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Abstract

This paper reviewed genetic, neurodevelopmental, and neurobiological perspectives
to understand the etiology and relevant treatment approaches of schizophrenia. Al-
though genetic and neurodevelopmental theories provide a substantial contribution
to the etiology of schizophrenia, neurobiological one has its dominant stance in
which it can explain causative mechanisms of schizophrenia, identify targets for
treatment, and predict outcomes well. According to the neurobiology, onset and
course of schizophrenia are well supported by the alterations in neurotransmitters
such as dopamine or serotonin. Based on this mechanism, antipsychotics have been
widely used as one of the treatment approaches for schizophrenia. By following up
the degree of patients’ responses to antipsychotics, treatment outcomes could be
evaluated or predicted. Although neurobiology seldom provides information about
identification or prevention of risk factors about schizophrenia compared to genetic
and neurodevelopmental approaches, it has well-established scientific foundations,
ability to guide treatment, applicability across age and culture, and usefulness as a
research framework.
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1. Introduction

Schizophrenia is a severe chronic mental disorder. It is diagnosed with delusions, hallu-
cinations, disorganized speech and behavior, and negative symptoms [1]. Schizophre-
nia develops during adolescence or early adulthood period, except for early-onset schi-

zophrenia developed during school-age period which is extremely rare [2]. 12-month
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prevalence of schizophrenia is about 1.1% of the U.S. adult population [3]. Although
scientific foundations about risk factors related to schizophrenia, treatment methods,
and measurable outcomes, have been better established in recent years, it is still unclear
how specific factors can influence the development and course of schizophrenia.

Up until now, genetic, neurodevelopmental, and neurobiological theories have been
regarded as major theories explaining the etiology of schizophrenia. It is important to
note that these theories should not be envisioned as being separate from each other be-
cause they emphasize relatively different focuses on the development of schizophrenia.
Therefore, this paper 1) briefly described these three major theories regarding etiology
of schizophrenia; 2) described how the predominant theory, neurobiological theory,
helped to explain or predict the onset and course of schizophrenia; 3) described rele-
vant treatment methods and approaches to care based on the neurobiological theory;

and 4) critiqued the neurobiological theory, as to several categories.

2. Major Theories about the Etiology of Schizophrenia
2.1. Genetic Theory

Through epidemiological studies (including those with twins, in adoption settings, and
with siblings), the heritability of schizophrenia has been reported as being approx-
imately 80% to 85% [4]. Through molecular genetic studies, including candidate gene
studies, genome-wide linkage studies, and genome-wide association studies (GWAS),
genetic theories have contributed explanations about the development of schizophrenia
[5]. In these studies, genes such as catechol-O-methyl transferase (COMT), disrupted
in schizophrenia 1 (DISC1), and neuregulin 1 (NRG1) have been suggested as being the
major genes involved in schizophrenia [4]. A meta-analysis study identified locus 1q21-
22, 12q22, and chromosomes 6, 9 and 20 as being involved symptom dimensions of
schizophrenia [6]. However, there are still unanswered questions as to how genes have

an impact on the development of schizophrenia [7].

2.2. Neurodevelopmental Theory

Along with the growing evidence of genetic contributions in schizophrenia, it has also
been suggested that neurodevelopmental theory plays a pivotal role in understanding
schizophrenia. This theory concerns about linkage of genetics, environmental expo-
sures, and pathogenic occurrences [8]. Adverse environmental exposures during peri-
natal period such as maternal viral infections, fetal malnutrition, or extreme prematur-
ity, may cause pathological alterations in cerebral cortex, cerebellar vermis, limbic sys-
tem, brain stem, and cerebral symmetry [3] [9]. Furthermore, structural abnormalities
such as lateral ventricular enlargement and third ventricle enlargement in the brain of
schizophrenic patients are founded as strong evidences for neurodevelopmental origin

[3].

