EEG power and coherence analysis in major
depressive disorder: analysis of drug-naive
patients
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PR ST —fl, RUBEFETOREI e — L AEFHAVTHERET L, JRBEIIRMEED BN & HEFO T4
457 (DSM-IV) DK DR EN BT RE S /2 L2 1661, £FAETH & T, MolEED &M% {, MEREsRT
B E TSRS, MIARE, W) 2%, HTVWNAEERE LI Lidd v, MEEHIEINEEM106, ZHE6eflThb
FH WG+ SD I3 34.1+ 10.67% (18~ 50/) Th o/ /N7 —HNOEHZEE FTIEHE (asymmetry index) 1%, ZERERD /T —{E
#L, HEEHEONT—EEZRELT LR/L+R) TRDHZ . Wik — L rAld, HEEEEELAVHE, HROGIH
HAEL B O BUREE COREEF M Lz, #xd/ ST —{f, asymmetry index, FIKN I L —L ¥ A{EB L PRk 2
=V RAEENFRIIOWT, BE—NBHAHENER, W LEEEHEELRYELART L9525 3TRED DTS (3way-
ANOVA) #9To7z. FEHMa— L ATEWMBOMICEFEL AR %R0, BEETHBO 7L & Hido J2ki o e
— Ly AEIGHBEICILAEICRL, BEETOY -y HROLIRNI e~ L C AEIFECE oz, PHHAo -1
AMETRMBCEERKEEAEZREO Do/, N7 —(HITEFHE L I L %4 & asymmetry index DTFIZB VT, [HjHE
EELREERLRO Lol ZORENS, K DHRERSE TRERKMPERE OMEEN GOREVHFEET LI L E L

bitfz, Fhoe—V 2 AT, W7 —EIZ L RERE T LD BIBICRINTE B Z L AVRI S .

Key words Coherence, EEG, Major depressive disorder, Power
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Abbreviations . ANOVA, analysis of variance; DSM-IV, Diagnostic and statistical manual of mental disorders 4th
ed, fMRI; functional magnetic resonance imaging, MDD; major depressive disorder, PET; positron emission

tomography, SPECT; single photon emission topography
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A BOTHIEFEDTFT— 7 e Vb I ENEE L
ENTVEY, ILoMRERE L, RFFETIE, T —1E
IO WTITHBHEE, Jb— LY ABIFICOWTIR RS
FHW.

K ORFHEEOEEMBEENTIEIE LV, RIREEAE %
WHE L, EYoREEELIcERLAMER e, TR
BHFETHa— L A0HBIRL V. 40H, RLIHEDOR
BB EERE AW aIlE LT - 0 AENOE
BRI LZI AT, K DHEHEERE ORIV TRE
FEOFNE EME L 7.

WRELUFHE

1. H8

g, SIRRERERMIE RS 222 L, #
HWEEDOBW & WD F54 41K (Diagnostic and statistical
manual of mental disorders 4th ed, DSM-IV)2" Dk 5 -0 itk [ =
BT R L BB 166 UTRERETS) Tho, &
BIAER E T, BOBAEEOSMHEE {, MWMERARITH S
TICPUBAREE, o) 28, ¥ o8, MITVWIlASE, IR
I, MErCHTCEaE, MR s 4 o ik e % 5
ABLBHIEIRIE LA Loz, MRS B EE106], &6
BITH o7z, EHIEM £ SDIE34.1 £ 10.6 5% (HEPE 18 ~ 50 %),
PR RHIMIL 492887 1 (1~36 7 J1), FRHEHEHE
14.1£ 2,44 (14~ 184E), NI b ¥ 9 DR &
(Hamilton Depression Rating Scale, HAM-D)* ® X4 & 1%
213495 (14~315), Thotz. MEIE, Wm0
w0 L D, JEERDIFH AL bORUBEERBEIZIFAL &
, A72a) —~HOEHEE) bOE3HTHo /. H—x
¥V — PO 15 B CRIEMEA LHITH o 72 154ELLE O FHRAEER
RO MR EA DSM-IV & AV Bl L 7:.

