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Schizophrenia is a chronic manic-depressive illness. It is a mental illness character-
ized by a combination of symptoms such as perceptual misinterpretation, cognitive
impairment, and emotional dysfunction. Schizophrenia is a serious mental illness
that affects various parts of the brain. “A majority of individuals with schizophrenia
have poor insight regarding the fact that they have a psychotic illness, ““ says the
DSM (Diagnostic and Statistical Manual of Mental Disorders). There are a myriad of
symptoms associated with schizophrenia illness, arising from different basis. Hence,
it adds slight complexity to its further diagnosis. Symptoms must last 6 months and
include at least 1 month of active symptoms for an accurate diagnosis. For a precise
diagnosis, several clinical symptoms, including physical, psychiatric, and psycho-
logical indicators, must be evaluated. Clinical examination includes a variety of tests
to diagnose, including blood tests and medical imaging. Combinatorial methods can
be used to make accurate diagnoses. Considering the neurochemical changes in
mental disorders, identification of biomarkers in psychiatry is becoming increasingly
important in order to facilitate diagnosis. The International Classification of Dis-
eases, eleventh revision, has also adopted standardized criteria (ICD-11) for specific
Schizophrenia diagnosis. Various diagnostic tests, such as MRIs, CT scans, and
blood tests, are usually performed to assess the patient’s health. With the aid of
diagnostic tool, several causative factors in schizophrenia pathophysiology have
been identified. It is providing a more promising future for easy and safe diagnosis
of schizophrenic patient. To achieve even greater improvements in patient care,
psychiatrists and researchers synchronized work contributes to improving and
developing modified medicine tools.
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4.1 Introduction

Initially, the term schizophrenia was introduced in the year 1911 but it took 70 years
to consider schizophrenia under the category of disease as per the Diagnostic and
Statistical Manual of Mental Disorders—third edition (DSM-III) (Tomasik et al.
2012). The term Schizophrenia is derived from the Greek origin, “schizo” (splitting)
and “phren” (mind). Swiss psychiatrist Dr. Eugen Bleuler coined the term “Schizo-
phrenia” and in 1911 emphasized the word schizophrenia that, dementia praecox
nothing but schizophrenia as it causes differentiation in psychic functions (Ashok
et al. 2012).

Mental disorders are usually associated with high risk rate of its occurrence,
death, morbidity, and mental instability as per World Health Organization. Schizo-
phrenia is a difficult brain disorder that makes it challenging to distinguish between
what is real and what is not, to think clearly, manage emotions, relate to others, and
function normally.

L. Bender, Boston psychiatrist and neuropathologist, described schizophrenia as
“congenital encephalopathy” (Weinberger and Levitt 2011). It affects human per-
ception by affecting person behavior, thinking, and vision toward the world. Loss of
coordination in neurological function leads to a chronic mental health disorder called
as Schizophrenia. It is a psychological illness in which people seem like they have
lost touch with the fact and are in schizotypal state. The exact cause of schizophrenia
is not known, but a blend of causes of schizophrenia is associated with Genes,
Environment, or Change in Brain Structures (Sawa and Snyder 2002). It is charac-
terized by symptoms such as delusions, hallucinations, disorganized speech or
behavior, and impaired cognitive ability (Chatterjee 2018; Chatterjee and Mittal
2019).

Difficulty can be associated with concentration and memory. Treatment is usually
life-long and often involves a combination of medications, psychotherapy, and
coordinated specialty care services. Symptoms may persist long when untreated
but when treated in a coordinated manner, it can help individuals to carry out normal
schedule as a normal and healthy volunteer. As suggested by L. Bende psychiatric
disorders are also influenced by environmental factors such as institutional care and
non-friendly behavior (Walter et al. 2010). These types of environmental factors
affect psychological development and lead to psychological disorder.

Diagnosis is totally dependent on symptoms for the complete estimation of the
disorder under its clinical manifestation.

4.2 Clinical Manifestations

Schizophrenia symptoms are categorized mainly into three types,
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4.2.1 Positive

Positive symptoms are identified and distinguished from healthy individuals. The
symptoms include hallucinations, delusions, and abnormal motor behavior with
varying degrees of severity.

4.2.2 Negative

Negative symptoms are associated with high morbidity rate and usually not easily
identify. The negative symptoms included avolition, alogia, anhedonia, and dimin-
ished emotional expression.

4.2.3 Cognitive

Cognitive refers to conscious intellectual activity (such as reasoning or remember-
ing). And cognitive symptoms involve hampering conscious intellectual activity.
These ultimately lead to impairment in the individual’s communication skills by
affecting speech and responsiveness. Usually impairment is observed in attentive-
ness, focus of mind, and memory.

Schizophrenia appears in numerous forms. Common types of symptoms include
person who hears voices and has extreme fear, or feelings that are unusual and
unnatural. Dopamine excessive secretion via secretory neurons is associated with
schizophrenia. Drugs that are treating schizophrenia like chlorpromazine, haloperi-
dol, and thiothixene either decrease secretion of dopamine at dopaminergic nerve
endings or decrease the effect of dopamine on neurons (Guyton and Hall 2006).
Various neurotransmitters such as y-aminobutyric acid (GABA), glutamate, dopa-
mine, serotonin, and oxytocin contribute the most in causing schizophrenia, among
this major role is played by dopamine (Bansal and Chatterjee 2021). These are
chemical messengers in the body, used by nervous system to communicate between
neurons or from neurons to muscles. Neurotransmitters play an important role in
neurodevelopmental disorders. As depicted in (Fig. 4.1) the progression of schizo-
phrenia can be divided into four stages via neurotransmitter interference (Insel and
Cuthbert 2010; Bansal and Chatterjee 2021). The figure specifies and represents
about clinical symptoms with its diagnosis.

