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Abstract— Schizophrenia is a serious neuropsychiatric disorder characterized by a prevalence rate of 0.5%-1% across the world that
is one of the main causes of disability around the world. Schizophrenia is a heterogeneous disorder consisting of positive symptoms like
hallucinations and delusions, negative symptoms like flat affect and social isolation, and cognitive dysfunction related to attention,
memory, and executive functions. All of these result in poor functioning, low quality of life, and increased mortality among others.
Although many studies have been performed over the years to understand schizophrenia better, the mechanism of the illness has still not
been discovered, resulting in a lack of proper diagnosis and treatment methods for the illness. However, recent advancements in
neuroimaging, genomics, and artificial intelligence have made the study of schizophrenia possible through improved ability to
characterize abnormalities in the brain and biomarker identification for the illness. This paper provides a comprehensive analysis of the
causality, neurobiology, symptoms, and treatment methods of schizophrenia, with a focus on neuroimaging and artificial intelligence.
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I. INTRODUCTION

Schizophrenia is a complex mental illness that impacts
awareness, perception, emotional responses, and behavior.
People suffering from Schizophrenia usually have
abnormalities in their perception of reality, such as
hallucinations, delusions, disorganized speech, and unusual
behavior. Such symptoms affect people’s social functioning,
work efficiency, and daily activities significantly (Raju,
2022).

Schizophrenia is a common public health problem
affecting 0.5-1% of adults around the world (Santos Febles et
al., 2022). The onset of the disease usually happens in late
adolescents and young adults when a person is still at an age
where education, career development, and social connections
play a very important role in one's life. People with
schizophrenia also have a shorter life expectancy compared
to the general population. Factors contributing to this
disparity include comorbid physical illnesses, unhealthy
lifestyle behaviours, limited access to healthcare, and a
higher risk of suicide. Consequently, schizophrenia imposes
a substantial burden on patients, caregivers, healthcare
systems, and society (Raju, 2022).

Despite the availability of pharmacological and
psychosocial therapies for the treatment of the condition, the
existing approaches do not suffice in addressing all aspects of
the disease especially cognitive impairment and negative
symptoms. The progress that has been made in the areas of
neuroscience, neuroimaging, and computer science has
opened up new doors for the therapy and detection of the
disease.

New technologies such as artificial intelligence and
machine learning have enabled researchers to analyze large

amounts of data collected through neuroimaging and genetic
research and identify new biomarkers (Santos Febles et al.,
2022). Combining insights from neuroimaging with the
advances in computer technology could enhance diagnosis
and facilitate the development of pharmacogenomics.

This literature  review examines  schizophrenia,
emphasizing the latest neuroimaging and artificial
intelligence researches.

I1. ETIOLOGY AND RISK FACTORS

It should be noted that schizophrenia is considered a
multifactorial condition caused by the interactions between
genetics, biology, development, and environment. There is
no single cause identified in the development of
schizophrenia; there are several risk factors involved.

2.1. Genetic Contributions

Genetic susceptibility is an important factor in the
development of schizophrenia. Several family, twin, and
adoption studies have provided evidence of significant
heritability, with an estimated range of heritability being 60%
to 80%.

Genome-wide association studies (GWAS) have shown
the involvement of many genetic markers that affect the
development of schizophrenia. Several identified genes play
a role in the development of synapses, neural transmissions,
immune system function, and neurogenesis. Rare mutations
like copy number variation (CNV) in which a deletion in
chromosome 22g11.2 is one have been associated with
schizophrenia.

The above information is supportive of the polygenetic
hypothesis where schizophrenia is believed to be caused by
genetic mutations in more than one gene.
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2.2. Epigenetic Mechanisms

Epigenetics refers to processes that regulate gene
expression without altering the genetic code of an organism.
Main epigenetic processes include DNA methylation, histone
modifications, and regulation of genes by non-coding RNA
molecules(Jing et al., 2015).

Factors from the environment such as stress, infections,
exposure to toxins, and childhood trauma could lead to
epigenetic alterations which may affect brain development
and function. Epigenetic modifications could affect the genes
involved in synapses and neuronal plasticity thus causing
schizophrenia.

2.3. Environmental and Developmental Factors

Environmental and developmental influences also
contribute significantly to schizophrenia risk. Prenatal
factors—including maternal infections, poor nutrition during
pregnancy, and obstetric complications—have been linked to
an increased risk of vulnerability to certain disorders. Other
risk factors include perinatal hypoxia, childhood trauma,
chronic stress, social isolation, and drug abuse, particularly
the use of marijuana, during the teenage years. The above risk
factors combine with genetics in affecting brain development
and triggering disease(Moza & Chrysostomou, 2025).

