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| ABSTRACT I

bjectives : Cerebral laterality is thought to be an important marker for neurodevelopment. Prenatal testo-
O sterone could influence both cerebral laterality and 2nd to 4th finger length ratio(2D : 4D). EEG coheren-

ce and 2D : 4D were examined to investigate the relationship between prenatal testosterone level and
cerebral laterality.

Methods : EEG was recorded in 24 healthy subjects in the eyes closed resting state. Differences in 2D : 4D
finger ratio were used to discriminate “masculine finger type” and “feminine finger type” groups. The 2D : 4D
ratio was lower and greater than one for the “masculine finger type” group and “feminine finger type” group,
respectively. We used coherence analysis to estimate the cortical functional connectivity.

Results : There were statistically meaningful relationships among cerebral functional connectivity, sex and
finger ratio. Man and masculine finger type group showed higher intra—hemispheric coherence than those of
woman and feminine finger type group. Woman and feminine finger type group showed higher inter—hemis-
pheric coherence than those of man and masculine finger type group.

Conclusions : These results imply that prenatal testosterone might act as important determinants of cerebral
laterality. Further examination of the relationship between 2D : 4D and EEG coherence in schizophrenia could
give some clues for the neurodevelopmental hypothesis of schizophrenia genesis.
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Table 1. Demographic and digit characteristics of subjects(mean * SD)

Male(n = 11) Female (n = 13) Mann-whitney
Masculine (n = 9) Feminine(n = 2) Masculine(n = 4) Feminine(n = 9) (p value)

Age (years) 31.4(*+ 3.98) 30.6(*£ 3.78) 1.000

2D : 2nd digit (mm) 70.61(£ 3.88) 67.86(* 4.01) 0.093

4D : 4th digit(mm) 74.00(£ 2.73) 68.42(+ 4.72) 0.002*

2D : 4D 0.954(+ 0.043) 0.990(=* 0.045) 0.026*
*:p<0.05
leble)Z. Demographic and digit characteristics of subjects classified with masculine and feminine digit type (mean
+ SD

Masculine (n = 13) Feminine (n = 11) Mann-whitney
Male (n = 9) Female(n=4) Male(n=2) Female(n=29) (p value)

Age (years) 29.9(*+ 1.75) 32.2(*+ 5.15) 0.063

2D : 2nd digit (mm) 69.60(* 3.89) 68.50(+ 4.47) 0.531

4D : 4th digit(mm) 74.00(*+ 2.81) 67.40(*+ 4.17) < 0.001*

2D : 4D 0.941(* 0.034) 1.017(* 0.018) < 0.001*
*:p<0.05



7} Table 1l 7Iszo] Qiok WAT o34 242 ¥,
AAAo], ekxldo], 2D : 4D H]EolA Aol mE A
o7} Q=7 AR 7] 8] Mann—Whitney 744
= AABIIYE A% A, AAdols) AFE A e oF
AZo], 2D : 4D v SAR|elx= AE bl 9
gk 2] 7k Hebstth(Table 1, 2).

Qa4 Bl FANY

oAde e T3] F3-F4(p = 0.011), Ale} 53}
4] Fpl-Fp2(p = 0.006), F3-F4(p = 0.015), ¥}
T3] Fpl-Fp2(p = 0.026), HlEl 1 F3¢] Fpl—
Fp2(p < 0.001), F3-F4(p = 0.035), Fp2—-T5(p <

0.001), Fp2-C3(p < 0.001), Fp2—P3(p < 0.001),
F4-=T5(p = 0.005), #lEt 2 F32] Fpl-Fp2(p =
0.006), Fp2—P3(p = 0.005) ol Aol ulsf frejn
) O & FA gHS BQiv) wdh wel 19 Fpl-
Fp2, Fp2—T5, Fp2—C3, Fp2—P3 A4 Rz
W Sl 73] felulst AV 2lolE VERITH Ta-
ble 3).
gen W sAY

A dEl Fu9] P3-T3(p = 0.041), 02-T4
(p = 0.013), C3—-T3(p = 0.035), A} F3}¢] Fpl—
F3(p = 0.047), P3-T3(p = 0.001), 02-T4(p =

Table 3. Differences of inter-hemispheric coherences in sex and digit-ratio type (mean * SD)

