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Abstract
Introduction

The load of caring for demented patients is increasing globally very fast as eighty
million demented population is expected in 2040. Alzheimer’s disease (AD) and
vascular dementia (VD) are the two major causes of dementia. Since all current
therapies for dementia depend on early diagnoses, risk and predicative factors for
dementia are crucial. AD and VD share common risk factors as aging and vascular risks
such as diabetes, hypertension, metabolic syndrome, homocystinemia, atrial fibrillation,
and smoking. There are bidirectional connections between the heart and the brain. A
neurovisceral integration model with laterality on the right prefrontal cortex was
proposed to describe the pathways.

EEG and EKG are nonstationary and nonlinear signals. The traditional Fourier spectrum is
too coarse and fails to represent instantaneous changes. Nonstaionary but linear methods such as
Wigner-Ville distribution and Wavelet have other drawbacks that hinder its adaptivity to
ever-changing signals. Methods based on theories of chaos, fractal and entropy,
quantifying either similarity, disorder, or stability, are suitable for nonlinear but

stationary data. The Hilbert-Huang transform(HHT) on the other hand, is adaptive to

nonlinear and nonstationary signals. The advantages of the HHT over traditional
Fourier-based methods have been appreciated in many studies of different physiological
systems.

The study of heart rate variability (HRV), namely the variability of RR intervals
(RRI), which reflects depolarization of the sinoatrial node, can monitor the autonomic
system. The cholinergic deficits in the brain of dementia may affect the central
autonomic network. Yet the HRV changes in dementia in previous reports were not

congruent. A higher risk of dementia was shown in people with obstructive sleep apnea,
8



which could be indicated by some newly developed methods of HRV analysis.

Understanding how functional interactions among different brain regions are crucial
to the study of higher cortical functions. The cross correlation and coherence analysis
are two of the classical methodologies of linear approach. While the synchronization
likelihood, which calculates the probability of similarity between two signals in phase
space is a nonlinear approach. From synchronization to the execution of particular tasks
of the brain, there hide still many puzzles such as ‘binding problem’.

Social participation, exercise, smoking, and alcohol drinking may affect cognitive
performance, while water intake insufficiency has yet to be proved.
Methods

This is a hospital-based, case control, and observational study with prospective
follow-up of two groups (dementia and control). Various neuro-psychological and
motility tests were performed in all subjects. As vascular risks are important in both
types of dementia, carotid echosonography was also taken for each subject. Life style
and eating behaviors were also compared. Both linear and nonlinear methods such as
short time Fourier transform, spectral coherence, Hilbert Hung transform (HHT),
multiscale entropy (MSE), and synchronization likelihood (SL) were performed for
EEG signals. Heart rate variability was calculated individually in both awake and sleep
EKG signals with linear analysis and MSE.
Results and Discussions

The demented group consists of 60 subjects (female/male=30/30, age 80.5+5.6,
VD/AD=37/23, MMSE=19.8+6.9), while the control group consists of 29 subjects
(female/male=13/16. age 75.3+6.4, MMSE=28.440.9).

Significant findings are as following: 1. The cross correlation coefficients of data

decomposed by HHT suggest that the brain functions in a more holistic manner. 2. The
9



phenomenon of ‘Vagal dominance during sleep’ was only shown in the demented group.
3. The values of all scales of MSE from a wide range of electrodes are positively
correlated with scores of mental abilities or mobility. 4. The MSE of RRI showed no
correlation to mental capacities, but it had significantly negative correlations to the
MSE of EEG in multiple area. Interestingly, the EEGs of closed-eye resting were
associated to the RRIs during the awake state, while the EEGs of photic stimulation
were mostly associated to the RRIs during sleep. 5. The photic stimulation yielded the
most copious results. 6. Word list, clock drawing, trail making, and number transcoding
tests had better differentiating power than MMSE. 7. Subjects with positive Glabellar
signs had a lower LF/HF during awake state. 8. Diabetic subjects had lower HF and LF
during sleep, and HF during awake state. 9. There was no correlation among the
severity of carotid atherosclerosis to either mental capacities, parameters of EEG or
parameters of EKG. 10. EEG of Dementia showed loss of coupling, complexity and
stationarity
Prospect

A community based design with long time following is the next plan. It aims at risk
factors and markers for early diagnosis by the analysis of EEG. Therapy monitoring by
EEG is an ongoing study with some promising primitive results. The cross-talk between
the brain and the heart could be further explored noninvasively by the information

hidden in EKG and EEG.

Key words. dementia, EKG, EEG, functional couplings, linear /nonlinear analysis,

Multiscale Entropy, Hilbert- Huang Transfor mation
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45 2003 & % Fehiizt(Kawas, 2003) B ¥ B 4 % g i B 5 17 5004 B
(Alzheimer's disease, AD) 14 % & ¢ 4|4 A& (vascular dementia, VD)> £ H =t p]
B % < % 4] 2 4 & (Dementia with Lewy Bodies) ™ 2 37 #f ¥ 4] 2 4 &
(Frontotemporal lobe degeneration) o ¥ ¢k Zf #F f 75 Fr e R 2 %5k "6 (Normal
pressure hydrocephalus) » '+ @5 b 2u 3 B & 5 o [P s Bopd Hop s
Lo R MR R o B3 R BIL G ¢ 1. Beta amyloid peptide (AB; AB
42 ¥ AP 40 =7t 5 3 B ) 2. Neurofibrillary tangles (Tau pathology) 3. /& 5 i p i
4k R84 (5 < (pyramidal cells) i {7 granulovacuolar degeneration 4. ¢ fg#& 45 fis
(acetyltransferase) = *oi B 2 /3 B i B 42T "% 50-90% o ¥ F AR @ A 2

% 1 & § (nitric oxide) AR S A H P WA BOERF R DL E > G @
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dynamin-related proteinl % # S-nitrosylation » ¢ & = 544 2 ~ R 4 ey e

(Choetal., 2009)-4F 4+ 2 Hif if (4v presenilin) £ ¥ #rig *enip T~ ¥V - 7 7

¥

£ 2 (Gandy etal., 2006) ° F¥ I 4 P I A s B £ B & - A1}
Lk oo #H g B ES TS 6 0 ¢ "2 (acetylcholine) 2 F A ~ f
(gamma-Aminobutyric acid, GABA) # 3% 3 & % %% # i 448 & (functional
coupling) ' #/F FN & ehmrd > P ia g d A KIEE (basal forebrain) | < %5
AR A Far che R kAR AR A (Xiang et al, 1998) o ¢ MR & AAR IR G
BATGEAH NPT ELYS » Ao R pPERR I AR T AT - B Y - 12
B % 7 i (Mesulam, 2004) -

2 FAAAE P ELARALR S RGE A F ST G o L A B
% o B &Y BaEA ¢ 45 cortical vascular dementia ~ multi-infarct dementia -
poststroke vascular dementia - small-vessel dementia ~ % strategic-infarct dementia °
PEEI- A PG ERERFF DR BB B B R

B F s e S R B ATROEM G - U E A E (Alladi etal, 2006) -

BELL IR vt L G R e TS (R GERE R
B RIVE RPEEGE o J LRH B RIREAE S RIF LA )
PA G B AR R H R EABORS 3 0 7 E A E & 0% g F]F (Matsuoka et
al., 2005; Kivipelto et al., 2002) ° » 37 # kg M e Nun Study + &1 > FFE
P o AR g R P ER BOR SR T ' { eyl 7] (Snowdon, 1997) e ¥ ks fp
M - B 298 Bk A chm pEM T T 0 BT brachial-ankle pulse wave velocity
$ow g = K (cardiovascular death) = & Ap B » @ &5 A7 4 PS4 B
Mini-Mental State Examination (MMSE) % Hasegawa Dementia Scale Revised

(HDSR) % f 4p B¢ (Duron and Hanonm, 2008). °
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BRI T SRR Y AP AT R R 03 R AT B
A G o LR B EE B R A o4 B RGT AR R

Q_—j T{qu ’ m;ﬂ;; NN %glm %‘Q:tﬂ;g\*ﬁ-%ﬁlﬁ_‘ﬂ‘ j; o

1.3 B g el 4
SBRRG2 BF mr B ko p A3 1867 £ Bernard 5 B ¥ E B E M hen
B4+ F % {5 4% 1 (Bernard,1867) = Darwin >t 1872 & 45 i vagus nerve &< £ %g4p

% i engs f& (Darwin,1872) o Thayer 2 Lane & & % * #2 7 > 3t 2000 & #%

I~

1A

2} ”neurovisceral integration model” » #-j& ~ *o#i FF E A F (prefrontal cortex) I
% i=+% (amygdale) 2. gamma-Aminobutyric acid (GABA) /3 - i@t B2 g4 5~
(medullary neurons) > # {& ¥ < %en§ > % (sinoatrial node) & B P fRp A4 5

¥% (central autonomic network) it ) ko3& & £ E £ F B 40 B (Thayer and
Lane, 2000; 2009) o # 3% # ¥ +p p L4 g°¢ w LB gm I EAL T A
(Thayer and Sollers, 2009) = # ¥ $f.< &2 5genhf fify i 47 5 > dodR S A75 74 2

AR T R A 2 SRR ST S T B R e g %5 “73} 7 “consciousness”

2 “mentality” 5 B o
13



14 B A7 M2 2LaE S 2
EPA MM E L FA S AANE R ST E Y QPR EE A i

Jgehiikren o 2t B2 JE 5 B 2LM M (nonlinear) £h jE o ¥ 7 REE

A TR TR F G R R R e R A R

F M SRR P T 2 WA AR 7 T i g

(stationary) (Tong, 2007) » 714 JF 48 B ¥ if g~ 17 2448 €% 5u (nonstationary) &7

MEAEFAEI P hEA R Fod BAPRMELAY 0 F AT T
(Fourier transform) - 7, #%3i& & 9 %2 + §_%* short time Fourier transform ¥ #fast Fourier
transform (FFT) i& & > Sk {87 12 {8 I 3455 (frequency domain) > & &
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¥ - e R kg MEPFEEFERS (Chaos) ~ #4) (Fractal) ™ 2 *F
(Entropy) 83 » 2 B 911 5 uE B 2 2 o % KRR A TRk 2 2 A
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deterministicF o
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AP R Ao 2 e 2 A T Rl kAT A4 e Bldoil
RV OVE MRS PRARIT 0 B A e E L g RN i selt o LR

