level p < 0.05 with FWE correction were found in the following
regions:

« left: superior frontal gyrus, frontal lobe, occipital pole.

« right: superior frontal gyrus, superior occipital gyrus, occipital pole,
fusiform gyrus, lingual gyrus, thalamus, hippocampus.

The results are shown in Table 9.
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Table 9. Statistically significant clusters in contrast negative distractors > absence of distractors
at the intragroup level.

Group

MNI
coordinates

XYz

Cluster size

Significance

level
p<0.05,
FWE

Regions in the cluster

HC

-40 -72 -14

56328

30-16

-6 -5020

18 -58

40 -18 68

28 782

654

489

390

189

146

p<0.001

p<0.001

p<0.001

p<0.001

p=0.016

p=0.047

left occipital fusiform gyrus
left inferior occipital gyrus
left external cerebellum

left occipital pole

left calcarine sulcus

left cuneus

left fusiform gyrus

right external cerebellum

right triangular part of the inferior
frontal gyrus

right opercular part of the inferior
frontal gyrus

right middle frontal gyrus

right medial orbital gyrus
right anterior orbital gyrus
right temporal lobe

right posterior orbital gyrus

left posterior cinculate gyrus
left precuneus

left lingual gyrus

right precuneus

right lingual gyrus

right posterior cingulate gyrus

right precentral gyrus
right postcentral gyrus

SCZ

24 -92 14

-4 60 8

22 -30-2

11859

223

143

p<0.001

p=0.007

p=0.051

right superior occipital gyrus
right occipital pole

left occipital pole

right fusiform gyrus

right lingual gyrus

left superior frontal gyrus
right superior frontal gyrus
left frontal lobe

right thalamus
right hippocampus
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Neutral distractors>Absence of distractors

Healthy controls

Schizophrenia

Figure 4. Statistically significant residual activations (at the cluster level with FWE correction)
in contrast negative distractors > no distractors at the intragroup level.
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At the intragroup level, contrast negative distractors > neutral distractors

showed residual activations in the healthy control group in the following regions:

« left: occipital gyrus (middle, inferior), frontal gyrus, occipital pole,
fusiform gyrus, occipital fusiform gyrus.

* right: occipital gyrus (middle, inferior), inferior temporal gyrus, occipital

fusiform gyrus, superior frontal gyrus.

In patients with schizophrenia, residual activations of statistical significance
at the cluster level p < 0.05 with FWE correction were found in the following
regions:

« left: occipital gyrus (superior, middle,inferior), temporal gyrus (middle,

inferior), fusiform gyrus, occipital pole.

+ right: temporal gyrus (superior, middle), planum polare.

The results are presented in Table 10.
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Table 10. Statistically significant clusters in contrast negative distractors > neutral distractors
at intragroup level.

MNI Significance
. Cluster  level . .
Groups coordinates . Regions in the cluster
size p<0.05,
X, y’ Z FWE
HC -28-94 6 2868 p<0.001 left inferior occipital gyrus
left middle occipital gyrus
left occipital pole
left inferior temporal gyrus
left fusiform gyrus
left occipital fusiform gyrus
46 -62 -12 1593 p<0.001 right inferior temporal gyrus
right inferior occipital gyrus
right middle occipital gyrus
right occipital fusiform gyrus
-4 56 26 587 p<0.001 left superior frontal gyrus
right superior frontal gyrus
-4 -50 20 399 p<0.001 left posterior cinculate gyrus
left precuneus
right posterior cinculate gyrus
SCZ -44 -62 -8 337 p<0.001 left inferior temporal gyrus
left inferior occipital gyrus
left fusiform gyrus
left middle temporal gyrus
-24 -78 28 240 p=0.004 left superior occipital gyrus
left middle occipital gyrus
left occipital pole
52-16-4 165 p=0.024 right superior temporal gyrus

right middle temporal gyrus
right planum temporale
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Negative distractors>Neutral distractors

Healthy controls Schizophrenia

Figure 5. Statistically significant residual activations (at the cluster level with FWE correction)
at contrast negative distractors > neutral distractors at the intragroup level.
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At the intergroup level, when contrasting negative distractors > neutral
distractors, statistically significant hyperactivation was found (at the cluster level
with p < 0.05 FWE) in the following structures in patients with schizophrenia as
opposed to healthy controls:

« left: supramarginal gyrus, angular gyrus, parietal operculum.

 right: temporal gyrus (superior, middle, transverse), insula (anterior,

posterior), central operculum, parietal operculum, planum temporale.

The results are shown in Table 11.

Table 11. Statistically significant clusters in contrast negative distractors > neutral distractors
at the intergroup level.

MNI Significance
coordinates Cluster level . .
Groups size p<0.05, Regions in the cluster
X, y, Z FWE
SCZ>HC 400 18 329 p<0.001 right central operculum
right anterior insula
right posterior insula
right parietal operculum
right planum temporale
right transverse temporal gyrus
54 -14 -6 152 p=0.034 right superior temporal gyrus
right middle temporal gyrus
-58-4840 148 p=0.038 left supramarginal gyrus

left angular gyrus
left parietal operculum
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Negative distractors>Neutral distractors
Schizophrenia>Healthy controls

Figure 6. Statistically significant residual activations (at the cluster level with FWE
correction) at contrast negative distractors > neutral distractors at the intergroup level.
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Discussion of the results of the prospective study I:

The main results of the prospective study I showed that, during a task
examining short-term memory and attention, in the presence or absence of
emotional distractors, activity was observed in brain structures associated with
both the processing of visual stimuli and higher cognitive functions such as:
memory, attention, decision-making, etc. in both study groups.

In contrast neutral distractors > absence of distractors (mainly associated
with the cognitive component of the paradigm) at the intergroup level,
hypoactivation was found in the following regions, left: orbital gyrus (anterior,
lateral, medial), anterior cingular cortex, medial frontal cortex, pallidum,
thalamus, putamen, caudat, area around the nucleus accumbens, in patients with
schizophrenia compared to healthy controls. Most of the observed changes
involved structures associated with cognitive control.

Schizophrenia is associated with affecting 5 clinical domains, including:
positive, negative, affective, aggressive and cognitive symptoms. Schizophrenia
with predominant negative symptoms is characterized by symptoms such as
alogia, asociality, abulia, anhedonia, blunted affect. Some of these deficits could
be explained by the observed hypoactivation in the orbital gyrus, which is
involved in cognitive and emotional processes, such as emotion processing,
decision-making, sensory information processing. Reduced activation of the
orbital gyrus was observed during a task requiring the engagement of cognitive
processes, particularly short-term memory and attention. The observed
hypoactivation in these patients could contribute to deficits in the emotional
sphere, disturbances in reward processing, and difficulties in decision-making.
Impaired processing of emotional stimuli may subsequently contribute to an
inability to experience pleasure (anhedonia). Self-control, on the other hand, as
an aspect of inhibitory control, is part of the main executive functions. They are
essentially cognitive processes that are necessary to regulate behavior, the
abnormality of which is one of the main manifestations in patients with
schizophrenia.

The hypoactivation in the orbital gyrus observed in our study is consistent
with findings reported in the available literature. Such an example in a task
evaluating the decision-making processes under conditions involving either risk
or ambiguity, reduced activity of the left lateral orbitofrontal cortex was observed
in patients with schizophrenia compared with healthy controls. Meta-analytic data
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have demonstrated a reduced volume of the medial orbitofrontal cortex in patients
with pronounced negative symptoms. Given the main role of this structure not
only in processes such as decision-making, but also in the processes of sensory
integration and reward processing, we could speculate that the detected
hypoactivation of the orbital gyrus in our sample may also be interpreted as a
neurobiological correlate of negative symptoms in schizophrenia. This is further
supported by evidence of an association between reduced volume of the striatum
and orbitofrontal cortex on the one hand, and anhedonia and apathy, on the other,
with the latter representing core features of clinically expressed negative
symptoms.