The authors conducted a literature review and discussed the roles of dopamine
and glutamate in schizophrenia, including loss of senses, motion, memory, and
depression. A low level dopamine amount is usually linked to brain disorders,
including schizophrenia (Birtwistle and Baldwin 1998; Bansal and Chatterjee
2021). Though, the patient also experiences physical changes such as weight gain
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Fig. 4.1 The four stages describing progression of schizophrenia

or loss, diabetes, and suicidal thoughts. The feature of this stage is behavior
reappearance, which can be diagnosed through a clinical interview.

4.3 Rationale

Due to the heterogeneity of this mental disorder and the lack of specific effective
biomarkers, diagnosing SZ is a difficult problem. Several clinical symptoms, includ-
ing physical, psychiatric, and psychological indicators, must be assessed for appro-
priate diagnosis. To diagnose, clinical examination includes a variety of tests,
including blood tests and medical imaging. The combinatorial methods can be
implemented for efficient diagnosis.

4.4 Diagnosis

For appropriate treatment prior diagnosis of this mental disorder is essential. Schizo-
phrenia is a heterogenic mental illness that requires accurate diagnosis (Shepherd
et al. 2012). There are accurate methods available for care and recover of people with
schizophrenia. Efficient feature selection techniques result in high classification
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accuracy as well as improved identification of affected brain regions (Chatterjee
etal. 2019). Hence it is really essential to diagnose the symptoms of schizophrenia as
soon as possible for effective care and treatment. The manual DSM-5 elaborates that
schizophrenia diagnosis will be based on its symptoms. Clinicians or researchers
corelate patients’ symptoms with the standard reference book or manual called
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) Fifth Edition,
published under American Psychiatric Association (APA), where APA is national
medical specialty society ensuring access to excellence for psychiatric diagnosis and
treatment (APA, DSM-5, 2022). As per the guidelines provided by DSM-5, schizo-
phrenia is diagnosed on the basis of two or more symptoms resembling, hallucina-
tions, delusions, or disorganized speech for minimum 1 month. The other essential
symptoms associated are gross disorganization and reduced emotional expression.
Further DSM-5 criteria for diagnosis of schizophrenia comprise:

* Initially, work performance personal care is getting diminished before the onset
of symptoms.

+ Indications of disturbance lasted for minimum 6 months.

* Depressive or bipolar disorder with psychotic symptoms, as well as
schizoaffective disorder, has been weeded out.

The disturbance is not the result of any substance or another medical/health
condition.

The International Classification of Diseases, eleventh revision, has also adopted
standardized criteria (ICD-11) for specific diagnosis of schizophrenia (First et al.
2015). The International Classification of Diseases and Related Health Problems
(ICD) works for maintaining international health reporting and information standard
under the ambience of World Health Organization (WHO). ICD-10 diagnostic
guidelines, each disorder’s diagnostic information is generally divided into three
sections. The first section describes the main clinical features as well as “any
important but less specific associated features.” The second section contains “Diag-
nostic Guidelines, “ which “indicate the number and balance of symptoms usually
required before a confident diagnosis can be made.* The third section, “Differential
Diagnosis, “ lists other ICD-10 disorders that must be distinguished from the
disorder under consideration.

The inconsistency of the diagnostic details included in the ICD-10 Clinical
Descriptions and Diagnostic Guidelines (CDDG), particularly with regard to differ-
ential diagnosis, is a significant shortcoming in terms of its usefulness to clinicians.

As a result, ICD-11 Working Groups were tasked with compiling data using
standardized template, for providing diagnostic information about the disorders
under their purview (known as a “Content Form”). The ICD-11 CDDG is being
developed with a uniform structure utilizing the information provided in the Content
Forms as basis of the information. This format is effective in producing more reliable
clinical judgments in ICD-11 in comparison with ICD-10 and hence is currently
being tested in a series of Internet-based field studies using standardized case
material, and it will also be tested in clinical settings. For example, the proposed
ICD-11 diagnosis of schizophrenia requires the occurrence of at least two of seven
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symptoms for at least 1 month. Although statements about the duration of symptoms
are frequently included (for example, the diagnostic guidelines for schizophrenia
state that “symptoms should have been clearly present for the majority of the time
during a period of one month or more”).

Guidelines also elaborate about individuals diagnosed with schizophrenia and
bipolar disorder have a high prevalence rate of PTSD. Post-traumatic stress disorder
(PTSD) is associated with condition that advances as a result of witnessing a highly
threatening or horrific event or series of events. Anger, shame, sadness, humiliation,
or guilt, including survivor guilt, is the common symptom of PTSD (First et al.
2015). Schizophrenia results in psychosis and is associated with considerable dis-
ability and may affect all areas of life including personal, family, social, educational,
and occupational functioning. The first-episode psychosis usually appears between
age 16 and 30 and is considered as part of diagnosis, where psychosis is the state of
mind indulging person to lose contact with reality and affecting his ability to
differentiate between fact and fallacy. Such circumstances are classified under
psychotic episodes. National Institute of Mental Health (NIMH) reports on U.S
data for about 100,000 new cases per year for psychosis. Schizophrenia causes
psychosis and it may hinder person’s personal, social and professional life as well.

The diagnosis of schizophrenia can be efficiently achieved with the help of
studying various parameters comprising of medical history, functional and structural
neuroimaging techniques, clinical and physical examination. As per the mental or
physical symptoms of the patient, physicians decide medical history and physical
examination. Usually various diagnostic tests like MRI or CT scans or blood tests are
performed to analyze health condition of the patient. If the physical symptoms are
not in accordance, then physician may recommend a psychiatrist or psychologist,
healthcare professionals, those are professionally fully trained for further counseling,
guidance, diagnosis, and treat mental illnesses where clinical examination comprises
blood tests as well as medical imaging (Tomasik et al. 2012).

