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Preface

Schizophrenia is a chronic psychiatric disorder characterized by psychotic symptoms
that lead to serious destructive consequences and disability. Many genetic, environ-
mental, neurobiological, neurodevelopmental, and neurodegenerative factors are
responsible for the etiology of schizophrenia. Although strong evidence has been
obtained from numerous studies in this field, the etiology of schizophrenia is not fully
known. The clinical appearance and prognosis of schizophrenia vary from patient to
patient. Signs and symptoms may vary. Delusions, hallucinations, and cognitive dys-
function are usually at the forefront. Psychopharmacological approaches are the first
choice in the treatment of schizophrenia. However, it has been reported that recovery
rates have increased with psychosocial treatments in recent years.

Early initiation and long-term continuation of treatment of individuals diagnosed
with schizophrenia can prevent the development of serious complications and the
recurrence of symptoms. In addition, comorbid physical diseases as well as alcohol
and substance-use disorders are frequently observed in individuals diagnosed with
schizophrenia, especially during periods when disease symptoms increase and
become more severe. However, treatment approaches initiated with appropriate
therapeutic communication can help control patients’ symptoms, prevent relapses,
and improve the course of the disease.

A better understanding of the etiology and risk factors of schizophrenia will allow
the identification of risk groups and the development of new treatment approaches.
In addition, early diagnosis of the disease will be possible, and complications that
may lead to disability can be prevented.

This book discusses the current literature on management and diagnosis of schizo-
phrenia. In Chapter 1, current literature findings on the etiology and risk factors

of schizophrenia are discussed. In Chapter 2, a design that activates professional
boundaries to support patients with schizophrenia is discussed. Patients with schizo-
phrenia may have difficulties in expressing and assessing pain. In Chapter 3, the role
of myo-inositol in understanding pain perception in patients with schizophrenia is
examined. In Chapter 4, current and new therapies in the treatment and diagnosis

of schizophrenia are compared. In Chapter 5, the subject of artificial intelligence and
schizophrenia is discussed. Recent developments in the diagnosis and treatment of
schizophrenia with artificial intelligence applications are examined. There are still
unmet needs in the treatment of schizophrenia. In Chapter 6, symptom relief and
long-term needs in the treatment of schizophrenia are discussed. In Chapter 7, the role
of phytochemicals in the treatment of schizophrenia is examined. Finally, in addition
to psychopharmacological approaches, psychosocial therapies are important in the
treatment of schizophrenia. Chapter 8 discusses current psychosocial approaches to
the treatment of schizophrenia.



We would like to thank all the authors and publishers who contributed to the prepara-
tion of this book for their careful study. We hope it will be a valuable resource for our
colleagues working in the field of mental health.

Cicek Hocaoglu
Recep Tayyip Erdogan University,
Rize, Turkey
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Chapter1

Aetiology and Risk Factors of
Schizophrenia

Adnan Kusman

Abstract

Schizophrenia is a disorder that begins at a young age and causes severe mortality
and morbidity. The aetiology and pathophysiology of schizophrenia are still not
known precisely. It is a very complex syndrome, and it is thought that more than one
aetiological factor plays a role in its emergence. Genetics, epigenetics, and environ-
mental and gene-environment interaction play a role in the aetiology of the disease. In
addition, post-mortem neuropathological findings, neuroimaging findings, neuro-
chemical studies, neuropsychological study results, and neurophysiological study
results shed light on the mechanisms that cause the disease to occur. This chapter will
provide an overview of the diathesis-stress, neurodegeneration, and neurodevelop-
mental models and summarise the work done so far in many areas.

Keywords: schizophrenia, genetics, neuroimaging, neuropathology, neurophysiology,
neuropsychology, neurodevelopment, neurodegeneration

1. Introduction

In its broadest terms, psychotic disorders describe mental illnesses which involve
disruption in perception, thought, and behaviour. The term psychosis describes the
condition in which the mind cannot distinguish between what is real and what is
unreal. Although it covers many psychopathological conditions in which the aetiol-
ogy, symptoms, and course of the disease are very different, the prototype of this
group of disorders is schizophrenia.

The aetiology and pathophysiology of schizophrenia are not known precisely.
Itis a ‘syndrome’ with complex symptoms, and it is thought that more than one
aetiological factor plays a role in its emergence. According to the generally accepted
assumption, brain development is disrupted due to genetic or environmental fac-
tors in the early life stages. This disruption creates a predisposition to the disease
for the person, and symptoms of schizophrenia develop in later periods of life when
the person encounters a stressful environmental effect [1]. It has been reported that
subtle developmental abnormalities in the brain cause the onset of the disease before
emerging clinical symptoms [2].
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2. Hereditary causes

Schizophrenia is known to be a highly heritable disorder. Information on this subject
is obtained from twin studies, family history, and studies with adopted persons [3-5].

2.1 Family studies

Family studies conducted in the early twentieth century showed that the rate of
schizophrenia in relatives of schizophrenic patients was higher than in the general
population. However, these early studies were criticised for many aspects of their
study design and some other technical problems [6]. Recent studies have confirmed
that the risk is higher among siblings and children than among parents and found that
disease risks are not significantly different from those in older studies. As a result,
family studies have revealed the high familial loading of schizophrenia, with siblings
demonstrating an almost 10-fold increased risk of developing schizophrenia. This
rate is greater than the increased risk reported for any other environmental factor [7].
In 2010, a Danish national register-based cohort study examined the risk of severe
mental disorders. The risk of schizophrenia in the offspring of parents both affected
by schizophrenia was found to be 27.3% [8].

2.2 Twin studies

Twins share many aspects of their environment. If we assume monozygotic (MZ)
and dizygotic (DZ) twins share their environments to nearly an equal extent, then
a higher concordance in MZ twins implies the disorder is, at least partly, genetic. A
concordance of less than 100 per cent in MZ twins indicates that environmental factors
are also at play [7]. Twin studies played an important role in understanding the genetic
aetiology of schizophrenia. Twin studies have provided evidence that both genetic and
environmental factors contribute to schizophrenia (SZ) risk. Heritability estimates of
SZ in twin samples have varied methodologically. Studies between 1995 and 2000 from
Europe and Japan have confirmed earlier findings. They yielded concordance rates of
41-65% in monozygotic (MZ) pairs and 0-28% in dizygotic (DZ) pairs, and heritability
estimates of approximately 80-85%. Studies of discordant MZ pairs provide further
insights into non-inherited factors contributing to this disorder’s multifactorial aetiol-
ogy [9]. Another study found that the estimated 79% heritability of SZ is congruent
with previous reports. The low concordance rate of 33% in monozygotic twins demon-
strates that illness vulnerability is not solely indicated by genetic factors [10]. Sullivan
etal. [11] calculated heritability estimates in liability and shared and individual-specific
environmental effects from the pooled twin data. They found evidence for substantial
additive genetic effects. Results showed that heritability in liability to schizophrenia was
81%. Common or shared environmental influences on liability to schizophrenia were
11%. They concluded that the meta-analytic results from 12 published twin studies of
schizophrenia are consistent with a view of schizophrenia as a complex trait that results
from genetic and environmental aetiological influences [11].

2.3 Adoption studies

The observation that schizophrenia is more commonly observed among the
relatives of individuals with schizophrenia than in the general population does not
indicate the mechanism that produces such familiality occurs. Results from studies of
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adoptees with schizophrenia and their biological and adoptive relatives indicate that
genetic factors play a highly significant role in the risk for schizophrenia. Although
adoption studies have convincingly demonstrated an important role for genetic
factors in schizophrenia, the necessity and specificity of such factors, their precise
identity, and their interaction with environmental influences remain unknown [12].

3. Genetic studies

Many genes have been reported to be associated with schizophrenia, and these
genetic features do not comply with Mendelian inheritance [13]. The first genetic
studies were conducted as linkage studies, association studies, and chromosomal
anomalies. As a result of linkage studies, repeated studies were carried out on chro-
mosomes 1, 5, 8, 10, 13, and 22, and significant relationships have been demonstrated
[14-19]. In chromosome anomaly studies, deletion in the 22q11 region of the 22nd
chromosome and balanced translocations between the 1q42.1 and 11q14.3 regions of
chromosomes 1 and 11 have been shown to be associated with schizophrenia [20].
The early studies were not fruitful. However, new technological developments have
enabled the development of research methods.

3.1 Genome-wide association studies (GWAS)

GWA studies examine common alleles throughout the genome for association with
a particular trait. Single-nucleotide polymorphisms (SNPs) have demonstrated that
many SNPs correlate highly with neighbouring SNPs. The earliest GWA studies were
not fruitful. Later studies showed dopamine receptor D2, glutamatergic neurotrans-
mission and synaptic plasticity (GRM3, GRIN2A, SRR, GRIA1), and calcium signal-
ling (CACNAIC, CACNB2, and CACNAII) genes are associated with schizophrenia.
Genome-wide association studies demonstrated a relationship between MHC Class
1 proteins and schizophrenia and prenatal infections [21, 22]. Supporting this find-
ing, Aberg et al. [23] demonstrated that the major histocompatibility complex region
showed a 3.7-fold overall enrichment of replication values. The replicated SNPs in
TCF4, NOTCH4, POM121L2, CNNM2, AS3MT, and NT5C2 are among the most
robust findings. They found that the most significant pathways involved neuronal
function (axonal guidance, neuronal systems, and L1 cell adhesion molecule interac-
tion) and the immune system (antigen processing, cell adhesion molecules relevant
to T cells, and translocation to immunological synapse) [23]. In the latest and largest
GWAS of schizophrenia, adding all SNPs accounts for only 7% of trait liability, which
indicates additive models do not explain the risk of schizophrenia [24, 25].

3.2 Copy number variants

Copy number variants (CNVs) are deletions or duplications of chromosomes. The
earliest report of a rare CNV associated with an increased risk of schizophrenia was a
deletion of about 2.5 Mb on chromosome 22q11.2, which causes a congenital disorder
described variably as DiGeorge syndrome. Deletion in the 22q11 region of the 22nd
chromosome and balanced translocations between the 1q42.1 and 11q14.3 regions of
chromosomes 1 and 11 have been shown to be associated with schizophrenia. These
regions are found to be associated with the Disrupted-in-Schizophrenia-1 (DISC1)
protein, which is related to disturbances in neural function and multiple disease-risk
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pathways [20]. Rujescu et al. [26] showed that it was the CN'Vs that intersected exons
that increased the risk of schizophrenia. NRXN1 has been shown to be a candidate
gene. NRXN1 gene codes for a cell adhesion molecule, neurexin-1. Neurexin-1
mediates interactions between pre- and postsynaptic structures. It is critical for
forming, maintaining, and releasing neurotransmitters at synapses [26]. CNVs also
increase the risk of developing intellectual deficits, developmental delay, autism
spectrum disorders, and various congenital malformations and somatic diseases. To
date schizophrenia-related CNVs found are 1q21.1 del, 1q21.1 dup, NRXN1 exonic del
on chromosome 2, 3q29 del, 7q11.23 dup, 15q11.2 del, Angelman/Prader-Willi dup
on chromosome 15, 15q13.3 del, 16p13.11 dup, 16p12.1 del, 16p11.2 dup, 22q11.2 del
[27, 28]. The 15q11.2(BP1-BP2) deletion affects brain structure in a pattern consistent
with both observed during first-episode psychosis in schizophrenia [29]. 16p11.2
duplications, 22q11.2 deletions, and 3q29 deletions are found to be related to schizo-
phrenia. Findings suggest that multiple lines of genomic inquiry—genome-wide
screens for CN'Vs, common variation, and exonic variation—converge on similar
sets of pathways and/or genes [30]. Kirov et al. showed that 3q29, 15q11.2, 15q13.3,
and 16p11.2 defects result in NMDAR postsynaptic signalling and, possibly, ARC
complexes, which is an intracellular part of the synapse and plays a significant role
in the pathogenesis of schizophrenia [31]. Pocklington et al. [32] showed for the first
time that CN'Vs from individuals with schizophrenia are enriched for genes involved
in GABAergic neurotransmission. Previous findings of CNV enrichment among
genes involved in glutamatergic signalling are independently replicated and greatly
extended [32].

3.3 Epigenetic mechanisms

It is increasingly recognised that epigenetic modifications play a role in the aetiol-
ogy and pathophysiology of schizophrenia. Recent findings suggest that specific
schizophrenia risk loci may influence stochastic variation in gene expression through
epigenetic processes, highlighting the complex interplay between genetic and epi-
genetic control of neurodevelopmental trajectories. In addition, a significant part
of the epigenetic changes in schizophrenia can be acquired through environmental
factors, and these changes can affect brain functions [33]. Genome-scale mapping
of DNA methylation, histone modifications and variants, and chromosomal loop-
ings for promoter-enhancer interactions and other epigenetic determinants provide
important clues about the dysregulated expression of synaptic and metabolic genes
in schizophrenia. Epigenetic studies can also display potential links to the underlying
genetic risk and environmental exposures [34]. In another study, researchers pro-
posed that epigenetic factors and regulatory non-coding RNAs mediate the effects of
environmental stressors [35]. A recent study showed that histone modifications play
important roles in transcriptional regulation of the genes crucial for oligodendrocyte
differentiation and myelination, specifically, histone acetylation and methylation [36].

4. Environmental factors

A relationship between the development of schizophrenia and exposure to
influenza virus has been shown with data based on antibody measurements [37].
The relationship between Toxoplasma gondii and schizophrenia has also been dem-
onstrated by immunoglobulin measurements. It has been shown that high maternal
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IL8 levels in the second and third trimesters increase the risk of schizophrenia by
twofold [38]. In another study, a relationship was found between high maternal
TNF-alpha levels and the development of schizophrenia [39]. It has been shown that
there is a relationship between anaemia during pregnancy, malnutrition, hyperho-
mocysteinemia resulting from folic acid deficiency, vitamins A and D deficiency, and
increased docosahexaenoic acid levels and the child’s risk of developing schizophrenia
in the future [40-43]. These deficiencies or excess conditions have been shown to
affect gene expressions, silencing some genes, disrupting repair mechanisms, inap-
propriately activating some genes, and disrupting myelination [44]. Malaspina et al.
showed a relationship between advanced paternal age and schizophrenia, which was
later supported by other studies [45-48]. There have been many studies showing

that marijuana use is associated with schizophrenia [49]. Cannabis use, especially at
the age of 18 or younger, increases the risk of developing schizophrenia [50]. Studies
investigating the relationship between immigration and schizophrenia have shown
that the risk of schizophrenia increases in first- and second-generation immigrants.
It has been stated that the possible cause of this situation is social defeat and social
exclusion and that the experience of social defeat in genetically predisposed people
increases the sensitivity of the mesolimbic dopaminergic pathway, making it easier
for the person to develop a psychotic disorder [51, 52]. A relationship has been found
between socioeconomic level and the development of schizophrenia. Two theories
have been put forward to explain this relationship: (i) social cause theory and (ii)
social shift theory. According to the social cause theory, being born into a family
with a low socioeconomic level increases the likelihood of exposure to environmental
stresses and causes the development of schizophrenia in the predisposed individual.
According to the social shift theory, the person falls to a lower socioeconomic level
due to the disease. Studies on this subject have yielded contradictory results, and the
person losing the social status to which he/she belongs is the result of the interaction
of many factors [53-59].

5. Gene-environment interaction

The gene-environment relationship is explained as sensitivity to environmental
factors determined by genes and gene expression affected by environmental condi-
tions. This situation has been defined as the stress susceptibility model (diathesis-
stress). According to this model, genetic and environmental conditions predispose
the individual to the development of psychosis, with a negative and additive effect on
brain development, during a critical period or more than one period of brain develop-
ment [37, 60-62]. Exposure to maltreatment, especially in early life, and repetition
of this exposure create a predisposition to psychosis, possibly by causing changes in
dopaminergic pathways originating from the mesencephalon and projecting to higher
regions [63].

6. Physiopathology

6.1 Neuropathology

Neuropathology studies have shown that neurons and glial cells exhibit different
characteristics in schizophrenia cases compared to normal individuals. Although the
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changes were seen especially in the hippocampus and prefrontal cortex (PFC), they
are not specific to these regions [64]. The first of the most consistent findings is the
widespread reduction in decreased neuronal size and dendritic and axonal branching
[65, 66]. The network system formed by axons, dendrites, and synaptic gaps is called
‘neuropil’ The decrease in neuropils may explain the reduced brain volume at the
macroscopic level and is called the ‘decreased neuropil hypothesis’. In individuals with
schizophrenia, the number of neurons decreases over time, and structural changes
occur in dendrites and axons [67]. It has been reported that dendritic spine reduction
in cortical neurons disrupts and damages information-processing processes [68, 69].
Synaptic changes observed in schizophrenia are generally decreasing, and this has
been seen especially in glutamatergic neurons [65]. It has been shown that there isa
selective loss of pyramidal neurons in the PFC [70]. Additionally, an increase in white
matter density has been detected in the PFC, and it has been stated that this is due
to the inhibition of neuronal migration during development [71-73]. In histopatho-
logical examinations of the Superior Temporal gyrus (Heschl’s gyrus) and medial
temporal lobe, it was observed that the pyramidal neurons in the cortical third layer
were reduced in number, and the organisation of these neurons was impaired [74,
75]. It has been observed that the total number of neurons decreases in the thalamus,
another most studied region, and as an indicator of this, there is a decrease in the
amount of grey matter, but there is no change in cell density [76-78]. A decrease in
the number of neurons and neuropils was detected, especially in the pulvinar and
mediodorsal nuclei [64]. Although the number of neurons decreased in the basal
ganglia, no change in neuron density was detected [79]. Immunohistochemical mark-
ers have shown a decrease in membrane density in the pre-synaptic axon terminal
in the medial temporal lobe, frontal cortex, visual cortex, and cingulate cortex in
schizophrenia patients [80-82]. In addition, SNAP-25, synapsin, and synaptophysin,
proteins belonging to the synaptic structure, are found in the hippocampus and
frontal cortex and were also found to be decreased [83].

Immunohistochemical methods could identify cortical interneurons, and it was
shown that these neurons decrease by more than 10% in schizophrenia patients
[84, 85]. Interneurons are marked by parvalbumin and somatostatin, and they are
found in decreased amounts in the hippocampus and the parahippocampal gyrus in
schizophrenia patients. Parvalbumin interneurons work in association with NMDA
receptors [86, 87]. In patients with schizophrenia, neurons containing gamma amino
butyric acid (GABA) and glutamic acid decarboxylase (GAD) are generally reduced
compared to healthy individuals. This results in disinhibited excitatory neurons, lead-
ing to defective activation. GABA neurons have important functions, especially in the
PFC, and play a critical role during executive functions. The decrease in these neurons
leads to the impairment of cognitive functions [88]. Microglia cells are the source of
the major pro-inflammatory cytokines of IL-6 and TNF-alpha. Increased microglia
cell density has been detected in the PFC, auditory cortex, ACC, and mediodorsal
thalamus in schizophrenia patients and associated with suicide in schizophrenia [89].

6.2 Neurochemical changes

The Proton Magnetic Spectroscopy method can noninvasively measure people’s
biochemical structures and metabolic activity states. This method has been used to
measure N-acetyl aspartate (NAA), choline, creatinine, glutamine/glutamate (Glx),
and myoinositol-1 molecules in vivo in schizophrenia patients. NAA is an indicator of
neuron functionality, which is well-being at the cellular level, and Cho is an indicator
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of myelination [90]. Creatine (Cre) is a metabolic output whose value is relatively
constant. Although the function of myo-inositol is not known, it is thought to be asso-
ciated with glial cells [91]. In individuals with high genetic load for schizophrenia,
NAA, Cho, and Cre were detected at low levels in the thalamus, suggesting that neu-
ronal dysfunction in the thalamus has a role and is associated with the development
of schizophrenia. It has been found that right and left mPFC NAA and left mPFC

Cho levels are low in schizophrenia patients. In schizophrenia patients, NAA/Cre and
NAA/Cho levels were found to be lower in the hippocampus and DLPFC compared

to controls. Additionally, NAA/Cre and NAA/Cho levels were lower in the temporal
cortex and thalamus in schizophrenia patients than in healthy controls [92].

6.2.1 Dopamine hypothesis

In the dopaminergic pathway, which projects from the Ventral Tegmental Area
(VTA) to the limbic system, hyperactivity is defined as the oldest and most widely
accepted hypothesis of the mechanism leading to psychosis. Dopamine 1R (D1R)
receptors are more commonly found in the Frontal Cortex. However, this subtype,
unlike D2R, shows hypoactivity and negative symptoms of schizophrenia are partially
attributed to the hypoactivity of this receptor (hypofrontality) [93, 94].

6.2.2 Glutamate hypothesis

Glutamate is a neurotransmitter with both metabotropic and ionotropic receptors.
The type emphasised in the pathogenesis of schizophrenia is NMDA receptors. Due
to hypoactivity in NMDA receptors, since GABA neurons serving as interneurons
cannot be stimulated, glutamate neurons projecting to the VTA cannot be inhibited.
As aresult, there is an increase in activity in the dopaminergic pathways located in the
VTA and extending to the limbic system [95, 96].

6.2.3 Gamma-aminobutyric acid (GABA) hypothesis

Post-mortem studies consistently show decreased GABA levels in the PFC. An
increase in the number of GABA receptors may also be observed. It has been stated
that this situation may occur in response to the decrease in GABA levels. It has been
suggested that GABAergic anomalies may explain working memory disorders by caus-
ing neural synchrony changes in schizophrenia patients [97, 98].

6.2.4 Serotonin hypothesis

It is a hypothesis based on the antagonism of SHT2A receptors. The underlying
mechanism of psychotic states seen especially in diseases such as Parkinson’s or
Alzheimer’s diseases is pointed out. It has been stated that hyperactivity of SHT2A
receptors has an excitatory effect on glutamatergic neurons, and increased dopami-
nergic neuron activation in the VTA ultimately leads to increased DA activity in the
mesolimbic pathway [99].

6.2.5 Norepinephrine hypothesis

This theory is based on various evidences revealing the anatomical and physi-
ological properties of the locus coeruleus-norepinephrine (LC-NE) system and its
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involvement in brain function and cognition. Theory suggests that the phenomenol-
ogy of schizophrenia, particularly cognitive symptoms, can be explained by an
abnormal interaction between genetic predisposition and stress-induced LC-NE
dysfunction. This dysfunction leads to an imbalance between modes of LC activity,
dysfunctional regulation of brain network integration and neural acquisition, and
deficits in cognitive functions [100, 101]. Catecholamine-producing midbrain and
brainstem nuclei are densely connected to the PFC and dACC and contribute to cog-
nitive control processes. It has been shown that the VTA and substantia nigra, as well
as the LC, are abnormal during cognitive control in patients with schizophrenia [102].

6.2.6 Acetylcholine hypothesis

A well-known characteristic of patients with schizophrenia is that they smoke
excessive amounts of cigarettes. This behaviour of patients is interpreted as a method
of self-treatment to improve the positive, negative, and cognitive symptoms of
schizophrenia [103]. Acetylcholine in the CNS has three sources: (i) basal forebrain
nuclei, (ii) pedunculopontine tegmental nucleus and laterodorsal tegmental nucleus,
and (iii) giant cholinergic interneurons in the caudate-putamen and nucleus accum-
bens. The cholinergic nuclei innervate the hippocampus, cortical, and subcortical
regions. Acetylcholine plays a regulatory role in the dopamine, glutamate, GABA, and
serotonin systems. It has also been shown to have a mutual regulatory relationship
with inflammatory processes [104]. The muscarinic receptors that play a role in the
aetiology of schizophrenia are thought to be M1, M4, and M5 receptors. It has been
shown that M1 receptors are associated with cognitive disorders, M4 receptors with
positive symptoms, and M5 receptors with prepulse inhibition. The nicotinic a4f2
receptor is associated with attention and memory functions, and the nicotinic a7
nACh receptor is associated with P50 sensory transmission deficits [105-107].

7. Neuroimaging findings
7.1 Structural neuroimaging
7.1.1 Computed tomography (CT)

CT shows more significant volume reduction than expected for age in the frontal
lobes, temporal lobes, caudate head, and thalamus in patients with schizophrenia.
This volume decrease is progressive throughout the disease. Ventriculomegaly and
cortical atrophy are also more common in patients with schizophrenia than controls.
Ventriculomegaly is associated with age, impaired cognitive function, decreased
response to treatment, and negative symptoms [108, 109].

7.1.2 Magnetic resonance imaging (MRI)

MRI provides high-resolution images. Increased cerebrospinal fluid (CSF) and
decreased grey and white matter volume have been detected in schizophrenia. Volume
reductions in the frontal lobe, temporal lobe, hippocampus, and parahippocampus
have been reported, all associated with cognitive impairment [110, 111]. Auditory
hallucinations have been reported to be associated with loss of superior temporal
gyrus volume, and negative symptoms have been reported to be associated with loss
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of prefrontal lobe volume [112-114]. Many studies have shown that volume reduction
in schizophrenia patients is in thalamocortical connections and prefrontal cortex grey
matter [115]. Regions with decreased grey matter volume in voxel base morphometry
are the frontal gyri, the temporal gyri, the parahippocampal gyri, the posterior and
anterior insulae, dorsal anterior cingulate cortex (dACC), posterior cingulate cortex
(PCC), bilateral angular and supramarginal gyri, bilateral thalamus, and caudate
nuclei [116-118]. Although the large cava septum pellucidum is more common in
patients with schizophrenia, it is not considered a causal factor [119]. However, this
can be considered evidence of abnormal neurodevelopmental processes that contrib-
ute to the development of schizophrenia [120]. Histologically, this decrease in grey
matter is accompanied by a decrease in dendritic and synaptic density, which leads to
communication disturbances along neural circuits [69].

7.2 Functional neuroimaging
7.2.1 Single-photon emission computed tomography and positron emission tomography

Single-photon emission computed tomography (SPECT) and positron emission
tomography (PET) are radionuclide neuroimaging techniques.

PET is based on the idea that people with schizophrenia have a different pattern of
cerebral glucose use than normal individuals. Many researchers have noticed hypo-
frontality in fluorodeoxyglucose positron emission tomography (FDG PET) studies
performed in schizophrenia. Decreased metabolism was observed in the frontal
and temporal cortex of the patients but not in the parietal and occipital lobes [121].
However, not all studies have been able to replicate the same result [122].

SPECT detects gamma rays emitted from radionuclides. Fluorine-18 is a radio-
nuclide that labels glucose molecules to form F18 deoxyglucose (FDG). There are
two types of radionuclide studies in patients with schizophrenia: blood flow-glucose
metabolism studies and neuroreceptor research. Blood flow and glucose metabolism
studies are carried out in two stages: rest and active. During activation with the
Wisconsin card sequencing test, patients with schizophrenia have a less significant
increase in blood flow to the dorsolateral prefrontal cortices [123]. Abnormalities in
blood flow to the temporolimbic pathways are associated with disorders inhibiting
subcortical dopamine release and positive disease symptoms. Auditory hallucinations
have been proven to be associated with increased blood flow to the medial, temporal,
and limbic areas [124]. Radionuclide studies in patients with schizophrenia have
shown an increase in dopamine at synapses. Each anti-psychotic drug has different
receptor affinities, which PET and SPECT can demonstrate [125-128].

7.2.2 Functional magnetic resonance imaging (fMRI)

The fMRI is based on measuring locally increased cerebral blood flow of func-
tional brain regions during a specific task called blood oxygen level-dependent
(BOLD) imaging. fMRI studies in patients with schizophrenia include investigating
executive and cognitive functions such as attention, memory, psychomotor function,
and basic stimulus processing. In a recent meta-analysis, structural and functional
studies investigated the areas of processing speed, attention, working memory, verbal
learning and memory, visual learning and memory, executive function/reasoning,
problem-solving, verbal fluency and verbal comprehension, emotional perception,
social perception and knowledge, theory of mind, and attribution bias. The authors
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noted that when cognitive tasks were presented, there was a decrease in the activation
of the dorsomedial prefrontal cortex, the complementary motor area, and the right
lower frontal gyrus [129]. Typically, frontal hypoperfusion, anterior cingulate cortex
(ACC) hypoperfusion, and medial frontal gyrus hypoperfusion are the areas and
findings that have been studied the most in patients with schizophrenia [130-132]. In
contrast, increased blood flow was found in the thalamus [133], putamen and inferior
temporal gyrus, and unaltered blood flow in the nucleus caudatus [134]. However,
some studies have shown results opposite to these findings [135]. Multiple brain
networks have been discovered using resting-state fMRI, including the default mode
network, central executive network, salience network, language, sensorimotor, audi-
tory, and visual networks [136-140]. Default mode network (DMN) abnormalities,
DMN abnormal activity, DMN with the severity of positive symptoms, and central
executive and salience network dysconnectivity have been detected in schizophrenia
[141-143]. Connections of the thalamocortical network have also been implicated in
schizophrenia and psychosis, with reduced connectivity between the mediodorsal
thalamus and the insula and orbitofrontal regions [144].

7.2.3 Diffusion tensor imaging (DTI)

The DTI is used in general neuroimaging to visualise the relationship of white
matter, projection, or commissural fibres. Diffusion tensor imaging also allows white
matter paths to be imaged in colour three-dimensional images, called tractography.
Diffusion tensor imaging studies have shown that patients with schizophrenia have
reduced fractional anisotropy in the cingulum and corpus callosum. The results of
such studies can be biased, as these findings may also be influenced by various char-
acteristics of the subject’s age, gender, and hand dominance [145, 146]. The uncinate
fascicle is particularly interesting, as it connects the amygdala to regions of executive
function (medial and orbitofrontal cortices). Decreased fractional anisotropy and
decreased structural integrity were detected in this circuit [147]. In terms of specific-
ity, four of the neuropsychiatric disorders studied, obsessive-compulsive disorder,
major depressive disorder, bipolar disorder, and schizophrenia, had abnormal DTI
measurements of varying degrees in the corpus callosum and superior longitudinal
fascicle [148].

7.2.4 Magnetic resonance spectroscopy (MRS)

With MRS, concentrations of different chemical species can be analysed in vivo.
N-acetyl aspartate (NAA), creatinine (Cre), choline (Cho), myoinositol (mlI), and
glutamate-glutamine (Glx) are frequently analysed markers in MRS studies. NAA isa
marker of neuronal integrity, and its low concentration indicates neuronal or axonal
damage. Cho is part of the cell membrane and reflects cell membrane turnover rates.
The increase in Cho levels reflects cellular hyperplasia. Cre is a marker of energy
metabolism functioning, and Cre levels decrease in hypermetabolic states. Glutamine
and glutamate are components of the neurotransmitter system, and their concentra-
tions can be measured as two separate peaks. Lactate, acetate, aspartate, and lipid
molecules are indicators of pathological conditions at the cellular level. Changes at the
molecular level in the internal environment are evident even before morphological
changes are observed [149, 150].

In schizophrenia, lower levels of glutamate in the ACC and higher levels in the
centrum semiovale were noted. Others have found decreases in GABA, NAA, ml,
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and total Cho in the ACC in first-episode psychosis patients [151]. In general, the
most consistent finding in most studies is that NAA is reduced in schizophrenia and
first-episode psychosis. This finding suggests the possibility of neuronal damage/
dysfunction early in the disease. There is a negative correlation between NAA

levels in the dorsolateral prefrontal cortex and negative symptoms in schizophre-
nia [152]. A higher glutamate/creatine ratio in the medial frontal cortex was (i)
positively associated with overall symptom severity, (ii) positively associated with
schizophrenia symptomatology severity, and (iii) negatively associated with overall
functioning [153].

7.2.5 Magnetoencephalography (MEG)

The MEG is an electrophysiological measuring device that measures the mag-
netic fields emitted by postsynaptic neuronal activity in the brain. MEG measures
brain function with millisecond temporal resolution. When combined with the
patient’s brain anatomical structure on MRI, MEG can show the 3D location of
brain activity (spontaneous or evoked) in real time with millisecond temporal
resolution [154]. In the resting state, the most robust finding of MEG is an increase
in slow-wave activity in the delta (1-4 Hz) and theta (4-8 Hz) bands localised in
the frontotemporal and parietal regions in patients with schizophrenia. Zeev-Wolf
et al. found that patients with high positive symptoms commonly had low alpha
power, and more beta power was seen in the left hemisphere of patients with
high negative symptoms [155]. Due to MEG’s ability to precisely measure neural
oscillation processes and its good spatial localisation using advanced resource
reconstruction algorithms, MEG is a valuable technique for assessing whole brain
functional activity.

7.2.6 Functional near-infraved spectroscopy (fNIRS)

The fNIRS is a non-invasive imaging method for measuring cortical activity in
vivo. The measurement of fNIRS is based on the different absorption properties of
infrared light by oxy (Oxy-Hb) and deoxy (Hb) haemoglobin [156]. Compared to
fMRI, the fNIRS environment is much more natural and resembles real-world envi-
ronments. It is comparatively less sensitive to head movements. It is easy to use and
noiseless. These advantages allow the monitoring of cortical activity during complex
tasks. fNIRS has a high temporal resolution, provides a representative experimental
environment, and can contribute highly to social cognitive neuroscience, especially
neuroimaging [157, 158].

8. Neurophysiological study findings

When schizophrenic patients follow an object with their eyes, a pendulum-like
movement is observed. It is also seen more frequently in the first-degree relatives
of patients than in the normal population. In twin studies, eye movement disorders
were found to be a highly heritable biological marker [159, 160]. The recovery of eye
movement disorder similar to the P50 gating disorder by using nicotinic stimulation
suggests that in both cases, it results from a common mechanism that depends on the
failure of hippocampal inhibitory interneurons to be stimulated by nicotinic choliner-
gic receptors [161].
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8.1 EEG findings

The P300 response measures the neural activity underlying the processes of
immediate memory and attention orientation. While its amplitude is related to the
attentional resources directed to the task, its latency reflects the speed at which the
stimulus is classified [162]. Although amplitude reduction is a relatively constant
finding, a prolongation of P300 latency has been reported in schizophrenia [163].
Additionally, it has been reported that as the disease progresses, the latency is pro-
longed in parallel with the progressive volume decrease in the frontal, temporal,
and hippocampal regions [164-166]. It has been shown that there is a hierarchical
sequence between schizophrenia patients, healthy relatives of schizophrenia patients,
and healthy controls according to the amplitude of the P300 wave, and these find-
ings together have been interpreted as P300 anomalies may be a hereditary marker in
schizophrenia [167].

9. Neuropsychological study findings

It was determined that schizophrenia patients performed lower than healthy indi-
viduals in tests evaluating attention, learning and memory, executive functions, work-
ing memory, language functions, and social cognitive functions. Low cognitive skills
performance is an essential reason for a person’s decreased functionality [168-170].

10. Psychological approach to psychotic disorders

The leading cognitive model of psychotic disorders is the Theory of Mind (ToM).
ToM is based on understanding the differences between one’s own and others’ mental
states. Premack and Woodruff first proposed the theory (1978), and then the works
of Baron-Cohen and Frith came to the fore [171-173]. Garety et al. described probabi-
listic inference, that is, Jumping to Conclusion Bias (JTC) [174]. Accordingly, a person
with psychotic thought content makes a judgement without collecting sufficient data.
The probabilistic inference proposed by Garety et al. was used at a high rate in later
studies. They have shown consistency and have been designed to include different
probabilities and conditions [175-177]. Higgins [178], on the other hand, created a
model based on the inconsistency in self-value (the self that actually exists, the self
that one wants, and the one that society wants). These inconsistencies determine the
person’s perception of himself/herself, and he stated that depressed people emerge
with a difference between the person they are and the person they want to be [178].
Bentall et al. stated that psychotic patients make attributional biases and develop
delusions [179]. To evaluate patients’ attribution, they invented the Internal, Personal,
and Situational Attributions Questionnaire (IPSAQ) to evaluate attributional biases
and errors [180]. Kinderman et al. discussed a possible relationship between ToM
deficits and attributional biases and errors [181].

11. Diathesis-stress model of schizophrenia

The diathesis-stress model explains schizophrenia as the result of the interac-
tion between genetic predisposition (diathesis) and environmental stressors.
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This model suggests that a person may have a genetic predisposition to schizophrenia,
but the combination of this predisposition and stressful life experiences triggers
the onset of the disorder. Many neuropsychiatric disorders and schizophrenia are
thought to develop concerning hypothalamic-pituitary-adrenal (HPA) axis dys-
function, neurodevelopmental characteristics, epigenetic regulation, neurotrans-
mitter systems, inflammatory processes, and brain structure and function. The
events or ‘stressors’ can be psychological (e.g. social rejection) or biological (e.g.
physical injury or illness) [182]. The activation of the stress system causes a series
of integrated physiological responses. This response consists of the HPA axis and
the secretion of adrenal stress hormones, which trigger a fight or flight response,
prompting the organism to use coping strategies. Therefore, it has been hypoth-
esised that adverse events early in life may shape the maturation of the neuroen-
docrine systems and corticolimbic circuits, leading to increased stress responses in
adulthood.

Several theories have been proposed to explain how stressors can become ‘built-
in’ in brain physiology. One of the best known is the ‘cumulative stress’ hypothesis.
Stress affects the developmental program of an organism, leading to specific func-
tional and structural changes in the brain (e.g. hippocampal damage, ventricular
expansion, altered cell architecture, migration of neurons) and disruptions in
neurochemical parameters (dopamine (DA), glutamate, y-amino butyric acid
(GABA), serotonin) [183]. In response to stress, CRH is synthesised, which causes
ACTH to be released from the pituitary glands, and then, glucocorticoids (GCs)
are released from the adrenal glands. This system is controlled by the feedback
system in the brain. CRH directly affects the brain, including the locus coeruleus,
the periventricular nucleus of the hypothalamus, the bed nucleus stria terminalis
(BNST), and the central nucleus of the amygdala. The interaction of CRH with the
noradrenergic system in these regions can lead to significant changes in homeostasis,
that is feedforward activation, which can lead to psychopathology. Neurotoxicity in
the hippocampus and PFC causes disruptions in the negative feedback system that
reduce HPA axis activation [184].

Epigenetic mechanisms, which affect the management of DNA function without
changing the DNA structure due to environmental factors, stand out as an essential
issue. It plays a role in reshaping brain circuits during the developmental process.

The most affected regions are the temporal and prefrontal cortical-thalamic-ventral
striatal pathways [183]. A primary irregularity in the executive functions of the
prefrontal cortex can lead to abnormal regulation of stress-induced circuitry in
regions downstream of the prefrontal cortex, such as the amygdala, ventral stria-
tum, and hippocampus [184]. The synaptic pruning hypothesis is one of the leading
models for the development of symptoms in schizophrenia. Synaptic pathology can
occur in sensitive adolescents due to an abnormal process of neuromodulation, which
can be amplified by environmental factors such as genetic predisposition or early life
stress exposure. In schizophrenia, dendritic pathology consistently has been found
with stress-induced changes in both the hippocampal formation and the prefrontal
cortex [183]. Howes [185] emphasised the importance of microglia and inflammatory
processes in brain development. Microglia have a central role in the inflammatory
response and are involved in synaptic pruning and neuronal restructuring. Microglial
activation occurs in response to psychosocial stress. Perinatal activation of microglia
may sensitise them to stressors later in life. Genetic research has shown that variations
in the complement system are associated with schizophrenia and that this system also
regulates microglial synaptic pruning [185].
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To summarise the possible risk factors:

Prenatal stress: prenatal stress leads to cognitive impairments, neuromotor
abnormalities, and hyperreactivity to stress. Maternal biopsychosocial stress, death of
the father during pregnancy, unwanted pregnancy, and exposure to war and natural
disasters cause a prolonged increase in HPA axis activity and changes in GC receptor
density. Several maternal complications are associated with adverse foetal develop-
ment, including low birth weight, cognitive deficits, depression, schizophrenia,
anxiety, attention-deficit/hyperactivity disorder, antisocial behaviours, depression,
diabetes, infection/inflammation, and obesity. The enzyme 11f-hydroxysteroid
dehydrogenase type 2 (HSD2) acts as a shield, ensuring rapid inactivation of GCs
in the mother. Controlled fluctuations in the expression levels and functionality of
HSD2 are necessary to ensure that GCs reach the foetus in the right amount and at
the right time for the maturation of the organs. Many factors, including hypoxia,
catecholamines, and proinflammatory cytokines, can downregulate placental HSD2
activity, increasing GC transport to the foetus [183, 184].

Postnatal stress: early stressors can cause long-term changes in neuroendo-
crine responses to brain morphology and emotional and behavioural regulation.
Neuroendocrine activity can reprogram the nucleus accumbens to increase dopamine
release due to stress. Studies on genetically high-risk populations show that stress in
childhood increases the risk of schizophrenia. In addition, childhood abuse predicts the
development of psychotic disorders [184]. Tetrahydrocannabinol and amphetamines
have been observed to increase cortisol levels in both schizophrenia patients and control
cases. Opiates, on the other hand, have been found to suppress cortisol secretion [186].

12. Neurodegeneration model of schizophrenia

The neurodegeneration model of schizophrenia suggests that the disorder involves
progressive neurostructural changes, particularly in grey matter content and ven-
tricular size. This model considers schizophrenia as a disorder that has neurodevel-
opmental antecedents but is characterised by the course of neurodegeneration. Brain
gliosis is indicative of neuronal degeneration. Glial cells respond to specific neuron
injuries and are seen in brains with neurodegenerative disorders. Post-mortem exami-
nations show that patients with schizophrenia do not have gliosis, which contradicts
the hypothesis that schizophrenia is a neurodegenerative disorder [187]. On the other
hand, some studies have shown histopathological findings and evidence that schizo-
phrenia is a limited neurodegenerative disease. Reports of neuropathological abnor-
malities in the brains of post-mortem schizophrenia patients have shown that they
are present in almost all areas of the brain [188]. In post-mortem studies completed
by Schnieder et al., it has been stated that differences in astrocytosis and microgliosis
have been observed in the brains of schizophrenia patients, although not conclusively
[189]. Oligodendrocytes, on the other hand, presented remarkable new findings. This
type of gliosis is thought to be observed in schizophrenia and can be interpreted as an
altered response to a pathological process in the brain [190]. Some researchers sug-
gested that the altered mechanism observed in the myelination process in schizophre-
nia may be the trigger for white matter loss in the prefrontal cortex. These researchers
also noted that inhibitory synapse formation decreases during the disease, and
excitatory synapses are excessively shortened [191, 192]. Since shortening is a form of
axonal degeneration, retraction or excessive excretion supports the neurodegenera-
tion hypothesis [193]. Neuroplasticity has been proposed as another mechanism to
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explain progressive degeneration in schizophrenia [194]. Other variables that support
the neurodegeneration hypothesis are based on the presence of chemical alterations.
Dopamine, glutamate, and GABA are associated with neurodegenerative processes
[195-197]. In addition, it has been stated that apoptotic hyperfunction may support
degenerative processes in schizophrenia [198]. High levels of Bax/Bcl-2 are indicative
of susceptibility to apoptosis, and patients with chronic schizophrenia exhibit a 50%
higher Bax/Bcl-2 ratio than the non-psychiatric population [199]. Despite the findings
mentioned here, more studies are needed in this area.

13. Neurodevelopmental model of schizophrenia

The neurodevelopmental model of schizophrenia suggests that the disorder devel-
ops over time because of abnormal neurodevelopmental processes that begin early in
life, potentially during prenatal development. According to this hypothesis, disorders
in neuronal developmental processes, such as migration and arborisation in the
prenatal period, lead to abnormal brain maturation [200]. Over time, the individual
interacts with environmental factors and the disease is triggered. In this process,
the person is influenced by external and internal factors [201, 202]. According to
this theory, biological variants of the disorder are present long before the develop-
ment of pathological symptoms in the individual. However, by interacting with
many external factors, clinical impairment will not occur until obvious symptoms
appear [203-207]. Genetics, neurodevelopmental processes, and schizophrenia are
inextricably linked. All molecules that influence neural development are controlled
by specific genes involved in brain development and pre- and postnatal maturation.
Numerous links have been discovered between schizophrenia and genes-encoding
proteins such as neuroregulin 1 (NRG1), dysbindin, DISC-1, regulatory of G protein
signalling 4 (RGS4), COMT, and proline dehydrogenase [208-211]. Deficiency in
reelin expression has been observed in patients with schizophrenia after death. Reelin
is a protein that directs the migrations of certain groups of neurons and is released
extensively in this process [212, 213]. In addition, a decrease in polysialic acid (PSA)
expression on neural cell adhesion molecules (NCAM) has been observed in patients
with schizophrenia. This molecule is involved in axonal growth, synaptogenesis of
interneurons, and the formation of inhibitory circuits [214, 215]. It has also been
stated that proteins such as brain-derived growth factor (BDNF), glial cell-derived
neurotrophic factor (GDNF), and epidermal growth factor (EGF) are also involved
in this process [216-218]. The presence of several minor physical abnormalities in
patients with schizophrenia supports the hypothesis of abnormal neurodevelopment.
These abnormalities occur during the first trimester of pregnancy and early in the
second trimester. Researchers have found that the smaller circumference of the head
at birth, delayed brain development, droopy ears, palate arch anomalies, epicanthus,
cleft palate, telecanthus, craniofacial minor physical abnormalities and a large gap
between the first two toes have a relationship with schizophrenia [219-221]. Given
that hereditary factors alone cannot explain the aetiology of schizophrenia, research
has been conducted on the role of environmental factors. Infections, delivery time,
obstetric complications, substance use, childhood and adolescent traumas, social
exclusion and social defeat, children of mothers who had influenza in the second
trimester of pregnancy and mothers who had rubella infection during pregnancy, the
place of birth, and the size of cities can predispose to psychosis in sensitive individu-
als [222-228]. Meta-analytic studies on cognition before and in the early stages of
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the disease have revealed that attention, memory, and executive functions worsen in
patients with schizophrenia than controls [229, 230]. One of the most consistent find-
ings in schizophrenia is dysfunction in motor skills. It has been stated that it can be
considered a predictive finding in children and adolescents who develop schizophre-
nia in the future [231, 232]. Notwithstanding, the available data are far from reaching
a definitive conclusion.

14. Conclusions

Schizophrenia was identified at the end of the nineteenth century and the begin-
ning of the twentieth century. Immediately afterwards, scientists began to conduct
studies to understand the nature of schizophrenia. At the beginning of the twentieth
century, studies were carried out to understand whether schizophrenia was a familial
disorder. However, these studies were found inadequate in many respects, and their
validity was questioned. New studies have been conducted since the second half of
the twentieth century.

Results from family, twin, and adoption studies have made significant contribu-
tions to our understanding of schizophrenia. As a result of these studies, it was
shown that the risk of schizophrenia increases as the degree of kinship gets closer and
decreases as the degree of kinship gets farther away. Data obtained from twin studies
indicate that schizophrenia is not only a genetically inherited disorder, but environ-
mental factors also play a role in the development of the disease. Adoption studies
have found that the risk of the disease is higher in adoptees whose biological parents
have a history of schizophrenia.

In later periods, genetic studies were carried out along with technological devel-
opments. The results of genome-wide association studies, copy number variant
studies, sequencing studies, and epigenetic studies have significantly contributed
to our understanding of the molecular genetic aetiology of schizophrenia. However,
none of these studies could reveal a specific genetic abnormality or disturbance for
schizophrenia. The results were generally interpreted as suggesting that many genetic
abnormalities contribute to the development of schizophrenia through additive influ-
ence and dynamic interaction.

During this process, many researchers tried to identify environmental factors
that contribute to the development of schizophrenia and conducted studies in this
field. Repeated studies have consistently shown that factors such as infections during
the intrauterine period, immune system activation, nutritional disorders, advanced
paternal age, cannabis use at an early age, and immigration are risk factors for the
development of schizophrenia. Immune system dysfunctions show a remarkable
feature at this point. Genetic studies show that the MHC Class 1 gene region plays a
role in the development of schizophrenia. Likewise, the demonstration that immune
dysfunctions in the mother during pregnancy increase the risk of developing schizo-
phrenia for the child in the future. This situation constitutes an excellent example of
gene-environment interaction.

In post-mortem neuropathological examinations, thinning of the cortical grey
matter was detected in patients with schizophrenia. The first of the most consistent
findings is the widespread reduction in neuronal size with accompanying reduced
dendritic and axonal branching. Another important finding is that a decrease in
the number of neurons was detected, especially in regions such as the prefrontal
cortex, temporal cortex, hippocampus, and insula. Synaptic changes observed in
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schizophrenia are generally decreasing, and this is especially seen in glutamatergic
neurons. Additionally, an increase in white matter density was detected in the PFC,
and it was stated that this was due to the inhibition of neuronal migration during
development. Data regarding the anterior cingulate cortex and orbitofrontal cortex
are inconsistent. It has been reported that although there is a decrease in total number
of neurons in the thalamus and basal ganglia, the neuron density does not change.
Another neuropathological finding is the relatively consistent occurrence of ven-
tricular dilatation. In neuropathological studies, pyramidal cell loss was detected in
prefrontal and temporal cortices. Additionally, a decrease in GABAergic interneurons
was detected in the prefrontal cortex. A decrease in Purkinje cells was also detected in
the cerebellum.

Dysfunction of several neurotransmitter systems has been proposed to explain
schizophrenia neurochemically. The dopamine hypothesis was first put forward. It
has been suggested that psychotic symptoms result from hyperactivity of dopamine
D2 receptors or excess dopamine in synapses in mesolimbic dopaminergic path-
ways. It has been suggested that negative symptoms in schizophrenia are related to
the hypoactivity of dopamine D1 receptors in the prefrontal cortex. Although this
theory was supported, it was insufficient to explain the pathophysiology of schizo-
phrenia. The glutamate hypothesis, which was put forward later, suggested that
GABAergic pathways control dopaminergic pathways originating from the ventral
tegmental area. This GABAergic pathway is controlled by glutamate, and in gluta-
mate deficiency, the GABAergic system cannot be stimulated and cannot control the
dopaminergic system. In theories based on GABAergic system disorder, it has been
suggested that loss of cortical GABAergic neurons disrupts information processing
and top-down control processes. Theories based on the serotonin system have been
put forward with the understanding that psychotic symptoms seen in Parkinson’s
disease and Alzheimer’ disease are related to serotonin SHT2A receptor activity. It
has been stated that the hyperactivity of SHT2A receptors has an excitatory effect on
glutamatergic neurons, and the increase in dopaminergic neuron activation in the
VTA of glutamatergic neurons ultimately leads to an increase in dopaminergic activity
in the mesolimbic pathway. In addition, the fact that the activity of second-generation
antipsychotics affects both the dopamine and serotonin systems supports this idea.
Theories about acetylcholine have generally been associated with nicotinic alpha7
receptor activity located in the hippocampus, and it has been stated that some symp-
toms of schizophrenia are the result of this receptor dysfunction. In addition to alpha
receptors, muscarinic acetylcholine receptors, especially M1, M4, and M5 receptors,
also have a role emerging of psychosis. Additionally, some researchers put forward
that norepinephrine has a significant role in the development of psychosis and the
deterioration of cognitive functions based on HPA axis dysfunction.

Imaging methods have also been used extensively in the aetiology of schizophre-
nia. In structural neuroimaging studies, dilatation in the brain ventricles and cortical
thinning have emerged as the most consistent findings with computed tomography. In
MRI studies, thinning was detected in the prefrontal and orbitofrontal cortex. Results
regarding the anterior cingulate cortex are inconsistent. Some studies reported that
the amount of grey matter increased in the caudate nucleus, while others reported a
decrease. It has been observed that there is a decrease in the amount of grey matter in
the thalamus. Additionally, thinning was detected in the cerebellar cortex. Diffusion
tensor examinations revealed increased white matter density, but organisational
disorder exists. These results are interpreted as a supportive finding for neuronal
migration defects. In conclusion, this finding supports the idea that schizophrenia is a
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neurodevelopmental disorder. fMRI studies are the most studied method when func-
tional neuroimaging studies are examined. Accordingly, the most common findings
in fMRI studies were a decrease in prefrontal cortex activity, a decrease in temporal
cortex activity, and an increase in activity in the mesolimbic regions during psychotic
exacerbation. Anterior cingulate cortex, insula and cerebellum activity patterns gave
variable results. Functional near-infrared spectroscopy studies are relatively new

and have advantages and disadvantages compared to fMRI studies. In fNIRS studies,
abnormal activity patterns have been consistently observed in the prefrontal, tempo-
roparietal, and temporal cortex. These findings support neuropsychological theories
such as cognitive impairments and theory of mind deficits seen in schizophrenia.
Methods such as positron emission tomography and single-photon emission tomogra-
phy have low practical applicability. These methods are primarily used in determining
molecular structures and drug development studies.

EEG is the leading study method in neurophysiological studies. The literature
reports P300 gating dysfunction as an endophenotype. Another finding is related to
the P50 response. Neuropsychological studies have found impairments in attention,
working memory, semantic memory, executive functions, language functions, learn-
ing, motor function speed, and changing setup. However, none of these tasks were
specific to schizophrenia, and each function was affected to varying degrees.

In the psychological approach to schizophrenia, an attempt has been made to
explain especially the delusional thought development processes. In this regard, the
theory of mind deficits, self-discrepancy theory, attributional bias, and judgmental
bias (jumping to conclusion bias) have emerged. Theory of mind has mainly taken up
room in autism studies. Self-discrepancy studies have not yielded consistent results.
Attributional bias and reasoning bias theories are still being studied, and they stand
out as the two theories that provide the most comprehensive explanations for the
development of delusional thoughts.

Authorship
Adnan Kusman completed the literature search, designed the study, and wrote the

protocol and the manuscript. The author has seen and agreed with the manuscript’s
content and guarantees the references’ accuracy.

Conflict of interest

The author declares no conflict of interest.

18



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

Author details

Adnan Kugman
Medical Faculty, Department of Psychiatry, Bahgesehir University, Istanbul, Turkey

*Address all correspondence to: adnan.kusman@bau.edu.tr

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

19



New Approaches to the Management and Diagnosis of Schizophrenia

References

[1] Meehl PE. Primary and secondary
hypohedonia. Journal of Abnormal
Psychology. 2001;110:188-193.

DOI: 10.1037/0021-843X.110.1.188

[2] Rossi A, De Cataldo S, Di Michele 'V,
MannaV, Ceccoli S, Stratta P, et al.
Neurological soft signs in schizophrenia.
British Journal of Psychiatry.
1990;157:735-739. DOI: 10.1192/
bjp.157.5.735

(3] Lowing PA, Mirsky AF, Pereira R. The
inheritance of schizophrenia spectrum
disorders: A reanalysis of the Danish
adoptee study data. American Journal

of Psychiatry. 1983;140:1167-1171.

DOI: 10.1176/ajp.140.9.1167

[4] Reiss D. The family and
schizophrenia. The American Journal
of Psychiatry. 1976;133:181-185.

DOI: 10.1176/ajp.133.2.181

[5] Tienari P, Lahti I, Sorri A,

Naarala M, Moring J, Wahlberg KE,

et al. The Finnish adoptive family
study of schizophrenia. Journal of
Psychiatric Research. 1987;21:437-445.
DOI: 10.1016/0022-3956(87)90091-4

[6] Henriksen MG, Nordgaard J,
Jansson LB. Genetics of schizophrenia:
Overview of methods, findings and
limitations. Frontiers in Human
Neuroscience. 2017;11:250542.

