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Abstract. Bipolar disorder (BD) is a serious psychiatric disease marked by recurring episodes of
mania and depression. BD is often misdiagnosed as depression because the disease recurs and the
manic phase is not easy to detect, which delays subsequent treatment. Since the diagnosis of BD is
currently mainly through subjective forms such as clinical interviews and is relatively difficult,
exploring its biopathological mechanisms as deeply as possible will help better diagnosis and
treatment. This essay will concentrate on the biological factors that may contribute to BD. This article
will summarize the existing identified or possible causes of BD from five aspects: genetic factors,
molecular neurobiological clue, sun radiation changes, insights from neuroimaging and biomarkers.
To begin with, BD is a highly heritable psychiatric disorder, and multiple genetic loci have been
identified. Furthermore, advances in understanding the ZNF04A molecular foundations of the
genetic associations in BD. What's more, sun radiation changes affect serotonin changes, which in
turn affect mood changes, ultimately leading to mood disorders. Moreover, changes in brain volume
and cortical thickness are a key feature of patients with BD. Last but not least, Abnormal changes in
uric acid-related factors and the gut microbiota may lead to BD. These causes deepen our
understanding of the biological etiology of BD, find new treatment candidates, and prioritize
functional follow-up research techniques.
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1. Introduction

The mental illness known as bipolar disorder (BD) is typified by recurrent episodes of depression
followed by either mania or hypomania. The mania is Bipolar I, and the hypomania is Bipolar I1. The
hallmarks of manic and hypomanic parts are heightened activity, greater energy, and an elevated or
irritated mood that deviates noticeably from typical behavior. Unless otherwise specified, the term
"BD" refers to both types I and Il in this article.

About 8 million adults in the US and about 40 million people all over the world suffer from BD,
a seriously debilitating mental illness [1]. The global prevalence of BD is estimated at 2% [2].
Individuals with BD are more likely to undergo accidents, substance abuse and physical illness, but
the highest mortality rate is from suicide. The suicide rate for men and women with BD averages 0.4%
per year, more than 20 times higher than the general population [3].

Contemporary viewpoints regard the manifestation of bipolar symptoms as the outcome of an
ongoing interplay among genetic predisposition, neurobiological dysfunction, and environmental
factors. BD, like other common psychiatric diseases, is attributable to a multifaceted interaction of
various causes at both the population and individual levels [4], which has numerous etiological
variables, encompassing biological, psychological, social, and familial influences. This article will
focus on the biological variables that may cause BD and organize existing information about
pathogenesis and biomarkers of BD to provide a preliminary summary.

BD, like other common psychiatric disorders, can be most effectively understood through various
analytical frameworks, encompassing genetics, neural networks, psychological functioning, social
support, additional biological and environmental influences [5]. Biological factors provide a vital
function in the development of BD and primarily influence the course of this disease, so | want to
focus this entire article on biological factors. This article will delineate the recognized or potential
causes of BD from five perspectives: genetic factors, molecular neurobiological indicators, sun
radiation changes, discoveries from neuroimaging and biomarkers.
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2. Genetic Factors and Molecular Neurobiological Clue

One of the direct causes of BD is related to genetic inheritance. Evidence from twin studies
reflects a high heritability rate, with an estimate of 80%, emphasizing the strong genetic component
underlying the illness [6].

BD has a complicated etiology and is a heritable mental condition. 64 related genomic locations
were found [7]. So far, the most widely replicated and studied common genetic variation associated
with BD is the SNP rs1006737 in the gene CACNALC [8]. The risk-associated SNP in CACNAL1C
is located within pathways linked to genetic susceptibility for bipolar illness. The impacts on human
brain expression suggest a biological and neural system mechanism behind the clinical genetic
connection [9]. Postmortem brain investigations revealed reduced or increased CACNALC gene
expression in persons possessing the A allele, notably in the cerebellum, while other brain areas
shown no such reduction [9, 10]. Additional research is essential to elucidate these inconsistencies
prior to drawing definitive findings. It has been demonstrated that risk alleles for BD are enriched in
genes involved in synaptic signaling pathways and brain-expressed genes, particularly those with
high specificity of expression in prefrontal cortex and hippocampus neurons [7]. 15 genes that encode
druggable targets, including HTR6, MCHR1, DCLK3, and FURIN, were shown to be strongly
associated with bipolar disorder through the integration of expression quantitative trait locus data [7].

