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The Differences of EEG Coherence between Schizophrenia and Bipolar Disorder”
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| ABSTRACT I

O bjectives EEG coherence could imply the connectivity between two different areas of the brain, which is

known to be important in the pathophysiology of bipolar | disorder(BPD I) and schizophrenia. The authors
investigated EEG coherence in patients with BPD | and schizophrenia to examine the connectivity of the
neural circuit.

MethodsU EEGs were recorded in 15 schizophrenia and 14 bipolar disorder patients, and 14 age—matched
normal control subjects from 16 electrodes with linked—ear reference. Spectral parameters and coherence
were calculated for the alpha bandwidth(8—13Hz) by a multi—channel autoregressive model using 20 artifact—
free 2—seconds epochs and the differences were compared among three groups by two different statistical
methods F—test and Kruskal—Wallis test. Furthermore, when there were significant differences among three
groups, Scheffe's multiple comparison tests were provided and Jonckheere—Terpstra tests for the ordered
alternative were given.

Results0 In the intra—hemispheric comparison, left frontal coherence was increased in order of control, BPD
I and schizophrenia. In the inter—hemispheric comparison, 1) inter—prefrontal coherence in BPD | was signifi-
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cantly higher than in normal controls, and 2) inter—prefrontal coherence in schizophrenia was significantly lower

than in controls.

Conclusion[ These results suggest that 1) both schizophrenia and BPD | are diseases having the abnormality
of neural circuit connectivity in both frontal and prefrontal lobes, and 2) the abnormality is more severe in
schizophrenia than in BPD |. Furthermore, the data support that a common pathogenetic process may reside

in both schizophrenia and BPD I.
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Table 1. Demographic data of study groups(mean+

SD)
Controls Schizophrenia  BPD |
e s
Sex Male 7 10 5
Female 7 5 9
Age(year) 31.5+ 9.7 38.9+ 6.6 353+ 6.9
Education 13.0+ 1.4 124+ 2.7 122+ 23
Duration(year) 14.8+£ 8.7 11.3x 10.3

One-way ANOVA ftest, No differences between gro-
ups are statistically significant, BPD 10 Bipolar | disorder
most recent manic
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Table 2. Difference of a wave(8-13Hz) coherences at each pairs of electrodes among schizophrenia, bipolar
disorder and controls

Group _ _ _ - ’
Variable Control(n=14) SPR(n=15) BPD I(n=14) Test statistic p-value
Mean(SD) 0.7(0.46) 0.7(0.13) 0.72(0.13) F 0.12 0.887
FP1F7 21.46 21.40 23.18 K-w 0.197 0.906
Rank-Sum
324.5 J-T 0.382 0.703
Mean(SD) 0.69(0.16) 0.68(0.19) 0.71(0.16) F 0.16 0.852
FP2F8 20.82 21.63 23.57 K-w 0.392 0.822
Rank-Sum
332.500 J-T 0.574 0.566
Mean(SD) 0.71(0.16) 0.61(0.16) 0.73(0.14) F 2.4 0.103
FP1F3 24.25 16.60 25.54 K-w 4.500 0.105
Rank-Sum
394.500 J-T 1.965 0.049*1)
Mean(SD) 0.57(0.20) 0.55(0.20) 0.61(0.15) F 0.5 0.609
FP2F4 21.71 19.97 24.46 K-w 0.969 0.616
Rank-Sum
334.000 J-T 0.589 0.556
Mean(SD) 0.092(0.08) 0.295(0.22) 0.25(0.19) F 4.87 0.013*
FP1C3 13.29 26.57 25.82 K-w 10.647 0.005**
Rank-Sum
424.500 J-T 2.677 0.007**
Mean(SD) 0.14(0.09) 0.26(0.25) 0.26(0.19) F 2.04 0.144
FP2C4 17.64 22.77 25.54 K-w 3.031 0.220
Rank-Sum
377.500 J-T 1.598 0.110
Mean(SD) 0.33¢(0.14) 0.544(0.22) 0.5(0.24) F 413 0.023*
F7C3 14.14 26.73 24.79 K-w 8.450 0.015*
Rank-Sum
408.000 J-T 2.249 0.025*
Mean(SD) 0.34(0.17) 0.54(0.23) 0.52(0.26) F 3.35 0.045*
F8C4 14.96 25.77 25.00 K-w 6.648 0.036*
Rank-Sum
402.000 J-T 2.112 0.035*
Mean(SD) 0.25¢(0.13) 0.561(0.24) 0.499(0.27) F 7.84 0.001**
F3C3 12.18 28.17 25.21 K-w 13.280 0.001**
Rank-Sum
433.500 J-T 2.817 0.005**
Mean(SD) 0.34(0.17) 0.55(0.23) 0.47(0.30) F 3.06 0.058
FAC4 15.46 26.83 23.36 K-w 6.290 0.430
Rank-Sum
387.000 J-T 1.777 0.076
Mean(SD) 0.76(0.10) 0.71(0.15) 0.78(0.11) F 1.12 0.336
O1P3 22.57 19.33 24.29 K-w 1.264 0.532
Rank-Sum
324.000 J-T 0.371 0.711
Mean(SD) 0.76(0.11) 0.75(0.12) 0.81(0.08) F 1.21 0.309
O2P4 21.04 19.70 25.43 K-w 1.785 0.410
Rank-Sum
349.000 J-T 0.957 0.339
Mean(SD) 0.86(0.06) 0.82(0.13) 0.87(0.07) F 1.12 0.336
o115 22.18 19.50 24.50 K-w 1.522 0.467
Rank-Sum
329.500 J-T 0.551 0.581

One-way ANOVA, Mean(Standard Deviation), K-WO Kruskal-Wallis test, J-TO Jonckheere-Terpstra test, SPRO
Schizophrenia, BPD IO Bipolar | disorder.