Another important result was the hypoactivation of the thalamus. The
thalamus is part of the diencephalon, and is responsible for processing and
subsequently distributing information from the sensory organs to the cerebral
cortex. As a key structure, it controls processes such as sensory information
perception, motor control, and consciousness. Reduced thalamic activation in
patients with schizophrenia during cognitive tasks is largely consistent with
findings from previous studies. Hypoactivation may contribute to the cognitive
impairment observed in schizophrenia, including memory impairment, impaired
attention and deficits in executive functioning. However, some studies have
described hyperactivation of the thalamus during cognitive tasks. This could be
interpreted as a consequence of sensory stimuli filtering, which makes the picture
of thalamic dysfunction in schizophrenia more complex. All this shows that
reduced activity of the thalamus can largely explain some of the negative
symptoms such as avolition and blunted affect, which are integral components of
cognitive-motor dysfunction in patients with a deficient form of schizophrenia.

Another affected brain structure is the dorsal pallidum, one of the main
components of the subcortical basal ganglia in the brain. It is functionally
connected with the subthalamic region and diencephalon, and forms part of the
extrapyramidal system. On the basis of this hypoactivation, some of the observed
symptoms in patients with schizophrenia can be explained, more precisely
difficulties involving working memory, attention and executive functioning. This
Is confirmed by other studies in which a relationship between abnormalities in the
cortico-striato-palido-thalamic neural networks and negative symptoms in
patients with schizophrenia has been described. The significance of this finding is
further supported by the correlation between the severity of negative symptoms
and abnormalities in the left external pallidum.

An important result is the reduced activation in the area of the nucleus
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accumbens, part of the ventral system, the component of the basal ganglia. This
key brain area is related to experiencing pleasure, motivation, and goal directed
behaviour. A number of other studies have also described reduced activity in the
nucleus accumbens during tasks requiring cognitive engagement, including
working memory and attention. Symptoms such as anhedonia and apathy,
common in patients with schizophrenia, could be associated with reduced activity
in this area.

The temporal gyrus is one of the brain structures in which hyperactivation is
observed in patients with schizophrenia compared to healthy controls. This
structure consists of an superior, middle and inferior gyrus. Each of the parts of
the temporal gyrus is characterized by a specific function. The superior temporal
gyrus, including Wernicke's area occupying its posterior part is the base of the
primary auditory cortex, which is key to language comprehension. The middle
temporal gyrus is related to the processing of semantic memory, as well as visual
perception. The inferior temporal gyrus is related to visual perception. As part of
the temporal lobe, the temporal gyrus is fully involved in auditory processing,
language processing, and memory. On the one hand, the established
hyperactivation could be due to a compensatory mechanism due to deficiencies in
other brain structures that occur in patients with schizophrenia. On the other hand,
this hyperactivation could be associated with the presence of psychotic symptoms,
which is characteristic of a large part of patients with schizophrenia and
specifically in patients who are in a psychotic episode. There may also be
psychotic production in patients with more pronounced negative symptoms,
which does not contradict the established changes in the activity of the superior
and middle temporal gyrus in our sample. This activation points to structural or
functional changes in the temporal lobe. Other studies have emphasized the
Importance of temporal gyrus in patients with a predominantly negative type of
symptoms. Negative symptoms, such as affective flattening and social
withdrawal, are associated with pathological involvement of the temporal gyrus
and, in particular, its superior part. It can be summarized that in patients with
chronic schizophrenia, with predominantly pronounced negative symptoms, may
exhibit abnormalities in temporal structures. These findings establish the temporal
lobe as an important structure in the study of schizophrenia.

Another described result is increased activation in the insula. The insula is a
relatively small brain structure and makes up less than 2% of the area of the entire
cortex. The insula has become an increasingly key neuroanatomical structure over
the past 20 years, as its dysfunction is associated with multiple symptom domains
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across the schizophrenic spectrum. The involvement of the insula in important
neuropsychobiological domains is key to the etiopathogenesis of cognitive
abnormalities in patients with schizophrenia. Over the years, there has been more
and more emphasis on the role of the insula in terms of cognition, including
neurocognition and social cognition.

Another brain structure, the operculum, also showed increased activation in
patients with schizophrenia compared to healthy controls. A number of studies
have shown that the operculum, a region located in the frontal and parietal lobes
of'the brain, is associated with hyperactivation, specifically during cognitive tasks
that require effort and concentration. The altered activity of this structure could
be associated with both abnormalities in basic neurobiological processes and
compensatory mechanisms that arise as a result of cognitive deficits. The
operculum is connected to other brain regions involved in cognitive functioning,
such as the prefrontal cortex, the anterior cingulate cortex, and the temporo-
parietal connection. A number of studies have described abnormalities in these
connections. The cingulo-opercular network (CON) is gaining more and more
interest. It is responsible for several cognitive functions that have been shown to
be severely affected in a large proportion of patients with schizophrenia.
Moreover, an association can be made between the severity of negative symptoms
and this disconnectivity. Understanding the etiopathogenetic mechanisms of
opercular aberrations in negative schizophrenia could be of great importance for
the development of specific therapeutic strategies. Identifying the specific neural
mechanisms that underlie cognitive deficits would contribute not only to the
overall improvement of cognitive functioning, but would also improve the overall
functioning of patients with schizophrenia.

Another established result is the activation in the planum temporale,
representing the triangular region, part of the superior temporal gyrus. As we have
already mentioned, auditory hallucinations can be explained by an involvement
of the temporal gyrus, and the alteration in the activity of the planum temporale
as part of this area, again directs us to the pathogenesis of these symptoms. In
patients with active hallucinatory symptoms, increased activation in this area has
been found. This brain structure is characterized by asymmetry, expressed in
larger sizes on the left side of the brain in most people. As part of the temporal
area, the planum temporale is involved in a number of important functions such
as overall multisensory perception. Hyperactivation in this area can be largely
associated with cognitive deficits and psychotic symptoms in patients with
schizophrenia, and in particular auditory hallucinations and thought disturbances.
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On the other hand, increased activity of the planum temporale can be explained
by the lateralization present, in which the right hemisphere is more active, due to
the less leading function of the left hemisphere. Furthermore, this structure is
related to dopamine pathways. For this reason, the existing abnormality of
dopamine neurotransmission may be related to the observed hyperactivity.

Another major result is activation in the supramarginal gyrus, which is part
of the parietal lobe. It is known as Brodmann's 40th field. This brain structure is
related to the perception and processing of language. Based on the functions of
this brain structure, lesions in it lead to Wernicke's aphasia. There are theories that
hyperactivation in the supramarginal gyrus could be explained as an attempt by
the brain to compensate for deficits potentially related to attention and cognitive
control. According to data from other studies, it is possible that hyperactivation is
also a compensatory mechanism due to deficiencies in other areas such as the
prefrontal cortex. Altered activation in this area, in turn, can be associated with
negative symptoms, such as social withdrawal and lack of motivation. The
established hyperactivation in this part of the brain in a large part of the studied
patients can be associated with pronounced negative symptoms.

In addition to changes in the activity of various structures in schizophrenia
during a task, aberrations in the connectivity between the large brain networks
were also found. For example, there appears to be a link between clinically
significant negative symptoms and functional connectivity between the right
dorsolateral prefrontal cortex and the default mode network (DMN).

A study in patients with schizophrenia compared to healthy controls (HC)
showed the presence of reduced functional connectivity (FC) between the striatum
and the following structures: right medial and lateral orbitofrontal cortex, lateral
prefrontal cortex, and rostral anterior cingulate cortex. In addition, a correlation
has been established between the altered connectivity between the striatum and
the right medial orbitofrontal cortex (mOFC) and the severity of negative
symptomatology.