DOI: 10.3389/FNHUM.2017.00322/
BIBTEX

[7] Sadock ], Sadock A, Ruiz P,

Akiskal S, Jeste DV, Krystal JH, et al.
Comprehensive Textbook of Psychiatry.
10th ed. Hong-Kong: Wolters Kluwer;
2017

[8] Gottesman II, Laursen TM,
Bertelsen A, Mortensen PB. Severe

20

mental disorders in offspring with 2
psychiatrically ill parents. Archives

of General Psychiatry. 2010;67:252.
DOI: 10.1001/archgenpsychiatry.2010.1

[9] Cardno AG, Gottesman II. Twin
studies of schizophrenia: From
bow-and-arrow concordances to star
wars mx and functional genomics.
American Journal of Medical Genetics.
2000;97:12-17. DOI: 10.1002/(SICI)1096-
8628(200021)97:1%3C12::AID-
AJMG3%3E3.0.CO;2-U

[10] Hilker R, Helenius D, Fagerlund B,
Skytthe A, Christensen K, Werge TM,
et al. Heritability of schizophrenia

and schizophrenia spectrum based on
the Nationwide Danish Twin Register.
Biological Psychiatry. 2018;83:492-498.
DOL: 10.1016/j.bi0psych.2017.08.017

[11] Sullivan PF, Kendler KS, Neale MC.
Schizophrenia as a complex trait:
Evidence from a meta-analysis of twin
studies. Archives of General Psychiatry.
2003;60:1187-1192. DOI: 10.1001/
archpsyc.60.12.1187

[12] Ingraham L], Kety SS. Adoption
studies of schizophrenia. American
Journal of Medical Genetics.
2000;97:18-22. DOI: 10.1002/
(sici)1096-8628(200021)97:1<18::aid-
ajmg4>3.0.co;2-1

[13] McGuffin P, Owen MJ, Farmer AE.
Genetic basis of schizophrenia. The
Lancet. 1995;346:678-682. DOI: 10.1016/
S0140-6736(95)92285-7

[14] Blaveri E, Kalsi G, Lawrence J,
Quested D, Moorey H, Lamb G, et al.
Genetic association studies of
schizophrenia using the 8p21-22 genes:
Prepronociceptin (PNOC), neuronal
nicotinic cholinergic receptor alpha



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

polypeptide 2 (CNRNA?2) and arylamine
N-acetyltransferase 1 (NAT1). European
Journal of Human Genetics. 2001;9:469-
472. DOI: 10.1038/sj.ejhg.5200646

[15] Brzustowicz LM, Honer WG,

Chow EWG, Little D, Hogan ],
Hodgkinson K, et al. Linkage of familial
schizophrenia to chromosome 13g32.

American Journal of Human Genetics.
1999;65:1096-1103. DOI: 10.1086/302579

[16] Faraone SV, Matise T, Svrakic D,
Pepple J, Malaspina D, Suarez B, et al.
Genome scan of European-American
schizophrenia pedigrees: Results of the
NIMH genetics initiative and millennium
consortium. American Journal of
Medical Genetics - Neuropsychiatric
Genetics. 1998;81:290-295. DOI: 10.1002/
(SICI)1096-8628(19980710)81:4<290::AID-
AJMG3>3.0.CO;2-Y

[17] Faraone SV, Meyer ], Matise T,
Svrakic D, Pepple ], Malaspina D, et al.
Suggestive linkage of chromosome

10p to schizophrenia is not due

to transmission ratio distortion.
American Journal of Medical Genetics.
1999;88:607-608. DOI: 10.1002/
(sici)1096-8628(19991215)88:6<607::aid-
ajmg6>3.0.co;52-q

[18] Levinson DF, Levinson MD,
Segurado R, Lewis CM. Genome scan
meta-analysis of schizophrenia and
bipolar disorder, part I: Methods and
power analysis. American Journal

of Human Genetics. 2003;73:17-33.
DOI: 10.1086/376548

[19] Pulver AE, Wolyniec PS,

Housman D, Kazazian HH,

Antonarakis SE, Nestadt G, et al. The
Johns Hopkins University collaborative
schizophrenia study: An epidemiologic-
genetic approach to test the
heterogeneity hypothesis and identify
schizophrenia susceptibility genes. Cold
Spring Harbor Symposia on Quantitative

21

Biology. 1996;61:797-814. DOI: 10.1101/
$qb.1996.061.01.079

[20] Shao L, Lu B, Wen Z, Teng S,

Wang L, ZhaoY, et al. Disrupted-in-
Schizophrenia-1 (DISC1) protein
disturbs neural function in multiple
disease-risk pathways. Human
Molecular Genetics. 2017;26:2634-2648.
DOI: 10.1093/hmg/ddx147

[21] McAllister AK. Major
histocompatibility complex I in brain
development and schizophrenia.
Biological Psychiatry. 2014;75:262-268.
DOI: 10.1016/].BIOPSYCH.
2013.10.003

[22] Walters JTR, Rujescu D,

Franke B, Giegling I, Vasquez AA,
Hargreaves A, et al. The role of the
major histocompatibility complex
region in cognition and brain structure:
A schizophrenia GWAS follow-up.
American Journal of Psychiatry.
2013;170:877-885. DOI: 10.1176/appi.
2jp.2013.12020226

[23] Aberg KA, LiuY, Bukszar J,
McClay JL, Khachane AN,

Andreassen OA, et al. A comprehensive
family-based replication study of
schizophrenia genes. JAMA Psychiatry.
2013;70:573-581. DOI: 10.1001/
jamapsychiatry.2013.288

[24] Weinberger DR. Epistasis in
schizophrenia genetics: What’s missing
is not heritability. Schizophrenia
Research. 2014;160:e2-e3. DOI: 10.1016/j.
schres.2014.09.063

[25] Schizophrenia Working Group

of the Psychiatric Genomics
Consortium, Ripke S, Neale BM,
Corvin A, Walters JTR, Farh KH,

et al. Biological insights from 108
schizophrenia-associated genetic loci.
Nature. 2014;511:421-427. DOI: 10.1038/
naturel3595



New Approaches to the Management and Diagnosis of Schizophrenia

[26] Rujescu D, Ingason A, Cichon S,
Pietilainen OPH, Barnes MR,
Toulopoulou T, et al. Disruption of
the neurexin 1 gene is associated

with schizophrenia. Human
Molecular Genetics. 2009;18:988-996.
DOI: 10.1093/HMG/DDN351

[27] Rees E, O’Donovan MC, Owen MJ.
Genetics of schizophrenia. Current
Opinion in Behavioral Sciences. 2015;2:8-
14. DOI: 10.1016/].COBEHA.2014.07.001

[28] Rees E, Kendall K, Pardifias AF,
Legge SE, Pocklington A, Escott-Price V,
et al. Analysis of intellectual disability
copy number variants for association
with schizophrenia. JAMA Psychiatry.
2016;73:963. DOI: 10.1001/
jamapsychiatry.2016.1831

[29] Stefansson H, Meyer-Lindenberg A,
Steinberg S, Magnusdottir B, Morgen K,
Arnarsdottir S, et al. CNVs conferring
risk of autism or schizophrenia

affect cognition in controls. Nature.
2014;505:361-366. DOI: 10.1038/
NATURE12818

[30] Szatkiewicz JP, O’Dushlaine C,
Chen G, Chambert K, Moran JL,

Neale BM, et al. Copy number variation
in schizophrenia in Sweden. Molecular
Psychiatry. 2014;19:762. DOI: 10.1038/
MP.2014.40

[31] Kirov G, Pocklington AJ, Holmans P,
Ivanov D, Ikeda M, Ruderfer D, et al.

De novo CNV analysis implicates
specific abnormalities of postsynaptic
signalling complexes in the pathogenesis
of schizophrenia. Molecular Psychiatry.
2012;17:142-153. DOI: 10.1038/
MP.2011.154

[32] Pocklington AJ, Rees E, Walters JTR,
Han J, Kavanagh DH, Chambert KD,

et al. Novel findings from CNVs implicate
inhibitory and excitatory signaling
complexes in schizophrenia. Neuron.

22

2015;86:1203-1214. DOI: 10.1016/j.
neuron.2015.04.022

[33] Richetto ], Meyer U. Epigenetic
modifications in schizophrenia and
related disorders: Molecular scars

of environmental exposures and
source of phenotypic variability.
Biological Psychiatry. 2021;89:215-226.
DOI: 10.1016/].BIOPSYCH.2020.03.008

[34] Akbarian S. Epigenetic mechanisms
in schizophrenia. Dialogues in Clinical
Neuroscience. 2014;16:405-417.

DOI: 10.31887/dcns.2014.16.3/sakbarian

[35] Khavari B, Cairns MJ. Epigenomic
dysregulation in schizophrenia: In search
of disease etiology and biomarkers.
Cells. 2020;9:1837. DOI: 10.3390/
CELLS9081837

[36] Li M, Xiao L, Chen X. Histone
acetylation and methylation underlie
oligodendroglial and myelin
susceptibility in schizophrenia. Frontiers
in Cellular Neuroscience. 2022;16:1-7.
DOI: 10.3389/FNCEL.2022.823708

[37] Brown AS, Derkits EJ. Prenatal
infection and schizophrenia: A review
of epidemiologic and translational
studies. American Journal of Psychiatry.
2010;167:261-280. DOI: 10.1176/APPI.
AJP.2009.09030361/ASSET/IMAGES/
LARGE/0361TBL6.JPEG

[38] Brown AS, Schaefer CA,
Quesenberry CP, Liu L, Babulas VP,
Susser ES. Maternal exposure to
toxoplasmosis and risk of schizophrenia
in adult offspring. American Journal

of Psychiatry. 2005;162:767-773.

DOI: 10.1176/appi.ajp.162.4.767

[39] Buka SL, Tsuang MT, Torrey EF,
Klebanoff MA, Wagner RL,

Yolken RH. Maternal cytokine levels
during pregnancy and adult psychosis.
Brain, Behavior, and Immunity.



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

2001;15:411-420. DOI: 10.1006/
brbi.2001.0644

[40] Brown AS, Bottiglieri T,

Schaefer CA, Quesenberry CP, Liu L,
Bresnahan M, et al. Elevated prenatal
homocysteine levels as a risk factor for
schizophrenia. Archives of General
Psychiatry. 2007;64:31-39. DOI: 10.1001/
archpsyc.64.1.31

[41] Bao Y, Ibram G, Blaner WS,
Quesenberry CP, Shen L, McKeague IW,
et al. Low maternal retinol as a risk factor
for schizophrenia in adult offspring.
Schizophrenia Research. 2012;137:159-
165. DOI: 10.1016/j.schres.2012.02.004

[42] HarperKN,Hibbeln]JR,DeckelbaumR,
Quesenberry CP, Schaefer CA, Brown AS.
Maternal serum docosahexaenoic acid
and schizophrenia spectrum disorders

in adult offspring. Schizophrenia
Research. 2011;128:30-36. DOI: 10.1016/j.
schres.2011.01.009

[43] Picker JD, Coyle JT. Do maternal
folate and homocysteine levels play a role
in neurodevelopmental processes that
increase risk for schizophrenia? Harvard
Review of Psychiatry. 2005;13:197-205.
DOI: 10.1080/10673220500243372

[44] Wu C, Wei ], Tian D, Feng Y,
Miller RH, Wang Y. Molecular probes
for imaging myelinated white matter in
CNS. Journal of Medicinal Chemistry.
2008;51:6682-6688. DOI: 10.1021/
jm8003637

[45] Malaspina D, Harlap S, Fennig S,
Heiman D, Nahon D, Feldman D,
etal. Advancing paternal age and the
risk of schizophrenia. Archives of
General Psychiatry. 2001;58:361-367.
DOI: 10.1001/archpsyc.58.4.361

[46] Brown AS, Schaefer CA, Wyatt R],
Begg MD, Goetz R, Bresnahan MA, et al.
Paternal age and risk of schizophrenia

23

in adult offspring. American Journal
of Psychiatry. 2002;159:1528-1533.
DOI: 10.1176/appi.ajp.159.9.1528

[47] Dalman C, Allebeck P. Paternal age
and schizophrenia: Further support
for an association. American Journal
of Psychiatry. 2002;159:1591-1592.
DOI: 10.1176/appi.ajp.159.9.1591

(48] Tsuchiya KJ, Takagai S, Kawai M,
Matsumoto H, Nakamura K, Minabe Y,
et al. Advanced paternal age associated
with an elevated risk for schizophrenia
in offspring in a Japanese population.
Schizophrenia Research. 2005;76:337-
342. DOI: 10.1016/j.schres.2005.03.004

[49] Zammit S, Allebeck P, Andreasson S,
Lundberg I, Lewis G. Self reported
cannabis use as a risk factor for
schizophrenia in Swedish conscripts of
1969: Historical cohort study. British
Medical Journal. 2002;325:1199-1201.
DOI: 10.1136/bmj.325.7374.1199

[50] Epstein KA, Kumra S. Executive
attention impairment in adolescents
with schizophrenia who have used
cannabis. Schizophrenia Research.
2014;157:48-54. DOI: 10.1016/j.
schres.2014.04.035

[51] Cantor-Graae E, Selten JP.
Schizophrenia and migration: A meta-
analysis and review. American Journal of
Psychiatry. 2005;162:12-24. DOI: 10.1176/
appi.ajp.162.1.12

[52] Selten JP, Cantor-Graae E, Kahn RS.
Migration and schizophrenia. Current
Opinion in Psychiatry. 2007;20:111-115.
DOI: 10.1097/YCO.0b013e328017f68e

[53] Dohrenwend BP, Levav I, Shrout PE,
Schwartz S, Naveh G, Link BG, et al.
Socioeconomic status and psychiatric
disorders: The causation-selection

issue. Science. 1979;1992(255):946-952.
DOI: 10.1126/science.1546291



New Approaches to the Management and Diagnosis of Schizophrenia

[54] Hare EH, PriceJS, Slater E. Parenthal
social class in psychiatric patients.

The British Journal of Psychiatry.
1972;121:515-534. DOI: 10.1192/
bjp.121.5.515

[55] Makikyro T, Isohanni M, Moring J,
Oja H, Hakko H, Jones P, et al. Isa child’s
risk of early onset schizophrenia
increased in the highest social class?
Schizophrenia Research. 1997;23:245-252.
DOI: 10.1016/s0920-9964(96) 00119-3

[56] Mulvany F, O’Callaghan E, Takei N,
Byrne M, Fearon P, Larkin C. Effect

of social class at birth on risk and
presentation of schizophrenia: Case-
control study. British Medical Journal.
2001;323:1398-1401. DOI: 10.1136/
bm;.323.7326.1398

[57] Timms D. Gender, social mobility
and psychiatric diagnoses. Social
Science & Medicine. 1998;46:1235-1247.
DOI: 10.1016/S0277-9536(97)10052-1

[58] Wicks S, Hjern A, Gunnell D,
Lewis G, Dalman C. Social adversity in
childhood and the risk of developing
psychosis: A national cohort study.

The American Journal of Psychiatry.
2005;162:1652-1657. DOI: 10.1176/APPI.
AJP.162.9.1652

[59] Wicks S, Hjern A, Dalman C. Social
risk or genetic liability for psychosis?

A study of children born in Sweden
and reared by adoptive parents.
American Journal of Psychiatry.
2010;167:1240-1246. DOI: 10.1176/appi.
2jp.2010.09010114

[60] Arnsten AFT. Stress signalling
pathways that impair prefrontal cortex
structure and function. Nature Reviews.
Neuroscience. 2009;10:410-422.

DOI: 10.1038/nrn2648

[61] Brown AS. The environment
and susceptibility to schizophrenia.

24

Progress in Neurobiology. 2011;93:23-58.
DOI: 10.1016/j.pneurobio.2010.09.003

[62] Van Os ], Kenis G, Rutten BPF.

The environment and schizophrenia.
Nature. 2010;468:203-212. DOI: 10.1038/
nature09563

[63] Glaser J-P, van Os ], Portegijs PJM,
Myin-Germeys I. Childhood trauma and
emotional reactivity to daily life stress

in adult frequent attenders of general
practitioners. Journal of Psychosomatic
Research. 2006;61:229-236. DOI: 10.1016/
jjpsychores.2006.04.014

[64] Harrison PJ. Neuropathology of
schizophrenia. Psychiatry. 2008;7:421-
424. DOI: 10.1016/j.mppsy.2008.07.013

[65] Garey L. When cortical
development goes wrong;:
Schizophrenia as a neurodevelopmental
disease of microcircuits. Journal

of Anatomy. 2010;217:324.

DOI: 10.1111/].1469-7580.2010.01231.X

[66] Roeske MJ, Konradi C, Heckers S,
Lewis AS. Hippocampal volume and
hippocampal neuron density, number
and size in schizophrenia: A systematic
review and meta-analysis of postmortem
studies. Molecular Psychiatry.
2020;26:3524-3535. DOI: 10.1038/
s41380-020-0853-y

[67] Selemon LD, Goldman-Rakic PS. The
reduced neuropil hypothesis: A circuit
based model of schizophrenia. Biological
Psychiatry. 1999;45:17-25. DOI: 10.1016/
S0006-3223(98)00281-9

[68] Garey L], Ong WY, Patel TS,
Kanani M, Davis A, Mortimer AM,

et al. Reduced dendritic spine density
on cerebral cortical pyramidal neurons
in schizophrenia. Journal of Neurology,
Neurosurgery, and Psychiatry.
1998;65:446-453. DOI: 10.1136/
jnnp.65.4.446



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

[69] Glantz LA, Lewis DA. Decreased
dendritic spine density on prefrontal
cortical pyramidal neurons in
schizophrenia. Archives of General
Psychiatry. 2000;57:65-73. DOI: 10.1001/
ARCHPSYC.57.1.65

[70] Rajkowska G, Selemon LD,
Goldman-Rakic PS. Neuronal and glial
somal size in the prefrontal cortex:

A postmortem morphometric study

of schizophrenia and Huntington
disease. Archives of General Psychiatry.
1998;55:215-224. DOI: 10.1001/
archpsyc.55.3.215

[71] Beasley CL, Reynolds GP.
Parvalbumin-immunoreactive neurons
are reduced in the prefrontal cortex

of schizophrenics. Schizophrenia
Research. 1997;24:349-355. DOI: 10.1016/
S0920-9964(96)00122-3

[72] Eastwood SL, Harrison PJ. Interstitial
white matter neuron density in the
dorsolateral prefrontal cortex and
parahippocampal gyrus in schizophrenia.
Schizophrenia Research. 2005;79:181-
188. DOI: 10.1016/j.schres.2005.07.001

(73] Joshi D, Fung SJ, Rothwell A,
Weickert CS. Higher gamma-
aminobutyric acid neuron density in the
white matter of orbital frontal cortex

in schizophrenia. Biological Psychiatry.
2012;72:725-733. DOI: 10.1016/j.
biopsych.2012.06.021

[74] Beasley CL, Chana G, Honavar M,
Landau S, Everall IP, Cotter D. Evidence
for altered neuronal organisation
within the planum temporale in major
psychiatric disorders. Schizophrenia
Research. 2005;73:69-78. DOI: 10.1016/j.
schres.2004.08.011

[75] Sweet RA, Pierri JN, Auh S,
Sampson AR, Lewis DA. Reduced
pyramidal cell somal volume

in auditory association cortex

25

of subjects with schizophrenia.
Neuropsychopharmacology. 2003;28:599-
609. DOI: 10.1038/sj.npp.1300120

[76] Pakkenberg B. Pronounced
reduction of total neuron number in
mediodorsal thalamic nucleus and
nucleus accumbens in schizophrenics.
Archives of General Psychiatry.
1990;47:1023-1028. DOI: 10.1001/
archpsyc.1990.01810230039007

[77] Popken GJ, Bunney WE, Potkin SG,
Jones EG. Subnucleus-specific loss

of neurons in medial thalamus of
schizophrenics. Proceedings of the
National Academy of Sciences of the
United States of America. 2000;97:9276-
9280. DOI: 10.1073/pnas.150243397

[78] Young KA, Manaye KF, Liang CL,
Hicks PB, German DC. Reduced number
of mediodorsal and anterior thalamic
neurons in schizophrenia. Biological
Psychiatry. 2000;47:944-953.

DOI: 10.1016/S0006-3223(00)00826-X

[79] Kreczmanski P, Heinsen H,
Mantua V, Woltersdorf F, Masson T,
Ulfig N, et al. Volume, neuron density
and total neuron number in five
subcortical regions in schizophrenia.
Brain. 2007;130:678-692. DOI: 10.1093/
brain/awl386

[80] Eastwood SL, Harrison PJ. Decreased
synaptophysin in the medial temporal
lobe in schizophrenia demonstrated
using immunoautoradiography.
Neuroscience. 1995;69:339-343.

DOI: 10.1016/0306-4522(95)00324-C

[81] Perrone-Bizzozero NI, Sower AC,
Bird ED, Benowitz LI, Ivins KJ, Neve RL.
Levels of the growth-associated protein
GAP-43 are selectively increased in
association cortices in schizophrenia.
Proceedings of the National Academy of
Sciences of the United States of America.
1996;93:14182-14187. DOI: 10.1073/
pnas.93.24.14182



New Approaches to the Management and Diagnosis of Schizophrenia

[82] Honer WG, Falkai P, Bayer TA, Xie ],
Hu L, Li H-Y, et al. Abnormalities of
SNARE mechanism proteins in anterior
frontal cortex in severe mental illness.
Cerebral Cortex. 2002;12:349-356.

DOI: 10.1093/cercor/12.4.349

[83] Honer WG, Young CE. Presynaptic
proteins and schizophrenia.
International Review of Neurobiology.
2004;59:175-199. DOI: 10.1016/
S0074-7742(04)59007-4

[84] Wang AY, Lohmann KM, Yang CK,
Zimmerman EI, Pantazopoulos H,
Herring N, et al. Bipolar disorder type 1
and schizophrenia are accompanied by
decreased density of parvalbumin- and
somatostatin-positive interneurons

in the parahippocampal region. Acta
Neuropathologica. 2011;122:615-626.
DOI: 10.1007/s00401-011-0881-4

[85] Zhang ZJ, Reynolds GP. A selective
decrease in the relative density of
parvalbumin-immunoreactive neurons
in the hippocampus in schizophrenia.
Schizophrenia Research. 2002;55:1-10.
DOI: 10.1016/50920-9964(01) 00188-8

[86] Beneyto M, Lewis DA. Insights
into the neurodevelopmental origin

of schizophrenia from postmortem
studies of prefrontal cortical circuitry.
International Journal of Developmental
Neuroscience. 2011;29:295-304.

DOI: 10.1016/j.ijdevneu.2010.08.003

[87] Gonzalez-Burgos G, Hashimoto T,
Lewis DA. Alterations of cortical GABA
neurons and network oscillations in
schizophrenia. Current Psychiatry
Reports. 2010;12:335-344. DOI: 10.1007/
s11920-010-0124-8

[88] Tse MT, Piantadosi PT,

Floresco SB. Prefrontal cortical gamma-
aminobutyric acid transmission and
cognitive function: Drawing links to
schizophrenia from preclinical research.

26

Biological Psychiatry. 2015;77:929-939.
DOI: 10.1016/J.BIOPSYCH.2014.09.007

[89] Steiner J, Bielau H, Brisch R,

Danos P, Ullrich O, Mawrin C,

et al. Immunological aspects in the
neurobiology of suicide: Elevated
microglial density in schizophrenia

and depression is associated with
suicide. Journal of Psychiatric Research.
2008;42:151-157. DOI: 10.1016/].
JPSYCHIRES.2006.10.013

[90] Yoo SY, Yeon S, Choi C-H, Kang
D-H, Lee J-M, Shin NY, et al. Proton
magnetic resonance spectroscopy

in subjects with high genetic risk of
schizophrenia: Investigation of anterior
cingulate, dorsolateral prefrontal

cortex and thalamus. Schizophrenia
Research. 2009;111:86-93. DOI: 10.1016/j.
schres.2009.03.036

[91] Kalayci D, Ozdel O, Prof A,
Sozeri-Varma G. Medial prefrontal
cortex neurochemical metabolites

in schizophrenia and schizoaffective
disorder: A proton magnetic resonance
spectroscopy study. Bulletin of Clinical
Psychopharmacology. 2013;23:215-223.
DOI: 10.5455/bcp.20130713094216

[92] Basoglu C, Cetin M, Omer O,
Ebring S, Bager U, Kandilcioglu H, et al.
Comparison of right thalamus and
temporal cortex metabolite levels of
drug-naive first episode psychotic and
chronic schizophrenia in patients. Turk
Psikiyatri Dergisi. 2006;17:85-91

[93] Howes OD, Kapur S. The dopamine
hypothesis of schizophrenia: Version
III--The final common pathway.
Schizophrenia Bulletin. 2009;35:549-562.
DOI: 10.1093/schbul/sbp006

[94] Tost H, Alam T, Meyer-

Lindenberg A. Dopamine and psychosis:
Theory, pathomechanisms and
intermediate phenotypes. Neuroscience



Aetiology and Risk Factors of Schizophrenia

DOI: http://dx.doi.org/10.5772/intechopen.1005178

and Biobehavioral Reviews. 2010;34:689.
DOI: 10.1016/].NEUBIOREV.2009.06.005

[95] Lewis DA, Hashimoto T,

Volk DW. Cortical inhibitory neurons
and schizophrenia. Nature Reviews.
Neuroscience. 2005;6:312-324.

DOI: 10.1038/nrn1648

[96] Hu W, Macdonald ML, Elswick DE,
Sweet RA. The glutamate hypothesis

of schizophrenia: Evidence from
human brain tissue studies. Annals of
the New York Academy of Sciences.
2015;1338:38-57. DOI: 10.1111/
NYAS.12547

[97] de Jonge JC, Vinkers CH, Hulshoff
Pol HE, Marsman A. GABAergic
mechanisms in schizophrenia: Linking
postmortem and in vivo studies.
Frontiers in Psychiatry. 2017;8:118.
DOI: 10.3389/FPSYT.2017.00118

[98] Radhu N, Garcia DominguezL,
Farzan F, Richter MA, Semeralul MO,
Chen R, et al. Evidence for inhibitory
deficits in the prefrontal cortex in
schizophrenia. Brain. 2015;138:483-497.
DOI: 10.1093/brain/awu360

[99] Eggers AE. A serotonin hypothesis
of schizophrenia. Medical Hypotheses.
2013;80:791-794. DOI: 10.1016/j.
mehy.2013.03.013

[100] Maki-Marttunen V, Andreassen OA,
Espeseth T. The role of norepinephrine
in the pathophysiology of schizophrenia.

Neuroscience and Biobehavioral Reviews.

2020;118:298-314. DOI: 10.1016/].
NEUBIOREV.2020.07.038

[101] Maletic V, Eramo A, Gwin K,
Offord SJ, Duffy RA. The role of
norepinephrine and its a-adrenergic
receptors in the pathophysiology and
treatment of major depressive disorder
and schizophrenia: A systematic review.
Frontiers in Psychiatry. 2017;8:249925.

27

DOI: 10.3389/FPSYT.2017.00042/
BIBTEX

[102] Kéhler S, Wagner G, Bar KJ.
Activation of brainstem and midbrain
nuclei during cognitive control in
medicated patients with schizophrenia.
Human Brain Mapping. 2019;40:202.
DOI: 10.1002/HBM. 24365

[103] Manzella F, Maloney SE, Taylor GT.
Smoking in schizophrenic patients:

A critique of the self-medication
hypothesis. World Journal of Psychiatry.
2015;5:35-46. DOI: 10.5498/wjpv5.i1.35

[104] Scarr E, Gibbons AS, Neo J,
Udawela M, Dean B. Cholinergic
connectivity: It’s implications for
psychiatric disorders. Frontiers in
Cellular Neuroscience. 2013;7:43748.
DOI: 10.3389/FNCEL.2013.00055/
BIBTEX

[105] Freedman R, Adams CE, Leonard S.
The a7-nicotinic acetylcholine receptor
and the pathology of hippocampal
interneurons in schizophrenia.

Journal of Chemical Neuroanatomy.
20005;20:299-306. DOI: 10.1016/
S0891-0618(00)00109-5

[106] Young JW, Geyer MA.
Evaluating the role of the alpha-7
nicotinic acetylcholine receptor in
the pathophysiology and treatment
of schizophrenia. Biochemical
Pharmacology. 2013;86:1122-1132.
DOI: 10.1016/j.bcp.2013.06.031

[107] Foster D], Jones CK, Conn PJ.
Emerging approaches for treatment of
schizophrenia: Modulation of cholinergic
signaling. Discovery Medicine.
2012;14:413

[108] Malla AK, Mittal C, Lee M,
Scholten DJ, Assis L, Norman RMG.
Computed tomography of the

brain morphology of patients with



New Approaches to the Management and Diagnosis of Schizophrenia

first-episode schizophrenic psychosis.
Journal of Psychiatry and Neuroscience.
2002;27:350

[109] Dabiri M, Dehghani Firouzabadi F,
Yang K, Barker PB, Lee RR, Yousem DM.
Neuroimaging in schizophrenia: A
review article. Frontiers in Neuroscience.
2022;16:1-22. DOI: 10.3389/
fnins.2022.1042814

[110] Sadeghi D, Shoeibi A, Ghassemi N,
Moridian P, Khadem A, Alizadehsani R,
etal. An overview of artificial intelligence
techniques for diagnosis of schizophrenia
based on magnetic resonance imaging
modalities: Methods, challenges, and
future works. Computers in Biology

and Medicine. 2022;146. DOI: 10.1016/].
COMPBIOMED.2022.105554

[111] Nestor PG, O’Donnell BF,

McCarley RW, Niznikiewicz M, Barnard J,
Shen ZJ, et al. A new statistical

method for testing hypotheses of
neuropsychological/MRI relationships in
schizophrenia: Partial least squares analysis.
Schizophrenia Research. 2002;53:57-66.
DOI:10.1016/50920-9964(00) 00171-7

[112] Fuentes-Claramonte P, Ramiro N,
Torres L, Argila-Plaza I, Salgado-Pineda P,
Soler-Vidal ], et al. Negative schizophrenic
symptoms as prefrontal cortex
dysfunction: Examination using

a task measuring goal neglect.
Neurolmage: Clinical. 2022;35:103119.
DOI: 10.1016/J.NICL.2022.103119

[113] Rajarethinam R, DeQuardo JR,
Miedler J, Arndt S, Kirbat RA,
Brunberg J, et al. Hippocampus and
amygdala in schizophrenia: Assessment
of the relationship of neuroanatomy to
psychopathology. Psychiatry Research:
Neuroimaging. 2001;108:79-87.

DOI: 10.1016/50925-4927(01) 00120-2

[114] Barta PE, Pearlson GD,
Powers RE, Richards SS, Tune LE.

28

Auditory hallucinations and smaller
superior temporal gyral volume in
schizophrenia. The American Journal
of Psychiatry. 1990;147:1457-1462.
DOI: 10.1176/AJP.14711.1457

[115] Radua J, Vieta E, Shinohara R,
Kochunov P, Quidé Y, Green MJ, et al.
Increased power by harmonizing
structural MRI site differences

with the ComBat batch adjustment
method in ENIGMA. NeuroImage.
2020;218. DOI: 10.1016/].
NEUROIMAGE.2020.116956

[116] McCarley RW, Wible CG,
Frumin M, HirayasuY, Levitt J],
Fischer IA, et al. MRI anatomy of
schizophrenia. Biological Psychiatry.
1999;45:1099. DOI: 10.1016/
S0006-3223(99)00018-9

[117] Ellison-Wright I, Glahn DC,

Laird AR, Thelen SM, Bullmore E. The
anatomy of first-episode and chronic
schizophrenia: An anatomical
likelihood estimation meta-analysis.
American Journal of Psychiatry.
2008;165:1015-1023. DOI: 10.1176/appi.
2jp.2008.07101562

[118] Fornito A, Yiicel M, Patti J,
Wood §]J, Pantelis C. Mapping grey
matter reductions in schizophrenia:
An anatomical likelihood estimation
analysis of voxel-based morphometry
studies. Schizophrenia Research.
2009;108:104-113. DOI: 10.1016/j.
schres.2008.12.011

[119] Kasai K, McCarley RW, Salisbury DF,
Onitsuka T, Demeo S, Yurgelun-Todd D,
etal. Cavum septi pellucidi in first-
episode schizophrenia and first-episode
affective psychosis: An MRI study.
Schizophrenia Research. 2004;71:65.

DOI: 10.1016/].SCHRES.2003.12.010

[120] Lubman DI, Velakoulis D,
McGorry PD, Smith DJ, Brewer W,



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

Stuart G, et al. Incidental radiological
findings on brain magnetic resonance
imaging in first-episode psychosis and
chronic schizophrenia. Acta Psychiatrica
Scandinavica. 2002;106:331-336.

DOI: 10.1034/].1600-0447.2002.02217.X

[121] Buchsbaum MS, Buchsbaum BR,
Hazlett EA, Haznedar MM, Newmark R,
Tang CY, et al. Relative glucose metabolic
rate higher in white matter in patients
with schizophrenia. The American
Journal of Psychiatry. 2007;164:1072-
1081. DOI: 10.1176/AJP.2007.164.7.1072

[122] Whitehurst TS, Osugo M,
Townsend L, Shatalina E, Vava R,
Onwordi EC, et al. Proton magnetic
resonance spectroscopy of N-acetyl
aspartate in chronic schizophrenia,

first episode of psychosis and high-

risk of psychosis: A systematic review
and meta-analysis. Neuroscience and
Biobehavioral Reviews. 2020;119:255-267.
DOI: 10.1016/].NEUBIOREV.2020.10.001

[123] Parellada E, Catafau AM,
Bernardo M, Lomeifia F, Catarineu S,
Gonzélez-Monclis E. The resting and
activation issue of hypofrontality:

A single photon emission computed
tomography study in neuroleptic-naive
and neuroleptic-free schizophrenic
female patients. Biological Psychiatry.
1998;44:787-790. DOI: 10.1016/
S0006-3223(98)00057-2

[124] Erritzoe D, Talbot P, Frankle WG,
Abi-Dargham A. Positron emission
tomography and single photon emission
CT molecular imaging in schizophrenia.
Neuroimaging Clinics of North
America. 2003;13:817-832. DOI: 10.1016/
$1052-5149(03)00089-3

[125] Woolley J, McGuire P. Neuroimaging
in schizophrenia: What does it tell

the clinician? Advances in Psychiatric
Treatment. 2005;11:195-202.
DOI:10.1192/APT.11.3.195

29

[126] Kapur S, Seeman P. Does fast
dissociation from the dopamine d(2)
receptor explain the action of atypical
antipsychotics?: A new hypothesis.
The American Journal of Psychiatry.
2001;158:360-369. DOI: 10.1176/APPI.
AJP158.3.360

[127] Abi-Dargham A, Laruelle M.
Mechanisms of action of second
generation antipsychotic drugs in
schizophrenia: Insights from brain
imaging studies. European Psychiatry.
2005;20:15-27. DOI: 10.1016/].
EURPSY.2004.11.003

[128] Zipursky RB, Meyer JH,

Verhoeff NP. PET and SPECT imaging
in psychiatric disorders. Canadian
Journal of Psychiatry. 2007;52:146-157.
DOI: 10.1177/070674370705200303

[129] Pic6-Pérez M, Vieira R,
Fernandez-Rodriguez M, De Barros MAP,
Radua J, Morgado P. Multimodal meta-
analysis of structural gray matter,
neurocognitive and social cognitive

fMRI findings in schizophrenia patients.
Psychological Medicine. 2022;52:614-624.
DOI: 10.1017/50033291721005523

[130] Pinkham A, Loughead J,

Ruparel K, Wu WC, Overton E, Gur R,
et al. Resting quantitative cerebral blood
flow in schizophrenia measured

by pulsed arterial spin labeling
perfusion MRI. Psychiatry Research.
2011;194:64-72. DOI: 10.1016/].
PSCYCHRESNS.2011.06.013

[131] Walther S, Federspiel A,

Horn H, Razavi N, Wiest R, Dierks T,
et al. Resting state cerebral blood flow
and objective motor activity reveal
basal ganglia dysfunction in
schizophrenia. Psychiatry Research.
2011;192:117-124. DOI: 10.1016/].
PSCYCHRESNS.2010.12.002

[132] Kindler J, Jann K, Homan P, Hauf M,
Walther S, Strik W, et al. Static and



New Approaches to the Management and Diagnosis of Schizophrenia

dynamic characteristics of cerebral
blood flow during the resting state in
schizophrenia. Schizophrenia Bulletin.
2015;41:163-170. DOI: 10.1093/SCHBUL/
SBT180

[133] Scheef L, Manka C, Daamen M,
Kiithn KU, Maier W, Schild HH, et al.
Resting-state perfusion in nonmedicated
schizophrenic patients: A continuous
arterial spin-labeling 3.0-T MR

study. Radiology. 2010;256:253-260.
DOI: 10.1148/RADIOL.10091224

[134] Zhu ], Zhuo C, Qin W, Xu Y,

XulL, Liu X, et al. Altered resting-state
cerebral blood flow and its connectivity
in schizophrenia. Journal of Psychiatric
Research. 2015;63:28-35. DOI: 10.1016/j.
jpsychires.2015.03.002

[135] Liu J, Qiu M, Constable RT,

Wexler BE. Does baseline cerebral

blood flow affect task-related blood
oxygenation level dependent response in
schizophrenia? Schizophrenia Research.
2012;140:143-148. DOI: 10.1016/].
SCHRES.2012.06.028

[136] Raichle ME, MacLeod AM,
Snyder AZ, Powers WJ, Gusnard DA,
Shulman GL. A default mode of brain
function. Proceedings of the National
Academy of Sciences of the United
States of America. 2001;98:676-682.
DOI: 10.1073/PNAS.98.2.676

[137] Fox MD, Snyder AZ, Vincent JL,
Corbetta M, Van Essen DC, Raichle ME.
The human brain is intrinsically
organized into dynamic, anticorrelated
functional networks. Proceedings of the
National Academy of Sciences of the
United States of America. 2005;102:9673-
9678. DOI: 10.1073/PNAS.0504136102

[138] Seeley WW, Menon Y,
Schatzberg AF, Keller J, Glover GH,
Kenna H, et al. Dissociable intrinsic
connectivity networks for salience

30

processing and executive control.
The Journal of Neuroscience.
2007;27:2349-2356. DOI: 10.1523/
JNEUROSCI.5587-06.2007

[139] Bressler SL, Menon V. Large-scale
brain networks in cognition: Emerging
methods and principles. Trends in
Cognitive Sciences. 2010;14:277-290.
DOI: 10.1016/].T1CS.2010.04.004

[140] Cabral J, Kringelbach ML,

Deco G. Exploring the network dynamics
underlying brain activity during

rest. Progress in Neurobiology.
2014;114:102-131. DOI: 10.1016/].
PNEUROBIO.2013.12.005

[141] Fan F, Tan S, Huang J, Chen S,

Fan H, Wang Z, et al. Functional
disconnection between subsystems of the
default mode network in schizophrenia.
Psychological Medicine. 2022;52:2270-
2280. DOI: 10.1017/S003329172000416X

[142] Woodward ND, Rogers B,

Heckers S. Functional resting-state
networks are differentially affected in
schizophrenia. Schizophrenia Research.
2011;130:86-93. DOI: 10.1016/].
SCHRES.2011.03.010

[143] Palaniyappan L, White TP,

Liddle PF. The concept of salience network
dysfunction in schizophrenia: From
neuroimaging observations to therapeutic
opportunities. Current Topics in
Medicinal Chemistry. 2013;12:2324-2338.
DOI: 10.2174/156802612805289881

[144] Ramsay IS, Mueller B, Ma Y,

Shen C, Sponheim SR. Thalamocortical
connectivity and its relationship with
symptoms and cognition across the
psychosis continuum. Psychological
Medicine. 2023;53:5582-5591.
DOI:10.1017/50033291722002793

[145] Kanaan RAA, KimJS,
Kaufmann WE, Pearlson GD, Barker GJ,



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

McGuire PK. Diffusion tensor imaging
in schizophrenia. Biological Psychiatry.
2005;58:921-929. DOI: 10.1016/].
BIOPSYCH.2005.05.015

[146] Kubicki M, McCarley R, Westin CF,
Park HJ, Maier S, Kikinis R, et al. A review
of diffusion tensor imaging studies in
schizophrenia. Journal of Psychiatric
Research. 2007;41:15-30. DOI: 10.1016/].
JPSYCHIRES.2005.05.005

[147] Ho NF, Chong PLH, Lee DR,

Chew QH, Chen G, Sim K. The amygdala
in schizophrenia and bipolar disorder:

A synthesis of structural MRI, diffusion
tensor imaging, and resting-state
functional connectivity findings. Harvard
Review of Psychiatry. 2019;27:150-164.
DOI: 10.1097/HRP.0000000000000207

[148] Luttenbacher I, Phillips A,

Kazemi R, Hadipour AL, Sanghvi I,
Martinez J, et al. Transdiagnostic role of
glutamate and white matter damage in
neuropsychiatric disorders: A systematic
review. Journal of Psychiatric Research.
2022;147:324-348. DOI: 10.1016/].
JPSYCHIRES.2021.12.042

[149] Steen RG, Hamer RM, Lieberman JA.
Measurement of brain metabolites by

1H magnetic resonance spectroscopy

in patients with schizophrenia: A
systematic review and meta-analysis.
Neuropsychopharmacology. 2005;30:1949-
1962. DOI: 10.1038/sj.npp.1300850

[150] Abbott C, Bustillo J. What have

we learned from proton magnetic
resonance spectroscopy about
schizophrenia? A critical update. Current
Opinion in Psychiatry. 2006;19:135-139.
DOI:10.1097/01.YC0.0000214337.29378.
CD

[151] Wang M, Barker PB, Cascella NG,
Coughlin JM, Nestadt G, Nucifora FC,
et al. Longitudinal changes in brain
metabolites in healthy controls and
patients with first episode psychosis:

31

A 7-Tesla MRS study. Molecular
Psychiatry. 2023;28:2018-2029.
DOI: 10.1038/s41380-023-01969-5

[152] Smucny J, Carter CS, Maddock R].
Magnetic resonance spectroscopic
evidence of increased choline in the
dorsolateral prefrontal and visual
cortices in recent onset schizophrenia.
Neuroscience Letters. 2022;770.

DOI: 10.1016/].NEULET.2021.136410

[153] Merritt K, McGuire PK, Egerton A,
Aleman A, Block W, Bloemen OJN,

etal. Association of age, antipsychotic
medication, and symptom severity in
schizophrenia with proton magnetic
resonance spectroscopy brain glutamate
level: A mega-analysis of individual
participant-level data. JAMA Psychiatry.
2021;78:667-681. DOI: 10.1001/
JAMAPSYCHIATRY.2021.0380

[154] Himildinen M, Huang M,

Bowyer SM. Magnetoencephalography
signal processing, forward modeling,
magnetoencephalography inverse

source imaging, and coherence analysis.
Neuroimaging Clinics of North America.
2020;30:125-143. DOI: 10.1016/].
NIC.2020.02.001

[155] Zeev-Wolf M, Levy ], Jahshan C,
Peled A, Levkovitz Y, Grinshpoon A,

et al. MEG resting-state oscillations and
their relationship to clinical symptoms
in schizophrenia. Neuroimage Clinical.
2018;20:753-761. DOI: 10.1016/j.
nicl.2018.09.007

[156] Franceschini MA, Boas DA.
Noninvasive measurement of neuronal
activity with near-infrared optical
imaging. Neurolmage. 2004;21:372-386.
DOI: 10.1016/j.neuroimage.2003.09.040

[157]1 Ehlis A-C, Schneider S, Dresler T,
Fallgatter AJ. Application of functional
near-infrared spectroscopy in psychiatry.
Neurolmage. 2014;85(Pt 1):478-488.
DOI: 10.1016/j.neuroimage.2013.03.067



New Approaches to the Management and Diagnosis of Schizophrenia

[158] Hoshi Y. Functional near-
infrared spectroscopy: Potential and
limitations in neuroimaging studies.
International Review of Neurobiology.
2005;66:237-266. DOI: 10.1016/
S0074-7742(05)66008-4

[159] Bell BB, Abel LA, Li W,

Christian JC, Yee RD. Concordance of
smooth pursuit and saccadic measures
in normal monozygotic twin pairs.
Biological Psychiatry. 1994;36:522-526.
DOI: 10.1016/0006-3223(94)90616-5

[160] Keefe RSE, Siever L], Mohs RC,
Peterson AE, Mahon TR, Bergman RL,
et al. Eye tracking, schizophrenic
symptoms, and schizotypal personality
disorder. European Archives of
Psychiatry and Neurological Sciences.
1989;239:39-42. DOI: 10.1007/
BF01739742

[161] Onitsuka T, Oribe N, Nakamura,
Kanba S. Review of neurophysiological
findings in patients with schizophrenia.
Psychiatry and Clinical Neurosciences.
2013;67:461-470. DOI: 10.1111/
pcn.12090

[162] Mathalon DH, Ford JM,
Pfefferbaum A. Trait and state aspects
of p300 amplitude reduction in
schizophrenia: A retrospective
longitudinal study. Biological Psychiatry.
2000;47:434-449. DOI: 10.1016/
S0006-3223(99)00277-2

[163] Turetsky BI, Dress EM,

Braff DL, Calkins ME, Green MF,
Greenwood TA, et al. The utility of P300
as a schizophrenia endophenotype and
predictive biomarker: Clinical and socio-
demographic modulators in COGS-2.
Schizophrenia Research. 2015;163:53-62.
DOI: 10.1016/j.schres.2014.09.024

[164] Martin-Loeches M, Molina V,
Muifioz F, Hinojosa JA, Reig S,
Desco M, etal. P300 amplitude asa

32

possible correlate of frontal degeneration
in schizophrenia. Schizophrenia
Research. 2001;49:121-128. DOI: 10.1016/
$0920-9964(00)00125-0

[165] O’Donnell BF, Faux SF,

McCarley RW, Kimble MO, Salisbury DF,
Nestor PG, et al. Increased rate of

P300 latency prolongation with age in
schizophrenia: Electrophysiological
evidence for a neurodegenerative
process. Archives of General Psychiatry.
1995;52:544-549. DOI: 10.1001/
ARCHPSYC.1995.03950190026004

[166] Dutt A, Ganguly T, Shaikh M,
Walshe M, Schulze K, Marshall N, et al.
Association between hippocampal
volume and P300 event related
potential in psychosis: Support for

the Kraepelinian divide. NeuroImage.
2012;59:997-1003. DOI: 10.1016/].
NEUROIMAGE.2011.08.067

[167] Hamilton HK, Mathalon DH,
Ford JM. P300 in schizophrenia: Then
and now. Biological Psychology.
2024;187:108757. DOI: 10.1016/j.
biopsycho.2024.108757

[168] Yu M, Tang XW, Wang X,

Zhang XR, Bin ZX, ShaWW, et al.
Neurocognitive impairments in deficit
and non-deficit schizophrenia and their
relationships with symptom dimensions
and other clinical variables. PLoS One.
2015;10(9). DOI: 10.1371/journal.
pone.0138357

[169] ZhuY, Womer FY, Leng H,

Chang M, Yin Z, Wei Y, et al. The
relationship between cognitive
dysfunction and symptom dimensions
across schizophrenia, bipolar disorder,
and major depressive disorder. Frontiers
in Psychiatry. 2019;10. DOI: 10.3389/
fpsyt.2019.00253

[170] Huang YC, Lee Y, Lee CY,
Lin PY, Hung CF, Lee SY, et al. Defining



Aetiology and Risk Factors of Schizophrenia

DOI: http://dx.doi.org/10.5772/intechopen.1005178

cognitive and functional profiles in
schizophrenia and affective disorders.
BMC Psychiatry. 2020;20(1).

DOI: 10.1186/s12888-020-2459-y

[171] Premack D, Woodruff G. Does
the chimpanzee have a theory of
mind? Behavioral and Brain Sciences.
1978;1:515-526. DOI: 10.1017/
S0140525X00076512

[172] Frith CD. Schizophrenia and
theory of mind. Psychological Medicine.
2004;34:385-389. DOI: 10.1017/
S0033291703001326

[173] Baron-Cohen S, Leslie AM, Frith U.
Does the autistic child have a “theory

of mind”? Cognition. 1985;21:37-46.
DOI: 10.1016/0010-0277(85)90022-8

[174] Garety PA, Hemsley DR, Wessely S.
Reasoning in deluded schizophrenic

and paranoid patients. Biases in
performance on a probabilistic inference
task. The Journal of Nervous and
Mental Disease. 1991;179:194-201.

DOI: 10.1097/00005053-199104000-
00003

[175] Garety PA, Freeman D. Cognitive
approaches to delusions: A critical
review of theories and evidence.

The British Journal of Clinical
Psychology. 1999;38:113-154.

DOI: 10.1348/014466599162700

[176] Hugq SF, Garety PA, Hemsley DR.
Probabilistic judgements in deluded
and non-deluded subjects. The
Quarterly Journal of Experimental
Psychology. A, Human Experimental
Psychology. 1988;40:801-812.

DOI: 10.1080/14640748808402300

[177] Young HF, Bentall RP. Probabilistic
reasoning in deluded, depressed

and normal subjects: Effects of task
difficulty and meaningful versus non-
meaningful material. Psychological

33

Medicine. 1997;27:455-465. DOI: 10.1017/
S0033291796004540

(178] Higgins ET. Self-discrepancy:

A theory relating self and affect.
Psychological Review. 1987;94:319-340.
DOI:10.1037/0033-295X.94.3.319

[179] Bentall RP, Kinderman P, Kaney S.
The self, attributional processes and
abnormal beliefs: Towards a model

of persecutory delusions. Behaviour
Research and Therapy. 1994;32:331-341.
DOI:10.1016/0005-7967(94)90131-7

[180] Kinderman P, Bentall RP. A

new measure of causal locus: The
internal, personal, and situational
attributions questionnaire. Personality

and Individual Differences.
1996;20:261-264

[181] Kinderman P, Dunbar R,

Bentall RP. Theory-of-mind deficits

and causal attributions. British Journal
of Psychology. 1998;89:191-204.

DOI: 10.1111/j.2044-8295.1998.tb02680.x

[182] Pruessner M, Cullen AE, Aas M,
Walker EF. The neural diathesis-stress
model of schizophrenia revisited: An
update on recent findings considering
illness stage and neurobiological

and methodological complexities.
Neuroscience and Biobehavioral
Reviews. 2017;73:191-218. DOI: 10.1016/j.
neubiorev.2016.12.013

[183] Berry A, Cirulli F. Toward a
diathesis-stress model of schizophrenia
in a neurodevelopmental perspective. In:
Handbook of Behavioral Neuroscience,
Vol. 23. San Diego, CA, US: Elsevier BV,;
2016. pp. 209-224. DOI: 10.1016/B978-0-
12-800981-9.00013-4

[184] Corcoran C, Walker E, Huot R,
Mittal V, Tessner K, Kestler L, et al. The
stress cascade and schizophrenia: Etiology
and onset. Schizophrenia Bulletin.



New Approaches to the Management and Diagnosis of Schizophrenia

2003;29:671-692. Available from:
https://psycnet.apa.org/doi/10.1093/
oxfordjournals.schbul.a007038

[185] Howes OD, McCutcheon R.
Inflammation and the neural diathesis-
stress hypothesis of schizophrenia:

A reconceptualization. Translational
Psychiatry. 2017;7(2). DOI: 10.1038/
TP.2016.278

[186] Walker E, Mittal V, Tessner K. Stress
and the hypothalamic pituitary adrenal
axis in the developmental course of
schizophrenia. Annual Review of Clinical
Psychology. 2008;4:189-216. DOI: 10.1146/
annurev.clinpsy.4.022007.141248

[187] Falkai P, Honer WG, David S,
Bogerts B, Majtenyi C, Bayer TA. No
evidence for astrogliosis in brains of
schizophrenic patients. A post-mortem
study. Neuropathology and Applied
Neurobiology. 1999;25:47-52.

DOI: 10.1046/].1365-2990.1999.00162.X

[188] Iritani S. Neuropathology

of schizophrenia: A mini review.
Neuropathology. 2007;27:604-608.
DOI: 10.1111/j.1440-1789.2007.00798.x

[189] Schnieder TP, Dwork AJ. Searching
for neuropathology: Gliosis in
schizophrenia. Biological Psychiatry.
2011;69:134-139. DOI: 10.1016/].
BIOPSYCH.2010.08.027

[190] Dwork AJ, Mancevski B,

Rosoklija G. White matter and cognitive
function in schizophrenia. The
International Journal of Neuropsych-
opharmacology. 2007;10:513-536.

DOI: 10.1017/S1461145707007638

[191] Bartzokis G, Lu PH, Amar CP,
Raven EP, Detore NR, Altshuler LL,
etal. Long acting injection versus
oral risperidone in first-episode
schizophrenia: Differential impact on
white matter myelination trajectory.

34

Schizophrenia Research. 2011;132:35-41.
DOI: 10.1016/].SCHRES.2011.06.029

[192] Bartzokis G, Lu PH, Raven EP,
Amar CP, Detore NR, Couvrette AJ,

et al. Impact on intracortical myelination
trajectory of long acting injection

versus oral risperidone in first-episode
schizophrenia. Schizophrenia Research.
2012;140:122-128. DOI: 10.1016/j.
schres.2012.06.036

(193] Insel TR. Rethinking schizophrenia.
Nature. 2010;468:187-193. DOI: 10.1038/
nature09552

[194] Black JE, Kodish IM, Grossman AW,
Klintsova AY, Orlovskaya D, Vostrikov V,

et al. Pathology of layer V pyramidal
neurons in the prefrontal cortex of patients
with schizophrenia. The American

Journal of Psychiatry. 2004;161:742-744.
DOI: 10.1176/APPI.AJP161.4.742

[195] Gaur N, Gautam S, Gaur M,

Sharma P, Dadheech G, Mishra S. The
biochemical womb of schizophrenia:

A review. Indian Journal of Clinical
Biochemistry. 2008;23:307. DOI: 10.1007/
S$12291-008-0071-X

[196] Flores-Soto ME, Chaparro-Huerta V,
Escoto-Delgadillo M, Vazquez-Valls E,
Gonzalez-Castafieda RE, Beas-Zarate C.
Structure and function of NMDA-type
glutamate receptor subunits. Neurologia.
2012;27:301-310. DOI: 10.1016/].
NRL.2011.10.014

[197] Lewis DA. Neuroplasticity of
excitatory and inhibitory cortical circuits
in schizophrenia. Dialogues in Clinical
Neuroscience. 2009;11:269. DOI: 10.31887/
DCNS.2009.11.3/DALEWIS

[198] Boyajyan AS, Chavushyan AS,
Zakharyan RV, Mkrtchyan GM. Markers
of apoptotic dysfunctions in
schizophrenia. Molecular Biology.
2013;47:587-591. DOI: 10.1134/
S5002689331304002X/METRICS



Aetiology and Risk Factors of Schizophrenia

DOI: http://dx.doi.org/10.5772/intechopen.1005178

[199] Lawrie SM, Whalley HC,

Abukmeil SS, Kestelman JN, Miller P,
Best JJK, et al. Temporal lobe volume
changes in people at high risk of
schizophrenia with psychotic symptoms.
The British Journal of Psychiatry.
2002;181:138-143. DOI: 10.1017/
S0007125000161860

[200] Zhang Z, Zheng F, You Y, Ma,
LuT, Yue W, et al. Growth arrest specific
gene 7 is associated with schizophrenia
and regulates neuronal migration

and morphogenesis. Molecular

Brain. 2016;9(1). DOI: 10.1186/
s13041-016-0238-y

[201] Fatemi SH, Folsom TD. The
neurodevelopmental hypothesis of
schizophrenia, revisited. Schizophrenia
Bulletin. 2009;35:528-548. DOI: 10.1093/
SCHBUL/SBN187

[202] Rapoport JL, Giedd JN, Gogtay N.
Neurodevelopmental model of
schizophrenia: Update 2012. Molecular
Psychiatry. 2012;17:1228-1238.

