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Quantitative EEG in de novo Parkinson’ s Disease:
Comparison with Normal Controls and Essential Tremor Patients with
Nonlinear Analysis

Eun-Kyoung Cho, M.D.*, Byung-Ok Choi, M.D., Yong-Jae Kim, M .D., Ki-Duck Park, M.D.,
Eung-Su Kim, Ph.D., Kyoung-Gyu Choi, M.D.

Department of Neurology, College of Medicine, Ewha Womans University, Seoul, Department of Neurology,
Seoul Veterans Hospital*, Division of IT Elec. Engineering, Dagjon University”, Korea

Background: Parkinson’ s disease is movement disorder due to dopaminergic deficiency. It has been noted that cog-
nitive dysfunction also presented on Parkinson’ s disease patients. But, it is not clear whether such a cognitive dysfunc-
tion was a dopaminergic dysfunction or cholinergic dysfunction. Using linear and non-linear analyses, we analysed the
effect of cognitive and motor symptom on EEG change. M ethods: EEGs were recorded from patients with Parkinson’ s
disease and essential tremor, and normal controls during rest. We calculated the power spectrum, correlation dimension
and Lyapunov exponent by using ‘Complexity’ program. The power spectrum, correlation dimension, and Lyapunov
exponent were compared between Parkinson’ s disease patients and essential tremor patients. Results: Theta power was
increased in Parkinson' s disease patient group. Correlation dimension was increased in Parkinson’ s disease patients.
Positive correlation was noted between MM SE and correlation dimension, and negative correlation was noted between
MMSE and Lyapunov exponent. Lyapunov exponent was decreased in Parkinson' s disease patient. Conclusions. We
conclude that the state of Parkinson’ s disease patient is characterized by increased correlation dimension and decreased
Lyapunov exponent.
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&9 B2 F 3070l o] F 2799 At
MMSEES %A}s}¢ith, UPDRSE Martinez—Martin®o|
AANT 635 5, 94, B 7|ES SAste AIFE
I dFAEEF O AoFE 81 575 HAR] A8
FEO| o] S Faoit

2) HA=Z 0} 2efMTIT 2K

Ee| XA R A2 Deuschl 570 AAJgE A
o 7| gt H9E st AR ES 2Rl
A, BE, Ao, HEF 59 583 7133 A S|
e A7AE =S gAFeE siith Aol o3t Hut
9] FFS &ol7] Yl AR Bef AR SRt
A5 1y ] AR T S EH =S ARkt

2. HitH

k= A4 10~20A| A ol T2 1942 (Fpl, Fp2, F3,
F4, C3, C4, P3, P4, O1, 02, F7, F8, T3, T4, T5, Té,
Fz, Cz, Pz)9 FHATE AHEstY, tAdy 1}y
(Aurora A 9% 37|, Grass telefactor)® 43R
o, PAAE 283 HupH AR oA FE3] MY st
A g & =5 T A HAA S5, Ao
= 1~70 HzZ 3191, 7|2H =L averaged=22 3}
Aot Hus HuEAd sgd AR T AEYr S
2 23S o Fuprt gle B8 30% ZolE 1 epochl &
Adelste] B4 o3ttt Z2He] epoche ASCII
file2 EAFSto] 7218 AFEHE $71 & S AHEY T
Ao, gotzkxz ApE Aok, HJAUER
(resampling) Aol & % <(sampling frequency)
+ 512 Hz2 stgith, 2 AolA= Hutel tAE bo]
B2 ASCII fileBA o2 HEAA AZstn, FFE o
oEA AT EGe]2l Complexity & ©]83te] AFE
A3 B A EAL ST Complexity + 2 A Ao
Al ARgshE AHA| AR AR A HuhEA] AZEQol2
A FAL Yul= JFuEH AAEH U=
‘CHASIM & A% Z= a0t}

As Sl Al 999 HolHE Fu g9z W
at7] Yate] ol MEH(Fast Fourier Transform)™
= o|-&sto] A& epochol tisto] 1~4 Hz(HE, 4~8
Hz(AE}), 8~13 Hz(¥H), 13~30 Hz(M|EH, 30~70
Hz(#mh 9 574 Fabae 999 Ad 29 (relative
power)E T-8t%ict.