I11. NEUROBIOLOGY OF SCHIZOPHRENIA

The neurobiology of schizophrenia includes several
changes in Dbrain anatomy, neural circuits, and
neurotransmitter ~ systems.  Several  studies  using
neuroimaging and neurobiological techniques have shown
that schizophrenia is characterized by several changes in
brain organization and connectivity.

3.1. Neurotransmitter Dysregulation

Dopamine theory continues to be one of the most
prominent theories of schizophrenia. Increased activity of the
mesolimbic pathway due to increased dopamine has been
linked to the appearance of psychotic symptoms like
hallucinations and delusions.

Nevertheless, dopamine imbalance cannot account for all
symptoms. Deficits in glutamatergic function, particularly
impaired function of NMDA receptors, have been found to be
related to cognitive impairment and negative symptoms.
Moreover, GABA imbalances in synaptic transmission might
interfere with inhibitory control of neural circuits(Goker,
2023; Moza & Chrysostomou, 2025; Raju, 2022).

Therefore, schizophrenia can be a consequence of
interactions between several neurochemical processes.

3.2. Structural and Functional Brain Alterations

Research on brain imaging has uncovered structural
alterations in a number of brain regions including the
prefrontal cortex, hippocampus, thalamus, and temporal
lobes.

The alterations include the following:

o Decreased gray matter volume

¢ Cortical thinning

e Ventricular enlargement

Using fMRI imaging, disruptions in major brain networks
like the default mode network, salience network, and
executive control network have been observed. The
disturbances in neural connections may be responsible for
cognitive disorders and poor information processing.

IV. CLINICAL FEATURES AND DIAGNOSIS

Schizophrenia is characterized by varying presentations
depending on the patient. The signs of schizophrenia can be
broadly categorized into three groups: positive, negative, and
cognitive symptoms(De Filippis et al., 2019).

Hallucinations, delusions, and disorganized thinking are
examples of positive symptoms. Examples of negative
symptoms include lack of emotional response, low
motivation, and social isolation. Attention deficits, working
memory problems, and poor executive function are some
cognitive symptoms(Chen et al., 2020).

Diagnosis is done through clinical assessment using
criteria such as DSM-5 and ICD-11. Symptoms should have
lasted for at least six months.

V. TREATMENT APPROACHES

Medication and psychosocial therapy are typically used in
conjunction for effective treatment of schizophrenia.

5.1. Pharmacotherapy

Antipsychotics are still considered to be the first-line
treatment option for schizophrenia because of their effects on
dopamine D2 receptors that help reduce positive
symptoms(Moza & Chrysostomou, 2025).

The major problems associated with antipsychotics
include:

Ineffectiveness with negative symptoms

o Lack of influence on cognitive problems

e Metabolic and neurologic side effects

Alternative approaches in treatment involve targeting
other receptors including glutamate receptors and muscarinic
acetylcholine receptors.

5.2. Psychosocial and Rehabilitation Interventions

Psycho-social interventions are critical to sustained
recovery.

Examples of some key interventions are:

e Cognitive Behavior Therapy (CBT)
Psycho-Education of Family
Social Skills Training
Supported Employment Programs
Communitsy Rehabilitation Services

Digital Mental Health Technologies, including Al-driven
ones, are being recognized as helpful interventions as well.
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VI. EMERGING RESEARCH AND FUTURE

DIRECTIONS

6.1. Multimodal Biomarkers

The merging of genomic information, neuroimaging
findings, and electrophysiology measurements has made
possible the development of multimodal biomarkers of
schizophrenia. Machine learning algorithms are able to
analyze complex data sets to find patterns associated with
risk factors and disease progression.

6.2. High-Order Network Analyses

Graph theory and sophisticated connectivity analyses
enable researchers to depict the brain as a complex network
of interconnected regions. These methodologies assist in
pinpointing unusual connectivity patterns linked to
schizophrenia.

6.3. Cell-Based Models

Patient-derived induced pluripotent stem cells (iPSCs) and
brain organoid models provide new approaches to study the
cellular and molecular mechanisms of schizophrenia. These
models allow the study of neurodevelopmental abnormalities
under controlled laboratory conditions.

6.4. Precision Medicine

Precision medicine strives to tailor treatment strategies
based on an individual's genetic, neurobiological, and
environmental profile. Integrating neuroimaging, genomics,
and artificial intelligence can provide personalized
interventions and improve treatment outcomes.

VII. CONCLUSION

There have been tremendous strides made regarding the
complex aspects of the genetic, neurobiological, and clinical
concerns of schizophrenia. Improvements in neuroimaging
technology and artificial intelligence have greatly improved
the ability to investigate abnormality in the human brain and
identify possible biomarkers.

All the above notwithstanding, there are still many strides
that need to be made towards the successful application of the
research in the diagnosis and treatment of Schizophrenia.
More research needs to be conducted in the fields of
neuroscience, genetics, psychiatry, and computer science in
order to make future strides in the diagnosis and
individualized treatment of schizophrenia.
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