Schizophrenia basically associated with brain and hence classified as brain
disorder, but recently due to its impact on peripheral systems it is also categorized
under systemic disorder. The changes are usually associated with cerebrospinal fluid,
liver, and skin cells of patients. Blood is such a fluid component of the body that
circulates throughout. Hence, blood samples can be easily retrieved without much
clinical interventions and considering patients comfort. It is usually carrying mole-
cule those are balancing activity of both central and peripheral purposes. Hence
blood may still be a useful component for diagnostic, or certain monitoring purposes
as it reflects any change associated with human physiology. Blood of the patient is
usually tested for molecular changes in metabolic, immune, and hormonal pathways
occurring in schizophrenia patients. These altered molecules lead to high accuracy in
diagnosis. Blood samples of schizophrenia patients show considerable changes that
are used for diagnosis.

There are certain biomarkers expressed in blood, specific for particular genotype
of patient and are responsible for diagnosis and therapeutics (Tomasik et al. 2012).
To specify the indication of biological material the term “biomarker” was first
introduced in 1973. Biomarkers are biological molecules, genes, or such a molecule
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that is associated with any sort of clinical condition to be identified. These molecules
are usually found in blood, other body fluids, or tissues of the patient. The Biomarker
Definition Working Group, which was funded by the National Institutes of Health
(NIH), defined a biomarker as “a characteristic that is objectively measured and
evaluated as an indication of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention” in 2000.

The concept of biomarkers was further elaborated by Fitzgerald and colleagues in
the year 2016 as a molecule having functional variability that acts as a marker or
indicator of disease or response to therapy (Fitz Gerald 2016). Recently, science and
technology has supreme opportunity to scrutinize inflammation as a potential bio-
marker in schizophrenia. For a broad range and complete analysis, a set of vivid
types of biomarkers may be needed for precise diagnosis along with the application
of advance technology such as combination of genomic, proteomic, and immuno-
assay technologies. Usually, most common biomarker associated with this disorder
is inflammatory response. Inflammation can serve as a potential biomarker in
schizophrenia as it is a set cascade of reactions to various stimuli, involving
activation of immune system, influx of blood, vascularization, and recruitment of
mediators such as cytokines, complement activation (Miller and Goldsmith 2019).
Inflammation is an indicator of autoimmune disorders and severe infections, enhanc-
ing the risk of schizophrenia (Benros et al. 2014). Evidence proves about schizo-
phrenia patients show inflammatory marker as anomalies in blood samples,
cerebrospinal fluid (CSF), and central nervous system (CNS), including leukocytes,
cytokines, and acute phase reactants (Kirkpatrick and Miller 2013; Mazza et al.
2019). A large number of inflammatory markers, including interferon gamma
(IFN-g), IL-1b, IL-1 receptor antagonist (IL-1RA), IL-6, IL-8, IL-10, IL-12, were
found to be elevated in a recent meta-analysis of first-episode psychosis (FEP) and
chronic individuals with psychosis (Goldsmith et al. 2016).

It has been practically proven that non-steroidal anti-inflammatory drugs
(NSAIDs) or other agents with anti-inflammatory effects may help improve mental
illness in certain schizophrenia patients (Nitta et al. 2013; Sommer et al. 2014).
Hence presence of inflammatory markers in the blood may act as an indication of
response to such agents. Considering this finding, it suggests that inflammation may
be involved in the pathogenesis of schizophrenia, at least in some patients, and is
thus a candidate biomarker for a variety of disorder-related phenomena. The expo-
sure to various sources of infection including prenatal maternal, viral, bacterial
infection (Brown et al. 2010) as well as exposure to the parasite Toxoplasma gondii
acts as a risk factor (Torrey et al. 2007). These risk factors converge toward
schizophrenia via common inflammatory response. The risk factors are considered
as progenitors of schizophrenia. Detecting inflammatory biomarkers for individuals
at clinical high risk (CHR) for psychosis is critical, because they may serve as
important diagnostic, prognostic, and theranostic predictors. Individuals with CHR
are a diverse group (Fusar-Poli et al. 2017). As per the estimation made within
2 years, approximately 20% of CHR individuals convert to a first-episode psychosis
(FEP). Finally, understanding the role of inflammatory biomarkers in treatment
response, as well as their relationship with specific psychotic symptoms, may
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provide important data to support a putative causal role for the immune system in
psychosis.

A recent meta-analysis provided the first systematic evidence for changes in
inflammatory markers in CHR patients versus healthy controls (HC) (Park and
Miller 2019). In seven studies that looked at 10 cytokines and the acute phase
reactant, CRP or “C-reactive protein,” IL-6 was found to be significantly elevated
and IL-1b was found to be significantly decreased in CHR patients compared to
healthy controls (Delaney et al. 2019; Focking et al. 2016).

Meta-analysis estimated risk associated with schizophrenia enhances due to
elevated level of inflammatory markers like in maternal blood circulation CRP,
IL-8, and IL-10 during pregnancy (Zhang et al. 2018). It is especially common in
medicine and epidemiology, where it is frequently used to combine results from
observational studies, guide policy decisions, and help determine the efficacy of
medical interventions. Meta-analysis focuses on, reviewing and quantitative analysis
and synthesis of raw data, Gene V Glass is a statistician and social scientist from the
USA. He introduced the term “meta-analysis” and initiated using it in his presiden-
tial address to the American Educational Research Association in April 1976 in San
Francisco.

For instance, a meta-analysis of 40 published data was performed to determine
the magnitude and direction of the relationship, or effect size, between insight and
symptom domains in schizophrenia, as well as moderator variables associated with
the variations in effect sizes across studies. According to the discoveries of this meta-
analysis, in schizophrenia, the relationships between insight and symptom domains
are significant but modest. To summarize, the findings revealed a negative relation-
ship between insight and global, positive, and negative symptomatology, implying
that as global, positive, and negative symptoms increased, so did the degree of
insight. In schizophrenia, there was an affirmative correlation between insight and
depressive symptoms, implying that as the level of insight increased, so did the level
of depressive symptoms. The findings of this meta-analysis have far-reaching
implications for future research. The relationship between insight and symptoms
has been studied extensively, and meta-analytic results indicate that, while statisti-
cally significant, these relationships are only moderate at best (Mintz et al. 2003).
Certain comorbid infections are linked to schizophrenia and have a higher preva-
lence. Schizophrenia is also linked to an increased risk of death from infectious
diseases such as pneumonia and influenza (Saha et al. 2007). A variety of different
infectious agents have been linked to an increased risk of schizophrenia (Brown and
Derkits 2010).