ERIL, SIRKFEFDMERERED D &, BHEEC X
D1ENB X 20 MREO LW & AL 166 O EE
BA (BL06l, Hkefl) Tha. £BIIFEFE T, MRS
DRFES & OCBEEEIEL (. PHEMRLSDIZ32.8E11.25%

A

Frontal

!

Occipital

Lt «» Rt

(#iFH 20 ~ 513%) TH - 7.

HREBEL L OCHREBELFIIMEORAES L EHIIOVTH
AL, NETHEZE. 28, EOREVNEFEOBEREIZS
CEELRVWZE, REZBL-LECEEOBRREORIZES
NTF -5 2 HFRNICEDIHETH L0, GEEESIZ
WELTWERW,

I. F&

1. TR ECs

FEashiBHOa Y ba— L ENRBEICTUBMIZT

BRETo/. EMSERERE (10-207) 2RV EE &3
#HL, MUEROERE 2 ME L THEEME L. Fpl, Fp2,
F3, F4, Fz, F7, F8, C3, C4, P3, P4, Pz, T5, T6, 01, 02 7 16 #H4r &
b LA, MRk & RIS O E R R OIRERES) b Rk L 72,
BRSO, NA By T 1LY —IL60HZ IZEE
LT, H>7)y VEEKE200Hz, ERIEIIZIKQME R
B I, LHEHIGEIRECTHEEEEL, HBREORES
FLY—-HATTHRREL, REOH DY EIHHERSCERY
oL I ITHERL 22, IR — ¥ B AGRERT B & & IR
FA4RTITHREL 7.

2. WRikiRAT

WA T 1 A IS HRFELAMIEEHEAEL, Signal
processor7T18A (NEC # 7 ¢ 1 V3 AF 4 X, HH) #=H
VTIRAF LAz, fRE, [RERED, H5VIEHERA ST —F
77 2 POWRARSRIREAD H 2R TRsEL, W
PGBl 1Ry 7 %2565 &L, 160559 Ky »
DIFREA/DERT H E EHIIHEMT — ) TEHR%E L, Fpl,
Fp2, F3, F4, Fz, F7, F8, C3, C4, P3, P4, Pz, T5, T6, 01, 0216
FHETOMIS ST — e B L, RICZoRT—ffeFILy
(1.53.0Hz), ¥~ % (3.575Hz), 7177 (8.0-125Hz), ~—
¥ (13.0-30.0Hz) O 4 A BeFIC XA L, KEH, #HREIC
AT ST —EE KD, SHIZEAGHL 2HENRTIZON
T (Fpl/Fp2, F3/F4, C3/C4, P3/P4, 01/02, F7/F8, T5/T6), &
PERCOFETONT — %L, FHLEERCOMS7T—-EEZREL
T (LR/(L+R %23 L, IhzEAKMERTD/ ST —1E

Fig.l.  Electrodes were attached to the scalp following positions of the International 10-20 System: Fpl, Fp2, F3, F4, Fz, F7, F8, C3, C4, P3,
P4, Pz, T5, T6, O1, and O2. For coherence analysis, all epochs were recomputed as 8 bipolar derivations as follows: Fpl-F3, Fpl-F7, Fp2-
F4, Fp2-F8, 01-P3, O1-T5, 02-P4, and 02-T6 (A). In addition, inter- and intra-hemispheric coherence were measured between the
following 8 bipolar electrodes pairs: (inter-hemispheric) Fpl-F3/Fp2-F4, Fp1-F7/Fp2-F8, 01-P3/02-P4, O1-T5/02-T6(B); (intra-
hemispheric) Fpl-F3/01-P3, Fp2-F4/02-P4, Fpl-F7/01-T5, Fp2-F8/02-T6 (C).



DA FREDIEE L L 72 (asymmetry index).