7 > FERA Y AP R A A o Rdelicdy o S SRR T % RIER] K

R

“‘i%ﬂ o A fr’aiﬁ ab/[qf\__Im %%{_!’ mlﬂﬁ ﬁ’#_y{}?ﬁﬁgﬁ fy"?—.ﬂ ﬁ_[ﬁﬁ ’ ulg Hb

BEAIG R el 2 e

15



15« % W
PAA S RN OROREE XFIN LA R BRARERE
(baroreceptors) ~ i* & B % ® (chemoreceptors) ~ & % g % % (atrial receptors) ~ &

B % % (ventricular receptors) ~ *¥ ¥ % it (changes on respiratory system) - s &

el
\.‘

z

i $> (vasomotor system) ~ ¥ F -x F ?f‘ sk % -fiF ¥ ik ¢ AL (renin-angiotensin
aldosterone system) ~ 12 % X 433 & % % (thermoregulatory system) (Vanderlei,
2009)

oo iz B enpE P (RR interval) » Brjd3t § 5 B3 &b aug B > oA 2R X F0
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Bt AL 4 kius 2% R (heart rate variability) 07 %> A PF R AR S (time
domain) } - §3+ 3 - 2 RR interval i3t #cF 4o T Ho#E £ % 1 5 (SDRR :
standard deviation of all RR intervals in milliseconds ; SDARR: standard deviation of
5-min averaged RR intervals in milliseconds ; SDRR idx: average of standard deviations
of RRs for each 5-minute interval in milliseconds ; RMSSD: the root-mean-square of
successive difference of RR intervals in milliseconds) » @ ##f 5 4g #* (frequency
domain) + - B|&_i# * Fast Fourier Transform % i 4 47 » & ! £ @BAg ¥+ (frequency
bands) #5: & (power spectra) o 14 F 7| dF * g 3 ¢ ultra-low frequency (ULF)
below 0.0033Hz > very low frequency (VLF) 0.0033to 0.04Hz > low frequency (LF)
0.04to 0.15 Hz - high frequency (HF) 0.15 to 0.40 Hz » H #7% 33 & ¢h¥ = ms” > 12

3 LF/HFratio = — 4 3% % HF & % & = g # & » 7% % ’vagally-modulated sinus
16



arrhythmia’ > § R g4 517 % o3p pF > HF' i< ~ LF/HF ratio® % ; @ % BB # &
% s Py > HFZ & ~ LF/HF ratio ™ X o LF B|¥ i £ 2R 2 &) 2 B 4
ik ¥ X w g EE A VLFR A A B a7 4 - 2 n §iF
Th-L R FERM LS R AR LS ULFRIS & L& B P
(Stein and Kleiger, 1999) -

WERRE AT RN AR R FEE L B R - D AR D P R Bog o
PR AT 2O S ARE L enfdicy ot B E 8T B enis (Zulli2005) 5 4 F 4R 4 )
Lp ¥ Py r R (Allan et al, 2005); B§ #FE4p 07§ LF 2 LF/HF &
% FE &"k M e # ) e (Murakami et al., 2002) 5 ¥ ¢F4R 2 45 )t T 2o R
TRAMEAZADN (g tilt test ¢ HLF/HF) > ¥ AR T R g fig fE 4] A
(cholinesterase inhibitor) =% 3= ;5% #r5& + (Giubilei et al., 1998) -

PER Y e PR GRS BT Y EEET 0 A 3§ L AREM
sleepz* Non-REM sleep & #X » — S R A gl L B A R 4eeant LR AH SR F > 2B
R % f % 'vagal dominance during sleep’ (Parmeggiani et al,1990; Huikuri et
al,1990;Vanoli et al,1995) o i&fEIR % fes U F R —%‘ € i’ 4 (Vanoli et al,1995) -
TR A R ﬁ‘k B L R e T A

T o fEFIRILAE R 4 i £ > H X % ¢ 0 tau protein 2 A PP
(B-amyloid precursor protein) expression 3 A F 1 4o > ¥ 5y P r]“f TR
A g e e TR AR YR R EpER L P g (obstructive sleep
apnea,0SA) » { £- B @ L4k F] (Mrak, 2009)  § 4 F Skedq ) > £ PR
Bc 24k ¥ (chronic intermittent ischemia) ® & r/id = % B~ fgengp EA B 24
&~ & 4 up-regulation of the expression of Nip3 (a pro-apoptotic member of the Bcl-2
family), 2 2 # +r AP (B-amyloid protein) & > F]@m H i ‘w2 k= (apoptosis)
(Zeng et al., 2009) o % & ke 5 3F % Hypbfr o PEFR TSP b $OT IR R B

(Bliwise, 2002; 2004; Abrams 2005) #_— i 'k %]+ > & FF% 22 APOE epsilon4
17



(Bliwise, 2002; Gottlieb et al., 2004) 7 B > @ APOE epsilond» & & %% /s B el
B o BB R F]F a0 KBRS PRIt s P B A dr e ae (cerebral
autoregulation) %~ g P A dwPe LE S R HEH LR L E (Culebras, 2005) -

B HIR S Bk s o pEAR R Y b $Y S B AIATE MR YR R LR

B FlF o iBs G SN 7 g+ av@E x40 iz (Roman, 2005; Portela et al., 2009)

)

AT R H#-s 47 PR s T B0 U * Hilbert Huang Transform > ¢ CK Peng % A #74¢ e
i REET A AR e 2R (Thomas, 2005) 7 7 £ F Zefl 4 4

FEAFEpETH -

1.6%54

ok H - LR RE R e s TR ARLINUE 26 R
A =¥ (spatiotemporal) % PR o e BER A IR o Pl B TR F 2
B E03]70-80 Hz » i (A > - HBEAFE F » 5 (delta (0.5-4Hz), theta (4-8Hz),
alpha (8-13Hz) , beta (13-25Hz), and gamma ( 25-80Hz)) » & £_% e d¥g £ jE @ @ K
IR i #_o $talphaid 587§ & § 0 5 40 F S BT alphaik 697 2 5 oF ik R
% (lateral geniculate body) ~ ¥ *% (thalamus) ™ 2 < g4 B (cortex) F¥Affeihd 3
25 R S e B P B epe 80T 1 & AR Rk & (Difrancesco et al., 2008) -
FIFE OEFEY 8% » 17 (4-FFT dipole approximation % 3-dimensional dipole
modeling) * T & B 7 gk kiR — 4 kdeltak SR B 5 =4 - thetajd #i {8
m % & & o alphajt 5% % - betajk fralphajd 9w 6 (Michel et al., 1992) - @ & i #z
o2 g R LA RENTE A AG TH TR o

AT R T R A RE R R s A FEATE A
FOEAFE - nPFaaa i EAammes s o« Bamip 22 E 0 & - L

(Fourier-Transformation) 4 %] & B>t & BAEE s & > L 1% 2 fAst 23 2 5

LHE LA R BUTE LA B 0 P L R TR & 6% s (van der
18



Hicle, etal., 2008) = & f & #24p i » SEF A et 7 > P A BE R F F L D
H_theta A3 4c ~ beta RS > 42 A Kk E_alpha & %M %> (Prinz and Vitiello,
1989; Dierks et al., 1991; Jelic et al., 1996, Davide et al., 2004).12 %2 = o % &
(Chiaramonti, 1997) o & ® [¥ %ja Bp § $& 7 <0 theta J4 ~ delta j& 17 % fi0 > ek 30
(posterior) alpha i e33R % > © 4 ZFF H 22 75 5 ¥4 jn (regional cerebral blood flow,
rCBF) ~ &~ 1 % 3u4vs & (Mini Mental State Examination, MMSE) 7 B i
(Celsis et al., 1990; Ihl et al., 1989; Julin et al., 1995; Passero et al., 1995; Rodriguez et
al., 1999; Sloan et al., 1995) - j& 22 3F T F i+ 4p B 2. "5k % i* (event-related changes)
227k —g » 3 A & P-i# alpha 4 02 9% it (desynchronization) £ 3% & & PFie
% (semantic long-term memory) & L F it 4p M > @ theta & ek H 1t
(synchronization) > | £ = {f ¥ #8 (encoding) #7F M hsc # = I 4p B} (Bastiaansen
etal., 2002) -

o DA F R PERIABARREBOH G B AER DR R E T A
FoaA oo AT LR ARPER 0 — B RGN (T Ak WA A0 R
AR L TA S HE U E ST E R E S 0 AP 2o 2 (functional
connectivity or functional coupling) o ** F N P F i 2GR P B B REBEF AN
35 13 3 4pikidg (interdependence) B % ek v o ,%’gup T Malwre Aot gt &
T8 2 #3 4 (Nunez and Srinivasan, 2006) ° i3 7 3 12 & 77 a4 8 & (couplings)
AAERL L TA féf"/]i"ﬁ—’f—' o R e R Bmrr i R AL 0 T R RS KR
% it ehsy T % > organized complexity T *%# (Calderon Gonzalez et al., 2004; Takahashi
et al., 2009; Czigler et al., 2008; Cantero et al., 2009) - H % it % fontal, temporal, %
parietal area 3R % (Bourdaud et al., 2008) -

B AL A P4 P AT AR A AR A B (A AR 2 o A
F 4l s~ (cortical neurons) @yt B i igd o BT 4z B KgF: L

microscopic among neurons (synapses) > 2. mesoscopic among populations of neurons
19



(hypercolumns) » 3. macroscopic among modules within each cerebral hemisphere
(modular networks) o izt B fi i B B IRERID] 0 P w i d Pl oA TR Rl f#

o Yg 4 & % F K channels ¥ F % i (synchronization) #42/ » © AR 5% %
AR BRI A L S (functional coupling) o #73 ek i > B IR A ELD

A eF il PR I ApI R g > ERMREIEN G

f

- i E R FARS BEL xR BN SBMEX FAHN LD g5 R
(neurotransmitters) 34 & - & H o i *24g st (cholinergic systems) (Xiang,
1998) - F7 i B d K A EE (basal forebrain) I« Fg L F 14 % /& 5 st che vk
%ﬁ%] » (cholinergic input) & X 4f 57 (Mesulam, 2004)° & % "Edg & BAR TR G & Fy
LI P IR E &YW o decortical arousal, sleep-wake cycles, visual information
processing, learning, memory % # iy °

Cross correlation and spectral coherence 2 % synchronization likelihood &_7 &
TEREERE MDD A S ML H SRR AT 0 A R e
B channels ¥ B} Tk en@c & 872 > 7 R 0 A G Hiwre fF eife o 1 0 2 F R 4
£ o Cross correlation #_% g iR PR R 7 A PF AR & b ep linear correlation o @