2) HMEEA

—oT

WA z7] A (autocorrelation)S 3t X HA|7H
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(delay number)™} o FH 2} embedding dimension)<&
T8t o] A At wf RS 019‘3}@] o 2} o A
HE AF9 AAdy gotzzxsE ALbsHA
ABFAE 3AAY 75ty £ F “11]3’4]7910] A}
e Y HEE 242 AFEHG WL A
Grassberger®} Procaccia”®7} A|otst W& o]&3}
Aot AEAEL WE@AYE ST E o o4 hol
AR A G A == AR Heg 2
ot TR = uj PAFA Y HAF o] A7k what Hh4tbsf
7he EAE AEsE 202 Wolfe] gueEs 44

sto] Albst At
3. &4

Al o 2r9] 2+ A= A whe], AEatd, 2otz
LA 59 v u= YA AR A H(ANOVA) T Tukey
9] b WE AFEAS st vwsigith iy o
Aol 4] 4%, UPDRS, MMSE, Hoehn and Yahr(e]3}
H&Y stage)” 2t AR, glofL e X710 A4
£ Pearson A#EAE o] &3813lch E3 SHEEHS
(Independent—Samples T Test)¥ Spearman A&E
Mg o]gsto] wley SR OA A7t %‘«t (15
3 MMSEZ} 243 wjqkel )3t w7k ¢ Tr—f(12
MMSE7} 247 ol LR o 7]'7]'—4 HeES
H sttt 2E £42 A4 272 &5 dixuhto
A, &I BAARA Ao A= S0l A b
T tixRhtol A SAE 3 o8t eH, ¥
o] YT A== o|ghd R M = &S tHRtFY &
B2 & o] &s3ir.

&Y SR WollA F4dol HEoT Q= 147
A= S0l e 50 BS9 AFolA welA
HEy AR} otz ZX|+~E Wilcoxon 34

A A= o83t vttt
EARML SPSS 10,02 AHEEHET §o42S pgt
©] 0.05 |gtel Z¢-2 st¢lh.
2 o
1. OIZIaY SXkE, EEiMZIM Sz, HA=x
2o Hlm

o7&y SRES F 30PeE dRl 1Y, AR
190]9lx, BFAHE 68.5+7.86/%Th &9 &
o] B %‘%‘7] 7 1.6+1.790|tt. UPDRS g2
28.9+15.9%4 ©|%l3, UPDRS % A|3&=2 18.31+
111830t H&Y stage% 2.16+0.95%tF. MMSE
£ 22.7+4.4470|dck. MMSEZ} 243 o]Akel #al=
12olen 247 wgkel A= 1590k wWIs
Y BT A THS S LAl A, TH
$E Ao, ymA] 1692 FZoll Al

HH A S 30822 TR 109, A&7t
209o|t BFAHL 62,4319 4749, Hd
W77 4.46£5.750]30t}, 255442 282 H50]
AL, 82 50 Ao ywzA 2082 FFo
H| =3t

A 22 30822 FA7} 129, A7) 187 0] %)
3, BFAHL 62.13+9.58414th

Seto R Hutg EAsE o, AAHRLY Hate
o5& Aol mHis $Alo] THoA Aetet @
Etn} 59 Autel A ute] My Fo] JEENL, U
A] 2392 ZAolqint. Bej XA FApEe] 59olA A
mkol vjFuke] AF Fo] JHENL, YA 2572 3
*M"*E}

£ AT A gut, vietel dep Q= Al & el

Table 1. Comparison of relative theta power of patients between Parkinson’s disease and essential tremor and normal control

Theta power spectrum (mean+S.D.)

