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Brain functional network analysis of magnetic stimulation at acupoints for sub-health insomnia

based on Granger causality

ZHENG Wei', YU Hongli', DING Weiguo®, WU Xia', XU Guizhi', GUO Lei', CHEN Jing’, WEI Li’
1. State Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300130,
China; 2. Tianjin Beichen District Chinese Medicine Hospital, Tianjin 300400, China

Abstract: Brain functional network reveals the mental activity of the brain, and has important significance for the brain
network analysis of sub-health insomnia. Using Granger causality algorithm to establish brain functional directed network
achieves the connectivity of the directional information within the electroencephalogram (EEG) at all levels, and realizes
the EEG analysis for insomnia. Neuroscan of 128 channels was applied to collect the 32-channel EEG signals of 9 subjects
who were in insomnia. The directional and connected relationship on the time sequence of 32-channnel EEG electrodes
were calculated based on Granger causality, and simultaneously, Bayesian information criterion and F-statistics were used to
examine the statistic significance of every connected value. Finally, we analyzed the connection diagrams of brain
functional networks under different states which were obtained by stimulating insomnia subjects with magnetic stimulation
at acupoints. The results revealed that the connections were increased between the frontal, centralis, left temporal lobe and
encephalic regions, at the same time, the connections were decreased between the occipital lobe, right temporal lobe and
encephalic regions after magnetic stimulating Shenmen, Neiguan and Sanyinjiao. Magnetic stimulation at acupoints for sub-
health insomnia has important research significance, and the corresponding results obtained in this research provide the
basis for the further research.

Keywords: insomnia; brain functional network; Granger causality; Bayesian information criterion; magnetic stimulation at
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The data collected before the subject
magnetic stimulation

Three days for magnetic stimulation at
acupoint

The data collected after the subject
magnetic stimulation
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Fig.1 Flow chart of experiment
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Fig.2 Magnetic stimulation system used in the experiment
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c: EEG acquisition device 2

d: EEG acquisition device 3
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Fig.3 Electroencephalogram (EEG) signal acquisition and acquisition devices
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a: Before—stimulation state

b: After—stimulation state
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Fig.4 Brain functional networks at different states
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Tab.1 Clustering coefficient of brain functional networks at

different states

Subjects Before-stimulation state  After-stimulation state
1 0.18 0.28
2 0.28 0.41
3 0.24 0.33
4 0.19 0.32
5 0.35 0.42
6 0.26 0.35
7 0.27 0.35
8 0.29 0.43
9 0.33 0.45
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Tab.2 Characteristic path lengths of brain functional networks

at different states

Subjects  Before-stimulation state After- stimulation state

1 3.22 2.31
2 3.74 2.49
3 3.58 2.42
4 3.28 2.40
5 3.81 2.53
6 3.66 2.48
7 3.63 2.45
8 3.75 2.54
9 4.19 2.76
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Tab.3 Characteristic parameters of brain functional networks at

different states

Clustering Characteristic
States

coefficient C path length L
Before-stimulation 0.26 3.64 1.24
After-stimulation 0.37 2.47 2.59
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Fig.5 Node degrees of the frontal area at different states
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Fig.6 Node degrees of the occipital lobe at different states
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8 Node degrees of the left temporal lobe area at different states
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Fig.9 Node degrees of the right temporal lobe area at different states
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Tab.4 Significance test of node degrees of encephalic

regions at different states

Encephalic regions P value
Frontal lobe 0.014
Occipital lobe 0.037
Area centralis 0.000
Left temporal lobe 0.135
Right temporal lobe 0.006
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