Coherence| £ 7 frequency domain_t Hilinear association (Shaw, J. C. 1981; Bendat

and Piersol, 2000) - 3K — ¥4 g~ d 2R fAF T3 Fa & —423 4t (firing) -

PR EFA T AT IR g A s 0 B 1F B 18 dhcoherenced TR E o APV
IR 4rdk xR TF S K ;ﬂ—f"i"‘f‘i}%%ﬁ' E Rl S R p

coherence & 3% T % (Nunez et al., 1997; 1999; Thatcher et al., 1986; Pfurtscheller et al.,
1999) - Synchronization likelihood | &~ fa2tauid e~ | * jp 3 B 4k ~ JH3TiR A
Wmen™ 2o Beaw AR GEAFRH A U F LAy o Ao
ZERNED fam i EH DT Et a2 2R F T (Bhattacharya,

2000) > #7010 R F bR e 2 L Rfe i g 0 v 4e independent component analysis

(Anemueller et al., 2003) # ¢ * HHT - §2% } synchronization likelihood * ** % 4z
20



F13 ¢h3F £ B ot beta synchronizations™ "% f? &5 27 [@ %A 2o 3 B (Stam et al,,
2003; Pijnenburg et al., 2004; Montez et al., 2006) - ¥ “t» F = ;& & * spectrum * 3+
¥ H synchronizationsh™ w45 #1i& * 133t 3 2 4o directed transfer function (DTF)
% multivariate autoregression® - & * - fE 3 2§ F g o AP A RGERE
directionality of parieto-to-frontal EEG synchronization#_7% it ¥ &7 (Babiloni and
Ferri, 2009) °

IR R T F A ) o b2 (o B A R - e i

3\

SR A AP FE R AL o bdeeri) B & R AL (binding problems)
(Singer and Gray, 1995) > 4#+t ggd &2k H d 7 o ot A S AT g i 7RA - B
¢ AR A AriP A A R X Pl ? lE'?TJD'% BEE - F RSN Ve 4 A AR
SRR g AR TR 0 BT FH S F Y BT g KR A AR
OISR  APREY R L EROEIRERPE T oo )’i-*‘uﬁ%%?ffﬁﬁﬁ ' x

FRABFREECOR AR o Eif AL > IR SEET T e s B B A 2 S R
e BAIAAER 4 3 F PR G AN RA B A R F A kDR Y B he A tau
protein phosphorylated on threonine 181 (p-taul81) % tau protein phosphorylated on
serine 199 (p-taul99) » 2 E & H AP A REZ & ¢ 32 4k (Boban et al.,

2008) o Tk A 45 b e e AF G PR IS )L AR B 8 e ve

1.7 &%

how i o BORA B A R R P WA BRORE S 5 %2 B % (Torre,2004;
van Oijen, 2007; Newman et al., 2005 ) © i&# 45 = ¢ 5 J (large vessel disease) -
-] P T (small vessel disease) (Vermeer et al., 2003) ~ 1 % % o &g w3 &
(de la Torre, 2002) o 3 3F % B £ & " A it ch S ™ * KIFR P b g &2
(Hollander et al., 2003) > &|4-carotid intima media thickness (IMT) ~ carotid plaques -

ankle-brachial index (ABI) ~ 2 % aortic calcification® ° 7 % 1€ R4F 2 B A7 pr s
21



"t4x ¥ (transient ischemic attack, TIA) 2 % 4w [+ ¢ h (ischemic stroke) rﬂ&iﬁ"
¢ £ E10%h 4§ % F Pk A (peripheral arterial disease, PAD) » @ 2 51%¢h 4

# ankle brachial index (ABI) < 0.9 (Weimar et al., 2007) ° &< %> & > B 5 3K 4 &

4EA Gl R R Y R S S PR R 4 T M (Lopez
and Calero, 2009; Qiu et al., 2009)°# % e&247 -k e A b & X eh54p-kend { 75 5 % 4
AU % (Okmura et al,, 2005) o 2 &4~ $eb K 5 % 3 5 s enfesp 52 B -
§ANit ARSI 0 H iR R o X AR R I T R £ R g o o
Flag KT R e g K PEERF RS o - LaguEiRd - X grhRE 3 &0
1600cc » B4F E_H2F|3 02 2 fF o AF2 3 #-fe PFiE 33 5 B B 4L (Hodgkinson et al.,

2003)
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¥ = -ﬁ- F;L /z;"H'}J'

21 F 1 ¥ %

AFIREL - BHUEAPFLRESHE R BRI JOHR L2
B EeF o LB F 2 L a FladTpk #sk kL (IRB-2008004) (*ié
10) » Bomie s 65 2 04 b dh Ao 3 gs Rt dp 2 8 A A7AR B en i Shae e A
S R rﬂ)’j‘*u;ﬁ AT AR - IARPE L AR R E o B AR R
(mini-mental status examination, MMSE) 534 8% 3 F {8 4 B[ 30 3220 26 F 0 of
CRANE R R LRE AP LA R R LS o HEEN S S Bk s
BRERlF 2 PLREOT - BEEY 65 Rt g Eie ARk Y R

RYELRET R B BRAFEME 221 - ERNE UL R NS SR A I sl
AELTHFLEAEAN20H 0 PR W ETERLE B :}ik“,f ST
M % B (atrial fibrillation, frequent ventricular premature complex or atrial
premature complex) ~ ¥/ JR¥ i & F PR Frd A~ oo B SRR~ A S HE > T
i s Bk TR B R TR R~ B 4T MeE B E 4 BI2 &
ER L~ W3 o jkFE s g L § g (Creutzfeld-Jacob disease) %
H W H L R GK ' (normal pressure hydrocephalus) 14 2 & %o %o "2 ff -k
g 31 & (chronic subdural effusion or hemorrhage) % -

fs&%‘ff%f}?a.fﬁ@ A (age:80.52+5.6, range:67-93, AD/VD:24/36, male/female:30/30)

¥R 2294 (age:75.28+6.5, range:65-87, male/female:16/13) o

22RFFTH Bk
ArFTHREs R 28BN~ 2 F B E - body mass index (BMI) ~ "R »
e s o RS 713;(?&@:\5%&.;3}_ S REER R S T e AR R S PR P HCE GROR S

FE T~ A~ UF) s 4 5 By (Vitamin B12, Folic acid, VDRL,CRP, HbAIC, Na, K,
23



Cl, Ca, Glucose AC, Uric acid, GOT, GPT, BUN, CRE, CHOL, TG, LDL, HDL, Hb,
Het) ~ fjife (urine specific gravity, urine albumin) 2 £ & ~ 5 € (% & B~ #R
Fios PR FR Y A M ROR R E AR BT RRE) R B
(anticholine esterase ~ antiplatelets ~ antithrombotics ~ Statins ~ NSAIDs %) ~ §&/k 5 ¢
A4 B (5 ¥ B A ~carotid bruit~apraxia~ aphasia~agnosia~upward gaze palsy
Glabellar sign ~ deep tendon reflex ~ Babinski sign ~ rigidity ~ stasticity ~ delusion -

hallucination %) -

23 a7

RIS FARMGA 24 o T Bl BcEs s P FARF A BE- R
ek R £~ 3R AT i B %  (mini-mental status examination, clock-drawing test,
clock-completion test, number transcoding task, trail making test, world list from
CERAD-Plus, Boston naming test) ~ {7 #+ % j£# & % (Barthel index, timed up-and-go,
Tinneti test) ~ & 4 ip ¥ (geriatric depressive scale)

Bopler FeitR R E R E (R & ABRER)
231 ¥ RG22 B RE LT

i¢ * Harmonie version 3.1 digital EEG Stellate Systems Canada 7] %54 » & p
TR B A ARk 0 BRI 0 1020 kS0 BoRRE S 200Hz 0 kiR
CEANECY S AN R SRR NS ¥ TSP P Ve Y Y
TR BTG S RER S EA B (PP R A resting ~ Pk {1 photic
stimulation ~ /7% ¥% hyperventilation) T > & £ X M PEE KA 45 o
*Data # ¥71#¢ * MATLAB
2311 MM gy

#g3 & 47 (Spectral analysis) : FFT 8 & 22 5k & (window) 3 B > bi4e

window B~= pBF o Bk (slow waves) ¢ A d# b 5 leakage IR % o ipfdR|E B o
24



%o BB A TIRG 0BRGN R A PES R (vigilance) @ T 0 Linfd
i A p3RZ R (intrapersonal changes) ‘“ 42 A "2 Z B (interpersonal changes) i»

T 4 & 4F (Fernandez et al., 1993; Harmony et al., 1993) o 82 2R: 3 = 7 &g 4 $30

)

47 3% & 47 (spectral analysis) » & * 20 § & window L it B e 324 © 5 fELink
% (Adler et al. 1993; Gasser et al., 1985)> 2 B 4 305 ¥t % "dr X BigHE 3 &1
®204)7 ac @ 55 (%~ it » £ H do’coherence’ iethpe @ chdk d > & 0 {
Jehwindow kfoR RPN DA ] ERom AT E RERT A RN ED F A (T
F' H - window) enf|F7> F > B anpE P H L window 0 £ —g H g i il
o
2.3.1.1.1 Power spectral density (PSD) - amount of power per unit (density) of
frequency (spectral) - #c % } ¢13, % % the Fourier Transform of the autocorrelation
sequence of the time series : P~X) 20 #;4& data’ » %| & ! & B channels (Fpl, Fp2, F3,
Fz, F4, F7, F8, C3, Cz, C4, P3, Pz, P4, T3, T4, T5, T6, O1, 02 ) % B % F a8 fX
(delta, theta, alpha, beta waves) PSD I 35E o %% & 42 k % # it % @i (brain
mapping) o ¥ 7 i e L EE o B et e 2T ko8-20 f)ehdata A0 E 2
Fi~3F 545 H iz 1/8 #% (shift) » A W B I 4> L4EE ~ & channels &

fcie ot g %14 ) (mean, standard error, skewness, kurtosis) ¥ = # % 12 fE

5

o

2.3.1.1.2 Spectral Coherence - The coherence is a function of the power spectral

density (Pxx and Pyy) of x and y and the cross power spectral density (Pxy) of x and y.

_ _IPxy(D)?
x and y must be the same length. Cxy (f) = Pxx(f)Pyy(f)

I 4o 8 PSD - B~ X 20 fj 48 data> 12 B 8 #5558 K s & channels & 2 coherence ©

B]4c& B channels ¥ ¥ Ol #3F & ~ & %3 12 [{) F &£ % 4p 380 channels & ~ = &
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A channels F 38 5 % o R{S4oi@ 5 PSDPF- > 5 1 H & window (235
#)) 7% 1t ('mean, standard error, skewness, kurtosis) °

2312 & st

2.3.1.2.1 Synchronization Likelihood (SL) : the likelihood of the synchronization of
phase space : (Stam and van Dyk, 2002)

P40 fyendata e RRENEAPZ B8 Y > WP F ML TR AT R ap i g

§ s A4 B S

1 N
PP=—— Y O(e—| X, =X,
K,i 2(0)2_0)1) ; ( | K,i Kk, j D

o<fi-jla,
2.3.1.2.2 Multiscale Entropy (M SE) :

A& &+ & * Sample Entropy (SpEn): Z_% % ‘the negative natural logarithm of an
estimate of the conditional probability that subseries (epochs) of length m that match
pointwise within a tolerance r also match at the next point’.