Electrode F p-value Tukey-b
NI (n=30) PD (n=30) ET (n=30)
Fpl - Fp2 0.114+0.033 0.116 +0.060 0.118+0.055 0.04 0.958
F3-F4 0.140+0.057 0.167 +£0.094 0.146+0.057 114 0.325
C3-C4 0.132+0.048 0.186+0.111 0.139+ 0.062 4.16 0.019* PD>ET,NI
P3 - P4 0.127+0.049 0.209+0.146 0.136+0.068 6.33 0.003* PD>ET,NI
O1l-02 0.119+0.055 0.221+0.172 0.133+0.087 9.73 0.002* PD>ET,NI
F7 - F8 0.125+0.051 0.183+0.096 0.156+0.090 3.79 0.026* PD>ET>NI
T3-T4 0.134+0.056 0.207 £0.146 0.158+0.099 3.60 0.031* PD>ET>NI
T5-T6 0.129+0.059 0.223+0.174 0.146+0.097 5.17 0.008* PD>ET,NI
Fz 0.149+0.055 0.159+0.072 0.154+0.057 0.18 0.839
Cz 0.141+0.049 0.173+0.084 0.147+0.056 197 0.146
Pz 0.131+0.053 0.200+£0.128 0.134+0.067 5.73 0.005* PD>ET,NI

S.D.; standard deviation, NI; normal controls, PD; de novo parkinsonian patients, ET; essential tremor patients, n; number, ANOVA

test with Tukey-b post hoc analysis, * p<0.05
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23 - g - 48N - 4" - dS- FEH
gk 2o 7} 19l AEF 9= €3 - C4, P3 - P4, O1 -
02, F7-F8, T3 - T4, T5 - T6, Pz AZo|A w714
sAko] U] = ol Hl3 {-25HA =% 2™ (Table
D, EHAARA At AR EL Aol 7t gl

ABALLe w71&d Exbito] Fpl - Fp2, C3 - C4
P3 - P4, O1-02, T5 - T6, Cz, PzAZ A &

o Hla} FJ5tA e, EEjdXA SApL Zé*o*ﬂl
272 Z}ol7t YA tH(Table 2).

ot ZX e BE HASoA & FRfo] #
OJstA Wtar, AR 2R SRS Abo]
£ Ho|X] gFttH(Table 3).

npZiEE 2kxkat LHollA X|oiza} HIX|oh=el Hlw

2.
71 Bhgol A Aol o) zrct et 5]
7} P3 - P4, F7-F8, T3 - T4, T5 - T6AZo A Z7}3}

% hTable 4). 3, HA oL XujLE T} Fpl - Fp2
3 F7 - F8AFA gt w7t S48kl F3 - F4,
P3 - P4, F7-F8, T3 - T4, T5 - T6AZol|A] gl 1}
7} 78k, P3 - P4, T5 - T6HZo| A A@atgo] F7}
&} tH(Table 4). MlEl ohie}t Anf g}9) gjopzi-Z 2|4
£ BE AFolA] AJufEat vx|ui Ato]of] Zo] 7k gigitt,

o

tzled xrolAM dExiEat MMSE,

I r
UPDRS ¥ 7IEt 291 Zto] MmN

T SRS BE Ao At Arelg
717k, Yo], UPDRS, UPDRS <5&%3} AMa4 7} ¢l

X

Atk &, H&Y stage®te= TFF(01 - 02)914 28t
5o AIIAE YeEF A THr=-0.379, p=0.047). T3t
BAYL T5 - T6oIA MMSES}F 4-2J3t oFo] A3t
= B gh(r=0.391, p=0.044)(Table 5).

o 1

ﬂll

Table 2. Comparison of correlation dimension of patients between Parkinson’ s disease and essential tremor and normal control

Theta power spectrum (mean+S.D.)