The described disconnectivity could be attributed to the mechanisms of
abnormalities in emotional perception and processing, impaired motor control and
decreased cognitive capacity, observed in patients with pronounced negative
symptoms.

Magnetic resonance imaging (MRI) has also revealed a number of structural
abnormalities in schizophrenia compared to healthy controls (HC). The cortical
thickness of the right superior frontal gyrus, the opercular part of the left inferior
frontal gyrus, the entire left hemisphere, the left postcentral gyrus, the rostral part
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of the left medial frontal gyrus were statistically significantly reduced in patients
with schizophrenia. On the other hand, there is an association between changes in
cortical thickness in certain brain areas and the severity of negative symptoms.
Such areas are the right hemisphere, the triangular part of the right inferior frontal
gyrus, and the caudal part of the right medial frontal gyrus.

All of these structural changes described in patients with schizophrenia versus
healthy controls could largely be associated with specific symptoms occurring in
schizophrenia.

As mentioned, the insula, although a small cortical structure, has many
important functions, due to a number of connections with regions of the limbic
system and the cortex. The latter two, in turn, are related to significant cognitive,
affective and regulatory processes such as interoceptive awareness, emotional
response and empathy. There is evidence of reduced functional connectivity in the
insula. Insula is also associated with sadness, loss of interest in sex, fusiform gyrus
with emotional lability, etc. Each specific symptom is associated with a specific
brain area.

Schizophrenia is associated with significantly reduced functional activity in
the right superior frontal gyrus (dGFG), medial cingulate gyrus (mCG), and left
medial frontal gyrus (IMFG). The cingulate gyrus, which is a basic structure in the
limbic system, is related to the development and processing of emotions.

The insula and its individual parts play an essential role in a number of large
scale networks: the salience network (SN), the right insula is part of the ventral
frontoparietal network (VAN) associated with attention, bilaterally the anterior
insula is part of the cingulo-opercular network (CON). A study shows the role of
insula in both psychotic and non-psychotic symptoms. In the context of deficit
schizophrenia, it has a central role in a number of cognitive impairments that are
inevitably expressed in any patient with the disease.

It is hypothesized that the anterior insula mediates the "switching" between
the central executive network (CEM) and the default mode network (DMN).
These two networks, together with the salient network (SM), represent large-
scale brain networks. Given the structures of which these networks are composed,
the impaired connectivity between them could explain much of the observed
deficits. Systematic studies have shown disconnectivity within the default mode
network (DMN), reduced connectivity between the prefrontal cortex and others
cortical/subcortical structures as one of the most common findings. There is albeit
little evidence of increased connectivity within the network by default (DMN).
The lack of connectivity between the medial prefrontal cortex and the insula is
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associated with dysfunction in patients with schizophrenia. All these findings
could contribute to understanding much of the negative symptoms encountered in
these patients, namely apathy and lack of motivation. The same study found
Impaired modulatory function of the right anterior insula between the central
executive network (CEM) and the default network (DMN) in patients with
schizophrenia. In addition, the degree of insular modulator function correlated
with cognitive abilities.

Understanding the role of insula in schizophrenic patients is key to
developing targeted therapies and interventions that would contribute to
improving cognitive function and the consequences of negative symptoms.

In this regard, it is of interest to examine how functional connectivity (FC)
changes in patients with schizophrenia after antipsychotic treatment established
by functional magnetic resonance imaging (fMRI). Based on one study, patients
experienced improved functional connectivity (FC) between the insular regions
and other regions affected by psychosis, such as the striatum and prefrontal cortex.
This again shows the role of the insula as part of the brain structures that
antipsychotics act and would lead to an overall improvement in the functioning of
the patient.

According to a study, schizophrenia is associated with abnormalities in the
neurodevelopment of brain regions such as: hippocampus, parietal lobe,
dorsolateral prefrontal cortex. Given the role of these structures, we could assume
that these neurodevelopmental changes lead to some of the observed impairments
In executive functions, particularly working memory and decision-making.

Another study focused on the reduced volume of gray matter in the
paralimbic structures of the brain, specifically in the right and left insular cortex.
A digit-symbol substitution was used to assess processing speed. The processing
speed and volume of gray matter in the left insular cortex were positively
correlated, indicating that cognitive deficits were associated with a more
significant reduction in this structure.

Clinically significant symptoms in schizophrenia, including the involvement
of a number of cognitive functions, appear to be due to structural and functional
abnormalities associated with the insula. Understanding the relationship between
these symptoms and the observed aberrations would contribute to the potential
development of more selective treatment and the potential use of insular hypoplasia
as a biomarker in patients with schizophrenia.

At the same time, there is a decrease in local functional connectivity in the
main visual, auditory and motor cortices, the right accessory motor area and
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bilaterally in the thalamus. In patients with schizophrenia, local functional
connectivity in the region of the bilateral orbital frontal cortex and an additional
region in the left orbitofrontal cortex (LOFC) reaching putamen is reduced. This
reduced connectivity could explain much of the observed clinical picture and,
above all, the heterogeneity of symptoms.

Of interest is the role of the amygdala-prefrontal cortex network. Based on
one study, patients with schizophrenia have an abnormality in terms of functional
connectivity, and there is often a decline in it, specifically during tasks requiring
emotional and cognitive processing. Severe negative symptoms such as asociality,
disturbances in working memory, difficult emotional processing that are associated
with abnormalities in this network .

In patients with schizophrenia, another important structure such as the corpus
callosum is also severely affected. It is the basic brain structure that is known to
be fundamental to the regulation of cognitive functions and has an impact on
interhemispheric communication. The ability to speak, the processing of content,
the maintenance of attention, which are often seriously affected in patients with
schizophrenia, depend in part on the integrity of the corpus callosum.

Multiple abnormalities in schizophrenic patients are associated with
involvement of the prefrontal lobe and other brain areas closely related to the
motor cortex. Psychomotor modulation has a connection with the medial
prefrontal motor network. A major factor associated with motor circuits
abnormalities in patients with schizophrenia is top-down regulation. Data from
one study showed a significant correlation between cortical inhibition and
schizophrenic symptoms and resting functional connectivity (rFC) between the
left medial prefrontal gyrus and the motor cortex. There is also a pronounced
positive correlation between stronger functional connectivity at rest and stronger
motor cortical inhibition.

The involvement of working memory, which is a fundamental part of
cognitive processes, occurs in a large part of patients with mental disorders. A
number of meta-analyses attempt to explain deficits affecting working memory in
patients with schizophrenia. For example, a more pronounced Bold signal was
found in the bilateral anterior cingulate cortex and right medial prefrontal cortex,
which are components of the default network (DMN). It has been found that the
severity of psychotic symptoms in patients with schizophrenia is associated with
activity in the left hemisphere and in particular in areas such as the medial frontal
gyrus (MFG) and posterior cingulate gyrus (PCG). Statistically significant
residual activations in the right medial prefrontal cortex (mPFC) and bilaterally
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in the anterior cingulate cortex (ACC) during tasks affecting working memory
have been observed in patients with schizophrenia. Connectivity within three
major brain networks has been found to be altered - the default network (DMN),
the central executive network (CEN) and the salience network (SN). During tasks
involving working memory, patients with schizophrenia show more abnormalities
in the prefrontal-temporal-cingulary-striatal-cerebellar regions and fusiform
gyrus (lateral occipitotemporal gyrus). Also, during performing memory-
engaging tasks, patients with schizophrenia showed increased activity in certain
areas of the default network (DMN), bilaterally in the superior frontal gyrus
(sFG), gyrus rectus and posterior cingulate cortex (pCC), middle temporal gyrus
(mTG), inferior temporal gyrus (iTG), fusiform gyrus (lateral occipitotemporal
gyrus) and parahippocampal gyrus. All of them are among the additional areas
that are not part of the default network (DMN), but are associated with more
severe abnormalities in schizophrenic patients.