Inter-  Frequ- Sex Digitlength ratio type
hemisp ency Mann-whitney U,Z  Masculine ~ Feminine  Mann-whitney U, Spearman
heric bands Male Female (p value) type type Z(p value) 0. pvale
Alpha 0.68 = 0.08 0.77 = 0.13 33.0, —2.231,0.026* 0.69 * 0.10 0.76 * 0.13 42.0, —1.709, 0.093 0.283,0.181
Betal 029 + 014 058 = 0.15 8.0, —3.679, <0001*' 036 + 018 054 *+ 0.20 31.0, —2.346,0.018*  0.400, 0.053
Fpl-Fp2 Beta2 028 = 0.09 048 * 0.16 25.0, —2.695,0.006* 0.34 = 0.14 046 * 0.17 445, —1.565,0.119 0.308, 0.143
Theta 043 £ 014 0.63 = 0.15 25.0, —2.694,0.006* 048 + 0.16 061 *= 0.17 38.0, —1.941,0.055 0.357,0.087
Delta 045 * 021 058 *£ 0.12 50.0, —1.246,0.228 048 * 020 056 * 0.14 63.0, —0.492, 0.649 0.175,0.413
Alpha 0.70 £ 0.07 0.72 = 0.16 55.0, —1.246,0.228 0.71 * 0.10 0.72 £ 0.16 57.0,—0.840,0.424  0.144,0.503
Betal 027 * 0.11 040 *£ 015 355,—-2.087,0.035* 0.31 = 015 0.37 * 0.15 54.0, —1.014,0.331 0.078,0.718
F3-F4 Beta2 021 *= 006 0.25 £ 0.11 66.0, —0.319,0.776 024 *= 009 0.22 £ 0.10 63.0,—0.492,0.649 —0.128,0.551
Theta 043 £ 009 056 = 0.17 30.0, —2.404,0.015* 047 £ 015 054 = 0.16 47.0, —1.419,0.167 0.048, 0.823
Delta 034 * 0.11 051 *+ 0.16 280,—-2521,0.011* 042 = 018 045 * 0.14 60.0, —0.666, 0.531 0.068, 0.735
Alpha 0.27 £ 007 023 * 0.08 515, —1.159, 0.252 0.25 * 0.08 0.24 * 0.07 64.0,—0.435,0.691 —0.098,0.648
Betal 0.11 + 001 0.17 = 005 35,-3.941, <0001*'012 + 003 0.7 + 0.06 30.5, —2.376,0.015*  0.450, 0.027*
Fp2-T5 Beta2 0.11 * 0.02 015 * 0.05 45.0, —1.537,0.134 0.12 *+ 0.02 0.15 *+ 0.06 53.0, —1.073,0.303 0.366, 0.078
Theta 0.15 * 0.04 0.16 = 0.07 68.0, —0.174,0.865 0.14 * 0.04 0.18 *+ 0.06 42.0, —1.709, 0.093 0.232,0.276
Delta 018 * 0.04 0.17 £ 0.04 635, —0.464,0.649 0.17 * 0.03 0.17 *+ 0.05 68.0, —0.203, 0.865 0.098, 0.649
Apha 044 £ 014 052 = 0.16 48.0, —1.362,0.186 046 * 0.15 052 * 0.16 53.0, —1.072,0.303 0.242,0.254
Betal 0.15 £ 0.05 035 * 0.11 4.0, 3911, <0001*' 020 + 010 033 *+ 014 30.0, —2.404,0.015*  0.399, 0.053
sz(_slcs Beta2 0.15 + 0.02 0.27 £ 0.12 24.0,—-2.753,0.005* 0.18 * 0.07 0.26 = 0.13 39.0, —1.854, 0.063 0.411, 0.046*
Theta 0.26 = 0.08 035 *= 0.12 41,0, —1.767,0.082 0.28 * 0.10 0.35 *+ 0.12 50.0, —1.246,0.228 0.036, 0.867
Delta 024 *= 0.10 0.31 + 0.07 40.0, —1.827,0.072 026 = 0.10 0.29 *+ 0.07 57.0,—0.841,0.424  0.124,0.563
Apha 033 £ 011 035 * 0.12 66.0, —0.319,0.776 032 *+ 0.10 0.37 £ 0.13 52.0, —1.130,0.277 0.279,0.188
Betal 011 + 003 024 = 009 50, —3.854,<0.001*' 015 = 009 021 = 009 355, —2.086,0.035* 0.333,0.112
Fp2-P3 Beta2 0.13 £ 0.02 020 = 0.11 50.0, —1.246,0.228 0.16 = 0.09 0.18 + 0.08 64.0, —0.435, 0.691 0.205, 0.336
Theta 0.19 £ 0.07 025 = 0.08 43.0, —1.652,0.106 0.20 = 0.07 0.24 £ 0.09 49.0, —1.304, 0.207 0.163, 0.446
Delta 0.19 £ 0.06 0.23 = 0.06 44.5, —1.565,0.119 021 * 0.07 0.22 *+ 0.05 62.0, —0.551, 0.608 0.080, 0.711
Apha 0.28 * 010 026 * 0.11 63.0, —0.492, 0.649 0.25 * 0.11 0.30 * 0.10 51.0,—1.188,0.235 0.219, 0.303
Betal 0.12 + 0.03 0.18 * 0.05 24.5,-2.726,0.005* 013 * 0.03 0.19 * 0.06 25.0, —2.697,0.006* 0.289,0.170
F4-T5 Beta2 0.12 + 002 0.12 * 0.03 67.0, —0.261, 0.820 0.12 * 0.03 0.12 *+ 0.03 71.0,—-0.029,1.000 —0.037,0.865
Theta 0.20 £ 0.08 0.23 *= 0.08 55.5, —0.927,0.361 0.18 * 0.07 0.25 £ 0.08 335, —2.203,0.026* 0.309, 0.141
Delta 024 * 005 0.25 £ 0.09 68.0, —0.203, 0.865 0.23 * 0.04 0.25 *+ 0.09 67.5, —0.232,0.820 0.018, 0.935

