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Objectives  Alteration of epigenetic effects of testosterone during early development was suggested as an ancillary mechanism for
the genesis of schizophrenia. EEG coherence was thought to be a marker for cerebral laterality of which important determinant was tes-
tosterone during early development. We studied sex-related differences of EEG coherences between patients with schizophrenia and
controls to examine the sex effects in the genesis of schizophrenia.

Methods EEG was recorded in 35 patients with schizophrenia and 46 healthy controls in the eyes closed resting state. Pair-wise EEG
coherences were calculated over delta, theta, alpha, beta and gamma frequency bands. To examine the differences of EEG coherence ac-
cording to sex in each group, ANCOVA was performed using Statistical Analysis system (SAS, Ver 9.3) and R (Ver 2.15.2).

Results  Healthy control males showed more increased right intrahemispheric coherences than healthy control females in delta, the-
ta, alpha and beta frequency bands. In patients with schizophrenia, this male dominant pattern in right intrahemispheric coherences
was attenuated especially in alpha and beta bands. Healthy control females showed more increased interhemispheric coherences than
healthy control males in delta, theta, beta and gamma frequency bands. In patients with schizophrenia, these female dominant patterns
in interhemispheric coherences were attenuated especially in delta, theta, and beta bands, which were commonly observed in frontal to
central areas.

Conclusion  Sex differences in resting EEG coherences were attenuated in schizophrenia patients. These results imply that sex-relat-
ed aberrant cerebral lateralization might exist in patients with schizophrenia, which are partly due to sex hormones via epigenetic mecha-
nisms.
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gof vlsl -5 vkt SAdGe] skl 2 A= HlE
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Table 1. Demographic characteristics of study participants

99] £8 Fu}s

W, etfol WlEk Falgol Al 92 vk

do] W 1 sich ARk 57k o] vls) Bhzto]
A WA Fol=t 22 o 4= leic, Wetel Mgt Fuis

A= 93 Wty SAol La“ o] LAt 97t thzwtol
U 2ol 7= Zto)7t Qs Ao ' yehkom, ) 5
Thpof Al -5 R SAS *étﬁfﬂl T Aol X8

R eotth 2 dlaol A Mol -3 vk BAIA
o] w4 SAo] 28 B Tol A B3] e} wje} 3

sholl 4] ZH4JElE Ao® Uehgth

S OIEIT 5 W SAS) b o) elitel

ofs7] eRRIEE 23 2 olAle YRR o

ol e S A9l 2 Fok Aol 2

A O F C4-T4, PA-T4, AT, 7L 9 2} e} Zeups
E20 2= C4-T6, O2-T6SHTable 2).

OH OHH rlr __

dha Tt BAel A AEo] THE 23 W7 FA4S) Aol

tht o] that olel ulal B2 W) BA4 2k
o OIS 2 A9 et Futsol 4 O7H, ek Fkol
A 070, st Fakgeol ] 27, ek FEmtarela] 17} 7 5

Controls (n = 46)

Schizophrenia (n = 35)

Stath STatish Statistics
Male  Female aristics Male Female atistics (p-value)
(p-value) (p-value)
Sex Number 23 23 18 17 $?=0.0162
(0.8986)
Age Median (yrs) 37 30 Z=3.5203 43 37 Z=—-1.6537 Z=1.5939
(0.0004) (0.0982) 0.111)
IQR 15.5 5.5 11 11
CPZ equivalent dose Median (mg) - - - 480 675 —0.6936 -
IQR - - - 710 730 (0.4879) -
Lorazepam equivalent dose  Median (mg) - - - 1.0 1.2 -1.0124 -
IQR - - - 0.5 1 (0.3114) -

N : number, CPZ : chlorpramazine, IQR : interquartile range, yrs : years

[] Control (M > F)
[ Schizophrenia (M > F)

Fig. 1. Sex-related differences of right
intrahemispheric coherences bet-
ween controls and patients with sc-
hizophrenia groups. A : Numbers of
male dominant (M > F) right intrahe-
mispheric coherences between con-
trol and schizophrenia groups. B : Num-
bers of female dominant (F > M) right
intrahemispheric coherences between
control and schizophrenia groups. RH

10 [] Control (M > F) 10 4
[] Schizophrenia (M > F)
8 - — 8 1
8 [ o)
g 6 2 6
o [
9] @
< <
8 8
T 4 T 4
oz oz
) Tﬂ )
O T T T T 1 0
A Delta Theta Alpha Beta B Delta

Alpha Beta coherence : right intrahemispheric co-

herence.