¥R H - pFRY ¢ R (time scale) #7 ¢9% (entropy) & kTR PEFR A 7
2 P> MSE M2 Aol anF S ERE R R R Bl ok KRG EX S
T AN E FiEdand gl e ¢ £ B I 1 1) coarse-graining the signals into
different time scales; 2) quantify the degree of irregularity in each coarse-grained time

series using sample entropy. (Richman and Moorman, 2000)

Scale2 » . . . . . . . . . . . . .
Xp X2 X3 X4 X5 Xg Xi X
. e e e ‘ . i«
e T o__ . H
S - yi==—>x; I<j<N/zr
Y1 Y2 Y3 o o yi= XitXia T n=(-1)t
' 2
Scale3 » » . ] . . . » . » . o .
Xp Xy X3 X4 X5 Xg X XiarXisa
Yi ¥ yo= NNt e

3 [ M. Coslz e . PRL 2002, PRE 2005 |

e & > 4% 42 T+ 3 (nonstationary artifact) T o BErid & X ez o Fpt 3 4B
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F chif 42 (detrending process) % (7 2L ¥ £ & (Costa et al.,, 2007) » & 47 7 & *
empirical mode decomposition (EMD) method (Wu et al., 2007; Huang NE et al, 1998)
k4 A3 5L A detrending process * EMD M- 5Lj%4E 5 intrinsic mode functions
(IMFs) > 4& i< #7 17 IMF #-3 g H-. (Peng et al., 1995; Ivanov et al., 1999; Peng, 2009) -
B~ 40 fyendatas B M S E scale 1 to 20 eniE | #X 12 —‘Ff, A w] B~ AL F (slope)
A B fe(sum) kg H AR e
2.3.1.2.3 Crosscorrelation coeffiecient between intrinsic mode functions (IMFs)

P 40 AU il BAAEE 2R EMD 2 E R A R A B
IMF » A3 D& 24 % > & &2 f channels # ¢ ¥ ¢ cross correlation
coeffiecient -
4em A1t > IMF Z_d4 EMD ﬁ’i’fﬁrﬁ @ EMD £ HH T e & $84 ¢

X(t) =c t)+r(t)
For a time series X(1) : G Pt (O
;cl(t)+cz(t)+---+cn(t)
IMF == X(t)—zk:ci(t)
i=1

cross correlation coeffiecient :

(F*9)n) ¥ 37 fm] gln+m].
232 24 s REE A

i@ % LEHcE o2 (Microstar) %52 MyECG E3-80 Portable Recorder » 3s4% ™
24 | 5§ R 0 P 05T S00HZ -
2321 @hmi o4t

¢ portable recorder ¢ p #- if /p] 1} atrial and ventricular premature beats (APC or

VPC)eri A 1 f Pty I BHE 45382 fed 3 10 2 o % {258 % APCs 2 VPCs iff
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2 I % MM FRE =4 normal beat > #X {8 B P~tachogram’ > 7t T I S A B
2 [ ehpE B 9T 0/ 7 A 5 RR interaval (RRI) time series® - #-3% time series
2Hz P4k F U £ B 0 17 5 8- ) A {7 dhdata o jRRE PR & B~ 2 0] PRATRLEL
AR L

PR AR SdcdcT:

MeanNN (meanNN intervals, ms), SDNN (Standard Deviation of Normal to Norma
heart beat), RMSSD (root mean square of successive differences, ms), pNNsg
( percentage of absolute differences in NN intervals greater than 50ms, ms)
ok & B8 RRinterval en% R 2 &% gAY 45 (vagal tone) 58 o
i# * discrete Fourier transform = fast Fourier transform (FFT) i& & ;% #-time series
#& 3 = frequency series. iF ¥ ;2 7 $345 the recommendations of the European Society
of Cardiology and the North American Society of Pacing Electrophysiology (HRV:
standards of measurement, 1996) °
W FARS ST

Power spectral density (PSD) g Spectral distribution— 2 # £ & % : very low
frequency power (VLF 0.003-0.04Hz, ms?), low frequency power (LF 0.04-0.15Hz,
ms?), high frequency power (HF 0.15-0.4, ms?) > 2 low /high frequency power ratio
(LF/HF) -

23222 L 45

A 0 HHT spectrum % ¢ PEFR (O RRI > 2 R & BPERF 5 - 3479 & 04Hz =
+anE Y > R R FRIIRAN G wE IR MAE (0.02-0.05Hz) =0 sinusoidal
waves > 134zrs @ CK. Peng 7 § B Ffensg 2 > Pl pEm e ¥ o 5 B o 30 E A%
HHT #-% IMF A B » 35 8 e IMF » 7 & L pEfR e s ¢ b chfE A28 o AT
T @ 4B 4 AT pER ef e P b &7 & Jr 0Rf % (Thomas et al., 2005; 2007) °

H @ 2Ea 4 e 7@ * Multiscale entropy » = j2 & 3 i o
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2.3.3 @& # 5 3 Cognitive screening
MINI-MENTEL STATUS EXAMINATION ( MMSE )
o AR Aug 1999 (score < 26/30 as dementia) > 7 3 F "ﬁ o 2 30/27
KA (s ) -
CIOCK COMPLETION TEST (CCT) after Watson et al.

AH OB PR RBEFRAFRIH U319 02 124 LM
FAFA4BEN LA N 4B R UnikT RET3BLS  FFREER
Ao FAPY OA2EmE T 3B RS 1A 0 Rfs- BRUL 446 o BA B
T F A B £ 4 7% (Berner, 2004) (4% 2) ©
CLOCK-DRAWING TEST (CDT) after Shulman

TA AR AR RIS B FORE T A RE 10 Ak 00 Ak A
(Schramm et al., 2002) (*#4% 3) °
NUMBER TRNASCODING TASK (NTT)

AR < Peid RISk o AR 2 [P0 ReF L DRI 0 JUR Y iR % o
R L~ B RP hEkcF g > ¥4 Elke Kalbe 7= 2000 & >4 K Koeln #% 1!
(Kalbe et al., 2003) (*F45 4) °
WORD LIST of CERAD-plus (CERAD =Consortium to Establish a Registry for
Alzheimer's Disease ¥ Memory Clinic Basel ,Germany % & @ &) o

10 B EnE - B 2ad R AL EY %&’?‘;%-Té i d 2 hmw Bk o
—REAZ A REET XS g r e el BB (fES) o
TRAIL MAKING TEST (TMT)

Bl adidg 0 B AF R R Dt RGER LT AL executive
functions (Ashendorf et al., 2008) (*/4% 6) °
BOSTON NAMING TEST(BN)

BERE ISBRA, > #4274 L2 25% L4 % (Gravesetal., 2004) -
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234 BWAR
GERIATRIC DEPRSSIVE SCALE (GDS) fromY esavage (Sheikh et al., 1986)
15 BREEenfg 58> 18 % %R o (4 3 0-4 = No depression; 5-10 =

moderate depression; =11 = Severe depression) (*i{4% 7) °

235 # 2 5# 4 (Mobility and Activity)
TINNETI TEST (Zusatzinformationen ... Thieme Verlag, Stuttgart 2006 )
FA R A B R TR A KN4 0 BB 28 4 0 B3 20 A PR | P
B g A (88 -
ACTIVITIES of DAILY LIVING (ADL)
iz * Barthel Index 5 #f:3% ("44x9) -
TIMED UP-AND-GO (Podsiadlo et al., 1991)
—E3avmEd o P EEBE S FALLD v I opEEF o (FFRF<I0 F5: fully

independent,10-19 #;: limited, 20-29 #;: moderate, >10 #): svere)

236 fan BAF R
F P& @ B-mode %2 duplex flow » e 4T & f 3 5 # % cH ) % E B (intimal
thickness) » & = BT 358 - ¥ iz4kstenosis percentage ~ %4 maximal plaque density

% (Botsetal. 1996) °

237 Bk EH L
TR S BRI AT G R0 T AR RS SRR RS A

v

s EWARESN L ¥ A4 g 0 T $0% F surgical indication =g T o
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24 B AU
A AR S T A A B R gp 11 T 2% dementia (Diagnostic and Statistical Manual

of Mental Disorders [DSM-1V]; Alzheimer's disease (National Institute of Neurological

and Communication Disorders-Alzheimer's Disease and Related Disorders Association

[NINCDS-ADRDAY]) (McKhann et al., 1984), ’and vascular dementia (National Institute

of Neurological Disorders and Stroke and Association Internationale pour la Recherché

et I'Enseignement en Neurosciences [NINDS-AIREN]) (Roman et al., 1993) o

25 st o g

i# * SPSS13.0 2 R kias 47 -

Chi-square test or the Fisher’s exact test* & #& B ¥ % [¥ categorical % 4p 2. ¥ e1%
4| o Continuous variables ' mean value + SD % median# 5+ » I * Shapiro-Wilk test &k
% %% ¥ & Mnormality - Mann-Whitney U test* 12 i® 5 between-group comparison ( %]
AToar g e 2L B A # ) o Partial correlation * k% % #icdy I M % o
Multi-variate linear regression # univariate analysis of general linear model * * # % #ic

PR 22 model e P<0.05 T 2% FPERHFILA o
¥
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31 A B2 ArFHR

B 'i"'*#”ff— EFRESFRE @#”ff"‘%fiﬁ CEFEBEFRINE S K s
8O X » A eRk604 (i piA 374 0 P RGABRE2IL ) Ti0E &
80.52+5.6, = Fl: 67-93, MMSE=19.8+6.9 *~ /5 =30/30 ; $tp 2294 » Ti0E#
75.31£6.40, # [Fl: 65-87, MMSE=28.4+0.9, ~/3 =13/16 - % v VOERR A B 52
W1 §AF LR M VEHFRAE LT AT EESRS L RT EK
e~ P4 i (Body Mass Index % PRI )~ vhr ki s 2 & e B0~ FE
i~ et s 2E Z R 8 g s &84 (MMSE, CCT, CDT, NTT, BN, TMT,
and world list) 14 2 jEé 4 Pl cn Sk F L " PERFFRE o7 3 2B HF
EZRcnBHd PFulEE il ol BEARR - REARRLS BB F 2B
B Fg ) FdET o~ CPERPER v ¢ s & BI12#cE ~upward gaze palsy~ 7 Glabellar
sign~ 12 FFEIRBKFRESE (R])°

