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Electroencephalographic Coherence in Patients with Schizophrenia Compared
with Controls
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Objectives  Prenatal testosterone is known to influence both cerebral laterality and 2nd to 4th digit ratio (2D : 4D). Epigenetic changes
are thought to play some role in it. We studied sex-related differences between 2D : 4D and cerebral laterality in patients with schizophre-
nia and controls to examine the effects of prenatal testosterone in the development of schizophrenia.

Methods  Forty one men (18 schizophrenic patients and 23 controls) and 40 women (17 schizophrenic patients and 23 controls) were
recruited from one psychiatric hospital in Korea. The 2D : 4D and electroencephalographic (EEG) coherence in 19 channels (66 pairs of
interhemispheric coherence and 54 pairs of intrahemispheric coherence) were measured. The sex-related statistical analyses between
2D : 4D and EEG coherence in controls and patients with schizophrenia were performed using multiple regression.

Results In male patients, the relationship between 2D : 4D and right intrahemispheric EEG coherence showed mainly positive cor-
relation in delta and theta frequency bands, while it showed negative correlation in male controls. In female patients, the relationship
between 2D : 4D and interhemispheric EEG coherence showed stronger positive correlation in alpha and beta frequency bands, while it
showed weaker positive correlation in female controls.

Conclusions Low prenatal testosterone may play certain roles in altered correlation between 2D : 4D and cerebral laterality in schizo-
phrenia and the development of schizophrenia by epigenetic mechanism.
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Table 1. Demographic and clinical characteristics of study participants
Schizophrenia (n = 35) Control (n =46) .
. — Statistic
Male Female Statistic Male Female Statistic (p value)
(n=18) (n=17) (p value) (n=123) (n=23) (p value)
Age
Median (years) 43 37 =—1.654 37 30 1=3.520 71=1.594
(0.098) (< 0.0001) (0.111)
IQR 11 11 15.5 55
Chlorpromazine equivalent dose
Median (mg) 480 675 7=-0.694 - - -
(0.488)
IQR 710 730 - - -
Lorazepam equivalent dose
Median (mg) 1.0 1.2 Z=-1.012 - - -
(0.311)
IQR 0.5 1 - - -
2D : 4D
Mean = SD 0.942 £ 0.027 0.959 + 0.033 =-1.690 0.936 £ 0.037 0.951 + 0.023 t=-1.660 t=0.940
(0,101) (0.106)  (0.352)
IQR : interquartile range, SD : standard deviation
Table 2. Sex difference of right 2D : 4D in study participants
Male (n = 41) Female (n = 40) o
Statistic
Schizophrenia Control Statistic Schizophrenia Control Statistic (o value)
(n=18) (n=23) (p value) (n=17) (n=23) (p value)
2D : 4D
Mean + SD 0.942 + 0.027 0.936 + 0.037 t=0.550(0.586) 0.959 + 0.033 0.951 + 0.023 t=0.890 (0.381)
0.939 + 0.033 0.954 + 0.028 t=-2.360 (0.021)

SD : standard deviation
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Table 3. Correlations between 2D : 4D and right intrahemispheric EEG coherences in controls and patients with schizophrenia

Male (n = 41) Female (n = 40)
Fr RHCo Tr Schizophrenia  Control Stafisiic p value Schizophrenia  Confrol  Stafistic o value p value
(n=18) (n=23) (n=17) (n=23) (torZ)

Beta P4/F8 Logmean 0.074 —4.339 t=-1.059 0.148 —7.334 2.692 1=2.708 0.005"  0.024*
Beta F8/T6 Logmean 1.338 =5.091 t=-1.262 0.107 —12.437 2.239 1=3.431 <0.001"  0.008"
Theta Fp2/02 Nonpara 0.121 —1.115 Z=40.000 0.020* -0.079 0.329 Z=12.000 0.809 0.018*
Theta Fp2/F8 Mean 1.101 -1.790 t=-2.750 0.005" -1.115 -0.328 t=0.549 0.293  0.041*
Delta Fp2/02 Logmean 0.616 —4.154 t=-1.739 0.045* —1.498 —0.472 t=0.456 0.326 0.019*
Delta  P4/F8 Logmean 1.407 -3.906 t=-2.130 0.020* —4.196 -0.710 t=1.056 0.149 0.012*
Delta Fp2/F4 Nonpara -0.154 —-1.643 7=31.000 0.180 -1.625 -2.518 7=35000 0.008" 0.002"
Delta  Fp2/F8 Mean 1.239 -1.995 t=-3.048 0.002" —1.867 -1.701  t=0.104 0.459  0.004"
Delta F4/C4 Mean —0.449 —-2.010 t=-1.845 0.037* —0.578 —-1.085 t=-0.336 0.369  0.003"
Delta  F4/P4 Mean 0.014 —-1.909 t=-1.729 0.046* -0.170 -0.641 t=-0.361 0.360  0.023*
Delta C4/F8 Mean 0.372 -1.417 t=-1.958 0.029* —1.564 -0.627 t=0.726 0.236  0.007"
Delta O2/F8 Nonpara 0.274 -0.852 7=37.000 0.049* —0.587 0.229 7 =20.000 0.422  0.029*

*1p < 005 T :p < 0.01.Fr:frequency bands, Nonpara : nonparametric method, RHCo : right intrahemispheric EEG coherence, Tr :

fransformed values

Table 4. Correlations between 2D : 4D and interhemispheric EEG coherences in controls and patients with schizophrenia