Electrode F p-value Tukey-b
NI (n=30) PD (n=30) ET (n=30)
Fpl - Fp2 1.454+0.794 2.128+1.380 1.631+0.754 3.55 0.033* PD>ET > NI
F3-F4 1.513+0.857 1.815+1.178 1.582+0.587 0.92 0.404
C3-C4 1.747+0.873 2.199+1.077 1.653+0.517 351 0.034* PD>ET > NI
P3 - P4 1.669+ 0.663 2.290+1.023 1.658+0.423 7.08 0.001* PD>ET,NI
01 - 02 1.666+ 0.620 2.326+1.144 1.691+0.410 6.77 0.002* PD>ET,NI
F7 - F8 1.457+0.819 1.873+1.331 1.339+0.489 2.64 0.077
T3-T4 1.755+0.825 2.016+1.194 1.542+0.574 2.08 0.131
T5-T6 1.728+0.636 2.285+1.167 1.681+0.398 5.29 0.007* PD>ET,NI
Fz 1.471+0.869 1.746+1.186 1.609+0.740 0.63 0.534
Cz 1.539+0.775 2.193+1.281 1.709+ 0.600 3.98 0.022* PD>ET > NI
Pz 1.641+0.695 2.324+1.135 1.681+0.492 6.58 0.002* PD>ET,NI

S.D.; standard deviation, NI; normal controls, PD; de novo parkinsonian patients, ET; essential tremor patients, n; number, ANOVA

test with Tukey-B post hoc anadlysis, * p<0.05

Table 3. Comparison of Lyapunov exponent of patients between Parkinson’ s disease and essential tremor

Theta power spectrum (mean+ S.D.)

Electrode F p-value Tukey-b
NI (n=30) PD (n=30) ET (n=30)

Fpl - Fp2 4.642+1.451 1.972+0.827 4.499+ 1.835 329 0.000* NI,ET>PD
F3-F4 5.239+1.726 2.275+1.286 5.248+1.608 36.6 0.000* ET,NI>PD
C3-C4 5.965+ 1.808 2.503+1.514 6.050+2.124 36.6 0.000* ET,NI>PD
P3- P4 6.883+ 1.953 2.815+1.860 6.967 + 1.926 46.1 0.000* ET,NI>PD
0o1-02 7.032+1.934 2.867+1.893 7.249+ 2.256 44.2 0.000* ET,NI>PD
F7 - F8 5.230+1.964 2.426+1.407 5531+1.881 28.1 0.000* ET,NI>PD
T3-T4 5.616+1.982 2.510+1.601 5797 +1.954 29.8 0.000* ET,NI>PD
T5-T6 6.736+1.732 2.667 +1.597 6.876+2.185 49.8 0.000* ET,NI>PD

Fz 5.152+1.499 2.371+1.199 5.005+ 1.807 317 0.000* NI,ET>PD
Cz 6.204+1.884 2592+1.341 6.090+ 2.069 39.4 0.000* NI,ET>PD
Pz 6.469+ 1.813 2.682+1.752 6.778+2.354 39.4 0.000* ET,NI>PD

S.D.; standard deviation, NI; normal controls, PD; de novo parkinsonian patients, ET; essential tremor patients, n; number, ANOVA

test with Tukey-B analysis, *p<0.05
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4ol BEo=w Uehgd 1499 w1ey
oA AP UPDRSE FAT} wtf=9] Fpl -
Fp2(r=0.632, p=0.028)oll 4 &-2lgt ako] AaaA S
Efiglon UPDRSEEFHEI=
Fp2(r=0.678, p=0.022)% A1 5=
F4(r=0.632, p=0.037)°A f2gt %o Ao
Bty 1t (by spearman correlation analysis).