BR S BAINT  FELE Fo R R~ P TRTHREF ZERHYE 7
FREMMGE AT 5 E G~ TI08 BRI pE 3 LAk (CRP) ~ 7 R

v~ HbALZ 2Rl ~ £33 MIEAE L~ X Rk = § FIRY &

=
)

I

bt~ FRFRAEM  RAREYR M2 ATIFARRE AT AP

J

E4
3115 &tk

* Mann-Whitney k5% > 7 (N=46) * (N=43) A 2 E#1F St L B o
F#A;7 (p=0.808) » “,/TT 7 Tinneti ~ TUAG ~ WL ~ 2 GDS #F » § (% b & M 58 ¥ en
# 4+ : MMSE (p=.003), CCT(P=.001), CDT (p=.000), NTT(p=.000), BI(p=.015),
BN(p=.001), TMTtime (p=.001), TMTerror (p=.000), Tinneti(p=.440), GDS(p=.073),

TUAG(p=.057), WLIst(p=.108), WL3rd(p=.108), WL4th(p=.055)
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THHFNGRLEADF S EA Y > AP E LS EH A RTBEEL L
(Steinhagen-Thiessen et al., 1996) o %+ & A 2 WA I * G R L ~ 7THF > 5 » iR
B BR AL FRA L PR TELRKRS (Pp<IO) ¥ 2 EHY R RL

(p=0.026) i & -

3275k
3.2. 1% 47 W

g * & F "k o0 alpha & 0 3§ = 48 #& 4% (short-time Fourier transform,
Hilbert-Huang transform, continuous Morlet wavelet transform) =7 {5 e 47 B +* fiade
% > 12 Hilbert-Huang transform #7{# ¢ & ff tws vi— @ 7 Tpest & (B 1-2-3) -

A F B fAEFE T Bdp AR H B ek & channel s 322 % o fas brain
mapping (H] 4) -
3.2.2% 4 # it 48 £ (couplings)

M= xRSk o A Fourier based spectral coherence, 24-44%: EMD based
cross correlation coefficient% synchronization likelihood.
3.2.2.1 Fourier based spectral coherence

#* TR BT OB PR gk kA 45 0 1t dkalpha % thetajd A # F window
coherence % % 4o #77] o Fldeltajh % % P # (electro-ophthalmography) ~ slow
potential shifts 2 % the inhibition of cholinergic projections to the cortex #7/3 % ; @
beta /& % X muscle artifacts 7+ 4§ » sx ¥ R R LRRT Nk o T ERRC] 0 Bt
Gt o B A window™ (2F) ~ 3% ~ 5§ ~ 20§)) & * paired-T test—
- L #% B 4 dhmean of power density £t coherence 0 S EFPF R L 0 A% 3L D
channnels ¥ 3 {<® e— R+ o @ fcoherence™ & ° 7 ¢ #alphas' thetajk > window
A% | 7 7 chilc B A% + opower spectral density (PSD) = & R| % 4 #7 % % 55 »alpha &

3Fj% =~ > mtheta &5k < o ¥ Awindowz = | g 2 B F L - 27 7 “,/]E
33



TRE s AW o % 204 % window® T H - fleiE ok > T F g 20407 2 2 Y

# 34 % — window (1/8 shifting) % % » ¥ #7 # @ (¥ mean % kurtosis > kg

P BRSPS LA, 0 @ % % Bt mean of coherence 24 a & F WL 0 A H F 4w
L rgen channels » @ Kkurtosis of coherence A& % % — R o iz &7 » 4 %Eriﬂ" H g

RS E > RHRREM LRI RS T PR - Koo

1220 f 8 - fciddhdata kg 0 g i A 47 (Mann-Whitney U test) & » v
dementia ¥ control = X7 > J; % 0 alpha power density -’ & @73 fhchannels %
v fe i 38 > @ H oalpha coherence P ¥ #-] o Theta power density R ‘£ 7 Fpl 2
Fp2 ¢t » & H & channels = 4_5 }ﬁa @ 1% ° Theta coherence F'|¥ alpha coherence
- Ren %o TR e g o T P 0 F IR B 3F 4 channels F_if it EF eno
= FAAHREE PRABRES i %~ B ke Alphapower % posterior head (02) &
¥ % 3% theta power, @ theta power # anterior head (T3, F7,F1,F2,F8,T4) % ¥ -
= %% alpha power °

T A gy i window ehdicdg 0 4 R IE IR N EH 2 RIS A B~ FEIR
AR AR BB e A N ke E T I DR A T ST AT
Mk e g BRIV E R B F 228 5 0 eritical points 0 KRG 583- ) grouping
= A e enikgy o Aol e# #ef . (Mann Whiney U test) kiase » 5B F H
£ * multivariate linear regression KA B & & ~ M u ~ X H T ERF ~ AP O
confounding factors o 4 &2 s St g F s [ &30 T (£ 2-3)0

B AT 4o L &R~ se s A M cha 4 A8 Z &~ H *Gik 9 mean of
power 4% 5 > @ mean of coherence A|4%35 o 2. & Wirdp#c® ¢ > L2 i (MMSE
A i) 3T LG ApBE 05T 0 coherence » A £ ¢ e 3. Number transcoding
task - #w]4 B o P OH B 2 2 & A w2 B 0 BT AR {iﬁ‘
coherence #%% > ¥ H A #4XH ¥ ; power frdXi > e o F v E AL ¢ o4

M4k 0 3 g #_alpha 2 E_ theta wave » MMSE ehgw 4 % 7 B4F o5
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PR BB~ E B g H ARG e g i T i I]% 4% o 6. Theta wave
ER R E IR S el - BEE A TR ’ié“fii"éii'ﬁ 1 alpha power
7B o Ak theta BRI S o 7. Alpha 2 theta % < R - R 2
S i & 3% alpha ¥ theta e R eniEai o B S Mg & B FR = c modulation 0 4F X

T filter eHiE* > A AFA P E HFFEFENT FRHEFET o

3.2.2.2 Interhemispheric coherence vs I ntrahemispheric coherence

& “7} channels #% #+ O1 ficoherence #data ¢ » 3% i 4 % £ T5 ( nearest

interhemispheric neighbor ) # + ># O2 % = + (nearest intrahemispheric neighbor) °
* §_ 3+ B coherence (02 to Ol) / coherence (T5 to Ol) » # #-2_ ¢ ¢ 5 inter- to-
intra-hemisphere coherence ratio » * % % % corpus callosum &£ s #f 3 i * ¢
2oy o d 2 T g AP 1 drcorpus callosum B 4 APE B 0 H X SpAR R &2 H AT
ie T 'R efe R b (Teipel et al.,, 2003; Stefan et al., 2002) & d AF7 3 ¢ w0 it 2 %
g o A AR R -‘F’i‘ “aif ficoherence » # § Alintra- hemispheric #  interhemipheric
WL A ddicE ] 0 Fpt 7 %3k (inter- to- intra-hemisphere coherence ratio) ¥
v 4tk F) & Einterhemispheric & & _intrahemispheric #coherece™ "% fi& 5 o

Foobo B AR iE (v d fR3 5 7 3 7 i < Mg frontal lobe $iy B0 3R
A pE3t E coherence (F2 to F1) / coherence (F4 to F2) » coherence (F1 to F2) /
coherence (F3 to F1) coherence (F2 to F1) / coherence (F8 to F2)» coherence (F1 to F2)
/ coherence (F7 to F1) » & ® * Mann-Whitney U test * % f& clinical data (binominal)
% grouping variable % &5 g4 AT S M h 2 HARR b hF B4 o

FERET T ATY

\\?{r

B> E- BIRASACRRBE BRSO 2T -
RePABRO R Pl AP F Y (£ 4) kA0 F BAFH SMMSE-CCT-CDT -
NTT 12 %2 23864533 % i B co Tinnetitest 7 B F ek 2RI ko e lek@i}

TR kA om R & Rgend (5% & corpus callosum F AL G o R A A gR RO
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it (i.e.4 interhemipheric coherence T "3 4§k 5 ¥ & A & L pF) @ R 1 TR 7 & -
@ LG H a1 (T ¥ (i.e.d intrahemipheric coherence T ' ¥ F A B EPF) L2
B- BREEIEAMFE SR { X RHE0P %0 # 3 e & functional image study A it

ST R

3.2.2.3 s+ Power and crosscorrelation coefficient of IMFS from empirical
mode decomposition (EM D)

B4 data %538 EMD (R % HHT i & % ) 5017 F4f 5 ch IMFs » 24
{8 4 w4y 1 ¥R alpha % thetaband #7IMFs » #-i5 4 IMFs 4ed2 k% kiF 5 o =
fa %k (resting, photic stimulation, hyperventilation) ‘& 4 W/i& & > 12 40 #) 5L 5 —
H v oo B% & 4w iRk ek 2 RS AT 4 #icE § grouping variable 0 1/ & * B
% (Mann Whiney U test) kfe&% > # MR AFATA F » FEW A 51 12>
RISE ¥ AR ﬁﬁ? (multivarite regression) » 4 B4 %] ~ EF#4~ 2 X T & #
(i) ~ & BMI (B #=ic 4 ) & confounding factors » % 5 J 4 i sk Hicdy &2 Mok #ic
/T ed B Be Ay %%—'ﬁ PSRRI (R 5-12) o BERAe R F MG L KD
FRv A2 S AE S > S REMMERFL Ss %k o p B3 001 ik
Poip R T o E AR ARG AP R A2 Rl FRIHET F R
Bavgid 0 31 (TR e S X GAp BN ehdg & (couplings) B fhir < >t
- gl o v ae pRABRIS (CDT) # o % vt = fB%k end 3 PPk Tk &
B ik R R A0D e R AR o T /D UK (IHz 2 3Hz) % bl 34
(21Hz * 24Hz) % fljrenig s > 2 giple > 0 A H 5 5 REv§FL op B/
001 H& 5d3%5 o g REHE- L 3 - LRAADFF - & § LR
WOFR A B0 E F ek g 4o HHT i 24 b U 2l 2 0
P R = L F B

4o it » alpha - theta ~ beta waves £ 5 4 2 %A k3 FAEGPOR I FE N &

iRt b e F 8 filter 2l Bt AR A SR04 3 HHT 481347 i
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adaptive filer » ¥ F-F grpEF > A L B2 B ko e3P 2 7| 35Hz 0 F1

BOAHAR @ AR A T RTE S R R AT B AT T

5

4

%G { % channels ¥ A B EE PP R & (F 1) LRI XL F kg 0
SHERI L2 AR (£ 14-15) ° 2 power F k # ¥ E_alpha ~ theta ~ & 2 £ >