Lower urinary tract infections (UTIs) were found to be more common in schizo-
phrenia patients, particularly during episodes of illness exacerbation, and this may be
a recurring phenomenon. Recurrent urinary tract infections have also been reported
in acute psychosis or during an acute relapse of schizophrenia (Laney et al. 2015;
Miller et al. 2013). In a meta-analysis, it was discovered a 1.7-fold increase in the
jeopardy of positive T. gondii IgM antibodies—a marker of acute/recent exposure or
reinfection—in patients with acute psychosis (especially exacerbations of chronic
schizophrenia) compared to controls. Most previous research has concentrated on
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T. gondii 1gG Immunoglobulins, which are a marker of lifetime toxoplasmosis
exposure, whereas IgM antibodies are a marker of acute/recent infection. Toxo-
plasma gondii (T. gondii) exposure is a strong risk factor for schizophrenia.

In this study by Monroe et al. (2015), meta-analysis was carried out to find
relationship between T. gondii IgM antibodies and acute psychosis in schizophrenia
to see if infections were involved with relapse in schizophrenia, also increased
seroprevalence of T. gondii, antibodies were found in patients with acute psychosis
who were compared to controls. An augmented seroprevalence of 7. gondii IgM in
patients with acute psychosis adds to and expands on previous findings, implying
that infections may play a role in the etiopathophysiology of relapse in some patients
with schizophrenia (Monroe et al. 2015). In each study, data were extracted for
sample size and the number of subjects seropositive for 7. gondii IgM antibodies for
acute psychosis and controls. Hence the data is relevant for the serodiagnosis that
comprises diagnosis based on the study of blood sera in relevance with the meta-
analysis, thus making diagnosis and coprevalence of other symptomatic infection
with schizophrenia. Several other studies have discovered an increased prevalence of
active viral and chlamydial infections in hospitalized patients suffering from acute
psychosis (Ahokas et al. 1987). From the analysis of Fellerhoff et al. the data showed
9.4-fold increased risk of chlamydial infection in 72 schizophrenia patients com-
pared to 225 controls (Fellerhoff et al. 2007). The current study’s findings suggest a
link between T. gondii, C. trachomatis infection, and schizophrenia. More research is
needed in the future to determine the relationship between the two types of infection
and schizophrenia (Park et al. 2012).

Past and ongoing neuroimaging studies have found morphological brain alter-
ations in schizophrenia, and magnetic resonance spectroscopy (MRS) studies have
revealed about changes in living brain chemistry and molecular alterations in
schizophrenia. For the purpose of diagnosis standardized tools and techniques are
described as follows.

4.5 Magnetic Resonance Spectroscopy (MRS)
for Schizophrenia

Ackerman et al. initiated in vivo MRS, being a non-invasive technique that provides
useful information about brain chemistry (Ackerman et al. 1980). The most com-
monly used cores for in vivo studies comprises *'P and ‘H. *'PMRS is particularly
well suited for studying neurodevelopmental aspects of schizophrenia pathophysi-
ology by measuring phosphorus-containing metabolites, where the stable isotope of
phosphorus is phosphorus-31 for the study. >'P MRS can be used in the brain as part
of a clinical protocol to provide accurate measurements of crucial metabolites
(Novak et al. 2014). There is mounting evidence that schizophrenia is associated
with abnormalities in the composition and metabolism of cell membrane phospho-
lipids (PLs) in the brain. In schizophrenia, *'P MRS was used to measure the
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metabolic precursors and degradation products of PL metabolism (Komoroski et al.
2008). Metabolite ratios were quantified precisely enough to detect significant
differences between brain regions. Using high-resolution (Fusar-Poli et al. 2017) P
NMR spectroscopy, the absolute concentrations of the individual PL metabolites
phosphocholine (pc), glycerophosphocholine (gpc), phosphoethanolamine (pe), and
glycerophosphoethanolamine tissue from frontal, temporal, and occipital cortex of
brain for schizophrenia were determined. Pettegrew et al. discovered reduced PMEs
(phosphomonoester) and elevated (phosphodiester) PDEs in the dorsal prefrontal
cortex of drug-naive schizophrenics in their groundbreaking study (Pettegrew et al.
1991). Since then, most studies have found lower PMEs and higher PDEs in first-
episode schizophrenia. PMEs are reduced in chronic, schizophrenia, but the results
for PDEs are differing.

Tissue samples are extracted using a modified Bligh—-Dyer method (Bligh and
Dyer 1959). In this method brain tissue is given chemical treatment followed by
incubation period and thawing. Following subsequent steps, then aqueous layer is
used for NMR analysis (Komoroski et al. 2008). For the study, PL metabolites in the
three brain regions for the three complete subject groups were considered. The
results for the relevant metabolite ratios pe/gpe and pc/gpc, summed PMEs
(pe + pc = “PME”), and summed phosphodiesters (gpe + gpc = “PDE”) are also
provided. These sum-up values approximate the quantities measured in the in vivo
*P MR spectra of the brain. The metabolite concentrations found here are compa-
rable to those found in vivo using (Fusar-Poli et al. 2017) P MRS (Jensen et al.
2002). Although higher gpc is detected in the occipital cortex, the control region, as
well as the frontal and temporal cortex, it eventually confirms in vivo results of
increased PDEs in schizophrenia. The study considering MRI data has been thor-
oughly investigated by Chatterjee et al. (2020) about changes in the volume of gray
matter as the characteristics of schizophrenia patients in comparison to healthy
controls. The findings show a significant decrease in gray matter volume in schizo-
phrenia patients’ brains, most notably in the inferior frontal gyrus, superior temporal
gyrus, middle occipital gyrus, and insula. This study added a boon to the way for
further research into the underlying neurobiology of the schizophrenic brain con-
tributing to clinical interventions (Chatterjee et al. 2020). fMRI scans use the same
fundamental atomic physics principles as MRI scans; however, MRI scans image
anatomical structure and fMRI scans image metabolic function. As a result, the
images produced by MRI scans are three-dimensional representations of anatomic
structure. Another tool used for neuroimaging is functional magnetic resonance
imaging (fMRI). The most widely used technique for studying the functional
activation patterns of the brain is functional magnetic resonance imaging (fMRI).
The fMRI data is four-dimensional, consisting of three-dimensional brain images
collected over time (Chatterjee 2018).
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4.6 Molecular Pathology of Schizophrenia

Pathology is the study of the causes and consequences of disease or injury. Gener-
ally, the term pathology implies the study of diseases. It encompasses a wide range
of biological research fields and medical disciplines.

