Quantitative Analysis of EEG in the Waking State
and in REM Sleep in Dementia of Alzheimer
Type —Comparison with Control Group and
Effects of Cholinergic Agents—
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Abbreviations : AChE, acetylcholinesterase ; AD, Alzheimer’s disease ; CAT, choline acethyltransferase; CT,
computed tomography ; DAT, dementia of Alzheimer type; DSM-II-R, diagnostic and statistical manual of

mental disorders (third - edition-revised); FAST,

functional assessment stages; FFT, fast Fourier

transformation ;- HDS, Hasegawa dementia rating scale; MMSE, mini-mental - state examination; MRI,
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Table 1. Feature of the dementia of Alzheimer type (DAT) patients

Case Aged

b) ¢ PEI‘iOdd1
number  (year) Sex® FAST

(year)

Brain CT and MRI®

Mild brain atrophy,

Cortical sulucus dilatation (+), Ventricular dilatation (—)

Mild brain atrophy,

Cortical sulucus dilatation (+), Ventricular dilatation (+)

Mild brain atrophy (frontal dominant),

Cortical sulucus dilatation (+), Ventricular dilatation (+)

Severe brain atrophy,

Cortical sulucus dilatation (#), Ventricular dilatation (+)

Mild brain atrophy,

Cortical sulucus dilatation (+), Ventricular dilatation (+)

Mild brain atrophy (temporal dominant),

Cortical sulucus dilatation (+), Ventricular dilatation (+)

1 54 F 5 3
2 57 F 5 4
3 58 F 5 5
4 55 F 5 5
5 62 F 5 5
6 66 F 4 3
7 61 M 4 2

Mild brain atrophy (frontal dominant),

Cortical sulucus dilatation (+), Ventricular dilatation (+)

a) Age at admission.
b) F, Female; M, Male.
¢ ) Functional assessment stages.

d) Period from onset to diagnosis of the disease.

e) CT, Computed tomography; MRI, magnetic resonance imaging; —, negative; +, moderate; 4, Severe.

magnetic resonance imaging; NINCDS-ADRDA, National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association; PSG, polysomnography; REM,
rapid eye movement ; SDAT, senile dementia of Alzheimer type ; WMS, Wechsler memory scale
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Fig.1. Electroencephalography (EEG) power spectra of
individual data from control subjects and dementia of
Alzheimer type (DAT) patients (before treatment) in the
waking state. Dotted lines (), 9 control subjects; thick
lines, DAT patients with functional assessment stages
(FAST) 4 (A, DAT case 6; [, DAT case 7); DAT
patients with FAST 5 (@, DAT case 1; [, DAT case 2;
A, DAT case 3; [+], DAT case 4; %X, DAT case 5).
Significance was determined by Mann-Whitney U test. x,
p<0.05; *x, p<0.01.
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Fig. 2. EEG power spectra of individual data from control
subjects and DAT patients (before treatment) in rapid eye
movement (REM) sleep. Dotted lines (), 9 control
subjects; thick lines, DAT patients with FAST 4 (A, DAT
case 6; [, DAT case 7); DAT patients with FAST 5
(@, DAT case 1; B, DAT case 2; A, DAT case 3; [{,
DAT case 4; X, DAT case 5). Significance was deter-
mined by Mann-Whitney U test. *, p<0.05.
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BB LT ol HEON7 —ROFLERTHOD, BAH
BT ol BEHICA BRI, ERI6 (BE DAT) TIX, 0§ #iE
DAT —KOBEME DDA DOR%RE DAT GEM 1 ~5) 12
H#B LT al $EO-$7 —FKIZHWINL TR OEF 7T UL 2
s — v Thote, T %R DAT O 5 HARABEET A
FTR T DB LE VAR 3T, 02 HBED T — KA EA
TERE DAT WHO LR S 2 — v 2R LI, Db

n
(e}
T

Percentage of total power

BN
o
T

-50 ! 1 L 1 1 !