MR T —EDEMIZB T 5 R ER L, EEAMER
B CHFIHMI S 2 2 ERTOIL— L v AETH 5 LI
Ik — L » A& (Fpl-F3/Fp2-F4, Fpl-F7/Fp2-F8, 01-P3/02-P4,
01-T5/02-T6) LR—DEFRFIZHFET 2 2FHERTHIL —
LY AETHBHEERN 2L A (Fpl-F3/01-P3, Fp2-
F4/02-P4, Fpl-F7/01-T5, Fp2-F8/02-T6) %K/ (M1). =k
— L AES MR ST —EEERICT VS (1.53.0Hs), ¥—%
(3.5-7.5Hz), 7NV 7 7 (8.0-12.5Hz), X—#% (13.0-30.0Hz) D4
e d G AN E s i DA

3. fEEHAEIT

HaE T — iR FRIET A7 10 Logife L, ae—1L >
AEFERIETHDICT74 v oy —DZEBRER VL. B
BLNBEEO2SERICIBIT A /YY —1#, asymmetry
index BXUO'a—L Y AENEINT A — & —DENF T
BT, FRERIIIOWTHERE, BB L UHEZ3ER
& T A5 3TLEEBDDESH (3way analysis of variance, 3way-
ANOVA) #1To7:. GIRESRRBOFELZEIEH (inter
action) #EDHLNHE, 2HERMCTEIT A —F—DE
IR ERO2ERPERESATwLEEILNDL
&, HEBLEE LTEFRICB VTR SN Z 28R+
L 2TEEREOSEHSH (2way analysis of variance, 2way-
ANOVA) ZfTo7:. SHUFELRRTEEHVRED bNIHE,
2HERETONT A - —OF|IIGEEFERETFI TS
LEZONDID, EOBMBMIIENFSLONEMNS D
2, SELECIITHREZITY, PHEOEMRE0.05 % M%7
FEL L. F7ANOVAIZBWTRIRESY KRBT E LD
£ (main effect) oML, 27 EHBTENNTA—F—DFY
BB rENSHL L L.

o3 i
I. #x/¥7—1f&
Sway-ANOVAIZHE VT, BEBIGEHLOMICEELED
REEDT FE=1379, BHE=1, pHE>005), AELXK
AL DB o7 (FE=1.039, BAE=45 pfE>0.05).
Fio, WREERZ2ERL LA TREERTEEH%
BHT FE=0222, AHE=3, pME>0.05), FHELIHEE
F2EEE LB ATOAELKAMEHEED AL -7 Bfi=
1.230, EIMEEE=15, pfE>0.05) (FE1.

I. ABERRED/T ~EOSHHE (asymmetry index)
Sway-ANOVAIZBWT, BER LRI OMIIAE L EH
B2E0Y (FE=0.707, HHE=18, pfE>0.05), HELK
EEH D d oz (FE=1.100, BEEE=45, pfE>0.05).
WL MEREA 2ERE LEBACRERLREEA RN T
(FE=0.161, BHE=3, pfl>0.05), FEL ML 2ER
LA THEELRAMALED L r o/ FE=1081, H
HE=6, pfE>005 FLD

. ¥HEaIe-L>2X

3way-ANOVA IZ B W T BER L FHEEL OMIH BELXE
fEM %787 (FH=23.629, EIHE=9, pfi=0.0003) (E&1).
EEBIIBVTEEILBE LT 72 2way-ANOVATIE, T
RTOWHTHEREWRE RO, 75 (Ffi=8.385,
BHE=3, pfE<0.0001) &3 — ¥ #iE (Ffi=5.809, HH
BE=3, pfii=0.0020) CHERRHIMH LD (K2). T
FoltiRETIE, BEWTIZ, ¥V ¥HIRIZBIT 5 Fpl-
F3/Fp2-F4 (t{H=-3.004, FEiHIBE =230, pfi=0.0053) & Fpl-
F7/Fp2-F8 (tfiti=-2.866, FHEE =30, pfi=0.0075) TH Ik —
Ly AEAEEICEL, ¥ — #5175 01-P3/02-P4 (t
fli=2.299, B =230, pfit=0.0286) & O1-T5/02-T6 (tfli=
2.828, EIHIE =30, pfH=0.0083) TH Ik — L ¥ AHH I
ol (42).