Similar to other psychiatric disorders, BD exhibits a polygenic inheritance pattern, with genome-
wide association studies (GWAS) indicating that its heritability arises from the cumulative effect of
numerous single nucleotide polymorphisms (SNPs), each exerting a small individual influence. There
are two primary approaches that are employed to elucidate the neurobiological consequences of genes
associated with BD, which are bioinformatics-based gene network to pathway discover and empirical
research on how certain genes are expressed and function. The molecular underpinnings of the genetic
connections are being investigated in the latest research [11]. Initially discovered to be a gene linked
to schizophrenia risk, ZNFO4A (zinc finger protein 804A) has since been linked to a wider range of
psychotic symptoms, including BD [12]. A transcription factor that controls the expression of
different genes in vitro is thought to be encoded by it [12].

BD is a highly heritable psychiatric disorder, and multiple genetic loci have been identified.
Although many gene loci have been identified, they have not been directly proven to be associated
with the onset of BD, but they play a role in the pathophysiology of BD. More and better treatments
can be investigated as the nature of the disease's etiology is thoroughly investigated.

3. Sun Radiation Fluctuations and Endocrine System

BD is closely related to the seasonal fluctuations in solar radiation. Changeable or continuous
lack of sunshine weather affects mood and behavior through the endocrine system, leading to
psychological disorders.

Variations in sun radiation influence alterations in mood, which subsequently impact endocrine
changes, finally resulting in mood disorders. Initial research indicates that significant seasonal
variations in sun radiation, possibly influencing circadian rhythms, may correlate with an earlier onset
of BD and an increased probability of experiencing a depressive episode at onset [13]. Furthermore,
the relationship between BD and seasonal changes can be more intuitively seen through the rating
scale. Significant seasonal variation was observed in the Young Mania Rating Scale (YMRS) and
Beck Depression Inventory (BDI) scores, with the lowest values in the spring and the highest scores
in the summer for two clinical groups [14]. The positive effects of modest sunshine exposure on
serotonin modulation are the cause of the mania increased rates seen in the spring [14]. It has been
proposed that a key element in the pathophysiology of mania is the central nervous system's increased
serotonin (5-hydroxytryptamine or 5-HT) availability [15]. These results emphasize the necessity of
tailored strategies to mitigate climate-induced anxiety in individuals with mental disorders and the
significance of taking seasonal elements into account when creating a treatment plan.
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Understanding mental health effects of climate change, especially for vulnerable populations like
those with BD, is crucial for creating focused interventions and support networks. The relationship
between climate change and BD is likely multifactorial and complex, which needs more research.

4. Insights from Neuroimaging

The pathophysiology of BD involves complex interactions between genetic vulnerability and
environmental exposures, leading to epigenetic, endocrine, and inflammatory changes. Neural
changes brought on by these changes facilitate the development and progression of BD [16].

Advances in neuroimaging, The ENIGMA consortium, through large-scale collaborative efforts,
is volumetric assessments of subcortical regions derived from MRI of BD patients revealed some
slight decreases in the volume of the hippocampus (-0.23), amygdala (-0.11), and thalamus (Cohen's
d -0.15), while only the lateral ventricles showed an increase in volume (+0.26) [17]. The parietal,
temporal, and frontal cortices all showed slight decreases in cortical thickness, but meta-analyses of
cortical areas similarly revealed no changes in cortical surface area [18]. White matter tracts by the
more recent meta-analyses employing diffuse tension imaging revealed that BD is associated with
broad but mild reductions in white matter integrity across the brain, particularly in the bilateral cinguli
and corpus callosum [19]. This indicates that BD is intricately associated with alterations in brain
anatomy.