There are three major concepts in context to development of schizophrenia.
According to the neurochemical abnormality, the psychiatric manifestations of the
disease are caused by an imbalance of dopamine, serotonin, glutamate, and GABA.
Evidence indicated that the number of dopamine receptors are increased in a
brain proportion. As demonstrated (possibly two-thirds) of patients with schizophre-
nia utilizing receptor assay techniques (Owen et al. 1978; Lee et al. 1978).

Burt et al. conducted a study in rat to assess dopamine receptor supersensitivity,
using the haloperidol-binding technique (Burt et al. 1977). In later studies, haloper-
idol was replaced with Spiroperidol 20 (due to its advantages) as a dopamine
receptor assay and linked changes in receptor sensitivity in human post-mortem
brain to changes in dopamine concentrations and dopamine turnover measured as
concentrations of the metabolites homovanillic acid (H.V.A.) and
dihydroxyphenylacetic acid (DOPAC). Dopamine turnover was not increased in
schizophrenic patients, but there was a significant increase in postsynaptic receptor
sensitivity as measured by the spiroperidol-binding technique. Dopamine neuron
hyperactivity may be the primary disturbance in some schizophrenic illnesses.

Because of their opposing effects on the adenylate cyclase system, two distinct
subtypes of dopamine (DA) receptors have been identified. Kebabian and Calne
proposed that DA receptors linked to adenylate cyclase stimulation be classified as
D, receptors, while DA receptors that do not increase enzymatic activity be classified
as D, receptors (Kebabian and Calne 1979). When assays are performed in the
presence of guanine nucleotides, the apparent affinity of agonists for D, receptors
labeled with [3H] spiroperidol ([3H]SPD) is reduced. This finding implies that D,
receptors regulate adenylate cyclase via a guanine nucleotide-binding protein. Direct
evidence of D, receptor inhibition of adenylate cyclase has been obtained in studies
with pituitary and striatal tissue from rats. D1 and D2 receptor interplay may be
important in schizophrenia and the development of novel antipsychotic drugs
(APDs) to treat all symptoms of schizophrenia.

4.7 Neuroimaging in Schizophrenia: Advancement
in Technique

Schizophrenia, once thought to be a psychological disorder with no organic brain
substrate, has been the subject of intense neuroimaging research. Where Neuroim-
aging process of creating images of the structure or activity of the brain or other parts
of the nervous system using techniques such as magnetic resonance imaging or
computerized tomography. Magnetic resonance imaging, magnetic resonance
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spectroscopy, diffusion tensor imaging, functional magnetic resonance imaging, and
radionuclide imaging are examples of neuroimaging techniques currently in use
(Yildirim and Tureli 2015). Neuroimaging techniques have emerged as critical tools
for investigating brain dysfunctions that underpin psychiatric disorders.

Functional neuroimaging techniques revealed that schizophrenia patients have
diffuse functional disorders in various areas and networks of the brain is known as
the default mode network. Neuroimaging techniques have contributed promptly to
the scientific community’s understanding of the pathophysiology of schizophrenia.

Physicians recently geared up diagnosis with the help of medical imaging field,
computer aided diagnosis systems (CADS) is the computer-based system using
advanced image processing and artificial intelligence (AI) techniques that helps in
rapid decisions with automation and accurate diagnosis.

Methods applied for accurate diagnosis are categorized under Functional and
structural neuroimaging techniques (McGuire et al. 2008; Aine et al. 2017). The
magnetic resonance imaging (MRI) is a widespread technique revealing structural/
functional brain abnormalities associated with schizophrenia. Both structural/func-
tional brain abnormalities can be explored with the help of its three-dimensional
resolution. Magnetic resonance imaging (MRI) is a medically associated
non-invasive neuroimaging technique that is associated with detailed imaging of
the organs and tissues of the body. The magnetic field and computer-generated radio
waves create three-dimensional anatomical images. MRI structural neuroimaging
focuses on visualizing abnormalities in context to white matter (WM), gray matter
(GM), and CSF tissues of the brain. (Diwadkar et al. 2011; Varshney et al. 2016).

To establish an accurate diagnosis of SZ, several artificial intelligence (Al) tools
are combined with modern image/signal processing methodologies.

4.8 Computed Tomography (CT Scan)Analysis

It is a type of tomography in which a computer directs the movement of the X-ray
source and detectors, analyses the data, and generates the image. During CT scan
(Fig. 4.2) the X-ray beam moves around the body circularly, during a brain CT scan,
allowing for many different views of the brain.

Ventricular enlargement and cortical atrophy are found in some schizophrenic
patients. Ventriculomegaly has been found associated with advanced age, impair-
ment of cognitive abilities, poor treatment response, and the prevalence of unpleas-
ant symptoms (Smith et al. 1997). Since the presence of cortical atrophy and/or
ventricular enlargement is typically considered to be pathologic signs (Bigler 1987).
The first computerized tomography (CT) study of schizophrenic patients was
published in 1976 by Johnstone, Crow, Frith, Stevens, and Kreel. Astonishingly,
they discovered a higher incidence of ventricular enlargement and cerebral atrophy
in their schizophrenic subjects (Bigler 1987).