2.3. Neurobiological Theory

With the development of neuroimaging, another possible explanation of the etiology of
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schizophrenia has been addressed. As per neurobiological theory, schizophrenia is re-
garded as the result of structural and functional abnormalities of the brain. Several do-
mains such as the structure of the brain, physiology, chemistry, and neuropathology,
are involved in this theory to explain schizophrenia. Etiological finding are as follows:
1) reductions in white matter structures, 2) functional alterations and impaired func-
tional connectivity in prefrontal cortex, 3) reductions in neuronal and membrane inte-
grity, and 4) neurotransmitter abnormalities [10]. Decrease in hippocampus volume is
an important neuropathology finding of schizophrenia in terms of adult neurogenesis
[11]. Because of the complexity of both the brain and neurobiological markers, more
sophisticated systematic approaches are needed to better understand this theory [12].
However, the most widely held theory is the neurobiological one, because of its impor-
tance in helping to: a) explain causative mechanisms of schizophrenia, b) identify tar-

gets for treatment, and c) predict outcomes [10].

3. Neurobiological Theory: Understanding Causative Mechanisms
and Treatment of Schizophrenia

3.1. Onset of Schizophrenia

Studies that use the neurobiological theory have identified alterations in neurotrans-
mitters which occur at the onset of schizophrenia, helping to explain and predict some
inconsistencies in the data. Alterations in neurotransmitter such as dysregulation of
dopamine, glutamate, and serotonin, help to explain the onset of schizophrenia [13]
[14]. According to the dopamine hypothesis, psychotic symptoms can be developed by
drugs that stimulate dopamine activity in non-schizophrenic persons if given in suffi-
ciently high dose whereas psychotic symptoms can be decreased when drugs that block
dopamine receptors are given [15]. In addition, since the serotonin-dopamine antagon-
ists have earned a record as having a therapeutic effect, alterations of serotonin and
dopamine can be explained as the indicators of onset of schizophrenia [15].

A review of the studies concluded that the identification of abnormalities in the pre-
frontal cortex in subjects at high risk for schizophrenia was well supported through
functional brain imaging studies. The study also found evidence to suggest a number of
brain structural abnormalities could be identified as potential markers of schizophre-
nia. However, there were not strong evidences to support structural abnormalities as
illness-related markers in pre-schizophrenic individuals at high risk [16]. Thus, it

would seem that findings may change over the course of the illness.

3.2. Course of Schizophrenia

Neurobiological theory also helps to predict the course that schizophrenia might take.
Every person with schizophrenia may experience different disease progress. However,
there are common disease progress patterns. At first, typical psychotic symptoms such
as hallucinations or delusions develop as neurotransmitters may not be regulated ap-
propriately. After this acute stage is managed or treated by antipsychotics well, persons

with schizophrenia will go through the next stage called as a chronic stage, characte-
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rized by lesser typical psychotic symptoms. However, during this chronic stage, a re-
lapse may occur. Performing structural or functional brain imaging is a method to as-
sess or evaluate the conditions of one’s brain. Therefore, through a series of functional
brain imaging, prefrontal structural and neurochemical alterations can explain disease
progress [17] [18]. In addition, observation of the effects of antipsychotic medications

can predict the course of schizophrenia.

3.3. Relevant Treatment Methods

Treatment with antipsychotics can be relevant treatment methods according to neuro-
biological perspective. This drug treatment is currently the most popular way in man-
aging schizophrenia in both clinical and community settings. According to neurobio-
logical theory, schizophrenia is the result of neurotransmitter dysregulation such as: 1)
an excess of dopamine, 2) reduced glutamate in the cerebrospinal fluid, 3) levels of
gamma aminobutyric acid (GABA) expression in prefrontal cortex, or 4) reduced levels
of serotonin [13] [14]. Antipsychotics play a key role in helping to regulate these neu-
rotransmitter abnormalities. Antipsychotics are effective in reducing positive symp-
toms, such as hallucinations and delusions, and negative symptoms, such as social
withdrawal or showing limited emotion. Antipsychotics are usually classified as being
one of the two types, namely typical antipsychotics and atypical antipsychotics. For
example, haloperidol and phenothiazines, which are typical antipsychotics, block do-
pamine D2 receptors, resulting in a decrease in positive symptoms. Clozapine, olanza-
pine, risperidone, quetiapine and ziprazidone, which are atypical antipsychotics, are re-
lated to serotonin, dopamine, and muscarinic receptors, resulting in decreases in both
positive and negative symptoms. These days, atypical antipsychotics are commonly
used due to its effectiveness and lower risk of side effects compared to typical antipsy-
chotics [14].