HZ0
= —

4. Oi71&H XA 2lof= == X[~2F MMSE,
UPDRS % 7[E} 2901 Zie| MEEA

o1& SR BE AT A BlofTl T4k o]

3177k, yolok= A A7} it MMSES} 2lofZ i

BRLO| HYA ETHEA -HIMEEMS 0|88 FAQI W HejA MM RLete| BT

— ()

ZR 4= F3 - F4 (r=-0.408, p=0.035), C1-C2 (r=—
0.396, p=0.041), O1 - 02 (r=—0.402, p=0.037), T3 -
T4 (r=-0.468, p=0.014)%} Fz(r=—0.468, p=0.014)°]
A &9 ABIAE HltH(Table 5). Al 1S
Ao 4= MMSEZ}F P3 - P4(r=—0.515, p=0.05),
Fz(r=—0.571, p=0.026)°llA] 2|ofZi- =240} &0 A}
BHAE EGoh 2y, vA ) glEy SRS 2
< AFolA MMSE®} glofz e A= A7 ¢l
Aok otz Z X4+ UPDRSE Fz(r=0.400,
p=0.047)} Pz(r=0.401, p=0.047)olA %2 AlztmA
£ Ho|KTable 5), UPDRS 25d53E= ABRTAE
Hol|z| gh=th

Table 4. Comparison of mean value between demented and non-demented Parkinson’s disease patients

non-dem  demented non-dem demented
ented PD PD p-value ented PD PD p-value
(n=12) (n=15) (n=12) (n=15)

Fpl - Fp2 0.3957 0.4428 0.553 Fpl - Fp2 0.1159 0.0810 0.937

F3-F4 0.2907 0.4089 0.056 F3-F4 0.1573 0.1870 0.433

C3-C4 0.2829 0.3485 0.272 C3-C4 0.1936 0.1922 0.975

P3 - P4 0.2424 0.3696 0.042* P3 - P4 0.2142 0.2232 0.879

delta 01 - 02 0.2347 0.3294 0.213 theta 01 - 02 0.2263 0.2393 0.852

power F7 - F8 0.3212 0.4547 0.025* power F7 - F8 0.1976 0.1836 0.722

(mean) T3-T4 0.2567 0.3959 0.027* (mean) T3-T4 0.2256 0.2137 0.841

T5-T6 0.2072 0.3515 0.029* T5-T6 0.2392 0.2343 0.945

Fz 0.3421 0.4581 0.103 Fz 0.1516 0.1738 0.445

Cz 0.3128 0.4019 0.166 Cz 0.1676 0.1901 0.503

Pz 0.2711 0.3591 0.163 Pz 0.2070 0.2139 0.895

Fpl - Fp2 0.1152 0.0611 0.016* Fpl - Fp2 0.0832 0.0536 0.050

F3-F4 0.1927 0.1239 0.080 F3-F4 0.1143 0.0731 0.035*

C3-C4 0.2325 0.1909 0.480 C3-C4 0.1248 0.0809 0.057

P3 - P4 0.2892 0.2299 0.395 P3 - P4 0.1241 0.0682 0.028*

apha 01 - 02 0.3507 0.2904 0.519 beta 01 - 02 0.0847 0.0521 0.053
power F7 - F8 0.1784 0.1105 0.045* power F7 - F8 0.1020 0.0582 0.012*
(mean) T3-T4 0.2432 0.1619 0.123 (mean) T3-T4 0.1123 0.0616 0.010*
T5-T6 0.3411 0.2362 0.193 T5-T6 0.1027 0.0551 0.009*

