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ARTICLE INFO Abstract
Background. Bipolar disorder is a type of psychiatric disease characterized by periodic
Article History: mood swings that include periods of depression and mania.
Received: 27/Jan/2024 Methods. First, three datasets related to bipolar disorder, including GSE53987,
Revised: 24/Dec/2024 GSE35977, and GSE12679, were extracted from the PubMed database, which included
Accepted:29/Jun/2024 218 human samples and 9888458 genes. Then, genes directly related to bipolar disorder
ePublished: 25/Jan/2025 were extracted using R programming language. The shared genes were obtained from
the database and extracted for 12 states with Cytoscape 3.7.1. The obtained gene
Keywords: expression data were trained by artificial neural network and decision tree method to
¢ Bipolar disorder identify the best models. Four parameters of sensitivity, specificity, accuracy, and area
e Biomarker under the curve (AUC) were used to check the optimality of the model resulting from
e Machine learning the training of machine learning algorithms.
algorithm Results. After R language preprocessing, 201 common genes were obtained. Then, 12
o Artificial neural modes of 20 genes and 10 genes were extracted using the Cytohubba plugin in
network Cytoscape 3.7.1. The best model of 20 genes in the artificial neural network showed an
o Tree algorithm AUC of 72% and the best model of 10 genes in the decision tree model showed an AUC
of 78%.

Conclusion. We presented two models to diagnose bipolar disorder. One model was
developed using artificial neural network and tanh functions and the other model was
developed using decision tree algorithm.

Practical Implications. The model developed by artificial neural network and the
decision tree can be used in the diagnosis of bipolar disorder in order to screen
conscripts who have this disorder with a high risk of relapse and exacerbation of
symptoms.

How to cite this article: Mohseni H, Sokouti M, Nezhadi A, Sayadi A. Diagnosis of bipolar disorder based on extracted
significant biomarkers using bioinformatics and machine learning algorithms. Med J Tabriz Uni Med Sciences.
2025;47(1):86-99. doi:10.34172/mj.025.33646. Persian.

Extended Abstract

Background 1.5% of all deaths in the world. In 1995, the suicide

Bipolar disorder is a mental disorder that may last rate in soldiers was reported to be 12.5 per 100000
for days or weeks. Bipolar people may have severe people, while in the first quarter of 2022, this rate
depression and suicidal thoughts. It accounts for  was 24.3 people per 100000, and in the first quarter
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of 2023, it was 26.5 people per 100000. Bipolar
disorder occurs in 2% of the world's population. Over
20 years, 6% of people with bipolar disorder died by
suicide. Genetic factors account for 70-90% of the
risk of developing bipolar disorder. Atrtificial
intelligence can help diagnose diseases. The present
study was conducted to introduce a decision support
system that uses bioinformatics and machine learning
algorithms to identify genes and diagnose bipolar
disorders. This system is used for screening people
with bipolar disorder before being called up for the
military service.

Methods

The 11" generation processor with the
specifications of Intel(R) Core(TM) i7-11700,
frequency of 2.5 GHz, and 64 GB of RAM was
employed. For processing the genes of the database,
R programming language and the WGCNA R library
were used. First, three datasets related to bipolar
disorder, including GSE53987, GSE35977, and
GSE12679, were extracted from the PubMed
database, which included 218 human samples and 9-
888458 genes. All gene data were extracted to R
package. Pre-processing, hierarchical clustering,
adding trait data, hierarchical clustering, soft
thresholding, transforming gene expression matrix to
adjacency matrix, calculating (Topological overlap
matrix, TOM) between genes in a network,
calculating  dissimilarity  TOM, hierarchical
clustering, tree cutting operation done to define the
modules, calculating eigengene modules, hierarchical
clustering of eigengenes to dissimilar modules, the
automatic integration of close modules, obtaining
integrated colors, merging colors, and obtaining
relationship between the color module and the
attribute were done. Those that had a significant level
were selected. An annotation file was used to find
gene symbols and store gene information. The
significant common genes among target datasets
were screened using the Cytohubba plugin in
Cytoscape 3.7.1 and 20 common hub genes were
extracted for 12 methods. These methods included
MCC, MNC, DMNC, degree, EPC, bottleneck,
eccentricity, closeness, radiality, betweenness, stress,
and clustering coefficient. Then, its gene expressions