3.4. Approaches to Care

Approaches to care that are guided by neurological theory include performing diagnos-
tic procedures, predicting outcomes, identifying objective targets for treatments, and
implementing antipsychotics medications. These approaches are performed according
to the needs of individuals and their family members. Pre- and post-care for diagnostic
procedures should be conducted, and evaluation and prediction of the outcomes should
also be conducted. After closely evaluating the condition of a patient, selecting the most
appropriate antipsychotic is very important. Therefore, likely course of a patient’s re-
covery should be explained to the patient, as well as the likely side-effects of the pre-
scribed antipsychotics. Psychoeducation regarding etiology and medication manage-

ment for patients and their family members should also be performed.

4. Critique of the Neurobiological Theory

4.1. Scientific and Evidence-Based Foundation

Through recent studies using the neurobiological theory to identify the etiology of
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schizophrenia, there have been many key findings which have advanced the scientific
basis of the disease. A number of studies have focused on structural brain neuroimag-
ing, identifying the alterations in the prefrontal lobe involved in schizophrenia. The fact
that functional connectivity between prefrontal regions may be impaired has been sug-
gested, and reductions in neuronal and membrane integrity have also been shown. Dy-
sregulation of neurotransmitters have also been identified [10]. A study discussed the
relationship between symptom severity and cortical and grey matter volumes in schi-
zophrenia. The study suggested that variation in cortical and grey matter volumes in-
dicates separate neurobiological mechanisms underlying the two major symptom do-
mains, positive and negative symptoms, in schizophrenia [19]. The role of the right
hemisphere in a person having diminished expressivity was underscored [20]. Neuro-
biological studies can explain the causal relationships in discovering the etiology of the
schizophrenia, whereas neurodevelopmental epidemiological studies cannot show this
[21]. Although there are some inconsistencies between the results of studies, interfering
with having a precise understanding of pathogenesis, the scientific foundations of schi-

zophrenia have been well-established.

4.2. Ability to Guide Risk Factor Identification and Prevention

Neurobiological theory seldom leads to the identification of risk factor. However, neu-
robiological studies have indicated that pre-psychotic individuals experience alterations
in brain structure and function, and then such individuals may move on psychosis [22].
Whereas, neurodevelopmental theory can explain and predict the risk factors influen-
cing the development of the schizophrenia (such as fetal malnutrition, extreme prema-
turity, or drug exposures) and that these risk factors are preventable, neurobiological
theory has limited explanatory power in this regard. Because it focuses on the explana-
tion of the structural, functional, or neurochemical alterations in the brain, there is lit-
tle known about how to identify risk factors. Moreover, there is little known about the
prevention of the disease. The mechanisms influencing the development of the disease
are well-described because schizophrenia is defined as a result of abnormal dysfunc-
tions or structure of the brain. However, this theory does not focus on discovering risk

factor identification or on disease prevention.

4.3. Utility in Guiding Treatment

Neurobiological theory has a high utility in guiding treatment. This theory employs an-
tipsychotics treatment, the most widely used method to manage schizophrenia. Psy-
chopharmacology based on the understanding of the neurophysiology and neuroche-
mistry, especially focusing on neurotransmitters, can guide effective treatment methods
for patients who have schizophrenia [23]. Although genetic theory employs treatment
methods such as gene therapy or consultation approaches, these methods may have
pitfalls because of their being highly technical and expensive. However, drug treatment,
guided by the neurobiology theory, is considered to be an effective way of preventing a

relapse and relatively inexpensive.
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4.4. Attention to the Customer’s Perspective and Needs

Neurobiological theory pays little attention to the customer/patient’s perspective and
needs because this theory views the etiology of the schizophrenia as structural, func-
tional, and neurochemical alterations in the brain. This theory only focuses on the
brain, itself, and is based on the biological mechanisms and findings. Moreover, the
health care provider’s perspective is more prevalent in this theory because it is guided
antipsychotics treatments and assesses and evaluates outcomes in patients. However,
this theory describes well the etiology of schizophrenia related to patient’s symptoms

and treatment needs.