In schizophrenia, both positive and negative symptoms are largely related to
the locus of the cerular noradrenergic system (LCNS). In most of them, there is
an increased Bold signal at the locus of the cerular noradrenergic system (LCNS).
The striatum, parietal cortex, ventrolateral prefrontal cortex, and dorsolateral
prefrontal cortex are the main hubs of the central executive network (CEN).
Dysfunction in it and damage to working memory are common in patients
suffering from schizophrenia. On the other hand, cognitive problems are
significantly more pronounced with a longer duration of the disease. There is also
evidence of Bold deactivation in the default network (DMN) and increased Bold
activation in the executive control network (CEN).

The actual functional connectivity between the thalamic nuclei and the
prefrontal-limbic regions is reduced in patients with schizophrenia. At the same
time, the actual functional connectivity between the thalamic nuclei and the
primary-sensorimotor cortex is increased. The thalamus, striatum and pallidum
show reduced inter-correlation with the prefrontal-limbic salience network. On
the other hand, hyperconnectivity is found between the same subcortical areas and
the auditory-sensorimotor network. Cognitive impairment, as we have mentioned,
which is one of the main aspects of impaired functioning in patients with
schizophrenia, is associated with reduced connectivity in the salient network
(SN).

All this indicates a relationship between different symptoms and specific
alterations in cortico-subcortical connectivity. Furthermore, one of the main
cognitive aspects, namely reduced verbal contact, is associated with the
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hypoconnectivity of the salient network (SN) with the thalamus, striatum,
pallidum, but is not associated with psychotic symptoms examined by the Positive
and Negative Syndrome Scale (PANSS). Damage to working memory in patients
with schizophrenia is associated with reduced prefrontal-thalamic structural
connectivity.

More research is needed to understand the brain mechanisms underlying
common cognitive dysfunction. Cognitive affiliation, executive functioning,
working memory, verbal memory and verbal ability in general are associated with
affecting structures such as the dorsolateral prefrontal cortex (DLPFC), the
inferior frontal gyrus, the hippocampus, the white matter of the brain. These brain
structures are globally related to cognition and are essential for cognitive
functioning.

In patients with schizophrenia, there is increased sensorimotor-thalamic and
reduced prefrontal-thalamic functional connectivity. The functional connectivity
of thalamic prefrontal cortex subregions (tPFCs) is mainly associated with
cognitive impairment. Based on other studies, the lateral prefrontal cortex (IPFC)
and mediodorsal nucleus have reduced structural connectivity. Impairment of
working memory and attention control in patients with schizophrenia is associated
with involvement of the mediodorsal thalamus. In addition, there is a positive
correlation between the hyperconnectivity of the thalamus and the sensorimotor
cortex in terms of negative symptoms in deficit schizophrenia.

The results of another study showed that when comparing a group of patients
with schizophrenia and healthy controls, the patient group had hyperactivation in
the ventrolateral prefrontal cortex during cognitive tasks. It is possible that this
hyperactivation is a type of compensatory mechanism allowing patients to show
better results related to their cognitive functioning during tasks.

Patients with schizophrenia in whom cognitive dysfunction is less
pronounced show fewer anatomical brain abnormalities. Due to the common
underlying substrates, there is a correlation between negative symptoms and
cognitive impairment in schizophrenia.

The results of the current study show that patients with schizophrenia and
predominant negative symptomatology demonstrate significant changes in brain
activity and functional connectivity in regions involved in cognitive control,
emotional processing, motivation, and reward. The results obtained are consistent
with modern neurobiological models of schizophrenia and highlight the
importance of brain disconnectivity as a key mechanism in the pathogenesis of
the disease. They also outline potential neurobiological markers and therapeutic
targets for future research aimed at improving cognitive functioning and negative
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symptomatology in patients with schizophrenia.

5.2. Results of retrospective study Il

A total of 90 patients meeting the DSM-5/ICD-10 diagnostic criteria for
schizophrenia and 40 healthy controls were included in the study.

Table 12 presents the demographic characteristics of the participants in the
present study. Regarding the demographic data, statistically significant
differences were found only in terms of education (p < 0.001) and family history
(p < 0.001). Regarding the clinical characteristics, statistically significant
differences were observed in the following indicators: psychosis, hostility,
agitation, mannerisms, psychomotor retardation, formal thought disorder.
Significant differences were also found in the total scores on the Brief Psychiatric
Rating Scale (BPRS), the Hamilton Depression Rating Scale (HAM-D), the
Hamilton Anxiety Rating Scale (HAM-A), as well as the total scores on the
Positive and Negative Syndrome Scale (PANSS) and the Scale for the Assessment
of Negative symptoms (SANS).
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Table 12. Demographic and clinical characteristics of the retrospective study sample.

Healthy Simple neuro-  Major neuro- F/x2  df P-

Variables controls/ cognitive cognitive Stand-
HC a psychosis/ SNP psychosis/ Nost
b MNP ¢

(n=40) (n=45) (n=45)
Age 36.78 37.36 37.49 0.035 2/127 0.965

(11.97) (12.64) (14.28)
Gender (Women/Men) 20/20 18/27 19/26 0934 2 0.627
Single/Married 17/23 19/26 19/26 0.001 2 1.000
Body mass index 26.87 26.86 27.17 0.097 2/127 0.908
(kg/m?) (3.57) (3.92) (3.81)
Pushachi (Not/Yes) 24/16 26/19 27/18 0.06 2 0.970
Place of residence 16/24 17/28 17/28 0.058 2 0.972
(town/village)

Employment (no/yes) 14/26 16/29 20/25 5.33 2 0.255
Education (years) 12.08 9.16 9.49 8.72 2/127 <0.0001
(3.29) (3.64) (3.50)

Duration of the disease - 8.91 11.29 1.89 1/88 0.172

(7.95) (8.44)

Family history (no/yes) 40/0 29/16 23/22 2580 2 <0.001

Psychosis -1.108 -0.126 1.111 KWT - <0.0001

(z results) (0.134) (0.455) (0.559)

Hostility -0.980 -0.157 1.028 KWT - <0.0001

(z results) (0.121) (0.551) (0.752)

Arousal -1.039 0.034 0.889 KWT - <0.0001

(z results) (0.284) (0.573) (0.859)

Mannerism -1.941 -0.232 1.957 KWT - <0.0001

(z results) (0.00) (1.038) (1.643)

Psychomotor -1.069 -0.119 1.069 KWT - <0.0001

retardation (0.086) (0.503) (0.668)

(z results)

Formal thinking -1.024 -0.119 1.080 KWT - <0.0001

disorder (0.235) (0.503) (0.682)

(z results)

Overall BPRS score 4.50 30.47 65.36 KWT - <0.0001
(2.79) (10.27) (17.26)

Overall HAM-D score 3.78 22.53 35.82 KWT - <0.0001
(2.47) (7.60) (8.05)

Overall HAM-A score 6.05 23.33 32.98 KWT - <0.0001
(3.18) (6.84) (5.83)

Overall PANSS score 37.68 81.89 130.64 KWT - <0.0001
(6.79) (18.94) (25.91)

Overall SANS score 8.28 50.87 83.05 KWT - <0.0001
(3.95) (12.95) (24.28)

The results are presented through: F — Analysis of Variance (ANOVA), ¥* - Contingent Table
Analysis, KWT - Kruskal-Wallis Test; Abbreviations: PMR: psychomotor retardation; FTD:
formal thought disorders; BPRS: Short Psychiatric Rating Scale; HAM-D: Hamiltonian
Depression Assessment Scale; PANSS: A scale for evaluating positive and negative syndromes;
SANS: Negative Symptom Rating Scale.
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Table 13 presents the neuropsychological test results for the three study
groups: simple neurocognitive psychosis (SNP), major neurocognitive psychosis
(MNP) and healthy controls (HC). The results demonstrate a clear gradient of
cognitive functioning, progressing from the healthy controls, through the simple
neurocognitive psychosis (SNP) group, to the major neurocognitive psychosis
(MNP) group. Across all cognitive domains assessed, the differences between
groups were statistically significant. Patients with major neurocognitive psychosis
(MNP) showed the lowest scores across all cognitive tests, supporting the
hypothesis that this phenotype is characterized by more severe and generalized
neurocognitive impairment.