Masculine type means 2D :

4D < 1.0, Feminine type means 2D : 4D > 1.0 * : p < 0.05, T : pbonft <0.05



0.015), P4=T4(p = 0.002), T5-01(p = 0.015),C3—  F8(p = 0.013), P3—T3 (p < 0.001), 02-T4(p =
T3(p = 0.006), &3t T3¢ Fpl-F3(p = 0.015),  0.007), P4-T4(p = 0.001), T5-01(p = 0.047), C3—
Fp2-F4 (p = 0.006), Fp2-F8(p = 0.035), P3—  T3(p < 0.001), ®lE} 2 32| Fp2—F4 (p = 0.013),
T3(p < 0.001), P4=T4(p < 0.001), C3—-T3(p =  Fp2-F8(p = 0.005), P3—T3(p < 0.001), 02-T4(p

0.006), WE} 1 F34=2] Fp2—F4(p = 0.015), Fp2— = 0.002), P4-T4(p < 0.001), T5-01(p = 0.007),
Table 4. Differences of intra-hemispheric coherences in sex and digit-ratio type (mean * SD)
Intra- Frequ- Sex Digit-length ratio type Spearman
hemis ency Mann-Whitney U,Z  Masculine  Feminine  Mann-Whitney U
) ' ' p,pvalue
pheric  bands Male Female (p value) type type Z(p value) P

Alpha 0.89 = 0.07 0.80 = 0.12 30.0, —2.405,0.015* 0.88 * 0.07 0.79 * 0.12 30.5, —2.376, 0.015* —0.502, 0.012*