*0 p<0.05, **0 p<0.01.

Scheffe's post hoc testd a<b, c<d, e<f, e<g, hd, j<k

1) SPR<Control<BPD I, 2) Control<SPR<BPD |
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Table 2. Continued

Group _ _ _ -~ ’
Variable Control(n=14) SPR(n=15) BPD I(n=14) Test statistic p-value
Mean(SD) 0.86(0.05) 0.85(0.07) 0.84(0.08) F 0.32 0.731
0276 23.43 21.40 21.21 K-W 0.339 0.844
Rank-Sum
287.000 JT —-0.525 0.600
Mean(SD) 0.45(0.17) 0.47(0.15) 0.49(0.13) F 0.21 0.816
01C3 20.32 22.27 23.39 K-W 0.446 0.800
Rank-Sum
336.500 JT 0.648 0.517
Mean(SD) 0.48(0.17) 0.47(0.15) 0.53(0.14) F 0.57 0.568
02C4 20.86 20.30 24.96 K-W 1.218 0.544
Rank-Sum
346.500 T 0.876 0.381
Mean(SD) 0.76(0.12) 0.8(0.05) 0.77(0.06) F 0.74 0.481
P3C3 21.07 24.73 20.00 K-W 1.383 0.501
Rank-Sum
295.000 JT —0.319 0.750
Mean(SD) 0.8(0.10) 0.81(0.09) 0.81(0.09) F 0.09 0.916
P4C4 20.43 22.20 23.36 K-w 0.459 0.795
Rank-Sum
335.500 T 0.668 0.504
Mean(SD) 0.55(0.16) 0.63(0.12) 0.64(0.12) F 1.87 0.167
T5C3 16.43 24.93 24.43 K-w 4313 0.116
Rank-Sum
383.500 JT 1.727 0.084
Mean(SD) 0.57(0.16) 0.63(0.10) 0.66(0.13) F 1.63 0.209
T6C4 16.96 22.57 26.43 K-w 4323 0.115
Rank-Sum
400.500 JT 2.138 0.033*2)
Mean(SD) 0.21(0.12) 0.21(0.17) 0.14(0.11) F 1.14 0.329
OI1FP1 24.71 22.83 18.39 K-w 1.992 0.369
Rank-Sum
250.000 JT —-1.333 0.183
Mean(SD) 0.22(0.15) 0.2¢0.19) 0.16(0.11) F 0.51 0.604
O2FP2 24.32 21.53 20.18 K-W 0.832 0.660
Rank-Sum
269.500 JT —-0.879 0.379
Mean(SD) 0.34(0.15) 0.33(0.19) 0.27(0.12) F 0.81 0.451
O1F7 24.39 23.40 18.11 K-w 2.150 0.341
Rank-Sum
249.000 JT —1.351 0.117
Mean(SD) 0.32(0.17) 0.37(0.22) 0.29(0.16) F 0.72 0.494
O2F8 21.79 24.93 19.07 K-w 1.637 0.441
Rank-Sum
269.000 JT —0.490 0.618
Mean(SD) 0.21(0.10) 0.25(0.17) 0.16(0.09) F 1.54 0.227
O1F3 22.86 25.40 17.50 K-w 3.139 0.208
Rank-Sum
262.000 JT —1.056 0.291
Mean(SD) 0.18(0.14) 0.19(0.15) 0.17(0.14) F 0.09 0915
O2F4 21.71 22.83 21.39 K-w 0.111 0.946
Rank-Sum
303.000 JT —0.114 0.909

One-way ANOVA, Mean(Standard Deviation), K-WO Kruskal-Wallis test, J-TO Jonckheere-Terpstra test, SPRO
Schizophrenia, BPD IO Bipolar | disorder.

*0 p<0.05, **0 p<0.01.