Fz 0.1776 0.1159 0.131 Fz 0.0927 0.0696 0.222

Cz 0.2098 0.1612 0.294 Cz 0.1049 0.9127 0.536

Pz 0.2542 0.2251 0.654 Pz 0.1196 0.0776 0.101

Fpl - Fp2 2.2585 2.0518 0.718 Fpl - Fp2 1.7633 20171 0405

F3-F4 2.0049 1.7178 0.554 F3-F4 1.9059 2.5595 0.177

C3-C4 24776 1.9469 0.215 C3-C4 2.1765 25911 0.488

P3- P4 2.7568 1.9254 0.033* P3- P4 2.5809 2.6880 0.877

correlation  O1 - 02 2.6831 1.9966 0.129 Lyapunov Ol - O2 2.4559 2.8380 0.573

dimension F7 - F8 2.1128 1.6026 0.341 exponent F7 - F8 2.0449 2.5841 0.328

(mean) T3-T4 2.4067 1.6132 0.067 (mean) T3-T4 2.0219 2.7268 0.239

T5-T6 2.8649 1.7925 0.015* T5-T6 2.3485 2.6235 0.630

Fz 1.8357 1.6128 0.640 Fz 2.0667 2.5534 0.313

Cz 2.1728 2.1700 0.996 Cz 2.3611 2.7047 0.518

Pz 2.5758 2.1397 0.308 Pz 24334 2.6871 0.708

PD; de novo parkinsonian patients, Independent Sample T-test, * P<0.05
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Table 5. Pearson correlation analysis between D2, L1, MM SE and UPDRS in Parkinson’ s disease patients

Pearson correlation coefficients

Electrode D2 & MMSE D2 & UPDRS L1& MMSE L1& UPDRS
Fpl - Fp2 -0.066 0.171 -0.341 0.047
F3 - F4 0.086 0.054 -0.408* 0.289
C3-Ca 0.141 -0.101 -0.396* 0.330
P3 - P4 0.355 0172 -0.307 0.311
O1- 02 0.282 -0. 29 -0.402* 0.354
F7 - F8 0.051 -0.091 -0.403* 0.292
T3- T4 0.324 0.037 -0.468* 0.326
T5- T6 0.391* -0.046 -0.332 0.377
Fz 0.071 0.048 -0.468* 0.400*
Cz -0.044 -0.029 -0.364 0.354
Pz 0.067 -0.088 -0.367 0.401*

D2; correlation dimension, L1; Lyapunov exponent, MMSE; Mini-Mental State Examination score, UPDRS; Unified Parkinson' s

Disease Rating Scale score, * P<0.05

5. mZlay SXIZU0IM S4to] S5 iUl
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FA4o] BEole oH 1479 TRIEY Bl F
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bradyphrenia®l &3+ QX754 o= a7l&H o
A A ZA 9 HHHol o7t QIA]7]59 Akt ﬂ”ﬂ A
S ASRE FE51t} Tanaka’+ BH1&W 3Ab= X|0f
o] {5 Adglo] de, Mg}, Hg o= ARG F
742 A7t Qs S BIX e v]a bt Fhas
oy BT Zol7t gl skl 71&Y
HuSo|A otke] atol= ZF A+tel what X|mitE Ur
= 7]2°] 921, g71&Y YoM E Ao F=eot &
AN FErt 42 Zpol7) . BEPY HHent &
ol 2B g Ao wet &Y HuEd A
o] 3‘—%‘—‘1 AfolE Hol= AL R 73t
2 AtollA o1&y A AR 2847
A SATEYG ez EQHoR F7tE ACRE U
EpSiTh E3 AujoA SF, FARA detuezt
Z7kstaL, X AFRo A dutel wetutelrt F
ZFE ek, ool v AR detut9 7t F7tet
I, dutubef o} wEt 97t At AL oA Hilet
AR Eu, dutukele v u) g1E SR
o] A RTHY AFFAA F7H=E L, A 2Hl&
W A A 2L EY SR SRR A ZAES
o}, Hetet Q= BA o) g7lsy dAkto] AR E
o AREROA F7FE AL, Auf w1EY A B
fz2LEY TEFRAA A= &, vAw 211&
B RS AR EET ARRo|A dukel HEst
Z7tE, A7t A7|H SFRG SREA ko)
7L ZHAaEE YeErl i
WA (reticular formation) 258 ZHA 9 &
(cholinergic projection)®] &J3f| & w&d o] g4do] F7}
=¥ Mato A H]F7]3Hdesynchronization)7t goiut
A == g2sto|n o= ALY TR oy
gk Bl 57187 dojuA] ZafjA Hutol A detut 59 A
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A9 “dynamical complexity 7} #4%7| wj&olzt
3 s e, o] 29 Huos mlEy ERt
A AR 2T FoF AolE FEEHA] Kskleh Y

i

¢

my,
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