Male (n = 41) Female (n = 40)
Fr IHCo Tr Schizophrenia  Control siafisic p value Schizophrenia  Control siafisic pvalue p value
(n=18) (n=23) (n=17) (n=23)

Alpha  F3/C4 Mean —-0.702 0.705 t=0.817 0.210 4.325 0.068 t=-2.515 0.008" 0.044*
Alpha  C3/F4 Mean -1.109 1.232 t=1.441 0.079 4.765 0.540 t=-2.515 0.008" 0.0097
Alpha  C3/T4 Mean -0.759 1.024 1=0.940 0.177 4.900 -0.156 t=-2.451 0.010* 0.037*
Alpha  P3/T4 Mean —0.568 1.224 t=0.994 0.163 4.159 0.491 t=-2.343 0.012* 0.012*
Alpha  F4/T3 Mean -1.013 0.724 t=1.070 0.146 4.078 1.071 t=-1.704 0.048* 0.031*
Alpha  C4/T3  Mean —0.428 133 t=1.025 0.156 4.902 0.228 t=-2.654 0.006" 0.007'
Alpha  P4/T3 Mean -0.110 1.361 t=10.860 0.198 4.664 0.089 t=-2956 0.003" 0.005"
Alpha  T3/T4 Mean —0.434 1.023 t=0.826 0.207 4.234 0.348 t=-1.939 0.030* 0.028*
Beta C3/T4 Logmean 2.557 1.515 1t=-0.274 0.393 7.804 -1.814 t=-2.499 0.009" 0.043*
Beta P3/T4 Logmean 3.057 2267 t=-0.231 0.409 6.918 -1.673 t=-2326 0.013* 0.018*
Beta C4/15 Logmean 6.307 1.090 t=-1.697 0.049* 3.978 0.865 t=-0.800 0.214 0.022*
Beta T5/14 Logmean 5.800 0.944 t=-1.788 0.041* 2.009 0.247 t=-0.578 0.283 0.045*
Beta C3/C4 Mean 0.895 0.792 t=-0.082 0.467 3.776 -1.173 t=-3.561 0.001" 0.012*
Beta C3/P4  Mean 1.024 0.412 t=-0.586 0.281 2.794 -0.965 t=-3.169 0.002" 0.028*
Beta P3/C4  Mean 0.796 0.729 t=-0.070 0.472 2.953 -0.323 t=-2.659 0.006" 0.005"
Beta P3/P4 Mean 1.106 0.988 t=-0.100 0.461 2.761 -1.343 1t=-2997 0.002" 0.019*

*1p < 0.05 T :p < 0.0l.Fr:frequency bands, IHCo : intferhemispheric EEG coherence, Tr : transformed values

A SR WAtz 7 2D ¢ 4D W) Bk 5
Aol AABAE B4 A wel Fak4=0] Fpl-Olp =
0.049), O1-F7(p = 0.010), M} F=1+=9] O1-F7(p = 0.037), &
B} F=ub=2] F7-T5(p = 0.005)914 G-2J8t 2Fo] S Hich

2D : 4D H1&3} B SAAS] AEAlE EAg Ak
ool A= 1470 F-SJollAl, FAdeliAl= 270 F-SellA] Skt
I o2t ZF eJgt Aol & Hec) 3] F3-C4(p = 0.008),
C3-F4(p = 0.008), C3-T4(p = 0.010), P3-T4(p = 0.012), F4-
T3(p = 0.048), C4-T3(p = 0.006), PA-T3(p = 0.003), T3-T4
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(p = 0.030), C3-T4(p = 0.009), P3-T4(p = 0.013), He} =24
©] C3-C4(p = 0.001), C3-P4(p = 0.002), P3-C4(p = 0.006),
P3-PA(p = 0.002)0114] o}/ St} o4 2t 7 22t
71719 kel & E3IrH(Table 4).

oA HiY BlAEA
Ao 2 A 2D : 4D vl&T} HE
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Hy 7he] Apol= 2@ EELg oE &
Aol A FE| 11 it Y 2 TR H9- 3
oA g YFET} o] =0l ARo] WA oA dHTt oF 30~
40% H= B FHE] B B

—— Schizophrenia (n = 18)
- -~ Control (n = 23)

0.8

RHCo in Fp2-F8 of delta wave in male

0.3
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2D : 4D ratio

—— Schizophrenia (n = 17)
- -~ Control (n = 23)

0.8

IHCo in F4-T3 of alpha wave in female

0.1 - A

T
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2D : 4D ratio

Fig. 1. Relationship of 2D : 4D ratio and right intrahemispheric EEG
coherence of the Fp2—F8 of delta wave in male controls and patients
with schizophrenia (dotted line, controls, B1 =-1.995 ; solid line, pa-
tients with schizophrenia, 2 = 1.239 ; t =-3.048 ; p = 0.002). RHCo,
right intrahemispheric EEG coherence ; A : patient with schizophre-
nia, o : control.

Fig. 2. Relationship of 2D : 4D ratio and interhemispheric EEG co-
herence of the F4—T3 of alpha wave in female controls and patients
with schizophrenia (dotted line, controls, 1 = 1.071 ; solid line, pa-
tients with schizophrenia, B2 = 4.078 ; t =-1.704 ; p = 0.048). IHCo,
interhemispheric EEG coherence ; A : patient with schizophrenia,
o : control.
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