V. ¥gAd1e—-L >

3way-ANOVA 2 B\ THE T & K IREE o WS A7 4 B e &
BT (Fi=3.718, HME=1, pfli>0.05), # M &4HE
Hb#BHLho/z (Fili=1.068, HMEE=21, pfii>0.05). i
BWEMERE2ER L LASACEFRELLEMMN %2 R0$ F
fEi=0.251, HEE=3, pME>0.05), FHELLPHEMEE 28N &
L7 COAELRLERERO Lo /s F=0079, H
HE=7, pfE>005) G1).

% =

KA DR ERE DM ST — L FOEASKREIZ oW
TIHBEEREBHOMICAFELEE RBE Loz, TILT
7 WO HBEEOET I KRS LIRS 2527, BEO
2T — B % WA TIE, S ORTE CIRU B I L i
TORKBEEROFEEEDEF VAN L ST I 910,
F729 OWBEBELZT TR, B LA RED RS DO R IKEE
B OME N 4 &b T CEARMEER O LAME T L
TWAH I EPFREEN TS, i, N7 —HOLEFEITED
ERBVI LT AHRELDHY, ST —HOKRTIEI DFHIZBT

Table 1. Summary of 3-way ANOVA for absolute power, asymmetry index, and coherences

Group effect GEFE GF GE

fvalue p value fvalue p value fvalue p value fvalue p value

Absolute power
1.379 ns 1.039 ns 0.222 ns 1.230 ns

Asymmetry index
in absolute power 0.707 ns 1.100 ns 0.161 ns 1.081 ns
Inter-hemispheric
coherence 0.024 ns 3.629 0.0003 3.205 0.0269 6.613 0.0004
Intra-hemispheric
coherence 3.781 ns 1.068 ns 0.251 ns 0.079 ns

GFE, interaction between groups, frequency and electrode pairs; GF, interaction between groups and frequency bands; GE, interaction

between groups and electrodes.
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BHTSES COMBRE ZIMABIENTER W, £/, RERE
EASHT DI ORMBETIE, TOEEENH LS EOHE
bdHaY, BHFRICBNT, EABEROT VT 7 EHTHO /<
7 —{EIZ & o TR EN B EKBEEIROBRENIEEIL O T 2752
HOLNLEPo/zllld, FEBEDOAEEF LI LICHRL
TV AAREMED D B3, T —EOH T DHORBRERE
ERIDIENTELVWI EERETIHERTLH A,

T, BRMOMBENEAEZ T2k e—1 v 2
BEAWEIESTOILE LS I kol RIFETEERENF
VI HEROEHM I — L P ANHFEIIET LT (E24).
J DIERETIE, M E B OIZIRU B WHERIZ B TR BRI
Te—L Y AEIMET LTS L O#ENH Y 2D KE%ED
WRE-FHLTWE, FHEloe—1L ¥ 2D Sway-ANOVA
DFERDS, ) OMBETIERPEHD T — L v AEOHER
PREANEERL>TVAIEIRIN ELD, ZOEEIFL
TR = YW TORIIESICLDTHAH (R2). 51z
BEBTHE, PV WCIRskm o v — L v A EHRTEEEC
HEIETLTEY (M2A), ¥— y#lofgkmae—1L >
LB THEIC LA LT (M2B). $&db L, fE
T, PIRM T e — L 2 AEIERTTETR T8 < RIEHE TR 2T,
JOMBETIZFOBEHDTE > TWBZ &N, Kiisho
=Ly AEOMR IR EANTHERE 2T, ok
— b 7 A{EIG AR o BEREATR VMK T B 2 B A5, A
FHED L I TR B SE LWk, oe—L » AfH
R DIREIc A Z LR FE A S EANENTOZ &
PEEERATIT NS, T0bb, @EE TIARNAERM o koY
HEDVHERTHE RIB TV E © ) RAEZHoH, 9
DFBETIE Y — FHIRE T &R BWT, WESTOR”
R EPHI L TV A2 ThRL, EFZCROLE LI 2
BRERREEONBROGEIEELTVELEEZLNS,

i & 72 ) DI ORFZE T, BTBEHATER R0 03R4 & BTEE
HTOREEHRET S L DHE . PET, xenon 13 ¥ A & Fl\ 7>
WFFET, I ORBE TIIRTTHES CHLE @ ¥ L 0 Bogr 3V 2 %
BRELTWA., 8512, HEHEINDHKE (near-infrared