Betal 0.75 + 0.08 0.64 * 0.14 41.5,—1.738,0.082 0.71 £ 0.12 0.66 = 0.14 53.5,—1.043,0.303 —0.231,0.277
Fpl-F3 Beta2 0.66 * 0.12 0.60 = 0.14 49.0, —1.304,0.207 0.64 £ 0.13 0.61 = 0.15 61.0, —0.608,0.569 —0.008,0.971
Theta 0.73 £ 0.14 0.63 £ 0.15 37.0,—-1.999,0.047* 0.70 = 0.15 0.63 = 0.15 42.0, —1.709,0.093 —0.401, 0.052
Delta 0.61 = 0.21 054 = 0.14 47.0, —1.420,0.167 0.61 = 0.19 0.53 * 0.15 45.0, —1.536,0.134 —0.322,0.125
Alpha 0.87 £ 0.07 0.78 £ 0.09 25.0,—2.694,0.006* 0.85 = 0.08 0.79 = 0.10 45.0, —1.535,0.134 —0.382, 0.066
Betal 0.69 *= 0.09 0.55 = 0.14 30.0, —2.404,0.015* 0.66 * 0.12 0.56 * 0.12 35.0, —2.115, 0.035* —0.476, 0.019*
Fp2-F4 Beta2 0.62 *= 0.10 047 = 013 295, -2434,0013* 057 * 0.14 0.51 * 0.13 49.0, —1.275,0.207 —0.308,0.143
Theta 0.67 = 0.10 0.60 * 0.14 47.0, —1.419,0.167 0.65 = 0.10 0.60 * 0.15 56.0, —0.898,0.392 —0.415, 0.044*
Delta 053 = 0.14 054 = 0.11 70.5, —0.058, 0.955 054 £ 0.13 0.53 = 0.11 65.5, —0.348,0.733 —0.180, 0.401
Alpha 082 £ 011 0.72 £ 011 350,-2.115,0035* 0.80 = 0.13 0.73 = 0.10 44.0, -1594,0.11 —0.353,0.090
Betal 0.62 = 0.12 048 = 0.14 29.0, —2.462,0.013* 0.61 £ 0.15 047 £ 0.12 32.0, —2.288,0.022* —0.470, 0.021*
Fp2-F8 Beta2 056 = 0.12 041 = 013 24.0,—2.752,0.005* 0.51 * 0.15 044 + 0.14 430, —1.651,0.106 —0.348,0.095
Theta 0.54 = 0.10 047 + 013 525, —1.101,0.277 053 * 0.12 047 * 0.12 50.5, —1.217,0.228 —0.422,0.040*
Delta 0.41 *+ 010 0.39 = 0.16 59.0, —0.724,0.494 042 * 011 0.38 = 0.16 50.0, —1.246,0.228 —0.299, 0.156
Alpha 0.86 *+ 0.04 0.68 = 0.12 10.0, —3564,<0.001* 077 £ 015 0.76 £ 0.11 58.0, —0.782,0.459 —0.226,0.289
Betal 074 = 005 051 * 009 4.0, —3911,<0001*' 066 + 014 056 + 012 42.0, —1.709,0.093 —0.430, 0.036*
P3T3 Beta2 070 + 006 048 + 015 20, —4.027,<0001*' 059 + 019 057 + 012 51.0, —1.188,0.252 —0.239,0.261
Theta 075 + 011 057 + 013 155, -3.2450001*" 068 + 016 062 + 0.13 485, —1.333,0.186 —0.244,0.251
Delta 0.72 = 012 057 = 0.17 36.0, —2.028,0.041* 0.67 = 0.15 0.60 *+ 0.18 54.5,—0.985,0.331 —0.255,0.229
Alpha 038 £ 0.16 0.28 £ 0.14 45.0,-1.535,0.134 0.33 £ 0.16 0.34 = 0.16 71.0,—0.029,1.000 —0.187,0.381
Betal 0.31 * 0.13 0.18 = 0.08 26.0, —2.636,0.007* 0.26 = 0.12 0.21 * 0.12 52.0, —1.130,0.277 —0.317,0.132
0274 Beta2 031 * 0.11 0.17 = 0.07 20.0,-2.984,0.002* 027 * 0.12 0.20 = 0.10 45.0, -1.507,0.134 —0.394,0.057
Theta 032 = 0.12 021 * 0.09 305, -2.376,0.015* 0.27 = 0.14 0.25 * 0.09 68.0, —0.203,0.865 —0.058,0.787
Delta 0.36 = 0.12 0.23 = 0.09 29.0, —2.463,0.013* 0.30 = 0.14 0.27 * 0.10 66.5, —0.290,0.776 —0.084, 0.697
Alpha 085 + 0.06 0.64 + 014 120, -3.449,<0.001*' 0.77 £ 0.15 0.69 + 0.15 485, —1.333,0.186 —0.398,0.054
Betal 064 + 0.13 041 * 015 150, —3.273,0.001*' 058 + 0.18 0.44 * 0.5 37.0, —1.999,0.047* —0.570, 0.004*
P4-T4 Beta2 055 + 010 033 + 012 7.0, -3.737,<0.001*" 050 = 013 0.36 * 0.5 29.0, —2.462,0.013* —0.531, 0.008*
Theta 0.70 £ 0.10 051 * 0.14 20.0,—2.984,0.002* 0.65 = 0.16 054 * 0.13 39.0, —1.883,0.063 —0.468, 0.021*
Delta 0.63 *+ 0.07 0.50 = 0.18 40.5, —1.796, 0.072 058 * 0.17 0.54 = 0.14 525, —1.101,0.277 —0.315,0.134
Alpha 0.68 *+ 0.17 0.52 = 0.21 41.0, —1.768, 0.082 0.65 * 0.16 0.53 = 0.24 51.0,—1.188,0.252 —0.323,0.123
Betal 0.61 * 0.13 046 * 0.17 37.0,—1.999,0.047* 057 * 0.13 0.48 * 0.20 51.0,—1.188,0.252 —0.191, 0.370
T5-O1 Beta2 059 * 0.13 041 = 018 26.0,-2.637,0.007* 054 * 0.13 045 * 0.22 54.0, —0.985,0.331 —0.140,0.514
Theta 0.61 £ 0.17 045 +£ 0.18 30.0,—2.404,0.015* 058 = 0.15 0.46 = 022 44.0,-1.593,0.119 -0.328,0.117
Delta 0.65 = 0.20 052 *= 0.16 39.0, —1.883,0.063 0.61 * 019 0.54 *= 0.18 51.0, —1.188,0.252 —0.149, 0.488
Alpha 0.84 £ 0.07 0.66 £ 0.19 25.0,—-2.694,0.006* 0.38 = 0.16 0.28 = 0.14 54.0, —1.014,0.331 —0.184,0.390
Betal 073 = 008 052 = 013 130, —3.389,<0.001*' 0.66 * 0.17 056 * 0.11 41.0, —1.767,0.082 —0.344,0.100
C3-T3 Beta2 069 * 007 045 * 013 4.0, —3911,<0.001*' 46.0, —1.477,0.150 —0.274,0.195
Theta 0.75 = 0.10 058 * 0.14 255, —2.666,0.006* 0.69 = 0.15 0.63 * 0.14 52.0, -1.130,0.277 —0.212,0.320
Delta 0.75 = 011 062 = 0.16 35.0, —2.115,0.035* 0.70 = 0.16 0.65 * 0.15 56.0, —0.898,0.392 —0.263,0.214