The relationship between alterations in brain volume and cortical thickness and BD remains
ambiguous, raising the question of whether these changes are causative factors of BD or if the disorder
itself induces structural brain modifications. The causal relationship requires additional and further
research.

5. Biomarkers

The identification of reliable biomarkers remains an important part of BD research. The two main
biomarkers, uric acid-related and intestinal flora, will be elucidated in the following article.

Abnormal changes in uric acid-related biomarkers may cause BD. These contain the uric acid-
to-creatinine (UCR), uric acid-to-aloumin (UAR), uric acid-to-lymphocyte (ULR) ratios and uric
acid-to-high-density lipoprotein (UHR), which are notable ratios [20]. Compared with healthy
controls and bipolar depression patients, patients with bipolar mania had higher ULR, UHR, UCR,
and UAR, while patients with bipolar depression had lower ULR and UCR [20]. A risk factor for
bipolar mania is a high UAR, and patients with bipolar mania have a more robust inflammatory
response than those with bipolar depression [20].

According to current research, BD may have non-brain origins as well. An increasing number of
studies have shown that mental disorders are also significantly affected by changes in the gut
microbiota. Investigating the gut microbiota in BD reveal underlying causes that have not yet been
found and provide fresh insights and treatment options for mood disorders [21]. While the microbial
colonization resistance was much lower in BD, the populations of Faecalibacterium prausnitzii,
Clostridium Cluster 1V, the Bacteroides-Prevotella group, Enterobacter spp. and Atopobium Cluster
were notably greater than in healthy controls [22]. Immunological alterations and the severity of the
disease were associated with the gut microbiota composition of BD patients, which was different
from that of healthy controls. The growth of Enterobacter species and the Bacteroides-Prevotella
group suggests that the gut microbiota is dysbiotic [22]. This study discovered that BD participants
had changed gut microbiota makeup [22].

Despite extensive research, several biomarkers have not yet proven to be clinically useful [23].
These indicators might not be unique to BD because they often show up in other inflammatory or
mental illnesses. Biomarkers can help with early diagnosis, treatment response prediction, and illness
progression tracking as the field shifts to a precision psychiatry paradigm. Moving past the paradigm
of identifying individual biomarkers is the trend of the future.
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6. Conclusion

Bipolar disorder (BD) is acknowledged as a serious mental illness. The five causes of BD are
summarized and sorted out in this article. Clarifying and refining the causes of BD can lead to better
understanding and treatment of this disease. Initially, BD is a highly heritable psychiatric condition,
with numerous genetic loci identified. Moreover, progress has been made in comprehending the
ZNFO04A biological basis of the hereditary correlations in BD. Furthermore, alterations in solar
radiation influence endocrine changes, which then impact mood fluctuations, finally resulting in
mood disorders. Furthermore, alterations in brain volume and cortical thickness are a significant
characteristic of individuals with BD. Finally, abnormal alterations in uric acid-related variables and
the gut flora may contribute to BD. Understanding the pathophysiology, pathogenesis, and genetic
basis of BD is still difficult, even when compared to other mental diseases. This is partly due to the
disease's intrinsic complexity, the relative lack of research on it, and the challenge of simulating it in
cells or animals. Fortunately, Substantial progress has been achieved in comprehending the
neurobiology of affective disorders, leading to the identification of novel targets and biomarkers.
Many areas of clinical and research psychiatry have seen tremendous advancements in recent years
on a global scale.

Future management of bipolar illnesses will emphasize not only diagnosis and therapy but also
ongoing monitoring. At the same time, more diverse and convenient early detection and screening
methods for physiological abnormalities related to BD will be discovered and studied, so that earlier
detection and earlier intervention can be achieved, thereby reducing the incidence and lifetime
prevalence.
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