and whether it was sick or healthy were extracted.
The data were normalized and Orange 3.20.1
software was used for training by a neural network
with three  optimization algorithms, including
limited-memory BFGS, SGD, and Adam, and
structural functions, including identity, logistic, tanh,
and Relu models. From 5 neurons to 80 neurons with
step 5 and from 10 repetition loops to 120 repetition
loops with step 10, it was performed ten times on
each condition. Once again, the common genes were
screened using Cytoscape 3.7.1, and 10 common
genes were extracted using the 12 mentioned
methods. Then, the data were trained by the decision
tree model using Orange 3.20.1 software. The
minimum numbers of leaves from 1 to 50 were
trained with step 1, and the maximum number of
subgroups from 1 to 50 was trained with step 1.
Using AUC, accuracy, sensitivity, and specificity, we
evaluated the entire trained dataset once again using
the CV method, and the model with the highest value
was selected as the best model. CV means that for
different modes, train 80% of the data and test 20%,
and we report the average of the modes for the above
statistics.

Results

In the GSE53987 dataset, 920 genes out of 54676
genes, in GSE35977 dataset, 391 genes out of 33298
genes, and in GSE12679 dataset, 461 genes out of
54676 genes were selected due to a significant
relation with traits. Then, through the following
formula, shared genes were obtained, which reached
201. The best method for the artificial neural network
was a cluster coefficient that included 20 genes. The
artificial neural network used the limited-memory
BFGS algorithm and the logistics function, which
included 20 inputs, a hidden layer with 40 neurons,
and a maximum of 90 training repetitions. The
training structure of the artificial neural network is
feed-forward backpropagation. The maximum value
for sensitivity, specificity, accuracy, and AUC is
100%, indicating that the artificial neural network
correctly recognizes all the genes that have been
trained. The CV evaluation results are 71.15%,
72.72%, 71.96%, and 72%, respectively. Therefore,
the artificial neural network in the test part
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recognized 71.96% of patients, 72.72% of healthy
people, and 71.15% of sick and healthy people. The
best method in the decision tree algorithm was
eccentricity, which included 10 genes. This model
had a minimum of 12 leaves with a maximum of 13
subgroups. The results of the evaluation indicated
that sensitivity, specificity, accuracy, and AUC were
equal to 74.76%, 69.1%, 80.76%, and 78%,
respectively, which means that the decision tree
learning algorithm was able to recognize 80.76% of
patients, 69.1% of healthy people, and 74.76% of
healthy and sick people. In addition, as a result of CV
evaluation, it was equal to 67.28%, 65.5%, 69%, and
78%, respectively, indicating that the decision tree
learning algorithm in the test part was able to
recognize 69% of sick people, 65.5% of healthy
people, and 67.28% of healthy and ill people in
general.

Conclusion
Bipolar disorder is a psychiatric disease that may
be associated with suicidal thoughts or attempts

during periods of relapse and exacerbation of
symptoms. Bioinformatics, as a multifaceted
discipline which combines genetics, computer
sciences, and machine learning algorithms, has a
significant role in diagnosing diseases. Using
bioinformatics, we extracted 20 and 10 candidate
genes for bipolar disorder, and using artificial neural
network and decision tree machine learning
algorithms, we presented two models for diagnosing
bipolar disorder, which had an acceptable diagnostic
accuracy. The presented models can be used in a
system for diagnosing mental disorders to screen
soldiers suffering from bipolar disorder and prevent
them from joining the military service to reduce
suicides.
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