4.5. Cultural and Gender Sensitivity and Appropriateness

This theory has facility across cultures. Whereas, genetic theory is not entirely genera-
lizable (because the role of several genes has not been established in all ethnic groups),
several studies identified that structural and functional alterations in the brain are iden-
tified, regardless of one’s culture or ethnic group, or gender. However, as current stu-
dies focus on the issues of gender difference, there have been some inconsistent find-
ings in the brain features in male versus females with schizophrenia [8]. For example,
bilateral hippocampal volume reduction was found to be in males with schizophrenia,
but there was no significant reduction in hippocampal volumes in females with schi-
zophrenia compared to females without schizophrenia [24]. These gender issues are

still no certain answer.

4.6. Applicability across the Age Span

This theory is applicable to all people, regardless of their age. The age of onset of schi-
zophrenia is adolescent or early-adult periods [2]. Schizophrenia is a chronic disease,
especially affecting through the elderly. Regardless of one’s age, the neurobiological
theory employed by researchers has provided consistent etiology. According to the re-
cent studies, they used the subjects between the teens and fifties years old of age, and
there were no inconsistent findings in neurobiological markers [16] [19]. Moreover, it
is evident when considering that the same kind of drugs, guided by neurochemical
theory, was selected for their treatment methods regardless of their age. However, in
the case of the neurodevelopmental theory, the relationship of the cause and the effect

according to the age is unclear.

4.7. Ethical Implications

This theory has little shortcomings in terms of ethical considerations. Genetic theory
focuses on hereditability of the schizophrenia and certain gene identification. Treat-
ment methods are gene replacement therapy or genetic consultation. Moreover, neu-
rodevelopmental theory focuses on adverse environmentally exposures during perinatal
periods. Thus, a patient’s family members may have sort of guilt feelings about the fact
that certain genes are predominant to cause schizophrenia and a patient’s disease might

be preventable only if avoiding perinatal or environmental risks. However, this neuro-
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biological theory may not have ethical conflicts because this explanation is rooted on

the abnormalities of the brain, itself.

4.8. Overall Usefulness as a Framework of Research

Overall, the neurobiological theory is useful as a framework for research because it has
strong scientific evidence and applies across age and cultures. Moreover, the ability to
guide treatment methods is predominant. Therefore, it has a strong power in studying
antipsychotic medication intervention research studies. For example, diverse racial/
ethnic groups and diverse age groups can be included to examine the effectiveness of
medication. Most nursing-related research studies focus on psychosocial aspects, not
only neurobiological aspects of the etiology of schizophrenia to study the phenomenon
of the disease. Therefore, this theory has limitations because it focuses on the brain, it-

self, and is based on the biological mechanisms and findings.

5. Conclusion

Of the three theories (genetic, neurodevelopmental, and neurobiological theories),
which theory is the right answer regarding the etiology of schizophrenia may be diffi-
cult, because each theory may emphasize a different aspect of the disease. However, of
these, the neurobiological theory is the predominant theory in explaining the etiology
of schizophrenia. The neurobiological theory defines schizophrenia as a result of ab-
normal dysfunctions, or abnormal structures of the brain. This theory: 1) has a strong
scientific foundation, 2) has high utility in guiding treatment, and 3) is appropriate re-
gardless of a patient’s age or culture. Moreover, there are few ethical considerations re-
garding its use when compared with other theories; therefore, it’s more useful than all

others.
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Abbreviation Note

GWAS: Genome-wide association studies.
COMT: Catechol-O-methyl transferase.
DISCI: Disrupted in schizophrenia 1.
NRGI: Neuregulin 1.

GABA: Gamma aminobutyric acid.
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