*FRA AR AR AR (o~ B4 3 R ) F B power A%35 o (i 48 &
#2 & (cross correlation coefficient) 5 % - P4+ alpha 2 2L E@ 3 » 8 < 304 H )
7“34&%4}5%&;@ A%% > @ theta wave PR 2 BRI o ios AR TR HEIFL §

4 F alpha B> F § B % %5 w2 foalpha L ) 3 52 4= k> theta L £ & time
domain 548 £ & @ 33 » ¥ £ $F } if alpha % theta FiRaiEE > & - BAEEK
B ¥ - BAREE AR o sz e d FFT #spectral coherence . % 3 2_
alpha £ theta 7 spectral coherence £ ek #cig v A% - o5 024 5 F B2

F] % A0 if en kB8 B spectral coherence > @ P @ i HHT f24f15 » “ffieh cross

correlation coefficient B'| ¥_#p# ¥ time domain <& 5 > &3 2 2 b 3, 85 * F

#* o

e

Lk

F J%_power density Kb o Ak 0 A >F 4 (IMF2-35 Hz, all
channels p<0.01) > iZ22 Lav b & § 4 & M endFag Plok > § P Rfdd > k|43 4p 3 o
J& ohyperventilation P# 7% 4 1 42 resting %2 photic stimulation ¥ 57> & 4 /¥ chpower
density £ £ & -] > T A Pider g S endk 3 R R FS Mg o B %)
3.2.2.4 &+ Synchronization likelihood (SL)

#-40 #)chdata *» = 3 ) 0 1/8 shifting 5 % i » % IR alpha % theta waves #ciE
%% - %> * iE &7 F hchannels & 71 it & & o — LI RGR IRRAT TRk
H SL &2 mean » 4%3 > & kurtosis P|4% < o &% 77 F—‘ﬁm”m/ﬁt AR Z R
BB R BB o 2% FFT A 455 %24k » & FFT A 475 >
B R B SRR R B - oV RBRRAFY

functional connectivity (coupling) 1= & » Héor iR L end 1B g K P73 Z4p e o St
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4o b it HHT #7180 % % - & W%k #icdg s 7 > 2L % Mann Whitney U test i
dichomotous 4 7 » B3 & £ > § ki3t { & Af & §2% By o0 continous data W
B4 17 (& 16-19) © % % H_alpha band SL < kurtosis £ Tk #cpip M 118 it > @
theta band SL ¢ kurtosis =x 2_ °
3.2.3 R 3@ % Multiscle Entropy (225 14)
% 40 fyedata K3 E o K #hE scale 1-20 0 4idh i 19 B channels #ciE@ v &
4t scale B] (B) 5-10) > * kB RHA A > Flap b % > 2 ZEHIEHER - iy
IE G R E L e MSE B - iR i PR Y F scale T3 B o doPiE P R

B o * X3tk o u| ¥R & B channels fas 7 B8 I 0 ¥ scale 1 3] 200 * $R 4

ey
[
wE

e PR ARELFEE - SR FORE o R P AR RS HAT R
(complexity) & - 'L ¥ scale H F LAE» AL > 5 - A7 LR PiFRAR
(organized complexity) o ** #_#-scale 1 to 20 sficdg > R4 S 4= &k > L * §ok g K
5% > R A * Mann Whitney U test & dichomotous 4 47 > 45 135 i3tk ¥ o
channels » £ * multivariate regression % % # confounding factor £ f&/ #cdy e
continous data ¥ §F 4 17 (% 20) °

MSE ehig % Bom » i i ~ Tz (7804 i s mBEE - PRk A
R '};5&?5]5] » & B channel ¥ 3 #& it MSE % qr o Rm = ﬁ_ﬁ/ﬁa DM -
Hypertension ~ Hyperlipidemia P|4p * 2. > # ¥ & & channel % - 3k > J* % &2 @
GOSBEEEE AR - R 4 L @ AR ER RS R 3 el

% selection bias #7ig &y & § H @ R F] o

33 LW (ERE L)
FBEREEFY GRS RFREREE N - K2 Pendata KEE > A B
SRS 2 B A pEPATE ¢ en% B Mean NN+ SDNN - RMSSD -+ pNNy » %
BR

LS EPEPUR G AR E B R AE
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AR+ e f: LF~HF ~LF/HF > ¥ ’ﬁ A pER P e LF (p=0.025) % LF/HF (p=0.017)
BB HRE] B LD (% 21)

331 wEREZAMLY

3311 BB AN S0

pER ¢ o LF 2 LF/HF fsop efiis (B 1) 3@ * multivarite linear
regression KA B & &2 - w2 7 £ #0180 MMSE 4 #ic pR ¢ HF (r=0.243,
p=0.030) % LF (1=0.23, p=0.040) ¢ricit & & 4p b &3 & ¥ 22 MMSE 14 #icdh
tp B 0 &4 % F cognitive deficits (74 fpEfR ¢ > H HRV # enHF 2 LF 9 & ¥
AT > 5 dose effect o im+ ¥+ & 7 " e cholinergic deficit € E 4% FF %0
¥, X8 central autonomic pathway % it » RS BB ER B > 50 27 CRHERR
fH i T E o
3312 %38 —ﬁ PER P B R A SRR
ATF ARG BRA O PER Y e ERE L A BXRH THF RS 0 EH
L2 g T % > LE(p<10®) ~ HF (p<10™®) » % ** ¥ — {3 % it "vagal dominance

during sleep’ %% > 2+ * LF/HF ratio k & & > & T § 8 L B A (G 4 338

fed
e

TRA G LF/HF K¢ ™% o B % L iR epm? LF/HF 7 % %25 E 7]
BER & (P=0754) (B 12) - @ &2 - » LF/HF ™ "% ird 7l 3 &
(P=0.002) o 3% i e 2K ¢ L APl v $HPR lp E SRS 0 SRR B G
GOAEFR T, A A e A P R o e ARG BRAERR ) KU FAT S UE A
FLesRamdips 2 bF2 v BREF - 20 A F ™ % ic B vagal
dominance during sleep i3, ¥ 2k g HF i 4 > @ &k p LF 7T "% > LF ¢ 3
TR R BRE S —'ﬁm:,k/,} s BT T K FR— IR TR T gk d pb T RS o
3313 ~ &% 22 Timed up and go (TUAG)
TUAGT * kN & 74 3 jFdoa 3 » IEARZ LA T2 PERARS » Fh4| -
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S AIOf PR AR E LD K EANI0H AR A A B
Mann-Whitney U test % & % HRV data - 5 % fifrequency domain = & jjfL.< § B h
LF2 HF # £ Ff SR eRg n R o T BeLF2 HF R ¢ £ Fd R 2ig
i B3R ¥ PRI £ § e LE/HF (p=0.008) % pifi e LF (p=.006) & % L7 %
Reen A e (422~ Bl13) o * multivariate linear regression 3 & & & ~ 4 %] ~ BMI ~
12 %2 MMSE4 #cts » * TUAG P& R FER/HRV > 822802 s Pl szt lg ¥ » e £ 4r

Hepkm ¢ HRV S F b o & 7 (7438 RARE- A pER P HRV e+ o ¥ “h b i
MMSE % TUAG % ZMMSE 4% 3 P|TUAGA% ] » & T A% F ch A B i 4 (B
14) o

Mode 6 of EEMD » & r * HHTf%14£ (RR interval) RRI time seriesfs » B~ H #7 5
£3%0.02-0.04 Hz2. ¥ (hIMF % 'Jé ' F s 14+ B CKPeng ¥ 427 High & &
¥ i & pEFR e® ¢ b (sleep apnea) o @ PEFR ¥ Mode6 of EEMD power % {7 # ¢y 4
WA B ERE (£22) &V A AT REREY b S X B e g 0 BT AFE
1 %y £ FE e 4 LA s BMIy (%] (BI15) > - el E AR L
ARG 5 FpER e Y b i e % 0 ¥ it B 4 confounding effect > 12 Mode 6 of
EEMD % 5 pEf s ¢ oL > 02 3 EphRoed @ b B0 2 (T8 4 Pl T R
TR -
3.3.1.4. HRV data £ Glabellar sign
Glabellar signij # — 430 5 £ 2 FF F 914 5 B > IH-Glabellar sign 2 MMSE

binomial 4 & (1<=263% %) k5 Hipk 1+ > %% Fisher’s exact test (p=0.367)
McNemar Test (p=.055) > £ F#P & A5 F#F 2 53 > 4o AL F 78

F-bd il o Frx BEp it g B FRAE A B2 58%E ¥ chcentral autonomic pathway
P2 %% AR § 5 fRPF HLF/HF ratio #i2 3 Glabellar sign: 4 2%  (p=0.031)

(423)
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3315 wEHREY ZL R

F?P

3 SDNN F &M FL & (p=039) &4 717 % = B4 2 NN interval
N

LA

)‘] 5
i\

(normal heart beat interval) -] » 2R | > » A F HTF é"ﬂ*‘ 7=
FFORPIRE > B P B P E e R E Y RER R (£24) -
3316 wE%E & DM
WHRREF R ERE d 2 p A G RRNEF R R - KRt ]

parasympathetic tone #33 o ARy % & LI o time domain 5 Hc e pEFR i1
RRIs » @ %5 8 F £ 8 (PNNsg,, p=.022 ~ meanNNs, p=.007 -~ SDNNs, p=.022 ~
RMSSDs, p=.024 ~ pNNso;, p=.001) - frequency domain P fif-fEL% pEFR e 5 dic 'y