Scheffe's post hoc testd a<b, c<d, e<f, e<q, hd, j<k

1) SPR<Control<BPD I, 2) Control<SPR<BPD |
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Table 2. Continued

Group _ _ _ -~ ’
Variable Control(n=14) SPR(n=15) BPD I(n=14) Test statistic p-value
Mean(SD) 0.11(0.10) 0.19(0.19) 0.15(0.13) F 1.26 0.294
P3FP1 18.64 24.67 22.50 K-W 1.849  0.397
Rank-Sum
343.500 JT 0.826  0.409
Mean(SD) 0.16(0.12) 0.19(0.21) 0.18(0.14) F 0.12 0.892
P4FP2 21.75 21.63 22.64 K-w 0.058  0.972
Rank-Sum
314.000 JT 0.137  0.891
Mean(SD) 0.26(0.13) 0.39(0.22) 0.32(0.19) F 1.63 0.208
P3F7 17.61 26.20 21.89 K-w 3.489  0.175
Rank-Sum
346.500 JT 0.870  0.384
Mean(SD) 0.27(0.15) 0.43(0.24) 0.38(0.21) F 2.29 0.115
P4F8 16.79 25.93 23.00 K-w 4067  0.131
Rank-Sum
368.500 JT 1.364  0.172
Mean(SD) 0.16n(0.06) 0.35i(0.21) 0.25(0.18) F 4.54 0.017*
P3F3 15.82 28.40 21.32 K-w 7.749  0.021*
Rank-Sum
361.000 JT 1215 0.224
Mean(SD) 0.21(0.14) 0.33(0.21) 0.3(0.22) F 1.48 0.239
P4F4 17.64 24.87 23.29 K-w 2.751 0.253
Rank-Sum
362.500 JT 1.246 0213
Mean(SD) 0.29(0.13) 0.29(0.21) 0.21(0.16) F 0.98 0.384
T5FP1 24.43 23.37 18.11 K-w 2.109  0.348
Rank-Sum
251.500 JT —1.279 0.201
Mean(SD) 0.29(0.16) 0.27(0.23) 0.21(0.13) F 0.84 0.44
T6FP2 . 24.71 22.07 19.21 K-w 1.406  0.495
Rank-Sum 261.000 JT 1072 0.284
Mean(SD) 0.3(0.15) 0.4¢0.19) 0.29(0.17) F 1.77 0.184
T5F3 ROnKS 19.71 27.03 18.89 K-w 3.852  0.146
anesum 303.000 JIT —0113 0910
Mean(SD) 0.29(0.19) 0.31(0.15) 0.26(0.20) F 0.2 0.819
T6F4 K 21.79 23.77 20.32 K-w 0.568 0.753
Rank-Sum 294.500 JT —0305 0760
Mean(SD) 0.71i(0.14) 0.64x(0.15) 0.78(0.09) F 4.16 0.023*
FP1FP2 ROMKS 22.25 15.83 28.36 K-W 7.685 0.021*
ankesum 428.000 JT 2.763  0.006*1)
Mean(SD) 0.5(0.15) 0.43(0.24) 0.54(0.16) F 1.09 0.346
F7F8 . 22.64 18.73 24.86 K-wW 1.818  0.401
Rank-Sum 328.500 JT 0.464  0.643
Mean(SD) 0.25(0.18) 0.33(0.32) 0.43(0.23) F 1.78 0.183
F3F4 ‘ 18.43 20.87 26.79 K-W 3.347 0.188
Rank-Sum 383.500 T 1.698  0.090*

One-way ANOVA, Mean(Standard Deviation), K-WO Kruskal-Wallis test, J-TO Jonckheere-Terpstra test, SPRO
Schizophrenia, BPD IO Bipolar | disorder.

*0 p<0.05, **0 p<0.01.

Scheffe's post hoc testd a<b, c<d, e<f, e<q, hd, j<k

1) SPR<Control<BPD I, 2) Control<SPR<BPD |
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Table 2. Continued

Group

Variable Control(n=14) SPR(n=15) BPD I(n=14) Test statistic p-value

Mean(SD) 0.47(0.12) 0.42(0.18) 0.49(0.09) F 0.91 0.412

1374 22.96 18.67 24.61 K-w 1.851 0.396
Rank-Sum 323.000 JT 0.345 0.730
Mean(SD) 0.2¢0.12) 0.33(0.29) 0.37(0.21) F 2.35 0.109

C3C4 14.18 22.77 26.00 K-w 3.643 0.162
Rank-Sum 387.000 3T 1.786 0.074
Mean(SD) 0.63(0.14) 0.57(0.19) 0.62(0.10) F 0.78 0.467

1576 23.96 19.70 22.50 K-W 0.911 0.634
Rank-Sum 295.500 JT —0.285 0.775
Mean(SD) 0.59(0.13) 0.59(0.21) 0.68(0.11) F 1.51 0.233

P3P4 19.39 20.33 26.39 K-wW 2.677 0.262
Rank-Sum 369.500 3T 1.367 0.163
Mean(SD) 0.83(0.08) 0.76(0.14) 0.83(0.08) F 2.12 0.133

0102 24.14 18.00 24.14 K-w 2.638 0.267
Rank-Sum 308.000 )T 18.00 24.14

One-way ANOVA, Mean(Standard Deviation), K-WO Kruskal-Wallis test, J-TO Jonckheere-Terpstra test, SPRO

Schizophrenia, BPD IO Bipolar | disorder.

*0 p<0.05, **0 p<0.01.

Scheffe's post hoc testd a<b, c<d, e<f, e<q, hd, j<k
1) SPR<Control<BPD I, 2) Control<SPR<BPD |
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