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B E:AHAHL3HAR T2 XRGBAR, AXEAA RS ELELXRG—ANELRA, R
ANEZABMEENGER, R, BT AEERXGTHRAL, BFHLESEFTRARE, BLAI
PR M K AR B Al B3 69 & B (Electroencephalogram , EEG) & 47 47 4 (Beta,Gamma #R 4 ) ,

1 A & 4 EEG XA 4k & 1 dF -F 4845 5 49 48 4% 4 48 14 (Phase locking value, PLV)ZT/’E%’]"JE}% & &
ARG % R B E B RAT A, A T 4RI ROIRE I R A A AEE e T, e
T AR BRHAE F2 0 T R T RREAR N 69 8 W& 5L F 4R, R IAE Gammadi 4 L, 54 fTa?FT
EREMEREBHME R ENBAZ N GEELENZF(p=0.044), A I #FE FH(Support vector
machine, SVM)i# 47 B 3h 4K , /£ Beta 304 L 69 B F 3K 77.7% , F A %5 90.7% , A4 T JR 46 M & 4
AEEARERZT 940, RBER ST 20.7% ;R 0 5 A AT, A LA 09 I W 26 45 & 2 2 38 A7 49
EHFRST 19.4%, REERIAT 20706, 30, XA Beta I 49 42 & B EWMAF 2 £ AR LI, 5 T
KOIRE B A6 B R S LR 6 R A
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Diagnosis of Primary Insomnia Based on Synchronous Resting-State Brain Network

JIN Mingyan', ZHANG Chi', CHANG Yi’, CONG Fengyu'

(1. Faculty of Medicine, Dalian University of Technology, Dalian 116024, China;2. Department of Psychosomatic Sleep, the First
Affiliated Hospital of Dalian Medical University, Dalian 116011, China)

Abstract: About a third of the world” s population suffers from insomnia, and many studies have shown
that elevating high frequency band activity is an important cause of insomnia. However, due to the
existence of large disturbance factors, it is difficult to evaluate in daily resting state conditions. Therefore,
the Beta and Gamma bands of electroencephalogram (EEG) are extracted from patients with primary
insomnia and normal controls. The phase locking value (PLV), which is more suitable for nonlinear and
non-stationary signals such as EEG, is used to obtain the adjacency matrix to construct rest-state functional
brain network. The adaptive threshold technology is used to binarize the adjacency matrix. In order to fuse
various characteristics of brain networks, a comprehensive measurement index of brain networks is
proposed for insomnia detection. In Beta frequency band, the comprehensive indexes are significantly
different between the primary insomnia group and the normal control group (p=0.044). The automatic

classification using support vector machine (SVM) achieves the accuracy of 77.7% and the sensitivity of
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90.7% in Beta band. Compared with the original network characteristics, the classification accuracy and the
sensitivity of the proposed comprehensive index are increased by 9.4% and 20.7%, respectively. At the
same time, compared with the existing studies, the classification accuracy and the sensitivity of the
proposed comprehensive index are increased by 19.4% and 20.7%, respectively. It shows the proposed
method has potential application value in the diagnosis of insomnia.

Key words: primary insomnia; electroencephalogram (EEG); function brain network; phase locking value
(PLV); support vector machine (SVM)
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Table 1 Statistical data and clinical characteristics of all
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FP1  FPZ  Fp2
. L]
AF3 AF4
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Tl s agnf fF
e PN e A R XoF B 201 p1E G I
FT7 FC5 FC3 FCl FCZ FC2 FC4 FC6 FT8
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T7 o o & o o
P51 10415 8% 3% oy O T dbiaizars [ O o
ol oP6
ZHE KT /AR 9.69+1.08  11.63+1.54 0.346 e 808 TP Pr0e’, ans
FRR AR R/ 4R 7.1842.12 o1 oz 02
PSQI 15.77+0.95 3.56+0.38 <<0.001 B e
ISI 21.5441.42 2.67+0.35 <<0.001

Fig.1 Electrode position
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B, T IR X MR | e A B B 8 S EEG BUE 94T 50 Hz ARG I B U A % 0.5 Hz /Y



oA F AT R DM S P A6 R A K IR 805

17 10 JE I 7% A1 50 Hz A 8 % 2% 1 9% 5 22 5 18 53 7 57 49 43 #r (Independent component algorithm, ICA)
25 45 IR 5 1 B e, 00 B DR 3 5 A5 B DR SR RE AT R 500 Hz 47 W SR BE [ 3] 250 Haz, Ff 38 3 /N I 43 i 42 B
2 B9 O 45 31F 52 15 2k HIR w25 AF 6 1 25 S0 (Beta 5145 (13~25 Hz) il Gamma 35 (25~45 Hz) ',
2 WEBESLERIE

T i EEG i W 25 J5 75 A g BRRE DA 48 B, AR SCHR HE An TR A i I 2% 43 BT HE 2 < S A /)
B g N JEG 1 B2 EEG 206 A 2 5 20 s Beta 3 Bt Al Gamma 3% BERCHE s HR DL 1 s Ay s fa) 7 1
PLV T 587 0 (] % 2 5 B A8 B &0 4 6 B 5 E 1, Sk 17 B Lk IS 39 2 i 7 A, Al 1 3 07 1) {1 A 208
FEHE R AT A A AL B 5 PR, SR R 28 R B B O A R AR B AR K BE | A JR AR R A KK i 1) 285
BE SR R T T % BRCRE i 1) 28 A58 AE 37 (0 119 1T 5 P 25 25 10 X 28 R AE , 45 1 2R BIRRE Az T 1 kg o9
%fﬁmri%ai:T 5, Bt SVM 43 26 4% 55 B8 PTAN 9 28 7 A0k B sl iU o i 190 2 43 7 12 i 7 &1 4 1]

i WWMWM

JEP(0.5~50 Hz), ICA
fﬁwﬁ N Ty

pen it
AR E EEGH [8] /751 Gamma NM&WWWWMMWMW

fuySaeatitas

Vv RERE — Pz B
v B |

- — v RHERR K SVM4r 4%
v ERME ¢

v N
— PU P 4R7AE H 3R 5

i X 4 1

P2 il 0 4 o3 A 7 ik HE 2R

Fig.2 Flow chart of brain network analysis method
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Fig.3 Brain network connection in Beta band
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Fig.4 Characteristics of brain networks in Beta band
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Table 2 Results of statistical analysis of brain network features
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Fig.6 Characteristics of brain networks in Gamma band
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Table 3 Results of brain network feature classification %
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Table 4 Statistical analysis of brain network feature classification results
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Fig.7 Comprehensive index classification accuracy confusion matrix
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Table 5 Comparation of the proposed method with other studies
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