7 ¥ ¥ 7 I (HFa, p=.025 ~ LFa, p=.006 ~ HFs, p=.003) » £ # & ptm ¢ HHF (& &

CRAMGHR) ABRRREETEL S (225

332 SR 2 2RM A Multiscale Entropy

RRI data f HHT 4 fZ {8 » Jpd-i% MAF » 2R {8 B discale 1 t020 hig o * ki
T B2 MSE# 4 B % o

wh Ll &3 F- BEMSESRE 2 A BTG AL ROER
di k> 73 CCT slop of scale 14 _ 20 in awake EKG = f 4p B (r=-0.252, P=0.020) >
@ upward gaze palsy BJ£sum of sacle 11 to 20 in sleep EKG= i 1p B (=0.279,
P=.012) (% 26) - m awake EKG¥ MSE sum of scale 11 20 LF/HF =t & 4p i (r=0.316,
p=0.0003) > - % ;s MSE4% < » p|HF4%dominant > & % s # ‘St & 4%5 (B16) -

e § ) MSEZ & &3 B (F17) -
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34 w g195nH B
SEGE PMEER A BEY AR, FOMAMEB AT T T 2R
MEL AR K o
341 ~ T WENHAZ MSE #pt &l 2 (MSE of RRI and M SE of EEG)
+##MSE of RRI# MSE of EEG#1£ 7 £ it A 470 5 % w fFanfl & &2 2
(3T P I LR < % BIRRIFAMSE (sum of scale 11_20) % 5 ALk 4K f&
(eye-closed resting)s7%& & 3 ¥ % channels (Fz~T4 ~F3 Pz~ 02~F8-F4~P4~C3 ~
P3+F2) ¢ MSE (sum of sacle 1_20) & &+ f 4p B (%27)> X @ pERo< T BIRRI
MSE (sum of scale 11 20) R & ¥ photic stimulation (1% 3 Hz) PFen?gl 37 5
channels (F2~T5~F4~T3~F1 ~T4~Cz~C3~02~Pz~O1 ~Fz~F3~F7~C4)
MSE (sum of sacle 1 20)% &+ f 4p B » &2 AL AR &R f& chi i B 7 5 O2% F2
(%28)
342 <~ WML+ (FFT of RRI) 22554 2 MSE# p* BF el 4
W & ¢ % ILMSE of awake EKG # LF/HF = & 4p B » >t 8 2 i 44 & "5 MSE#2
ATR RIS A AT e Sl 45 3] 7 5 AR SALF/HF ratio & ik 4 RpEG k< F4 Pz
FO2EFR A& LR R fAp Rk (£29) %@ pif pF OLE/HF ratio #
hyperventilation #&& c9 F3~C3~T3~02~T5~T4 ~P3 > % photic stimulation?é

M (IHzand3Hz) T4~ T3 G v fFa FE&2 BuliS X {40 H (£30) ¢
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Fr R ot

< ad 4 (neurons) oyt 2 B eNEHEET 4 = B =kt MBL (microscopic)-
A E AR F R fE (synapses) R iEil ; ¥ B (mesoscopic) P - EREFREI|E 2 H
feAp e edd 5 e (hypercolumns) B ¥ ; E L (macroscopic) @ * Pa# 7 R
1 {EpF %4r 1 i e hypercolumns 2 — i i modules > modules ffr — + "5 L :§ 2
A LB ahie % (modular networks) (Walter, 2007) o & SFBLaw= 7 & 87 i & 38 %
Higp 2 AR ARFR* functional MRI (fMRI) % 32 #> i3 » e fMRI &0 kvt

(signal-to-noise ratio) /|- @ ¥ & j* ~p T ¥ fm e Y T PR B AR 0 BRILAL I - S

BRG] T F 2 B L TR & BRI % L T 2 AR IMRI 503 Ko
e E3Z4cimd X 3F —1:]% P e R AR E R A gl ﬁq:f#_ T§CER
ErAE B kg-Hotr o TERINFE A ITHITTEH o AT BTN

ATk A FFT ~ wavelet & P mv i (7 endfd = 02 > i@ * 2L
HHT it 22 & T pF ~ 2 4 B i g 5 (Lo et al, 2009) o g * pbjx * 3t A2

TRFHESL 2 R ¥ el B LT e PPy - &35 H MSE -
synchronization likelihood % 7 ‘" & 4L 2 { Fenks % & ) -

AP R RBOEERR kG HEA Nl T U R RIE (T2 0T o
SHA AR E A E D R A F AR BB kLR A
B B Z ¥l W AR ks B A 2 3 s B

doig o WA B EEFELP e 2R EEENRE ST EAALOES o A
B3t i@ 5Lid = £ 4 47 0 power spectral density (PSD) % spectral coherence

SR E- & 20 EL 0 A £ AT i*ﬁ H mean % kurtosis o F ¢ B JE 0l

HETER R RN 0 DG BRI 3BT R g P

PAGEAREEF R RN mAFERASAGETRIBLER LY L
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SUMMARY
Introduction
Dementia

The load of caring for demented patients is globally increasing very fast as eighty
million demented population is expected in 2040. Since all current therapies for
dementia depend on early diagnoses, risk and predictive factors for dementia are crucial.

Alzheimer’s disease (AD) and vascular dementia (VD) are the two leading causes of
dementia, followed by dementia with Lewy Bodies and frontotemporal lobe
degeneration. AD is based on its pathological characters: 1. Beta amyloid peptides (AP)
with an increased ratio of AB-42 to AB-40 2. Neurofibrillary tangles (Tau pathology). 3.
Granulovacuolar degeneration of the pyramidal cells in the hippocampus. 4. 50-90%
decrease of acetyltransferase activity in the cerebral cortex and the hippocampus.
Recent studies have revealed the following pathology: cause-and-effect chains of nitric
oxide to the formation of AP, dynamin-related protein-1 to breakage of mitochondria
and damage of synapses, and the damage by calcium ions and calcium channels.
Vascular dementia is a heterogenous combination including cortical vascular dementia,
multi-infarct dementia, poststroke vascular dementia, small-vessel dementia, and
strategic-infarct dementia. AD and VD share common risk factors as aging and vascular
risks, such as diabetes, hypertension, metabolic syndrome, homocystinemia, atrial
fibrillation, and smoking.

Neurotransmitters such as Acetylcholine (Ach) and gamma-Aminobutyric acid
(GABA) are considered to play important roles in the modulation of functional
couplings. Accordingly, Ach has been found to play an important role in functions like
cortical arousal, sleep-wake cycles, memory and learning through both the nicotinic and

muscarinic receptors. The cholinergic input from basal forebrain and hippocampus is
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impaired in Alzheimer’s disease.
Hypothesis

The goal of this study is to find reliable markers for diagnosis and prognostic
prediction of dementia by cheap, easily available, and noninvasive studies such as
electroencephalography (EEG) and electrocardiography (EKG). 1 presumed that: 1.
The brain function based on couplings of different area is disease modifiable and
mathematically quantifiable. 2. Various neuropsychological tests could be compared
with EEG in order to study different modules of brain functions. 3. The complexity of
multi-channel signals as EEG may better be presented by nonlinear techniques. 4. The
relationship between EEG and EKG could represent the cross-talk between the heart
and the brain.
The Brain and the Heart

The Brain and the heart are the two most important organs in humans, and the close
connection between them was first articulated by Claude Bernard in1867, based on his
experiments which systematically investigated the connections between various organs
in the body. Darwin in 1872 suggested the potential importance of the vagus in
bidirectional communication between the brain and the heart. The central autonomic
network connects the brain and the sinoatrial node of the heart through direct and
indirect pathways involving the prefrontal, cingulate, insula cortices, the amygdala, the
hypothalamus, the nucleus of the solitary tract (NTS), many area in pons and medulla,
and finally via vagus nerve. Recently, Thayer and Lane have elaborately reviewed many
neuroanatomical studies and further enunciated their neurovisceral integration model,
first proposed in 2000, which included inhibitory GABAergic pathways from the
prefrontal cortex to the amygdala and another inhibitory pathways between the

amygdala and the medullary neurons of  sympathoexcitatory  and
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parasympathoinhibitory output. They also pointed out evidences of laterality on the
right prefrontal cortex.
Biological signal processing: linear and nonlinear

Digitalized biological signals provide visualization materials into the
multidimensional complex systems of human bodies. EEG and EKG as all other
biological signals, accompanying by noise that may consist of artifact, inner
homeostasis and circadian rhythmicity, or environmental interference, belong to the
family of nonstationary and nonlinear signals. Therefore it is very difficult to obtain
accurate time-varying spectral estimates. A proper time-frequency distribution (TFD)
has been always searched to tackle this problem and reveal the multicomponent nature
of such signals. The traditional Fourier spectrum is too coarse and fails to represent
instantaneous changes.  Nonstaionary but linear methods such as Wigner-Ville
distribution and Wavelet have other drawbacks that hinder its adaptivity to
ever-changing signals.

Methods based on theories of chaos, fractal and entropy, quantifying either
similarity, disorder, or stability, are suitable for nonlinear but stationary data. In the
aspect of phase space, there are methods like delay reconstruction and embedding,
Poincaré surface of section, Self-similarity, correlation dimention, synchronization
likelihood, Hausdorft dimention , and detrended fluctuation analysis (DFA). Lyapunov
exponents and entropy approaches (approximate entropy, sampling entropy, and
multiscale entropy) are particularly noticable among other methods.

The Hilbert-Huang transform (HHT) on the other hand is a very promising tool in

analyzing biological data. It is based on nonlinear theories and has been designed to
extract dynamic information from nonstationary signals at different time scales. Its main

step called empirical mode decomposition (EMD) can adaptively decompose the raw
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data into intrinsic mode functions (IMFs). The advantages of the HHT over traditional
Fourier-based methods have been appreciated in many studies of different physiological
systems such as blood pressure hemodynamics, cerebral autoregulation, cardiac
dynamics, respiratory dynamics, and electroencephalographic activities.
Electrocardiography (EKG)

The autonomic control to the heart is fine-tuned by baroreceptors, chemoreceptors,
atrial receptors, ventricular receptors, changes of the respiratory system, vasomotor
system, the renin-angiotensinaldosterone system, and the thermoregulatory system. The
study of heart rate variability (HRV), namely the variability of RR intervals, which
reflects depolarization of the sinoatrial node, can monitor the autonomic system. There
are many valuable studies of autonomic modulation in the adaption to environmental
stress, the age-related degeneration, and various heart diseases especially ischemic heart
disease and heart failure by heart rate variability.

Suppositionally, the high frequency (HF) power as a Fourier-based derived
parameter represents parasympathetic tone, namely vagally-modulated sinus arrhythmia.
While the low frequency power (LF) may be influenced by both sympathetic and
parasympathetic activities, as well as baroreceptor modulation. Compared to the normal
control, the results of HRV studies in dementia were inconsistent varying from
decreased vagal tone to no change.

The cholinergic deficits in the brain of dementia may affect the central autonomic
network. Yet the HRV changes in dementia in previous reports were not congruent.
Obstructive sleep apnea (OSA) may be related to cardiovascular risks and the
expression of tau protein and B-amyloid precursor protein. All of them may lead to a
higher risk of dementia. Some newly developed methods of analysis of EKG could also

exam this issue.
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A nocturnal increase in HRV has been observed and explained as there is a relative
increase in vagal to sympathetic activity during sleep, either in non-rapid eye
movement (REM) or REM sleep. It is normally described as ’vagal dominance during
sleep’. Nevertheless it is contrary to this trend in patients after myocardial infarction.
The influence of cognitive deficits to ‘vagal dominance during sleep’ will be explored.
Electroencephal ography (EEG)

Understanding thes functional interaction among different brain regions is crucial to
the study of higher cortical functions. There are three levels of connectivity among
cortical neurons: synapses (between neurons), hypercolumns (between populations of
neurons), and modular networks (between modules). In practice, while this underlying
dynamics are not accessible directly, the analysis of EEG provides a potential access.
Each channel in EEG provides a particular time series. The functional interaction of
different brain regions could be exposed through deciding whether, where and when
two time series are statistically dependent then further elucidating the hidden
relationship between them. Therefore, quantification of dynamical interdependence
among different channels, namely functional connectivity or functional couplings,
provides a good insight into their spatio-temporal organization.