Table 13. Neuropsychological test results in patients with simple neurocognitive psychosis
(SNP), major neurocognitive psychosis (MNP), and healthy controls (HC).

Variables Healthy Simple Major p

controls/HC neurocognitive neurocognitive
psychosis/SNP psychosis/ MNP

List learning 51.33 (1.32) 22.25(1.21) 17.22 (1.22) <0.001

(verbal episodic

memory)

Digit sequencing 26.80 (0.92) 11.46 (0.84) 7.41 (0.85) <0.001

(working memory)

Token motor task 95.98 (2.60) 54.94 (2.39) 28.760 (2.407) <0.001

(talk speed)

Category Instances 16.70 (0.45) 7.307 (0.41) 6.093 (0.413) <0.001

(semantic cognition)

Symbol coding 48.41 (1.59) 14.99 (1.46) 6.09 (0.41) <0.001

(attention)

Tower of London 18.44 (0.44) 7.70 (0.40) 3.98 (0.40) <0.001

(executive)

Total BACs score 266.55 (4.33) 123.58 (3.98) 71.52 (4.01) <0.001

(o0wx pesyJarar mo

BACS)

All results were obtained using a one-factor generalized linear model (General Linear Model,
GLM). The estimated marginal averages (SEs) are presented, after controlling for the
covariates: sex, age and education.

Table 14 shows elevated levels of inflammatory and immune markers in
patients with neurocognitive psychosis. The most pronounced differences
between simple and major neurocognitive psychosis were observed in interleukin-
17 (IL-17), interleukin-23 (IL-23), the M1 macrophage profile, the Th17 axis, and
the composite immuno-inflammatory response score (IRS), with these markers
increasing with the severity of cognitive impairment. Interleukin-6 (IL-6) was also
associated with more severe neurocognitive impairment, whereas IL-1p, TNF-a,
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IL-21, and IL-22 reflect the presence of the disorder rather than its severity.
Overall, the results showed that the group of patients with major neurocognitive
psychosis (MNP) was characterized by the highest levels of immune-
inflammatory markers, which were associated with more severe neurocognitive
deficits and were consistent with the proposed model of immune-mediated
neurotoxicity in schizophrenia.

Table 14. Quantification of biomarkers in patients with simple neurocognitive psychosis (SNP),
major neurocognitive psychosis (MNP), and healthy controls (HC)*.

Simple Major

Variables cI(;Ilftarl;ilsya neurocognitive neurocognitive p
psychosis b psychosis ¢

HNuTtepneBkun-1 2.44 3.45 3.82 <0.001
(pg/mL) (0.14)>¢ (0.14)? (0.14)?
Interlevkin-6 5.66 5.83 8.55 <0.001
(pg/ml) (0.53)° (0.50)° (0.50)®°
Tumor necrotic factor a - 19.39 41.94 47.16 <0.001
(pg/ml) (1.96)>¢ (1.86)? (1.87)
Interlevkin-17 16.68 41.17 48.22 <0.001
(pg/ml) (1.54)°¢ (1.45)* (1.46)*
Interlevkin-21 155.75 237.30 271.234 <0.001
(pg/ml) (14.63)"¢ (13.76)* (13.839)*
Interlevkin-22 17.83 27.96 28.42 <0.001
(pg/ml) (1.11)°¢ (1.05)? (1.05)?
Interlevkin-23 13.90 20.05 31.36 <0.001
(pg/ml) (2.27)¢ (2.14)° (2.15)»b
Classic M1 macrophage (z -2.09 0.22 1.63 <0.001
results) (0.25)>¢ (0.23)*¢ (0.23)®b
Th-17 os -2.00 -0.07 1.84 <0.001
(z scores) (0.24)>¢ (0.22)*¢ (0.22)°
Immuno-inflammatory -1.16 0.194 0.841 <0.001
response (z results) (0.09)¢ (0.09)*¢ (0.09)*°

* The results of the General Linear Model (GLM) are presented. The expected marginal
averages (SE) adjusted for covariates (sex, age and body mass index) are shown. a, b, ¢: multiple
follow-up comparisons between the mean values of the groups. IL: interleukin; TNF: tumor-
necrotizing factor; Th-: T-helper; IRS: immune-inflammatory response system.
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Distinguishing patients with Schizophrenia from Healthy Controls

Figure 7 presents the score plot obtained by principal component analysis
(PCA) applied to the three biomarker indices and the eight neurocognitive
indicators of the Brief Assessment of Cognition in Schizophrenia (BACS). The
data are presented in a two-dimensional space defined by the first two principal
components (PC1 and PC2) derived from a total of 11 variables. The analysis
included three inflammatory biomarker indices - the Immuno-Inflammatory
System Index (IRS), the M1 macrophage activation index, and the Th17 axis
index - as well as eight neurocognitive test scores: an overall BACS score, Digit
Sequencing Task, List Learning Test, Controlled Word Association, Category
Instances, Tower of London, Symbol Coding and Token Motor Task. The first two
principal components (PC1 and PC2) explain 83% of the total variation in the
data, while the third main component (PC3) contributes an additional 5%. This
allows for reliable interpretation of the underlying data structure and the
relationships among the variables, with the two-dimensional representation
providing an effective visualization of the distribution of the study groups. A clear
distinction was established between the two studied groups - healthy controls were
localized on the left side of the graph, and patients with schizophrenia - on the
right. A similar trend is observed in the PC1-PC3 space, which further confirms
the stable separation between the groups. A total of nine support vectors were
identified through the linear kernel of the support vector machine (SVM) - four
corresponding to patients with schizophrenia and five to healthy controls. The
confusion matrix shows complete correctness of the classification with an
accuracy of 100% both before and after applying 10-fold cross-validation. To
assess the generalizability of the model, an SVM analysis was applied using a
split-sample approach, including a training set (50% of the participants) and a
validation set (the remaining 50%). The resulting model is built on five support
vectors - one corresponding to a patients with schizophrenia and four
corresponding to healthy controls. The model demonstrated a sensitivity of 100%
and a specificity of 95.7% on the validation set. The SIMCA analysis showed a
distance of 146.1682 between the healthy control model and the schizophrenia-
patient model, indicating a clear and statistically significant distinction between
the two classes.
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Figure 7. Distinguishing schizophrenic patients from healthy controls. Class affiliation
(patients with schizophrenia and healthy controls) is represented by red circles and blue squares,
respectively.