DOI: 10.1038/MP.2012.23

[203] McGrath JJ, Féron FP,

Burne THJ, Mackay-Sim A, Eyles DW.
The neurodevelopmental hypothesis
of schizophrenia: A review of recent
developments. Annals of Medicine.
2003;35:86-93. DOI: 10.1080/
07853890310010005

[204] Maynard TM, Sikich L, Lieberman JA,
LaMantia AS. Neural development, cell-
cell signaling, and the “two-hit” hypothesis
of schizophrenia. Schizophrenia

Bulletin. 2001;27:457-476. DOI: 10.1093/
oxfordjournals.schbul.a006887

[205] Guma E, Cupo L, Chakravarty MM.
Cannabis, Neurodevelopment, and

the “Two-Hit” Hypothesis. Cannabis
Use, Neurobiology, Psychology, and
Treatment. San Diego, CA, US: Elsevier;
2023. pp. 457-472. DOI: 10.1016/
B978-0-323-89862-1.00022-2

35

[206] Guma E, Cupo L, Ma W, Gallino D,
Moquin L, Gratton A, et al. Investigating
the “two-hit hypothesis”: Effects of
prenatal maternal immune activation
and adolescent cannabis use on
neurodevelopment in mice. Progress

in Neuro-Psychopharmacology &
Biological Psychiatry. 2023;120:110642.
DOI: 10.1016/j.pnpbp.2022.110642

[207] Bayer TA, Falkai P, Maier W.
Genetic and non-genetic vulnerability
factors in schizophrenia: The basis of
the “Two hit hypothesis™ Journal of
Psychiatric Research. 1999;33:543-548.
DOI: 10.1016/50022-3956(99)00039-4

[208] Jaaro-Peled H, Hayashi-Takagi A,
Seshadri S, Kamiya A, Brandon NJ,

Sawa A. Neurodevelopmental
mechanisms of schizophrenia:
Understanding disturbed postnatal brain
maturation through neuregulin-1-ErbB4
and DISC1. Trends in Neurosciences.
2009;32:485-495. DOI: 10.1016/].
TINS.2009.05.007

[209] Fan JB, Zhang CS, Gu NF,

Li XW, Sun WW, Wang HY, et al.
Catechol-O-methyltransferase gene
Val/Met functional polymorphism and
risk of schizophrenia: A large-scale
association study plus meta-analysis.
Biological Psychiatry. 2005;57:139-144.
DOI: 10.1016/].BIOPSYCH.2004.10.018

[210] Guo X, Tang P, Yang C, Li R.
Proline dehydrogenase gene (PRODH)
polymorphisms and schizophrenia
susceptibility: A meta-analysis.
Metabolic Brain Disease. 2018;33:89-
97. DOI: 10.1007/511011-017-0128-8/
METRICS

[211] Mirnics K, Middleton FA,

Stanwood GD, Lewis DA, Levitt P.
Disease-specific changes in regulator of
G-protein signaling 4 (RGS4) expression
in schizophrenia. Molecular Psychiatry.
2001;6:293-301. DOI: 10.1038/
SJ.MP.4000866



New Approaches to the Management and Diagnosis of Schizophrenia

[212] Abdolmaleky HM, Cheng KH,
Russo A, Smith CL, Faraone SV, Wilcox M,
et al. Hypermethylation of the reelin
(RELN) promoter in the brain of
schizophrenic patients: A preliminary
report. American Journal of Medical
Genetics. Part B, Neuropsychiatric
Genetics. 2005;134B:60-66.

DOI: 10.1002/AJMG.B.30140

[213] Impagnatiello F, Guidotti AR,
Pesold C, Dwivedi Y, Caruncho H,

Pisu MG, et al. A decrease of reelin
expression as a putative vulnerability
factor in schizophrenia. Proceedings of
the National Academy of Sciences of the
United States of America. 1998;95:15718-
15723. DOI: 10.1073/PNAS.95.26.15718

[214] Gémez-Climent MA, Guirado R,
Castillo-Gémez E, Varea E, Gutierrez-
Mecinas M, Gilabert-Juan J, et al. The
polysialylated form of the neural cell
adhesion molecule (PSA-NCAM) is
expressed in a subpopulation of mature
cortical interneurons characterized
by reduced structural features and
connectivity. Cerebral Cortex.
2011;21:1028-1041. DOI: 10.1093/
CERCOR/BHQ177

[215] Guirado R, Perez-Rando M,
Sanchez-Matarredona D, Castillo-
Go6mez E, Liberia T, Rovira-Esteban L,

et al. The dendritic spines of interneurons
are dynamic structures influenced by
PSA-NCAM expression. Cerebral Cortex.
2014;24:3014-3024. DOI: 10.1093/
CERCOR/BHT156

[216] Green MJ, Matheson SL, Shepherd A,
Weickert CS, Carr VJ. Brain-derived
neurotrophic factor levels in schizophrenia:
A systematic review with meta-analysis.
Molecular Psychiatry. 2011;16:960-972.
DOI: 10.1038/MP.2010.88

[217] Lee KB, Kunugi H, Nanko S. Glial cell
line-derived neurotrophic factor (GDNF)
gene and schizophrenia: Polymorphism

36

screening and association analysis.
Psychiatry Research. 2001;104:11-17.
DOI: 10.1016/50165-1781(01) 00294-3

[218] Futamura T, Toyooka K, Iritani S,
Niizato K, Nakamura R, Tsuchiya K, etal.
Abnormal expression of epidermal growth
factor and its receptor in the forebrain

and serum of schizophrenic patients.
Molecular Psychiatry. 2002;7:673-682.
DOI: 10.1038/S].MP4001081

[219] Weinberg SM, Jenkins EA,
Marazita ML, Maher BS. Minor physical
anomalies in schizophrenia: A meta-
analysis. Schizophrenia Research.
2007;89:72-85. DOI: 10.1016/].
SCHRES.2006.09.002

[220] Xu T, Chan RCK, Compton MT.
Minor physical anomalies in patients
with schizophrenia, unaffected first-
degree relatives, and healthy controls:

A meta-analysis. PLoS One. 2011;6(9).
DOI: 10.1371/JOURNAL.PONE.0024129

[221] Kusman A, Yal¢inkaya B, KirY,
Aksoy UM, Ozdemir BN, Dilek ZG,

et al. The association of minor physical
anomalies with clinical and subclinical
psychotic symptoms. Journal of
Ankara University Faculty of Medicine.
2020;73:216-223. DOI: 10.4274/atfm.
galenos.2020.79553

[222] Gottesman II, Erlenmeyer-
Kimling L. Family and twin strategies

as a head start in defining prodromes
and endophenotypes for hypothetical
early-interventions in schizophrenia.
Schizophrenia Research. 2001;51:93-102.
DOI: 10.1016/50920-9964(01) 00245-6

[223] Brown AS. Prenatal infection

as arisk factor for schizophrenia.
Schizophrenia Bulletin. 2006;32:200-
202. DOI: 10.1093/SCHBUL/SBJ 052

[224] Monk C, Lugo-Candelas C,
Trumpff C. Prenatal developmental



Aetiology and Risk Factors of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005178

origins of future psychopathology:
Mechanisms and pathways. Annual
Reviews. 2019;15:317-344. DOI: 10.1146/
annurev-clinpsy-050718

[225] Hambrecht M, Hiafner H. Substance
abuse and the onset of schizophrenia.
Biological Psychiatry. 1996;40:1155-1163.
DOI: 10.1016/50006-3223(95)00609-5

[226] Thornicroft G, Salvia DDE,
Tansella M, Tansella M. Urban-rural
differences in the associations between
social deprivation and psychiatric
service utilization in schizophrenia and
all diagnoses: A case-register study in
Northern Italy. Psychological Medicine.
1993;23:487-496. DOI: 10.1017/
S0033291700028579

[227] Geddes JR, Lawrie SM. Obstetric
complications and schizophrenia: A
meta-analysis. The British Journal

of Psychiatry. 1995;167:786-793.
DOI:10.1192/BJP.167.6.786

[228] Selten JP, Van Der Ven E,

Rutten BPF, Cantor-Graae E. The social
defeat hypothesis of schizophrenia:

An update. Schizophrenia Bulletin.
2013;39:1180. DOI: 10.1093/SCHBUL/
SBT134

[229] Mesholam-Gately RI,

Giuliano AJ, Goff KP, Faraone SV,
Seidman LJ. Neurocognition in first-
episode schizophrenia: A meta-analytic
review. Neuropsychology. 2009;23:315-
336. DOI: 10.1037/A0014708

[230] Fusar-Poli P, Deste G, Smieskova R,
Barlati S, Yung AR, Howes O, et al.
Cognitive functioning in prodromal
psychosis: A meta-analysis.

Archives of General Psychiatry.
2012;69:562-571. DOI: 10.1001/
ARCHGENPSYCHIATRY.2011.1592

[231] Clarke MC, Tanskanen A,
Huttunen M, Leon DA, Murray RM,

37

Jones PB, et al. Increased risk of
schizophrenia from additive interaction
between infant motor developmental
delay and obstetric complications:
Evidence from a population-based
longitudinal study. The American Journal
of Psychiatry. 2011;168:1295-1302.

DOI: 10.1176/APPI.AJP.2011.11010011

[232] Dickson H, Laurens KR, Cullen AE,
Hodgins S. Meta-analyses of cognitive
and motor function in youth aged 16
years and younger who subsequently
develop schizophrenia. Psychological
Medicine. 2012;42:743-755. DOI: 10.1017/
S0033291711001693






Chapter 2

Design to Support People with
Schizophrenia: Activating
Professional Boundaries

Dianne Smith and Elizabeth Karol

Abstract

For people with schizophrenia, home environments that are readily understand-
able, easily managed, provide opportunities for self-expression and support psycho-
social needs can enhance their wellbeing. Importantly, symptoms of schizophrenia
(including agitation, anxiety, helplessness, perceptual distortion) can potentially be
reduced through responsive accommodation design. The embedded potential of
design of homes to offer support or create hindrances for people with schizophrenia
has been poorly explored. Cues as to what things are and how to function in a space
can be designed to provide support. This chapter records a multi-prong action
research approach to develop a resource to assist designers and service providers
create responsive residential environments for people with impeded cognitive func-
tioning. Research from such fields as environmental psychology, sociology and design,
together with discussions with people with schizophrenia, indicates that quality of life
for people with schizophrenia can be enhanced through design. A key outcome is a
Framework that enables the user to both understand the reason why a person with
schizophrenia may respond to the environment in a particular way and how to design
to acknowledge that potential response.

Keywords: design, home, accommodation, schizophrenia, design process, wellbeing
at home, enabling housing, architecture, person environment relationship

1. Introduction

Placed within a collection of chapters that cover a broad field of topics connected
to schizophrenia, our work is a nonmedical approach to the subject of schizophrenia.
Our backgrounds, based in architecture, interiors, building science, art therapy as well
as research, influence this approach. Over our careers we have become intensely
aware that environments can assist or inhibit the way people live; and consequently,
that those responsible for the commissioning, design, construction, and management
of accommodation have a responsibility to attend to these potential environmental
influences through the projects they undertake. Our work has evolved to study home
environments for those who live with schizophrenia.
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When seeking insights into issues such as poor mental health, cognitive impair-
ment or schizophrenia, people naturally are drawn to medical sources. The role of the
creative arts, such as building design, does not immediately come to mind as a source
of insight. However, as practitioners in this field we have come to realise the embed-
ded potential in this area. By drawing on the theories of the sociologist, Bourdieu [1],
it is evident that the body of knowledge from architecture and design can broaden and
enrich the discussion and encourage new knowledge to emerge [2].

Consequently, we have taken a place ‘on the field’ as we join ‘the game’.
Bourdieu’s concepts of ‘field’ and ‘habitus’ can inform propositions about design
that can complement medical disciplines in achieving a common goal of improving
quality of life for people with schizophrenia. In a ‘field’, disciplines have practices of
thoughts and modes of operating that those within understand (initially through
education and the like). However, these areas can become ‘struggles for legitimisation’
of one’s knowledge and practices in relation to its distinctiveness from other disci-
plines [1]. In this chapter, we present building design as a discipline that can poten-
tially impact on the symptoms associated with cognitive difficulties (including poor
mental health, cognitive impairment (CI) or schizophrenia) through responsive
accommodation design.

Bourdieu referenced our unconscious perception of our position or place in the
world as our ‘habitus’; and it is this which influences our actions and relations [3]. At
an individual level, the habitus exists and provides the ‘sense’ of what action we are
inclined to take; and we use the symbols available to us according to our habitus [1, 4].
The environment then not only provides the context, it holds ‘implicit rules that
regulate transactions’ [5]; and are integral to the cultural system [6].

This is linked to discrimination, as ‘field’ and ‘habitus’ underpin meaning-making
in respect to ‘discriminatory practices’ that may be embedded in our interpretations of
others [7]. In the general community, people with impeded cognitive functioning
(ICF)! are often regarded as distinct from others. In the context of Bourdieu, this
raises the notions of social capital and symbolic capital. Both reflect how people
accidently or deliberately project their value or role on to the community; it is a means
to identify distinction and differences [8]. It is acknowledged that architecture creates
a field laden with social values [9] with symbols embedded within an environment.
These symbols reflect societal standards, attitudes toward occupants, as well as eco-
nomic, political, and educative values and associated worth (or not). This raises three
questions. Does accommodation for those with ICF reflect a common understanding
held by the society it is embedded in? Does the architectural profession apply the same
common understanding? Is accommodation having a high social standing or rich social
capital available to people with ICF?

In Australia, although many people with mental illnesses reside with family or in
group houses, others (including those with schizophrenia) are dependent on social

" Throughout the chapter various terms and acronyms are used to describe these people’s condition. They
include cognitive impairment (CI), impeded cognitive functioning (ICF), impaired cognitive functioning
and impaired cognitive abilities. The reason is that over the past couple of decades terminology describing
conditions (or the collection of people experiencing the condition) has evolved. As this chapter captures a
series of projects that occurred over time, the terms of the day are used here as well as in the reporting of the
published outcomes.

40



Design to Support People with Schizgophrenia: Activating Professional Boundaries
DOT: http://dx.doi.org/10.5772/intechopen.1004807

housing or low-cost housing [10]. This accommodation is often basic compared to the
surrounding housing stock. Thus designers ‘create the aesthetics and the ideas that
reinforce distinctions between groups’ [11]. Judgements are, in turn, made by and
about the occupant of the accommodation. There is a social cost in making these
judgements: firstly, for the resident and secondly, for families, organisations and/or
society through the costs of care.

Having established the place of design in this conversation, we will describe our
research in developing a Practice Document that can guide the development of good
quality accommodation that potentially improves the quality of life for people with
ICF. The core of the Practice Document is a Framework that informs the practice of
responsive accommodation design for people with ICF.

This chapter outlines a series of projects that enabled us to achieve this end. Our
process reflects both action vesearch and design practice, where a situation is diagnosed
to reveal the issue or problem; staged research carried out; actions proposed, under-
taken, monitored, and evaluated prior to commencing the next stage of research. This
continues until reaching a potential resolution; with each step bringing new under-
standings as well as cautionary notes.

2. Architects join ‘the game’

In 2015, a provider of services and accommodation for people with disability, poor
mental health and/or who were homeless in Perth, Western Australia approached us
(as architects and academics). They requested our expertise to help them better
understand the impact of accommodation design on their clients: an increasing num-
ber of whom had impaired cognitive abilities. The provider was expressly interested in
aspects of design that reduce the amount of building damage wrought by clients when
they were agitated, frustrated or generally unwell because of poor mental health. At
that time therapeutic design in accommodation largely referred to universal design
principles, which made accommodation accessible and manageable for those with
mobility issues.

Our initial research showed that there were additional aspects of design that played
a part in improving wellbeing for everyone, but particularly for those who are
marginalised with ICF. These additional aspects revolved around what Pallasmaa, a
highly acclaimed Finnish architect/academic referred to as “the process of living” [12].
He argued that for people to care about their accommodation they needed to think of
it as ‘home’. Our research showed that for accommodation to become home it must
allow for individualised expression of personality, patterns of life, rituals and routines.
Ioannidou, an architectural researcher and designer, refers to “home as an intangible
concept. It is the emotional and meaningful relationship between people and their
familiar environment” [13].

We adapted this idea of intangibles to identify such aspects of the home environ-
ment that subtly create opportunities for wellbeing through opportunities for self-
determination, a setting for personal possessions, spatial diversity and spatial delight.
Thus, started our journey to discover how designers (including architects, interior
designers, landscape architects) and service providers could commission, design,
construct and manage accommodation for people with ICF, so it was better able to
support this growing sector of our community.

By using design thinking as a reflective and evolutionary process over a series of
projects we developed a generic Framework for designers and service providers. One
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that would help them foster health and wellbeing in the home for people with ICF. We
used the generic Framework to establish design details for one particular condition,
schizophrenia, thereby providing a demonstration case for how some symptoms of a
mental health condition could be addressed through integration of certain design
considerations. These design considerations are regarded as part of a package of
support for people with schizophrenia.

In order to clarify the field of this study—particularly for those with limited
knowledge of architectural and design theory—an overview is provided of three areas:
the person-environment relationship (PER), accommodation design for people with
ICF and action research.

2.1 Person-environment relationship

Many authors across environmental psychology and sociology as well as the design
fields have described the impact of the person-environment relationship (PER) includ-
ing how people feel and behave: see [14-16]. PER is well documented and various forms
have been identified. Three forms of PER were described by Smith [7]. These ranged
from a relationship where the environment was completely separate to the person to
those where the environment and person were completely interdependent. Returning to
Bourdieu’s concept of habitus, a person is said to have a ‘sense of the game’; knowing
what is happening, what is expected and what to do [1]. That person may develop a
strong sense of control, sense of identity or self-worth as the environmental setting
reflects who they are and fosters self-expression as part everyday living.

So functional, emotional, psychological, and social aspects of a person’s life are all
impacted by how they feel about their accommodation [17]. When translated to
people with ICF, including those with schizophrenia, it is noted that a person may not
be able to overcome negative environmental aspects, due to their cognitive attributes
[17], and consequently may have their quality of life severely and detrimentally
impacted. Although there is a broad and growing cross section of literature that relates
physical places with impacts on people with ICF, in-depth knowledge of how this
occurs and how design facilitates positive impacts is still scarce. Our work sought to
navigate this field and explore the PER for people with schizophrenia.

2.2 Accommodation design for people with impeded cognitive functioning

The aim of architects and designers should be to not cause harm to the occupants
of the buildings they design [18]. Our literature review [17] showed that the majority
of houses designed and built in Australia meet functional needs. However, the intan-
gible qualities of a home environment that address emotional, psychological, and/or
social needs are rarely addressed. The building itself was generally considered as a
‘disembodied commodity’ [19], with no recognition that it is in fact “at the helm of a
major force of neural functional dynamics” [20].

From the review of psychology and environmental psychology sources [15, 16, 21-25]
the possible human responses which would indicate that a person at home felt emotion-
ally, psychologically, and/or socially supported were identified. These responses included:

* emotional and spiritual enhancement (including delight),

* sense of belonging and control (including connectedness and privacy),
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* sense of self, self-esteem, and identity,
* sense of dignity, homeliness, comfort, and affordance.

Sociologist and academic, Aaron Antonovsky [26] posited the concept of a sense of
coherence. He identified physical, soulful, and spiritual coherence as being funda-
mental to health and wellbeing. Further to coherence, Lockard [25] references
engagement with both space and community as being critical for well-being.

However, current housing stock in Western Australia shows little attention to the
needs of people with an ongoing impairment in comprehension, reason, adaptive
functioning, judgement, learning, or memory. There is little indication that designers
are aware that by treating the home as a ‘disembodied commodity’ it may trigger
significant responses and curtail a sense of wellbeing for people with ICF. From the
literature there is minimal evidence, even from designers who professionally claim
this space in their expertise, that detailed knowledge of how to incorporate appropri-
ate intangible characteristics in a design is available.

For a person with ICF and limited choice in where they live, it seems to be
particularly important that the home environment is designed to be both
functionally and emotionally enabling. What is unclear is how designer-controlled
elements can be extended to include intangible characteristics, so that a person
with ICF feels nurtured and supported at home. We identified a need for evidence-
based qualitative design research at the individual level and at a group level.

Firstly, this was to analyse affordable home designs occupied by people with ICF in
order to identify specifically what emotionally, psychologically and socially enabling
intangible aspects exist. Secondly, to identify what people with CI value in their
homes and what gives them a sense of well-being and emotional, psychological and
social support.

An integrated approach is needed for holistic understanding of what it is to be at
home as a person with ICF. This is complex, as people who have ICF have a wide
variety of needs and are implicitly or explicitly conceptualised by researchers in each
discipline in a variety of ways.

2.3 Action research

The Practice Document has been built from an ongoing process that involved
continuous reflection and extrapolation to generate each subsequent step. This process
is captured by an action research approach [27]. Such an approach is not linear, rather
it is dynamic ‘where research, action, participation and evaluation interact’ [27] and
strives to link practice and theory. Action research has traditionally been described as
a repeated cycle involving planning, acting, observing and reflecting; and as such,
mirrors the design process where the outcome emerges from a series of propositions,
creations, tests against emergent criteria and reflection cycles toward each consequent
proposition.

The involvement of those implicated is also part of action research - in this
case accommodation providers, people from the target resident group, and
researchers. The driver of action research is to generate change. In this case we
aimed to challenge the accepted accommodation generated through current design
practice and typical procurement strategies. It was recognised that this sector often
has restricted budgets and opportunities to experiment with new ways of ‘doing
architecture’. The involvement of a breadth of committees and funding bodies may

43



New Approaches to the Management and Diagnosis of Schizophrenia

mean that challenging everyday ways of doing is put to one side. However,
improvement to accommodation design was worth exploring to ameliorate costs in
terms of quality of life for residents, and financially for the providers and support
workers.

The markers of success of an action research program are described by McTaggart
[28] as being defensible, educative, politically effectual, and morally appropriate. The
main aspects of action research that are common across the breadth of the various
approaches described in the literature [29] are captured in Table 1. The seven
aspects, summarised in Table 1, have been addressed in the development of the
Practice Document.

Aspect of Action Research Application to development of the Practice Document

Problem-focused, context
specific, future oriented

Addressed real life issues and explored the need for change through
literature reviews, conversations with providers, and interviews with
people with schizophrenia.

Change intervention (change
experiment)

A wide cross section of strategies of research were involved that led to a
range of actions and propositions

Aims toward improvement

Improvement is targeted toward improved quality of life and wellbeing
for future occupants with schizophrenia.

Cyclical process

Each step revealed relevant aspects that were then considered as part of
the subsequent step/s.

Research relationship

Researchers are also designers, who developed a relationship with
provider organisations, who in turn, provided access to properties and/
or residents with ICF.

Educative

Designers, service providers, people with schizophrenia educated the
researchers and will have open access to the findings.

Individuals are seen as
members of social group

Service providers and accommodation providers for people with
schizophrenia participated. People with schizophrenia are potential

residents.

Table 1.
Summary of use of action vesearch to develop practice document.

3. Building the foundations: a reflective process

A multi-prong approach was required to develop a resource, a Practice Document,
to assist designers and providers to create suitable environments for people with ICF.
This approach evolved through a series of projects over many years. Each project arose
through observations and reflections on the preceding activities. Collectively, they
provide a pluralistic interrogation of what is going on.

3.1 Action research

Figure 1 depicts the cycles of research over the decade. Each adds to providing an
overall sense of the systematic expansion of our understanding. We also have noted
any articles or reports produced en route and publicly available so that readers can
explore the process and outcomes identified. The cycles did not necessarily occur in a
neat linear manner as some investigations overlapped at times.
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Figure 1.
Action embedded in research.

As noted in Figure 1 the process can be divided into two overarching phases: The
Development Phase and the Outcomes and Refinement phase. The tool that emerged,
called a Framework, is a comprehensive way of capturing the cycles of research and
presenting the parameters that may influence design practice whilst including refer-
ence to the user’s (resident) condition (such as schizophrenia). The Framework was
then contextualised within a Practice Document for those designing and investing in
affordable housing for people with ICF. The hope is that others will build on this
research by applying the Practice Document to the construction of accommodation
for people with schizophrenia.

3.2 Cycles of research

Each cycle in the Development Phase is summarised in Tables 2-14. To succinctly
explain the research, the activity and the outcome generated are stated, as well as a
summary of our reflections. The Outcomes and Refinement Phase is then summarised.

3.2.1 The development phase

There were 13 cycles of research in the development phase, culminating in the
Framework and Practice Document. We started by using design thinking to assist
service provider managers to rethink ways of looking at the design of a day facility for
homeless people (Table 2). We went on to develop a model that enabled better
collaboration between all stakeholders when designing for marginalised people
(Table 3). This was followed by literature reviews (Tables 4 and 5), creative design
practice (Table 6), and an examination of language that captured the essence of the
impact of intangible qualities of space (Table 9). Eventually we developed a design
tool matrix that could assist designers and service providers to improve the PER in
accommodation for people with ICF (Table 14).

Initially we were approached by a service provider to assist in the design of a day
centre for homeless people. To achieve the best results within a very limited budget it
was necessary to reframe the thinking of the service provider staff and collaboratively
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Activity: Reflection
To explore Complex contemporary issues require new ways of tackling recurring issues. Creative
visual tools to  processes can enable the discovery of alternative outcomes. Business/management were
create new challenged while being open to new conceptualisations of available options.
insights into - ™~ @ N W ™ 4 ~
the design of 1 >12 > 3 >ll4 >|I5 >
EMPATHY || AWARENESS || EMPOWER || TANGIBLE ROBUST
places for -MENT | [POSSIBILITIES|| EVALUATION|
marginalised CRITERIA
1 Each M t || MSG expl MSG identify Develop
peopie. recalls sub-groups || empowerment|| outcome of 3 criteria
Generated: supervised || (MSG)delve process for | with identifiable cliding
7 individual (SI) ||into barriers of each ST actions “capacily to:
step whoiis/will be || each ST for different || +have impact
Wellbeing impacted by players m' +innovate
Management vopoed simation”  |{ESEE '
g \_ design Vi I A4S )teb_llm)L JU )
Model.
Table 2.

Wellbeing management model [30].

reconceptualize the situation and explore ways of tackling it. Table 2 summarises the
project.

The proposed action resulting from the first project was to utilise creative practice
processes on future projects at the brief and design development phases. We set out to
apply this when considering alternative ways of approaching design for a supportive
day centre for homeless people that integrates end-users as collaborators (Table 3).

Activity: Reflection g SR
Establish principles and The process did challenge the o . y b "
test them through traditional approach to designing & ; :
design practice. facilities for marginalised people. 7

Generated: Although principles are very person- ,"_- o

DESIGN OUTCOME

SEDM that integrates  centred, an ecological perspective also
People and Place

theory, design thinking, highlights the interdependency of the

and creative practice. PER in context. All stakeholders ;
(service providers, managers and v /
clients) indicated open engagement was ‘\\ LTI 2 MWL EREHOENT CONTERE ) |
increased and the outcome had a S biind k. o, cormmnt ot

positive impact on staff and clients. N o

i
I
|
1
\

DESIGN PRACTICE

Table 3.
Socio-ecological design model (SEDM) [31].

It was recognised that design solutions to cater for people with ICF was needed. To
start this process we initially needed to identify what was already known about the
characteristics of domestic settings that support well-being for those with ICF. A
literature review was carried out as summarised in Table 4.

Activity: Reflection
Literature review: Researchers understand that pragmatic design inputs
home design and its impact on emotional, alone may not be sufficient. Others have shown or
psychological, or social well-being for people ~ surmise that there are other “intangible” designer-
with CIL. controlled elements that have beneficial impacts.
Generated: Information is sparse, and the degree of quality of life
Six Implications for Practice. improvement for a person with CIP is not well
understood.
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Identified aspects of the environment:

(FE) Functionally enabling

(FS) Functionally supportive

(EPSE) Emotionally, psychologically, and/or socially
enabling

(EPSS) Emotionally, psychologically, and/or socially
supportive

(PER) Aspects of environment combined with resident’s
particular attributes.

Table 4.
Literature review: Round 1.

The initial literature review identified an absence of research involving the
nuanced qualities of the physical environment. We, therefore, proposed to revisit the
literature to target these intangible qualities. In addition, we proposed it would also be
of value to analyse affordable home designs to identify what emotionally, psycholog-
ically, and/or socially enabling intangible aspects exist; identify what people with CI
value in their homes; and what gives them a sense of wellbeing and being emotionally,
psychologically, and/or socially supportive (Table 5).

Activity: Reflection
Literature Review Addressing intangible qualities has the potential to change the
Generated: approach to environmental design and the user-experiences.

An understanding of intangible
qualities and their impacts.

Table 5.
Literature review: Round 2 [32].

By identifying what the intangible qualities could be and their potential link to the
built environment, we proposed that intangible qualities could be integrated into
environmental design strategies to support the end users (in this case, residents).

To explore this proposal a project was developed for a small group of interior archi-
tecture students. Three university students were each to redesign an existing house for

Activity: Reflection
Creative practice (design) was used as a vehicle to It is possible to integrate intangible qualities with
introduce new ideas/extend current tangible requirements for people with disabilities in
understandings about accommodation for people  residential design. An overarching design concept
with disabilities (ICF). embracing the impact of built environment on the
Generated: person was significant in all schemes.
At least 17 environmentally based intangible Image: example of part project
attributes can be considered when designing
accommodation.

Table 6.

Design schemes suggested by interior arvchitecture students.
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one of three hypothetical clients who each had ICF. They utilised the knowledge gained
from the literature reviews but were not limited by what already existed as we aimed to
generate ideas to stimulate new or alternative ways of looking at current design practice.

The resultant designs proved very useful in exploring intangible qualities and
extending accommodation design ideas. The ideas were presented to the accommoda-
tion provider and their affiliates (Table 7) to educate them on future possibilities and
to gain feedback on feasibilities of the ideas generated. In addition, we hoped to
generate further discussion and stimulate new ideas to share.

Activity: Reflection
A public presentation of design schemes. 15 areas where ideas for improvements of existing
Attendees and post-presentation visitors accommodation were identified.

were surveyed. Response was positive to the process and ideas at the forum.
Generated: As only a small number responded to the survey further
A public forum. investigation is required.

A random sample of visitors commented
via the survey.

Table 7.
Assessment by service provider and affiliates.

Through the discussions, we identified several ideas to explore further, particularly
in the details embedded in suggestions. This also reinforced the value of integrating
the intangible aspects in future designs. We, therefore, targeted those constructed
architectural projects, noted as best-practice, to ascertain if intangible qualities were
noted and considered. This was done via a desktop audit (Table 8).

Activity: Reflection

A desk-top search to identify recognised projects The most informative projects state and depict
where the designers /clients/stakeholders claiming  significant intangibles as contributing to mental
to cater for users’ needs/aspirations beyond health of the occupants.

pragmatic requirements. Intangible features mentioned:

Generated: e supporting dignity

Realisation that the impact of intangible design ¢ quality of light

elements are not well understood. * the views and connectedness to outside.

« social dignity and socialising

¢ asense of comfort

Only three of the projects clearly included an
element of delight.

Table 8.
Desktop audit [33].

As a result of the audit and our previous work, we identified there was a need to
develop a common language to identify the intangible features. In addition, we aimed
to include the intangibles into all housing experimentation to improve wellbeing for
occupants’ with ICF.

It was proposed that local accommodation, controlled by the provider, would be
audited to gain an in-depth knowledge of the physical environment of the accommo-
dation. Eight single homes plus one group home for 12 people were audited
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Activity: Reflection

Literature survey and Concepts are difficult to define but are essential to this work. Designers
generation of tool. need to grasp these terms.

Generated:

Facets of Wellbeing.
These are explained on the
website [33].

Table 9.
Facets of wellbeing [34].

(Table 10). This involved mapping the current design attributes, identifying those
attributes that target the therapeutic needs identified in the literature, and
ascertaining the tangible and intangible qualities of homes (Table 10).

Activity: Reflection

Visit, record and analyse the physical As the physical settings were fully recorded, the qualities of the
attributes of the provider’s homes. spaces could be analysed for such intangible qualities as
Generated: location, orientation, lighting and noise. However, the

Four general principles were identified. occupants were not interviewed. Personal items used by the
occupant were only considered if indicating adequate storage or
adequate space for typical furniture layouts and the like.

The four general principles were based on the identified design
elements or environmental attributes, which can influence the
level of sensory overload and/or social participation.
Limitations of accommodation included size and layouts, access
and external areas in relation to climate, as well as quality of
building services.

Table 10.
Accommodation audit [35].

It was evident from the accommodation audit that the potential of services (light-
ing, air temperature, air quality) and technologies for improving quality of life for

people with ICF needed to be updated considering currently available technology. The

sector was contacted to ascertain if they considered there was a need to adopt alter-
native housing designs to improve the residents’ wellbeing (Table 11).

Activity: Reflection
A telephone and email survey of There was lack of clarity in 2015 regarding the need for change across
local providers. the sector; although it was noted that accommodation was not being

tailored to particular people with special needs.

49



New Approaches to the Management and Diagnosis of Schizophrenia

Generated: Principles of Universal Design are integrated; yet distinctions between
Little useable information was  people with cognitive and physical disabilities were not made.
available. Some organisations have their own guidelines for general adaptable

designs; and although not available, the National Disability Insurance
Agency was thought to be developing their own guidelines at the time.

Table 11.
Needs analysis.

The lack of clarity across the sector means that the likely adoption of this research
by the sector needs monitoring. That will increase the likelihood of uptake and envi-
ronmental improvements. To encourage adoption, a comprehensive tool to assist
designers and providers was proposed (Table 12). The researchers’ aim was to
develop a tool to assist designers and providers to generate supportive environments
for those with ICF.

Activity: Reflection
Generation of a tool based on what is Lesson learned:
known to date. Home (building and interior) and setting (garden) have the
Generated: potential to impact on an occupant with reduced cognitive
A Matrix consisting of: Indicators of a functioning by:
Supportive Environment axis and 1. providing a setting, which affords certain ways of
Design Directives axis. perceiving, using and experiencing it.
2. the qualities of the physical setting can induce a sense of
coherence.

3. a sense-of-wellbeing can be fostered.

The intersection of a person’s CI with indicators for supportive
environments is proposed as a point to start to improve
residential environments.

Table 12.
Design tool matrix 01 [35].

The resultant Matrix was a forerunner to resident interviews to enable an in-depth
understanding of the PER relationship, as well as informing the refinement of the
Matrix. Research was proposed to understand the relationship between a particular
condition and the physical environment and to build on what was already known
about such relationships (Table 13). A list of considerations to increase the environ-
mental affordance toward a supportive environment for those with ICF unfolded.

Activity: Reflection
Interview three residents who live in Some understandings were challenged or extended by
accommodation that was previously audited.  interviews. Observations and telling of first-hand
Generated: experiences were critical to understanding the
A set of considerations to inform the opportunities and limitations of current homes and
development of a design tool for designers and future strategies.
providers.

Table 13.

Interviews with residents who have schizophrenia.

Our initial understandings developed by listening to the first-hand experiences of
people with schizophrenia. Further research showed that the intangible qualities of
design and their impact on a person with ICF can be examined by assessing if a person
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with ICF is better able to cope with activities of daily living when they are able to
comprehend, manage and find meaningfulness in their home. Collectively these three
aspects of support are referred to as enabling a sense of coherence [36, 37]. Our
research and reflections identified an additional aspect of the PER, the emotional
aspect. This relates to a person feeling that their abilities are accepted, they are
supported to participate in their community and can get involved. We refer to this as
emotional affordance: a concept that complements the work of others [20, 25]. Col-
lectively these four aspects of support in this chapter are referred to as enabling a
sense of coherence (SoC). Although the person-environment relationship is complex
as discussed previously, in our work were able to relate the four aspects of SoC to
some foregrounded designing qualities as shown in Figure 2.

SENSE of COHERENCE

Comprehensibility (cognitive aspect) is the extent a person
perceives stimuli as being understandable in a rational way,
relying on an ability to see things coherently in a structured

way with contextual referencing. [ 36]

Create orderly, coherent,
clear, & structured environments
that make it easier for a resident to
understand the context
& details of
their home

emotional wellbeing

[einotaeyaq) ANrqeadeuwe

Consider how
elements in the home
can be manipulated so that a
resident is facilitated to create
personal interpretations that
provide some kind of intrinsic
value for themselves

community whilst providing

gpportunities for a sense of
G
JoAuenb seoueyua eyl em
£ urowoy o) Surfewew urA810u0 3

abilities participation in their
9UII} ISIAUIO0] JUSPISAI EafeInoous
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[ 9€]suapanq ety Jate1 seSus[[Ryp J[qeop
awodaq Apuanbasuod yorym ‘surajqoad aajos 3 adoo 0143Iqe
e Surp1ao1d Sa0IN0SAI [PUISIUI SE [[AM Se ‘[nums Suroaur

support a resident’s skills, cognitive
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Consider how home environments
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Emotional affordance (emotional aspect) is the
potential of an environment to foster an integrated emotional
response by supporting a person’s social-psychological needs &
providing opportunities for facets of wellbeing (such as a sense of self,
person’s condition, emotional state & past experiences.

sense of delight & a sense of control) to arise; & is influenced by a

Meaningfulness (motivational aspect) is the extent a person feel.
that their lives have some kind of positive worth, which becomes
relevant when facing a problem or challenge. [36 ]

SENSE of COHERENCE

Figure 2.
Aspects of SoC related to PER.

It became clear that SoC needed to be integrated into the tools being developed.
This led to a more refined Matrix (Table 14).
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Activity:

Refine the Matrix based on what is known to date
including principles of Salutogenic Design [36]
Generated:

A tool providing a practical way of enhancing the
design of a physical home environment to help
reduce negative impacts and increase supportive
qualities.

Reflection

The homes of the interviewees achieved differing
degrees of SoC.

They catered for daily requirements, interaction/
socialisation, non-sedentary activities within
common forms of accommodation and were
comprehensible.

The overall SoC should include what is emotionally

afforded through the PER. This adds another
dimension to developing a design model. This
dimension aligns with the previously generated
Facets of Wellbeing.

Overall the development of a new multidimensional
tool to embrace the complex and competing
demands of provider, designer, and resident is
required while not sacrificing the non-functional
for the functional.

Table 14.
Design tool matrix 02 [34].

To further refine the proposed strategy (and resultant tools) that was emerging,
further research was required across various aspects including more interviews and
observations that involved people with schizophrenia. In particular, areas requiring
additional study included links between meaningfulness and environmental contexts;
fine-grain understanding and links between specific environmental elements and the
four dimensions of SoC. The theoretical basis reflecting these developments was also
integrated. These realisations brought the project to a point where clear principles
needed to be communicated to enable design practitioners to embrace the findings to
inform their approach to designing accommodation for people with schizophrenia.

3.2.2 Refinement of outcomes

There were three cycles of research in the Outcomes and Refinement Phase. All
related to creating an easily accessible way for designers, architects and service and
accommodation providers to understand the impact of the home environment on
their clients with ICF. Initially, we produced a generic Framework through which to
tackle the design of accommodation for those with ICF. The generic Framework
evolved to explicitly address the requirements of accommodation for people with
schizophrenia. Schizophrenia was addressed rather than another condition of ICF for
the following reasons. Our literature review indicated an initial depth of knowledge
that we could build on. The provider of services and accommodation who initially
approached us, advised that a large percentage of the clients presenting to them were
people with schizophrenia and we had been able to interview some of them. In
addition, we were able to procure further interviews with people with schizophrenia
through another service provider.

Having contextualised the parameters that influence design practice such as the user
(resident) and the condition (such as schizophrenia), we aimed to reflect upon the
development of the Framework and test its application. The final DEKS Practice Docu-
ment [38], which includes the Framework, contextualises the users’ condition (schizo-
phrenia). The Practice Document enables a reader to move from understanding the
reasons why a person with ICF may respond to the environment in particular ways to
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examine the design aspects to be considered to positively influence the wellbeing of a
person with ICF. Details of the Framework are described in detail below.

4, Framework in action: a demonstration case

The Framework suggests incorporating specific design features in an environment so
that the wellbeing of a person with schizophrenia can be impacted positively (and avoid
negative impacts). This section summarises critical aspects of the Framework, describes
two applications which continued our action research approach and analyses the educa-
tive value of the process as well as the challenges in applying the Framework in practice.

4.1 The framework

The overall intent of the Framework is to enable a practitioner to appreciate the
reason why a person with ICF may respond to the environment in particular ways and
to examine design aspects that impact on SoC to positively influence wellbeing. The
Framework itself consists of 3 parts: Guiding Parameters, Design Considerations and
Potential Overall Impact on Wellbeing. The Guiding Parameters include two sets of
principles. The first principle provides explicit descriptions of symptoms of a specific
condition that may influence how a person responds to the environment. The second
principle identifies in sweeping terms what is needed to create a positive supportive
physical environment. One that creates a sense of coherence and thus can be respon-
sive to the needs of a resident. The second part of the Framework essentially provides
the designing cues. The Design Considerations establish how each of the four aspects
of SoC can be met to help a person better cope with everyday living. The Design
Considerations include general design instructions and detailed design strategies to
explain the environmental requirements necessary to facilitate an integrated approach
to accommodation design. The final part of the Framework describes the potential
overall impact on wellbeing resulting from addressing the Design Considerations.
Table 15 summarises the generic Framework.

Guiding parameters Design considerations Potential
. . . . . . . . . overall
ICF Principles Designing Principles Design Intentions Des1g‘n. impact on
Provisions well-being

A designer is required  Establish how the four Provide instructions Establish a series Establish

to understand: SoC dimensions for a designer to of design expected
ICF may include ‘an (cognitive, enable them to strategies that beneficial
ongoing impairment in behavioural, address each contribute to experiences
comprehension, motivational and dimension of SoC fulfilling the for the home
reason, adaptive emotional affordance) for the target group. Design occupant.
functioning, can be fostered in the Intentions

judgement, learning or home for a person’s

memory’ [39]. The particular condition.

symptoms a person
may exhibit when they
have a particular
condition of ICF.

Table 15.
The generic framework.
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The generic Framework was populated to address the needs of people with schizo-
phrenia. This resulted in a total of 12 general Design Intentions and 25 detailed Design
Provisions. Table 16 shows the first part of the Framework relating to providing the
cognitive aspect of support to contribute to a SoC.

Designing Principles ~ Design Intentions Design Provisions Potential overall
impact on wellbeing

COMPREHENSION A. Create an 1.Simple *Increase a resident’s
Create orderly, uncomplicated (uncomplicated) ability to function and
coherent, clear, and comprehensible home orderly design perform activities of
structured environment for solutions; daily living;
environments that make activities of daily living; 2. Home layout that *Reduce anxiety levels;
it easier for a resident to B. Reduce likelihood of provides intuitive way- *Assist replenishment of
understand the context negative perceptions of finding based on cognitive energy;
and details of their ordinary spaces or recognisable spatial *Reduce depression;
home. amplifications of clues and focal points;  *Reduce feelings of
perceptions of non- 3. Clear sight lines and helplessness;
existing dangers. straightforward entry ~ *Reduce mental load on
points; functioning;
Table 16.

Part of framework related to supporting comprehension for people with schizophrenia.

4.2 Applying the framework

We utilised the Framework on two test projects. The first project was a virtual
redesign of a home occupied by a person with schizophrenia and the second was to
review design development drawings for a new home where one of the occupants has
schizophrenia.

4.2.1 Virtual redesign with vesident feedback

One of the volunteers, who had participated in the interviews as we were refining
the Framework (Section 3.2.2), agreed that we could redesign his home using it. He
was prepared to comment on the result. This person had lived in his accommodation
for 25 years and was an avid collector of books, records and CDs. Three designer-
researchers independently set about redesigning the existing 62 square metres two-
bedroom home for him, within practical limits, using all 25 of the Design Provisions
incorporated in the Framework. The three designer-researchers came together to
assess their design proposals and, after reviewing and discussing the proposals, agreed
on a final design that best met the Design Intentions and Design Provisions. A docu-
ment was prepared to record the designer-researcher’s commentary on how each of
the Design Provisions had been met in the final design. It is acknowledged that some
of the Design Provisions could not be fully achieved due to the inherent nature of the
building; the home is within a complex of home units, so orientation of windows is
predetermined. However, most of the Design Provisions could be met.

The final design was digitised into a three-minute video that enabled a viewer to
move virtually through the home [40]. Figure 3 shows a view of the living space. The
indicative sketch of the original space is on the left, while a screen save from the video
is on the right.
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Figure 3.
Abstracted existing living space (left); screen save of living space from the video (right).

The occupant viewed the video with the three designer-researchers. His comments
are discussed below. The occupant said he liked the proposal saying:

Ilove it. I mean it’s really clever use of space ... There ave some aspects of it that are
really good.

However, he had some general reservations saying:

A person with schizophrenia might find it a little bit too organised ... A lot of people I
hang around with are generally disorganised in how they live ... have stuff everywhere.

Another reservation related to how light the space looked. Although he seemed to
appreciate the additional light he said:

the space, the light ... it’s a lot lighter ... I'd feel kind of exposed or vulnerable in such a
light, bright environment. I'd have to get used to it. I might have chosen, with the colour
of the storage, something slightly darker. Even the dining room table... because I'm so
used to this place ... A dark environment for me makes me kind of feel move cosy ... I
would not kind of feel as exposed or vulnerable as in such a light, bright environment.

It is not uncommon for people to express trepidation to a change in a familiar
setting and imagining their possessions set in unfamiliar surroundings. Foremost in a
person’s mind are associations with memories of the current or previous home [41]
and the emotional relationship they have with the familiar environment they call
home [14].

The comment relating to a darker environment feeling more cosy may be about
nostalgia or could be about hiding/not wanting to be seen/being suspicious of the
outside world/feeling secluded when feeling unwell. In our interviews with numerous
people with schizophrenia, a number talked about choosing to live in darker environ-
ments and keeping curtains and blinds drawn during the day.

Therefore, in order to enable the resident to control their environment during the
day as their emotions and requirements shifted, strategies needed to be integrated. In
the redesign, curtains or blinds were provided on all glazing. Also, dimmer switches
were proposed on living area lights. However, on reflection, a darker finish on the
storage units may have made for a more mellow environment. The Designing Princi-
ples of coherence and manageability are both at play here.
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In talking about storage units, that are integral to the Designing Principles of
comprehension, manageability and meaningfulness for this person with his collections
of books, compact discs and records, he said:

I would use it, but I do not know if somebody else would ... 'm not talking about
everyone with a mental illness, I'm talking about people I know ... And how they kind
of, they have storage but they do not use it ... So it depends how organised their thinking
is — or obsessive — and how they do things when they are actually using what they have
got in their flat ... Not just using the storage but using what they have collected.

In our conversations with people with schizophrenia, appropriate storage was
raised as a means of decreasing anxiety and agitation. One person talked about the
calming effect of being able to put away kitchen condiments in a shallow cupboard
that enabled her to see the contents at a glance. Another person in rental accommo-
dation with no doors on her wardrobe talked about how upsetting this was whilst a
third person, who liked to paint had to go to great lengths to arrange his home so that
he could store his paintings.

Another of the reservations expressed related to the notion of ‘discriminatory
practices’ where society projects onto a person with schizophrenia certain expecta-
tions. In addition, the resident has an embodied construct about their place in society
(and what built forms are appropriate for a person complying with that construct).
The ‘habitus’ is reflected in the transcript below; that is, they are not worthy of living
in a carefully designed home. This relates to one of the Designing Principles identified
in our Framework, emotional affordance. The occupant said:

I'd have a bit of trouble living in this space that was a little bit - too designed ... so I'm
kind of living in this space but I'm feeling I'd be living beyond my means in a sense ...
and also I'd be a bit worried about spoiling it.

In conclusion, in talking about the appropriateness of the redesign for others with
schizophrenia, the interviewee said:

I can see they would like the design ... how useful it would be to them I do not know — they
would be impressed as a place they’d like to live — but whether they would actually use it
the way it’s designed — maybe — maybe not ... the problem with schizophrenia is that
some of the negative symptoms are that kind of lack of living skills - lack of motivation —
general apathy and things like that ... So people like that cannot really get it together to
do something in their own space ... Their minds arve elsewhere.

Statements such as these complement others made in our earlier user interviews.
They challenge designers to reconceptualise what is required and how to resolve the
issues. Spaces and furniture may have to be rethought and move beyond the taken-
for-granted resolutions to address the issues at hand that surround, for example,
storage. The intangible needs as well as the pragmatic requirements need to be inte-
grated purposefully.

4.2.2 Review design development drawings

A local designer, with a large client base, was working with a client where one
senior member of the family had schizophrenia (referred to as H in this chapter). The
designer agreed to apply the Framework to his design and have it evaluated by the
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researchers. To this end the designer and his team were briefed on the Practice
Document and were given the document to study. During the briefing, the
researchers used a number of the designer’s previous projects to demonstrate how the
Framework could have been incorporated. The designer prepared a preliminary
design of a 2-storey house based on his client’s brief and on his understanding of the
Framework.

Two designer-researchers independently evaluated that preliminary design in
relation to the brief, the family needs, the needs of the family member having schizo-
phrenia and the four Designing Principles of comprehension, manageability, mean-
ingfulness and emotional affordance. They both identified similar inadequacies but
came up with different design suggestions to better address the Designing Principles.
Major limitations revolved around confusing circulation spaces and contorted access
to H’s room, poor sight lines to major spaces and lack of daylight in critical circulation
areas. These design limitations could impact on H’s wellbeing by decreasing her ability
to function, increase agitation and anxiety, disturb circadian rhythms, create high
demand on cognitive energy and suppress her identity.

The researchers advised the designer of the limitations identified. The designer
recognised that the design had some limitations and agreed to try to integrate some of
the points raised by the researchers. However, from the point of view of a wholehearted
commitment to working toward achieving the Design Provisions in the Framework,
Bourdieu’s concept habitus may be implicated. The designer’s ‘sense of the game’ or
unspoken rules may be overriding the opportunity to delve into the issues from differ-
ent perspectives. The pragmatics of a speedy and cost effective design was the designer’s
mode of practice. With the agreement of the designer, the researchers attempted to
meet independently with the client to better understand the needs of H. This did not
eventuate so this review project was terminated.

Questions regarding some common myths about designing for people with ICF
were raised. These myths include that:

* designing for people with ICF is essentially about universal design and functionality,
* architecture is of minor value to improving a residents’ quality of life and wellbeing,

* ICF is irrelevant if a ‘humanistic’ approach to design is adopted (i.e. generic ‘good
design’ will always encompass attributes to cater for the needs of people with ICF).

Further reflection on our work with the designer highlighted another consideration
when using the Framework to evaluate a design. As the evaluation is confined to
addressing the 12 Design Intentions which are all connected with creating a sense of
coherence, no other aspects of ‘good design’ are addressed. The assumption is that the
12 Design Intentions will be used to enhance a ‘good design’.? If a design does not have
the qualities of ‘good design’ (and it is recognised that this is a contestable space) will

’ In the only treatise on architecture to survive from antiquity, De Architectura, the Roman architect and

engineer, Vitruvius, defined three characteristics of good design. They are:
¢ Durability-It should stand up robustly and remain in good condition
® Utility-It should be useful and function well for the people using it
® Beauty-It should delight people and raise their spirits [42].
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the application of our Framework still be able to create a sense of coherence for the
occupant of the home? By raising this question we are also implying that good design
is a deep understanding known and practiced by all of those associated with the design
disciplines, including architecture. Through enculturation and experience accepted
ways of practicing and who belongs due to their social capital — and in this case
architectural cultural capital—determine or map ‘the field’. Therefore, assessing good
design when creating environments for positive support and wellbeing raises further
issues for discussion.

5. Discussion

As stated throughout this chapter, the Framework is a tool to assist designers and
providers to create informed accommodation designs to support those with schizo-
phrenia. The underlying principles acknowledge (in keeping with salutogenic design)
[37] that having a sense of coherence enables a person to adapt to a situation and lead a
desirable lifestyle for themself. The environment potentially reflects who the resident
is in the eyes of others as well as to the individual themselves. It supports the func-
tional requirements and has the potential to also do so for the emotional requirements.

As people do live somewhere, ignoring the physical environment assumes that its
role is minimal or insignificant. However, it is well documented that an environment
can facilitate functional needs, influence the atmosphere, construct a person’s iden-
tity, influence judgements made about the resident and add to or reduce the level of
stigmatisation. Everyday examples indicate how environmental qualities can influ-
ence actions and behaviours; lighting levels, glare levels, temperatures, noise levels, or
boundary design can add to insecurities, agitation, anxiety, and the like.

When designing we have proposed that designers and providers need to com-
mence by understanding any conditions that a person from the target-resident group
are likely to have, and how it will influence their experience of their day-to-day life at
home. And how in turn the environment may play a role, impacting on their quality of
life. In summary: Schizophrenia is a condition that some people acquire/have. When
designing for such people it is important to consider not only the functional aspects of
home, but also how they experience their world emotionally, socially and culturally as
well through the PER.

Designers need to be reflective practitioners [43]. Firstly, by being aware that if
the person is defined only in terms of their condition, then the functional aspects will
dominate the thinking and the outcomes. Also, by being aware that cultural hege-
monies infiltrate what people generally believe, everyday myths can be assessed; for
example, the proposition that a person with schizophrenia is typically dangerous or
violent. Such assumptions influence how the person is integrated into the community,
neighbourhood, street, or housing complex—and environmental design is an impor-
tant component of these situations.

Secondly, as a designer (or provider), it is imperative that they become aware of
the assumptions of what the accommodation should be like and what the target-
resident will be like. The design process allows the designer to offer innovation
through exploration. The innovation will be influenced by the limits of possibilities we
set, without reflecting upon where the boundary-construct has come from. In this
case, how the collective body of professionals and society conceptualise people with
schizophrenia, generates the tacit beliefs that underpin the accommodation typology
and its resolution.
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With the increasing numbers of people with ICF in our societies across the world it
seems timely to look at design and how we assist marginalised groups through our
practices. We seek to invite designers and providers to reconsider their practices. At
the core of this is the person environment relationship; particularly where the person
is part of an interdependent relationship as one defines and influences the other; or in
the extreme case where the relationship is no longer noticed. This is where ones
habitus may reside [7]. The environment is not just objectified or a removed entity,
rather it can be much more integral to a person’s being and lifestyle.

Therefore, by designers joining this multidisciplinary ‘field’, maybe more existing
players will develop a greater awareness of the relationship between home and the
wellbeing of people with ICF. Perhaps preconceptions of the sort of homes that people
with schizophrenia (or other conditions relating to impeded cognitive functioning)
deserve can be reconsidered.

6. What of the future

Will the Framework be useful? We envisage that this tool will continually evolve.
Firstly, as medical knowledge concerning ICF evolves, so will the knowledge of the
condition and the impacts identified. Secondly, as building and digital technologies
change, likewise opportunities for sensitive designs will evolve. And thirdly, sociolog-
ical theories and new understandings of practice may also inform and challenge
concepts such as disabilities and mental health. Consequently, the taken-for-granted
beliefs and practices may be thrown into relief. Importantly, we established that
design-based interventions, for people with cognitive impairment, in domestic situa-
tions are low risk and potentially high benefit. The Framework, therefore, has the
potential to remain relevant to designers and providers. This comment supports our
premise that design considerations can only ever be part of a comprehensive package
of support for people with schizophrenia.

We envisage that the process embedded in the Practice Document, including the
Framework, will be tested further through its application to constructed projects
(houses, units). Testing is complex due to the length of time and cost of construction,
the multitude of procurement variables involved and the mix of experiential qualita-
tive aspects with functional and measurable attributes therein. Through assessing the
experiences of people living in those homes, the Framework can potentially become
more sensitive to the target-resident requirements. Both their daily experiences and
the resultant impacts need to be ascertained rather than focusing purely on the
pragmatic and functional dimensions. Once again, gauging shifts in peoples’ experi-
ences of place and their wellbeing suggest the benefits in marrying disciplines. With
all players on the field, opportunities for new understandings at the disciplinary
boundaries arise.
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Abstract

The molecular explanation for the changes in pain perception in schizophrenia lies
in nerve inflammation. The decrease in inositol, mainly localized in glial cells, can sup-
port these changes. There are also significant alterations in the viability and functioning
of neurons, which are linked to a significant reduction of N-acetyl-aspartate (NAA).
Our study demonstrates significantly increased myo-inositol levels in the anterior and
posterior cingulate cortex. An increase in the myo-inositol/sum of the creatinine and
phosphocreatinine (Cr + PCr) ratio and NAA levels additionally supports the notion
of inositol’s beneficial impact on brain metabolism and neuronal integrity, which is
particularly relevant to schizophrenia’s neurodegenerative changes. However, varying
NAA/Cr + PCr ratios indicate a complex interaction between the brain’s inositol level
and energy metabolism or neurochemical balance. These findings highlight inositol’s
potential role in modulating neurochemical profiles in schizophrenia. Furthermore,
high inositol levels are linked to significant reductions in trauma-related symptoms in
schizophrenia, as indicated by the International Trauma Questionnaire and the Child
Trauma Questionnaire. Inositol’s potential to mitigate trauma effects, and enhance
social functioning and its multifaceted role in schizophrenia, offers a promising avenue
for further research into its therapeutic applications.