Study conducted by Malla et al., regarding brain CT scan on 114 patients, had
been diagnosed with first-episode schizophrenia. The Computed Tomographic
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Fig. 4.2 Principle of computed tomography

Rating Scale for Schizophrenia was used to obtain ratings on sulcal and ventricular
enlargement, as well as the sylvian fissure. CT ratings were also compared to those
of a group of chronic schizophrenia patients. Results obtained showed patients with
a first episode of schizophrenic psychosis had morphological changes similar to
those seen in chronic schizophrenia. Such changes are most likely influenced by age
rather than sex, clinical symptoms, or duration of untreated psychosis (Malla et al.
2002).

4.8.1 Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is a medical imaging technique that is
non-invasive. It creates detailed images of patient’s organs and tissues by using a
magnetic field and computer-generated radio waves. The working principle of MRI
is based on, hydrogen atoms experience a small torque when exposed to a magnetic
field. It rotates at a specific resonant frequency. This external stimulus causes the
hydrogen atom to transition from equilibrium to an excited state. When the stimulus
is removed, the excited state spontaneously decays back to equilibrium with time,
and the nucleus emits an energy that can be detected with the MRI unit’s receiver
coils and converted into gray-scale pixelated images via complex mathematical
transformations (Texada and Singh 2010).

The contrast resolution of magnetic resonance imaging (MRI) is four times that
of CT.

The process in MRI is different; it is based on a complex interplay of diverse
tissue reactions to applied magnetic fields, whereas CT is based on differential X-ray
beam attenuation.



58 M. R. Choudhari and I. Chatterjee

A study reported for schizophrenia, during first episode there is a 4% decrease in
gray matter volume, whereas white matter is unaffected. From the initial strike, this
structural shift was obvious (Lieberman et al. 2001; Kasai et al. 2003). Auditory
hallucinations have been linked to volume loss in the superior temporal gyrus, while
negative symptoms have been linked to volume loss in the prefrontal lobe (Szeszko
et al. 2000). In cases of first-time psychosis, MRI is recommended, especially if there
are unusual symptoms, rapid or atypical development of psychosis, dementia, and
the presence of focal neurologic deficits or symptoms. The most consistent finding
from computed tomography (CT) and magnetic resonance imaging (MRI) studies to
date has been slightly enlarged lateral ventricles, which may be indicative of
volumetric reduction of gray matter in the frontal and temporal regions, though the
amygdala and hippocampal regions have also been implicated (Chua and McKenna
1995; Malla et al. 2002).

If the physicians do not find a physical cause for the suspected symptoms of SZ,
they may refer the patient to a psychiatrist, psychologist, or other related experts. The
main psychological assessment focuses on clinical interviews based on diagnostic
and statistical manual (DSM-IV) of mental disorders conducted by clinical psychi-
atrists to diagnose patients with SZ (Maj 1998).

4.9 Psychometric Analysis

Psychological testing might also be used by physician to dig deeper into the
symptoms of schizophrenia. These tests may involve the following:

Cognitive testing, personality evaluations, the Rorschach (inkblot) test are the
example of open-ended or projective testing. For a psychological examination,
information can also be acquired by the therapist in questionnaire format from
family or friends including parameters such as:

Behavioral changes in the patient, previous social functioning level, family health
history including clinical history of family in context to mental illness. Medical and
psychological issues in the past, medications. Psychiatrists and other medical pro-
fessionals were preferred in the past. Clinician can also discriminate in patient if
symptoms are caused by schizophrenia or are the effect of any medications. Sub-
stances like marijuana can cause psychotic symptoms. Certain toxicology test can be
used to evaluate chemical substances contributing to psychotic symptoms. Symp-
toms can occur when inebriated as well as during withdrawal.

For the diagnostic interview of people at ultrahigh risk (UHR) of psychosis,
several psychometric tests are available. The development of psychometric tools to
identify subjects at ultrahigh clinical risk (UHR) of psychosis in the future has
enabled preventative screening using diagnosis with interventions. Jackson and
McGorry were the first to initiate reliability studies in 1991, using a semi-structured
interview to psychometrically assess first-episode subjects in order to determine the
presence of prodromal signs and symptoms (Jackson et al. 1994). As per the
findings, Yung and colleagues established the first clinical service for UHR
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individuals in 1995 and developed the first UHR psychometric instrument (Yung
et al. 1996). The Royal Park Multidiagnostic Instrument for Psychosis (RPMIP) is a
validity-oriented assessment procedure for acute psychotic episodes that uses serial
interviews and multiple information sources to build a clinical database.

4.9.1 Cognitive Analysis

There is evidence supporting use of cognitive behavior study to control schizophre-
nia. Extensive evidences are in accordance that core feature of schizophrenia is
cognitive impairment; assessing cognitive function is a vital step in patient’s analysis
with schizophrenia. Schizophrenia reflects into cognitive deficits as well as positive,
negative, and disorganized group of symptoms.

According to the finding, (Schaefer et al. 2013) schizophrenia is associated with
impairment cognitive performance domains is evident from hundreds of studies and
thousands of individuals. A instrument called, The Brief Assessment of Cognition in
Schizophrenia (BACS) helps in quick assessing the aspects of cognition to be most
impaired and showed correlation with outcome in schizophrenia patients. The time
required for the testing with the BACS is approximately 30 min with minimal extra
time for scoring and training demands (Kaneda and Keefe 2015). Dr. Kaneda
attempted to create an abbreviated version of the BACS (Abbreviated BACS,
A-BACS) to make it more convenient for clinical work, based on the initial Japanese
BACS. Hence is in charge of creating the Japanese version of the BACS. Dr. Keefe
conducts BACS testing battery and the MATRICS battery (BACS Symbol Coding).

The BACS was found to be sensitive to cognitive impairment in schizophrenia
patients as a standard battery of tests that took over 2 h to administer. In both patients
(r =0.76) and healthy controls (r = 0.90), the BACS composite scores were strongly
in accordance with the standard battery composite scores. These psychometric
properties make the BACS a promising tool for analyzing cognition in patients
with schizophrenia regularly (Keefea et al. 2004).