A

spectroscopy) PER ILIBML{%E (functional magnetic resonance
imaging, IMRD) % &% F vy, FEHEERETTRO 5 25iE O i
BEEEAIZE ST B, Suto 5%, NIRSZHW\T, 9 O
BETIEEMGHEREROLESE, WMAREEOEEMD
BEFIZLETLTWAEZ E®RLAE. T2, I2FEHNE
L E8ORGEBMT AL, ERBEREEMEMETFICENT
BEZEBLLENE T2 2 EAMRIEZ AWV FE THRE
STV ER0 X Iz, ) oWBETIIERE S L
LM REH L (CREIRTBY, FHETH S DRA
ETRITEE T ORI IR T OB STV & v ) R D
IRLHOFEL—HTH. 2L THADHETIE, I ORAE
TIERITHES %2 &—H DM RFE 21 Th {, KINBEEOT#HEY
T Al ERBEEOWEREVEET S Z LARE SN,

—H, BRERTOY —FHHN I — L Y AEABERIZT
WER Ry, BEOREL—FHLEVERLVC2DRES
Nz, ZOFR-BOFRIE, BT EEEROE v
TR RR SR B AT STk D 5L, M ORE, ERENLER,
BT A MLOMMRBOFEREFRFELTCVIEEI LR
B, BEOIRTIE, ) 2L EMES STV 2 BEE5
Bk UfF9RAt8 s, KRR Clt, BB, WRirL b 10f
AR A BT 3R IR LT B 56 F, & ok
BEsEn k£ b 0% L Tvwb, PETIFE™, SPECTHF
FE Tl ) IO IR R BRIEIRIC & O B o R BT SR
THY, WS L CRHRAERC &0 RSBt B s - T
BETHMANH D, AHOHEIZBTIE, &85 ok
FRBEIRI L TH BAT, HET L 0EOEFRET 51213 EEH
B, 4BOBMTHS.

Table 2. Summary of 2-way ANQVA for inter-hemispheric

coherence
Group effect GE interaction
fvalue p value fvalue p value
Delta band 2972 ns 8.385 <0.0001
Theta band 0.022 ns 5.309 0.0020
Alpha band 1.190 ns 0.474 ns
Beta band 1.166 ns 0.009 ns

GE interaction, interaction between groups and electrode pairs.
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Fig.2. Ztransformed inter-hemispheric coherence values in (A) delta and (B) theta bands. @, Major depressive disorder; O, Normal
control. Patient group had significantly lower Fpl-F3/Fp2-F4 (p = 0.0053) and Fpl-F7/Fp2-F8 (p = 0.0075) coherence in the delta band (4),
and significantly higher 01-P3/02-P4 (p = 0.0286) and 01-T5/02-T6 (p = 0.0083) coherence in the theta band (B). *p<0.05
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av—L Y ABIIIBWTIE, 2FEMOMEBEEREZRD S
7o, 2HERHICIBEOREIEEMANRAT A LIZLY, £
HEIKEIIETAZLFELN TV LY, LBEREERY
Hu-BiEigToae—L > AETIZBVTit, £ETOER
WCIEORIEEESRAT A 2D, FOBREOEREREISME &
BEEZOND. BHETIEIFDLI LI LEHTL-DIZ,
EEEEOEET ) T2 VWIEFENRLOoIe -1 ¥ 2 ER
A/, LizdoT, SHEOHERIE, 2Ly AEZOLD
DEEZLINVI(IBLTNBEZEZLNS.