Delta Theta1 Theta2 Alpha 1 Alpha2 Beta
Frequency band of EEG

Fig.3. EEG power spectra difference between waking
state and REM sleep. O, control (n=9); @, DAT group
(before treatment) (n=T); ------ , zero. Each patient
represent the mean=SEM. *, p<0.05; **, p<0.0l by
Mann-Whitney U test.
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Fig.4. EEG power spectra of control in REM sleep and

DAT (before treatment) in the waking state. Vertical
bars represent the mean+=SEM. [], control (n=9); %,
DAT group (n=T). Significance was determined by
Mann-Whitney U test. The power spectra of two groups
were not significant by different in each frequency band.
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Fig.5. Relationship between EEG power spectra and Hasegawa dementia rating scale (HDS) scores in the waking state. A,
delta (y=26.861—0.316x, ry=—0.714); B, theta 1; C, theta 2; D, alpha 1; E, alpha 2 (y=T7.190+0.990x, rx=0.714); F, beta.

O, DAT patients with FAST 5; @, DAT patients with FAST 4.
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Fig.7. Relationship between EEG power spectra and mini-mental state examination (MMSE) scores in the waking state. A,

delta: B, theta 1; C, theta 2; D, alpha 1; E, alpha 2; F, beta. O, DAT patients with FAST 5; @, DAT patients with FAST 4.



A 8. C
30 - - -
e °® ° o o ©
20 L
[e] [e] [e]
o] o] o
o o) (o]
10 o I o© [e]
(¢] o (o]
()
p —
O o L 1 s ) : — L " ) L L .
8 40 50 60 70 80 10 20 30 4 6 8 10 12 14 16
%
= D. E. E
S 30 . -
L % o ® e
20 |
o o o
) o o
o} o] o]
104 o ) o)
o o o
0 " N " L . n 2 L s . . )
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 0 1 2 3 4 5

Percentage of total power

Fig.8. Relationship between EEG power spectra and MMSE scores in REM sleep. A, delta; B, theta 1; C, theta 2; D, alpha
1. E, alpha 2; F, beta. O, DAT patients with FAST 5; @, DAT patients with FAST 4.
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Fig.9. Relationship between EEG power spectra and Wechsler memory scale (WMS) scores in the waking state. A, delta
(y=35.720—1.378x, rx=—0.81); B, theta 1; C, theta 2; D, alpha 1 (y=10.686-+0.686x, rx=0.714); E, alpha 2 (y=10.870+1.393x,
=0.81); F, beta. (O, DAT patients with FAST 5; @, DAT patients with FAST 4.
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FUBNBERSREILLTWAP L bR Twg, —F, £
EHR (BSRELIER) ED T ALY o~ = —~ B EEF R (senile
dementia of Alzheimer type, SDAT) DN < & — v L IEiER
MITIDHD0Y, afif ) X AORFE(L™™, R (W E7213 0
%) DRI, G (B DT fe LD RS RE R IR
L, EREFEECALNAELTAIEAI A b bOLELZD
AT, ZhIZH LT, WEH (BRI FBIED 7 /42 A
< —J% (Alzheimer's disease, AD) T, — B EIC a I DB
(E50, SE@BIMERIE (G WD D\ L 6 3E) DHHI~0 Hoph
WTHD aE OBRBEEMEOHER™ I L2 BB, £ ORK
BEA{LIL SDAT ittt L X W EETY, HOHDBREY 545
hBHEvbhTuna™,
KIFROHBIMIED N7 — 2 =7 b AN 1L, DAT B
TiX, ERNBELEELT, dHBRB LI 0] HERO v —
RNEEICHEML, ol HEBOT7 —KRNEZCFEILTED,
BRI B TR 7 - A7 P LB ST ER B2 RDT.
¥z DAT Tk, BRI L MEEL & ORI S 2 o ERI %
PR E 03P, MR LIIEERN R OHEITE & B

Table 2. Scores in cognitive function test of each DAT patient before and after administration

of lecithin and physostigmine

Scores? in
Case
HDS MMSE WMS
number
Before After Before After Before After
1 8 10.5 12 15 15 9
2 9 12.5 14 19 17.5 26
3 16.5 15.5 16 17 20.5 29
4 5 7 10 12 9.5 12
5 7.5 6.5 6 6 13 13
6 25 28 23 26 24.5 27.5
7 23 27 22 26 37.5 54
Mean 13.4 15.3 14.7 17.37 19.6 24.3

a) HDS, Hasegawa dementia rating scale (full scores, 32.5); MMSE, mini-mental state exami-
nation (full scores, 30); WMS, Wechsler memory scale (full scores) 93); before, before administra-
after administration of lecithin and physostigmine;

tion of lecithin and physostigmine; after,
%, p<0.05 by Wilcoxon signed-ranks test.