Reviews highlight large deficits in cognitive behavior, the areas of verbal episodic
memory (Heinrichs and Zakzanis 1998; Reichenberg and Harvey 2007), executive
functioning (Reichenberg and Harvey 2007), or processing speed (Dickinson et al.
2007), the most consistent finding across studies has been an overall, generalized
impairment across neuropsychological measures that persists in every clinical state
and across patients’ lifetimes. Another study conducted by Hidese et al. suggested
about Japanese version of the BACS (BACS-J) measures, the working memory and
motor speed scores are associated with several structural alterations in the brains of
patients with schizophrenia (Hidese et al. 2017).
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4.9.2 Clinical Observations and Analysis

In healthcare, clinical observations refer to the act of measuring, questioning,
evaluating, or otherwise observing a patient or a specimen from a patient; making
a clinical judgment. Collecting data based on result, answer, judgment, or knowl-
edge gained from monitoring a patient or a specimen procured from a patient is
collectively referred to as clinical observations. An assessment was conducted using
neuropsychological screening instrument and two everyday behavior observation
scales in describing cognitive and functional capacity in patients with multiepisode
schizophrenia (Bagge et al. 2017). The nature and number of symptoms, as well as
functional capacity disturbances, vary throughout the course of schizophrenia in the
patient (Tandon et al. 2009).

Patients selected in the study were within the age range of 18—65 years, Interna-
tional Classification of Diseases 10 F20.0-F20.9 (schizophrenia) or F25.0-F25.9
(schizoaffective disorder) diagnoses in the last 5 years. Exclusion criteria included
acute serious psychotic episodes or physical illness, alcohol or drug abuse in the year
preceding the study, a diagnosed cerebral disorder at the time of admission to the
unit, and a limited ability to communicate (Bagge et al. 2017).

The Barrow Neurological Institute psychologist scored the Screen for Higher
Cerebral Functions (BNIS); nursing staff scored the Frontal Systems Behavior Scale
(FrSBe) Family Version and the Functional Independence Measure (FIM) V.4.0.
The findings from this study suggest that the BNIS, FrSBe, and FIM may be useful
assessment tools in clinical work with middle-aged patients who have multiple
episode schizophrenia spectrum disorders and require comprehensive care. The
findings indicate that the investigated group has significant cognitive impairment,
executive dysfunction, and functional disability. Executive dysfunction has been
linked to frontal lobe dysfunction. The Barrow Neurological Institute Screen for
Higher Cerebral Functions (BNIS) situated in Phoenix, Arizona, USA is a world
leader in the treatment, research, and education of brain and spinal diseases, condi-
tions, and injuries. It is led by Barrow President and CEO Michael T. Lawton, MD,
one of the world’s leading neurosurgeons. Clinical Trial Numbers for Barrow used to
test stroke survivors who are young and middle - aged for cognitive dysfunction. The
BNIS and the Mini-Mental State Examination (MMSE) is considered for the patients
(Redfors et al. 2014).

4.10 Psychological

Suicidal behavior is more common in people with schizophrenia, although there is
little understanding of the psychological factors that add to this vulnerability. The
biopsychosocial “Cry of Pain” paradigm offers a comprehensive framework for
understanding suicidal behavior. However, the model’s efficacy in connection to
suicide in schizophrenia has yet to be investigated (Bolton et al. 2007). The Overlap



4 A Diagnostic Perspective of Schizophrenia: From Past to Present 61

model, for example, considers the influence of psychosocial milieu (primarily social
support), biological vulnerability, psychiatric disorder, personality factors, and fam-
ily history; the Three Elements model, which includes risk factors, predisposing
factors, potentiating factors, and suicidal threshold; and the Cubic model, which
takes into account the “press” of external events, the “pain” of unmet psychological
needs, and the “perturbation” of the state of mind, Suicide as a Career within the
context of a person’s life; and the Suicide Trajectory model, which focuses on the
combination of biological, psychological, cognitive, and environmental elements
that trigger the “last straw” of suicide thoughts and deeds (Sangadah and
Kartawidjaja 2020).

Suicidal ideation and preparation, it has been believed, are key steps that lead to a
self-harm attempt that may result in death, with previous unsuccessful suicide
attempts increasing the probability of further successful suicide attempts
(Kontaxakis et al. 2004).

A large body of research has found a variety of socio-demographic and clinical
characteristics that are associated with an elevated risk of suicide in the general
population and also apply to schizophrenia. Being a man, being younger, being
socially isolated, misusing substances, being unhappy and/or feeling hopeless,
having attempted suicide before, and having a family history of suicide are all risk
factors (Caldwell and Gottesman 1992).

Not only does a theoretical approach help us comprehend suicidal behavior in
schizophrenia, but it also helps us grasp the putative underlying causes of suicide in
general. There are three broad theoretical views to consider. To begin with, there
may be central elements of suicidal behavior that are shared by a variety of mental
illnesses, implying a single transdiagnostic, albeit multi-factorial, causative process
that acts across a variety of disorders. Second, there may be characteristics that are
unique to individual diagnoses, reflecting non-uniform mechanisms underpinning
suicidal behavior, such as acting on voices that demand suicide. Third, and in
contrast to the previous scenario, suicidal behavior could be linked to a cluster of
symptoms linked to a single disease. Depression is a likely contender because it is
typically comorbid with schizophrenia, with some estimates claiming that 50% of
those with psychotic symptoms also had one or more major depressive episodes
(An Der Heiden et al. 2005).

It is also crucial to keep in mind that any of the three speculative scenarios listed
above could apply. A fourth option is that there are factors that are part of a general
transdiagnostic mechanism in that they apply to a variety of psychiatric diseases but
are modulated by aspects of a specific disorder. To give a specific example, stress
may be a generally predictor of suicide risk, but it is exacerbated by specific
characteristics of psychosis.
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4.10.1 Stressors Presence

The first section of the “Cry of Pain” model argues that people with schizophrenia
are more probable than the common population to commit suicide as a result of an
increased number of stressful events due to the illness’s burden and enhanced
sensitivity to stress.