Keywords: pain perception, myo-inositol, negative symptoms, schizophrenia,
precision psychiatry

1. Introduction

Globally, pain presents a significant challenge, affecting approximately 20% of
adults, with 10% each year diagnosed with chronic pain. Pain manifests in various
forms, including acute, chronic, and intermittent, or a mix of these. Chronic pain,
in particular, is a profound source of distress, disrupting daily activities and often
leading to significant suffering [1].
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Pain is recognized as a multifaceted phenomenon, integrating the complex interplay
of neuroanatomy and neurochemistry with cognitive and emotional mechanisms [2, 3].

The International Association for the Study of Pain (IASP) defines pain as “an
unpleasant sensory and emotional experience associated with, or resembling that
associated with, actual or potential tissue damage” [4]. Pain is a subjective experience
shaped significantly by biological, psychological, and societal influences.

The experience of pain varies greatly in its intensity, nature, and duration. Pain
transcends mere symptoms, and chronic pain is acknowledged as a distinct medical
condition with its own unique developmental course and clinical features [5]. People’s
pain perception thresholds vary significantly, making it challenging to accurately
predict the level of injury that will cause pain [6].

Meta-analyses have elucidated that individuals with psychosis generally exhibit
a lower pain sensitivity compared to those in the general population [7]. The recog-
nition of reduced pain sensitivity in schizophrenia dates back to the foundational
psychiatric studies by Bleuler and Kraepelin in the early twentieth century [8, 9].
Originally, Kraepelin described Dementia Praecox, noting that such patients could
endure burns from cigarettes and tolerate needle punctures or wounds without typi-
cal adaptive responses. Bleuler, who coined the term “schizophrenia” for Kraepelin’s
Dementia Praecox, made similar findings about reduced pain responses to harmful
stimuli on the body or skin of these individuals.

A significant number of case reports and series have documented that individu-
als with schizophrenia exhibit a lower sensitivity to pain, a phenomenon that often
confounds clinicians, especially when these patients fail to report pain despite having
painful physical conditions [10, 11]. Studies have consistently shown that this demo-
graphic is prone to a higher incidence of physical health issues that are typically pain-
ful, such as fractures [12], diabetes [13], cancer [14], and cardiovascular diseases [15].
This paradoxical situation underscores the complex relationship between schizophre-
nia and pain perception. About 40% of individuals with schizophrenia experiencing
clinical pain did not communicate their pain to a healthcare provider [16].

These meta-analyses reveal a general trend toward diminished pain sensitivity in
schizophrenia, yet findings are not uniform [7, 10]. Some studies suggest that indi-
viduals with schizophrenia perceive pain similarly to the general population [17, 18],
while others observe an increased sensitivity to acute pain but a decreased sensitivity
to prolonged, chronic pain [19]. Additionally, it has been revealed that schizophre-
nia patients may actually be hypersensitive to pain induction compared to healthy
controls, suggesting that their apparent hypoalgesia may stem more from a reduced
tendency to report pain rather than a decreased perception of pain itself [17].

Research has shown that one in three individuals with psychosis indicates experi-
encing pain that is clinically significant. Furthermore, the existence of pain has been
identified as an indicator of a reduced quality of life related to health in those with
psychosis [20].

The explanation for the altered perception of pain in schizophrenia may be related
to described neuro-metabolic changes involving significant differences in levels of
neuron-glia activation. Reduced pain sensations in schizophrenia may be associated
with decreased levels of anterior cingulate cortex (ACC) myo-inositol (compared
to controls) [21] linked to astrocyte activation, among other factors such as the lack
of response to conventional antipsychotic medications [22]. Conversely, decreased
levels of N-acetylaspartate (NAA), most likely reflect a neuronal process supported
by myo-inositol, which reflects a characteristic neurometabolic process character-
izing the mutual interactions of neuron-glia in altered pain perception. Insensitivity
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to pain in schizophrenia is a complex phenomenon. Impairment of cognitive function
and an excess of negative symptoms can strongly influence the expression of pain by
patients with schizophrenia [23]. Chronic pain in the context of schizophrenia presents
a complex issue, combining neurobiological dysfunction with manifesting psychotic
symptoms. Understanding this phenomenon requires considering the role of N-methyl-
D-aspartate (NMDA) receptors and the intricate interactions between Src kinase and
neuregulin 1 (NRG1) signaling and its ErbB4 receptors [24]. The phenomenon of
excessive NRG1-ErbB4 signaling, genetically associated with the positive symptoms

of this disease, may lead to the suppression of physiological enhancement of NMDA
receptor function by Src, resulting in NMDAR hypofunction [25-29]. Such a state may
serve as the basis for many psychopathological symptoms characteristic of schizophre-
nia, including cognitive impairments and hallucinations, and may also contribute to
the occurrence of chronic pain by disrupting the adequate processing of pain signals.
Excessive NRG1-ErbB4 signaling, through the suppression of Src activity and NMDA
receptor regulation, may lead to the persistence of pain states by disrupting adaptive
pain mechanisms, thus contributing to the chronic nature of pain in schizophrenia [24].

The altered perception of pain underlies many theories regarding suicide [30].

In the case of individuals attempting suicide, “interoceptive numbness” has been
demonstrated, characterized by increased tolerance for aversive experiences and
decreased awareness of non-aversive sensations. Hence, blunted interoception may be
associated with suicidal behaviors [31]. Researchers have always tried to understand
the motivations of suicide victims, however, our current scientific knowledge about
the factors contributing to suicidal behaviors and the increasing number of suicides
each year are insufficient [32].

Based on the International Suicide Prevention Guidelines (InterSePT) in schizo-
phrenia, factors that may contribute to reducing suicidal tendencies include improve-
ment of positive and negative symptoms, reduction of extrapyramidal side effects
(EPS), direct antidepressant effects, improvement of cognitive function, and strict
adherence to recommendations [33].

It is hypothesized that the phenomenon of altered pain perception in schizophre-
nia may be intricately associated with neurochemical imbalances within the brain,
specifically a diminution in myo-inositol levels in the anterior cingulate cortex and
decreased levels of NAA. This reduction, alongside myo-inositol’s critical function
in modulating glial cell volume amid neuroinflammatory events, might underpin the
unique sensory processing aberrations observed in this condition. Consequently;, it is
further postulated that therapeutic strategies aimed at rectifying these neurobiologi-
cal discrepancies, particularly through the administration of inositol, could not only
ameliorate the aberrant pain perception but also confer wider benefits. These could
potentially encompass the alleviation of associated affective disturbances and an
enhancement in the overall functioning of individuals with schizophrenia, thereby
suggesting a broader scope of inositol’s therapeutic efficacy.

2. The aim of the study

The extent to which myo-inositol levels in the anterior cingulate cortex cor-
relate with hematologic and neurochemical markers as well as with psychometric
assessments, thus contributing to understanding of the neurobiological basis of
psychiatric conditions primarily related to changes in pain perception in patients with
schizophrenia.
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3. Material and methods

This endeavor sought to determine the extent to which myo-inositol levels cor-
relate with hematological and neurochemical markers, as well as with psychometric
assessments, thereby contributing to a more integrated understanding of the neuro-
biological underpinnings of psychiatric conditions, mainly associated with changes in
pain sensation.

3.1 Participants

Clinical assessment and recruitment of study participants were carried out at the
Clinical Department of Adult, Child, and Adolescent Psychiatry at the University
Hospital in Krakow, Poland. Diagnosis of schizophrenia (code F20 according to
the 10th revision of the International Statistical Classification of Diseases and
Related Health Problems, ICD-10), confirmed by two psychiatrists, was the inclu-
sion criterion for participants in the research [34, 35]. The Positive and Negative
Syndrome Scale (PANSS) was used for evaluation of symptomatology and severity
of disease [36]. Study participants, in age ranging from 13 to 40 years, provided
written consent for the research procedures. In the case of study participants under
the age of 18, consent was signed by legal guardians. Study participants were inpa-
tients. Duration of the disease ranged from 2 months to 2 years. The research was
approved by Jagiellonian University Bioethics Committee: 1072.6120.252.2021 and
1072.6120.178.2022.

The study’s exclusion criteria include a lot of aspects. Excluded were participants
with limited legal capacity, intellectual disabilities and under court-ordered treatment.
Individuals with insulin resistance, diabetes, metabolic syndrome, severe cardiovascu-
lar diseases, or a history of central nervous system disorders were not included in the
study. Additionally, taking specific medications, such as clozapine treatment within the
last 3 months before the study, recent use (within 3 days before the study) of non-
steroidal anti-inflammatory drugs, corticosteroids, vitamin supplements, antibiotics,
probiotics, antioxidants, psychoactive, narcotic substances, and changes or modifica-
tions of antipsychotic treatment within 12 weeks before the study, were also exclusion
criteria. Furthermore, ineligible were also individuals with substance dependence
(diagnosed according to ICD-10) and participants with alcohol or substance abuse
(excluding tobacco) within 3 months before the study. Hyperactivity, psychomotor
agitation, intense affective symptoms, pregnancy, breastfeeding, inability to remain
in a supine position (due to spinal deformity), severe claustrophobia, the presence
of pacemakers, cochlear implants, neurostimulators, drug delivery pumps or other
implanted electronic devices, vascular clips, artificial heart valves, metallic orthopedic
implants such as screws, artificial joints, stabilizers, and wires, were encompassed as
exclusion criteria. Grounds for exclusion were also metallic foreign bodies like iron
filings or other metal instrumentation which are contraindicated in magnetic resonance
techniques. The criterion for exclusion was age < 13 and > 40 years. Excluded were also
participants without a diagnosis by a psychiatrist according to ICD-10.

The control group embraced 45 healthy volunteers, aged between 13 and 40 years,
and with an equal gender distribution. These participants, based on the ICD-10
criteria, did not have a diagnosis of schizophrenia or other mental disorders.

The General Health Questionnaire-28 (GHQ-28) [37, 38], used for detecting pos-
sible mental disorders and emotional distress in general population, was completed by
all participants [39]. The Global Assessment of Functioning (GAF) [40] (AxisV in the

68



Myo-inositol’s Role in Understanding the Pain Perception in Patients with Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005244

Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, DSM-IV-TR)
was conducted for assessment of current social, occupational and mental functioning
[41]. The Gastrointestinal Symptom Rating Scale (GSRS) was used to evaluate gastro-
intestinal symptoms [42, 43]. The Beck Depression Inventory (BDI-II) [44], the State
and Trait Anxiety Inventory (STAI) [45], and the Experiences in Close Relationships-
Revised Short (ECR-RS), were completed by all participants in order to assess attach-
ment styles on the two dimensions of anxiety and avoidance in close relationships
[46, 47]. The Traumatic Experiences Checklist (TEC) [48] was also conducted to
self-assessment of potentially traumatic experiences in childhood and adulthood and
to reflect the number of potentially adverse and traumatic events in life.

3.2 Treatment

Pharmacological treatment of schizophrenia patients was conducted in accor-
dance with the guidelines of the American Psychiatric Association. Medications were
received by patients in oral (p.o.) and intramuscular (i.m.) forms. Antipsychotic
medications include perazine, levomepromazine, chlorpromazine, aripiprazole,
risperidone, cariprazine, lurasidone, haloperidol, olanzapine, zuclopenthixol,
amisulpride and quetiapine. One of the study participants was not prescribed any
medications. Eight of the patients were on monotherapy, and the remainder 42 were
undergoing polytherapy. Dose conversion of antipsychotics was based on the meth-
ods described by Davis and Chen (2004) [49], or Andreasen et al. (2010) [50], and
conducted using chlorpromazine equivalent dose (CPZE). In the case of amisulpride
the daily dose was determined using the WHOCC—ATC/DDD Index, 2023 [51].
Additionally, as recommended by Leucht et al. (2016), lurasidone was administered
to seven study participants [52].

3.3 Blood collection for routine laboratory tests

From both patients and healthy volunteers, blood for comprehensive labora-
tory tests was collected in the morning, after overnight rest, an 8-h fasting period
and in the case of chronic medications, before medication intake. These laboratory
examinations included complete blood count, serum creatinine concentration, uric
acid, ionogram (K*, Na*, Mg*"), lipid profile (low-density lipoprotein, high-density
lipoprotein, LDL and HDL; total cholesterol, TC and triglycerides, TG), alanine
aminotransferase (ALT) activity, glucose, insulin, HOMA-IR index, inflammatory
markers (high-sensitivity C-reactive protein, hsCRP), complement components C3
and C4, thyroid function tests (free triiodothyronine, FT3, free thyroxine, FT4, and
thyroid-stimulating hormone, TSH), as well as antibodies against thyroid peroxidase
(anti-TPO), serum ferritin level and adrenal parameter assessment (dehydroepian-
drosterone sulfate, DHEA-S).

Analyses were performed with using automated analyzers, in the laboratory of
the University Hospital in Krakow. The University Hospital laboratory in Krakow,
in accordance with standards for medical diagnostic laboratories, undergoes daily
internal and systematic external quality control.

3.4 Magnetic resonance techniques

Magnetic resonance examinations were performed in the Diagnostic Imaging
Department at the University Hospital in Krakow, Poland.
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The determined metabolites were: Creatine (Cr 3.02 and 3.9 ppm),
Phosphocreatine (PCr 3.02 ppm and 3.93 ppm), L-Alanine (Ala 1.48 ppm),
Aspartate (Asp 3.8 ppm), Glutamine (GIn 2.45 and 3.7 ppm), Glutamate (Glu 2.1 and
3.7 ppm), Glucose (Glc 3.43 and 3.8 ppm), y-aminobutyric acid (GABA 2.3 ppm),,
Phosphocholine (PCh 4.2 ppm), Glycerophosphocholine (GPC 3.6 ppm), Glutathione
(GSH 3.7 ppm), N-Acetylaspartate (NAA 2.02 ppm), N-Acetylaspartylglutamate
(NAAG 4.1 ppm), L-Lactate (Lac 1.33 ppm), myo-Inositol (Ins 3.6 ppm), scyllo-
Inositol (Scyllo 3.35 ppm), Taurine (Tau 3.42 ppm), macromolecule (MMO09
0.9 ppm, MM12 1.2 ppm, MM14 1.4 ppm, MM17 1.7 ppm, MM20 2.0 ppm) and
Lipids (Lip09 0.9 ppm, Lipl3a and Lip13b 1.3 ppm, Lip20 2.0 ppm). Calculated
were concentrations of the sums of individual metabolites: Cr + PCr, Glu + Gln,
NAA + NAAG, GPC + PCh, Lip13a + Lip13b, MM20 + Lip20, MMO9 + Lip09,
MM14 + Lipl3a + Lip13b + MM12. The ratios of every metabolite to the sum of
creatine and phosphocreatine were also calculated, e. g. NAA/(Cr + PCr). The MRS
results were subjected to both qualitative and quantitative analysis.

Quality control was carried out in relation to the signal-to-noise ratio and to width
of the spectral lines.

3.5 Statistical analysis

For the analysis presented, the threshold for statistical significance was set at an
alpha level of 0.05. This means that results with p-values less than or equal to 0.05
were considered statistically significant, indicating a less than 5% probability that the
observed effects were due to chance.

Descriptive statistics such as central tendency (mean, median), variability (standard
deviation), positioning (the first and third quartiles), and extreme values (minimum
and maximum), were employed to characterize the distributions of the parameters
under study. These statistical measures provide a comprehensive summary of the
dataset, aiding in the interpretation of the results and offering valuable insights into
the underlying distribution and characteristics of the studied clinical parameters. This
statistical approach ensures that the results are not only assessed for significance but also
thoroughly described in terms of their distributional properties, which is essential for
understanding the full context of the findings within the clinical research framework.

The investigation into the effects of inositol exposure on clinical outcomes was
conducted using regression analyses that accounted for a set of critical covariates to
ensure that the findings were adjusted for potential confounding variables. These
covariates encompass demographic characteristics, specifically sex and age, which are
fundamental factors known to influence clinical outcomes. Additionally, the analysis
controlled for the variability in psychotropic medication dosages by standardizing
them to chlorpromazine equivalents (further — CPZ equivalent), a common metric
used to facilitate the comparison of antipsychotic drug potencies.

By including these covariates in the regression models, the analysis aimed to
isolate the association between inositol exposure and the clinical outcomes from the
effects of these other influential variables. This approach enhances the validity of the
findings by reducing the likelihood that the observed associations are confounded by
demographic differences or variations in psychotropic medication dosages. By doing
so, it strengthens the inference that any significant associations uncovered between
inositol exposure and the clinical outcomes are likely attributable to the effects of
inositol itself, rather than extraneous factors.
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3.5.1 Doubly vobust generalized estimating equations (DGREE)

To mitigate the potential errors that might stem from incorrect model specifica-
tions, a doubly robust estimation approach was employed [53-56]. This method relies
on two separate models: one that predicts the outcome and another that estimates
the exposure. The strength of this technique lies in its ability to provide unbiased
estimates of the relationship between the exposure and the outcome, provided at
least one of the two models is accurately specified — it is not required for both to be
perfectly correct.

The generic equations for a doubly robust estimation are (1), (2):

Outcome model (structural model):

Y:gJ (ﬂo+ﬂ1'X1+ﬂ2'Xz+"'+ﬁk'X1e+5)’ (1)

where Y — is the outcome variable (every single studied parameter), g™ — is the
inverse of the link function for the outcome (log as a result of the fact that some of
the outcome variables were skewed), f, — is the intercept, i were the coefficients for
confounders X and ¢ is the error term, k — number of confounders.

Exposure model:

E=h"(a,+a,Z,+a,Z,+..+a,Z,), ()

where E - is the exposure variable (inositol concentration), h! - is the inverse of
the link function for the exposure (log as well), a¢ — is the intercept, a; were the coef-
ficients for confounders Z;, m — number of confounders.

The doubly robust estimation combines these two models, and it will yield
unbiased estimates if either the outcome model or the exposure model is correctly
specified. It does this by incorporating the predicted exposure (from the exposure
model) and the observed exposure into the analysis of the outcome, thus adjusting for
confounding factors and potential errors in model specification.

3.5.2 Statistical environment

Analyses were conducted using the R Statistical language (version 4.3.1, [57])
on Windows 10 Pro 64 bit (build 19,045), using the packages drgee (version 1.1.10,
[58]), psych (version 2.3.9, [59]), dplyr (version 1.1.3, [60]) and readxl (version
1.4.3, [61]).

3.6 Characteristics of the studied cohort

In this study, we conducted a comprehensive analysis of a cohort consisting of 51
patients diagnosed with schizophrenia. The demographic breakdown of the cohort
included 21 women, representing 41.2% of the sample, and 30 men, accounting for
the remaining 58.8%.

The primary data metrics encompassed demographic profiles, hematological
indices, neurochemical markers, and outcomes of standardized questionnaires. These
variables were meticulously collated to furnish a descriptive summary. The aggre-
gated data are methodically delineated in Table 1.
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3.6.1 Demographic

The data reflect a mean age within the late twenties, indicative of a patient cohort
in which schizophrenia typically manifests, considering the peak onset of the disor-
der often occurs in early adulthood. Variability in age is moderate and encompasses
both the prodromal phase of late adolescence and the established phase in middle
adulthood.

3.6.2 Hematological measurements and drugs intake

Dosing of antipsychotics, expressed in chlorpromazine equivalents, reveals a wide
distribution, suggesting a heterogeneity in the clinical presentation and severity of
the disorder within the cohort, necessitating a broad range of pharmacotherapeutic
interventions. This variance also implies potential differences in treatment response
or tolerability, given the considerable spread in dosages required to achieve therapeu-
tic effects or manage side effects.

The white blood cell count is within the normal reference range for the majority,
which is reassuring as it indicates no widespread hematological impact that could
be attributed to the chronic use of antipsychotic medications, which are known to
sometimes cause agranulocytosis. However, the range does indicate that a few patients
may be experiencing leukopenia or leukocytosis.

Neutrophil percentages sit within expected values for a non-acute cohort but do
exhibit variability, potentially reflective of individual responses to stress, infection, or
pharmacological effects. The absence of extremely high values mitigates concern for
neutrophilia which could indicate acute infection or a severe stress response.

Lymphocyte counts are consistent and fall within normal limits, suggesting stable
immunological profiles within the group. The lack of significant outliers in lympho-
cyte counts may indicate that the cohort, on the whole, is not experiencing acute
immunological challenges or significant adverse effects from medication that would
manifest in lymphocyte levels.

3.6.3 Neurochemical measurements

The neurochemical profile of the cohort provides data on the metabolic envi-
ronment of the ACC and PCC, two regions implicated in the pathophysiology of
schizophrenia. Myo-inositol levels and NAA concentrations, alongside their ratios to
creatine and phosphocreatine (Cr + PCr), offer a window into neuronal health and
glial activity, both of which are pertinent to the neuropsychiatric context.

Elevated myo-inositol levels, a putative glial marker, might suggest glial prolifera-
tion or altered glial function, which is consistent with neuroinflammatory hypotheses
of schizophrenia. The mean myo-inositol levels in the ACC and PCC fall within a
range that does not immediately indicate pronounced glial pathology, yet variability
in these levels may correlate with individual differences in disease manifestation or
progression.

The NAA concentration serves as an indirect marker of neuronal integrity and
function, with aberrations often reflecting neuronal loss or dysfunction. The mean
NAA levels in both ACC and PCC are within normal ranges but again reveal individ-
ual variability. The standard deviations and range of values intimate that subgroups
within the cohort may exhibit neurochemical signatures of neuronal compromise.
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Ratios of myo-inositol and NAA to Cr + PCr are critical in standardizing these
metabolite concentrations against a relatively stable reference, which mitigates inter-
individual and instrumental variability. The reported mean ratios are suggestive of
preserved metabolic homeostasis in the context of schizophrenia, though the breadth
of the data indicates a spectrum of neurochemical states within the cohort.

The extended echo time (TE) of 144 ms compared to the standard TE of 30 ms
provides an enhanced specificity in the metabolite resonance and suggests a more
robust signal for myo-inositol and NAA. The discrepancies in metabolite concentra-
tions and ratios at different echo times may reflect the complex interplay of relaxation
times and signal-to-noise ratios inherent to magnetic resonance spectroscopy.

3.6.4 PANSS questionnaire

Positive symptoms, characterized by the presence of psychopathology such as
hallucinations, delusions, and disorganized thought processes, exhibited a mean score
that suggests a moderate level of severity across the cohort. The range and standard
deviation indicate substantial heterogeneity in the presentation of positive symptoms,
with some individuals experiencing minimal symptomatology while others may be
grappling with severe manifestations.

Negative symptoms, which reflect deficits such as blunted affect, social with-
drawal, and anhedonia, also show a moderate mean score with variability comparable
to that of positive symptoms. The breadth of negative symptom scores underscores
the diverse impact of schizophrenia on emotional responsiveness and social function-
ing, which are crucial determinants of long-term outcomes and functional capacity.

Disorganized speech is a cardinal feature of schizophrenia, indicative of formal
thought disorder. The scores here suggest a modest mean level of disorganization,
which could impact communication and cognitive coherence. The range of scores
points to the presence of subgroups within the cohort with varying degrees of com-
municative and cognitive disruption.

Uncontrolled hostility and excitement are less prevalent than other symptom
domains, as reflected by the lower mean score.

Anxiety and depression, which can be secondary to the core symptomatology or
intrinsic to the schizophrenia spectrum, present with a lower mean score relative to
other symptom domains but are non-negligible.

The positive and negative scale scores, which are composite measures, corroborate
the individual symptom domain scores, with the negative scale scores slightly exceed-
ing the positive scale scores on average. This suggests that the negative symptoms
may be more prominent or persistent in the cohort studied, which aligns with clinical
understanding that negative symptoms are often more resistant to current pharmaco-
therapies and predictive of poorer functional outcomes.

General psychopathology scores, which encompass a wider range of symptoms
such as guilt feelings, tension, and active social avoidance, are the highest among the
domains. This reflects the broad impact of schizophrenia beyond the core symptom
clusters of positive and negative symptoms, highlighting the complex interplay of
affective, cognitive, and behavioral components in this disorder.

The total PANSS score, encompassing the spectrum of symptomatology, demon-
strates considerable variability, indicative of the heterogeneity inherent in schizo-
phrenia. The mean total score suggests a moderate to severe overall symptom burden,
with implications for global functioning and prognosis.
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3.6.5 Gastrointestinal symptoms

The gastrointestinal (GI) symptomatology in the cohort, as reflected by the
descriptive statistics, suggests a varied presentation with a mean score that may be
indicative of mild to moderate distress. The wide range in scores, extending to a
maximum of 83, denotes that while some patients experience minimal GI complaints,
others may suffer from severe symptoms.

3.6.6 SANS questionnaire

Turning to the Scale for the Assessment of Negative Symptoms (SANS), the mean
total score suggests a moderate level of negative symptom burden. This scale mea-
sures affective flattening, alogia, avolition, anhedonia, and attentional impairment,
which are core features of schizophrenia and have substantial implications for social
and occupational functioning. The relatively high standard deviation indicates a
diverse expression of negative symptoms within the cohort.

3.6.7 Calgary questionnaire

The Calgary Depression Scale for Schizophrenia (CDSS) is specifically designed
to assess depressive symptoms in the context of schizophrenia, distinguishing them
from negative and extrapyramidal symptoms. The mean score here is indicative of
mild depressive symptoms, although the range of scores suggests that some patients
may experience more pronounced depressive features.

3.6.8 BDI-II questionnaire

The Beck Depression Inventory-II (BDI-II) is a self-report inventory that measures
the severity of depression. The mean score in the cohort suggests mild to moderate
depression, while the range of scores implies that the severity of depressive symptoms
is highly variable among patients.

3.6.9 CISS questionnaire

The cohort’s responses to the Coping Inventory for Stressful Situations (CISS)
questionnaire offer a comprehensive overview of coping strategies employed in the
face of stress. The data elucidate the predilection toward task-oriented, emotion-
oriented, and avoidance-oriented coping mechanisms, including subcategories such
as distraction and social diversion.

Task-oriented coping emerges as a moderately utilized strategy with the mean score
leaning toward the upper half of the available range. This suggests a general tendency
within the cohort to adopt an active and problem-focused approach when managing
stress. Given the relatively moderate standard deviation, the cohort exhibits a sem-
blance of uniformity in this coping style, though individual variations are present.

Emotion-oriented coping, with a mean score closely aligned with that of task-
oriented coping, indicates a comparable reliance on internal processes characterized
by emotional expression, rumination, and self-blame in response to stress. The
broader range and higher standard deviation suggest a greater diversity in the use of
emotion-oriented strategies, which may reflect variance in emotional self-awareness
and regulation skills.
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Avoidance-oriented coping, which includes distraction and social diversion, is
engaged to a lesser extent than task-oriented and emotion-oriented strategies. The
mean scores for these scales indicate a tendency within the cohort to sometimes defer
confrontation with stressors, either by engaging in alternative activities (distraction)
or seeking solace in social interactions (social diversion). The standard deviations
in these scales are lower, implying a more homogenous use of avoidance strategies
among the individuals.

The total score, representing the cumulative coping effort across all domains,
falls within the upper mid-range of the scale. This cumulative score suggests that the
cohort actively engages with stress, utilizing a repertoire of coping strategies. The
range of total scores, however, indicates that while some individuals exhibit a robust
and versatile coping profile, others may have a less adaptive approach, possibly indi-
cating vulnerability to stress-related psychopathology or the need for interventions to
enhance coping efficacy.

3.6.10 ITQ questionnaire

The clinical data derived from the International Trauma Questionnaire (ITQ)
reflect a cohort’s trauma-related psychopathology with a particular emphasis on Post-
Traumatic Stress Disorder (PTSD) and complex PTSD (C-PTSD), as operationalized
by scores on reexperiencing, avoidance, threat, affective dysregulation, negative
self-concept, and disturbance in relationships.

Reexperiencing trauma scores indicate a lower mean relative to other ITQ sub-
scales, suggesting that while the involuntary and distressing reliving of traumatic
events is present, it is not the most dominant symptom across the cohort.

The avoidance scores are slightly higher, implying that the behavioral or cognitive
efforts to evade trauma-related stimuli are a more pronounced response among the
individuals assessed.

Threat perception, a cardinal symptom of PTSD reflecting heightened arousal and
reactivity, is slightly more severe on average than reexperiencing or avoidance symptoms.

Affective dysregulation, emblematic of C-PTSD, presents with the highest mean
score among the ITQ subscales, which are at the upper limit of the lower half of the
scale, indicating emotional responses that are not adequately modulated.

Negative self-concept encapsulates feelings of worthlessness and a persistent
negative belief about oneself, which is marked by a mean score that is indicative of a
moderate level of severity.

Disturbances in relationships, quantified by similar mean scores to negative self-
concept, reflect the impairment in forming and maintaining close relationships, often
due to pervasive distrust and a preoccupation with the possibility of betrayal.

The PTSDFI and DSOFI scores highlight the differentiation between PTSD and
its dissociative subtype, a form of the disorder where symptoms of depersonaliza-
tion and derealization are prominent. The means of these scores suggest a moderate
expression of these symptoms within the cohort, with a range indicating variability in
the severity of dissociative experiences and the functional impairment they entail.

The PTSD score, which may encompass both DSM-5 PTSD symptom clusters and
C-PTSD features, shows that on average, individuals experience moderate levels of
PTSD symptoms. The range, however, suggests that some individuals may exhibit
minimal symptoms while others have severe PTSD symptomatology.

The DSO score, representing the dissociative subtype of PTSD, has a slightly
higher mean than the PTSD score, suggesting that dissociative symptoms may be
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particularly salient in studied cohort. This is clinically significant as the dissociative
subtype often requires specialized treatment approaches.

The total score, which amalgamates the symptomatology across the PTSD and
C-PTSD spectrum, indicates a moderate to severe level of trauma-related psychopa-
thology in the cohort. The wide range of total scores reflects the heterogeneity in the
severity of trauma-related symptoms among individuals.

3.6.11 CTQ questionnaire

The Child Trauma Questionnaire (CTQ) scores from the presented data offer a
quantifiable measure of childhood maltreatment across different domains, including
emotional abuse, physical abuse, sexual abuse, emotional neglect, physical neglect,
and a minimization/denial dimension.

Emotional abuse scores indicate a mean slightly above the median, with a non-
negligible standard deviation, suggesting variability in the cohort’s experiences of
emotional abuse during childhood. The range of scores indicates that while some indi-
viduals report low levels of emotional abuse, others have experienced higher levels,
which could correlate with a greater risk for emotional dysregulation and disorders
such as depression and anxiety.

Physical abuse scores are notably lower than emotional abuse scores, with a tighter
range and lower standard deviation, indicating more homogeneity in experiences of
physical abuse within the cohort.

Sexual abuse scores are similar to physical abuse, with a mean close to the median,
suggesting that instances of sexual abuse within this cohort are relatively consistent,
though the range indicates that experiences do vary among individuals.

Emotional neglect scores have a mean that is slightly above the median, witha
range indicating a spread of experiences within the cohort.

Physical neglect scores, representing the failure to provide basic physical needs,
show lower mean and median values relative to emotional neglect, yet with a range
that reveals some individuals experienced higher levels of neglect.

The denial score, which reflects minimization or denial of maltreatment, exhibits
a mean close to the median and a relatively low standard deviation, suggesting a
commonality in the cohort’s tendency to minimize or deny the impact of childhood
trauma.

The total CTQ score, which aggregates the different forms of maltreatment,
reflects a moderate mean value with a broad range of scores.

4. Results

See Table 2.
4.1 Hematological measurements

In the examination of inositol’s modulation within the ACC at a 30 ms ET on
hematological parameters in schizophrenic patients, the statistical analysis reveals

that none of the observed changes in white blood cell (WBC) count, neutrophil
percentage (Neut %), or lymphocyte count reach statistical significance.
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This could indicate that inositol’s therapeutic reach, if present, might be confined
to the central nervous system without pronounced peripheral hematological effects, or
there may be a lack of sensitivity in the current measurements to detect subtle changes.

Outcome variable Ny p SE z Pr(>[z[)
Hematological measurements

WBC [x10%/pL] 50 121x1073 245x1073 —-0.50 0.620

Neut % 50 0.19x10°? 153x 1072 0.12 0.903

Lymphocyte count [x10*/pL] 50 -2.23x107? 230 x 107 -0.97 0.330

Neurochemical measurements

Myo-inositol /Cr + PCr, ACC TE 30 50 394 x 1073 0.57 x 107 6.87 <0.001
NAA conc. ACC 30, [x10°] 50 126 x 1073 0.48 x 107" 262 0.009

NAA /Cr + PCr ACC 30 50 -172x1073 0.64 x 107" -271 0.007

Myo-inositol, ACC 144 50 723x 107 160 x10°? 452 <0.001
Mio-inositol /Cr + PCr, AC 144 50 423x1073 1.85x 1072 2.29 0.022

NAA, ACC 144 50 143x 107 0.83x107° 172 0.085

NAA/Cr + PCr, ACC 144 50 -141x 1073 0.84 x107 -167 0.095

Myo-inositol [x107], PCC 30 50 270 x 107 0.77 x 1073 352 <0.001
Myo-inositol /Cr + PCr, PCC 30 50 247 %107 0.61x 1073 4.03 <0.001
NAA conc. [x107%], PCC 30 50 0.78x 1073 0.35x 1073 220 0.028

NAA /Cr + PCr, PCC 30 50 0.51x1073 0.78x 107 0.65 0.513

Myo-inositol, PCC 144 50 0.46 x 1072 2.08 x 107 0.22 0.824

Myo-inositol/Cr + PCr, PCC 144 50 765 %107 169 x 107 0.01 0.996

NAA, PCC 144 50 123107 0.40 x 107 3.09 0.002

NAA/Cr + PCr, PCC 144 50 0.63x10°° 0.69 x 107 0.92 0.356

Gastrointestinal symptoms

Total score 45 -5.80 x 107 5.02x107? -116 0.248

PANNS questionnaire

positive symptoms score 49 079 x1073 3121073 0.25 0.801

negative symptoms score 49 -0.94 x 107 243x 107 -0.39 0.700

disorganized speech score 49 -075x 107 347x107? 0.22 0.830

uncontrolled hostility/excitement score 49 0.71x 1073 3.56 x 107 0.20 0.842

anxiety/depression score 49 -136x107° 322x107° -0.42 0.672

positive scale score 49 1.76 x 107 293x 107 0.60 0.547

negative scale score 49 -128x 107 262107 -0.49 0.625

general psychopathology scale score 49 -0.24x10°2 310 x 1073 —-0.08 0.938

total score 49 —-0.67x107° 277 %107 -0.02 0.981

SANS questionnaire

Total score 49 -1.87x107 4.08x107? -0.46 0.646
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Outcome variable Ny p SE z Pr(>[z[)
Calgary questionnaire

Total score 49 294 x 107 731x 107 -0.40 0.687
BDI-II questionnaire

Total score 45 -1137x 107 6.05x 107 -1.88 0.060
CISS questionnaire

Task-oriented coping scale score 39 247 x 107 196 x 1072 1.26 0.208
Emotion-oriented coping scale score 39 -2.52x 107 1.87x 1072 =135 0.179
Avoidance-oriented coping scale score 39 0.51x 1073 1.22x1073 0.42 0.677
Distraction scale score 39 -2.82x1073 215x1073 -1.31 0.191
Social diversion scale score 39 3.05x 1073 1.89 x 1073 161 0.108
Total score 39 0.24 x 1073 0.96 x 1073 0.25 0.805
ITQ questionnaire

Reexperiencing trauma score 41 -1266 x 107 762 x 107 -1.66 0.097
Avoidance score 41 -11.16 x 1073 493 x1073 -2.26 0.024
Threat score 41 -3.01x107° 463x1072 -0.65 0.516
Affective dysregulation score 41 —-6.24x107 411x107° -152 0.129
Negative self-concept score 41 -12.25x 107 6.55x 107 -1.87 0.061
Disturbance relationships score 41 -967 %107 459 x107? -211 0.035
PTSDFI score 4 -6.29x 107 472x1073 -1.33 0.182
DSOFI score 4 —723x107 452x107 -1.60 0.109
PTSD score 41 -833x107? 428 x107? -1.95 0.051
DSO score 4 —-11.17 x 1073 453x107 246 0.014
Total score 4 -862x107? 340 x 1072 -2.54 0.011
CTQ questionnaire

Emotional abuse score 41 -679x107 277 %1073 -245 0.014
Physical abuse score 41 —357x107 290 x 1073 -1.23 0.219
Sexual abuse score 41 —459x1073 337x107 -1.36 0.173
Emotional neglect score 41 —425x1073 293x107 -145 0.147
Physical neglect score 41 -2.06 x107? 2.00 x 1073 -1.03 0.305
Denial (minimization/denial) score 41 156 x 1073 1.89x 1073 0.83 0.409
Total score 41 —243x107° 179 x 1073 -136 0.174

Note: Nobs — the number of observations included in the regression model;  —the vegression coefficient; SE — the
standard error; z — statistic from Wald’s z-test, Pr(>[z]) — the p-value, PANSS — Positive and Negative Syndrome
Scale, SANS — Scale for Assessment of Negative Symptoms, CALGARY — Calgary Depression Scale for Schizophrenia,
BDI-II - the Beck Depression Inventory, CISS — Coping Inventory for Stressful Situations, ITQ — International Trauma
Questionnaive; PTSDFI — post-traumatic stress disorder functional impairment; DSOFI — disturbances in self-
organization functional impairment; PTSD — post-traumatic stress disorder; DSO — disturbances in self-organization;
CTQ - Childhood Trauma Questionnaire.

Table 2.

Modulatory impact of brain inositol [Myo-inositol [x10"*/uL], ACC ET 30] on studied clinical outcome measures
among a cohort of schizophrenic patients, adjusted for sex, age, and psychotropic medication dosage standardized
to 100 mg chlorpromazine equivalents.
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4.2 Neurochemical measurements

The robust and statistically significant positive association between inositol
exposure and myo-inositol levels in both the ACC and PCC at ET 30 ms, as evidenced
by z-scores exceeding the critical threshold and p < 0.001, suggests a potentiation
effect of inositol on its own concentration in these regions. This is consistent with the
hypothesis that inositol supplementation could augment its cerebral bioavailability,
which has been postulated to modulate synaptic plasticity and cellular osmolarity,
potentially providing a neuroprotective milieu.

The myo-inositol/creatinine plus phosphocreatinine (Cr + PCr) ratio also demon-
strates a significant increase in the PCC at ET 30 ms and in the ACC at both ET 30 ms and
ET 144 ms. These findings further reinforce the notion that inositol exposure has a consis-
tent impact on its relative concentration, perhaps indicating a compensatory or regulatory
mechanism in cerebral metabolic processes that could be dysregulated in schizophrenia.

NAA, a surrogate marker for neuronal integrity and function, shows a significant
increase in concentration in the PCC at ET 30 and 144 ms, as well as in the ACC at ET
30 ms, with corresponding p-values of 0.028, 0.002, and 0.009, respectively. These
data suggest that inositol may have a beneficial effect on neuronal health or may indi-
cate an upregulation of mitochondrial activity, which could be of substantial interest
in the context of the neurodegenerative aspects of schizophrenia.

However, when assessing the ratios of NAA/Cr + PCr, results yield a more complex
interpretation. In the ACC at ET 30 ms, there is a significant decrease in this ratio, as
evidenced by p = 0.007. This could suggest that while NAA levels increase, the rise is
not in proportion with creatinine and phosphocreatinine levels, which may indicate
altered energy metabolism or a shift in the neurochemical balance that warrants
further investigation.

At ET 144 ms, both the NAA concentrations and ratios in the ACC, while showing
positive beta coefficients, do not achieve statistical significance, suggesting that the
effect of inositol may be time-dependent, or that the homeostatic mechanisms may
equilibrate beyond the initial response period.

Clinically, these findings suggest that inositol has the potential to modulate
neurochemical profiles in schizophrenia, particularly by increasing the availability
of myo-inositol and possibly supporting neuronal integrity as indicated by changes
in NAA levels. These neurochemical shifts could hypothetically translate into clinical
improvements, given the association of myo-inositol with signaling pathways and
NAA with neuronal health. However, the translation of these biochemical changes
to clinical practice requires cautious interpretation and further validation through
clinical trials assessing symptomatology and cognitive functions.

Additionally, these findings must be contextualized within the broader scope of
schizophrenic pathophysiology, noting that the etiology of schizophrenia is mul-
tifactorial and the modulation of a single neurochemical parameter may not yield
substantial therapeutic benefits in isolation. Further research should elucidate the
implications of these neurochemical changes for the neurocognitive deficits and
psychopathology inherent in schizophrenia.

4.3 Gastrointestinal symptoms, SANS, Calgary, and BDI-II questionnaires

While inositol appears to have a minimal impact on gastrointestinal, negative, and
depressive symptoms in the studied schizophrenia cohort, it is essential to recognize
the limitations of the current analysis. These include the relatively small sample size
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and the potential for idiosyncratic responses to inositol within the heterogeneous
cohort of individuals with schizophrenia. Furthermore, the assessment tools used,
although validated, may not capture subtle changes in symptomatology that could be
clinically meaningful for patients.

4.4 PANSS questionnaire

The analysis suggests that inositol exposure does not lead to a notable ameliora-
tion in the positive symptoms of schizophrenia, which includes hallucinations and
delusions, as evidenced by a positive beta coefficient that failed to reach statistical
significance (p = 0.801). Similarly, the negative symptoms, which encompass affec-
tive flattening, alogia, and avolition, also did not show significant improvement
(p = 0.700). The scores for disorganized speech — a core symptom of thought disorder
in schizophrenia—likewise remained unchanged in a statistically meaningful way
(p = 0.830).

The subcomponent of uncontrolled hostility/excitement, indicative of the poten-
tial for agitation and aggression, also displayed insubstantial change post-inositol
exposure (p = 0.842). Furthermore, the anxiety/depression score of the PANSS,
which is critical given the high prevalence of comorbid anxiety and depression in
studied cohort, did not demonstrate significant variation with inositol (p = 0.672).

When dissected into the positive and negative scale scores, again, no significant
effects were observed. The positive scale score reflects the cumulative severity of
the positive symptoms, and the data indicate no substantial response to inositol
(p = 0.547). Correspondingly, the negative scale score, reflective of the aggregate
severity of negative symptoms, similarly did not display statistically significant
change (p = 0.625).

The general psychopathology scale score, which encompasses a broader range of
symptoms including somatic concern, anxiety, guilt feelings, and active social avoid-
ance, showed negligible change (p = 0.938), underscoring the absence of a substantial
impact of inositol on these psychopathological features.

Lastly, the total PANSS score, which is a holistic measure of the overall symptom
severity in schizophrenia, indicated no significant modulation by inositol exposure, as
the negligible beta coefficient and very high p-value (p = 0.981) attest.

In drawing conclusions from this data, it is important to consider that while
inositol’s neuromodulatory roles have been explored in various psychiatric conditions,
this particular set of results does not support its efficacy in modifying the symptom-
atology of schizophrenia when assessed at a specific time point post-exposure. These
findings should not negate the possible neurochemical benefits of inositol observed in
other studies, but rather highlight the complexity of schizophrenia’s pathophysiology,
where multiple interacting neurobiological pathways contribute to the manifestation
of symptoms, and the therapeutic response can be highly individualized.

Furthermore, in considering the translation of these findings to clinical practice,
one must weigh the absence of significant outcomes against the backdrop of extant
treatment modalities for schizophrenia, which often involve antipsychotic medica-
tions with considerable side effect profiles.

4.5 CISS questionnaire

The numerical trends in the data suggest a nuanced modulation of coping strate-
gies, albeit without reaching statistical significance across the different scales of
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coping measured. The task-oriented coping scale score shows a positive beta coef-
ficient, suggesting a potential increase in task-focused coping strategies with inositol
exposure, but the p = 0.208 indicates that this increase is not statistically significant.

Conversely, the emotion-oriented coping scale score indicates a negative beta
coefficient, implying a possible decrease in emotion-focused coping strategies with
inositol intervention. However, the statistical analysis yields ap = 0.179, which does
not confer statistical significance to this finding.

The avoidance-oriented coping scale score, which encompasses strategies to divert
attention from stressors, presents a very slight positive beta coefficient, yet this effect
is statistically unsubstantial with a p = 0.677. This is similarly echoed in the distrac-
tion scale score, where there is an insinuated reduction in this coping style post-
inositol exposure, but again without statistical support (p = 0.191).

The social diversion scale score, indicative of seeking social contact as a means
of coping, shows a positive beta coefficient and the lowest p-value among the scales
at 0.108. While this could suggest a tendency toward increased utilization of social
diversion coping strategies with inositol exposure, the lack of statistical significance
precludes definitive conclusions.

The total score for the CISS, which amalgamates the coping strategies into an
overall assessment of coping effectiveness, shows an insignificant beta coefficient and
a high p-value of 0.805. This further corroborates the lack of significant impact of
inositol on coping mechanisms in studied cohort.

From a clinical and analytical standpoint, these findings suggest that inositol,
within the parameters of this study, does not exert a significant modulatory effect
on coping strategies as measured by the CISS in individuals with schizophrenia. The
implications for clinical practice remain limited given the lack of statistical signifi-
cance, yet the trends observed may inform future hypotheses and research directions.

4.6 ITQ questionnaire

The avoidance score, reflecting efforts to circumvent trauma-related thoughts or
reminders, shows a statistically significant reduction in the case of highest inositol
concentrations (p = 0.024), which may imply a potential utility for inositol in mitigat-
ing avoidance symptoms in this cohort.

The disturbance in relationships score, indicative of impairments in forming
and maintaining close relationships as a result of trauma, also presents a statistically
significant decrease (p = 0.035), suggesting that inositol may confer benefits in
enhancing social functioning and interpersonal relations among those afflicted with
schizophrenia.

The DSO score, a cumulative measure of pervasive changes in affect regulation, self-
concept, and relational difficulties, demonstrates a statistically significant decrement
(p = 0.014), potentially pointing toward a broader ameliorative effect of inositol on the
complex sequelae of trauma and stress disorders beyond the primary PTSD symptoms.

The total score, encapsulating the overall impact of trauma-related sequelae,
shows a statistically significant reduction (p = 0.011), reinforcing the notion that
inositol might play a role in alleviating the overarching burden of trauma-related
symptoms in studied patient cohort.

While the reexperiencing trauma score, affective dysregulation score, negative
self-concept score, and PTSD score all exhibit negative § coefficients, suggesting a
downward trend in symptomatology with inositol exposure, the lack of statistical
significance precludes definitive assertions regarding their clinical relevance.
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Notably, the threat score, which addresses hypervigilance and exaggerated startle
response, and the PTSDFI and DSOFI scores, representing indices of PTSD and DSO
respectively, do not indicate significant changes with inositol treatment. This under-
scores the multifaceted and heterogeneous nature of trauma-related disorders and the
possibility that inositol’s efficacy may vary across different symptom clusters.

From a psychiatric perspective, these findings highlight a potential therapeutic
niche for inositol in addressing specific facets of trauma-related psychopathology in
schizophrenia, particularly avoidance behaviors and disturbances in relationships,
which can profoundly affect the quality of life and functional outcomes. The data also
suggest that inositol might contribute to improvements in the broader constellation of
difficulties subsumed under DSO, warranting further research into its neuromodula-
tory effects within this domain.

4.7 CTQquestionnaire

Analyzing the data, the emotional abuse score exhibits a significant decrement
with inositol exposure, as evidenced by ap = 0.014. This finding is clinically perti-
nent, as emotional abuse in childhood has been robustly linked to the exacerbation of
psychotic symptoms and can contribute to poorer prognostic outcomes in schizophre-
nia. The significant reduction in the emotional abuse score with inositol treatment
may indicate a therapeutic potential for mitigating the long-standing impact of such
trauma, potentially leading to an attenuation of trauma-related symptomatology in
studied cohort.

While the other categories of abuse and neglect—physical abuse, sexual abuse,
emotional neglect, and physical neglect—also demonstrate negative f coefficients,
suggesting a trend toward symptom reduction with inositol, these results do not meet
the threshold for statistical significance. Hence, while there is an indication of a poten-
tially beneficial effect, these data do not provide robust support for the clinical efficacy
of inositol in these domains of historical trauma within the schizophrenia cohort.

The denial score interestingly shows a positive p coefficient, although without
statistical significance, indicating no substantial evidence for inositol’s impact on
patients’ tendency to minimize or deny their traumatic experiences. This could imply
that inositol does not influence the cognitive or psychological processes underpinning
the acknowledgment or reporting of historical trauma as measured by the CTQ.

The total score, which aggregates the sum of the subscales, similarly does not reach
statistical significance, suggesting that the overall effect of inositol on the combined
dimensions of childhood trauma is not compelling within the confines of this dataset.

From a clinical psychiatry perspective, these findings suggest that inositol may possess
specific modulatory properties on emotional abuse-related sequelae in schizophrenia,
which can be significant considering the pervasive effects of emotional maltreatment
on mental health. However, the absence of significant findings in other trauma-related
domains signals the need for cautious interpretation and the necessity for further inquiry.

5. Discussion

5.1 Partl

The heterogeneity of the clinical picture and severity of the disorder within the
examined group of individuals with schizophrenia, and consequently insensitivity
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to pain, can be explained by the wide variability in the doses of antipsychotic drugs
used, expressed in chlorpromazine equivalents. This, on the one hand, suggests a
wide range of pharmacotherapeutic interventions in the studied cohort, and on

the other hand, confirms the theory that the lesser experience of pain in schizo-
phrenia may be due to the use of chronic neuroleptic pharmacotherapy [62]. The
obtained range of results also implies potential differences in response to treatment
or increased tolerance, considering the significant variability in doses required to
achieve therapeutic effects or manage side effects. A systematic review conducted
in 2004 indicated that up to 90% of atypical neuroleptics exhibited analgesic effects
[63]. Our findings provide evidence suggesting that analgesia depends on both

the dose and type of antipsychotic drug, although the use of neuroleptics remains
problematic in improving depressive symptoms or cognitive functions and reducing
suicide attempts associated with them in schizophrenia [64-66].

Positive symptoms, characterized by the presence of psychopathology such as
hallucinations, delusions, and disorganized thought processes, among the examined
individuals, showed a mean score suggesting a moderate level of severity in the entire
cohort. However, the range and standard deviation indicate significant heterogeneity in
the presentation of positive symptoms. The wide range of scores for negative symptoms
emphasizes the diverse impact of schizophrenia on emotional response and social func-
tioning, which are key determinants of long-term outcomes and functional abilities.

The results on the negative scale among the examined cohort slightly exceeded
those on the positive scale, suggesting that negative symptoms may be more promi-
nent or enduring in the studied cohort. This is consistent with the clinical understand-
ing of the association of negative symptoms with altered pain perception, resistance to
current pharmacotherapies, and poorer functional outcomes. Additionally, we cannot
exclude the influence of a broader range of symptoms, such as guilt feelings, tension,
and active avoidance of social contacts, which were highest among these domains in
the studied group. This reflects the broad impact of the complex interaction of affec-
tive, cognitive, and behavioral elements in pain perception in schizophrenia.

5.2 PartIl

Through conducting proton magnetic resonance spectroscopy (1H-MRS) ina
group of individuals with schizophrenia, we evaluated the metabolic activity of the
anterior cingulate cortex (ACC) and posterior cingulate cortex (PCC) involving
myo-inositol. Myo-inositol is an inert osmolyte abundantly present in glial cells.

One of its important functions is the regulation of cell volume during morphologi-
cal changes, such as those occurring during glial activation in neuroinflammatory
processes and neuropathic pain [67]. Evaluating the correlation of this indicator with
other measured parameters of clinical and neurometabolic assessment and based on
available literature, elevated levels of myo-inositol may suggest glial proliferation or
altered glial function, consistent with neuroinflammatory hypotheses of schizophre-
nia. Elevated levels of myo-inositol have been observed in viral infections such as HIV
infection [68, 69], progressive multiple sclerosis [70], or in diffusion imaging models
confirming glial activation [71, 72]. Higher levels of myo-inositol have been observed
with aging [73-75]. Transcriptomic data indicate that aging is associated with
increased markers of astrocytes and microglia [76], particularly with increased mark-
ers of reactive astrocytes in the prefrontal cortex [77]. Presumably, these glial changes
may constitute a common mechanism responsible for similar neurometabolic profiles
observed in aging and in the process of altered pain perception in schizophrenia. In
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our study, the average levels of myo-inositol in the ACC and PCC fall within a range
that does not immediately indicate clear glial pathology; however, the variability of
these levels may correlate with individual differences in symptoms or disease progres-
sion. The prolonged echo time (TE) of 144 ms compared to the standard TE of 30 ms
provides increased specificity of metabolite resonance and suggests a stronger signal
for myo-inositol and N-acetylaspartate (NAA).

There are individual studies indicating that changes in the concentration of myo-
inositol in the orbitofrontal cortex may be associated with specific mood/affective
states such as extreme pain perception. Additional support for altered pain perception
may come from the reduced level of N-acetylaspartate in the dorsolateral prefrontal
cortex, confirming the hypothesis that N-acetylaspartate depletion in the prefrontal
cortex is a chemical marker of chronic pain, indicating neuronal degeneration which
may be related to possible glutamate’s excitotoxicity [78-81]. Inositol has neuromodu-
latory potential, particularly by increasing its availability and supporting neuronal
integrity [82], as indicated by a wide range of changes in N-acetylaspartate levels. The
observed neurochemical changes may hypothetically translate into clinical improve-
ment and reduced pain perception in schizophrenia, considering the association of
myo-inositol with signaling pathways and NAA with neuronal health. Translating
these brain biochemistry changes into clinical practice requires careful interpreta-
tion and further validation through clinical studies assessing symptomatology and
evaluating neuronal-glial mechanisms underlying pain modulation by cognitive
and emotional states as pillars of cognitive-behavioral therapy. Key metabolites
considered useful in assessing altered pain perception in schizophrenia are myo-
inositol and NAA, which have previously been linked to increased pain symptoms
in complex regional pain syndrome. Interestingly, there is also evidence that chronic
pain itself alters brain circuits, including those related to endogenous pain control,
suggesting that pain control becomes increasingly difficult as pain becomes chronic.
In this case, the hypothesis of the existence of a negative feedback loop between
impaired pain-modulating circuits and pain processing is justified, leading not only
to exacerbation of chronic pain among individuals with schizophrenia but also to
accompanying cognitive and emotional deficits associated with pain, which in the
studied group indicated an average slightly above the median, with insignificant
standard deviation, suggesting variability in cohort experiences related to emotional
violence. Affective dysregulation, characteristic of C-PTSD, was characterized by the
highest average score among the ITQ subscales, confirming the significant influence
of emotional reactions that are not adequately modulated in the studied group of
patients. The justification for the obtained results is that both the ACC region and
the insula have long been considered components of the emotional brain [83, 84]
responsible for encoding the emotional and motivational aspects of pain. Patients
with alterations in these areas exhibit altered emotional responses to pain [85-88]
and imaging and stimulation studies demonstrate a relationship between emotional
and motivational aspects of pain perception and neuronal activation in the ACC and
insula [89-92]. Another explanation for altered pain perception in schizophrenia may
be reduced gray matter content in patients with chronic pain associated with possible
glutamate excitotoxicity [93]. In schizophrenia at a very early stage of the disease,
even before antipsychotic treatment, increased presynaptic dopamine release with a
characteristic small increase in glutamate concentration was observed in PET studies
[94]. Conversely, in healthy individuals, positron emission tomography studies have
shown that reduced density of D2 receptors in the striatum was associated with an
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increased pain threshold [95]. These studies suggest that changes in neurotransmitter
systems may mean that patients with chronic pain have reduced receptor availability
or increased endogenous release of these neurotransmitters [96].