Theta

170
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S0l O7Hgick, gk el ofahEl Yol ZHE] o] ARk A9 Qlglom, oleigh Aol whE Kol o 21
Q1 o}l Hla) 42 Wl A o] HOIP Beh 2 B 3 vl FARAY b o A0 R ek,
79 daf Zupol ) S, Mleh oAl 370, ehvt £ ekeh Mt Fuiol Al 2 W BA) B S

spol 4 Y, ek Zsksoll 7ok gt Fakaold O7HGL o] 2 Aol AT Liehd Wi 2ol A ol
ok 2 ThRL ) Tk oo, 2t FukEE 2800 2SN A SAEE Hold ShebAu FERAL: MolS Kol ¢
FHIEA G Q2 4 S0 B UK A A5 Y kel ko) e} Fol ol a2 0ol 3

P FA4 U S R ol $AR A97E 2 ) $AH9) B A9 ol i e

2.14% A (/14091 NI, 2308 TRl E WAl A Srekom, Zuk Fukiol Al 22 v $A52] Aol
2 2971 6430/ MORL A% SHIT + AelchFis 20, 1 e Al A LhehLb et

23 22 W BAA] thRolt ZHY BRI of A Wi AN o4 A Lhehd 1L ek %
Kol WM GOl 2 S HEk Fuold AR F sholH FUTS A8 AROR, dhas 9 23 42
0 710 2 UehthFig. 2B). ol A5 M BANS oM RF oldd Fupt FAH vheht 2t 2719 Rol
o] o uTt AR 57k B B Wolglont ool & Bolx) egke el 243 M BAKE) By Aol

Table 2. Sex-related differences of male dominance in right intrahemispheric coherences between controls and patients with schizophre-
nia groups controlling for age

RH Controls Schizophrenia

i Co' Tr Male ?QDRor Female ?CDQR?r p-value Tr Male Tg;“r Female TgRor p-value
Theta C4/T4 Nonpara 0.7281 0.0924  0.6594  0.1836 0.032* Mean 0.7362 0.0873 0.6822 0.1116 0.1524
P4/74 Mean  0.7078 0.0962  0.5943  0.0994 0.002" Mean 0.7246 0.0794 0.6663  0.0854 0.0600

T4/76 Mean  0.5822 0.1388 0.4566  0.1206 0.032* Mean 0.6177 0.1131  0.5304 0.1252 0.0720

Alpha  C4/T4 Mean  0.8133 0.0863 0.7240 0.1457 0.024* Nonpara 0.7448 0.1721 0.7707  0.1544 0.5100
C4/76 Mean 0.5375 0.1787  0.3742  0.1297 0.027* Mean 0.5056 0.1748 0.4279  0.1477 0.2510

P4/14 Mean  0.8069 0.0825 0.6848  0.1221 <0.001" Nonpara 0.7956 0.1192  0.7464  0.1371  0.2160

02/16  Mean 07694 0.0732 0.6731 0.0913 0.010* Mean 0.7792 0.0940 0.7327 0.1235 0.3100

T4/16 Mean  0.5915 0.1593  0.3941  0.1167 <0.001* Mean 0.5831 0.1830 0.5000  0.1440 0.2360

Beta C4/T4 Nonpara 0.6072 0.0961  0.5050  0.1782 0.011* Nonpara 0.5995 0.1195 0.5439  0.0953 0.5730
C4/76 Mean  0.5006 0.1327 0.3824  0.1079 0.026* Mean 0.4929 0.1651  0.4260  0.1318 0.2340

P4/T4  Nonpara 0.6125 0.0822  0.4940 0.1627 0.001° Mean 0.5786 0.1529 0.5316  0.1080 0.4220

02/T6  Mean  0.6895 0.0693  0.6023  0.0682 0.002" Mean 0.6973 0.1190 0.6658  0.1159 0.5170

T4/16 Mean  0.4898 0.1056 0.3382 0.1196 <0.001"" Mean 0.5188 0.1664 0.4525 0.1174 0.3000