The Si/S0O graph as a function of Hi is shown in Figure 8. The ordinate (y-
axis) reflects the difference between patients with schizophrenia and healthy
controls, whereas abscissa (x-axis) reflects the deviation of individual cases from
the healthy control model. None of the patients with schizophrenia went beyond
the defined control hyperspace. All healthy controls, except for one case, are
correctly classified as belonging to the control model.
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Figure 8. Results of Soft Independent Modelling of Class Analogy (SIMCA)
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Each of the 11 variables demonstrated adequate modeling ability for both the
healthy control group and the schizophrenia patient group, with significance
values above 0.597. The discriminatory capacity of the 11 studied variables used
to distinguish between patients with schizophrenia and healthy controls is
illustrated in Figure 9. The analysis shows a clear distinction between the models
of patients with schizophrenia and healthy controls. The inflammatory indices
used include: the Immuno-inflammatory index, the M1 macrophage activation
index and the Thl7 axis index. Neurocognitive indicators include: Digit
Sequencing Task, Token Motor Task, Category Instances, Controlled Word
Association, Symbol Coding, Tower of London, as well as the overall composite
BACS score.

Discrimination Power

Figure 9. Results from the Soft Independent Modelling of Class Analogy (SIMCA) method
showing the discriminatory graph of the three biomarker indices and the eight neurocognitive
indicators from the Brief Assessment of Cognition in Schizophrenia (BACS).
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Differentiation between Major Neurocognitive Psychosis (MNP), Simple
Neurocognitive Psychosis (SNP), and Healthy Controls (HC)
using biomarkers and cognitive tests.

Figure 10 is analogous to the PC graph presented in Figure 7, illustrating the
distribution of healthy controls, patients with major neurocognitive psychosis
(MNP), and patients with simple neurocognitive psychosis (SNP), rather than
distinguishing between controls and patients alone. The variables used in
constructing the PC diagram in Figure 7 are identical to those used in the previous
PCA analysis and include eight neurocognitive measures and three biomarker
indices analyzed as part of the retrospective study. The plot shows that patients
with MNP form a separate cluster based on the three biomarker indices and the
eight cognitive test scores, located on the right side of the graph. However, there
is no clear and complete distinction between the two clinical categories (SNPs and
MNPs) in the PCA space. Analysis using the Support Vectors Machine (SVM)
showed that MNP and SNP could be distinguished using 38 support vectors (20
for SNP and 18 for MNP). The 10-fold cross-validation model demonstrated a
classification accuracy of 91.11% for patients with SNP and 97.78% for patients
with MNP. Linear discriminant analysis (LDA) was performed for the three
groups studied using the 11 input variables, showing an overall accuracy of
96.92%. All healthy controls were classified correctly, as were 91.1% of patients
with SNP and 95.6% of patients with MNP.

PC analysis was performed on eight neurocognitive indicators and three
biomarker indices. The first two main components (PC1 and PC2) derived from
the three biomarker indices were presented: immuno-inflammatory system index,
M1 macrophage activation index, and Th17 axis index. Neurocognitive measures
include the results of the Brief Assessment of Cognition in Schizophrenia
(BACS), including the seven subscales and the overall composite score.
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Figure 10. Principal Component (PC) analysis showing the distribution of patients with major
neurocognitive psychosis (MNP) and simple neurocognitive psychosis (SNP) compared to
healthy controls. Healthy controls are indicated by blue squares, patients with simple
neurocognitive psychosis (SNP) by red circles, and patients with major neurocognitive

psychosis (MNP) by green triangles.

The distinction between patients with major neurocognitive psychosis
(MNP), simple neurocognitive psychosis (SNP), and healthy controls is further
confirmed by three-dimensional graphs representing the distribution of all
participants in three-dimensional space (Figure 11). These graphs are based on
combinations of principal components (PC1, PC2, PC3) or alternatively PC1, PC3
and PC4. There is a clear grouping of healthy controls, as well as a distinctly
different distribution of patients with MNP compared with those with SNP. PC1,
PC2 and PC3 were derived from the three biomarker indices and the eight
neurocognitive measures.
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Figure 11. Three-dimensional (3D) plot showing the distribution of healthy controls, patients
with simple neurocognitive psychosis (SNP) and patients with major neurocognitive psychosis
(MNP). The designation is as follows: healthy controls (blue squares), patients with simple
neurocognitive psychosis (SNP; red circles), and patients with major neurocognitive psychosis
(MNP; green triangles).

The SIMCA analysis showed that the distance between the major
neurocognitive psychosis (MNP) and simple neurocognitive psychosis (SNP)
models was 16.1269, indicating a significant difference between the two models
and, respectively, between the two clinical classes.

The discriminatory capacity of the 11 variables used to distinguish patients
with  major neurocognitive psychosis (MNP) from those with simple
neurocognitive psychosis (SNP) is presented in Figure 12. In descending order of
discriminatory importance, the strongest disriminating variables are: macrophage
index, Category Instances, Tower of London, Symbol Coding and List Learning
Task. The figure illustrates the distinction between the models of patients with
major neurocognitive psychosis (MNP) and simple neurocognitive psychosis
(SNP). The metrics used include: Immuno-Inflammatory Index, M1 Macrophage
Index, Th17 Axis Index, Token Motor Task, Category Instances, Controlled Word
Association, Symbol Coding, Tower of London, and the overall BACS composite
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Figure 12. Results of the Soft Independent Modeling of Class Analogy (SIMCA) analysis,
illustrating the discriminatory ability of the three biomarker indices and eight neurocognitive
indicators derived from the Brief Assessment of Cognition in Schizophrenia (BACS).

Differences between major neurocognitive psychosis (MNP),
simple neurocognitive psychosis (SNP), and healthy controls based on
biomarkers, cognitive indicators, and clinical domains.

The PCA plot presented in Figure 13 is the result of principal component
analysis (PCA) conducted on the 18 input variables comprising seven clinical
domains, three biomarker indices, and eight neurocognitive indicators described
above. The first two principal components (PC1 and PC2) explain 82% of'the total
variance in the dataset, indicating that the two-dimensional representation
provides a reliable visualization of the overall data structure. As previously
established, patients and healthy controls are clearly distinguished. Similarly,
patients with major neurocognitive psychosis (MNP) and patients with simple
neurocognitive psychosis (SNP) form two separate clusters. Despite the clear
differentiation between the groups, four patients with MNP were mistakenly
classified as patients with SNP. The figure presents the distribution of patients
with major neurocognitive psychosis (MNP), patients with simple neurocognitive
psychosis (SNP), and healthy controls. The first two principal components (PC1
and PC2) are derived from biomarker indices, neurocognitive indicators, and
clinical domains. The biomarker indices include the Immuno-Inflammatory
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System Index (IRS), the M1 macrophage activation index, and the Th17 axis
index. Neurocognitive measures include the seven subscales of the Brief
Assessment of Cognition in Schizophrenia (BACS), as well as the overall
composite score. The clinical domains encompass psychosis, hostility, agitation,
mannerisms, negative symptoms, thought disorders, and psychomotor retardation.
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Figure 13. Principal component (PC) plot obtained from principal component analysis (PCA)
carried out on eight neurocognitive indicators, three biomarker indices, and seven clinical
domains. Healthy controls are indicated by blue squares, patients with SNP by red circles, and
patients with MNP by green triangles.
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The correlation loading plot resented in Figure 14 illustrates the relationships
between the 18 input variables and the first two principal components.
Correlations between PC1, biomarker indices, and clinical domains are positive,
while the association between PC1 and neurocognitive scores is negative. This
pattern indicates that the distinction between patients and healthy controls, as well
as between patients with MNP and SNP, is mainly determined by higher values of
biomarker indices and clinical symptom domains, combined with lower cognitive
test scores. Analysis using the linear support vector machine (SVM) with 10-fold
cross-validation showed that, using 36 support vectors, all healthy controls and
patients with SNP were correctly classified, while 95.6% of patients with MNP
were correctly classified. Linear discriminant analysis (LDA) showed an overall
classification accuracy of 96.92%, correctly classifying all healthy controls,
95.6% of patients with SNP and 95.6% of patients with MNP. The figure presents
the correlation loadings of the 18 study variables on the first two principal
components. The variables used to construct the PCA model include eight
neurocognitive indicators, three biomarker indices, and seven clinical domains.
The diagram contains two ellipses: the outer one denotes 100% of the explained
variation, and the inner one denotes 50% of the explained variation. The ten
variables located on the right side of the graph are: (1) Immuno-Inflammatory
System Index (IRS), (2) M1 macrophage index, (3) Th17 axis index, (4) negative
symptoms, (5) psychosis, (6) psychomotor retardation, (7) agitation, (8) thought
disorders, (9) mannerisms, and (10) hostility. The eight variables located on the
left side of the graph correspond to the indicators from the Brief Assessment of
Cognition in Schizophrenia (BACS): (1) Controlled Word Association, (2)
Symbol Coding, (3) Token Motor Task, (4) Tower of London, (5) List Learning
Test, (6) Digit Sequencing Task, (7) Total BACS Composite Score, and (8)
Category Instances.
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Figure 14. Correlation loading plot.