Understanding the pathophysiology of altered pain perception in schizophrenia
and developing effective therapeutic interventions seems crucial for curbing the wave
of adverse consequences of schizophrenia, including suicide attempts. Changes in the
neurometabolic integrity of brain areas involved in both pain control and cognitive
and/or emotional functioning may explain why patients suffering from schizophrenia
with chronic pain develop cognitive deficits, as well as anxiety disorders or depres-
sion. Ongoing research suggests that emotional and cognitive changes may begin long
after the onset of pain. For example, patients with psychotic symptoms may exhibit
anxiety-like behaviors and attention deficits for several years after injury and onset of
hypersensitivity, temporally coinciding with anatomical changes in the frontal cortex
[97, 98]. The concept of pain control dependent on the level of myo-inositol in the
prefrontal cortex in individuals with schizophrenia is confirmed in this study, where
the result of emotional violence shows a significant decrease with exposure to inosi-
tol. This finding has significant clinical potential, as childhood emotional violence is
strongly associated with exacerbation of psychotic symptoms and may contribute to
worse prognostic outcomes in schizophrenia. Adversities in early life and mechanisms
of altered pain perception may further explain the relationship between suicide risk
and abnormalities in brain circuits and neurochemistry in schizophrenia [99].

A significant reduction in the index of emotional violence after treatment with
inositol may indicate therapeutic potential in alleviating the long-term consequences
of childhood trauma, potentially leading to a reduction in trauma-related symptom-
atology in the studied cohort. The presented study provides evidence that pain can be
harmful to the brain and that chronic pain itself may decrease an individual’s ability
to control pain endogenously and lead to numerous comorbidities that accompany
schizophrenia.

5.3 PartIII

Analyzing the results regarding emotional violence, it is evident that they show an
average slightly above the median, with an insignificant standard deviation, suggest-
ing variability in the experiences of the studied cohort related to childhood emotional
violence. The range of results indicates that while some individuals reported low
levels of emotional violence, others experienced higher levels, which may correlate
with a greater risk of emotional dysregulation and future disorders such as depression
and anxiety states. Results for physical neglect, representing unmet basic physical
needs, showed lower mean and median values compared to emotional neglect. The
literature on the subject suggests that while physical and sexual abuse in childhood
are known risk factors for chronic pain in adulthood, the relationship between child-
hood emotional violence and chronic pain remains insufficiently explored [100].

In most studies describing hypoalgesia in schizophrenia, the subjective response
of the patient to painful stimuli had strong emotional underpinnings. Insensitivity to
pain in this case may reflect deficits in the patient’s expression of emotions. In other
words, indifference to pain in patients with schizophrenia may not signify actual
hypoalgesia. The aforementioned interoception is essentially supported by the insular
cortex, with primary visceral sensation being associated with the mid and posterior
insula regions, and integration of interoceptive information with cognitive functions,
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emotions, and other higher-order processes occurring in more anterior areas of

the cerebral cortex [101, 102]. The medial prefrontal cortex, including the anterior
cingulate cortex, prefrontal cortex, and infralimbic cortex, which are associated with
shaping pain sensations in the central nervous system, is involved in these mecha-
nisms [103]. The coexistence of psychological pain has been found to be an important
moderator of the lasting benefits of treating patients with schizophrenia prone to
suicide [104]. The analgesic action of schizophrenia treatment may explain the anti-
suicidal effects of ketamine [104]. Research has revealed new possibilities for the use
of this drug. It has been used in the treatment of acute, chronic, and cancer pain. The
most interesting reports come from studies on the antidepressant and anti-suicidal
properties of ketamine, offering hope for the development of an effective drug for
major depressive disorders [105], although retrospective studies suggest that these
effects may be short-lived [106].

In studies assessing the impact of childhood emotional violence on pain percep-
tion disturbances in populations with diagnosed mental health disorders, attention
was drawn to the fact that among individuals receiving injectable drugs for chronic
pain, experiences of childhood emotional violence were common, partly influenced
by a history of diagnosed mental health disorders [107]. Similarly, it is known that
individuals with mental health disorders have a high incidence of childhood trauma;
however, little is known about how childhood emotional violence may be associated
with chronic pain in this population [108]. Available data suggest that physicians
should consider childhood trauma when treating psychiatric disorders in individuals
experiencing chronic pain. Awareness of trauma-informed care may lead to more
effective treatment in cases perceived as treatment-resistant [109], including suicide
attempts. Childhood emotions, as demonstrated by this study, can be significant
predictors of poor health outcomes in psychiatric patients, remaining unnoticed
even with normal psychiatric assessment results. Considering the detrimental impact
of high levels of pain disturbances, examining the potential influence of childhood
emotions on altered pain perception in patients with schizophrenia appears crucial
in designing interventions to improve the quality of life for this patient group. This
approach may also facilitate identifying potential factors affecting the final clinical
assessment outcomes for patients with schizophrenia and provide a better under-
standing of possible early interventions before pain interferes with daily activities.
To the best of our knowledge, this is the first study to address the impact of child-
hood emotional exposure on the occurrence of chronic pain among individuals with
schizophrenia. Further efforts are needed to determine pain perception intervention
indicators to develop standards for therapeutic interventions among individuals with
schizophrenia.

Emotional violence in childhood shapes interpersonal relationships, leading
to weakened abilities to initiate and maintain connections. This factor has been
identified as an important component of the experience of altered pain perception
[110]. Addressing the issue of disruptions related to altered pain perception through
effective psychosocial treatment and improving emotional awareness may result in
a measurable indicator of pain control and the reduction of adverse effects on the
quality of life and functioning of individuals with the condition [111, 112]. Increased
access to effective prevention programs is therefore an urgent need, especially among
marginalized populations, including schizophrenia, about which little is yet known
regarding the assessment of pain expression by the patient. Interestingly, affective
dysregulation, characteristic of C-PTSD, showed the highest mean score among
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the ITQ subscales, which fell within the upper limit of the lower half of the scale,
clearly indicating emotionally reactive responses that were not adequately controlled.
Conversely, the DSO score, representing the dissociative subtype of PTSD, exhibited
a higher mean score than PTSD, suggesting that dissociative symptoms were particu-
larly prominent in the studied cohort. This has clinical significance as the dissociative
subtype often requires specialized treatment methods.

In investigating the relationship between inositol and its impact on emotional
reactions in the studied cohort, attention is drawn to the significant decrease in
emotional violence scores with exposure to inositol. This discovery has significant
clinical implications, as childhood emotional violence has been strongly linked to
exacerbating psychotic symptoms and may contribute to poorer prognostic outcomes
in schizophrenia. The substantial reduction in the emotional violence index following
inositol treatment may indicate its therapeutic potential in alleviating the long-term
effects of such trauma, potentially leading to a reduction in trauma-related symptom-
atology in the studied cohort.

From a psychiatric perspective, these findings illuminate the potential role of ino-
sitol as a therapeutic agent in addressing specific aspects of psychopathology associ-
ated with a history of trauma in schizophrenia. This appears particularly pertinent in
the context of avoidance behaviors and disturbances in relationships, which directly
affect patients’ quality of life and functionality. Furthermore, these findings indicate
that inositol may provide benefits in tackling the broadly defined challenges often
linked to continuous, repeated, and diverse traumatic exposures, such as affective
dysregulation, negative self-concept, and disturbances in relationships, underscoring
the necessity for further investigation into its neuromodulatory effects.

Inositol, an endogenous biologically active compound in the human body, plays
a pivotal role in neurocommunication, serving as a crucial component in the signal
transduction processes within neuronal cells. It possesses the capacity to modulate
various neurochemical pathways, which could be exceptionally advantageous in the
context of schizophrenia and related trauma-induced disorders. It has been demon-
strated that inositol exerts its therapeutic effect in depression and associated anxiety
disorders, partly by reducing the function of the serotonin-2A receptor (SHT2A-R)
and specifically by diminishing the receptor’s signaling capacity through Gq proteins.
Additionally, inositol inhibits the function of the muscarinic acetylcholine receptor
(mAChR), which may also contribute to its therapeutic effect in depression [113].
Through its influence on the neurotransmitter system, such as serotonin, inositol may
aid in mitigating certain psychopathological symptoms, including anxiety, depres-
sion, and social-emotional processing issues related to trauma.

Moreover, owing to its potential neuroprotective [114] and anti-inflammatory
actions [115], inositol may support the protection and regeneration of neural tis-
sue, crucial in the face of chronic stress and trauma exposure, frequently observed
in individuals with schizophrenia. This could, in turn, lead to enhancements in
socio-emotional functioning, as well as patients’ quality of life. The role of inositol
in promoting neuroplasticity and its anti-inflammatory properties could be a critical
mechanism in mitigating the neurological impacts of trauma. Neuroplastic changes
are crucial for recovery from traumatic experiences, and inositol’s contribution to
synaptic formation and repair could facilitate the re-establishment of healthy neu-
ral networks disrupted by trauma. Trauma and stress induce inflammatory states
within the brain, contributing to neuronal damage and deterioration of brain func-
tion [116]. Inositol, owing to its anti-inflammatory properties, may aid in reducing
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neuroinflammation, thereby protecting neural cells from damage and supporting
their regeneration. Future research might explore how inositol influences neuroplas-
tic pathways in the traumatized brain, potentially offering insights into its therapeutic
effects in schizophrenia.

In summary, these insights herald new avenues for research and therapy focused
on neuromodulation with inositol as a potential strategy to address specific trauma-
related challenges in schizophrenia. Nonetheless, additional research is necessary to
validate these initial findings and to elucidate the mechanisms of action of inositol,
alongside establishing the best practices for its application in psychiatric therapy.

5.4 Limitations of the study

We failed to consider other important variables related to pain expression by
patients, such as pain intensity, catastrophizing, and pain quality, as data that
could provide significant measurable information allowing for the assessment of
pain threshold cutoffs for which further diagnostic and therapeutic guidelines
can be defined in the group of individuals with schizophrenia showing clear
emotional neglect.

Emotional abuse in childhood may imply changes in pain perception among
individuals diagnosed with schizophrenia. Childhood emotional abuse remained
independently associated with neuroglial disturbances related to myo-inositol levels
in the anterior cingulate cortex in adults with schizophrenia. Individuals with chronic
pain should be assessed for childhood psychological trauma and the presence of
mental disorders, and appropriate therapeutic measures should be provided to reduce
distorted pain perception. Lastly, these findings underscore the importance of socio-
behavioral interventions, including coping skills training and interpersonal skills
enhancement, to mitigate disruptions in pain perception and improve the quality of
life for patients with schizophrenia experiencing concurrent chronic pain and report-
ing a history of emotional abuse.

A limitation of this study was its reliance on retrospective self-reports of child-
hood trauma history, rather than employing a prospective approach, which could
have provided greater accuracy. This retrospective methodology may introduce recall
bias and affect the validity of the trauma histories reported, potentially influencing
the study’s findings and interpretations.

6. Conclusion

The complex nature of pain and its impact on the daily lives of millions of people
entails the need for a thorough analysis of the processes and chemical compounds
contributing to its development. Disturbed pain perception in patients with schizo-
phrenia poses an additional diagnostic challenge for this disease. Reduced levels
of myo-inositol in the anterior cingulate cortex may be the cause of reduced pain
perception in patients with schizophrenia. One of the most important functions of
myo-inositol, an osmolyte present in glial cells, is the regulation of the volume of
glial cells during morphological changes occurring in the course of neuroinflamma-
tory processes and neuropathic pain. The glial changes associated with increased
levels of myo-inositol may be the cause of altered pain perception in schizophrenia.
However, it is important to remember that schizophrenia is a complex disorder with a
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wide range of affective, cognitive, and behavioral symptoms, all of which may affect
pain perception in patients. Understanding the basis of impaired pain perception

in patients with schizophrenia may enable the introduction of appropriate therapy.
Proper therapeutic intervention should reduce the emotional violence index, thus
reducing the number of future disorders such as depression and anxiety, hopefully
reducing the number of suicides in patients with schizophrenia. The use of inositol in
therapy may result in a significant reduction in emotional violence which could be a
future approach in the treatment of pain in schizophrenia.

Future research should delve into the intricate relationship between myo-inositol
levels and the modulation of pain perception in individuals diagnosed with schizo-
phrenia. It is crucial to conduct prospective, longitudinal studies to map out the
changes in myo-inositol concentrations within the brain over time and to understand
how these fluctuations correlate with the development and alteration of pain percep-
tion in this population. Investigating the neuroinflammatory and neuropathic mecha-
nisms underlying pain perception in schizophrenia is paramount, with an emphasis
on exploring how glial cell activity and the regulatory role of myo-inositol contribute
to these processes. Additionally, a thorough analysis of the diverse symptomatology
of schizophrenia, encompassing affective, cognitive, and behavioral dimensions, and
their cumulative effect on pain perception is imperative. Such comprehensive research
efforts are essential for uncovering the neurobiological and psychosocial dynamics
influencing pain perception in schizophrenia, paving the way for more effective treat-
ments and interventions.
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Chapter 4

Existing and Newer Therapies in
the Management and Diagnosis of
Schizophrenia

Shreshth Khanna

Abstract

Schizophrenia is a serious mental health disorder that affects a person’s overall
well-being. It is a functional psychosis in which severe personality changes and
thought disorders occur with no evidence of organic cerebral damage. The disease
manifestation primarily includes the presence of two types of symptoms “positive”
and “negative.” Positive symptoms include delusions, illusions, auditory hallucina-
tions, thought disorders with irrational conclusions, poor sentence formation, and
stereotypic or aggressive behavior, whereas negative symptoms include withdrawn
behavior, poor socialization, emotional dampening, absence of enthusiasm, and
cognitive deficits. Usually, the onset is at the age of 15-30 years. Starting treatment
as early as possible is an important step in the recovery process. Cognitive symptoms
include problems in attention, concentration, and memory. Antipsychotic medica-
tions can help to alleviate the frequency and intensity of psychotic symptoms. These
medications are usually taken in tablet or liquid form on a daily basis. Some anti-
psychotic medications are given as injections at intervals of 2-4 weeks. Psychosocial
treatments help people find solutions to everyday challenges and manage symptoms
while attending school, working, and forming relationships. Educational programs
can help family and friends learn about symptoms of schizophrenia, treatment
options, and strategies for helping loved ones with the illness.

Keywords: schizophrenia, psychosis, antipsychotic medicines, hallucinations,
disorganized thoughts, cognitive behavioral therapy

1. Introduction

Schizophrenia is a mental disorder characterized by disruptions in thought pro-
cesses, perceptions emotional responsiveness, and social interactions. Schizophrenia
is a severe and disabling disorder. It is one of the leading causes of years lost to dis-
ability worldwide.

The term schizophrenia finds its roots from “schizo” (split) and “phrene” (mind)
to define the disorganized thinking of people with schizophrenia.

Characteristic presentation of the patients with schizophrenia includes symptoms
such as hallucinations, delusions, and disorders in thought perception and execution,
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reduced emotional expression, reduced enthusiasm to focus and achieve goals,
tumultuous relationships, motor, and cognitive impairment [1].

Antipsychotic medications remain the mainstay treatment modality of schizo-
phrenia. Evidence-based psychosocial interventions in conjunction with pharmaco-
therapy can help patients achieve better compliance and recovery.

Negative and positive symptoms of schizophrenia include abulia, anhedonia,
social withdrawal, alogia, and affective flattening. Positive schizotypy comprises
ideas of reference, delusions, illusions, and hallucinations [2].

2. Causes

The exact cause/s of schizophrenia are still unknown. Some of the postulated
causes include:

Traumatic brain injury.

Childhood traumatic events.

Imbalance of the neurotransmitters, birth defects.

3. Pathogenesis of schizophrenia
3.1 Genetic predisposition

The genetic studies have provided some insights that inheritance can account for
at least some proportion of schizophrenic disorders. Identical twins possess up to 60%
chance of disease development. The risk in first-degree relatives is about 10% [3].
Reports of linkages of schizophrenia to loci on chromosomes 1, 2, 5, 6, 8, 10, 13, 15,
and 22 have been identified [4]. Despite the evidence for genetic linkages, the results
are inconclusive.

3.2 Dopamine hypothesis of schizophrenia

The dopamine hypothesis was based on the discovery that haloperidol bound
to dopamine sites with higher affinity compared to the other neurotransmitters.
These sites were named antipsychotic/dopamine receptor sites (D2 receptors).
Subsequently, it was also established that a minimum of 65% receptor occupancy of
the D2 receptors was needed for appropriate antipsychotic benefit [5].

Evidence that suggests excessive dopaminergic activity underlies the disorder:

Positron emission tomography (PET) scan shows increased dopamine (DA) recep-
tor density in both schizophrenic patients. Post-mortem studies in the patients with
schizophrenia reveal the presence of increased DA receptor densities [6].

Drugs that increase the DA activity such as levo-dopa (DA precursor) or amphet-
amine (DA releaser) either aggravate or precipitate symptoms of schizophrenia.

The levels of homo-vanillic acid (HVA), a metabolite of DA, in the cerebrospinal
fluid (CSF), plasma, and urine increase during the early phases of therapy.

The “dopamine hypothesis” thus came into being and has been used since then to
describe the underlying pathophysiology of schizophrenia.

However, in the wake of recent literature dysregulation of the serotonergic,
glutamatergic, GABA-ergic, opioid, cholinergic, and probably other systems are
incriminated [7].
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3.3 Serotonin hypothesis of schizophrenia

According to this hypothesis, an increased excitatory neuromodulation in the
serotonergic pathway in the dorsolateral frontal lobe and the anterior cingulate cortex
forms an important pathophysiological basis of the disease. The concept of excessive
serotonergic stimulation can also be validated by nuclear magnetic resonance (NMR)
spectroscopy [8].

Additionally, the implication of serotonin as a neurotransmitter in schizophrenia
stems from several observations including post-mortem human studies in patients
of schizophrenia demonstrating decreased cortical 5-HT,, receptor density, the
psychotogenic effects of lysergic acid diethylamide (LSD) mimicking the symptoms
of schizophrenia, and the ability of atypical antipsychotic drugs to bind to the sero-
tonin receptors to bring about the antipsychotic response [8].

3.4 Glutamate hypothesis of schizophrenia

The glutamate hypothesis of schizophrenia was initially proposed based on the
observation that the N-methyl-D-aspartate (NMDA) receptor antagonists like phency-
clidine and ketamine induced positive and negative symptoms in healthy individuals
that resembled symptoms of schizophrenia and exacerbated the symptoms in schizo-
phrenia patients. The N-methyl-D-aspartate (NMDA) receptor is a glutamatergic recep-
tor that may be involved in brain overactivity that is usually seen with the withdrawal
of sedatives such as alcohol, resulting in agitation and seizures. Reduced glutamate
receptor densities have been reported in post-mortem brains of schizophrenics [9].

Glutamate exerts excitatory and DA exerts inhibitory role over GABAergic stria-
tal neurons which project to thalamus and serve as a sensory gate. An increase in
glutamate or decrease in DA facilitates GABAergic activity at this gate. In contrast,
decreased glutamate and increased DA activity will disable the gate to allow uninhib-
ited sensory inputs to reach the cortex [10].

Additionally, studies using NMR spectroscopy neuroimaging have linked GABA
and glutamate NMDA receptors to abnormal brain connectivity in individuals with
schizophrenia [11].

Abnormal NMDA glutamate receptor activity is implicated in sensory and cogni-
tive deficits, thought disorders, negative and positive symptoms of schizophrenia,
and executive dysfunction [12].

4. Clinical presentation

Schizophrenia is a heterogeneous group of disorders characterized by perturba-
tions of language, thinking, and social activity. The disorder mostly begins in the ado-
lescent age group and has an insidious onset and a poor outcome. Social withdrawal,
perceptual distortions, recurrent delusions, and hallucinations are the common
presentations in the patients suffering from schizophrenia.

The manifestations of the disease include two types of symptoms: “positive” and
“negative.”

Patients may present with positive symptoms such as conceptual distortions,
delusions, illusions, auditory hallucinations, thought disorders, garbled sentences
and stereotypical aggressive behavior, delusions and hallucinations, and/or negative
symptoms such as loss of functions, anhedonia, decreased emotional expression,
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impaired concentration, introvert behavior, poor socialization, emotional blunting,
lack of motivation, and cognitive deficits.

According to the DSM-5 criteria to diagnose schizophrenia, two (or more) of the
following, each of which should be present for a significant portion of time during
1-month period (or less if successfully treated).

At least one of these must be delusions, hallucinations, or disorganized speech:

Delusions
Hallucinations
Disorganized speech (e.g., frequent derailment or incoherence)

Grossly disorganized or catatonic behavior.

Negative symptoms (i.e., diminished emotional expression or avolition).

Continuous signs of the disturbance persist for at least 6 months. This 6-month
period must include at least 1 month of symptoms (or less if successfully treated)
that meet the above criteria (i.e., active phase symptoms) and may include periods of
prodromal or residual symptoms [13].

During these prodromal or residual periods, the signs of the disturbance may be
manifested only by negative symptoms or by two or more symptoms listed above
present in an attenuated form.

For a significant portion of time since the onset of the disturbance, level of func-
tioning in one or more major areas, such as work, interpersonal relations, or self-care
is markedly below the level achieved prior to the onset (or when the onset is in child-
hood or adolescence, there is a failure to achieve the expected level of interpersonal,
academic, or occupational functioning) [13].

5. Lab investigations/neuroimaging

The neuroimaging studies have highlighted a considerable cortical tissue loss of up to
5% of the brain volume and enlargement of cerebral ventricles in the patients of schizo-
phrenia. The affected tissue structures include the hippocampus, superior temporal, and
the prefrontal cortex which are also present with reduced gray matter volumes [14].

Hyperactivity in the hippocampal and the dorsal lateral prefrontal cortex regions
has been observed in various MRI studies, leading to a postulation that a loss of
inhibitory functions of the neurons may be responsible to an extent for the symptoms
in schizophrenia.

A plentitude of structural and functional imaging modalities is currently being
contemplated to discern the patterns of brain connectivity particularly to outline the
factors that cause a transition to full-blown psychosis [15].

6. Differential diagnosis

It is impertinent to diagnose and delineate schizophrenia from a wide range of
mental disorders, including but not limited to:

* Substance-induced psychotic disorder

* Mood disorders with psychotic features
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¢ Sleep-related disorders

* Delusional disorder

* Paranoid personality disorder

* Schizotypal personality disorder
* Pervasive developmental disorder

* Psychosis secondary to organic cause

7. Management of schizophrenia
7.1 Non-pharmacological

A range of effective care options for people with schizophrenia exists includ-
ing cognitive behavioral therapy, medication, psychoeducation, and psychosocial
therapy.

Facilitated and assisted living, societal support systems, and employ-
ment environments are quintessential care options for patients living with
schizophrenia.

A recovery-oriented treatment practice, that is, giving people the agency in treat-
ment decisions, is crucial for people with schizophrenia and their guardians.

7.2 Pharmacological

Antipsychotic medications remain the cornerstone in the management of schizo-
phrenia. They are thought to control psychotic symptoms by affecting the level of
neurotransmitter dopamine in the brain.

The treatment goal is to manage signs and symptoms at the lowest possible dose.
Different drugs, different doses, or combinations can be implemented over time
to achieve the desired result. Other symptoms accompanying psychosis could be
addressed with medications such as anti-depressants or anti-anxiety drugs. It can take
several weeks to notice an improvement in symptoms.

The Texas Medication Algorithm Project (TMAP) entails a six-stage pharmaco-
therapeutic algorithm in the treatment of schizophrenia.

Stage 1 involves treatment initiation with a second-generation antipsychotic
(SGA) as a first-line therapy. In case of little to no therapeutic response, proceed to
stage 2.

Stage 2 includes monotherapy with either another SGA or a first-generation anti-
psychotic (FGA). In case of absence of any therapeutic response, proceed to stage 3.
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Stage 3 consists of clozapine monotherapy with a constant monitoring of the white
blood cell (WBC) count. In case of agranulocytosis, clozapine therapy should be
suspended. In case of absence of therapeutic response in stage 3, proceed to stage 4.

Stage 4 entails a combination of clozapine therapy with an FGA or an SGA or elec-
troconvulsive therapy (ECT). In case of resistance to treatment, proceed to stage 5.

Stage 5 calls for monotherapy with an FGA or an SGA that has not been tried.
Finally, in case of stage 5 treatment is still unsuccessful, proceed to stage 6.

Stage 6 consists of combination therapy with an SGA, an FGA, ECT, and/or a
mood stabilizer.

Combination therapy is recommended only in the later stages of the treatment
algorithm [16].

Due to an increased predisposition to cause drug interactions, treatment non-
adherence, and medication errors, routinely prescribing two or more antipsychotics is
not endorsed.

8. Choice of antipsychotic medication

The choice between typical (FGA) and atypical antipsychotic (SGA) is of para-
mount importance.

As per the American Psychiatric Association, second-generation or the atypical
antipsychotics (SGAs) except for clozapine are the agents of first choice in the treat-
ment of schizophrenia. SGAs are usually preferred over first-generation antipsychot-
ics (FGAs) because of their disposition for lesser extrapyramidal symptoms [17].

The clinical potencies of typical antipsychotic drugs are proportional to their
respective affinities for the dopaminergic D2 receptor. The available antipsychotic
agents are effective in only up to 70% of patients presenting with a first episode and
full remission of symptoms may take up to 6-8 weeks. Appropriate clinical and drug
history of the patient should be taken to help delineate and commence treatment with
a new antipsychotic agent.

Lack of response to an antipsychotic drug for at least 6-8 weeks with good compli-
ance should mandate a change in the antipsychotic.

Clozapine needs to be considered after failure of sequential trials of two antipsy-
chotics (one of which is an SGA) or if the patient has an aggressive behavior, suicidal
tendencies, not responding to their prescribed antipsychotic medication, and those expe-
riencing unbearable side effects with two different classes of antipsychotic medications.

First-generation or typical antipsychotics are better suited to treating positive
symptoms of schizophrenia, whereas the newer agents appear to be more effective in
handling the positive and the negative as well as improving the cognitive symptoms.
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Long-acting injectable preparations (risperidone, paliperidone, olanzapine, and
aripiprazole) are considered when there is noncompliance with the therapy.
9. Treatment-resistance

Up to 30% of patients with schizophrenia show only little symptomatic improvement
or unacceptable side effects after multiple trials of FGAs therapy. Clozapine is the most
effective oral antipsychotic in terms of managing treatment-resistant schizophrenia.

10. First-generation antipsychotics

The first-generation antipsychotics have numerous and serious neurological side
effects, that may or may not be irreversible. First-generation antipsychotics include:

* Chlorpromazine
* Fluphenazine

* Haloperidol

* Pimozide

* Sulpiride

* Perphenazine

11. Second-generation antipsychotics

These groups of newer generation medications are chosen as they possess a lower
risk of serious side effects compared to the first-generation antipsychotic agents.
Second-generation antipsychotics include:

* Aripiprazole

* Asenapine

* Brexpiprazole

 Cariprazine

* Clozapine

* Jloperidone

¢ Lurasidone

* Olanzapine
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* Paliperidone
* Quetiapine
* Risperidone

* Ziprasidone

12. Long-acting injectable antipsychotics

In patients where non-adherence due to pill burden or side effects to oral medica-
tions is an impedance, some long-acting injectable antipsychotics can be given as
intramuscular or subcutaneous injections. Depending on the medication they are
usually given once every 2-4 weeks.

Common medications that are available as an injection include:

* Aripiprazole

* Fluphenazine decanoate
* Haloperidol decanoate
* Paliperidone

* Risperidone

13. Antipsychotic treatment
13.1Dose

The dose of the antipsychotic needs to be tailored for every patient. A fine bal-
ance between relapse prevention and reducing the side effects should be maintained.
Patients not experiencing positive symptoms during therapy may be candidates for
reduction in doses, while monitoring for potential relapse. According to literature the
dose of the medication needs to be tapered gradually by about 20% every 6 months
till a stable effective dose is reached [18].

13.2 Duration of treatment

The duration of treatment depends on a number of factors and should be person-
alized. The suggested guidelines are as follows:

* First-episode patients ought to receive 1-2 years of maintenance treatment.

* Patients with several episodes or exacerbations are to receive maintenance treat-
ment for 5 years or longer after the last episode.

* Patients with a history of suicide attempts or showcasing aggressive behavior
should receive treatment for longer time periods.
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Rapid initiation of drug treatment is of utmost importance, specifically within
the first 5 years after an acute episode, as this is the duration where most neurological
changes in the brain take place [19].

13.3 Augmentation and combination therapy

In case of inadequate or subtherapeutic response to clozapine therapy in the
patients both the augmentation (i.e., ECT and or a mood stabilizer) and combination
therapy (with another antipsychotic) may be considered.

However, exposure to multiple antipsychotics at the same time may increase the
risk of serious side effects [20].

The practicing physicians should contemplate the following factors before admin-
istering the augmentation therapy: [21].

* The augmentation therapy should be considered in patients with a prior inad-
equate or subtherapeutic response to therapy.

* Augmentation agents are effective in treating symptoms of schizophrenia when
given in conjunction with other treatment modalities.

* In case of lack of clinical response to the augmentation strategy, the therapy
should be withheld and other options should be contemplated.

Mood stabilizers, anxiolytics, anti-depressants, and anti-convulsant are com-
monly used as drugs in the augmentation therapy [22].

Treatment during the acute phase of schizophrenia is followed by a maintenance
phase of treatment which aims at increasing socialization and improving self-care and
mood.

Maintenance treatment is essential to help prevent relapse of symptoms. In most
schizophrenia patients, it is difficult to implement effective rehabilitation programs
without using antipsychotic agents [19].

14. Mechanism of drugaction

The exact mechanism by which the antipsychotic drugs produce their effects
remains obscure. Depending on their receptor affinities, they are mainly categorized
as follows:

1. Typical or older antipsychotic agents, which produce their therapeutic effects pri-
marily via high dopamine (D,) antagonism and low serotonin (5-HT,,) antagonism;

2.The therapeutic efficiency of atypical neuroleptics, revolves around the antago-
nism of the N-methyl-D-aspartate (NMDA) and al and a2 adrenergic activity,
thereby modifying the balance between 5-HT2 and D2 receptor activity. These
agents demonstrate moderate to high D, and 5-HT2A receptor antagonism [23].

To contain the positive symptoms of schizophrenia, at least 60-65% of D, recep-
tors must be occupied by the antipsychotic agents, whereas >77% of D, receptor
blockade has been associated with the extrapyramidal symptoms [23].
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The improvement in the negative paradigms of schizophrenia and the cognitive
benefits with the use of atypical antipsychotics has been attributed primarily to the
5-HT,, antagonism in combination with the D, antagonism, resulting in the release of
dopamine into the prefrontal cortex [17].

15. Side effects of the antipsychotic drugs
15.1 Endocrine system

Hyperprolactinemia has been seen to occur in up to 80% of patients treated with
antipsychotic agents like risperidone or paliperidone, which may lead to sexual dys-
function, decreased libido, menstrual irregularities, or gynecomastia. Some of the
newer atypical antipsychotic agents like aripiprazole or ziprasidone may serve as pos-
sible replacement treatment options in the patients with increased prolactin levels [24].

Weight gain is another significant side effect in patients receiving antipsychotic
drugs and may eventually lead to non-adherence.

Antipsychotic drugs also can increase the risk of type-II diabetes. Olanzapine has
the greatest risk of diabetes, followed by risperidone and quetiapine [24].

15.2 Cardiovascular system

Orthostatic or postural hypotension and tachycardia are attributed to the ol adre-
noceptor blockade and vagal inhibition, respectively. These have been seen to occur
in up to 75% of patients treated with an antipsychotic agent. Patients with diabetes,
pre-existing cardiovascular disease, or elderly age appear to be at a greater risk, and
counseling regarding the same should be practiced [17].

ECG changes, especially QTc prolongation, can occur with the use of antipsychotic
agents such as thioridazine, clozapine, iloperidone, and ziprasidone. QTc prolonga-
tion should be constantly monitored throughout the therapy, and treatment must be
discontinued if this interval consistently exceeds 500 msec. The choice of an antipsy-
chotic agent should be based on the patient profile taking into consideration patients’
pre-existing cardiac or cerebrovascular disease or the use of drugs like diuretics or the
drugs that have a tendency to prolong the QTc interval [17].

15.3 Lipid changes

Hypertriglyceridemia, hypercholesterolemia, and dyslipidemia are a possible
squeal in the patients of schizophrenia treated with SGAs or typical antipsychotics
like phenothiazines. Newer antipsychotics that are safer in this regard include drugs
such as risperidone, ziprasidone, and aripiprazole. Olanzapine has been shown to
have negative effects on cholesterol levels and lipids [21].

15.4 Central nervous system
15.4.1 Dystonia
This disorder often results in non-adherence and can be life-threatening. Dystonic

reactions typically accompany treatment with FGAs. Dystonia may be minimized by
using SGAs or by initiating FGAs at lower doses [17].
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15.4.2 Akathisia

Akathisia is an inability to remain still and has been seen in up to 40% of patients
treated with high-potency older antipsychotic agents such as haloperidol and flu-
phenazine. Novel antipsychotics such as quetiapine and clozapine appear to have the
lowest risk for this side effect. The use of propranolol and diphenhydramine may be
helpful in providing relief in this regard [25].

15.4.3 Pseudoparkinsonism

The incidence of this disorder has ranged from 15% to 36% in patients treated with
FGAs. There is an increased risk of drug induced Parkinsonism with higher doses of
risperidone. Although the incidence of the same taking into consideration, the use of
novel antipsychotics in the treatment of schizophrenia-increased risk is relatively low.
Treatment of drug-induced Parkinsonism is with the use of anti-cholinergic agents
such as trihexyphenidyl and procyclidine [17].

15.4.4 Tardive dyskinesia

Characterized by involuntary oro-buccal-lingual dyskinesias. The prevalence of
the disorder is up to 25% among patients receiving FGA therapy. The risk of tardive
dyskinesia is significantly lower with the use of newer generation antipsychotic
agents. The management of tardive dyskinesias involves increasing the cholinergic
activity along with “neurolept-holidays” [17].

15.4.5 Sedation

Chlorpromazine, thioridazine, mesoridazine, clozapine, olanzapine, and
quetiapine have the highest sedation potential. The potential of these agents could
be exploited in patients of schizophrenia accompanied by irritation and insomnia.
Studies have shown that SGAs offer superior cognitive benefits compared with
FGAs [17].

15.4.6 Seizures

All antipsychotic agents carry an increased predisposition to cause seizures. The
antipsychotic agents that are the most infamous for causing seizures are clozapine and
chlorpromazine. Antipsychotic agents including risperidone, molindone, thiorida-
zine, haloperidol, pimozide, trifluoperazine, and fluphenazine are associated with the
lower risk in this regard.

15.4.7 Poikilothevmia

One of the severe side effects of antipsychotic therapy is poikilothermia.
Patients may be at increased risk of heat stroke because of the inability to dis-
sipate excess body heat, especially during exercise or physical exertion. These
side effects most commonly occur during treatment with the older antipsychotics
such as chlorpromazine, but they have also been associated with the SGAs such as
clozapine [17].
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15.4.8 Neuroleptic malignant syndrome (NMS)

It is a life-threatening side effect of antipsychotic drug therapy in extremely
sensitive to the extrapyramidal side effects of neuroleptics. The incidence of NMS is
up to 1.0% in the patients treated with the older antipsychotics such as fluphenazine
and haloperidol. The novel antipsychotic agents appear to be relatively safer in this
regard. The treatment of NMS involves the use of drugs such as dantrolene, diaz-
epam, and bromocriptine [17].

15.4.9 Miscellaneous adverse effects

Schizophrenia medications can cause a variety of other adverse effects, including
the following:

* Chlorpromazine is commonly associated with opaque deposits in the lens.

* Quetiapine is associated with an increased risk of cataracts. Whereas, thiorida-
zine at doses >800 mg daily is at risk of retinitis pigmentosa.

* Clozapine has been associated with urinary hesitancy and retention.
* FGAs and risperidone have a greater tendency to cause sexual dysfunction.
* Treatment with antipsychotics can cause transient leukopenia.

* Clozapine, chlorpromazine, and olanzapine are associated with a risk of hemato-
logical complications such as neutropenia or agranulocytosis.

* Both FGAs and SGAS can cause photosensitivity reactions.

The varying safety profiles of antipsychotic medications may be due to their
effects on various neuroreceptor systems.

16. Progress evaluation

The progress of recovery during the treatment of schizophrenia is both objective
and subjective.

Objectively, the recovery can be quantified by the relief of symptoms and the
return of the patient to work. The use of various scales including the Brief Psychiatric
Rating Scale (BPRS) and the Positive and Negative Syndrome Scale (PANSS) serve as
valuable pointers in the improvement of schizophrenia.

Subjective parameters of recovery are measured by the patient themselves in terms
of his or her life satisfaction, feeling of hope, and knowledge about his or her mental
illness [26].

Despite continuous recent therapeutic advances into the treatment, thereisa
significant number of years lost to disability and a substantial reduction in life expec-
tancy in the patients suffering from schizophrenia by about 10-25 years [26].
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17. Antipsychotic drugs
17.1 Typical antipsychotic drugs (older generation antipsychotic drugs)
17.1.1 Butyrophenone

Butyrophenones are synthetic compounds employed as antipsychotic medications.
Besides treating psychotic conditions, certain members have demonstrated effective-
ness in controlling nausea and vomiting. A few examples within this class include
haloperidol, droperidol, melperone, domperidone, and benperidol.

17.1.2 Haloperidol

Haloperidol, a widely used first-generation typical antipsychotic, is used to
address the positive symptoms of schizophrenia. It blocks the dopaminergic D2 recep-
tors in the brain. It reaches its peak effectiveness at 72% receptor blockade. However,
besides blocking the D2 receptors, haloperidol also blocks the noradrenergic, cholin-
ergic, and histaminergic receptors, which amount to several adverse drug reactions.

17.1.2.1 Pharmacokinetics

Absorption: Haloperidol is a highly lipophilic drug, and its oral bioavailability is
70%. The time to reach peak plasma concentration is 6 hours after oral administra-
tion. It is approximately 93% plasma protein bound. It undergoes extensive metabo-
lism in the liver via sulfoxidation and CYP3A4, 2D6, and 1A2 enzymes [27].

Approximately 30% of haloperidol is primarily excreted in the urine.

Schizophrenia: The recommended dosing involves oral administration of 5-20 mg,
taken 2-3 times a day. The maximum recommended oral dosage should not exceed
100 mg/d.

17.1.2.2 Extrapyramidal adverse effects

Acute dystonia, akathisia, neuroleptic malignant syndrome (NMS), Parkinsonism,
and tardive dyskinesia (TD) are commonly observed in haloperidol therapy.

Other less common adverse effects include orthostatic hypotension, lens opacities,
anxiety, cerebral edema, depression, dizziness, confusion, anorexia, constipation,
dyspepsia, ileus, QT prolongation, and torsades de pointes [28].

17.1.3 Pimozide

Pimozide is commonly used as an antipsychotic agent. It works by affecting the
balance of certain neurotransmitters in the brain, helping to alleviate symptoms of
delusions and hallucinations.

17.1.3.1 Pharmacokinetics

Pimozide is well-absorbed orally and reaches peak concentrations within a few
hours. It is widely distributed throughout the body, including the central nervous
system (CNS). It is metabolized through the CYP450 enzyme system. Its long half-life
leads to a sustained duration of action. The drug and its metabolites are excreted in
the feces, with a smaller portion excreted in the urine.
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17.1.3.2 Dosage

The dosage of pimozide is usually started from 1 to 2 mg/day.

17.1.3.3 Adverse reactions

Changes in prolactin levels, menstrual irregularities, and blood dyscrasias.
Neuroleptic malignant syndrome, QTc prolongation, sedation, drowsiness, affect-
ing alertness and concentration dry mouth, constipation, urinary retention, blurred
vision, and weight gain.

Extrapyramidal symptoms including tremors, rigidity, bradykinesia, tardive
dyskinesia are seen with the use of pimozide.

17.1.4 Phenothiazines
17.1.4.1 Chlorpromagine

Chlorpromazine belongs to the first-generation antipsychotic (FGA) or typi-
cal antipsychotics. It exerts its antipsychotic effect by blocking post-synaptic D2
receptors in the mesolimbic pathway. However, its extrapyramidal side effects are
attributed to the blockade of D2 receptors in the nigrostriatal pathway. The antiemetic
effect of chlorpromazine is attributed to the combined blockade of histaminergic H1,
dopaminergic D2, and muscarinic M; receptors in the vomiting center.

17.1.4.2 Pharmacokinetics

Chlorpromazine is metabolized primarily by the CYP1A2 and 2D6 enzymes.
Elimination takes place through urine, bile, and feces, with a half-life ranging from 10
to 40 hours for its active metabolite.

The medication is available as tablets and can also be administered as intramuscu-
lar and intravenous injections.

17.1.4.3 Dosage

The dose is initially started from 25 to 75 mg/day orally twice a day to a range of
100-1000 mg/day.

The parenteral route of the drug is initially started at 25 mg, followed by 25-50 mg
after 1-4 hours. The usual dose can be up to 800 mg/day.

17.1.4.4 Adverse drug reactions (ADRs)

It causes non-neurologic side effects such as dryness of mouth, blurring of vision,
dizziness, postural hypotension, urinary retention, and constipation by blocking
the muscarinic receptors. Elderly age patients are particularly at an increased risk of
angle-closure glaucoma. Due to the blockade of the histamine H1 receptors, there is an
increased potential for sedation.

It also causes hyperprolactinemia, gynecomastia, galactorrhea, erectile
dysfunctions irregular menstruation, oligomenorrhea, amenorrhea, and galactorrhea.

Corneal depositions, QT interval prolongation, cholestatic jaundice, and
drug induced hepatotoxicity, which may significantly increase the alanine

116



Existing and Newer Therapies in the Management and Diagnosis of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005073

aminotransferase level (ALT). Regular monitoring of the liver enzymes should be
done during chlorpromazine therapy, and in case of the early detection of liver injury,
the drug should be stopped.

Chlorpromazine can also cause EPS such as acute dystonia, akathisia,
Parkinsonism, and tardive dyskinesia (TD) [29].

17.1.5 Thiovidazine

It is a typical antipsychotics used to effectively treat the positive symptoms of
schizophrenia, such as hallucinations, delusions, and disorganization by blocking
D2 receptors in the mesolimbic pathway. Thioridazine is a substrate of the hepatic
enzyme CYP450 2D6 and is also an inhibitor of the same enzyme.

17.1.5.1 Dosage

Thioridazine is initiated from 50 to 100 mg three times per day to a maximum of
800 mg/day.

17.1.5.2 ADRs
17.1.5.2.1 Extrapyramidal side effects

It is associated with a risk of developing EPS including dystonia, Parkinsonism,
and tardive dyskinesia. The neuroleptic malignant syndrome (NMS) is another seri-
ous side effect.

Thioridazine is associated with prolonged QTc intervals, such as torsades de
pointes. Hence, initiating this medicine at a lower dose is advised, and a prior ECG
should be done.

Pigmentary retinopathy is specific to thioridazine. Nonspecific symptoms include
dry mouth, dry eyes, sedation, orthostatic hypotension, weight gain, dizziness,
erectile dysfunction, pruritus, photosensitivity, and constipation. Rare ADRs include
irreversible retinal pigmentation, poikilothermia, and agranulocytosis [29].

17.1.6 Fluphenazine

Fluphenazine is a high-potency antipsychotic agent which brings about its thera-
peutic effect largely through antagonism of post-synaptic D-2 dopaminergic receptors
in mesolimbic, nigrostriatal, and the tuberoinfundibular pathways. The blockage of
post-synaptic dopaminergic D-2 receptors in the mesolimbic pathway addresses the
positive symptoms of schizophrenia.

Owing to the antagonistic actions on the al adrenergic receptors, fluphenazine
is known to cause various cardiac side effects. Fluphenazine has strong antagonistic
effects at both muscarinic M-1 and histaminergic H-1 receptors.

17.1.6.1 Dosage

Fluphenazine is typically initiated from 2.5 to 10 mg/day divided every 6 to 8 hours.

Fluphenazine has a relatively half-life of about 15 hours. The injection formula-
tions are dosed from 12.5 to 25 mg I.M. or S.C. every 28 days. The maximum dose of
fluphenazine is 40 mg/day.
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17.1.6.2 Pharmacokinetics

It is extensively metabolized and undergoes “first pass” metabolism in the hepato-
cytes and is excreted both via the urinary and fecal route. It is >90% plasma protein
bound. With oral fluphenazine, peak plasma/serum levels are attained within a few
hours. Fluphenazine crosses the blood-brain barrier and the blood-placental barrier
easily and cannot be removed by dialysis.

17.1.6.3 ADR

Due to the dopamine receptor antagonism as well as its anticholinergic
antihistaminic and alpha receptor blocking actions, fluphenazine has a wide range
of adverse effect profile. Fluphenazine is commonly associated with sedation,
dryness of mouth and eyes, blurring of vision, urinary retention and constipation,
orthostatic hypotension, reflex tachycardia, and dizziness. Extrapyramidal side
effects including akathisia, pseudo-parkinsonism and tardive dyskinesia are also
observed [30].

Endocrinal side effects such as galactorrhea, gynecomastia, sexual dysfunction,
amenorrhea in females, and on off-cycle bleeding can occur. Various serious side
effects including neuroleptic malignant syndrome, liver function abnormalities,
jaundice, seizures, and agranulocytosis have been observed. It carries a black-box
warning for increased risk of cerebrovascular events and death especially in the
elderly patients. QT interval prolongation and T-wave abnormalities have been also
been associated with its use [30].

17.1.7 Thioxanthenes
17.1.7.1 Flupentixol

It is a typical antipsychotic drug of the thioxanthene class.

Although commonly prescribed as an oral tablet formulation, it is mainly used
is as a long-acting injectable formulation that can be given once or twice a month to
individuals with schizophrenia having poor compliance and adherence with the oral
medications and/or a history of frequent relapses.

17.1.7.2 Pharmacokinetics

It is absorbed 40% after oral administration. It is widely distributed through-
out the body including the CNS. It is 99% plasma protein bound. It is extensively
metabolized. The metabolites are excreted in the feces and urine. The dihydrochloride
metabolite has a half-life of 35 hours.

The dose range of flupenthixol varies from 10 to 200 mg/2 to 4 weeks.

17.1.7.3 Adverse drug reactions
Hypokinesia, muscle rigidity, Parkinsonism, tremors, akathisia, dystonia, dry

mouth, dizziness, blurring of vision, agranulocytosis, and osteoporosis on long-term
use [31].
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17.1.8 Sulpiride

Sulpiride is an antipsychotic medication that belongs to the benzamide class.
Sulpiride exerts its therapeutic effects by blocking dopamine D2 and D3 receptors.

17.1.8.1 Pharmacokinetics

Following oral administration, it has a bioavailability of 30%. It is approximately
40% plasma protein bound particularly to albumin. It is has a plasma half-life around
8 hours. It has an aVD of about 2.72 + 0.66 L/kg.

17.1.8.2 Dosage

The usual dosage is started from 4 mg twice a day.
Side effects include extrapyramidal symptoms, sedation, weight gain, dyslipidemia,
and hyperprolactinemia [32].

17.2 Atypical neuroleptics
17.2.1 Clozapine

It is a second-generation or atypical antipsychotic. It acts as an atypical antipsychotic
to dopamine and serotonin receptors. It binds to the 5-HT1A and D4 receptor more than
the D2 receptor, contributing to decrease adverse events and extrapyramidal symptoms.
Unlike other antipsychotics, clozapine does not cause a rise in prolactin level.

17.2.1.1 Pharmacokinetics

The peak concentrations are attained in 2.5 hours. It exhibits approximately 97%
plasma protein binding. The uptake of clozapine in the liver is by solute carrier family
(SLC) transporter protein. Clozapine is metabolized by CYP3A4. It has a half-life up to
12 hours. Approximately 50% of clozapine is excreted in the urine and 30% in the feces.

Treatment is started from 12.5 mg once or twice daily and increased by 25-50 mg
daily to target 150-600 mg daily in divided doses by day 14.

17.2.1.2 Adverse effects

Agranulocytosis mandating weekly WBC count especially for first 3 months of ther-
apy, myocarditis, metabolic syndrome, hyperglycemia, hypertriglyceridemia, seizures,
excessive salivation, pulmonary embolism, and neuroleptic malignant syndrome [33].

17.2.2 Olanzapine

Olanzapine is a second-generation (atypical) antipsychotic medication. It works as
D2 receptor antagonist at the post-synaptic receptors leading to a decrease in posi-
tive symptoms in patients, including hallucinations, delusions, disorganized speech,
thoughts, and behavior. Olanzapine is similar neurochemically to clozapine but has a
significant risk of inducing weight gain.
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Olanzapine works similarly on serotonin SHT2A receptors in the frontal cortex
as an antagonist and decreases negative symptoms, including anhedonia, flat affect,
alogia, avolition, and poor attention.

17.2.2.1 Pharmacokinetics

Absorption: Steady-state plasma concentration in about 1 week. The time to peak
concentration is 6 hours for oral formulation. The volume of distribution is approxi-
mately 1000 L, and it is 93% plasma protein bound.

Olanzapine is extensively metabolized by glucuronidation and the cytochrome
P450 system primarily CYP1A2 and 2D6. The half-life of olanzapine is approximately
30 hours. Olanzapine is excreted primarily via the renal route (57%) and feces
(30%).

The usual dosage is started from 2.5, 5, 7.5, 10, 15, and 20 mg dosages to targeted
10-30 mg/day.

17.2.2.2 Adverse drug reaction

Impaired glucose tolerance, metabolic syndrome, increased akathisias, and
extrapyramidal symptoms [34].

17.2.3 Risperidone

It exhibits their therapeutic effects through some D2 and SHT2A blockade. Their
binding affinity to the D2 receptors is low accounting for the lesser likelihood of
causing EPS. The relative potency is more toward the 5-HT?2 receptor sites than the D2
receptor sites. Risperidone also exerts considerable a2 antagonism.

Paliperidone is a recently approved agent that is a metabolite of risperidone and
shares many of its properties.

They are agonist at the SHT1A receptor, besides it also has additional serotonin
and norepinephrine reuptake inhibiting effects. The blockade of the D2 receptors
specifically in the mesolimbic pathway is thought to be the reason for the improve-
ment in the positive symptoms of schizophrenia.

The dosage is started from 1 mg daily, to a maximum dose of 16 mg daily.

17.2.3.1ADR

Acute dystonia, akathisia, tardive dyskinesia, weight changes, metabolic changes,
and sedation are significant concerns with risperidone [35].

17.2.4 Quetiapine

Quetiapine has many complex mechanisms, but it mediates its pharmacological
effect via its SHT2 antagonistic action. Quetiapine has a strong affinity for the 5-HT2
and on the dopaminergic D1 and D2 receptors, where they act as an antagonist to
bring about the therapeutic response. Additionally, it has anxiolytic and antidepres-
sant properties owing to the blockade of the norepinephrine transporter (NET) and
partial agonistic activity at the 5 HT1A receptor, respectively. Quetiapine is distinct in
having a weak D2 effect but potent a1 and histamine blockade.

The usual dose is 300-800 mg/day. The half-life for quetiapine is about 7 hours.
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17.2.4.1 Adverse drug reactions

It is associated with an increased risk of death in dementia-related psychosis
in elderly patients. Neuroleptic malignant syndrome, increased suicidal ideations,
somnolence, orthostatic hypotension, and dizziness are the most common side effects
of quetiapine [36].

17.2.5 Ziprasidone

Ziprasidone is another atypical antipsychotic agent that has a substantial binding
affinity for the SHT2A receptors compared to the D2, a1, and H1 receptors.

Antagonism at the dopamine (D2) receptor in the mesolimbic pathway may be
responsible in diminishing the positive symptoms, whereas the antagonism at the
SHT2A receptor sites in the mesocortical pathway may be responsible for the reduc-
tion of negative symptoms of psychosis. Ziprasidone causes minimal weight gain and
is unlikely to increase prolactin but may increase QT prolongation.

17.2.5.1 Pharmacokinetics

Ziprasidone has a half-life of 7-10 hours. It attains its steady-state plasma
concentration within 1-3 days of initiation of dosing. The average systemic clear-
ance of ziprasidone is 7.5 ml/min/kg. Elimination of ziprasidone is primarily via the
hepatic route.

17.2.5.2 Dosage

Ziprasidone is started at 20 mg twice per day with meals, to a maximum of
120-200 mg/day. As several days are needed to attain steady-state plasma concentra-
tions, dose adjustments should occur gradually after a few days.

17.2.5.3 ADR

Patients treated with antipsychotic drugs may develop tardive dyskinesia [37].

17.2.6 Aripiprazole

Aripiprazole, an atypical antipsychotic, has shown effectiveness in reducing
irritability, hyperactivity. Acting as a partial agonist at D2 and 5HT-1a receptors and
an antagonist at the SHT-2a receptor. Aripiprazole stabilizes dopamine and serotonin
in specific brain regions, effectively managing positive, negative, and cognitive
symptoms in schizophrenia.

17.2.6.1 Pharmacokinetics

Aripiprazole has an oral availability is 87%. The mean elimination half-life is about
75 hours. Aripiprazole acts as a substrate of both the cytochrome P-450 3A4 and 2D6
isoenzymes, predisposing to various drug-drug interactions.

Dosage aripiprazole should be started at a dose of 10 or 15 mg/day, preferably
administered along with the meals. The maximum dose should not exceed 30 mg/day.
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17.2.6.2 ADR

The most frequent adverse effects are headache, anxiety, insomnia, nausea, vomit-
ing, lightheadedness, weight gain, or prolactin increase as a result of its partial agonist
properties [38].

17.2.7 Zotepine

Zotepine is an antipsychotic medication used in the treatment of various psychiat-
ric disorders, primarily schizophrenia.

17.2.7.1 Pharmacokinetics

Zotepine is typically administered orally, and its absorption may be influenced by
factors such as the formulation of the drug and the individual’s gastrointestinal func-
tion. After absorption, it is distributed throughout the body, including the central
nervous system, where it exerts its therapeutic effects. It undergoes metabolism in
the liver, through the cytochrome P450 system. Zotepine and its metabolites occurs
through renal excretion and possibly through hepatic routes.

17.2.7.2 Dosage
25 mg tid increased at 4-day interval to a maximum of 100 mg tid.
17.2.7.3 Adverse reactions

Common side effects of zotepine may include sedation, weight gain, orthostatic
hypotension, and anticholinergic effects such as dry mouth. Metabolic effects, includ-
ing changes in blood glucose and lipid levels, are also seen with its use [39].

17.2.8 Sertindole

Sertindole is an atypical antipsychotic medication. It works by blocking the dopa-
minergic and serotonin receptors which helps to normalize the imbalance of these
neurotransmitters associated with psychotic disorders.

17.2.8.1 Pharmacokinetics

Sertindole is typically administered orally, and its absorption may be influ-
enced by factors such as the formulation of the drug and individual variations in
gastrointestinal function. After absorption, sertindole is likely to be distributed
throughout the body, including the central nervous system, where it exerts its
therapeutic effects. Sertindole undergoes extensive hepatic metabolism, primarily
through the cytochrome P450 enzyme system. The elimination of sertindole and
its metabolites primarily occurs through renal excretion and possibly through
hepatic routes.

17.2.8.2 Dosage

Initially started with 4 mg/day to a maximum of 24 mg/day.
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17.2.8.3 Adverse reactions

Common side effects may include sedation, weight gain, increased appetite,
orthostatic hypotension, and QT interval prolongation [40].