*1p < 005 T :p < 0.01, T :significant p-value after Bonferroni correction, § : This table shows sex-related difference of male
dominance of right intrahemispheric coherences in schizophrenia at various frequency bands. Full data of sex-related differenc-
es of right infrahemispheric coherences were not shown because of large data size, || : This column shows SD or IQR data. Values
fransformed by parametric method (“mean” in this table) represent SD data and values transformed by nonparametric method
represent IQR data. RH Co : right infrahemispheric coherences, Fr : frequency bands, Tr : transformed values, Nonpara : non-
parametric method, SD : standard deviation, IQR : Interquartile range
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S]] RS vl BErhs ojn)S Ymst ok oleh  Ao.m AZielrt uiKure = izl ula) 28 2
o vgstol A5 2y Bttt Alole] Aol oA ofelg Aol T SA40] SAEA] 24 attenua-
2 uo} FAK0] S5 BAsRA sl of4e] A uon)ﬂoi Uehe Floleka skl

ZY ol BA glo] W3t FAde] -AlskaL, W] 74 ANE AR 95 vy SA9 e Fuke
Folle 2 ol A glo] -5 WU SAde] A El_-i & % 145 oM B A4S Hole 97t diat

Table 3. Sex-related differences of female dominance in interhemispheric coherences between controls and patients with schizophre-
nia groups controlling for age

H Controls Schizophrenia
Fr SD or SD or SD or SD or
Co’ T Mal Femal ~val T Mal Femal -val
r ale IQR emale |QR‘ p-value r ale lQRH emaie |QR‘ p-value

Delta Fp1Fp2 Mean 0.5056 0.166  0.6181 0.1244 0.043* Median  0.6015 0.1351 0.5590 0.2 0.269
Fp1/C4 Mean 0.2682 0.0598 0.3661 0.0624 <0.0001"" Mean 0.3080 0.0608 0.3201 0.0947 0.654

F3/Fp2 Mean 0.4157  0.1391 0.4988 0.0935 0.044* Mean 0.5013 0.1011 0.4548 0.1369 0.280
F3/C4 Mean 0.3478 0.0787 0.4716 0.0971 <0.0017 Mean 0.4203 0.0725 0.4724 0.1506 0.204
C3/Fp2 Mean 0.2763 0.0788 0.3800 0.0823 0.002" Mean 0.3255 0.0562 0.3201 0.0838 0.949
C3/C4 Mean 0.4577  0.12 0.6497 0.0935 <0.0001"" Nonpara 0.5577 0.0885 0.6407 0.1955 0.536
P3/Fp2 Mean 0.2308 0.0509 0.3099 0.0641 <0.0017 Mean 0.2592  0.044 0.2626 0.0527 0.614
P3/F4 Mean 0.2962 0.0864 0.4147 0.0729 <0.0001"" Nonpara 0.3772 0.0973 0.4402 0.2384 0.413
P3/F8 Mean 0.2596 0.0586 0.2968 0.0554 0.030* Mean 0.2855 0.0627 0.2877 0.0942 0.471
Fp2/T3 Mean 0.2648 0.0811 0.3281 0.0688 0.039* Mean 0.2983 0.0492 0.3062 0.0735 0.735
Fp2/T5 Logmean 0.2198 0.0509 0.2677 0.0687 0.037* Mean 0.2184 0.0472 0.2188 0.0349 0.886
C4/F7 Median  0.2530 0.072 0.3382 0.0722 0.0017 Mean 0.3271 0.0597 0.3577 0.1138 0.376
Theta Fpl/Fp2  Mean 0.4415 0.15 0.5727  0.121 0.009" Mean 0.4973 0.1521 0.5108 0.1582 0.872
Fp1/C4 Mean 0.2391 0.0786 0.3315 0.0855 0.003" Mean 0.2682 0.072 0.3232 0.1193 0.148
F3/Fp2  Median 0.3870 0.1297 0.4807 0.104 0.025* Mean 0.4460 0.1438 0.4450 0.1141 0.822
F3/C4 Mean 0.3476 0.1184 0.4801 0.108 0.003" Nonpara 0.4218 0.1365 0.4975 0.2692 0.356
C3/Fp2 Median 0.2623 0.0903 0.3491 0.0931 0.010* Mean 0.3077 0.0887 0.3407 0.1045 0.397
C3/C4 Mean 0.4805 0.1486 0.6567 0.0991 <0.001' Nonpara 0.5604 0.1906 0.6592 0.1788 0.738
P3/Fp2 Logmean 0.1983 0.0816 0.2620 0.0737 0.002" Mean 0.2234 0.0642 0.2614 0.0912 0.205
P3/F4 Mean 0.2937 0.1062 0.3808 0.0789 0.010" Mean 0.3385 0.0916 0.3874 0.1303 0.264
P3/F8 Logmean 0.2250 0.0894 0.2667 0.0646 0.041* Mean 0.2460 0.0704 0.2815 0.1035 0.301
Fp2/T3 Logmean 0.2253 0.0975 0.2769 0.0722 0.021* Mean 0.2554  0.088 0.3090 0.1125 0.196
Fp2/T5 Logmean 0.1635 0.0777 0.1997 0.0923 0.037* Logmean 0.1646 0.0476 0.1926 0.0899 0.276
C4/F7 Logmean 0.2459 0.106 0.3447 0.1043 0.009" Mean 0.2961  0.091 0.3376 0.1393 0.324
Beta Fp1/Fp2  Mean 0.3289 0.1301  0.4240 0.164 0.036* Mean 0.2976 0.1014 0.3992 0.1827 0.066