The results of the SIMCA analysis based on the Si/SO vs. Hi model for the
major neurocognitive psychosis (MNP) group are presented in Figure 15. Patients
with MNP are located in the lower left quadrant and are indicated by green
triangles. The differences between patients with simple neurocognitive psychosis
(SNP), healthy controls, and the MNP pattern were represented by the ordinate
(y-axis) and abscissa (x-axis), respectively. As can be seen from the graph, none
of the patients with SNPs or healthy controls fall into the hyperspace of the MNP
model, which confirms the good discriminatory ability of the model. For three
patients with MNP, it was not possible to confirm membership in the MNP class.
Therefore, these cases are considered as outliers and, accordingly, as erroneously
classified.
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Figure 15. Results of the Soft Independent Modeling of Class Analogy (SIMCA) analysis,
representing the Si/SO vs Hi plot for the simple neurocognitive psychosis (SNP) model.

The lower left quadrant of Figure 16 shows the Si/SO vs. Hi pattern for the
SNP class, with patients with patients with SNP indicated by red circles. Four
patients with MNP were misclassified due to their inclusion in the SNP model.
The distance between the MNP and SNP models is 7,117, indicating a statistically
significant distinction between the two classes and confirming their different
biological and clinical characteristics.
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Figure 16. Results of the Soft Independent Modeling of Class Analogy (SIMCA) analysis
presenting the Si/SO graph for the simple neurocognitive psychosis (SNP) model. (Major
neurocognitive psychosis, MNP — green triangles, healthy controls, blue squares)

Figure 17 presents a three-dimensional plot of the first three principal
components PC1, PC2 and PC3 for all cases studied. There is a clear grouping of
patients with SNP and MNP into separate clusters, as well as a distinct spatial
separation of the studied groups within the three-dimensional space, defined by
the three main components. Principal components PC1, PC2 and PC3 derived
from the three biomarker indices, the eight neurocognitive indicators and the
seven clinical domains are depicted. The three-dimensional representation allows
for a clearer visualization of the distribution and clustering of the individual
classes within the space defined by the first three principal components.
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Figure 17. Three-dimensional (3D) plot showing the distribution of healthy controls, patients with
simple neurocognitive psychosis (SNP) and major neurocognitive psychosis (MNP). The plot shows
the spatial distribution of all healthy controls (blue squares), patients with simple neurocognitive
psychosis (SNP; red circles), and patients with major neurocognitive psychosis (MNP; green
triangles).
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Discussion of the results of retrospective study Il

The results of the current retrospective study show that patients with major
neurocognitive psychosis (MNP) and simple neurocognitive psychosis (SNP)
differ in terms of neurocognitive indicators and the activity of the IL-6/IL-
23/Th17 axis. The conducted multivariate analyses show the formation of separate
class models for both groups based on a combined assessment of biomarker and
neurocognitive data. Through the application of SIMCA analysis, a statistically
significant distinction was established both between patients and healthy controls,
and between the groups with major neurocognitive psychosis (MNP) and simple
neurocognitive psychosis (SNP).

The results obtained are consistent with data from previous studies,
according to which major and simple neurocognitive psychosis differ in terms of
the neurocognitive profile and biological mechanisms involved in the
pathogenesis of the disease. In this regard, Kanchanatawan et al. (2018) report
that patients with deficit schizophrenia are characterized by disorders in intestinal
barrier function, alterations in the gut microbiome, and activation of the
tryptophan catabolite pathway (TRYCATS). The authors suggest that increased
intestinal permeability may induce activation of indolamine-2,3-dioxygenase
(IDO) by stimulating the immune response and oxidative stress, resulting in
increased production of neurotoxic tryptophan catabolites. This, in turn, is
associated with increased production of tryptophan catabolites (TRYCATS) and
an increased IgA-mediated immune response against them. Also, in some patients
with deficit schizophrenia, an increased immunoglobulin A (IgA) response to
metabolites such as picolinic, xanthurenic and quinolic acid is observed. In
general, the ratio between quinolinic and kynurenic acid is higher in patients with
major neurocognitive psychosis (MNP) compared to the non-deficit form (simple
neurocognitive psychosis). Elevated levels of xanthurenic and quinolinic acids are
likely to play a role both in the early stages of the disease and in maintaining and
aggravating the negative symptoms of the deficit form. These changes in
tryptophan metabolism (TRYCATS), as well as their associated neuroprogressive
mechanisms, may be involved as potential factors influencing
neurodevelopmental and pathogenetic processes associated with the development
of the disease. Based on the presented data, it can be assumed that the genesis of
the deficit form of schizophrenia is associated with a relative deficiency of
congenital IgM-mediated immune response to tryptophan catabolites
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(TRYCATS). This disorder in the compensatory anti-inflammatory mechanism
probably contributes to neuroprogressive processes, negative symptoms and
disease progression.

The study by Kanchanatawan et al. reported that the differences between the
groups defined as SNP and MNP, based on tryptophan catabolites (TRYCATSYS)
markers and neurocognitive deficits, were moderate, with a value of 4.59.
However, in the current study, the distance between the MNP and SNP models is
16.13, which is a significantly higher value. On this basis, it can be assumed that
the activity of the IL-6/IL-23/Th17 axis maybe more pronounced in MNP than
the contribution of tryptophan catabolites (TRYCATS). The observed pattern of
Immune-mediated neurotoxicity in MNP versus SNP and controls was consistent
with the results of the cytokine profile analysis involving the IL-6, IL-23, and
Thl7 axis. Therefore, the findings suggest that MNP is characterized by
pronounced immune-mediated neurotoxicity, in which Th17-associated
mechanisms and the TRYCAT pathway likely have a joint but not equivalent
involvement.

A similar study by Al-Hakeim et al. (2020) analyzed plasma levels of various
cytokines and chemokines in a large number of patients with major
neurocognitive psychosis (MNP) and healthy controls. The authors investigated
the relationship between biological processes, clinical symptomatology and
phenomenological characteristics, which are essential for understanding the
phenotypic expression of the disease.

The etiopathogenesis of the deficit form of schizophrenia is significantly
associated with the activation of neuroimmune mechanisms. Among the key
phenomenological manifestations are disorders in executive functions, as well as
deficits in episodic and semantic memory, which are part of the cognitive profile
characteristic of this condition.

Several preclinical studies suggest that elevated levels of pro-inflammatory
mediators, including interleukin-1p (IL-1pB), tumor-necrosis factor-a (TNF-a),
monocyte chemoattractant protein 1 (CCL-2), eotaxin-1 (CCL-11), may affect the
functional organization of brain networks through various neuroimmune
mechanisms that ultimately affect cognitive processes.