17.2.9 Asenapine

It is an atypical antipsychotic medication that is used for the treatment of schizo-
phrenia and bipolar disorder.

17.2.9.1 Pharmacokinetics

Absorption: It is formulated for sublingual administration. The sublingual route
allows for rapid absorption and onset of action. It is extensively plasma protein
bound. It undergoes hepatic metabolism, through the cytochrome P450 (CYP)
enzyme system. The elimination half-life of asenapine is relatively short, and it is
eliminated through both hepatic and renal routes.

Drug Interactions: Asenapine may interact with other medications that are strong
inhibitors or inducers of CYP1A2 and CYP2D6 influencing their plasma concentrations.

Dosage: Asenapine is typically administered sublingually in doses of 5-10 mg
twice daily.

Adverse reactions: Common side effects may include sedation, somnolence,
weight gain, metabolic effects, orthostatic hypotension, and increased blood glucose
levels. It is also associated with a risk of extrapyramidal side effects [41].

17.2.10 Lurasidone

Lurasidone is an atypical antipsychotic. The mechanism of action of lurasidone
involves both the dopaminergic and serotonergic receptors. It acts as an atypical
antipsychotic owing to the antagonism at the D2, 5-HT2A receptors, whereas antago-
nism at the 5-HT7 and partial agonism at the 5-HT1A receptors contribute to the
antidepressant properties of lurasidone.

17.2.10.1 Dosage

Lurasidone is available in various strengths, that is, 20, 40, 60, 80, and 120 mg
tablets. It is poorly soluble after oral ingestion. It should be administered with a
slightly high calories diet, regardless of the fat content, which helps in increasing its
oral bioavailability. Upon administration the time to peak plasma concentration takes
about 3 hours, and a steady-state concentration is achieved in 7 days. Lurasidone is
primarily metabolized by CYP3A4 isoenzyme.

Usually started from 40 mg/day to a maximum dose of 160 mg/day in adults and
80 mg/day in adolescents. In the case of renal and hepatic impairment, the maximum
dose is 80 mg/day.

17.2.10.2 Adverse effects

Lurasidone is a relatively safety advantage with a reduced risk of metabolic side
effects such as hypercholesterolemia, hyperlipidemia, hyperglycemia, and weight
gain when compared with the other atypical antipsychotic agents.
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The most common adverse effects experienced are nausea, akathisia, somnolence,
weight gain, sedation, and drug-induced Parkinsonism [42].

18. Newer approaches
18.1 Ulotaront

Ulotaront (SEP-363856) is a trace-amine-associated receptor 1 (TAAR1) agonist
having a 5-HT1A receptor agonist activity. It is in phase III clinical development,
with FDA breakthrough therapy designation, for the treatment of schizophrenia.
Population-based pharmacokinetic analysis showed that ulotaront was rapidly
absorbed and quickly cleared from plasma after oral administration to subjects with
schizophrenia. The plasma protein binding of ulotaront is relatively low. It has been
shown to inhibit CYP2D6, and it induces CYP2B6 [43].

18.2 Ralmitaront

Ralmitaront (RO6889450) is a TAARI partial agonist presently undergoing phase
II clinical trials.
Further results are awaited.

18.3 KarXT (xanomeline-trospium)

Xanomeline is a dual M; and M, muscarinic receptor agonist having negligible
D, dopamine receptor blockage, which is unlike the presently available therapies
for schizophrenia. Xanomeline-trospium (KarXT) combines xanomeline with the
peripherally restricted muscarinic receptor antagonist trospium chloride with the
goal of improving xanomeline-related adverse events associated with peripheral mus-
carinic receptors. In the phase III EMERGENT-2 trials, it has been shown to decrease
positive and negative symptoms of schizophrenia [44].

18.4 Emraclidine (CVL-231)

Emraclidine is a novel, brain-penetrant, highly selective M, receptor positive
allosteric modulator in development for the treatment of schizophrenia. It is presently
in phase II clinical trials. M4 receptor subtypes are selectively expressed in the stria-
tum and activation of these receptors has been shown to indirectly regulate dopamine
levels without blocking D2/D3 receptors, which may lead to unwanted motor side
effects seen in current antipsychotics [45].

18.5 Pimavanserin

It is a selective serotonin receptor-modulating agent with a preferable inverse
agonist/antagonist activity at serotonergic 5-HT,, receptors. Steady-state Cy,x and
AUC_»4 values are approximately 3- to 5-fold greater after once-a-day oral adminis-
tration (50-150 mg) for 14 days, which is consistent with pimavanserin’s long plasma
half-life (57 hours). The oral bioavailability of pimavanserin is 99.7% [46].

124



Existing and Newer Therapies in the Management and Diagnosis of Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1005073

18.6 Luvadaxistat (TAK-831)

Luvadaxistat (also known as TAK-831 and NBI-1065844) is a potent investigational,
first-in-class oral selective inhibitor with high binding affinity to DAAO inhibitor and
supposedly increases the NMDA activity. It is developed for the management of nega-
tive symptoms and cognitive impairment associated with schizophrenia (CIAS) [47].

18.7 Cannabidiol

Cannabidiol (CBD) is a phytocannabinoid that is an important constituent of
Cannabis sativa and has been postulated to be of pharmacological benefits in schizo-
phrenia. Delta-9-tetrohydrocannabinol (THC) is the main psychoactive ingredient in
cannabis having anxiogenic, psychotomimetic, and amnestic effects. CBD has been
seen to possess anxiolytic, antipsychotic, and anticonvulsant properties. Several trials
are underway to establish its therapeutic potential [48].

18.8 Brexpiprazole

Brexpiprazole has been approved by the FDA for treatment of schizophrenia
in adults. Its indication was expanded to the treatment of agitation and dementia
associated with Alzheimer’ disease. It has a high affinity for the D2 and the 5-HT2A
receptors and is a potent partial agonist at the 5-HT1A and 5-HT2C receptors.
Brexpiprazole has been found to be efficacious for long-term management of schizo-
phrenia as it shows a relatively favorable adverse effect profile besides reducing both
positive and negative symptoms and has low tendencies to cause EPS [49].

18.9 Samidorphan and olanzapine

Samidorphan, a p-opioid receptor antagonist, and olanzapine combination
marketed as Lybalvi, is used in the treatment of adults with schizophrenia and bipolar
disorder 1. The combination is available as an oral tablet composed of multiple
strengths of olanzapine (5-20 mg) and a fixed dose of 10 mg of samidorphan. In
studies enrolling healthy adults and adults with schizophrenia, the combination of
olanzapine with samidorphan, a p-opioid receptor antagonist, mitigated weight gain
associated with olanzapine monotherapy [50].

18.10 Sarcosine

N-methyl-glycine (sarcosine) is a potent inhibitor of glycine transporter-1.
Sarcosine generally has negligible side effects and is very well tolerated by people with
schizophrenia. Larger and longer studies with adequate sample sizes are mandated to
better estimate the long term effectiveness and safety and to establish the therapeutic
potential of sarcosine as an augmentation therapy to present antipsychotic therapy [51].

18.11 Bitopertine
It is an alternative formulation for schizophrenia that focuses primarily on the dis-

turbances of brain glutamatergic neurotransmission, particularly at the NMDA recep-
tors (NMDAR). Long-term trials are needed to establish its therapeutic benefits [52].
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18.12 Repetitive transcranial magnetic stimulation (rTMS)

r'TMS is widely used in the treatment of various psychiatric disorders. Stimulation
of patients’ temporoparietal areas may treat schizophrenic patients’ hallucinatory
symptoms, and stimulation of patients’ frontal areas may improve patients’ negative
symptoms and cognition. Because of the slow disease progression, patients often have
to take the medication for a long time, so the side effects of the medication cannot
be ignored. The side effects of long term anti-schizophrenia medication can cause a
plethora of side effects including insulin antagonism, adrenaline antagonism affect-
ing glucose and lipid metabolism, cardiac arrhythmias, and other various adverse
reactions. Although several trials are underway, large-scale studies are needed to
establish their therapeutic benefits [53].

19. Conclusion

Schizophrenia is a serious mental disorder that affects the patients and their
relatives. The management of schizophrenia involves an interplay of both the phar-
macological and non-pharmacological interventions. A total of >30% of patients
remain resistant to the existing treatment. Newer drugs targeting various targets are
in different phases of drug development. The quest for an optimally designed drug
with desirable safety and efficacy is still on.
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Artificial Intelligence and
Schizophrenia: Crossing the Limits
of the Human Brain
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Abstract

This chapter delves into the transformative role of Artificial Intelligence (AI) in
the diagnosis, treatment, and management of schizophrenia. It explores how Al’s
advanced analytical capabilities can address the complexities of this psychiatric
condition. The discussion begins with an overview of AI's growing significance in
healthcare, highlighting its potential in enhancing diagnostic precision and personal-
izing treatment strategies. Then, specific Al applications in schizophrenia care are
examined, including early detection in at-risk individuals, Al-driven diagnostic
tools, and the role of Al in guiding treatment choices. Furthermore, it discusses the
challenges in translating AT’s theoretical potential into practical clinical applications,
particularly in accurately distinguishing between various psychiatric conditions. The
ethical, legal, and privacy concerns arising from AlI’s integration into healthcare are
also revised, emphasizing the need for balanced strategies and policies. This compre-
hensive examination of Al in schizophrenia care not only underscores its potential
to revolutionize patient care but also highlights the crucial need for ongoing research
and development to overcome current limitations and ethical challenges.

Keywords: artificial intelligence, machine learning, schizophrenia, early detection,
predictive analytics, personalized treatment

1. Introduction
1.1 Artificial intelligence (AI) and its growing role in healthcare

In recent years, Al has emerged as a transformative force in various sectors, with
healthcare being one of the most promising and rapidly evolving areas [1]. The
infusion of Al into healthcare promises to enhance efficiency, accuracy, and out-
comes across a spectrum of processes, ranging from patient diagnosis to treatment
and long-term disease management. This technological revolution is particularly
significant in the context of complex and multifaceted disorders like schizophrenia,
where traditional approaches often encounter limitations in terms of early detection,
personalized treatment, and continuous monitoring [2].
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Artificial Intelligence (AI), with its unparalleled ability to analyze large datasets,
recognize patterns, and learn from outcomes, presents an opportunity to address
some of the most enduring challenges in schizophrenia care [1]. By leveraging tech-
nologies, such as machine learning, natural language processing, and predictive ana-
lytics, Al can assist in unveiling subtle nuances of the disease that often go unnoticed
in conventional methods [2].

1.2 World Health Organization (WHO)’s 2023 report about the current state of Al
in healthcare

As we progress through 2024, Al continues to play a transformative role in the
healthcare sector. This overview released by the WHO [3] discusses the current state
and future prospects of Al applications in healthcare. This list is by no means exhaus-
tive, but instead aims to provide the reader with recent updates on this constantly
evolving field.

* Enhanced diagnostics and personalized medicine: As previously mentioned,
through the rapid processing of large amounts of data, Al-driven diagnostic tools
are significantly advancing in terms of accuracy, particularly in early disease
detection. Moreover, Al is pivotal in personalized medicine, tailoring treatments
based on individual patient data, genetics, and lifestyle factors. These advance-
ments are optimizing patient outcomes by providing more precise and effective
treatment plans.

* Predictive analytics for disease prevention: Al’s predictive analytics not only aid
in early diagnosis, but can also forecast potential health issues before they occur,
based on patterns in individual health data. This proactive approach allows
healthcare providers to intervene early, potentially preventing or mitigating the
onset or progression of diseases.

* Improving patient care and experience: Al-powered chatbots and virtual assis-
tants are enhancing patient engagement by providing round-the-clock support.
Wearables integrated with AI monitor health metrics in real time, enabling
continuous care and timely interventions [4]. These technologies are not only
improving patient care but are also making healthcare more accessible and
efficient.

* Revolutionizing medical imaging: AI algorithms are refining the analysis of
medical imaging, aiding in the early detection of conditions like cancer, which
leads to improved treatment efficacy and survival rates.

* Drug discovery and development: Al is accelerating the drug discovery pro-
cess by analyzing large datasets to predict molecular interactions and identify
potential compounds for treating various diseases. This acceleration could lead to
faster introductions of new treatments to the market.

* Streamlining administrative tasks: Al-driven automation is alleviating admin-
istrative burdens in healthcare. This includes handling routine tasks, such as
billing, scheduling, and data entry, allowing healthcare professionals to focus
more on patient care.
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Artificial Intelligence (AI) in healthcare is witnessing continuous growth and
innovation, with its applications ranging from diagnostic accuracy to operational
efficiency. The integration of Al promises a healthcare future that is more efficient,
accessible, and patient-centric.

1.3 How can Al enhance diagnosis, treatment, and management of schizophrenia?

The diagnosis of schizophrenia, traditionally reliant on clinical assessments
and patient self-reporting, has been fraught with challenges. Al-driven diagnostic
tools promise to bring a level of precision and objectivity to this process, harnessing
algorithms that can analyze and interpret complex patterns in speech, behavior, and
even brain imaging, leading to more accurate and timely diagnoses [5].

In treatment, AI’s role is multifaceted, spanning from facilitating drug discovery
and development to personalizing therapeutic intervention. Al systems can analyze
genetic, environmental, and clinical data to predict individual responses to specific
treatments, paving the way for personalized medicine in schizophrenia care. This not
only enhances the efficacy of treatments but also minimizes adverse effects, leading
to improved patient outcomes and quality of life [6].

Moreover, the management of schizophrenia, a long-term endeavor, may also be
significantly bolstered by AI. Al-powered mobile apps and wearable devices offer new
avenues for continuous monitoring of symptoms and treatment adherence, enabling
timely interventions and better management of the disease. These predictive analytics
can play a crucial role in identifying potential relapses or deterioration, facilitating
proactive care strategies [4].

1.4 Purpose and scope of the chapter

This chapter aims to delve deeply into the burgeoning field of Al-driven innova-
tions in schizophrenia care [1]. It seeks to elucidate how AI technologies can reshape
the landscape of diagnosis, treatment, and management of schizophrenia [2]. The
discussion will encompass a range of Al applications, highlighting both their current
impacts and future potential.

In delving into these areas, this chapter is intended to initiate a preliminary
reflection on the integration of Al into healthcare, especially within the delicate
realm of mental health [3]. Acknowledging the rapid pace of technological advance-
ment, it recognizes the possibility that its insights may become outdated over
time. Nonetheless, it seeks to contribute to the discourse on the potential of Al in
schizophrenia care. By outlining the current state-of-the-art Al applications and
their implications, this chapter aspires to provide valuable perspectives to clinicians,
researchers, and stakeholders in the mental health field. It highlights the initial yet
significant steps Al is taking toward transforming schizophrenia care, emphasizing its
emergent role in this critical area [4].

2. Fundamentals of Al in healthcare

2.1 Basic principles of Al and machine learning

Artificial Intelligence (AI) in healthcare involves simulating human intelligence
processes through technology. Machine Learning (ML), a key subset of Al focuses on
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training algorithms on data to make predictions or decisions. This training can take
various forms, such as supervised, unsupervised, or semi-supervised, depending on
the availability and nature of the data. In healthcare, Al and ML are applied to analyze
complex data, aiding in improved decision-making and patient care outcomes. A
study published in PNAS Nexus highlights the critical importance of multidisci-
plinary collaboration in advancing health through AI/ML, emphasizing the applica-
tion of these methods across a wide range of research areas in healthcare [7].

Artificial Intelligence (AI) is therefore a revolutionary field that intersects tech-
nology and human intellect, aiming to create systems capable of performing tasks
that typically require human intelligence. This field spans various aspects, such as
learning, reasoning, problem-solving, perception, and language understanding. Its
applications are diverse, ranging from simple tasks like sorting data to complex opera-
tions like driving autonomous vehicles or assisting in medical diagnoses.

Artificial Intelligence (AI) is not a singular technology but a collection of meth-
odologies and tools. Its development has been a journey through various phases, from
the initial focus on symbolic AI, where the emphasis was on imitating the logical rea-
soning of humans, to the current emphasis on machine learning and neural networks.

2.2 Understanding machine learning (ML)

Machine Learning (ML) is a pivotal aspect of AI, where algorithms are designed
to learn from data. As these algorithms are exposed to more data over time, they
improve their ability to make predictions or decisions, a process that mimics human
learning. ML can be categorized into different types based on the nature of the learn-
ing process [8]:

* Supervised Learning: In this type, algorithms learn from labeled data, which are
data that have been classified or annotated in some way. The algorithm uses these
data to learn and make predictions. For instance, in healthcare, an algorithm
could be trained with images labeled either as showing a disease or not, enabling
it to identify that disease in new images.

* Unsupervised Learning: Unlike supervised learning, unsupervised learning
involves algorithms learning from unlabeled data. Here, the focus is on finding
patterns or structures within the data. For example, in e-commerce, an unsu-
pervised learning algorithm might analyze customer purchasing data to identify
distinct groups of customers based on buying patterns.

* Semi-Supervised Learning: This type of learning combines elements of both
supervised and unsupervised learning. It’s used when you have a large amount
of data, but only some of it is labeled. The algorithm learns from the labeled data
and applies this learning to the unlabeled data.

* Reinforcement Learning: In reinforcement learning, algorithms learn to make
a sequence of decisions by trial and error, receiving feedback in the form of
rewards or penalties. This type of learning is common in robotics and gaming,
where the algorithm learns to make a series of decisions to achieve a goal.

The effectiveness of ML depends significantly on the quality and quantity of the
data used for training. Large datasets can lead to more accurate and robust models.
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However, it’s crucial to consider the ethical implications of data use, especially in
sensitive areas like healthcare.

Machine Learning (ML) has wide-ranging applications, from diagnosing diseases
to recommending products, detecting fraud, and powering chatbots and self-driving
cars. Its ability to automate complex tasks that are either too time-consuming or
impossible for humans to perform manually makes it a powerful tool in various
industries.

In summary, ML is a dynamic and transformative aspect of Al, continually evolving
and finding new applications across different sectors. For professionals, particularly in
healthcare and psychiatry, understanding these fundamentals of ML can provide valu-
able insights into the potential applications and implications of Al in their fields.

2.3 Understanding deep learning

Deep Learning [9], a sophisticated subset of ML, is centered around neural
networks with numerous layers, commonly known as deep neural networks (DNNs).
These networks are adept at recognizing intricate patterns in data, which is invaluable
for tasks like image and speech recognition.

The core concept of deep learning is to imitate the functioning of the human brain
with artificial neural networks (ANNs). Each “neuron” in these networks is a math-
ematical function that processes input data and passes its output to the next layer.
The “deep” in deep learning refers to the number of layers through which the data
are transformed. More layers allow the network to learn complex patterns at multiple
levels of abstraction, making it powerful for a wide range of applications.

Deep learning networks are trained using large amounts of data and compu-
tational power. During training, these networks adjust their internal parameters
(weights) to minimize the difference between their predictions and the actual
outcomes (known as loss). This process is iterative and continues until the network
optimally performs the task it’s designed for.

These networks come in various forms, each suited for different types of tasks:

* Convolutional Neural Networks (CNNs): Predominantly used in image recogni-
tion and processing, CNNs are adept at recognizing visual patterns directly from
pixel images with minimal preprocessing. They can identify faces, objects, and
traffic signs, making them essential for computer vision applications.

* Recurrent Neural Networks (RNNs): Suited for sequential data like speech and
text, RNNSs can use their internal state (memory) to process sequences of inputs.
This makes them ideal for tasks like speech recognition, language modeling, and
translation.

* Autoencoders: Used for unsupervised learning, autoencoders are designed to
compress the input into a lower-dimensional code and then reconstruct the
output from this representation. This feature is particularly useful for anomaly
detection and denoising.

* Generative Adversarial Networks (GANs): Comprising two networks, a genera-
tor and a discriminator, GANs are used for generating new data that resemble
the training data. They are widely used in image generation, photo editing, and
creating realistic art from sketches.

135



New Approaches to the Management and Diagnosis of Schizophrenia

The effectiveness of deep learning has been demonstrated in various fields, from
autonomous vehicles to medical diagnosis, where it has been instrumental in develop-
ing systems that surpass human-level performance in certain tasks. However, deep
learning models require substantial data and computational resources, and there are
ongoing challenges related to understanding and interpreting the decisions made by
these models.

2.4 Understanding natural language processing (NLP)

Natural Language Processing (NLP) [10] is a vital domain Al that focuses on the
interaction between computers and human language. It involves the development of
algorithms and systems that can read, understand, interpret, and respond to human
language in a way that is both meaningful and useful. This complex field combines
elements of computer science, linguistics, and machine learning to enable computers
to process and analyze large amounts of natural language data.

The applications of NLP are diverse and impactful:

* Chatbots and Virtual Assistants: NLP is the technology behind chatbots and vir-
tual assistants like Siri, Alexa, and Google Assistant. These tools can understand
and respond to voice or text inputs, assist with information retrieval, perform
actions, and even mimic human-like conversations.

* Translation Services: NLP enables the translation of text or speech from one
language to another. Tools like Google Translate utilize NLP algorithms to inter-
pret the text in one language and accurately translate it to another, taking into
account grammar, context, and idioms.

* Sentiment Analysis: NLP is used to analyze opinions, feelings, and attitudes in
written language. This is particularly useful in social media monitoring, market
research, and customer service, where it’s essential to gauge public opinion or
customer sentiment.

* Information Extraction: NLP can be used to extract key pieces of information
from large texts, such as extracting names, dates, and places from news articles
or identifying key terms in legal documents.

* Speech Recognition: NLP algorithms are fundamental in transcribing spoken
language into text, used in voice-controlled devices and for creating subtitles or
transcripts of audio recordings.

* Content Generation: Advanced NLP models, like Generative Pre-trained
Transformer 3 (GPT-3), can generate coherent and contextually relevant text
based on input prompts, which can be utilized for content creation, chatbots, or
even coding.

One of the challenges in NLP is understanding the nuances of human language,
including slang, irony, and context-dependent meanings. Additionally, languages
continuously evolve, requiring NLP systems to adapt and learn over time.

To create efficient NLP systems, data scientists use various techniques, including
tokenization (breaking text into words or phrases), part-of-speech tagging, syntactic
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parsing, and semantic analysis. The advent of deep learning has further advanced the
capabilities of NLP, enabling more accurate and context-aware language processing.

2.5 Understanding computer vision

Computer Vision is another critical field in Al [11], where machines are equipped
to interpret and analyze visual data from the world, akin to how human vision oper-
ates. By processing and understanding visual information, Al systems can perform
a variety of complex tasks that were once considered challenging or impossible for
machines.

This technology involves several key processes:

* Image recognition: Identifying objects and features within images, which can be
applied to areas like security systems.

* Medical image analysis: Assisting in the diagnosis and research of various
conditions through the analysis of medical imagery, which might indirectly
contribute to understanding neurological disorders, including aspects of
schizophrenia.

* Pattern recognition: Essential for facial recognition and analyzing visual pat-
terns, which could have peripheral applications in patient monitoring or behav-
ioral studies related to schizophrenia.

While Computer Vision is less directly involved in schizophrenia research, its
advancements in pattern recognition and image analysis can provide supportive tools
in broader medical research and diagnostics.

Artificial Intelligence (AI) systems require data to learn and make decisions. The
quality, quantity, and diversity of these data significantly impact the performance
of Al systems. Data ethics, including how data are collected, used, and shared, isa
critical consideration in Al

Despite its rapid advancement, Al still faces significant challenges. These include
understanding the decision-making processes of Al systems (often referred to as
the “black box” problem), ensuring fairness and avoiding bias in Al decisions, and
managing the societal and ethical implications of Al

In healthcare, AT has the potential to transform many aspects, from diagnostics
and treatment plans to drug development and patient care. However, the integration
of Al in healthcare must be done with consideration for accuracy, privacy, and ethical
use of patient data.

For professionals in fields like psychiatry, understanding the fundamentals of
Al can provide insights into how this technology might shape future research and
practice in mental health care.

3. Artificial intelligence (AI) applications in schizophrenia care

If there is one takeaway message that is important to learn from this chapter, it is
that AT’s potential in healthcare stems from its ability to process large volumes of data
quickly and accurately, uncovering patterns and insights that might elude traditional
analysis. This capability is crucial for schizophrenia, when we consider this disorder’s
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multifaceted nature, encompassing a wide spectrum of cognitive, behavioral, and
emotional symptoms, which often pose a diagnostic and therapeutic challenge for
clinicians.

As Al continues to evolve, its applications in schizophrenia care are expected
to expand, potentially leading to groundbreaking changes in how this condition is
understood, diagnosed, and treated. The upcoming subsections will delve into the
main areas where Al is making an impact, reflecting a potential paradigm shift in the
management of schizophrenia.

3.1 Early detection in at-risk individuals

The importance of early detection and intervention in schizophrenia has long
been recognized by psychiatrists, with the main objective of reducing the duration of
untreated psychosis [12]. Al is also being explored with this goal in mind, aiding in
the prediction of early symptoms of schizophrenia in individuals who are at a higher
risk for the disease. This early detection can be crucial in initiating timely interven-
tions and possibly mitigating the severity of the disorder. Recent scientific studies
[13-14] have made significant advancements in this area. These leverage Al to under-
stand and predict the onset of schizophrenia.

Significant progress has also been made in identifying high-risk polymorphisms
associated with schizophrenia [15], and efforts are ongoing to translate these into
identifiable biomarkers for the disease. Although the clinical translation of these bio-
markers has not happened yet, it is possible that these susceptibility polymorphisms
could be important in specific at-risk populations with a family history of schizophre-
nia or exposure to childhood trauma. As an example, NEDD4 (neuronal precursor
cell-expressed developmentally downregulated 4) single-nucleotide polymorphisms
and childhood trauma are associated with increased morbidity for this disease,
especially in people with a family history of psychoses [16].

Artificial Intelligence (AI) can aid in the clinical translation of these biomark-
ers, particularly through bioinformatics and computational biology. As previously
explained, Al algorithms are adept at analyzing complex genetic data, identifying
patterns, and establishing correlations that might be obscure through traditional
analysis methods. This includes the analysis of genetic polymorphisms and RNA
expressions related to schizophrenia.

It is also important to note that, although AI’s predictive modeling capabilities
can contribute to the early intervention by forecasting the onset of schizophrenia
in at-risk individuals, the performance of machine learning methods is still highly
varied, as recently documented in a meta-analysis [17], with the area under the curve
(AUC) varying from 0,48 to 0,95. AUC is a measure used in statistics to evaluate the
performance of a classification model. AUC scores range from 0 to 1, with higher
scores indicating better performance. This means that recent studies report varying
success rates in predicting the onset of schizophrenia in at-risk individuals, ranging
from 48-95% success rate.

To illustrate the challenges inherent in psychiatric diagnosis, the Rosenhan experi-
ment [18] offers a striking example of the difficulties faced by psychiatrists in accu-
rately diagnosing schizophrenia. In this landmark study, “normal” individuals who
feigned auditory hallucinations were all admitted to psychiatric hospitals and diag-
nosed with schizophrenia, despite having no history of mental illness. This experi-
ment underscored the subjective nature of psychiatric diagnoses and highlighted the
potential for misdiagnosis. It serves as a reminder of the importance of developing
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more reliable diagnostic methods, such as those AI might provide, to complement the
clinical expertise of psychiatrists.

Several researchers have also been developing specific machine learning algo-
rithms with a purpose in mind. For example, EMPaSchiz [19] was created for predict-
ing schizotypy in first-degree relatives of schizophrenia patients. This innovative
approach demonstrates how Al can be utilized to identify individuals who may be at
risk of developing schizophrenia but do not yet show active symptoms. By analyzing
features extracted from resting-state functional magnetic resonance imaging (fMRI),
the EMPaSchiz algorithm was able to distinguish between individuals with higher
schizotypal personality scores and those without, underlining the potential of Al in
preemptively identifying vulnerability to schizophrenia. This new type of research
marks a significant step in early detection and intervention strategies, highlighting
the role of Al in transforming psychiatric diagnostics.

3.2 Al-driven technologies for diagnosis of schizophrenia

Every psychiatrist is aware of how complex and difficult the diagnosis of schizo-
phrenia can be. The clinician must rely mainly on his observation and clinical judg-
ment, leading to subjectivity and heterogeneity. The fact that the information the
clinician receives to ascertain this diagnosis can also be subjective and unreliable,
being based mainly on patient and relatives’ reports, further contributes to this
problem. Al-driven technologies can theoretically help bring some objectivity to the
diagnosis of this condition and help redefine the concept of schizophrenia itself [20].

One key area of interest is the use of deep learning in schizophrenia research since
this is the newest frontier in Al technology. Deep learning algorithms inspired by the
nervous system (see Section 2) can potentially assist in classifying and predicting
outcomes related to schizophrenia [5]. These methods may offer a new approach to
model and analyze the complex, nonlinear systems inherent in schizophrenia. In
general, existing studies about deep learning methods applied to schizophrenia [5]
have yielded impressive results in terms of accuracy in classification and outcome pre-
diction tasks, justifying the increasing interest in this area. However, methodological
issues affecting the generalizability of the results in several of these studies have been
identified—namely the small sample sizes and the lack of independency between the
training and validation dataset and the testing dataset.

One promising avenue within this field is the use of clinical electroencephalogra-
phy (EEG) in conjunction with interpretable graph neural networks. Recent research
[21-22] has shown that clinical EEG can be effective in capturing abnormal schizo-
phrenia neuropathology, while highlighting the problems the studies in this field face.
While these two studies (both with 84 participants) showed an impressive accuracy
in distinguishing healthy controls from individuals with schizophrenia, with both
sensitivity and specificity above 90%, studies [4] that involve larger samples with
cross-site validation tend to show a more realistic performance, with area under the
curve (AUC) scores ranging from 0.793 to 0.852 and accuracies between 0.786 and
0.858 for varying schizophrenia prevalence. Feature visualization indicated that EEG
theta and alpha band powers are significant biomarkers of schizophrenia pathology,
highlighting their translational potential in multiple clinical settings.

While the results of studies employing advanced technologies like deep learning
and EEG in distinguishing schizophrenic patients from healthy controls are indeed
promising, it’s important to recognize that these findings do not directly translate
into immediate clinical application. One key reason for this is the fact that when
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psychiatrists see a new patient, they are not just deciding whether this person is
healthy or has schizophrenia, but instead have a multitude of factors to consider,
including the patient’s premorbid personality, comorbid conditions, and differentiat-
ing between multiple psychiatric conditions (for example, between schizophrenia
and delusional disorder).

However, while AT models are adept at identifying one condition against a healthy
control, their accuracy tends to diminish when required to differentiate between two
or more psychiatric conditions [6]. This decline in performance can be attributed
to the increased complexity and subtleties involved in distinguishing disorders
with similar symptomatology. The role of Al might be then to assist doctors in cases
of diagnostic uncertainty, especially in dichotomous situations, thereby serving a
complementary rather than a substitutive function.

Moreover, the datasets used in research are often more controlled and less varied
than the patient populations seen in real-world clinical settings, due to the inclu-
sion and exclusion criteria of these studies. In practice, patient presentations are
more diverse, and other factors, such as comorbid conditions, varying stages of the
disorder, and individual patient histories, play a significant role. These real-world
complexities can affect the performance of AI models that were trained on more
homogenous or specific datasets.

The use of Al to interpret functional magnetic resonance imaging (fMRI) and
detect new patterns of structural and functional brain abnormalities in schizophrenia
has also been extensively studied [23-26]. This application of Al in magnetic reso-
nance imaging (MRI) has shown potential in identifying abnormalities in the tempo-
ral and anterior lobes of the hippocampal regions, which are affected in schizophrenia
[27-28]. However, this field faces the same previously discussed challenges, such as
the need for large and diverse datasets to train these Al models effectively.

As with different areas in Al, researchers are developing new models to accom-
plish certain goals. As an example, a new deep learning model [29] was developed
that aimed to detect disease-related alterations in the brain’s structure and enhance
the accuracy of schizophrenia diagnosis. This model was then evaluated using
three open datasets, which included MRI scans of patients with schizophrenia.
Impressively, the model demonstrated an almost perfect ability to distinguish
between schizophrenia patients and healthy controls, achieving an area under the
receiver operating characteristic (ROC) curve of 0.987. As previously stated, we
should keep in mind that these results may not have a direct translation to clinical
practice, where clinicians, to diagnose a patient, do not just choose between two
possibilities, but must instead consider a myriad of different options and other
factors related to the individual.

3.3 Guiding schizophrenia treatment with Al

A provocative psychopharmacology study published in 2006 [30] discussing bias
in schizophrenia clinical trials pointed to a disconcerting conclusion: it implied that
treating schizophrenia often resorts to a hit-or-miss method for each patient and each
medication. It also noted that we can call psychiatric treatments “individualized” or
“personalized” only to the extent that these treatments (and lesser so their adverse
effects) are highly variable across each patient, and fall significantly short of the
advanced, genetically informed immunotherapies and custom-tailored cancer treat-
ments that signify the maturity of personalized medicine in modern healthcare and
scientific research [31].
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Although much has changed since then in the field of psychiatry, the method
psychiatrists currently use to choose which medication will be given to each patient
is mostly through trial and error [32]. Personalized treatment plans could lead
to improved outcomes and better quality of life for patients with schizophrenia,
but finding a method that correctly predicts which patient will respond to each
antipsychotic has proven to be a difficult challenge in research. AI models are
then being designed to analyze enormous quantities of genetic and clinical data,
in the hope they can help create new personalized treatment plans for individu-
als with schizophrenia, similarly to what is being developed for other chronic
conditions [33].

The idea is that by inserting large amounts of data about a certain patient in an Al
model (such as neuroimaging results and genetic samples), it will be able to predict
treatment outcomes for that individual [34]. There are some interesting results to
report, as some studies [35] showed 86% accuracy in distinguishing between treat-
ment responders and nonresponders.

Artificial Intelligence (AI)-created clinical predictive models may indeed be
accurate, but we must also consider that their effectiveness is largely confined to the
specific trials for which they were developed [36]. In fact, when these models are
applied outside of their original trial environments, their performance varies signifi-
cantly [36]. This finding highlights the need for further development to enhance the
models’ generalizability and reliability in diverse clinical settings.

In conclusion, Al in healthcare is witnessing continuous growth and innovation,
with its applications ranging from diagnostic accuracy to operational efficiency. The
integration of Al promises a healthcare future that is more efficient, accessible, and
patient-centric. However, the full realization of AI’s potential in healthcare requires
ongoing research, development, and careful consideration of ethical and privacy
concerns, which leads us to the next section of our chapter.

4, Limitations and ethical concerns of Al in healthcare contexts

In this last section, various crucial aspects need to be addressed to fully grasp the
implications of Al in this sensitive and critical area. We decided to divide these into
small subsections.

4.1 The “black-box” problem

This concept has recently gained popularity in the media, sometimes being used
with a quite hyperbolic meaning, and yet few people truly understand the meaning of
this expression. The “Black-Box” problem refers to the opacity or lack of transparency
in the decision-making processes of Al systems. At its core, this issue revolves around
the difficulty in understanding how AI models, particularly those based on complex
algorithms like deep learning, arrive at their conclusions or recommendations. This
opacity can be particularly concerning in healthcare, where decisions have significant
implications for patient care and outcomes.

As was previously explained, Al systems are trained on large datasets, using
algorithms that can identify patterns and correlations within the data to make predic-
tions or decisions. In many cases, especially with deep learning, the internal workings
of these algorithms are not easily interpretable by humans. This means that clinicians
or even the people who designed that particular Al model may not understand the
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basis on which an Al system has made a particular recommendation. The “Black-Box’
problem thus raises several critical concerns:

* Accountability: If an Al system’s decision-making process is not transparent,
determining responsibility for any errors or adverse outcomes becomes a signifi-
cant legal challenge. This ambiguity complicates medical malpractice consider-
ations and undermines trust in Al-assisted healthcare [37].

* Bias and fairness: Without clear insight into how decisions are made, theres a
risk that Al systems may perpetuate or even exacerbate biases present in the
training data. This can lead to unfair treatment recommendations or diagnoses
that disproportionately affect certain groups of patients [38]. A good example
of this problem is the famous “ruler incident” [39], where a neural network that
famously had reached a level of accuracy comparable to human dermatologists at
diagnosing malignant skin lesions. However, a closer examination of the model’s
saliency methods revealed that the single most influential thing this model was
looking for in a picture of someone’s skin was the presence of a ruler. Because
medical images of cancerous lesions include a ruler for scale, the model learned
to identify the presence of a ruler as a marker of malignancy.

* Informed consent: Part of obtaining informed consent involves explaining the
risks and benefits of treatment options. The inability to elucidate how an Al sys-
tem works complicates this process, potentially impacting patient autonomy and
trust. Moreover, gaps in policies governing patient data protection and the use
of technologies like facial recognition can further exacerbate this problem. This
necessitates a nuanced approach to policymaking, balancing the benefits of Al
with the need to safeguard patient rights and trust in the healthcare system [37].

Thus, addressing the “Black-Box” problem will require concerted efforts from
researchers, policymakers, and practitioners.

4.2 Confidentiality and data privacy

Another issue raised by Al technology concerns confidentiality and data privacy.
The transformative shift toward Al-integrated healthcare systems underscores the
paradox of relying on extensive patient data while needing to maintain confidentiality
and privacy. Issues, such as data ownership in technologies like robotic surgery, where
manufacturers may own the data, highlight the complex interplay between the need
for enormous amount of personal data in Al development and the ethical obligation
to protect patient privacy. Addressing these challenges involves a comprehensive
exploration of privacy risks, focusing on large-scale data processing, anonymization
techniques, and developing balanced strategies and policies that optimize Al’s ben-
efits while protecting patient rights and privacy [40].

4.3 Intersubjectivity of psychiatric symptoms

It is important to mention that the recognition and diagnosis of psychiatric
disorders rely heavily on subjective symptom reporting, which poses a unique set
of challenges for Al applications in mental health care. This intersubjectivity of
symptoms—where patients’ experiences and descriptions of their symptoms vary
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widely—underscores the complexity of developing Al tools that can accurately
interpret and diagnose mental health conditions.

Psychiatric symptoms often lack the objective biomarkers or clear-cut diagnostic
tests available in other branches of medicine. Instead, diagnoses are based on clinical
interviews, patient self-reports, and behavioral observations. This reliance on subjective
information introduces variability and potential biases in diagnosis, complicating the
training of Al systems. For Al to be effectively integrated into psychiatric care, it must
navigate these nuanced subjective experiences, ensuring that systems do not oversim-
plify the diversity of patient experiences or reinforce existing diagnostic biases.

Moreover, the interpretation of psychiatric symptoms is influenced by cultural,
social, and individual factors, adding another layer of complexity to AI’s role in
mental health diagnosis and treatment. Al systems must be designed to recognize and
adapt to these nuances, requiring a sophisticated understanding of the cultural and
individual contexts in which symptoms are expressed.

To address these challenges, multidisciplinary collaboration among Al develop-
ers, mental health professionals, ethicists, and patients is crucial. Together, they
can develop Al tools that are sensitive to the intersubjective nature of psychiatric
symptoms, ethical considerations, and the diverse needs of patients. This approach
will ensure that Al contributes positively to psychiatric care, enhancing diagnostic
accuracy and treatment effectiveness while respecting the complexities and nuances
of mental health disorders.

4.4 The European Union’s artificial intelligence act (EU Al act)

We would also like to add a note about the recently created EU AI Act, since the
official draft was recently released to the public (January 21, 2024), and will likely
enter into force soon [41]. This document stands as a pioneering regulation, setting
a global precedent for the governance of Al technologies. It applies to Al systems
marketed, deployed, or used within the EU, encompassing a wide range of stakehold-
ers from local developers to global vendors. Notably, the Act exempts Al systems
developed for military purposes, scientific research, and certain open-source Al
components, and introduces a risk-based regulatory approach. This approach cat-
egorizes Al systems into four levels of risk—unacceptable, high, limited, and mini-
mal—tailoring regulatory oversight accordingly. Unacceptable risk Al systems, such
as those capable of significant manipulation or social scoring, are outright prohibited,
whereas high-risk systems are subject to stringent regulation, including comprehen-
sive risk management, data governance, and transparency requirements. The Act
also addresses the challenges posed by generative Al systems and foundation models,
indicating the EU’s commitment to ensuring AIs safe, ethical, and rights-respecting
use. As healthcare continues to evolve with Al integration, the EU AI Act exemplifies
the kind of forward-thinking policy that can guide the responsible development and
application of Al technologies, ensuring they serve the public good while addressing
critical ethical and legal challenges.

In conclusion, the integration of Al in healthcare represents a significant mile-
stone with the promise of vastly improved patient care. However, it also brings forth
complex ethical, legal, and privacy challenges that must be meticulously addressed.
The development and implementation of Al in healthcare necessitate transparent
communication, robust ethical guidelines, and strategic policies that ensure the
equitable and just use of this technology, safeguarding patient welfare and maintain-
ing the human element in healthcare decision-making.
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5. Conclusion

This chapter provides a comprehensive examination of the intersection between
Al and schizophrenia care. This work highlights the transformative potential of Al
in enhancing diagnostic accuracy, enabling personalized treatment, and improving
management strategies in schizophrenia, a complex and multifaceted mental health
condition.

Artificial Intelligence’s (AI’s) integration into healthcare, particularly in schizo-
phrenia, is marked by its ability to process and analyze vast amounts of data, thereby
uncovering patterns that may elude traditional methods. This capability proves
invaluable in early detection, especially in high-risk individuals, and in aiding accu-
rate diagnoses through advanced technologies like deep learning and EEG analysis.
However, challenges remain in translating these findings into clinical practice,
particularly in distinguishing between multiple psychiatric conditions with overlap-
ping symptoms.

The chapter also delves into the guiding role of Al in treatment. It discusses the use
of predictive models to tailor antipsychotic treatments, emphasizing the emergence of
precision psychiatry. Despite the accuracy of these models in specific trials, challenges
in generalizability and reliability in diverse clinical settings are noted, underscoring
the need for ongoing development.

As Al continues to evolve in healthcare, its applications extend from improving
operational efficiencies to reshaping patient care approaches. However, this rapid
advancement brings forth critical ethical, legal, and privacy concerns. The chapter
addresses issues such as the “black-box” nature of Al algorithms, the potential for bias
and discrimination, and the complexities surrounding data privacy and confidential-
ity. These challenges highlight the necessity for balanced strategies and policies that
not only harness AI’s benefits but also protect patient rights and ensure equitable
healthcare.

In summary, this chapter offers an exploration of AI’s potential role in enhancing
schizophrenia care. It presents a nuanced understanding of the technology’s potential
and limitations, emphasizing the need for continued research, ethical considerations,
and policy development to fully realize AI's promise in healthcare.

Acknowledgements
We would also like to acknowledge Dr. Pedro Camara Pestana, who was a guide for

our team, and helped refine the vision of our script.

Conflict of interest

The authors declare no conflict of interest.

144



Artificial Intelligence and Schizophvenia: Crossing the Limits of the Human Brain
DOI: http://dx.doi.org/10.5772/intechopen.1004805

Author details

Anténio Melo™, Joana Romio” and Tiago Duarte’

1 Hospital of Vila Franca de Xira, Vila Franca de Xira, Portugal

2 Hospital Santa Maria, Lisbon, Portugal

*Address all correspondence to: antonio.melo@hvfx.min-saude.pt

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

145



New Approaches to the Management and Diagnosis of Schizophrenia

References

[1] Rajpurkar P, Chen E, Banerjee O,
Topol EJ. Al in health and medicine.
Nature Medicine. 2022;28(1):31-38

[2] Alowais SA, Alghamdi SS,
Alsuhebany N, Alqahtani T, Alshaya Al,
Almohareb SN, et al. Revolutionizing
healthcare: The role of artificial
intelligence in clinical practice. BMC

Medical Education. 2023;23(1):689

[3] Organization WH. How Will Al
Transform Healthcare in 2024 and
beyond 2023. Available from: https://
wwwworldhealth.net/news/how-will-ai-
transform-healthcare-2024-and-beyond/

[4] Jiang H, Chen P, Sun Z,

Liang C, Xue R, Zhao L, et al. Assisting
schizophrenia diagnosis using

clinical electroencephalography

and interpretable graph neural
networks: A real-world and cross-site
study. Neuropsychopharmacology.
2023;48(13):1920-1930

[5] Cortes-Briones JA, Tapia-Rivas NI,
D’Souza DC, Estevez PA. Going deep
into schizophrenia with artificial
intelligence. Schizophrenia Research.
2022;245:122-140

(6] Abd-alrazaq A, Alhuwail D,
Schneider J, Toro CT, Ahmed A,
Alzubaidi M, et al. The performance of
artificial intelligence-driven technologies
in diagnosing mental disorders: An
umbrella review. NPJ Digital Medicine.
2022;5(1):87

[7] Bertagnolli MM. Advancing health
through artificial intelligence/machine
learning: The critical importance of
multidisciplinary collaboration. PNAS
Nexus. 2023;2(12):pgad356

[8] Trappenberg TP. Fundamentals
of Machine Learning. Oxford

146

University Press; 2019. DOI: 10.1093/
050/9780198828044.001.0001

[9] Goodfellow I, Bengio Y, Courville A.
Deep Learning. MIT Press; 2016

[10] Jurafsky D, Martin JH. Speech and
Language Processing. Pearson; 2020

[11] Atkins MS, Ayache N,

Bankman IN, Barr AH, Bezdek JC, Blu T,
et al. Contributors. In: Bankman IN,
editor. Handbook of Medical Image
Processing and Analysis. Second ed.
Burlington: Academic Press; 2009. pp.
XVii-Xx

[12] Albert N, Weibell MA. The outcome
of early intervention in first episode
psychosis. International Review of
Psychiatry. 2019;31(5-6):413-424

[13] Sun ], Cao R, Zhou M, Hussain W,
Wang B, Xue ], etal. A hybrid deep
neural network for classification of
schizophrenia using EEG data. Scientific
Reports. 2021;11(1):4706

[14] Chilla GS, Yeow LY, Chew QH,

Sim K, Prakash KNB. Machine learning
classification of schizophrenia

patients and healthy controls using
diverse neuroanatomical markers and

ensemble methods. Scientific Reports.
2022;12(1):2755

[15] Giakoumaki SG, Sidiropoulou K,
Stamatakis A. Editorial: Understanding
early detection markers in schizophrenia.
Frontiers in Behavioral Neuroscience.
2021;15

[16] Bi X-J, Hu L, Qiao D-D, Han C,

Sun M-M, Cui K-, et al. Evidence for
an interaction between NEDD4 and
childhood trauma on clinical characters
of schizophrenia with family history



Artificial Intelligence and Schizophvenia: Crossing the Limits of the Human Brain

DOI: http://dx.doi.org/10.5772/intechopen.1004805

of psychosis. Frontiers in Psychiatry.
2021;12

[17] Bracher-Smith M, Crawford K,
Escott-Price V. Machine learning

for genetic prediction of psychiatric
disorders: A systematic review. Molecular
Psychiatry. 2021;26(1):70-79

[18] Rosenhan DL. On Being
Sane in Insane Places. Science.
1973;179(4070):250-258

[19] Kalmady SV, Paul AK, Greiner R,
Agrawal R, Amaresha AC, ShivakumarV,
et al. Extending schizophrenia diagnostic
model to predict schizotypy in first-
degree relatives. NPJ Schizophrenia.
2020;6(1):30

[20] Sun ], Dong Q-X, Wang S-W, Zheng
Y-B, Liu X-X, LuT-S, et al. Artificial
intelligence in psychiatry research,

diagnosis, and therapy. Asian Journal of
Psychiatry. 2023;87:103705

[21] Calhas D, Romero E, Henriques R.
On the use of pairwise distance learning
for brain signal classification with limited
observations. Artificial Intelligence in
Medicine. 2020;105:101852

[22] Phang CR, Noman F, Hussain H,
Ting CM, Ombao H. A multi-domain
connectome convolutional neural
network for identifying schizophrenia
from EEG connectivity patterns. IEEE
Journal of Biomedical and Health
Informatics. 2020;24(5):1333-1343

[23] Pinaya WHL, Gadelha A, Doyle OM,
Noto C, Zugman A, Cordeiro Q, et al.
Using deep belief network modelling

to characterize differences in brain

morphometry in schizophrenia.
Scientific Reports. 2016;6(1):38897

[24] Pinaya WHL, Mechelli A, Sato JR.
Using deep autoencoders to identify
abnormal brain structural patterns in

147

neuropsychiatric disorders: A large-
scale multi-sample study. Human Brain
Mapping. 2019;40(3):944-954

[25] Vieira S, Gong Q-y, Pinaya WHL,
Scarpazza C, Tognin S, Crespo-Facorro B,
et al. Using machine learning and
structural neuroimaging to detect

first episode psychosis: Reconsidering
the evidence. Schizophrenia Bulletin.
2020;46(1):17-26

[26] Oh ], Oh B-L, Lee K-U, Chae J-H,
Yun K. Identifying schizophrenia using
structural MRI with a deep learning
algorithm. Frontiers in Psychiatry.
2020511

[27] Sone M, Koshiyama D,

ZhuY, Maikusa N, Okada N, Abe O,
etal. Structural brain abnormalities in
schizophrenia patients with a history
and presence of auditory verbal
hallucination. Translational Psychiatry.
2022;12(1):511

[28] Howes OD, Cummings C,

Chapman GE, Shatalina E. Neuroimaging
in schizophrenia: An overview of
findings and their implications

for synaptic changes.
Neuropsychopharmacology.
2023;48(1):151-167

[29] Zhang ], Rao VM, TianY,

Yang Y, Acosta N, Wan Z, et al. Detecting
schizophrenia with 3D structural brain
MRI using deep learning. Scientific
Reports. 2023;13(1):14433

[30] Heres S, Davis J, Maino K,

Jetzinger E, Kissling W, Leucht S. Why
olanzapine beats risperidone, risperidone
beats quetiapine, and quetiapine beats
olanzapine: An exploratory analysis

of head-to-head comparison studies

of second-generation antipsychotics.

The American Journal of Psychiatry.
2006;163(2):185-194



New Approaches to the Management and Diagnosis of Schizophrenia

[31] Lyman GH, Moses HL. Biomarker
tests for molecularly targeted

therapies — The key to unlocking
precision medicine. New England Journal
of Medicine. 2016;375(1):4-6

[32] Buckley PF, Miller BJ. Personalized
medicine for schizophrenia. NPJ
Schizophrenia. 2017;3(1):2

[33] Ng K, Kartoun U, Stavropoulos H,
Zambrano JA, Tang PC. Personalized
treatment options for chronic diseases
using precision cohort analytics.
Scientific Reports. 2021;11(1):1139

[34] Patrinos GP, Sarhangi N,

Sarrami B, Khodayari N, Larijani B,
Hasanzad M. Using ChatGPT to predict
the future of personalized medicine.
The Pharmacogenomics Journal.
2023;23(6):178-184

[35] Wang M, Hu K, Fan L, Yan H,

Li P, Jiang T, et al. Predicting treatment
response in schizophrenia with
magnetic resonance imaging and
polygenic risk score. Frontiers in
Genetics. 2022;13

[36] Chekroud AM, Hawrilenko M,
Loho H, Bondar J, Gueorguieva R,
Hasan A, et al. Illusory generalizability

of clinical prediction models. Science.
2024;383(6679):164-167

[37] Rigby MJ. Ethical dimensions of
using artificial intelligence in health care.
AMA Journal of Ethics. 2019

[38] AlHasan A. Bias in medical artificial
intelligence. The Bulletin of the Royal
College of Surgeons of England.
2021;103(6):302-305

[39] Staff V. When AI Flags the
Ruler, Not the Tumor — And Other
Arguments for Abolishing the Black
Box (VB Live). 2021. Available from:

148

https://venturebeat.com/business/
when-ai-flags-the-ruler-not-the-tumor-
and-other-arguments-for-abolishing-
the-black-box-vb-live/

[40] Williamson SM, Prybutok V.
Balancing privacy and Progress: A review
of privacy challenges, systemic oversight,
and patient perceptions in Al-driven
healthcare. Applied Sciences [Internet].
2024;14(2)

[41] Proposal for a Regulation of the
European Parliament and of the Council
Laying Down Harmonised Rules

on Artificial Intelligence (Artificial
Intelligence Act) and Amending Certain
Union Legislative Acts



Chapter 6
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Treatment: Balancing Symptom
Relief and Long-Term Needs
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Abstract

Schizophrenia is a long-term disease that needs to account for acute symptom
control and long-term treatment needs such as relapse prevention, remission, and
safety. The aim of the present book chapter was to summarize available literature
data and guidelines on how to treat specific symptoms of schizophrenia and what
aspects to consider long term. Looking at single symptoms, clozapine was better than
all other antipsychotics in addressing positive and hostility symptoms of schizophre-
nia: however, it is not first-line treatment. Cariprazine showed superior efficacy in
treating primary negative symptoms and is treatment of choice for these symptoms.
Additionally, partial agonists (aripiprazole, brexpiprazole, cariprazine) were better
in addressing comorbid substance use, while quetiapine, cariprazine, and olanzapine/
fluoxetine showed advantages in treating mood disorders. In long term, there was
no difference between antipsychotics in addressing relapse and remission; however,
distinct differences in safety aspects are seen; overall, newer generation antipsychot-
ics (aripiprazole, brexpiprazole, cariprazine, and lurasidone) are favored over other
antipsychotics. In summary, careful consideration should be applied when choosing
the right treatment for schizophrenia, accounting for prevalent symptoms, longitudi-
nal aspects, psychiatric and somatic comorbidities as well as preference of patients.

Keywords: schizophrenia, acute symptoms, long-term symptoms, symptom-based
treatment, patient-centered treatment, antipsychotics

1. Introduction

Schizophrenia, a complex mental disorder, historically condemned patients to
perpetual institutionalization. The absence of targeted therapies resulted in pro-
longed stays within psychiatric facilities and devoid of hope for reintegration into
society [1]. The advent of antipsychotic medications (AP) revolutionized psychiatric
care, aiming to alleviate positive symptoms and allow for a more humane life for
patients. Despite their adverse effects, they offered a glimmer of hope for patients
who had long been locked away; hence, these side effects were tolerated. Subsequent

149 IntechOpen



New Approaches to the Management and Diagnosis of Schizophrenia

generations of antipsychotics expanded their scope, addressing additional unmet
needs beyond positive symptom control [2].

While all medicines of the antipsychotic class can address symptoms of psychosis,
AKA positive symptoms [3], they vary in the way they can address other symptoms
of schizophrenia, including negative [4], cognitive [5], mood symptoms [6], hostil-
ity and anxiety, but also comorbidities with substance use [7] or mood disorders.
Additionally, considerations extend to relapse prevention, remission, and overall
functional outcomes. As a result, psychopharmacological treatment today is rather
focused on remission and reintegration than just purely symptom control [8]. So,
to choose an effective holistic treatment for schizophrenia patients addressing their
symptoms along with accounting for longitudinal outcomes must be considered.

A symptom-based approach considers the various symptoms of schizophrenia and
identifies the most suitable treatment for each specific symptom. It is a case-by-case
approach always addressing the prominent symptom first. This is especially needed
in acute patient care where severe positive symptoms, hostility, or self-harm need to
be addressed immediately [9]. The longitudinal approach recognizes schizophrenia
as a chronic condition, necessitating long-term management [10]. While addressing
the prevailing symptom is essential, it is not the sole focus. Instead, treatment aims
for sustained stability, functional improvement, and quality of life. Factors, such
as relapse prevention, maintaining remission, and promoting recovery, become
paramount [8]. The patient-centered approach combines both approaches and hence
ensures holistic care for individuals navigating the complexities of schizophrenia.
Clinicians collaborate with patients to find the most suitable treatment regimen over
the long haul, balancing symptom control with minimizing side effects and optimiz-
ing functioning [11].