4.10.2 Presence of External Stress

Significant losses appear to precede suicide in people with schizophrenia, but not as
much as in the general population (Heild et al. 1999).

4.10.3 Presence of Internal Stress

Because of increased emotions of entrapment, helplessness, and melancholy,
stressors linked with internal issues related to psychosis may plausibly lead to
suicide behavior in schizophrenia (Beck-Sander et al. 1997).

4.10.4 Stressors Appraisal
The importance of external and internal stressors is assessed as suggestive of defeat
or rejection, in accordance with the second component of the Cry of Pain model.

4.10.5 External Stress Appraisal

Birchwood and colleagues’ research backs up this theory, claiming that particular
sorts of sickness assessments, such as loss (for example, status and goals), threat,
shame, or imprisonment, might lead to depression (Birchwood et al. 1993).

4.10.6 Internal Stress Appraisal

Hallucinations and delusions were found to be positively linked with self-reports of
entrapment, according to the Cry of Pain model. The voices were perceived as
critical of the individual and as signaling poor social value, which had negative
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impacts on auditory hallucinations. Surprisingly, depression was a byproduct of
these unfavorable evaluations rather than being the fundamental cause (Birchwood
et al. 1993).

4.10.7 Impairment of Cognitive Processes and Cognitive
Biases

According to the Cry of Pain model, reasoning and problem-solving biases may be
particularly essential components of suicide behavior because they restrict the
invention and implementation of constructive alternatives. Autobiographical mem-
ory biases are thought to play a vital role in suicidal thoughts and behaviors because
they prevent certain types of experiences (especially positive experiences) from
being encoded and preventing individuals from updating schema, potentially
blocking access to effective problem-solving incidents (Bentall et al. 2001).

4.10.8 Reasons and Problem-Solving of Biases

Suicidal people, including those who have delusions, have been shown to have
suboptimal reasoning processes, which include accumulating less data before mak-
ing decisions (i.e., “jumping to conclusions”), excessive responses (i.e., “ dualistic
thinking”), and metacognitive or belief inflexibility. Suicidal people have been
demonstrated to be bad at addressing problems, especially interpersonal ones. In a
battery of tests designed to examine the development and appraisal of solutions
during social problem-solving, people diagnosed with schizophrenia were compared
to those diagnosed with bipolar illness and a nonpsychiatric control group. When
compared to nonpsychiatric controls, those with bipolar illness and schizophrenia
did worse on all measures of social problem-solving (Garety et al. 2005).

4.10.9 Related to Memory and Memory Retrieval Deficiencies

Working memory was found to be the foundation for these cognitive elements, and
executive processes in working memory integrated the representation of social
information essential for adequate and acceptable social interactions. Working
memory directs expectations regarding cognitive and social information while also
facilitating automatic processing, freeing up cognitive resources for other tasks. As a
result, deficits in executive working memory processes are likely to increase the
demands of effortful processing and decrease social problem-solving capacity
(Barch 2006).
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4.11 Questionnaire

4.11.1 Positive and Negative Symptoms Questionnaire

When considering patient outcomes, it is critical to assess both positive and negative
symptoms. The state of a patient’s premorbid functioning might signal both negative
and positive symptoms. Andreasen proposed a link between negative feelings and
premorbid functioning in 1982. Addington and Addington investigated this concept
further (1993). Males exhibited much worse premorbid functioning than females,
according to the study. Furthermore, in contrast to individuals with negative symp-
toms, those with positive symptoms experienced a significant reduction in symp-
tomatology with time, according to a longitudinal research. Furthermore, there was a
substantial difference in the amount of time spent in therapy between individuals
who had unpleasant symptoms and those who did not. Brain imaging techniques,
both functional and structural, have become an important aspect in evaluating
positive and negative symptoms. There is a lot of contradictory information out
there about how effective these tactics are. It implies that, brain imaging, focused on
the temporal and frontal lobes, can reveal anatomical brain defects particular to
schizophrenia patients. Deficits in semantic, episodic, and short-term memory,
impulsivity, and other cognitive domains have been linked to the loss of brain matter
in these locations. Large ventricles are a typical feature in schizophrenia patients and
can help explain cognitive problems. Andreasen explained in 1985 that functional
and structural imaging modalities may not reflect common features characterized by
positive symptoms. The ventricles of the participants were found to be somewhat
smaller. However, there appeared to be common brain abnormalities stated in the
previous article when examining negative symptoms, implying that negative symp-
toms are linked to left hemisphere abnormalities. While imaging techniques have
some advantages, they are not always practicable in outpatient or inpatient clinical
settings. While the visual impact can reassure patients and aid in the detection of
other neurological irregularities, it may not be a cost-effective measure due to
insurance fees, time constraints, and a lack of skilled workers when it comes to
patient load. Some practices may request MRI and CT scans to rule out any brain
damage or to look for organic disorders that could be the cause of underlying
psychosis, but this is not always necessary. Functional imaging was only determined
to be “relevant pathology” in 11% of MRIs, showing that it is not the end-all source
for those seeking a diagnosis. Patients may then be referred to certified professionals
who will assess their current mental abilities (Sangadah and Kartawidjaja 2020).
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4.12 Conclusion and Scope of Future Work

Detailed data on the severity and distribution of psychosis symptoms across schizo-
phrenia spectrum subdiagnoses, as well as brain scanning and pharmacological data,
may help to improve comprehension of the nature of cognitive impairment and
problems with daily functioning in patients with multiple episode schizophrenia and
complex care needs. Future medical research is expected to pave the way for a more
promising future in schizophrenia treatment and, theoretically, cure. For more
improvements in patient care, the synchronizing role of psychiatrists and researchers
must be performed for the improvement and development of modified medicine
tools. It will undoubtedly contribute to a brighter future for schizophrenia patients.
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