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Abstract—In this work, we analyzed the functional connectivity
between different groups of subjects. The groups included pa-
tients with major depressive disorder, and patients with bipolar
depression that were obtained during experimental research. The
data that had been subjected to preprocessing procedures were
employed in order to identify the functional connectivity between
the brain regions that displayed significant variations.
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I. INTRODUCTION

Mental disorders have been established as significant con-
tributors to the global burden of disease, accounting for 4.9%
of the total years that are burdened with disability [5]. Among
the illnesses that significantly contribute to this problem are
major depressive disorder (MDD) and bipolar disorder (BD)
[6]. Furthermore, these diagnoses have a relatively high fre-
quency in children and adolescents, which can impede their
development and, as a result, harm their overall mental health
in adulthood [7]. From a practical standpoint, the prompt
differentiation of MDD and BD is imperative not just in terms
of the treatment of these disorders but also with regard to
their predictions, with the intention of preventing relapses
and disabilities. Additionally, both the first presentation of
MDD and BD often occurs as a depressive episode, rendering
them highly similar in their initial stages. Furthermore, there
exist no reliable biomarkers for the differentiation between
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the two illnesses. These factors result in numerous iatrogenic
complications, in particular, the prevalent risk of a hypomanic
or manic episode in bipolar patients when they are prescribed
antidepressants.

Within the recent research, it has been established that the
increase in regional blood flow within the brain (BOLD effect)
can be considered a viable marker for the activity of neurons
[1]-[4]. Functional magnetic resonance imaging is typically
considered an appropriate instrument for detecting areas of
effectual brain activity. Furthermore, fMRI is commonly re-
garded as a suitable technique for the creation of spatial maps
of activated neural groups [9], [10]. There are a number of
works [11]-[15] in which the diagnosis of nervous diseases
was carried out using network features of the organisation of
functional brain networks, which were identified using both
graph theory methods and various machine learning methods.
The objective of this study was to examine the variations in
functional connectivity throughout the brain between people
suffering from MDD and BD based on the statistical approach
using connectivity matrices.

II. DESIGN OF THR EXPERIMENT

The experimental data was obtained from 37 patients with
major depressive disorder, and 34 patients with bipolar depres-
sion. The experimental data was obtained from 97 healthy
volunteers and 72 patients with major depressive disorder.
In order to take part in the study, the following criteria
were required to be met: aged between 18 and 65 years;
the absence of metal implants and similar; no presence of
other psychiatric conditions (addictions, anxiety and simi-
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lar); and no occurrence of severe neurological pathologies or
a concussions. Patientspsychiatric histories were also taken
into consideration for purposes of determining the inclusion
criteria. Every subject provided written informed consent in
accordance with the Declaration of Helsinki. (Ethics Comittee
approval P-369 of 29.05.2015).

3 Tesla magnetic resonance imaging system (GE Discovery
750) was used for the magnetic resonance imaging procedure.
The process involved using a structural scan of big resolution
as part of the imaging protocol. The thickness of a slice
was 1 millimeter, matrix 256 squared, time of relaxation
7.2 milliseconds, Time of reflection 2.3, angle of flip 12
degrees, and resting-state volume — two dimentional stack
with width about 3 millimeters, matrix 64 squared, repeat
time 2 thousand milliseconds, reflection time 30 milliseconds,
number of images 36, straight angle, a total of 192 volumes.
Before the procedure commences, the subjects are given the
instruction to remain in a state of tranquility. They were
instructed to keep their eyes closed, as well to avoid engaging
in any particular thoughts or thought processes.
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Fig. 1. Interconnectivity table for the parcellations of BD patients based on
the Pearson method

III. METHODS

The analysis of the MRI images was performed the same
way as described in our previous work [16] with Anatomical
Atlas Labels 3 [17] regions of the volumed and aligned with
the initial high-quality image. We proceeded to calculate the
average activity levels throug the regions for every subject.
After that, we obtained cross-correlation tables for each aver-
aged area activities. Averaged connection table for the patients
with bipolar depression can be seen in the Fig. 1. To assess
the presence of significant variations among the connectivity
tables for the groups (MDD and BD), the FDR method with
a significance p=0.025 together with 100 thousands permuta-
tions were employed [18], [19].
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Fig. 2. The significant connection changes between patients with the major
depressive disorder and bipolar depression

IV. RESULTS

Among the results, only connections of significance were
considered and displayed in the following graphical con-
nectogram (Fig. 2). We discovered that the most significant
changes in functional network connectivity include connec-
tions: Cerebellum 3. — Caudate R, which seems to be typical;
Caudate R — Amygdala R; Amygdala R — Postcentral R that
associates with typical biomarkers [21], [22].

V. CONCLUSION

It was shown that the significant connections found with
the false discovery rate method with the help of the corre-
altion connectivity approach are only prevail in the direction
MDD>BD. However no significant connections were found
for the opposite direction BD>MDD. We hope our results will
be useful for further development of diagnostic measures to
objectively differentiate bipolar depression from major major
depressive disorder.

REFERENCES

[1] Hramov A. E., Grubov V., Badarin A., Maksimenko V. A., Pisarchik A.
N. Functional near-infrared spectroscopy for the classification of motor-
related brain activity on the sensor-level. Sensors. 20(8), p. 2362 (2020).

[2] Heeger D. J., Ress D. What does fMRI tell us about neuronal activity?.
Nature reviews neuroscience. 3(2), pp. 142-151 (2002).

[3] Kurkin S., Badarin A., Grubov V. Maksimenko V., Hramov A. The
oxygen saturation in the primary motor cortex during a single hand
movement: functional near-infrared spectroscopy (fNIRS) study. The
European Physical Journal Plus. 136 (5), p. 548 (2021).