This review aims at examining symptom-based treatment strategies and summa-
rizing available evidence, along with longitudinal treatment aspects, which consider
safety and long-term functioning/quality of life of patients.

2. Symptom-based treatment strategies

Generally, three major symptom clusters are distinguished in schizophrenia,
which are positive, negative, and cognitive symptoms; however, other symptoms,
such as hostility, affective symptoms, or catatonic symptoms, are also described [12].
Newer guidelines also raise awareness about comorbidities, specifically substance use
disorder [13] or other mental disorders along with psychical disorders when choosing
a symptom-based treatment.

2.1 Positive symptoms

Positive symptoms of schizophrenia include hallucinations, delusions, disorganized
thoughts, and bizarre behaviors [14, 15]. All antipsychotic medications (first, second,
and newer generation antipsychotics) address positive symptoms of schizophrenia,
hence the name antipsychotic.

Previously, most schizophrenia guidelines suggested second (SGA) or newer
generation antipsychotics to manage positive symptoms because first-generation
antipsychotics are more likely to cause severe and irreversible extrapyramidal side
effects and more often lead to discontinuation than SGA [16]. However, newer studies
debate whether there is a real advantage of SGA over first-generation antipsychotics.
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Hence, guideline recommendations today [17] do not differentiate among anti-
psychotics to address positive symptoms. Treatment choices should rather consider
aspects of other symptom domains, adherence, long-term functioning along with
formulation, dosing, onset of effect, and half-life.

Among the antipsychotics clozapine stands out as showing better efficacy in the
treatment of positive symptoms than all other antipsychotics; however, due to severe
side effects, such as agranulocytosis, it is not used as first-line treatment [17]. In fact,
guidelines suggest to first try two other antipsychotics before initiating treatment
with clozapine. In clinical practice, this means that doctors are left with choosing any
antipsychotic they prefer to address positive symptoms of schizophrenia.

2.2 Hostility

Hostility, irritability, aggressive behavior, and impulsivity are often observed in
individuals with schizophrenia [18]. These behaviors can occur during both the acute
and the chronic phases of the illness [18]. Hostility, broadly defined, encompasses
unfriendly attitudes that manifest through overt behaviors such as irritability, anger,
resentment, or aggression [18]. Clinically, it is operationalized using rating scales,
such as the Positive and Negative Syndrome Scale (PANSS), which classifies hostility
as a positive symptom [18].

The impact of hostility on the quality of life in individuals with schizophrenia is
noteworthy; studies have consistently shown a negative correlation between hostility
and overall quality of life [18]. Consequently, pharmacological treatments targeting
hostility as a primary focus in managing schizophrenia have been extensively investi-
gated in the past [18].

Multiple reviews have consistently highlighted clozapine as an effective choice
for managing aggression in schizophrenia [17]. This nicely taps into the notion of
hostility being regarded as a positive symptom, where clozapine has also advantages
compared to other antipsychotics. Nevertheless, in clinical practice doctors are once
again faced with the issue of having to try other treatments before choosing clozapine.
Efficacy on hostility has been described for various treatments, including haloperidol
[19], risperidone [20], olanzapine [21], cariprazine [22], asenapine, brexpipra-
zole, aripiprazole, lurasidone, loxapine, ziprasidone, quetiapine, iloperidone, and
paliperidone. The evidence comes from post hoc analyses of clinical trials, initially
conducted for regulatory purposes as well as analyses of large effectiveness trials [23,
24]. However, the generalizability of these studies may be limited since participants in
these trials were not specifically selected for aggressive or hostile behavior [23, 24].

2.3 Negative symptoms

Negative symptoms play a crucial role in schizophrenia [25]. Persistent primary
negative symptoms are believed to be core symptoms of schizophrenia, which are
difficult to address with treatment strategies [25]. Recently, a consensus on describ-
ing negative symptoms using five key constructs, known as the “5 A’s,” has been
reached [25]:

o Affect (blunted): Refers to the diminished emotional expression.

* Alogia: Characterized by reduced speech output or poverty of speech.
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* Anhedonia: The inability to experience pleasure or interest in previously enjoy-
able activities.

* Asociality: Social withdrawal and disinterest in forming relationships.

* Avolition: A lack of motivation or initiative to pursue goals or engage in purpose-
ful activities.

Clinically, negative symptoms are operationalized using rating scales, such as the
Brief Negative Symptom Scale (BNSS) or the older Positive and Negative Syndrome
Scale (PANSS) [25].

The advent of SGA initially sparked hope in addressing not only the positive
symptoms of schizophrenia but also the negative and cognitive symptoms. However,
therapeutic guidelines remain divided on whether SGAs truly outperform first-
generation antipsychotics (FGAs) in addressing these symptoms [26]. In a recent
meta-analysis [27] examining efficacy of antipsychotics on prominent and predomi-
nant negative symptoms, the authors have shown that amisulpride is better than
placebo, and cariprazine is better than risperidone in addressing primary negative
symptoms of schizophrenia. Amisulpride failed to show superior efficacy over other
antipsychotics; so although it might address negative symptoms in untreated patients,
in patients already treated with an antipsychotic it has no proven efficacy so far [27].

Cariprazine, on the other hand, has shown efficacy on primary negative symptoms
in a well-designed study against risperidone [28], in another study against aripipra-
zole, in two real-world evidence studies [29, 30], and in several single case reports
[31]. Hence, it is considered by Cerveri et al. [32] as first-line treatment for negative
symptoms of schizophrenia (Figure 1) and is also endorsed as a treatment option in
the EPA treatment guideline for negative symptoms [25].

2.4 Cognitive symptoms

Cognitive symptoms in schizophrenia are usually present from the onset of
psychosis and are not merely side effects of antipsychotic medication [33]. Research
shows that people with schizophrenia have altered brain structures, including reduced
cortical thickness and gray matter volume [33]. Cognitive symptoms include [33]:

* Processing speed: Processing speed refers to how quickly an individual receives,
assesses, and responds to new information. People with schizophrenia may
experience slower processing speed due to disruptions in the brains white matter,

Poor efficacy/
side effects

Poor efficacy/ _

_ Poor efficacy/
side effects | i

side effects

Cariprazine Amisulpride

3-6 mg/day 50-300 mg/day

Modified form Cerver! G, Neuropsychlatric Disease ond Treatment 2019:15 15251535

Figure 1.
Treatment algorithm in predominantly negative symptoms.
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affecting signal transmission. They might need extra time to respond, feel
overwhelmed by excessive information, and require repeated instructions.

* Working memory involves temporarily retaining information to complete
immediate tasks. Schizophrenia can impair working memory, affecting learning,
problem-solving, and task execution.

¢ Attention difficulties make it hard to focus on tasks or follow conversations.
Individuals may struggle with sustained attention and filtering out distractions.

* Verbal learning pertains to acquiring and retaining new information through
language. Schizophrenia can hinder verbal learning, affecting memory recall and
comprehension.

* Reasoning and problem-solving: These cognitive abilities involve logical think-
ing and solving complex problems. Schizophrenia may disrupt reasoning skills,
making it harder to navigate daily challenges.

* Social cognition refers to understanding social cues, emotions, and interpersonal
interactions. Individuals with schizophrenia might struggle with interpreting
others’ intentions, leading to social withdrawal.

Just as negative symptoms, cognitive symptoms impact patient’s activities of
daily living and reduce quality of life when present [12]. Therefore, their potential
treatment could be of great benefit. In the 1990s, SGA raised hopes of addressing not
only psychotic symptoms but also cognitive impairments in schizophrenia. Initial
trials hinted at cognitive benefits alongside symptom control. However, subsequent
research revealed that these advantages might have been influenced by trial design
rather than true effects. Presently, the literature suggests that all antipsychotics yield
similarly modest impacts on cognitive function [34].

2.5 Mood symptoms

Mood symptoms are common in schizophrenia and can affect the quality of life
and functioning of people with this disorder [35]. Mood symptoms can include
depression, anxiety, mania, or a combination of these [35]. They can occur at any
stage of schizophrenia but are more likely to appear during the prodromal phase
(before the onset of psychosis), the residual phase (after the acute psychotic epi-
sode), or during a relapse [36]. Mood symptoms can also be influenced by factors
such as stress, substance use, medication side effects, or co-occurring medical
conditions [35].

These symptoms in schizophrenia represent a treatment challenge because they
can complicate the diagnosis, increase the risk of suicide, impair the response to
antipsychotic medication, and reduce the adherence to treatment [37]. Therefore, it is
important to assess and treat them as part of a comprehensive and individualized care
plan. Treatment options may include the use of antidepressants, mood stabilizers,
or anxiolytics, depending on the type and severity of mood symptoms; but antipsy-
chotic medication that has proven benefits on mood symptoms might be first line.
Presently, only quetiapine [38] and cariprazine (US only) [39] have indications in all
four major psychiatric disorders: schizophrenia, bipolar mania, bipolar depression,
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and major depression. Olanzapine [40] alone is effective in schizophrenia and bipolar
mania and can address depressed mood symptoms in combination with fluoxetine
[41]. All other antipsychotics failed to show efficacy either on mania or bipolar
depression of major depression—either because the studies failed or because they did
not run any studies.

One of the most dangerous psychiatric symptoms that can occur is suicidality [37].
Suicide is a cause of early mortality in nearly 5% of patients with schizophrenia,
and 25-50% of patients with schizophrenia attempt suicide in their lifetime [37].
Research indicates that antipsychotic medications, such as clozapine, risperidone,
olanzapine, and quetiapine, may play a role in reducing mortality and suicide risk in
individuals with schizophrenia [37]. In 2002, the U.S. Food and Drug Administration
(FDA) specifically approved clozapine for decreasing suicide risk in patients with
schizophrenia [37].

2.6 Substance use comorbidity

Dual disorder, also known as co-occurring disorder or dual diagnosis, refers to the
simultaneous presence of a mental illness and a substance use disorder (SUD) [42].
This condition is associated with a higher likelihood of negative health outcomes,
including increased rates of suicide, unplanned hospital admissions, and premature
death [43]. The repercussions of dual disorders may extend to violence, homeless-
ness, interactions with the criminal justice system, and the disintegration of personal
relationships [43].

A staggering 75% of individuals with a severe mental health disorder are also
grappling with a substance use disorder [43]. Similarly, 60% of adults with a sub-
stance use disorder are diagnosed with at least one severe mental health disorder [43].
Unfortunately, patients with dual disorders often receive incorrect diagnoses and
inadequate treatment, slipping through the gaps in the healthcare system [42]. This
is exacerbated by the fact that they may be turned away by both drug treatment and
mental health services due to their complex needs [42].

The consequences of this neglect are profound: patients with dual disorders gener-
ally experience a diminished quality of life, along with higher mortality and suicide
rates [44]. Those with schizophrenia and a substance use disorder are particularly
vulnerable, facing an elevated risk of death, suicide, and other health complications
[44]. Despite the critical need for comprehensive treatment, only a minority of these
patients receive the necessary care [44]. Alarmingly, a mere 7% of patients with dual
disorders receive treatment for both conditions, highlighting a significant gap in the
current healthcare provision [44].

In terms of prevalence, 42% of individuals with schizophrenia also suffer from a
substance use disorder, mostly smoking and cannabis [45]. Addressing the complexi-
ties of dual schizophrenia, which encompasses both schizophrenia and substance
use disorders, presents a formidable challenge in psychiatric care [44, 46]. Although
current clinical guidelines acknowledge the necessity of treating dual disorders, they
offer scant direction on how to approach such cases [47]. This gap underscores the
urgent need for integrated treatment strategies, which remains an unmet medical
need [47].

In the realm of pharmacotherapy, first-generation antipsychotics (FGAs) are gen-
erally discouraged for treating dual disorders [48]. This recommendation stems from
several detrimental characteristics associated with FGAs [48]. Notably, these drugs
have been implicated in increasing cravings and self-administration of substances,
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such as cocaine in animal studies [48]. The pharmacological action of FGAs, par-
ticularly as dopaminergic D2 receptor antagonists, may exacerbate the situation by
further diminishing the already reduced dopaminergic tone observed in drug users
[48]. This significant blockade could inadvertently prompt individuals to consume
greater amounts of psychoactive substances in an attempt to counteract experiences
of anhedonia and cognitive deficits [48].

Therefore, contemporary guidelines and scientific literature advocate for the use
of second-generation antipsychotics (SGAs) in the treatment of dual disorders [7].
Research focusing on the impact of SGAs on individuals with schizophrenia, who
also consume cannabis or alcohol, has identified aripiprazole as the most frequently
utilized medication [7]. It is important to recognize that aripiprazole’s effective-
ness may be indicative of a broader class effect associated with dopamine partial
agonists [7].

Dopamine partial agonists or third-generation antipsychotics (TGAs), such as
aripiprazole, cariprazine, and brexpiprazole, offer potential therapeutic benefits for
treating both psychosis and substance use disorders (SUD) [7]. Among the partial
agonists and in fact, among all other antipsychotics, cariprazine has the highest
binding affinity to the D3 receptors in the brain [49]. Substance abuse has been linked
to the upregulation of D3 receptors, with studies showing that repeated exposure to
drugs can lead to a selective increase in D3 receptor expression [50]. This is evident
in D3 receptor knockout (D3-KO) mice, which, unlike their wild-type counterparts,
exhibit a heightened propensity for self-administering heroin and cocaine, along with
an increased motivation for drug-seeking behavior [50]. The role of D3 receptors in
addiction is further highlighted by the fact that antagonists or partial agonists target-
ing these receptors have been found to diminish the motivation for psychostimulant
seeking in various animal models of relapse [50]. Cariprazine stands out in this con-
text as it possesses both partial agonist properties and high affinity for D3 receptors
[49]. Remarkably, cariprazine’ affinity for D3 receptors surpasses that of dopamine
itself by three orders of magnitude and all other antipsychotics currently in use [49].

This unique binding profile is theorized to enhance cariprazine’s effectiveness in
treating negative symptoms and may be beneficial for addressing issues related to
cognition, mood, emotions, and reward mechanisms, which are particularly relevant
in the context of substance use [49]. Given these pharmacological profiles, Martinotti
etal. reccommend the use of dopamine partial agonists as the first-line treatment in
maintenance settings for dual disorders [7]. Notably, the effectiveness of cariprazine
in preventing substance abuse is approximately 20 times greater than that of aripip-
razole, underscoring its significant promise as a treatment option in the context of
addiction and dual disorders [51].

2.7 Catatonic symptoms

Catatonia is a multifaceted psychomotor syndrome that was once considered a
subtype of schizophrenia [52]. However, following revisions in the DSM-5, it can now
be categorized as arising from various other mental health conditions [52]. These
include brief psychotic, schizophreniform, and schizoaffective disorders or substance
use [52]. Its symptoms are a distinct set of behaviors observed in individuals with
schizophrenia [52]. These include [52]:

* Stupor: This state resembles near unconsciousness. The person becomes
unresponsive, immobile, and lacks awareness of their surroundings.
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* Catalepsy: Individuals experience trance-like seizures characterized by rigid
body posture. They may hold unusual positions for extended periods.

* Waxy flexibility: A peculiar phenomenon where the limbs remain in the position
someone else puts them in. It is as if the person’s body is malleable like wax.

* Mutism: Lack of verbal response, catatonic individuals may not speak or com-
municate effectively.

* Negativism: A tendency to resist or oppose external stimuli or instructions. For
instance, they might refuse to move when asked.

* Posturing: Catatonic patients exhibit unusual body postures that defy gravity.
These positions can be sustained for extended periods.

* Mannerism: This involves displaying odd and exaggerated movements, gestures,
or expressions.

* Stereotypy: Repetitive, purposeless movements without an apparent reason.
These actions can persist for minutes, hours, or even days.

Interestingly, although catatonia might be a form of schizophrenia, it is not treated
primarily with antipsychotics [52, 53]. Treatment includes the administration of
benzodiazepines, such as lorazepam or alternatively electroconvulsive therapy (ECT)
[52, 53]. Antipsychotics should be evaluated for their potential to induce catatonic
symptoms and discontinued if possible [52, 53]. There is some ambiguity about the
role of antipsychotics, but it is generally encouraged to discontinue treatment in
patients presenting with catatonia [52, 53].

3. Longitudinal treatment aspects

The longitudinal treatment approach recognizes schizophrenia as a chronic
condition, necessitating long-term management. It accounts for schizophrenia
management from the prodromal phase to the first occurrence of acute symptoms
to sustained stability, functional improvement, rehabilitation, and improvement of
quality of life (Figure 2). Different stages need different treatment considerations,

Acute Treatment = Weeks Long-term treatment = Life-long

Safety aspects

Symptom control of mostly acute Relapse prevention

and hostility symptoms Sustaining Remission
Negative, cognitive, mood symptom control

Addressing comorbidities

Figure 2.
Aspects of longitudinal treatment in schizophvenia.
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and while in the acute phase, the most important is effective symptom control, on
long-term safety and quality of life considerations shift more into focus.

Schizophrenia treatment in general starts with the onset of acute symptoms and
acute psychosis. While the prodromal phase precedes this acute stage, antipsychotic
treatment typically is not initiated this early. However, once acute symptoms appear,
swift intervention becomes crucial due to the significant impact of the duration of
untreated psychosis (DUP) on overall outcomes [54, 55]. DUP represents the time
span between the onset of psychotic symptoms and the commencement of treat-
ment. Prioritizing DUP reduction becomes a critical strategy, especially for managing
first-episode psychosis [54, 55]. Detecting and addressing symptoms promptly are
essential. Notably, extended DUP has been associated with less favorable prognoses
[54, 55]. It serves as a predictor for the likelihood and extent of recovery, while early
treatment offers promise for long-term well-being [54, 55]. Research consistently
underscores the effects of prolonged DUP on individuals experiencing their initial
psychotic episode. Longer DUP correlates with more severe positive symptoms
(such as hallucinations and delusions) and lower rates of symptom remission [54,
55]. Furthermore, extended DUP is linked to impaired social cognition, impact-
ing interpersonal relationships and overall functioning [54, 55]. Addressing DUP
promptly becomes pivotal in enhancing outcomes and improving the quality of life
for individuals navigating the complexities of psychosis [54, 55].

During the acute phase of schizophrenia, managing the prevailing symptoms
takes priority [36]. These symptoms primarily involve positive symptoms, alongside
potential hostility and self-harm [36]. However, as the course of schizophrenia
unfolds, symptomatology evolves [36]. Negative symptoms, cognitive impairments,
and mood disturbances become more pronounced, necessitating treatment adjust-
ments [36]. An ideal approach considers both immediate and long-term treatment
needs of schizophrenic patients [36]. Notably, altering treatments during stable
phases carries a substantial risk of relapse, emphasizing the importance of thought-
ful decisions [56]. Therefore, the right treatment choice balances short-term effi-
cacy with long-term symptom control and safety from the start. Taking sedation as
an example, antipsychotics’ sedative effects during the first stages of treating acute
psychosis can be therapeutically beneficial for agitated patients [8, 57]. Patients
who are having trouble sleeping may also benefit from bedtime sedation [8, 57].
Unwanted daytime sedation, on the other hand, may have a detrimental influence
on recovery, impeding the positive effects of psychosocial training, psychiatric
rehabilitation, and other treatments [8, 57]. It is linked to long-term detrimental
effects on cognitive function and metabolic changes, including weight gain [8, 57].
Persistent sedation can affect social, recreational, and occupational functioning [8, 57].
It can cause daytime sleepiness, longer sleep durations, and decreased cognitive
sharpness [8, 57].

As schizophrenia evolves, relapse, remission, and overall safety considerations
move into focus and become a cornerstone of compassionate care. Relapse among
patients with schizophrenia carries profound implications. It results in the deteriora-
tion of symptoms, compromised functioning, cognitive decline, and a diminished
quality of life [58]. This downward trajectory places a substantial burden on both
patients and their families, causing emotional distress and financial strain [58].
Consequently, preventing relapse becomes a paramount therapeutic objective [58].
In real-world scenarios, hospitalization often serves as an indirect measure of relapse
[58]. When patients require hospital care, it signifies a significant worsening of
symptoms [58].
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Numerous factors contribute to the risk of relapse, including nonadherence to
antipsychotic medications, stress, depression, and substance misuse [58]. The Role
of Continuous Antipsychotic Treatment: Consistent use of antipsychotic medications
is associated with reduced hospitalization frequency and duration [58]. In summary,
relapse remains a recurring challenge in schizophrenia management, transcending
mere symptomatology [58]. Timely detection, intervention, and sustained treatment
are pivotal for improving outcomes and enhancing the overall well-being of individu-
als navigating this intricate disorder [58].

A standardized definition of remission criteria was proposed by the International
group led by Dr. Nancy Andreasen in 2005 [59]. It involves a low symptom thresh-
old for the eight core symptoms (both positive and negative) on the Positive and
Negative Syndrome Scale (PANSS) for at least 6 consecutive months [59]. Remission
not only sets a standard for minimal symptom severity (resolution) but also
specifies how long symptoms must remain at this minimal level (6 months) [59].
Individuals who achieve remission experience better subjective well-being [59].
Reduced symptoms contribute to an improved quality of life [59]. Remission is
associated with better functional outcomes compared to those who do not achieve
it [59]. Research suggests that remission can be attained in 20-60% of people
with schizophrenia. Remission serves as a useful way to monitor improved health.
Clinicians often use the Andreasen Consensus Group criteria to assess remission
in clinical practice. Achieving remission involves not only symptom reduction but
also maintaining this state over time. Balancing short-term symptom control with
long-term stability is crucial. Remission reduces the burden on patients, families,
and healthcare systems. It minimizes hospitalizations, improves functioning, and
enhances overall well-being. Overall, it is established that remission duration is
predicted by negative, positive, and cognitive symptom control, treatment dosage,
and duration of illness [60]. Hence, antipsychotics addressing negative and cogni-
tive symptoms might have advantages.

Finally, accounting for safety aspects protects patients from harm, provides a
stable foundation for therapeutic interventions, and fosters trust between patients
and caregivers [61-64]. This trust is crucial as it encourages adherence to treatment
plans and promotes open communication about symptoms, side effects, and concerns
[61-64]. Moreover, considering safety aspects is vital in mitigating risks associ-
ated with the condition itself, such as vulnerability to self-harm or the potential for
unpredictable reactions to medication [61-64]. Especially, since 86-98% of patients
report experiencing side effects that are often viewed as being worse than the positive
symptoms of psychosis [65-67].

Schizophrenia patients often harbor fears and concerns related to specific side
effects of antipsychotic medications [68, 69]. Weight gain is a common worry as it can
impact self-esteem, physical health, and overall well-being [68, 69]. Extrapyramidal
symptoms (EPS), which encompass tremors, muscle stiffness, and abnormal move-
ments, are also a concern, along with restlessness or an inability to sit still [68, 69].
Although tardive dyskinesia is less frequent with newer antipsychotics, it is still a
worry to patients as it is highly stigmatizing [68, 69]. Excessive sleepiness or drowsi-
ness can disrupt daily activities and productivity, hence patients feel very bothered
when they occur [68, 69]. Elevated prolactin levels may lead to abnormal breast
milk production (galactorrhea) and other hormonal imbalances, including sexual
dysfunction [68, 69]. Furthermore, some antipsychotics can cause cognitive dullness
or difficulty thinking clearly, which can be distressing for patients [68, 69]. Doctors
share similar apprehensions. When making treatment decisions, they aim to prevent
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relapse while minimizing side effects such as cardio-metabolic symptoms, severe EPS,
anticholinergic effects, and cognitive blunting. Prioritizing safety in schizophrenia
treatment underscores a commitment to holistic, patient-centered care, recognizing
the unique challenges faced by individuals living with this condition.

Two recent large-scale meta-analysis studies, comparing the efficacy and tolerabil-
ity of 32 oral and long-acting injectable antipsychotics for the acute and maintenance
treatment of adults with schizophrenia found no clear differences between antipsy-
chotics in addressing acute symptoms of schizophrenia or in their ability to prevent
relapse [3, 70]. Authors, therefore, proposed that the main consideration when
choosing an antipsychotic for ongoing treatment should be its tolerability [3, 70].
Authors compared different safety concerns such as EPS, weight gain, sedation, QT
prolongation, etc. among antipsychotics and concluded that in most aspects, newer
generation antipsychotics such as partial dopamine agonists (aripiprazole, brexpip-
razole, cariprazine) and lurasidone performed better on safety parameters [3, 70].
First-generation antipsychotics, primarily antagonists such as haloperidol, often
result in noticeable extrapyramidal side effects, while older second-generation anti-
psychotics frequently lead to weight gain—a concern due to its potential impact on
cardiovascular health and diabetes risk [3, 70]. In contrast, aripiprazole and caripra-
zine were comparable to placebo in their potential to cause weight gain on long term,
and all three partial agonists (aripiprazole, brexpiprazole, cariprazine) had no issues
with causing hyperprolactinemia [70]. In the past, treatment of hyperprolactinemia
was primarily recommended for symptomatic patients [71]. However, recent insights
have highlighted that persistent asymptomatic hyperprolactinemia can lead to long-
term complications, including osteoporosis and breast cancer [71]. Consequently, it is
crucial to manage hyperprolactinemia even if it is asymptomatic at the time of initial
detection [71]. This can be done by reducing the dose of antipsychotic medication,
switching to a prolactin-sparing antipsychotic, or adding a dopamine partial agonist
to the treatment regime [71].

4. Combination strategies

Antipsychotic polytherapy (APP), involving the use of multiple antipsychotic
medications, is utilized for approximately 20-30% of patients undergoing antipsy-
chotic therapy [72]. However, APP is not universally applicable for all cases of anti-
psychotic treatment [72]. The NICE, UK, Clinical Guidelines provide a framework
for considering APP, suggesting it as a potential option following the failure of two
or more antipsychotic monotherapy (APM) trials and subsequent clozapine (CLZ)
monotherapy [72]. The transition to APP should be gradual with careful monitoring
at each stage, and should consider the pharmacological profiles of the antipsychotic
drugs involved [72]. A key focus is on optimizing dopamine D2 receptor occupancy
and leveraging other receptor categories or subtypes to achieve a more favorable bal-
ance between efficacy and adverse events (AE) [72].

A review and meta-analysis of the literature indicated that APP may be superior
to monotherapy in open-label studies of lower quality [72]. However, this superiority
is not consistently supported in high-quality, double-blind, and randomized studies
[72]. These studies suggest that enhanced efficacy with APP is limited to specific
strategies rather than a general advantage over monotherapy [72]. Notably, the com-
bination of two first-generation or second-generation D2 antagonists did not show
superiority, but the addition of partial dopamine agonists did [72].
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One possible treatment option to cover the acute and long-term needs of schizo-
phrenia is to combine AP, which is classically perceived as highly effective, dopamine
antagonists (haloperidol, olanzapine, risperidone, clozapine or LAI) with a dopamine
partial agonist. Thereafter, when the acute symptoms improve a slow down-titration
of the antagonist can be evaluated leaving patients with the well tolerable long-term
partial agonist medication. The choice of the partial agonist should be based on
individual treatment needs and should also consider long-term symptoms such as
negative, addiction, and mood symptoms.

5. Conclusion

This reviews objective was to examine the literature concerning acute (symptom
based) and long-term (safety based) treatment aspects of schizophrenia. In summary,
clozapine was superior to all other antipsychotics in addressing positive symptoms
of schizophrenia along with hostility, however, is not a first-line treatment drug due
to its severe side effects. Besides, clozapine no other antipsychotic differed in its
efficacy on positive symptoms, so treatment choices may vary. One way to influence
this treatment choice is to look at the other symptom domains. Concerning negative
symptoms cariprazine outperformed risperidone. No other antipsychotic could show
efficacy on primary negative symptoms in comparison with another antipsychotic.
Cariprazine further, along with quetiapine and olanzapine/fluoxetine, can address
mood symptoms of various mood disorders such as mania, bipolar depression, and
major depression, which makes these drugs a good treatment choice if mood symp-
toms of schizophrenia are present. Further, if comorbid substance use is present,
partial agonists (aripiprazole, brexpiprazole, and cariprazine) are choice of treat-
ment, with an advantage of cariprazine due to its D3 mechanism of action, which also
plays an important role in substance use. Although cognition is an important aspect to
maintain and not worsen in schizophrenia, evidence suggests no difference between
the antipsychotics in their efficacy to improve cognition. A tabulated summary is
provided below in Figure 3.

Considering long-term aspects, no antipsychotic was better than the other in
preventing relapse or achieving remission. Differences were rather modest and
treatment choice should be led by considerations of tolerability. Here, first-generation
antipsychotics mostly cause severe EPS, while most second-generation antipsychotics
cause weight gain, hyperlipidemia, sedation, or prolactin increase. Newer generation
antipsychotics, among them also the partial agonists cause less side effects and are
often favored by doctors and patients.

Acute Treatment
Symptom based

Long-term treatment

Safety hased Combination

Positive: CLO> all others
Negative: CAR>AMI> other
Cognitive: any AP
Hostility: CLO> other
Mood: QUE, CAR, OLA/FLU
SUD: CAR, ARI, BREX

Combine pharmacologically
complementary compounds
(e.g. the -pines with partial
agonsists)

New generation APs (CAR, ARI,
BREX, LUR) > SGA > FGA

Figure 3.
Tabulated summary of findings.
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Combining different antipsychotics is a well-established practice in psychiatry.
Combinations should consider complementary efficacy and reduced safety concerns
by, for example, reducing doses.

Overall, a careful consideration should be applied when choosing treatment
accounting for prevalent symptoms, longitudinal aspects, along with psychiatric
and somatic comorbidities, as well as preference of patients—this is what a patient-
centered treatment is all about!
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Abstract

Bioactive substances derived from plants, created by them for defense, are known
as phytochemicals. Alkaloids, glycosides, polyphenols, terpenes and terpenoids,
phytosterols, cannabinoids and carotenoids are the different categories of phyto-
chemicals. Schizophrenia is associated with changes in the structure of the brain,
decrease of dendritic spines from pyramidal neurons in the cortex, loss of gray
matter and enlarged ventricles. Hallucinations, delusions, disorganized behavior
and amotivation are some symptoms of schizophrenia. Phytochemicals are a key
component of the management of schizophrenia. Alkaloids can operate as cholinergic
agonists on muscarinic receptors and improve memory deficits. Glycosides target
ErbB signaling, inhibit D3/D4 receptors and change dopamine and serotonin metabo-
lism. Because of their anti-inflammatory, antioxidant and anti-apoptotic properties,
polyphenols display neuroprotective and anti-schizophrenic activity. Terpenes and
terpenoids act on the glutamate and dopamine pathways and inhibit glycinergic
action. Cannabinoids have an anti-schizophrenic effect plus boost GABAergic activity
and prevent serotonin uptake. Phytosterols have antipsychotic potential by blocking
ketamine-induced biochemical, histological and behavioral changes. Because they
regulate brain-derived neurotrophic factor (BDNF), carotenoids show significant
potential for treating a variety of central nervous system problems. They are also an
excellent antipsychotic medication.

Keywords: phytochemicals, schizophrenia, disorder, polyphenols, management

1. Introduction

Phytochemicals are plant-based bioactive compounds produced by plants for their
protection. There are many different sources of phytochemicals, including whole
grains, fruits, vegetables, nuts and herbs. To date, over a thousand phytochemicals
have been identified. Carotenoids, polyphenols, isoprenoids, phytosterols, saponins,
dietary fibers and certain polysaccharides are a few of the important phytochemicals.
In besides having potent antioxidant properties, these phytochemicals have antiviral,
antibacterial, anthelmintic, antiallergic and antidiarrheal properties. Additionally,
they support immunology, gap junction communication, gene transcription
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regulation and protection against lung and prostate malignancies. The properties of
functional foods have been broadened by a greater focus on translational research.
Following their extraction from a variety of sources, phytochemicals are widely used
in the development of nutraceuticals and functional foods. The affinity of phyto-
chemicals for solvents and their heat tolerance vary. The quality of the recovered
phytochemical and its use in the creation of food and nutraceutical products are also
influenced by the solvent choice [1].

The purpose of the study is to describe the role of phytochemicals in manage-
ment of schizophrenia which could be beneficial in the improvement of symptoms
of schizophrenia in patients, reduction of health issues regarding schizophrenia and
maintenance of healthy life style.

1.1 Sources of phytochemicals

Our regular diet We first discuss a few terminologies:

Designer food: processed meals enriched with naturally occurring foods high in
compounds that prevent disease.

Functional food: Any food or ingredient that has been improved and may have
health benefits in addition to the usual nutrients it contains.

Nutraceutical: Certain substances found in food, such as vitamins and chemicals
that may help prevent illness.

Pharmafood: Food or nutrient that claims medical or health benefits, including the
prevention and treatment of disease [2].

1.2 Classification of phytochemicals

Phytochemical compounds have primary as well as secondary constituents.
Phytochemicals can be classified into various groups. Alkaloids, glycosides, polyphe-
nols, terpenes and terpenoids, phytosterols, cannabinoids and carotenoids are the
different categories of phytochemicals (Figure 1) [2].

1.2.1 Alkaloids
Alkaloids are a vast group of chemicals that are based on the amino acids that

supply their nitrogen atom and a portion of their skeleton; this heterogeneous
chemical group is divided into groups. Alkaloids with distinct biosynthesis processes

Figure 1.
The color wheel of phytochemicals [2].
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and varying biological activities might arise from alkaloids with comparable origins
or sharing an identical basic nucleus. L-phenylalanine, L-tyrosine, L-histidine,
L-ornithine, nicotinic acid, anthracitic acid or acetate and L-lysine are the sources of
these. They are used in daily life by people from all over the world. Animals can also
be the source of alkaloids, either endogenously or exogenously [3].

1.2.2 Glycosides

A broad class of secondary metabolites is made up of glycosides. Glycosides have a
variety of structural forms, and because of their established bioactivities and histori-
cal applications, they are crucial to the pharmacognosy regime. It is composed of two
parts, a hydrophilic glycone unit made up of one or more sugar components and an
aglycone (genin) unit that is mostly lipophilic [4].

1.2.3 Polyphenols

A class of naturally occurring substances with phenolic structures is called
polyphenols. There are four main subclasses within this family which are lignans, fla-
vonoids, stilbenes and phenolic acids. Anthocyanidins, flavanones, flavones and fla-
vonols are other classifications of flavonoids. Artichokes, spinach, broccoli, chicory,
apples, plums, pears, grapes and cherries are rich in polyphenols. Red wine, tea and
olive oil are regarded as excellent sources of polyphenols [5]. About 350 aglycones and
100 glycosylate forms make up flavanones, which have a flavan nucleus made up of
two aromatic rings connected by a dihydropyrone ring [6]. The presence of a double
bond between C-2 and C-3, along with the attachment of the B-ring to C-2, charac-
terizes flavones, a vast class of flavonoids [7]. The hydroxyl group at position three
sets flavonols apart from flavanones and creates a double bond between C-2 and C-3.
The majority of anthocyanidins in nature are found as their sugar-conjugated deriva-
tives or anthocyanins, which gives fruit and flower tissues their characteristic red,
blue and purple hues. Polyphenols have been found to provide health benefits such as
scavenging free radicals, guarding against cancer, heart disease and other age-related
illnesses and preventing allergies and inflammation. Additionally, flavonoids have
been shown to help with gastrointestinal disorders, diabetes, rhinitis, angina pectoris,
cervical lesions, chronic venous insufficiency, dermatopathy, lymphocytic leukemia,
menopausal symptoms and traumatic cerebral infarction [1].

1.2.4 Terpenes and terpenoids

Terpenes are the largest class of secondary metabolites. They are simply made up
of five carbon isoprene units that may be put together in thousands of different ways
to form multiple isoprene units. Terpenoids are a modified class of terpenes with
distinct functional groups and an oxidized methyl group that is relocated or deleted
at different places. Terpenes are simple hydrocarbons. Depending on the number of
carbon units, terpenoids are classified as monoterpenes, sesquiterpenes, diterpenes,
sesterpenes and triterpenes. With their diverse structural variations, the majority
of terpenoids are physiologically active and utilized globally to treat a wide range of
illnesses. Many terpenoids, including Taxol and its variants utilized as anticancer
medications because they suppress certain human cancer cells. Terpenes have a pleas-
ant scent which is why many flavorings and fragrances contain them. Antimalarial
medications like artemisinin and similar substances are made from terpenes and their
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derivatives. In the meantime, terpenoids are used in a variety of products, including
hormones, vitamins, medications, meals and cosmetics [8].

1.2.5 Cannabinoids

Cannabis is the first illegal drug as well as the third one if tobacco and alcohol are
taken into account. Cannabis is becoming more and more common in our culture,
both for medicinal and recreational purposes. An estimated 183.3 million adults
between the ages of 15 and 64 smoked cannabis in 2015 (3.8% of the world’s popula-
tion). Young adults between the ages of 15 and 34 are the most likely to consume
cannabis (13.9 percent in the previous year). Cannabis use among students in Europe
and the United States between the ages of 15 and 16 was 8 and 15%, respectively [9].

1.2.6 Phytosterols

The collective term for the sterols and stanols found in plants that control their
physiological processes is called phytosterol. Olive oil and the oils of corn, sesame,
sunflower, peanuts, macadamia, nuts, beans and almonds are abundant in them.
Plant stanols include campestanol, sitostanol and stigmastanol, whereas some plant
sterols include campesterol, stigmasterol and sitosterol. Campesterol is the most basic
sterol, with the exception of the five or six double bonds in the B-ring. Generally
speaking, phytosterols have several health advantages, such as increased antioxidant
activity, decreased low-density lipoprotein (LDL) cholesterol and support for pros-
tate health and hair development [1].

1.2.7 Cavotenoids

Carotenoids are pigments that are found in plants, algae and photosynthetic bacteria.
They are vivid yellow, red, and orange. Carotenoids are found in abundance in fruits, but
they are also abundant in vegetables. According to reports, fucoxanthin has anti-inflam-
matory, antihypertensive, anticancer, radioprotective and anti-obesity properties [1].

1.3 Schizophrenia

Schizophrenia, as a long-term mental disorder, affects about one percent of the
world’s total population. Early environmental and genetic variables appear to be the
primary contributors to this disease, while the existence of other mental diseases
may also be involved. It is unclear if schizophrenia is a single condition or a collection
of several syndromes due to the wide range of symptom combinations that might
occur. There may be a connection between the pathophysiology of schizophrenia and
increased oxidative stress. Changes in the structure of the brain associated with this
illness include a reduction in dendritic spines from pyramidal neurons in the cortex,
an expansion of ventricles and a loss of gray matter. Further potential links between
schizophrenia and the prefrontal brain include elevated phospholipid metabolism and
decreased dopaminergic function [10].

1.3.1 Symptoms of schizophrenia

A mental illness known as heterogeneous syndrome, schizophrenia can present
with a variety of symptoms, including delusions, hallucinations, very disordered
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thinking or speech, disorganized behavior, flat affect and amotivation. The patho-
physiology of the onset and progression of schizophrenia and sensitive and specific
biomarkers have not yet been reliably identified [11].

2. Phytochemicals and their role in management of schizophrenia

Approximately 80% of people in Asia and Africa rely on complementary and
alternative medicine. Antipsychotic medications that are often used have a number
of side effects. Thus, in animal and cell culture models of central nervous system
(CNS) diseases, a number of phytochemicals have been studied for their potential to
preserve neurons and have antipsychotic properties. The overwhelming majority of
research has shown that phytochemicals’ antioxidant activity is what gives them their
antipsychotic and neuroprotective properties. Since oxidative stress in the brain is
clearly depicted in the pathophysiology of schizophrenia, natural antioxidants in the
form of extracts or specific phytochemicals are useful in the treatment of schizophre-
nia. These phytochemicals’ medicinal usefulness, low side effect rate, improved safety
profile and excellent efficacy have drawn attention [12]. Phytochemicals demonstrate
efficacy against schizophrenia and are associated with different phytochemical classes
such as alkaloids, tannins, glycosides, phenolic acids, flavonoids, terpenes, terpenoids
and essential oils [13].

2.1Role of alkaloids in management of schizophrenia

Alkaloids are present in all plant parts especially in flowers. These are mostly
helpful in the treatment of various neurodegenerative illnesses. These phytochemi-
cals are beneficial against schizophrenia via changing acetylcholine concentration,
boosting GABA, antagonizing N-methyl-D-aspartate (NMDA) receptors, antioxidant
action, anti-amyloid activity and reducing neuro-inflammation [14]. Stepholidine,

a protoberberine alkaloid, has a special feature of combined D1 agonist and D2
antagonist effect and is useful in improving memory deficit in schizophrenia [15].
Aporphine alkaloids, including apomorphine, reportedly cause amelioration of
schizophrenic symptoms in patients by potently antagonizing dopamine at its recep-
tor site [16]. Anti-schizophrenia studies have also been conducted using isoquinoline
alkaloids. The NMDA current in the cortical neurons of rats is increased by galan-
tamine. Additionally, it strengthened the benefits of Ach by positively modulating
nAchR, which reduced attention deficit and improved short-term memory and focus
[17, 18]. A combination of galantamine and memantine was effective in enhancing
cognition in schizophrenic patients [19]. Reticuline has also demonstrated antipsy-
chotic activity through anti-dopaminergic actions [20].

As an alpha nicotinic receptor agonist, nicotine, a pyridine alkaloid, was found to
be beneficial in treating attention deficit disorder in people with schizophrenia [21].
Geissoschinzine methyl ether’s partly antagonistic action against NMDA receptors
and regulation of dopamine receptors both contributed to its ameliorative effects
against schizophrenia [13].

2.2 Role of glycosides in management of schizophrenia

Glycosidic bonding is the process by which a sugar moiety is joined to a non-sugar
molecule in glycosides. Plants have glycosides as secondary metabolites; they are
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the parts of their “offense and defense” [22, 23]. By enhancing vesicular glutamate
transporter 2 in the cingulate gyrus region, a study investigating the effects of baco-
side A and B isolated from Bacopa monnieri demonstrated improvement in cognitive
deficits in a schizophrenic model [24]. Isothiocyanates, like sulforaphane, shown
antioxidant activity by boosting electrophilic response elements, detoxifying phase
2 enzymes and activating the Nrf2 pathway to exhibit antipsychotic activity [25].
Nephthodianthrone or hypericin has antioxidant qualities. Inhibiting D3/D4 recep-
tors, it is a potential medication for the treatment of schizophrenia [26, 27]. Emodin
targets ErbB signaling and modifies the metabolism of dopamine and serotonin to
reduce symptoms of schizophrenia [28, 29]. Polygala saponin, a saponin glycoside,
has anti-schizophrenic activity due to its dopamine and serotonin antagonist activi-
ties. Cardenolides and iridoid glycosides are also shown to be useful in treating
psychotic symptoms that need more research. Docking experiments also showed that
beta-sitosterol blocked NMDA receptors that included GluN2B. Additionally, picro-
side I demonstrated antipsychotic activity potential in vitro [30, 31].

2.3 Role of polyphenols in management of schizophrenia

Plant secondary metabolites known as polyphenols have been shown to have
neuroprotective and anti-schizophrenic properties. These appear to be effective
against neurologic and psychotic diseases, according to several studies [32]. Because
of its anti-inflammatory, antioxidant and anti-apoptotic properties, kaempferol has
shown neuroprotective effects against schizophrenia [33]. It has been observed that
baicalin improves cognitive dysfunction and unpleasant symptoms in psychosis. Its
anti-inflammatory, antioxidant and anti-prolyl-oligopeptidase properties may be
responsible for this psychotic impact [13, 34].

Quercitin is a bioflavonoid that has the ability to alleviate symptoms of schizo-
phrenia by scavenging free radicals [35]. Protein kinase C and nitric oxide are both
inhibited by myricitrin. Its antioxidant action is responsible for its anti-schizophrenic
properties [36]. Scopoletin and rutin’s inhibitory interaction with the D2 receptor
makes them beneficial for reducing positive symptoms of schizophrenia [37]. The
anti-schizophrenic properties of xanthones, like magniferin and a-mangostin, have
also been investigated. a-mangostin possesses anti-inflammatory and antioxidant
properties. In rodent models of schizophrenia, it was also demonstrated to be effica-
cious and to inhibit phosphodiesterases and SHT2A receptors. Magniferin’s anti-
oxidant mechanism, preservation of mitochondrial capabilities, anti-inflammatory
activity and dopamine decrease all contributed to its better cognitive effects [38, 39].
One cholesterol that has demonstrated neuroprotection against a variety of neurologi-
cal and psychological conditions is hydroxytyrosol. By activating the Nrf2 pathway,
it reduced oxidative stress and improved mitochondrial functioning. When given dur-
ing pregnancy, it improved learning and memory in fetuses of stressed animals and
humans, demonstrating the importance of maintaining neurogenesis and cognitive
abilities in offspring [40, 41].

Because curcumin can increase decreased glutathione levels, it has a number
of advantageous benefits on the neurological system [42]. In patients with persis-
tent schizophrenia, curcumin enhanced the effectiveness of regular antipsychotic
medications. These therapies have improved the negative symptoms associated with
schizophrenia. Curcumin modulates NMDA activity and controls the production of
genes linked to inflammation, both of which are linked to symptoms of schizophrenia.
By increasing GABA activity, Morin also showed antipsychotic-like effects without
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having an extrapyramidal side effect [43]. The flavonoid nobiletin reduces the cogni-
tive symptoms of schizophrenia by enhancing the hypo-functioning of NMDA recep-
tors through its action on extracellular signal-regulated kinases (ERK) signaling [44].

Diosmin, a flavone, enhances GABA transmission to treat symptoms of schizo-
phrenia [45]. Isoflavone [46], luteolin and apigenin have also shown a great deal of
promise in reducing the symptoms of schizophrenia [46].

2.4 Role of terpenes and terpenoids in management of schizophrenia

Tutin is a sesquiterpene that inhibits glycinergic activity and blocks GABA-A
receptors. In addition, 1, 8 cineole is a monoterpenoid that influences the glutamate
and dopamine pathways. Sesquiterpene caryophylline, which is extracted from
essential oils and functions as a phytocannabinoid, has been successfully studied in a
clinical study on schizophrenia [47].

2.5 Role of cannabinoids in management of schizophrenia

As members of the terpenoid class, cannabinoids are useful in the management
of neurodegenerative illnesses. A meta-analysis’s findings indicate that people with
schizophrenia have higher levels of the endocannabinoid anandamide in their blood,
CSF fluids and immune cells’ cannabinoid 1 receptor (CB1) [48]. Using cannabinoids
has been shown to improve cognition and reduce disease-positive symptoms in three
randomized trials [49].

In order to have an anti-schizophrenic effect, cannabinoids, a kind of canna-
binoid, boost GABAergic activity and prevent serotonin uptake. Cannabis-using
schizophrenic individuals also showed this effect. Furthermore, compared to other
antipsychotics, cannabinoids have demonstrated a definite advantage in clinical trials
because they did not cause any movement-related side effects [50].

Another cannabinoid, tetrahydrocannabinol, also improved the symptoms of
schizophrenia due to its effect on the endocannabinoid receptors [51]. However,
some investigations claimed that the administration of 9-tetrahydrocannabinol had
exacerbated psychotic symptoms. However, tetrahydrocannabinol may have effects
that vary in dose, according to the study. When taken in large quantities, it caused
disturbance to brain circuits that exacerbated psychotic symptoms, while at modest
dosages, it alleviated the symptoms of psychosis [51].

2.6 Role of phytosterols in management of schizophrenia

Many plants naturally produce phytosterols and oxyphytosterols, which are the
byproducts of phytosterol oxidation. Due to a rise in the consumption of plant-based
foods enhanced with phytosterol and oxyphytosterol, exposure to these natural
agents is increasing [52]. One type of phytosterol found in vegetables, legumes, nuts,
herbs and seeds is stigmasterol. It has been demonstrated to suppress the biochemical,
histological and behavioral changes brought on by ketamine in mice, suggesting that
it may have antipsychotic potential [52].

2.7 Role of carotenoids in management of schizophrenia

The active ingredients of saffron (Crocus sativus L.), such as crocins and safranal,
have demonstrated great promise in the treatment of a number of illnesses affecting
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the central nervous system, including anxiety, depression and memory loss [53]. A
carotenoid called crocin has demonstrated efficacy as an antipsychotic medication

by controlling brain-derived neurotrophic factor (BDNF) in the hippocampal tissues
[54]. Growing preclinical data shows that crocins, at doses of 15-50 mg/kg, alleviated
the memory impairment, hypermotility and social isolation that ketamine generated
in rats [55]. Additionally, it was discovered that crocins prevented rats’ apomorphine-
induced impairment in a novel object identification test linked to dopaminergic dys-
function [56]. Based on a better safety profile and the preclinical evidence of efficacy

against psychosis, there is a strong need for controlled clinical studies of these agents
against schizophrenia [57].

2.8 Role of other phytochemicals in management of schizophrenia

Dopamine D2 and/or D1 receptor antagonistism is the mechanism via which alpha
asarone, an essential oil from the polypropanoid class, exhibits anti-schizophrenic
effects [58]. In a human open trial, the amino acid glycine reduced the unpleasant
symptoms associated with schizophrenia. This effect is attributed to its potentiating
effect on NMDA receptors. When used as an adjuvant to other medical therapy, it
has been shown to be beneficial against treatment-resistant schizophrenia, negative
symptoms and cognitive issues. Another amino acid that reduces the symptoms of
schizophrenia is leucine, which works on dopaminergic receptors [59].

Because kava contains kavapyrone, which has been shown to have efficacy against
a number of neurological illnesses, kava is a well-known herb. Because kavapyrone
inhibits glutamate release and increases the density of GABA-A receptors, it may
be used to treat schizophrenia. Withaferin A, Withanolide A, Withanolide B and
Withanolide D are steroidal lactones that have shown favorable effects on NMDA
receptors through docking studies and can be useful in schizophrenia following
further examination [31]. The effect of various phytochemicals on positive, negative
and cognitive symptoms is summarized in Figure 2 [13].
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Figure 2.
How different phytochemicals targets on different drug for schizophrenia [13].
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3. Importance of vitamins in treatment of schizophrenia

Vitamins are often obtained through diet because many of them cannot be
produced by the human body at sufficient levels. Many researchers have linked
vitamin deficits to schizophrenia, either in the early stages of the condition or after
diagnosis [60]. Vitamin B is necessary for cellular metabolism, which includes
oxidation-reduction and trans-methylation [61]. Antioxidants like vitamins C and
E guard against cellular damage brought on by highly reactive oxygen-containing
molecules or inflammation. Schizophrenia Patients showed decreased fasting vitamin
C levels and poorer urinary vitamin C excretion following 1.0 g oral vitamin C load
in a small cross-sectional research with 20 schizophrenia patients and 15 controls
[62]. Retinoic acid, produced from vitamin A and essential for neuronal migration
and differentiation, is thought to be part of the pathophysiology of schizophrenia.
Within some subgroups, vitamin supplementation, especially with folic acid, vitamin
B12 and vitamin D, may be crucial to the management of schizophrenia [63]. Vitamin
D supplementation may be protective against psychosis in patients who are deficient
in vitamin D (darker skin, living in a latitude with less sunlight). Supplementing
patients with particular genetic variations in the folate metabolic pathway with both
folate and vitamin B12 can be helpful, particularly when it comes to alleviating bad
symptoms [64].

4, Conclusions

More than a thousand phytochemicals have been discovered to date and can be
derived from various sources such as whole grains, fruits, vegetables, nuts and herbs.
Some of the significant phytochemicals are carotenoids, polyphenols, isoprenoids,
phytosterols, saponins, dietary fibers and certain polysaccharides. These phytochemi-
cals possess strong antioxidant activities and exhibit antimicrobial, antidiarrheal,
anthelmintic, antiallergic, antispasmodic and antiviral activities. Schizophrenia is
a condition that is related to alterations in brain structures involving loss of gray
matter, expanded ventricles and reduction of dendritic spines from pyramidal
neurons of the cortex and can manifest with delusions, hallucinations, extremely
disordered thinking, disorganized behavior, flat affect, amotivation, energy and
failure to maintain hygiene along with many more symptom domains. Alkaloids are
effective against schizophrenia by affecting acetylcholine concentration, increasing
GABA, antagonizing NMDA receptors, antioxidant action, anti-amyloid activity and
preventing neuro-inflammation. Glycosides target ErbB signaling and alter dopamine
and serotonin metabolism to exhibit ameliorating effects against schizophrenia
symptoms. Polyphenols demonstrate neuroprotective effects against schizophrenia
due to their anti-inflammatory, antioxidant and anti-apoptotic effects. Terpenes and
Terpenoids inhibit glycinergic activity and block GABA-A receptors. Cannabinoids is
a cannabinoid that blocks serotonin uptake and increases GABAergic activity to exert
anti-schizophrenic effect. Cannabinoids is a cannabinoid that blocks serotonin uptake
and increases GABAergic activity to exert anti-schizophrenic effect. Phytosterols
manage psychosis by ameliorating inflammation and oxidative stress and by altering
dopaminergic, acetylcholinergic and GABAergic neurotransmission. Carotenoids
have shown high potential for treatment of various central nervous system disorders
such as anxiety, depression and memory deficit. Hence, phytochemicals play a vital
role in management of schizophrenia.
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Chapter 8

Psychosocial Approaches in
Schizophrenia

Ulas Korkmaz and Cicek Hocaoglu

Abstract

Schizophrenia is a chronic mental disorder with unique symptoms and a decrease
in all areas of functionality, causing severe disability. Psychosocial interventions are
therapeutic interventions that enable individuals with mental disabilities to be taught
the necessary skills in their social, professional, educational, and family roles and
to provide the necessary support. Due to impairments in psychosocial functional-
ity, patients with schizophrenia often need psychosocial interventions. In order to
achieve complete recovery from schizophrenia, it is essential to apply psychosocial
interventions in addition to pharmacotherapy. Studies have shown that psychosocial
interventions improve patients’ functional areas and considerably increase their
quality of life. This chapter aims to examine the psychosocial approach, recovery in
schizophrenia, therapeutic alliance, and treatment compliance, and then to review
psychoeducation, supportive therapies, cognitive remediation therapy, cognitive
behavioral therapies, group therapies, family interventions, psychosocial skill
training, community-based mental health services, occupational rehabilitation,
case management, social supports, and motivational interviewing for substance use
disorder, which are among the psychosocial treatment methods.

Keywords: schizophrenia, psychosocial approaches, psychosocial interventions,
psychiatric rehabilitation, recovery

1. Introduction

Schizophrenia is a disorder that has a chronic course, is characterized by periods
of exacerbation and remission, causes psychosocial problems such as unemployment,
housing problems, and high rates of substance use, and significantly impairs func-
tionality [1]. For this reason, individuals with schizophrenia often need rehabilita-
tion services in addition to treatment services [2]. Significant impairment in social,
occupational, and self-care functions, which prevents full recovery and reintegration
into society, necessitates continuous and regular care [3]. In addition, schizophrenia,
which begins at a young age and forces the individual, family, and society to struggle
with the symptoms and consequences of the disorder for a significant part of life,
causes psychological-social financial losses. Minimizing the costs of schizophrenia to
the individual, family, and society is one of the main goals of health policies [4].

Psychiatric rehabilitation is considered an essential component of treatment in
terms of recovery from disorders associated with mental disability and improving

185 IntechOpen



New Approaches to the Management and Diagnosis of Schizophrenia

the person’s quality of life. Psychiatric rehabilitation aims to teach individuals with
mental disabilities the necessary skills and provide the necessary support to help them
live a more independent and fulfilling life in their social, professional, educational,
and family roles [2].

Due to the psychosocial difficulties experienced by schizophrenia patients,
psychosocial approaches and interventions have emerged as an essential component
within the scope of psychiatric rehabilitation [3]. The role of psychosocial approaches
is critical in solving various problems of individuals with schizophrenia, and these
approaches have complementary effects on each other [5]. It is stated that psychoso-
cial interventions play an important role in achieving a good quality of life in the long
term [6]. Therefore, it is imperative to include scientifically validated psychosocial
interventions in the health standards for patients with schizophrenia [5]. The current
approach to schizophrenia treatment not only addresses symptoms but also psy-
chosocial problems associated with these symptoms and combines pharmacological
treatments with psychosocial interventions [7].