Table 3. The changes of Electroencephalography (EEG) power spectra and cognitive function
tests before and after administration of lecithin and physostigmine

Changes® in

Case - -
EEG power spectra Cognitive function test
number
WAKE REMS HDS MMSE WMS
1 + + + + -
2 + + + + +
3 + + - + +
4 + + + + +
5 —_— — — — _—
6 + + + + +
7 — - + + +

a) WAKE, Waking state; REM, rapid eye movement sleep; HDS, Hasegawa dementia rating
scale; MMSE, mini-mental state examination; WMS, Wechsler memory scale; +, improvement
in EEG power spectra or cognitive function tests after the treatment; —, no improvement in
EEG power spectra or cognitive function tests after the treatment.
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Quantitative Analysis of EEG in the Waking State and in REM Sleep in Dementia of Alzheimer Type
— Comparison with Control Group and Effects of Cholinergic Agents— Keiko Nakagawa, Department of
Neuropsychiatry, School of Medicine, Kanazawa University, Kanazawa 920~ J. Juzen Med Soc., 103, 2— 16 (1994)
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Abstract

We performed polysomnography (PSG) in seven patients (male 1, female 6; mean age, 59.0; 54-66 years) with clinically
diagnosed dementia of Alzheimer type (DAT), and 9 age-matched controls (male 1, female 8; mean age, 58.9; 52-69 years).
Electroencephalography (EEG) power spectra on the right central lead were analyzed quantitatively by fast Fourier transfor-
mation (FFT) methods both in the waking state and rapid eye movement (REM) sleep. After the oral administration of both
10g/day of lecithin and 12 mg/day of physostigmine for an average of 30.5 days in the DAT group, the effects on EEG and
cognitive function were studied. In the waking state, the power of the delta band and theta 1 band was significantly increased
and the power of the alpha 1 band was significantly decreased in the DAT group compared with the control group. In REM
sleep, the power of the delta band was significantly increased and the power of the alpha 1 band was significantly decreased
in the DAT group. In the control group, EEG power spectra in the waking state were clearly different from those in REM
sleep, although these differences were less in the DAT group. The EEG power spectra of waking state in the DAT group
were similar to those of REM sleep in the control group. In the correlation between EEG power spectra and the scores of
cognitive function tests (Hasegawa dementia rating scale (HDS), Wechsler memory scale (WMS), and mini-mental state
examination (MMSE)) in DAT, the power of the delta band showed a negative correlation and the power of alpha 1 or alpha
2 bands showed significant positive correlations with these tests scores in the waking state. In REM sleep, the power spectra
also correlated with the cognitive functions in the same manner as in the waking state. When comparing the EEG changes
before and after administration of cholinergic agents, EEG power tended to become faster (the power of the delta band
decreased and the power of the alpha 1 band or alpha 2 band increased) in five of seven patients, in whom improvement on
two or more of the three cognitive function tests was observed. These results indicate that in the DAT patients, compared to
the controls, the activity level of the cerebral cortex significantly decreased both in the waking state and REM sleep, and the
activity level of the waking state in the DAT patients is almost equal to that of REM sleep in the controls. In addition, the
increase of power of the slow wave band (delta band) and the decrease of power of the fast wave band (alpha 1 band or alpha
2 band) both in the waking state and REM sleep correlated with the severity of dementia. After the administration of the
cholinergic agents, the EEG was activated both in the waking state and REM sleep and cognitive function was improved in
some patients, suggesting that activation of the cholinergic neural system is effective as a treatment for DAT.