[4] Karpov O.E., Pitsik E.N., Kurkin S.A., Maksimenko V.A., Gusev A.V.,
Shusharina N.N., Hramov A.E. Analysis of Publication Activity and
Research Trends in the Field of AI Medical Applications: Network
Approach. International Journal of Environmental Research and Public
Health. 20, 5335 (2023).

124



[5] Ferrari A. Global, Regional, and National Burden of 12 Mental Disorders
in 204 Countries and Territories, 1990-2019: A Systematic Analysis for
the Global Burden of Disease Study 2019. Lancet Psychiatry. 9, pp.
137-150 (2022).

[6] Polanczyk G.V., Salum G.A., Sugaya L.S., Caye A., Rohde L.A.
Annual Research Review: A Meta-Analysis of the Worldwide Prevalence
of Mental Disorders in Children and Adolescents. J. Child Psychol.
Psychiatry. 56, pp. 345-365 (2015).

[7]1 Whitney D.G., Peterson M.D. US National and State-Level Prevalence
of Mental Health Disorders and Disparities of Mental Health Care Use
in Children. JAMA Pediatr. 173, pp. 389-391 (2019).

[8] Smith S.M., Fox P.T., Miller K.L. et al. Correspondence of the brain’s
functional architecture during activation and rest. Proc. Natl. Acad. Sci.
USA. 106, pp. 13040-13045 (2009).

[9] Van Dijk K.R., Hedden T., Venkataraman A. et al. Intrinsic functional
connectivity as a tool for human connectomics: theory, properties, and
optimization. J. Neurophysiol. 103, pp. 297-321 (2010).

[10] Rosenblau G., Sterzer P., Stoy M., Park S., Friedel E., Heinz A.,
Pilhatsch M., Bauer M., Strohle A. Functional neuroanatomy of emotion
processing in major depressive disorder is altered after successful
antidepressant therapy. J Psychopharmacol. 26(11), pp. 1424-33 (2012).

[11] Pitsik E.N., Maximenko V.A., Kurkin S.A., Sergeev A.P., Stoyanov D.,
Paunova R., Kandilarova S., Simeonova D., Hramov A.E. The topology
of fMRI-based networks defines the performance of a graph neural
network for the classification of patients with major depressive disorder.
Chaos, Solitons & Fractals. vol. 167, p. 113041, 2023.

[12] Andreev A.V., Kurkin S.A., Stoyanov D., Badarin A.A., Paunova R.,
Hramov A.E. Toward interpretability of machine learning methods for
the classification of patients with major depressive disorder based on
functional network measures. Chaos. vol. 33(6), p. 063140, 2023.

[13] Zhang Sh., Zhao H., Wang W., Wang Zh., Luo X., Hramov A., Kurths
J. Edge-centric effective connection network based on muti-modal MRI
for the diagnosis of Alzheimer’s disease. Neurocomputing. vol. 552, p.
126512, 2023.

[14] Hramov A.E., Frolov N.S., Maksimenko V.A., Kurkin S.A., Kazantsev
V.B., Pisarchik A.N. Functional networks of the brain: from connectivity
restoration to dynamic integration. Physics - Uspekhi. vol. 64, pp. 614—
650, 2021.

[15] Kurkin S., Smirnov N., Pitsik E., Kabir M.S., Martynova O., Sysoeva
0., Portnova G., Hramov A. Features of the resting-state functional brain
network of children with autism spectrum disorder: EEG source-level
analysis. European Physical Journal ST. vol. 232, pp. 683-693, 2023.

[16] Stoyanov D., Khorev V., Paunova R., Kandilarova S., Simeonova D.,
Badarin A., Hramov A., Kurkin S. Resting-State Functional Connectivity
Impairment in Patients with Major Depressive Episode. Int J Environ Res
Public Health. 19(21), pp. 14045 (2022).

[17] Rolls E.T., Huang C.C., Lin C.P,, Feng J., Joliot M. Automated anatom-
ical labelling atlas 3. Neuroimage. 206, pp. 116189 (2020).

[18] Genovese C.R., Lazar N.A., Nichols T. Thresholding of statistical maps
in functional neuroimaging using the false discovery rate. Neuroimage.
15(4), pp. 870-878 (2002).

[19] Zalesky A., Fornito A., Bullmore E.T. Network-based statistic: identi-
fying differences in brain networks. Neuroimage. 53(4), pp. 1197-207
(2010).

[20] Kraskov, A., Stugbauer, H., Grassberger, P. Estimating mutual informa-
tion. Physical Review E. 69(6), pp. 16 (2004).

[21] Ahmed, Y.B., Al-Bzour, A.N., Alzghoul, S.M., Ibrahim, R.B., Al-
Khalili, A.A., Ghayda’a, N., Hamza, A.L., Al-Zamer, Y.S., Alhayek, K.,
Kofahi, R. and Leffler, A.. Limbic and cortical regions as functional
biomarkers associated with emotion regulation in bipolar disorder: A
meta-analysis of neuroimaging studies. Journal of Affective Disorders.
(2022)

[22] Wang, Y.Y., Wang, Y., Huang, J., Sun, X.H.,, Wang, X.Z., Zhang,
S.X., Zhu, G.H,, Lui, S.S., Cheung, E.F., Sun, HW. and Chan, R.C.
Shared and distinct reward neural mechanisms among patients with
schizophrenia, major depressive disorder, and bipolar disorder: an effort-
based functional imaging study. European Archives of Psychiatry and
Clinical Neuroscience. 272(5). pp. 859-871 (2022).

125