The researchers also analyzed the relationship between the levels of these
chemokines and cytokines and neurocognitive outcomes assessed by the Brief
Assessment of Cognition in Schizophrenia (BACS), as well as symptom domains
including psychosis, hostility, agitation, mannerisms, and negative symptoms
(PHEMN symptoms).
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The current study shows a successful differentiation of the group with major
neurocognitive psychosis (MNP) from healthy controls based on these indicators,
with a SIMCA distance of 19.3 between the models of the two groups. This result
confirms a significant difference between the constructed class models.
Additionally, when comparing patients with schizophrenia and healthy controls,
a statistically significant difference of 146.1682 was found. This result is
consistent with the hypothesis that the IL-6/IL-23/Th17 axis may have a more
pronounced involvement in the pathogenesis of MNP compared to the approach
used in a similar 2020 study, which mainly focused on a combination of
neurotoxic M1-associated cytokines, including monocyte chemoattractant
protein-1 (CCL2) and eotaxin-1 (CCL11).

In addition, a number of other studies highlight the importance of the IL-
6/1L-23/Th17 axis in MNP to a greater extent compared to SNP. Elevated levels
of IL-6 and IL-23 are associated with activation of the Th17-immune response,
suggesting a key role of these mediators in maintaining the Th17-mediated
pathological phenotype. Differences in the activity of these inflammatory
pathways between MNP and SNP may be associated with variations in the
severity of cognitive deficits and the clinical manifestation of the disease. The
accumulated data suggest that pro-inflammatory mediators such as TNF-o and IL-
6 may contribute to neurotoxic effects that affect key neurobiological processes,
including neurogenesis, neuroplasticity, and synaptic connectivity. In this context,
immune-mediated mechanisms appear to be essential for the etiopathogenesis of
schizophrenic spectrum diseases and associated cognitive impairment.

There are notable similarities between the class of major neurocognitive
psychosis (MNP) and the concept of "dementia praecox”, as well as the deficit
models proposed by, Kraepelin, Bleuler and Snezhnevsky. These authors describe
a subset of patients with psychotic disorders in which pronounced cognitive and
functional deficits are observed, possibly related to psycho-organic mechanisms.
The current study, together with previous analyses based on the SIMCA model,
supports the hypothesis that MNP can be characterized as an immune-related and
neurotoxic condition with a pronounced neuroimmune deficiency component.

Combining heterogeneous clinical subgroups such as MNP and SNP into a
single common diagnostic spectrum, as reflected in previous diagnostic systems
(e.g., DSM-IV, DSM-5 and ICD-10), may limit the possibility of detecting
specific biological signals. As also discussed by Maes and Anderson, in the
analysis of mixed populations, it is possible that the use of subtype-specific
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biomarker models leads to reduced sensitivity and an increased risk of statistical
bias.

From a methodological point of view, the application of biomarker pathways
specific to MNPs or SNPs to a heterogeneous population may increase the risk of
both false positives and false negatives, due to the dilution of specific biological
signals. In this context, some of the inconsistencies in the literature on biomarkers
and genetic associations in schizophrenia can be explained by the insufficient
differentiation of clinical subtypes.

The diagnostic name “schizophrenia” itself does not fully reflect the
heterogeneity of the clinical, cognitive and biological characteristics of the
disorder. In this sense, the term "neurocognitive psychosis™ can be considered as
a more descriptive model of phenotypic expression, since it focuses on the key
cognitive and psychotic components. Based on the results obtained, the distinction
between MNPs and SNPs through multivariate and machine-learning models
(including SVMs) appears to be methodologically sound and may contribute to a
more precise classification of patients in a research setting.
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6. Diagnostic algorithm for negative schizophrenia

Based on the diagnostic methods presented above, an integrative algorithm

can be proposed to improve the assessment of negative symptoms in
schizophrenia.

1.

Screening for negative symptoms through appropriate clinical interviews
and validated psychometric instruments.

Baseline clinical assessment, including the collection of anamnestic and
demographic data, mode of referral, disease onset and duration of illness.

Assessment of psychopathological severity through a comprehensive
psychiatric examination (mental status examination) and the use of
standardized scales for the assessment of negative symptoms and overall
psychopathology.

Neuroimaging assessment - functional magnetic resonance imaging (fMRI),
to investigate functional brain alterations associated with negative
symptoms.

Laboratory assessment of immunological markers, including serum
concentrations of cytokines and inflammatory mediators, with particular
emphasis on the IL-6/1L-23-Th17 axis, TNF-a, and interleukin -1 (IL-1pB).

Assessment of tryptophan catabolites (TRYCATS) to investigate alterations
in tryptophan metabolism and their potential association with negative
symptoms.
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7. Conclusions

In patients with schizophrenia, significant functional alterations were
identified in brain networks involved in cognitive control and regulation of
attention, characterized by reduced activation of the orbitofrontal cortex,
anterior cingulate cortex, medial frontal areas and fronto-striato-thalamic
chains, including the thalamus, caudate nucleus, putamen, palladum and
nucleus accumbens.

Compared with healthy controls, patients with schizophrenia demonstrated
an imbalance between frontal regulatory systems and occipito-temporal
regions, reflecting impaired integration of higher-order executive functions
and sensory processing.

Patients with schizophrenia demonstrated increased activation of structures
within the salience network and temporo-parietal associative regions,
including the insula, operculum, superior and middle temporal gyrus,
supramarginal and angular gyrus. This pattern suggests altered evaluation of
the salience of external stimuli and abnormal processing of emotionally
relevant information.

Patients with schizophrenia demonstrated significant alterations in immune-
inflammatory biomarkers, particularly those assocaited with the IL-6/IL-
23/Th17 axis. These findings support the involvement of neuroimmune
mechanisms and neuroimmunotoxicity processes in the etiopathogenesis of
the disease and are consistent with current neuroimmunological models of
schizophrenia.

The combined analysis of neuroimaging findings, neurocognitive
characteristics and immuno-inflammatory biomarkers provides a more
comprehensive characterization of the disease than symptom-oriented
diagnostic approaches alone. The findings support the applicability of the
nomothetic network approach in the study and diagnosis of schizophrenia.

The current study provides evidence that Major Neurocognitive Psychosis
(MNP) represents a biologically more severe phenotype, characterized by
more pronounced neurocognitive impairment and greater immune-
inflammatory activation compared with Simple Neurocognitive Psychosis
(SNP).
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The results obtained demonstrate that the integration of neuroimaging,
neurocognitive and immunological biomarkers may contribute to the
development of more precise diagnostic algorithms and support the future

implementation of biologically based approaches to the diagnosis of
schizophrenia.
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8. Contributions of the dissertation

Theoretical and Methodological:

A paradigm for investigating cognitive functions in the presence of
emotional distractors in patients with deficit schizophrenia was
implemented, with potential applicability to clinical practice.

The results obtained confirm that cognitive-affective dysregulation within
prefrontal-limbic circuits in patients with deficit schizophrenia is associated
with the observed cognitive deficits and may contribute to their underlying
neurobiological mechanisms.

Through the application of an interdisciplinary approach, additional data was
obtained, that contributes to a better understanding of the etiological factors
and mechanisms underlying the development and persistence of the
schizophrenic process.

Scientific and Applied:

A diagnostic algorithm for patients with negative (deficit) schizophrenia,
based on the concept of nomothetic networks, has been developed and
proposed, creating prerequisites for the integration of clinical, neuroimaging
and laboratory data.

Brain regions demonstrating residual activation, including the supramarginal
and angular gyrus, parietal operculum, temporal gyrus (superior, middle and
transverse), insula (anterior and posterior), operculum (central and parietal),
planum temporale, have been identified as potential neuroimaging
biomarkers that are subject to further systematic investigation and validation
In patients with negative type schizophrenia.

Potential immunobiological markers have been identified that may provide
a basis for future research into immune-mediated mechanisms involved in
the etiopathogenesis of schizophrenia.
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