Fp1/C4 Logmean 0.1652 0.0602 0.2298 0.0748 0.003" Logmean 0.1637 0.0488 0.2107 0.0903 0.061
F3/Fp2 Mean 0.2867 0.1085 0.3565 0.1335 0.0455* Mean 0.2815 0.1006 0.3497 0.106  0.0513
F3/C4 Logmean 0.2169 0.0876 0.2957 0.0927 0.007" Logmean 0.2196 0.0914 0.2990 0.1267 0.040*

C3/Fp2 Logmean 0.1932 0.078 0.2683 0.1128 0.017* Mean 0.2046  0.063 0.2457 0.0841 0.062
C3/C4 Mean 0.3060 0.1092 0.3937 0.1274 0.048* Mean 0.3065 0.1293 0.3886 0.1588 0.127
P3/Fp2 Nonpara 0.1234 0.0382 0.1572 0.0646 0.020* Mean 0.1477  0.03 0.1648 0.0613 0.163
P3/F4 Logmean 0.1692 0.0597 0.2135 0.0736 0.046* Mean 0.1760 0.0372 0.2173 0.096 0.075
P3/F8 Mean 0.1362 0.0384 0.1645 0.0499 0.046* Logmean 0.1345 0.0222 0.1678 0.0619 0.042*
Fp2/T3  Nonpara 0.1248 0.0378 0.1662 0.0651 0.018* Mean 0.1508 0.0377 0.1905 0.0643 0.038*

Fp2/T5 Nonpara 0.1113 0.0211 0.1185 0.0325 0.026* Logmean 0.1261 0.0342 0.1342 0.0463 0.583
C4/F7  Logmean 0.1656 0.0628 0.2230 0.075 0.018* Logmean 0.1680 0.0685 0.2147 0.074  0.030*

*:p < 005 T :p <001, T :significant p-value after Bonferroni correction, § : This table shows sex-related difference of male
dominance of right intrahemispheric coherences in schizophrenia at various frequency bands. Full data of sex-related differenc-
es of right infrahemispheric coherences were not shown because of large data size, || : This column shows SD or IQR data. Values
transformed by parametric method (“mean” in this table) represent SD data and values transformed by nonparametric method
represent IQR data. IH Co : interhemispheric coherences, Fr : frequency, Tr : transformed values, Nonpara : nonparametric meth-
od, SD : standard deviation, IQR : interquartile range
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Fig. 4. Areas showing commonly attenuated male dominance of
right intrahemispheric coherences in patients with schizophrenia
at various frequency bands compared with controls. Thick black col-
or lines reveal the areas that commonly attenuated male predomi-
nance of right intrahemispheric coherences in patients with schizo-
phrenia at theta, alpha and beta frequency bands. Dotted lines re-
veal the areas that commonly attenuated male dominance of right
intrahemispheric coherences in schizophrenia at alpha and beta fre-
quency bands.
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Fig. 5. Areas showing commonly attenuated female dominance of
interhemispheric coherences in patients with schizophrenia at vari-
ous frequency bands compared with controls. Thick Black color lines
reveal the areas that commonly attenuated female dominance of in-
terhemispheric coherences in patients with schizophrenia at delta,
theta and beta frequency bands.
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AR HFig. 5). %Y, E3] A 1—‘,:4‘5(prefrontal cortex,
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