This text examines psychosocial interventions and related concepts and the clini-
cal, psychological, and social consequences of psychosocial interventions.

2. Recovery in schizophrenia

In the early twentieth century, attention was drawn to the progressive and worsen-
ing nature of schizophrenia [8]. However, with antipsychotic medications and psy-
chosocial interventions, there was hope for recovery in schizophrenia. Additionally,
the definition of the concept of recovery has changed over time [9].

In the past, the main goal in the treatment of schizophrenia was to achieve remis-
sion of symptoms. Remission means that the core symptoms of schizophrenia are
present at a mild level at most and do not progress significantly beyond this severity
for at least 6 months, and these symptoms do not affect the patient’s behavior [10].
However, remission in symptoms alone is not sufficient for recovery in schizophrenia.
The view that improvement in other areas of functionality is also a fundamental
component of recovery has become widespread [11]. Contrary to the traditional view,
recent studies emphasize that improvements in areas such as independent living
skills, social functionality, employment, education, and interpersonal relationships
are essential for recovery rather than attributing recovery only to a decrease in symp-
tom severity [12]. Thus, within the scope of recovery in schizophrenia, the concept
of functional remission, as well as symptomatic remission, has developed over time.
A satisfactory daily life and normalcy in functionality have become essential ele-
ments of recovery [13]. According to the definition of Liberman et al. [14], recovery
should include symptomatic remission lasting at least 2 years, being able to engage in
productive activity, being able to meet basic daily needs such as self-care, nutrition,
money management, participating in enjoyable activities, and maintaining a good
family relationship and at least one friend relationship with whom he or she meets
regularly.

What is essential in recovery is how well patients can function and achieve social
reintegration [15]. Therefore, due to the significant limitations of antipsychotic medi-
cations, it is necessary to add psychosocial interventions to the treatment for recovery.
Clinical recovery and social functioning are two indispensable dimensions of recov-
ery. Combining pharmacotherapy with psychosocial interventions and environmental
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conditions has a crucial role in recovery in schizophrenia. Even if complete remission
cannot be achieved, prioritizing functional recovery is essential for patients to regain
their living standards [16]. Although the symptoms do not disappear completely, it
does not prevent a state of remission from occurring unless the psychotic symptoms
have a significant impact on life [17].

With ongoing interventions, it seems appropriate to conceptualize recovery as
a process rather than an outcome [13]. Despite the view that schizophrenia is an
incurable disorder, it is now thought that almost half of patients can recover [16].
Functional recovery in schizophrenia can be considered as a multidimensional struc-
ture that will include improvement in various areas such as symptomatic remission,
psychosocial functioning, cognitive functions, quality of life, treatment compliance,
relapse, and rehospitalization [18].

3. Psychosocial treatment approaches in schizophrenia

Although antipsychotic drugs are very effective against positive symptoms, their
effects on negative symptoms and functionality are limited [19]. Approximately
one-quarter of patients experience a relapse within a year despite appropriate medi-
cation [20]. Therefore, in addition to the psychopharmacological approach, reha-
bilitating patients is also extremely important. Rehabilitation is a treatment process
planned to maximize the medical, psychological, social, and professional aspects of
individuals who have lost some of their abilities as a result of genetic or accidental
diseases, accidents, or injuries and to minimize the effects of permanent disability
[21]. Rehabilitation refers to a process that aims to maximize the biopsychosocial
potential of an individual with some limitations and difficulties adapting to the
environment [22].

Within the scope of rehabilitation, it has become necessary to provide psycho-
social interventions in addition to pharmacological treatment in the treatment of
schizophrenia. Trials of psychological and behavioral interventions in schizophrenia
began in the mid-twentieth century. In this context, approaches such as reinforc-
ing target behaviors, arranging the treatment environment like the external social
environment, exposing patients to situations they may encounter in society, provid-
ing training to patients’ relatives, trying to strengthen patients’ self-control, and
working collaboratively with patients for all these interventions have been suggested
[23]. Later, contributions were made to improve patients’ positive aspects [24]. Over
time, various psychological and social interventions have begun to be used in the
treatment of schizophrenia within the scope of different clinical schools. Prominent
among these methods are individual therapy, supportive therapy, psychoeducation,
group therapy, social skills training, cognitive behavioral therapy (CBT), and family
therapy [25]. With the addition of various interventions, psychosocial approaches
have yielded many successful results in recent years [26].

The psychosocial approach aims to provide support and education to individu-
als with severe mental disorders and their families through practices such as CBT,
cognitive remediation therapy (CRT), family therapy, psychoeducation, social skills
training, and occupational rehabilitation [27]. In addition, these interventions enable
better management of the disorder and reintegration of patients and their relatives
into society. Although the intervention types differ, psychosocial interventions reduce
relapses and symptoms and increase functionality [27].
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Another primary function of the psychosocial approach is to integrate it into a
collaborative treatment process to strengthen disorder management, psychosocial
functioning, and personal satisfaction, focusing on increasing the skills of patients
and their families [28]. Thanks to psychosocial approaches, individuals with dis-
abilities due to mental disorders can better adapt to their environment and gain the
necessary skills to increase their functionality and quality of life [29].

3.1 Therapeutic alliance

The therapeutic alliance is the collaborative emotional closeness between thera-
pists and patients [30]. This alliance is established through mutual trust, uncon-
ditional respect, empathy, warmth, support, valuing, good communication, and
interaction between patients and therapists [31]. It includes elements such as collabo-
rating on goals with patients, agreeing on the tasks of the patient and therapist, and
establishing an emotional bond between patients and therapists [32]. The quality and
strength of the collaborative relationship between therapists and patients indicates
the alliance’s strength [33].

According to the World Health Organization, a solid therapeutic alliance improves
patients’ health [34]. In order to increase medication compliance, it is essential to
establish a genuine and humane relationship between the therapist and the patient
[35]. It is stated that establishing close and sincere communication with patients
facilitates monitoring of the patients and increases treatment compliance [28]. It has
been determined that the therapeutic relationship affects medication compliance at
least as much as the level of insight, and the therapeutic relationship is seen as the
first step in encouraging medication compliance [36]. Another positive effect of the
therapeutic alliance is that it is associated with a reduction in symptoms. In a study,
it was found to be associated with a decrease in general psychiatric symptoms and
psychotic symptoms [37].

Providing emotional support, allowing patients to be involved in the treatment
process, ensuring that the care staff consists of stable individuals, and accepting
and working on transference and countertransference are elements that should be
taken into consideration in order to strengthen the alliance and realize the change in
collaboration [31, 36].

3.2 Treatment compliance

One of the most basic methods in the treatment of schizophrenia is the use of anti-
psychotic medication [38]. However, people with mental disabilities may not be able
to understand the disorder itself, its severity, and the need for treatment. Problems
such as lack of insight and delays in diagnosis and treatment can make recovery
difficult [28].

Non-compliance with treatment, which is one of the biggest obstacles encountered
in the treatment process of individuals with schizophrenia, causes exacerbations,
worsening prognosis, frequent hospitalizations, and increasing costs [39]. Thus,
disability increases over time [40]. Additionally, non-compliance with antipsy-
chotic medications has been associated with treatment resistance and poor social
adaptation [41].

Although non-compliance with treatment is common, it is not easy to detect it
through interviews [42]. Reasons for treatment non-compliance include factors such
as lack of insight [43], positive symptoms [39], severe psychopathology, resistance to

188



Psychosocial Approaches in Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1006593

treatment, high level of depression, the presence of substance use disorder, executive
function impairments [44], multiple antipsychotic medication use and drug side
effects [45], inadequate effectiveness of antipsychotic medication [44], stigmatiza-
tion [46], and lack of social support [47].

The most critical element of reducing treatment non-compliance is providing
patients with education and guidance. Regular monitoring and psychoeducation dur-
ing pre-discharge and outpatient follow-up periods are vital to maximize the treatment
plan’s success [48]. In the treatment, the approach of explaining to patients in detail
the current situation, the recommended treatment method, the possible benefits and
harms of this treatment, suitable alternative treatments, and the treatment duration
are critical to include and inform patients in the treatment process. Studies show that
in order to increase treatment compliance, it is essential for patients to understand the
connection between the treatment process and their personal goals [49].

Some initiatives can be taken to increase treatment compliance. For example,
choosing antipsychotic drugs with better tolerability can eliminate side effects that
disrupt the patients’ compliance [50]. Treating extrapyramidal system symptoms that
significantly affect the patients’ functionality and reducing positive symptoms with
appropriate treatment may increase treatment compliance [51]. Providing psycho-
education to patients and their families about the disorder and treatment process and
helping patients increase their social support are psychosocial initiatives to increase
treatment compliance [52]. Assigning a family member to take and supervise medi-
cation has been found to increase treatment compliance [53]. Cognitive behavioral
interventions can be made to increase the level of insight [54]. Some studies have
found that motivational interviewing [55], adherence therapy [56], and SMS-based
interventions [57] are effective. As stated, since oral medication non-compliance is
common, long-acting injectable antipsychotics may be recommended to patients [58].
In addition, establishing a therapeutic alliance is critical in treatment compliance [59].

4. Psychosocial interventions for schizophrenia

In this section, psychosocial interventions used in schizophrenia, such as psy-
choeducation, supportive therapies, CRT, CBT, group therapies, family interven-
tions, psychosocial skill training (PSST), community-based mental health services
(CBMHS), occupational rehabilitation, case management, social supports, and
motivational interviewing in schizophrenia patients with substance use disorder will
be examined.

4.1 Psychoeducation

Psychoeducation is a gradual process generally defined as the education of an
individual with a psychiatric disorder about the disorder and its treatment [60].
Psychoeducation in schizophrenia, as a treatment method for individuals with
schizophrenia and their families, aims to convey essential information about the
disorder, treatment options, details of pharmacological treatment, side effects, the
course of the disorder, coping methods, and social and legal rights [61]. Since caregiv-
ers’ approaches significantly impact the course of the disorder, it is essential to inform
patients and caregivers as much as possible [62]. This way, therapists, patients, and
patients’ relatives can work together. Psychoeducation has emerged as a valuable and
effective psychotherapeutic intervention in the treatment of mental illnesses [63].
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In the current literature, the essential components of psychoeducation include
providing information about etiological factors, common symptoms, early precursors
of relapse, long-term course and outcome, helping to cope with stress, conveying
biological and psychosocial treatment options, determining when and how treatment
can be accessed, increasing compliance with treatment, conveying dos and don’ts to
family members, dispelling myths, misconceptions, and stigma about the disorder,
increasing awareness and insight. It is aimed at preventing situations such as relapse,
crisis, and suicide by ensuring the knowledge and competence of patients and their
relatives about the disorder [63].

Psychoeducation includes both cognitive-behavioral and supportive therapeutic
elements [60]. It can be applied to both inpatients and outpatients. The first hospital-
ization is a good time for psychoeducation, but it should be taken into consideration
that patients benefit more from psychoeducation as the level of insight increases
[64]. It can be applied on an individual, family, group, or community basis. It can be
implemented with the active participation of patients and their relatives or passively
with brochures, booklets, or various visual/audio materials. Group applications can
be carried out in groups of 4-12 people in several sessions ranging from 5 to 24. The
length of the sessions is usually 40-60 minutes and is held once a week to ensure
good assimilation of the information shared. Subsequently, monthly meetings can
be continued. The duration of the education and the amount of information to be
given in one session should be structured explicitly according to the patients [65]. In
education, the message should be given that schizophrenia is caused by biological fac-
tors triggered by stress in order to reduce the self-criticism of families and maintain
medication compliance [63]. Normalization and hope-giving are efficient techniques
for reducing stigmatization and accelerating healing [66].

Psychoeducation reduces relapse rates and the burden on patients and families.
Although it has been reported that long-term interventions have a more positive effect
[64], In a recent study, a psychoeducation application consisting of six sessions in a
short period of 1.5 months applied to caregivers was found to be effective in reducing
the burden and depression levels in the relatives of the patients, preventing relapses
in the patients for 12 months, and in terms of the quality of therapeutic alliance [67].
Psychoeducation has also been found to reduce rehospitalization and hospitalization
duration [60] and reduce negative attitudes toward medications [68]. During the psy-
choeducation process, patients and healthcare professionals come together and make
joint decisions in treatment planning, allowing patients to take an active role in line
with their preferences and direct the treatment process more effectively [69]. Besides
all its contributions, psychoeducation can make patients feel more active, energetic,
and action-oriented [65].

As a result, psychoeducation allows patients to obtain comprehensive information
and consciously participate in treatment processes [70]. Due to its many positive
effects, psychoeducation is included as an essential treatment component in schizo-
phrenia treatment guideline recommendations [71].

4.2 Supportive therapies

Supportive therapies aim to maintain patients’ current positive state, help improve
coping abilities, reduce anxiety, encourage patients, and provide social support [72].
Supportive psychotherapy is one of the most commonly used treatment methods. An
integral part of the change that a supportive approach will create is therapeutic alli-
ance. The therapeutic alliance must continue to grow stronger once it is established.
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Supportive psychotherapy makes change by helping to improve self-esteem and
adaptability skills. During the process, adaptive defenses are further strengthened,
thus increasing patients’ adaptation to the environment. Their techniques include
empathizing, acknowledging, praising, reassuring, rationalizing, reframing,
rehearsing, clarifying, and confronting. It focuses on the “Here and Now.” Genuine
relationships are more on the agenda, with less focus on transference issues than in
psychodynamic psychotherapy [73].

The supportive approach helps patients increase their social adaptation by increas-
ing their emotional regulation skills and recognizing sources of stress [3]. Social
support is a component that plays a significant role in all dimensions of schizophre-
nia. People with schizophrenia generally tend to have weaker social networks and
generally have fewer people in their immediate environment. Thus, they form weaker
social relationships [74]. These positive social relationships, which seem to be missing
in schizophrenia patients, can be seen and learned as possible/doable relationships
through therapeutic alliance. One of the factors that ensures this is that the therapist
treats them as an individual from society, not as a patient. The supportive approach
considers the patient’s relationship with others and social concerns and works on this.
This patient-therapist relationship can increase patients’ self-confidence and enable
them to have alternative, realistic thoughts about their social environment. The qual-
ity of this relationship determines the effectiveness of supportive therapies [3].

In addition to increasing social functionality, supportive therapies have also been
found effective in reducing the symptoms of schizophrenia. In some studies, when
schizophrenia patients who received only standard treatment were compared with
patients who received supportive psychotherapy in addition to standard schizophre-
nia treatment, it was reported that patients who received supportive psychotherapy
showed more improvement in both disorder symptoms and functionality than the
other group [75]. It has been found that even 12 sessions of supportive therapy
intervention lasting 6-8 weeks is associated with a decrease in positive and negative
symptoms and an increase in social functioning within 2 years [76]. In a randomized
controlled study with schizophrenia patients with refractory psychotic symptoms,
three different groups were examined. One group received CBT and standard treat-
ment, one group received supportive counseling and standard treatment, and the
last group received only standard treatment. The treatments lasted 3 months, and
after 2 years, the patients were evaluated in terms of positive and negative symptoms,
recurrence, and clinical improvement. In all areas, the two groups that received CBT
or supportive counseling in addition to standard treatment reported more positive
outcomes than those that received only standard treatment [77]. In another study,
it was reported that negative beliefs, primarily related to auditory hallucinations,
decreased significantly in the supportive therapy group at the 1-year follow-up [78].

4.3 Cognitive remediation therapy

Schizophrenia is a disorder with severe and progressive cognitive impairment.
Moreover, cognitive impairment can lead to more disability than negative and positive
symptoms [79]. Cognition is one of the strongest determinants of the level of func-
tioning in schizophrenia [80]. As cognitive impairment increases in schizophrenia,
many areas of functionality, such as work, independent living, and quality of life, are
affected [81].

Unlike other dramatic symptoms, cognitive impairment does not usually improve
during remission. Also, it does not respond well to antipsychotic treatment [82].
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Moreover, cognitive impairment prevents patients from benefiting from other
psychosocial interventions [83]. Therefore, alternative interventions are needed to
treat cognitive impairment [84]. For these reasons, CRT was developed. CRT is an
intervention that aims to improve cognitive processes such as attention, memory,
executive functions, and social cognition/metacognition and usually includes behav-
ioral training elements [85]. Cognitive remediation aims to improve areas of cognitive
impairment through cognitive restructuring, correct errors in the learning process,
overcome obstacles in daily life activities, create a supportive social environment,
and increase functionality. Supporting cognitive areas not impaired and avoiding
environments that may cause cognitive impairment form the basis for cognitive
remediation [86].

Some strategies used in cognitive rehabilitation include cognitive remediation,
supportive rehabilitation, and cognitive training [87]. The cognitive remediation
program aims to improve patients’ attention and memory by focusing on teaching
thinking skills [88]. The supportive rehabilitation program aims to improve func-
tionality and thus overcome cognitive impairments by taking advantage of patients’
cognitive areas that have not been impaired [89]. The cognitive training program aims
to improve the executive functions of patients through repetitive practices through
various computer programs. This program focuses more on perception and attention
[90]. CRT interventions include exercise and strategy training via computer or paper
and pencil. Motivational/cognitive support is provided during the training [91].
Cognitive repair programs using bridge groups and strategy coaching are more cog-
nitively effective [92]. CRT uses various learning strategies, such as errorless learn-
ing, positive reinforcement, and information processing. Thanks to these methods,
verbalization, dividing the task into small parts, self-monitoring, organization, and
planning can be learned [93].

CRT can be divided into two main models: compensatory and restorative [94].
Compensatory interventions aim to compensate for cognitive impairment by using
the patients’ unimpaired cognitive areas and environmental resources. In order to
achieve this, the patients’ tasks are simplified by creating an environmental arrange-
ment [95]. Restorative interventions take advantage of the plasticity of the brain.
Thus, the impaired cognitive area is assumed to be regained [96]. Restorative inter-
ventions use two approaches: bottom-up and top-down. The bottom-up approach
follows a path from simple tasks to more complex ones. The top-down approach uses
more complex tasks to repair a specific cognitive area [97].

Four essential elements determine the effectiveness of CRT: having a trained
therapist, repetitive application of cognitive exercises, structured development of
cognitive strategies, and repeating the learned techniques in the outside world [85].
Transferring cognitive gains to the outside world is very important for the effective-
ness of the treatment [98].

There is frequent and robust evidence that CRT improves cognitive domains. It has
been reported that the most significant effect is in general cognition, verbal learning,
working memory, attention, and processing speed following these cognitive areas,
and the improvement in problem-solving and judgment areas is relatively low [99]. It
has also been found to be associated with permanent improvements in memory func-
tions and increased social functionality [100]. Positive results have also been obtained
in patients with treatment-resistant schizophrenia. Therefore, it is recommended
in addition to pharmacotherapy in treatment-resistant patients. However, it seems
essential to start applying CRT earlier regarding its contributions [101]. Recently, the
long-term effects of CRT have been evaluated. It has been determined that cognitive
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function and functional recovery in schizophrenia patients who received CRT, in
addition to standard rehabilitation services, were preserved even after 10 years, and
the importance of continuing standard rehabilitation services after applying CRT was
emphasized [102]. It is also stated that CRT can be applied in the clinical high-risk
state for psychosis [98].

CRT is a feasible and acceptable intervention [103]. This intervention provides
significant benefits in terms of cognitive remediation and functionality. Therefore, it
should form part of the treatment of schizophrenia [98].

4.4 Cognitive behavioral therapies

The basic assumption of the cognitive behavioral approach in psychiatric disor-
ders is that information processing towards external and internal stimuli is biased.
Therefore, distortions occur in the individual’s thought system [104]. This dysfunc-
tional thinking style is called cognitive attentional syndrome. CBT aims to make
patients aware of these cognitive distortions, dysfunctional beliefs, and negative
schemas and to change them [105].

CBT has a transdiagnostic model [106]. According to the cognitive-behavioral
approach, psychotic symptoms depend on the way the patient interprets their
perceptions, how they relate to their perceptions, what causality they attribute to
their symptoms, what beliefs they form, and how they interpret these beliefs [107].
CBT argues that paranoia in schizophrenia can be likened to anxiety processes,
the response to hallucinatory experiences can be likened to rumination processes,
and the formation and maintenance of patients’ delusions and hallucinations can
be formulated with dysfunctional information processing processes. Formulating
these cognitive distortions helps the patient understand and make sense of their
symptoms [106].

There are some fundamental elements of CBT in schizophrenia. First of all, as in
every intervention, it is essential to establish a therapeutic alliance with patients. Then
come stages such as developing alternative explanations for psychotic symptoms,
reducing the impact of psychotic symptoms on life, and maintaining treatment com-
pliance. An empathetic, unconditionally respectful, and honest attitude is adopted
during therapy. There is no focus on whether the beliefs that cause psychotic symp-
toms are connected to reality. It focuses on connecting patients’ emotions, thoughts,
and behaviors. The main aim is to reach a consensus on an acceptable explanation for
psychotic experiences. In therapy, patients’ weaknesses and strengths are determined.
With the vulnerability-stress model, the disorder is understood, and possible stress
factors are discussed. At this stage, care should be taken to ensure that patients or
their relatives do not develop thoughts of blaming themselves for the disorder, or
if they do, this idea is discussed [108]. The aim is to reduce the distress and decline
in functionality caused by these symptoms by normalizing and giving meaning to
patients’ psychotic experiences. Patients learn to view their thoughts and interpreta-
tions as hypotheses rather than facts during this process. Thus, they can develop
alternative thoughts when they experience similar psychotic experiences in the
outside world [109]. In addition, behavioral interventions are also applied in therapy
to recognize and re-evaluate cognitive errors and improve coping skills. Patients are
motivated to test their negative thoughts in the outside world [106].

It has been stated that CBT applied in schizophrenia can vary between 4 and 30
sessions, but the best effect occurs after at least 20 sessions [109]. A formulation is
created after a therapeutic alliance is achieved and accompanying depression and
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anxiety are treated. Specific techniques are then used to address psychotic symptoms.
For example, analysis of the origin of auditory hallucinations, keeping audio diaries,
finding alternative explanations for the cause of hallucinations and developing coping
skills, and examining delusions with guided discovery and Socratic questioning can
be done. The techniques applied in the session are encouraged to be repeated in the
outside world. After working on positive symptoms, behavioral activation can be
applied to negative symptoms [110].

Many studies conducted in the recent years have shown that CBT, especially in
combination with medication, is effective in the treatment of schizophrenia [111].
CBT has been found effective in reducing the symptoms [112], reducing the number
of relapses [113], and increasing the level of functionality and insight [114, 115]. CBT
is one of the psychosocial interventions with the most evidence for functional recov-
ery [116]. CBT has been found effective in treating both positive and negative symp-
toms [117], especially auditory hallucinations [118]. Its effectiveness for delusions has
increased over time [119]. Most meta-analyses have suggested the effectiveness of
CBT compared to standard treatment [118]. In studies conducted with schizophrenia
patients resistant to antipsychotic drugs, CBT was found to be effective in reducing
positive and negative symptoms [110]. CBT is also effective in reducing symptoms of
depression and anxiety in patients with schizophrenia [120]. In another study con-
ducted on a population in the clinical high-risk state for psychosis, it was found that
applying CBT to this group reduced both the rates of transition to schizophrenia and
attenuated psychotic symptoms [121].

In schizophrenia treatment guidelines, CBT is recommended at all stages of the
disease. According to NICE treatment guidelines, CBT should consist of the following
elements: Establishing connections between patients’ feelings, thoughts, and behavior
and their symptoms and functioning; reassessing patients’ perceptions, beliefs, and
reasoning about their symptoms; monitoring symptom-related feelings, thoughts,
and behaviors; and promoting alternative ways to cope with symptoms, reduce
symptom distress, and improve functioning [122].

Today, in addition to traditional CBT, third-wave therapies originating from the
cognitive behavioral approach used in the treatment of schizophrenia have begun to
appear. Metacognitive therapy, mindfulness, and acceptance-commitment therapy
can be counted among these therapies [106, 116]. Traditional CBT focuses more on
symptom change, but third-wave cognitive behavioral therapies additionally focus on
symptom acceptance and achieving life goals. Third-wave therapies aim to reduce cog-
nitive attentional syndrome by increasing cognitive flexibility and changing thoughts
about thoughts [106]. Third-wave cognitive behavioral therapies have been reported
to be effective in improving functionality in patients with schizophrenia [116].

4.5 Group therapies

Group therapies are defined as the simultaneous treatment of more than one
patient by one or more therapists [123], and the interaction between group members
is seen as the primary therapeutic factor [124]. Group therapies have begun to play an
essential role in the treatment of schizophrenia. In group therapy for schizophrenia,
the following three conditions must be met: Group members must rely on verbal com-
munication, group members are the objects of treatment, and the group itself is the
primary therapeutic factor. Group therapies generally emphasize the form of treat-
ment, and the content and conduct of the treatment largely depend on the therapist’s
theoretical orientation [125].

194



Psychosocial Approaches in Schizophrenia
DOI: http://dx.doi.org/10.5772/intechopen.1006593

Kanas [126] developed a method designed for schizophrenia patients. In this
model, educational, psychodynamic, and interpersonal techniques are used together.
According to this model, the supportive and open-to-discussion structure of the
model helps patients cope with their psychotic symptoms and improve their inter-
personal relationships. Within the group, patients are encouraged to communicate
and share their emotions and symptoms, such as delusions and hallucinations. Advice
can be given in practical areas. Expressing anger toward other group members is
not recommended as it is difficult to tolerate. Topics such as establishing relation-
ships with others, reality testing, expressing emotions, and advice may constitute
the group’s topics. This type of group is a community where patients can express
their feelings and learn to interact with others. The therapist tries to keep the group
members focused on the topic in an active and directive way, has a clear, consistent,
and concrete attitude, is supportive and accommodating, is open and willing to offer
opinions suitable for discussion, is focused on the “Here and Now,” and encourages
patient-patient interaction.

That day’s theme in the session should be determined within the group in the first
minutes. A single theme or topic close to the central theme should be covered in each
session. A topic that is known to everyone, understandable, and discussable, such as
the group members’ recent experiences, communications, and preoccupations, may
be preferred. It may be directly related to psychotic experiences. The theme is used
to compare the psychotic experience and reality. Feedback is received at the session’s
end, and the emerging feelings and thoughts are discussed [127].

It is recommended that groups consist of 8-12 people and be held frequently every
1-4 weeks, and session durations are around 60-90 minutes. The techniques used in
group therapy generally vary depending on the theoretical approach of the therapist
and the characteristics of the patients in the group. However, common elements can
be listed as improving communication, ensuring trust, and targeting behavioral
changes within the group. The therapist’s task is to encourage interaction between
patients seeking guidance. Although the therapist is quite active in the early days of
therapy, this need for the therapist is expected to decrease over time. In the following
process, patients communicate freely with each other, independent of the therapist.
During the sessions, the therapist asks each patient to express an opinion on the
theme. It is essential to be aware of the pressure patients may feel in the early stages of
therapy and not to force patients. The therapist may start talking about more concrete
topics. An important technique to achieve behavioral change in group therapy is
role-playing. For example, patients may be asked to rehearse a situation, such asa
job interview. Behavioral methods such as giving rewards can also be used. Having
two therapists in the group, that is, the joint therapy team approach, is beneficial
for therapists to interact with each other, thus creating a role model for patients. In
addition, inexperienced therapists have the opportunity to work with an experienced
therapist and improve themselves educationally [128].

Positive symptoms can be addressed within group therapies, and the experiences
of members within the group, similarities of positive symptoms, and misconceptions
can be restructured [129]. In terms of negative symptoms, changes can be made with
the help of other members of the group [130]. In the second half of the twentieth
century, Payn [131] stated that providing patients with a socialization experience
reduced anxiety, the severity of psychosis, and the necessity for hospitalization.
Today, there is increasing evidence regarding the effectiveness of approaches that
enable socialization, such as group therapy. In a study conducted over 7 years and
308 group sessions, prospective data reported that individual members tended to

195



New Approaches to the Management and Diagnosis of Schizophrenia

engage in more emotionally meaningful interactions within the group, the severity of
depression, anxiety, and psychotic symptoms decreased, and positive characteristics
such as humor and insight developed, and individuals’ functionality increased [132].
Providing patients with a socialization experience through group practice may reduce
anxiety and hospitalization rates, improve reality testing, and increase self-esteem
[128]. It has been reported that group therapies contribute to reducing the social
isolation and anxiety levels of patients by enabling them to improve their ability to
interact [133]. In a study where patients commented on the therapeutic effects, it was
highlighted that instilling hope was essential [134].

Group therapies and individual therapies are complementary to each other. A
significant benefit of group therapies is that they allow the therapist to see the patient
exhibit a wider variety of behaviors over a more extended time and in a different
environment than in individual sessions. In this way, drug dose optimization can be
quickly done [128].

Group therapies are essential for patients to increase their social functionality.
They can be used in conjunction with pharmacotherapy and other psychosocial
interventions. They can be applied to both outpatients and inpatients, and patients
can generally adapt to group therapies [128].

4.6 Family interventions

Schizophrenia negatively affects individuals’ affective states, cognitive processes,
perceptual abilities, and behaviors, causing them to have difficulty in performing
their functions. While this situation causes individuals to need constant care and
support, the families of those affected by the disorder are also indirectly affected
[135]. Schizophrenia patients usually live with their families, and the families often do
not receive any support while caring for the patients [136]. Schizophrenia is a disorder
not only of the patients but also of the family as a social structure. For this reason, the
lives of families are affected as negatively as the patients’ [137].

Family members often need information, help, and support because of the severe
challenges they face. At the same time, their behavior and attitudes can have positive
or negative effects on the clinical condition of patients [138]. Patients’ relatives often
experience difficulties due to shame, guilt, helplessness, anxiety, and financial dif-
ficulties [139]. Disorder-related symptoms and behaviors, hospitalizations, respon-
sibilities regarding medication compliance, lack of social support, family conflicts,
and difficulties in coping with these conflicts create a significant burden for families
[140]. Additionally, as the severity of the disorder increases, the burden experienced
by the family increases [141]. In addition to the psychosocial problems they experi-
ence, psychiatric diagnoses such as anxiety disorders or depression may often occur in
patients’ relatives [142]. They may experience grief due to a relative being diagnosed
with schizophrenia [143].

Families of individuals with schizophrenia often have limited skills in coping
with the difficulties they encounter during the disorder process [144]. Family sup-
port programs created in line with these demands provide families with information
about schizophrenia and support interaction between families by sharing feelings and
thoughts. Within the scope of these programs, volunteer family members trained by
health professionals transfer the training they receive to other family members [145].

Family interventions include cognitive, behavioral, and supportive elements
that aim to include patients’ relatives in the treatment and rehabilitation [146].
Interventions with families use methods such as education, counseling, and
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developing coping skills [147]. Family interventions are led by a mental health
professional [138]. It may vary depending on schools; it may be cognitive-behavioral
or psychoanalytically oriented. Education and support groups can be implemented as
systemic, strategic family therapies. Various methods can be used, such as developing
stress-coping skills and psychodrama [139]. The primary and common goal is to help
patients by providing cooperation between patients, their families, and the treat-
ment team [148]. Some common goals are applying psychoeducation, evaluating the
behavior of patients and their relatives and creating changes in behavior, providing
support, creating order, and reducing high expressed emotion [149]. Crises may be
expected in the family of a patient with schizophrenia. Therefore, crisis intervention
is another component of family therapies. Although different theoretical models have
similar effectiveness, it has been stated that psychoanalytically oriented applications
may yield negative results [150].

Family care programs provide positive gains for both the family and the patient
by enabling families to solve their problems more effectively, increase their self-con-
fidence, be more understanding toward patients, reduce feelings of strain and anger,
and increase their ability to cope with stress [151]. In family support programs, the
main topics are providing information about mental illnesses, social support, medica-
tions, and other treatment methods, improving problem-solving and communication
skills with the patient, and sharing experiences and difficulties [152].

The primary purposes of psychoeducation for families are to provide information
about the disorder and treatment, to regulate family communication, to help with
coping methods, to increase problem-solving skills, to reduce stress caused by family
conflicts, and to increase the social support of family members [146]. Family thera-
pies help patients’ relatives better understand the effects of the disease on functional-
ity and recognize exacerbated psychotic symptoms [153]. The vulnerability-stress
model, which emphasizes the biological nature of the disease, can be explained to
patients’ relatives to reduce stigmatization [154]. Certain areas, such as plans, job
expectations, medication compliance, marriage, and pregnancy, may also need to
be included in family therapies. Family therapies are essential in reducing the fam-
ily’s anger and guilt, recognizing and solving problems that may arise in advance,
setting reasonable expectations for the patient, and setting limits where necessary
[147]. Expressed emotion, which is defined by a high level of criticism and excessive
emotional reactivity and is highly associated with exacerbation of psychotic symp-
toms, should also be studied in family therapies [155]. Studies have found expressed
emotion to be associated with cognitive impairment and disease severity. Patients may
also behave negatively in response to expressed emotion [146]. Families being overly
protective and interventionist or sacrificing themselves and being overly selfless
are dysfunctional coping attitudes [156]. For this reason, patients’ relatives should
be encouraged to engage in activities outside the home as it provides freedom. This
improves the patients’ relatives’ quality of life [148]. Efforts should be made to correct
the misinformation and prejudices of patients’ relatives about schizophrenia and
treatments because this attitude can negatively affect patients and disrupt medication
compliance [157].

Family therapies are important because they benefit patients’ families and
indirectly contribute to patients’ recovery. In a meta-analysis examining interven-
tions given to families, it was reported that family therapies reduced hospitalizations
and increased medication compliance [158]. Family therapies reduce the exacerba-
tion of the disease, the burden on the family, emotional expression, and treatment
costs. It also increases the patients’ compliance with treatment and psychosocial
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functionality [148, 156]. A study found that family therapies lasting 6-9 months
reduced relapse rates, increased patient compliance with treatment, and reduced
symptom severity [159]. It has also been reported that family interventions increase
families’ ability to cope with the disease process and have positive effects on pro-
tecting their mental well-being [150]. It has been determined that family therapies
carried out in group practice give similar results, effectively increase the functional-
ity of patients and their relatives, and reduce relapses [160]. A study conducted with
first-episode psychosis patients reported that family therapies reduced relapse rates,
hospitalization duration, and psychotic symptom severity and increased functional-
ity for up to 24 months [153].

As a result, family interventions contribute to the cooperation between patients,
their families, and healthcare professionals and help to achieve desired results, such as
preventing relapses [161]. Schizophrenia treatment guidelines also recommend family
interventions at all stages of the disease, as they reduce hospitalizations and symptom
severity [71]. It is beneficial to start family psychoeducation from the early stages of
schizophrenia, and family therapies are also strongly recommended for first-episode
psychoses [162]. All treatment guidelines agree that family interventions reduce
relapse, hospitalization rates, and the burden experienced by families [162].

4.7 Psychosocial skill treatment

Social functionality plays an essential role in meeting the needs of individuals. For
this reason, developing social skills and abilities is very important for quality of life.
Social competence is the ability to communicate in social areas such as work, school,
home, entertainment, shopping, treatment, and social and legal services [163]. Social
skill is the ability of people to exhibit appropriate behavior in social environments and
to successfully apply their social competencies in real life [164]. Social skills include
various performances such as verbal and non-verbal communication, accurate social
perception, making decisions or responses in accordance with social situations and
rules, speaking skills, skills that can enable the management of disease, and express-
ing emotions such as empathy and compassion [165].

Social competencies and skills are incredibly restricted in patients with schizo-
phrenia. They often struggle to develop social relationships, meet social needs, or
fulfill other social roles [166]. In addition, frequent and long-term hospitalizations
may keep the person away from their social environment, causing the loss of already
learned social skills and the inability to learn new social skills [164]. Schizophrenia
itself can cause negative attitudes in the social environment and economic difficul-
ties, causing patients to withdraw from society and lose/fail to learn social skills [167].
Patients with schizophrenia may need to receive training on this subject due to the
difficulties they experience in terms of social skills [165].

PSST is a complementary intervention developed to eliminate the social skill
deficiencies experienced by patients in their daily lives [86]. PSST has a significant
position in increasing the social functionality of patients [168]. Skills are initiated
and developed through learning. For this reason, behavioral techniques (e.g., social
learning and negative reinforcers) are primarily used in PSST. Patients can improve
social skills through behavioral learning, and as a result, they can reach the capacity to
live independently [28, 165].

In PSST, first of all, the obstacles in the patients’ lives are discussed with the
patients, and the current problem areas are identified in cooperation. A target is
then determined regarding these problem areas. In order to reach the main goal,
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short-term and intermediate goals are determined from simple to complex. During
this process, the therapist also explains to the patients in an educational framework
which communication skills must be learned, with whom, where, and when to use
them. Role-playing and rehearsing allow patients to develop the communication skills
necessary for the target situation. Positive and constructive feedback is given to the
patient regarding the behavior exhibited in role-playing and rehearsal. Patients also
learn indirectly from their therapist through social modeling and observation. The
most crucial factor is reinforcing the learned behaviors and skills by repeating them
frequently, especially in real life. Therefore, behavioral experiments are integral to
PSST [164, 165]. Other frequently used behavioral methods include shaping behavior,
coaching, using reinforcers, relearning, self-direction, generalization, and self-
monitoring [164].

Liberman et al. [28] created a structured PSST model (UCLA social and indepen-
dent skill modules) by strengthening PSST with psychoeducation and problem-solv-
ing skills. This program includes medication management, symptom management,
basic conversation skills, community re-entry, recreation for leisure, substance abuse
management, workplace fundamental skills, friendship and intimacy, and involving
families in service modules. This program, which is a modular training, can increase
social functionality and decrease symptoms, exacerbations, and relapses. In order to
maintain this positive effect, it is recommended that the program last at least 1 year
and be continued with support meetings [169].

Cognitive-behavioral-oriented PSST is an 18-week group intervention consisting
of three modules. These modules consist of cognitive skills, social skills, and problem-
solving skills. These interventions have been found effective in normalizing attenu-
ated psychotic symptoms and eliminating stigma, and are also suitable for individuals
in clinical high-risk states for psychosis [170]. Cognitive-behavioral-oriented PSST
has also increased functionality, reduced negative and positive symptoms, and
improved social competence [171].

Studies have reported that psychotic symptoms and relapse rates are lower, and
communication skills and quality of life are better in schizophrenia patients who have
received PSST than in schizophrenia patients who have not received PSST [164]. PSST
has also been found to have beneficial effects in helping patients stay at work longer
and reducing substance abuse [172]. It is superior to standard treatment for positive
and negative symptoms [173].

PSST complements other treatment methods and is one of the interventions that
must be included in treatment [165]. Adding PSST to treatment programs makes it
easier for patients to cope with the disease, reduces relapse rates, and increases social
functionality, level of insight, quality of life, and treatment compliance [174]. When
patients learn to cope with stressful life events or daily challenges, thanks to their
social skills, they become more competent in solving these problems [165].

4.8 Community-based mental health services

CBMHS are evidence-based and recovery-oriented practices that aim to improve
the mental health of a community, are accessible and acceptable, take into account
patients’ goals and strengths, and help provide a wide range of support, services,
and resources. CBMHS are a psychosocial approach targeting the community.
Within CBMHS, patients are considered systemically and evaluated within their
socioeconomic context. The principle of protecting patients individually and socially
is at the forefront. Services are publicly available to everyone. CBMHS are carried out
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by a team. The services provided are long-term and lifelong. CBMHS also consider the
social costs of disorders [175].

This type of rehabilitation focuses on accessibility of services, cultural factors, and
community involvement. Particularly in areas with inadequate service access, strate-
gies such as CBMHS play an intermediary role in helping patients meet their needs
[176]. CBMHS have the functions of helping patients assert their rights, helping them
recover, encouraging their participation in society, improving the mental health of
the family and the entire community, reducing stigma and discrimination, increasing
awareness of mental health in society, and facilitating access to medical, psychologi-
cal, social and economic services. The main aim is to empower people with severe
mental disorders by integrating them into society [177].

A large number and variety of CBMHS have been created in many countries so
far [178]. As mental health services began to be provided on a community-based, a
significant portion of patients began to be treated in the community, and the rate
of receiving inpatient treatment decreased significantly [179]. CBMHS have great
importance and impact, especially in low- and middle-income countries with rela-
tively inadequate health services. Studies support the feasibility and effectiveness
of CBMHS in low- and middle-income countries and recommend providing these
services [180].

CBMHS are critical for preventing hospitalization. Patients who benefit from
CBMHS have lower hospitalization rates and durations than when they do not receive
this service [181]. CBMHS make it easier for patients to access the resources they
need. Patients can thus have easier access to areas such as health, education, financial
aid, and social support [182]. A study reported that CBMHS contributed to increased
functionality, insight level, and treatment compliance and reduced caregiver burden
and symptoms of schizophrenia [183].

The existence of some such health provider centers to serve patients whose
symptoms are not severe enough to require hospitalization is an essential benefit
of the community-based mental health field. However, this can create relative
complexity within the healthcare system, and it may be difficult for patients with
schizophrenia who have a severe mental disorder to access CBMHS. Conditions such
as lack of insight, impaired cognitive abilities, and symptoms related to schizophrenia
can significantly reduce patients’ ability to benefit from these services. Therefore, it
is necessary to be aware of these factors and find solutions to these problems while
providing CBMHS [178].

4.9 Occupational rehabilitation

Occupational rehabilitation consists of vocational and artistic activities with goals
such as improving creativity, expression and communication skills, socialization, and
increasing insight [184].

Vocational rehabilitation is a psychosocial intervention applied to patients who
desire to learn and work, focusing on vocational training and reinforcing the skills
required for a profession [27]. There is a severe impairment in social and occupational
functioning in schizophrenia. Vocational rehabilitation is an important area to focus
on to compensate for impaired functionality. Vocational rehabilitation includes
providing employment support and necessary theoretical and practical vocational
training. The aim is to increase the occupational functionality of patients, which is
a step toward functional recovery and, thus, enables them to integrate into society
more easily [185].
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It may be critical for people with schizophrenia to continue their work or be
employed after being discharged from the hospital for their return to society.
However, since schizophrenia, which is a chronic disease, may have features such as
the presence of residual symptoms, decreased work performance, and deterioration
in cognitive and social functions, employment opportunities of patients may decrease
[27]. People with schizophrenia face serious problems finding employment, even if
they have only been hospitalized once [186]. However, it is known that schizophrenia
patients can continue their working lives for a long time after adequate support and
treatment are provided [187].

Occupational rehabilitation aims to increase patients’ independence in daily life
by improving social skills [188]. Working in fulfilling occupations contributes to
social inclusion and improves functioning and self-esteem [189]. Some studies have
reported that vocational rehabilitation reduces patients’ symptoms and increases
their cognitive functions and quality of life [190]. In another study on vocational
rehabilitation, it was stated that in addition to increasing the social functionality of
schizophrenia patients, the hospitalization duration of the patients was shortened,
and the risk of hospitalization was reduced [191].

Art therapies can be applied to patients whose negative symptoms are dominant
and whose verbal communication is difficult [71]. Art therapies are carried out under
the leadership of experts in fields such as painting, music, dance, drama, and handi-
crafts. It can be applied in groups. Art therapies allow patients to express themselves
indirectly and strengthen the patient-therapist relationship. These treatments
developed toward the end of the twentieth century and have been used for many
years [184].

In a 10-week randomized controlled study in which art therapies were applied
to patients with schizophrenia, it was found that art therapy positively changed the
patients’ self-esteem compared to standard treatment [192]. It has also been reported
that art group therapy increases social functioning in patients [193] and significantly
reduces negative symptoms statistically compared to standard treatment approaches
[194]. The use of art for therapeutic purposes has essential functions in terms of
self-understanding of individuals with disorders such as schizophrenia, where verbal
communication is limited and negative symptoms are present [195].

4.10 Case management

Patients often need people to help them make the most of the community-based
and psychosocial services available, guide them, and coordinate services. The provi-
sion of these services is called case management, and the mental health specialist who
performs case management is called a case manager. Case management is an approach
that aims to monitor patients’ adaptation to society, prevent rehospitalization,
facilitate access to services, and ultimately improve patients’ quality of life [196]. Case
management aims to coordinate the care of individuals with severe mental disorders
in the community and to increase the accessibility and efficiency of continuous care
[197]. In addition, patients are assisted in obtaining and using medications, obtaining
financial resources, and providing appropriate accommodation and transportation
to the hospital. The main aim is to increase the patients’ adaptation to treatment and
society, reduce hospitalizations, and increase social functionality [28].

Many different case management models have emerged from the past to the
present. Classical case management includes determining needs, planning treat-
ment, providing connections, monitoring, evaluation, and advocacy. The first case
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management model developed is the broker service model. In this model, the main
task of the case manager is to provide the services that patients need and to ensure
coordination between various services. In this way, finding early solutions to many
patients’ problems is possible. However, in this model, the case manager is nota
clinician [198].

In clinical case management, the case manager also assumes the clinician’s role.
The case manager has duties such as evaluation, planning, connection with resources,
expanding social networks, coordination between services, crisis intervention, and
providing psychoeducation, psychosocial, and pharmacological treatment. They
provide a wide range of services, including assistance with housing, government aid,
and transportation [199].

Assertive community treatment has been developed to meet the needs of individu-
als with more severe illnesses who experience frequent exacerbations, violent behav-
ior, and severe decline in functionality [184]. In this model, services are carried out
by a team including a psychiatrist, a nurse, and at least two case managers. It is aimed
to reduce the number of patients per staff and to provide services in society and the
natural environment of patients. The workload is shared by a team rather than by
individual. Thus, direct service can be provided 24 hours a day [200]. This model’s
primary purpose is to meet patients’ needs urgently and prevent the devastating
effects of the disease. Patients who experience frequent relapses, recurrent hospi-
talizations, and weak family support are especially suitable individuals for assertive
community treatment [184].

Intensive case management, unlike other case management models, aims to
provide quality health care in a short time. Treatment services such as emergency
home visits are also provided. Its mission is to facilitate community services and assist
patients with daily living skills [201]. It has been shown to have benefits in terms of
functionality, patient retention in treatment, employment utilization, housing, and
shorter hospitalization durations compared to the standard approach [202].

In the strength model, the focus is more on patients’ strengths and positive
aspects. In this model, the relationship between the case manager and the patient is
fundamental and indispensable. While performing the intervention, patients’ wishes
are considered. The model proposes the treatment of patients in the community and
argues that, in principle, individuals with severe mental disorders can also learn,
grow, and change [203].

The rehabilitation model also prioritizes individual desires and goals. In addi-
tion to individual goals, the social contribution of patients is also aimed in this
model [204].

Evaluation, planning, patient-centeredness, bonding, and monitoring are stan-
dard functions in case management models [205]. Studies have shown that case
management improves patients’ functionality and increases their quality of life [206].
It has also been effective in improving negative symptoms [197].

In patients where residual symptoms and exacerbations persist, case management
is an appropriate approach in addition to other psychosocial interventions. The case
manager’s importance is increasing, especially considering the need for more knowl-
edge about services from patients and their families. At this point, the case manager
will evaluate the patients psychosocially and help provide the necessary services
[184]. It is recommended that case management be implemented as a psychosocial
intervention method due to its positive effects on clinical recovery, good social
functioning, and reduced hospitalization rates [207].
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4.11 Social supports

Social supports are generally defined as having a reliable environment to meet
emotional, instrumental, educational, material, and psychosocial needs [208].
Integration of schizophrenia patients into society is one of the most critical goals in
schizophrenia treatment. In order to ensure the integration of these individuals into
society, they must first be supported in areas such as health, education, employment,
social security, and social assistance. This can be achieved by states granting certain
rights to these patients and increasing the awareness of patients and their relatives
about these rights [209].

There is a strong relationship between schizophrenia and poverty. Lack of social
support and caregiving burden can be considered among the reasons for this relation
ship [210]. Since schizophrenia causes severe loss of functionality and productivity,
it can indirectly lead to the impoverishment of individuals and their families [211].
Stigmatization associated with schizophrenia may affect patients and their families’
ability to develop productive social networks and benefit from social supports [212].
People with schizophrenia often require the care of a family member, which can lead
to aloss of productivity and, therefore, income for another family member [213]. In
addition, the treatment costs of schizophrenia, which is a chronic disease, can pose a
severe economic burden [214].

The housing problem continues to be a negative situation for schizophrenia.
Having a home-like living space is one of the foundations of recovery. Because not
being able to live in an adequate home also prevents the development of social rela-
tionships with healing properties. As a result of providing adequate and appropriate
housing, patients are more likely to feel like they belong to society and integrate into
it. This contributes to the development of social relations. In this way, schizophrenia
patients can achieve a better quality of life and, indirectly, a life with fewer symptoms.
Therefore, mental health professionals and policymakers should not ignore this
issue [215].

Education, a social right, is critical for patients to be employed and productive
in the future. In this way, it contributes to the integration of patients with society.
Particularly patients who cannot adequately benefit from vocational training have
difficulties in employment and cannot have a regular income. For this reason, it is
essential to support schizophrenia patients for education and provide them with
convenience in this process [209].

One of the things that should be done is to provide opportunities for patients
with good functionality to work in a suitable job and to provide financial support to
patients whose functionality has not improved and who cannot work. Schizophrenia
patients with low functionality and reduced social networks may need social support
in areas such as social security, social aid, and health. Encouraging non-governmental
organizations can be effective in seeking and demanding rights [209].

Social support has a significant impact on the adaptation of individuals with
mental disorders to society, reducing their psychiatric symptoms and reducing the
number of hospitalizations [216]. It has a protective effect on schizophrenia and is a
necessity in clinical and functional recovery [217]. Additionally, emotional social sup-
port also reduces relapse rates. It is, therefore, necessary to encourage the provision of
better social support [218].

Although various social supports exist in various countries, patients’ and their
relatives’ awareness of social supports is generally low. As a result, patients cannot
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fully benefit from their social rights. Therefore, there is a need for more services for
patients with schizophrenia and to increase their awareness of these supports [209].
Definite policies should be developed to reduce poverty in order to support recov-
ery in schizophrenia patients, increase social supports, and reduce the family care
burden [210]. In this process, disciplines such as health professionals, social workers,
economics, politics, and law should play an active role. Only in this way can social
integration of schizophrenia patients be achieved [209]. For example, in Turkey, in
order to work as a public employee, patients with schizophrenia have the right to
take a different exam than healthy people. This exam, designed for individuals with
schizophrenia and similar disorders, makes it easier for the patients to be assigned to
ajob. In this way, patients gain financial and social opportunities, become functional,
and are exposed to less stigma. As a result, the adaptation of patients with schizophre-
nia to society increases.

4.12 Motivational interviewing in schizophrenia patients with substance use
disorder

Motivational interviewing is a guiding counseling style that aims to achieve
behavioral change and helps recognize and resolve ambivalent feelings and thoughts
on a particular subject. If change is aimed at motivational interviewing, a partnership
is established between the interviewer and the patient. In order to achieve behav-
ioral change, it is necessary to activate individuals’ reasons. Additionally, accepting
patients’ autonomy and acting compassionately are other elements of motivational
interviewing. Motivational interviewing involves asking open-ended questions, con-
firmation, information exchange, reflection, and summarization [219]. Motivational
interviewing aims to resolve ambivalence by raising awareness of the conflict between
one’s goals and current situation [220].

Today, motivational interviewing is mainly used to address problematic behavior
patterns, especially to help change substance use behavior [221]. Motivational inter-
viewing is particularly effective in preventing alcohol-related problems [222]. Ina
study conducted with individuals with comorbid schizophrenia and alcohol use disor-
der, it was found that patients were able to stay away from alcohol for more extended
periods, and their drinking days decreased thanks to motivational interviewing [223].

In a study conducted with patients with comorbid schizophrenia and substance
use disorder, it was reported that when motivational interviewing was used together
with other psychosocial interventions, the number of days patients abstained from
alcohol and substances increased, and a decrease in positive symptoms and exacerba-
tions was achieved over 12 months [224]. In other studies, it has been found that in
patients in whom psychosocial interventions such as motivational interviewing, crisis
management, social skills training, and psychoeducation were used in combination,
substance use decreased, urine substance tests were largely negative, and their com-
pliance with treatment and quality of life increased compared to patients in whom
these interventions were not used [225-227]. In a recent review and meta-analysis,
the effectiveness of motivational interviewing in individuals with comorbid psychosis
and substance use disorder was found to be moderate [228].

It is essential to be more directive and repetitive and use concrete language in
motivational interviews with schizophrenia patients, as cognitive impairment accom-
panies them. It may be necessary to keep session times shorter so patients can tolerate
them and to keep the treatment period longer to establish skills [229].
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5. Use of psychosocial interventions in combination with other
treatments

Considering the effectiveness of psychosocial interventions, the ideal way to treat
schizophrenia seems to be the integration of pharmacotherapy and psychosocial
interventions [7]. Medication alone has limited effect when not supported by psy-
chosocial interventions [10]. It is known that when psychosocial interventions are
used together with other treatments, the rate of discontinuation or change of treat-
ment decreases, relapses decrease, and the level of insight, quality of life, and social
functionality increase [230]. For example, it has been found that the majority of
schizophrenia patients who receive traditional antipsychotic drug treatment together
with psychosocial treatment, such as social skill training, meet the remission criteria,
and their symptomatic and functional improvements are more significant than those
who receive antipsychotic treatment alone [18]. With combined treatment, the rate of
patients participating in employment and receiving education increases. Therefore, it
is critical to integrate psychosocial interventions with other interventions in the early
stage of schizophrenia [230].

Combining pharmacological and psychosocial interventions has some advantages.
Patients receiving psychosocial intervention may require lower doses of antipsy-
chotic medication. Patients who receive appropriate medication may comply better
with psychosocial interventions than those who are not compliant with medication.
Combining treatments may each enhance the effect of the other, and the positive
effects may be more significant than expected. Each treatment can help patients
maintain and restore their biopsychosocial integrity by providing improvements in
both common and specific areas [231].

Combined treatment is promising for recovery in schizophrenia, and it is empha-
sized that the most appropriate method in the treatment of schizophrenia is the
integration of pharmacological treatment with psychosocial interventions [7].

6. Conclusion

Considering the problem areas experienced by patients, the treatment of schizo-
phrenia should be addressed in a biopsychosocial context. Studies show that the
psychosocial approach has positive results in patients with schizophrenia accompa-
nied by severe disability. There is ample evidence that psychosocial interventions are
highly effective in integrating patients into society and improving their functionality
and quality of life. Therefore, it is crucial to continue psychosocial interventions
together with pharmacotherapy. Using different psychosocial interventions together
may provide more excellent benefits. Since schizophrenia is a multidimensional
mental disorder, detailed evaluation of these dimensions in patients and intervention
with psychosocial methods in areas that are deemed deficient are very important for
the quality of life and functionality of patients.

We frequently see the benefits of psychosocial interventions in our clinical
practice. For example, we started to follow up with a 19-year-old female patient who
started experiencing symptoms of delusions and hallucinations at the age of 17 after a
one-year prodromal period and was diagnosed with schizophrenia, in a community-
based mental health center. Previously, her delusions and hallucinations had been
treated with olanzapine and amisulpride. However, her symptoms of social isolation,
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alogia, and decreased self-care had not responded to medication and continued. She
participated in an art therapy program focused on music, dance, and theater at the
community-based mental health center. After that, she improved her communica-
tion skills and started talking more spontaneously, and her self-care increased. Her
statement was as follows: “I don’t recognize myself, but it turns out I have great talents
within me.” This case once again shows the effect of psychosocial interventions on
symptoms of schizophrenia and their potency-inducing properties.

Recovery in schizophrenia is a process. Considering that recovery is related to
how well the patient can perform psychosocial functions and social reintegration,
the importance of psychosocial interventions increases. Even if full recovery can-
not be achieved, various psychosocial interventions should be applied to minimize
functional losses. Schizophrenia treatment guidelines also recommend psychosocial
interventions at all stages of treatment.
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