Masculine type means 2D : 4D < 1.0, Feminine type means 2D : 4D > 1.0. * : p < 0.05, T : poont < 0.05
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ble 4).

2712 o JYo Bk FAY

98 &7 don] ke Al 3] FA-T5(p
= 0.026), WE} 1 =39=2] Fpl-Fp2(p = 0.018), Fp2—
T5( = 0.015), Fp2—C3(p = 0.015), Fp2-P3(p =
0.035), F4=T5(p = 0.006)°llA B3 &71er o]
v Zetel] nial fFejulskA o & A g Balth
(Table 3).
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(p = 0.015), Hle} 1 F3<] Fp2-F4(p = 0.035),
Fp2-F8(p = 0.022), P4A—T4(p = 0.047), WE} 2 53}
0] P4=T4(p = 0.013) 14 o4& &7k dojn) 3
ol vlsl fomleiA o 2 A e 2H(Ta
ble 4).

2715 2o|H| LT FAY @ Ao[e] AR

Spearman RS ¢ A AEr 1 T3] Fp2—
T5(p = 0.452, p = 0.027), HJE} 2 F3}4=2] Fp2—C3
(p = 0411, p = 0.046)& W2} fFolu|gt 97 g3t
@7 (positive correlation) &, 3l F3}4=2] Fpl-F3
(p = —0.502, p = 0.012), HE} 1 32 Fp2—-F4
(p = —0.476, p = 0.019), Fp2—-F8(p = —0.470,
p = 0.021), P3=T3(p = —0.430, p = 0.036), P4-T4
(p = =0.570, p = 0.004) ¥, WE} 2 F=31=2] P4~
T4(p = —0.531, p = 0.008), Ale} F2=2] Fp2—F4
(p = —0.415, p = 0.044), Fp2-F8(p = —0.422,
p = 0.040), P4-T4(p = —0.468, p = 0.021) HH-*+
Y fom gk 224 a3 (negative correlation) S U
ERICH Table 3, 4).
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z2lo)E HRl ti= 95 4738le] Spearman
B, FAHCRE foulgh Aolg 1
Ql A=A 4 EY v d=HckFp2—T5, Fpl—
F3, Fp2—F4, Fp2—F8, P4—T4). 0|83 Ax}= Ges-
chwind$} Galaburda” 9] Ejo}l’] HIAEAEEO] ¥ 9]
T s Sl 93 vtk 7P 93]
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AAFY 94 (prefrontal cortex) Gy} Az} 9]
oh ! AwA= wjelE M A5 94 (ventrolateral pre-
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Fig. 1. Topographical representation of inter-hemisphe-
ric coherences in both male sex and masculine digit
type. Solid lines represent coherences of female sex whi-
ch are significantly higher than those of male sex. Bro-
ken lines represent coherences of feminine type which
are significantly higher than those of masculine type.

Fig. 2. Topographical representation of intra-hemispheric
coherences in both male sex and masculine digit type.
Solid lines represent coherences of male sex which are
significantly higher than those of female sex. Broken lines
represent coherences of masculine type which are signi-
ficantly higher than those of feminine type.
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