SEOFERTIE, Rk 7 —ETRIOWELREERICS
WTEAKKERBD/ST v A%, FEHMO/ST—HEIZBNWT
HELRENBLR R, o4, LIL, ob—L Y AEEH,
I OFMBE TIMETIZBY TEAKRFERE OB &2
BTFLTWA I EFRENTL., ab—L Yy ABITEIT NV INA
TP, HAKREY, BEEESY L LoBHRAICBY
TOHHBERIBEL IR TS, 40, ) 2FEICBWT bR/
TETIIBONAVEEELBL LA TE, BMEALE
T2ae—Lry AOFREFTRIN. - L r AR
By, BEICHEITTE, SHRHELLIMETSHS.
4%, I OMOBEHEOTH, HEIZL2ENEEIZONWT
BELRAHEIZICH SN Z LS NA.

¥ ]

FREOK) OBEEEEE A (BEH OREo/ 7 —
i, T EOERE, at— L AEFERL, E#E%ER
Py FEEL@EERAISA GHER) & IEGRET L 72,

L ST—ERUNT~EOEREIL, BEHLNEBEHETEFE
RENF Lo,

2. EFAIL Ly AEITEERLGBBICEELEZLRD
Lol

3. FAIHEHICB W TEERCIIMBEEICH L, WHESTE
HEzb—L v ZEFEEILRKP o2, V= HHIZBVWTE
BETIE, MERICKL, BREBTERH -V > XMEDHE
BlIIEDo7.

4. ZHZLELD, RKIOFHEBERE CIEATERORE 2
T, BiEOBENGEEDNT ANVREELRE-oTnS
EEZ BN,

5, 2 —L v AEIEST—{EL ) b S ITRE
AREMEARIE S L7,

THRHTE S

# &

WERDDIZEA, THE - TREZBD £ LRFF SR LH
CEHOEERLET. i 71, ARFEOETICHEL THBIE, Wbz
V& F LB RFEEREMESRETEA R HE R Oy
ZLET. ’%‘l:@%miﬂ?‘aﬁ HEEE VA& E LM R LICR
HOBEEZRLIT. BBV RVIERRERERELRTRINE
HESIREERARFEOHFEEF Lo BILBEL ETET.
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Abstract

The present study was performed to examine EEG absolute power based on the common-reference monopolar derivations
and BEG coherence based on the reference-independent bipolar derivations at rest in never-medicated patients with major
depressive disorder (MDD) as well as age- and sex-matched healthy subjects. The subjects were 16 right-handed patients (10
men and 6 women), with a DSM-IV diagnosis of MDD. None of the patients had any comorbidity with other psychiatric
disorders. Their mean age was 34.1 &= 10.6 years (X = SD; range, 18-50 years), and they had never been medicated with drugs
that acted on the central nervous system (i.e., antipsychotics, anticholinergics, antidepressants, anticonvulsants,
benzodiazepines, cerebral metabolic activators, or cerebral vasodilators). From EEG absolute power, Left (L) hemisphere vs.
right (R) hemisphere asymmetry index were calculated with the formula [(L-R)/(L+R)] . EEG coherence analysis was applied
to bipolar derivations to avoid the issues seen with common reference recordings. Differences in EEG absolute power,
asymmetry index, or coherence values were analyzed by 3-way analysis of variance (ANOVA) with repeated measures (with
the groups of subjects as independent factors, and the frequency bands and the electrodes as repeated measures). Significant
lower inter-hemispheric coherence in the delta band was found in the frontal area, and significantly higher inter-hemispheric
coherence in the theta band was found in the posterior area. There were no significant interactions between the two groups in
absolute power, asymmetry index for absolute power, or intra-hemispheric coherence. These results suggested that patients
with MDD had abnormal functional connectivity between hemispheres, which was related to oscillatory brain activity in the
EEG slow frequency range, and coherence analysis might be a more sensitive method for detecting neurophysiological
dysfunctions in MDD.