The cross correlation and coherence analysis are two of the classical methodologies
of linear approach. Cross correlation calculates the linear correlation in the time domain,
while the coherence function represents the linear relationships between two time series
in the frequency domain. As the dynamical system of biological signals are
multi-dimensional, nonlinear, and nonstionary, linear methods might fail to extract
accurate time-varying spectral information. Nonlinear methods such as synchronization
likelihood were developed to calculate the probability of similarity between two signals

in phase space.
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From synchronization to the execution of particular tasks of the brain, there hide
still many puzzles such as ‘binding problem’. Nevertheless, the study of functional
couplings by EEG is a good start which is also non-invasive.

Atherosclerosis

The risk of both AD and VD are correlated with atherosclerosis, either small vessel
or large- vessel diseases. There have been many parameter developed such as carotid
intima media thickness (IMT), carotid plaques, ankle-brachial index (ABI) ~ and aortic
calcification.

Life style

Social participation, exercise, smoking, and alcohol drinking may affect cognitive
performance. Although water intake insufficiency was proved to be related to
myocardial infarction, the relation to risk of dementia has yet to be proved.

Methods
Subjects

Eighty-nine old patients attending a geriatric out-patient clinic constituted the
subject pool. Sixty fresh new patients (age: 80.52+5.6 , range:67-93, male/female: 30/30,
AD/VD: 24 /36) who came with the chief problem of cognitive decline , first time
sought medical attention for it, and was found to have a mini-mental status examination
(MMSE) score less than or equal to 26 on the first visit were recruited as the demented
group. Twenty-nine old ambulatory patients (age: 75.28+6.5, range:65-87, male/female:
16/13) who came next to the fresh demented case without cognitive complaints and
agreed to join the study with a MMSE score higher than 26 were recruited as the control
group. Exclusion criteria included atrial fibrillation, frequent atrial premature complex
(APC) or ventricular premature complex (VPC), previously taking Acetylcholine

esterase (AchE) inhibitors, Syphilis TPHA test positive, Creutzfeldt—Jakob disease,
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hypothyroidism, hypercalcemia, hyponatremia, vit B12 or folic acid deficiency ,
cachexia, cancers, previous head injury, normal pressure hydrocephalus, subdural
effusion or hemorrhage, and severe systemic disease such as renal failure, heart
failure ,and cirrhosis.

After informed consent, baseline life and biomedical data, carotid sonography,
neuropsychological tests, EEG, EKG were taken for all the subjects within 5days after
enrollment. Image study were routinely taken only in the demented group. Dignosis of
dementia followed NINCDS-ADRDA (McKhann et al, 1984) for Alzheimer’s disease
and NINDS-AIREN (Roman et al, 1993) for vascular dementia.

EEG recording
Routine awake surface EEGs with sampling rate 200Hz were gathered. Linear

analysis includes Power spectral density (PSD, amount of power per unit of frequency),

and Spectral Coherence (to describe correlation). The temporal variation will be
explored by smaller window than previous studies. Nonlinear analysis includes
synchronization likelihood, multiscale entropy, and cross correlation coefficient
between IMFs.
EKG recording

Standard ambulatory electrocardiogram (ECG) recorders set up for a 24-hour
recording schedule were carried home by all participants. The ECG signals were
sampled at 500Hz and stored in a SD memory card for offline analysis on a
microcomputer. Each heartbeat was annotated by an automated arrhythmia detection
algorithm, verified by visual inspection. After the ectopic beats (including atrial or
ventricular premature beats) were excluded and then substituted by interpolated data
based by their adjacent RR intervals, the N-N interval time series for each subject was

then computed. The resulting N-N interval series then were linearly resampled at
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sample rate of 2 Hz. The linear analysis includes time domain and frequency domain as
the power spectral density of each frequency band- HF, LF, and the LF/HF ratio were
computed, while the nonlinear analysis includes HHT and MSE.
Neuropsychological test

Minimental status examination (MMSE), clock drawing test (CDT), number
transcoding task (NTT), trail making test (TMT), clock completion test (CCT), Boston
naming (BN), word list (WL), and geriatric depressive scale (GDS) were tested.
Mobility test

Timed up and go test (TUAG), activity of daily living (ADL), and Tinneti test.
Carotid echography and image study (brain CT or MRI)

Intimal thickness, stenosis percentage, and maximal plaque density were measured.
Satistical analysis

Chi-square test or the Fisher’s exact test was served to check the differences of
nominal variables between groups. Continuous variables were represented as mean
value + SD with the normality checked by the Shapiro-Wilk test. The Mann-Whitney U
test was applied to the between-group comparison since none of the variables are of
normal distribution. Partial correlation was used for checking relations between two
continuous variables. Multi-variate linear regression was carried out to adjust the
confounders in checking the models. P values less than 0.05 were considered
statistically significant.
Results
Clinical character of the subjects

The demented group consists of 60 subjects (female/male=30/30, age 80.5+5.6,

VD/AD=37/23, MMSE=19.8+6.9), while the control group consists of 29 subjects

(female/male=13/16. age 75.3+6.4, MMSE=28.4+0.9). In comparison with the control
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group, the demented group is significantly older and skinnier; has significantly shorter
educational attainment, less sleep, less water intake, lower scores on all the mentality
and mobility tests, lower level of Hb, Hct, Folate, Albumin, and Triglyceride. There are
no significant differences between two groups in incidence of chronic diseases (diabetes,
hypertension, and hyperlipidemia), family income, severity of carotid atherosclerosis,
Vitamin B12 level, positive Glabellar sign, and upward gaze palsy.

EEG analysis

The best time-frequency presentation is the one transformed by HHT algorithms.
The fickle character of the power and spectral coherence, which corresponds to the
fragile binding between neurons were observed in movies of brain mapping. Twenty
seconds resting EEG covered by shifting series of 3-second-cut were used for analysis.
Mean and kurtosis of both power and spectral coherence based on Fourier analysis were
compared dichotomously by variables of clinical characters. For both alpha and theta
wave analysis, a better coherence and a lower power are generally present in the
healthier side. The function of corpus callosum was explored by newly developed
parameter called ‘inter- to- intra-hemisphere coherence ratio’.

Nonlinear method as data decomposed by HHT into IMFs was also performed. The
power density and cross correlation coefficient were calculated to compare with the
clinical data. A much better result than that from linear methods suggests involvement
of more regions of the brain than previously thought regarding to each particular
function of the brain. The results also showed that when alpha couplings increase theta
couplings decrease. This may support the assumption that alpha, theta, and beta waves
are from a single origin only filtered by various structures in the brain into different
bands on the surface. Compared with the resting and the hyperventilation EEG, the

photic stimulation seems to procure the best results with the most powerful
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differentiating ability.

The results from synchronization likelihood showed a higher mean and a lower
kurtosis in most healthy clinical conditions, which are different from the results of
spectral coherence (kurtosis inconsistent). This may suggest different physiological
meanings underlined the spectral coherence and the synchronization likelihood.

The multiscale entropy analysis also showed higher MSE values in healthier clinical
conditions, and the MSE values tend to be stabilized faster along the scales. This may
indicate healthier brains do have higher complexity which is organized.

EKG analysis

In comparison with the control group, heart Rate variation is significantly decreased
in the diseased group for parameters LF (p=0.025) and LF/HF (p=0.017) during sleep.
Multivariate linear regression model adjusting age, gender, and years of education
showed significant linear relations between MMSE and HF (r=0.243, p=0.030) or LF
(r=0.23, p=.040) during sleep. It thus stands for that the cognitive decline correlates to a
decreased autonomic adaptability of the heart with dose effect. An increase of heart rate
variability from the awake state to sleep was also noted in all the subjects. A ‘vagal
dominance during sleep’ denoted by the decreased LF/HF ratio was only significantly
seen in the demented group. The HRV (LF and HF) during sleep was higher in the
group with better mobility (TUAG<=10 seconds, n=34), while the HRV (LF and HF)
during awake state was lower in the group of better mobility. The LF/HF ratio during
awake state and the LF during sleep were statistically significant higher in the group of
better mobility. The LF component involves both sympathetic and parasympathetic
modulations. The relationship between MMSE and TUAG was negative, which means
that the mentality is parallel to the mobility. Subjects with positive Glabellar sign had a

lower LF/HF during awake state. Diabetic subjects had lower HF and LF during sleep,
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and lower HF during awake state, which was compatible with the well known concept
of the diabetic autonomic insufficiency. People with hypertension had a higher SDNN
during awake state.

The brain and the heart (MSE of RRI and MSE of EEG)

MSEs of RRIs and MSEs of EEGs showed amazingly good correlations after
adjusting age and gender by multivariate linear regression. The MSE of RRI during
awake state had significantly negative linear relation to the resting EEG in channels Fz,
T4, F3, Pz, O2, F8, F4, P4, C3, P3, and F2. The MSE of RRI during sleep had
significantly negative linear relation to the EEG of photic stimulation in channels F2,
T5, F4, T3, F1, T4, Cz, C3, 02, Pz, O1, Fz, F3, F7, and C4. The MSE of RRI during
awake state was significantly parallel to LF/HF during awake state, thus it may
implicate that a EKG of higher parasympathetic tone is related to a higher MSE of EEG,
which also stands for better mentality.

Discussions

There are three levels of connectivity among cortical neurons, which are
microscopic among neurons (synapses), mesoscopic among populations of neurons, and
macroscopic among modules within each cerebral hemisphere (modular networks).

In the analysis of EEG, by the innovative method as calculating the mean and the
kurtosis of serious data extracted from a small time window, both Fourier based spectral
analysis and the synchronization likelihood have demonstrated temporal information of
the brain electrical activities. The means of the spectral coherence and the
synchronization likelihood were higher in those people with better mentality, mood, and
mobility. Whereas the kurtosis of spectral coherence was inconsistent, the kurtosis of
synchronization likelihood was consistently lower in those people with higher mentality,

mood and mobility. This may imply that normal brains have higher couplings between
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different areas relative to demented brains. In other words, a demented brain might have
lost the complexity of the interconnection among neurons. The analysis by multiscale
entropy has also approved this point as lower MSE values were seen in the demented
group in almost every scale. In conclusion, a demented brain loses complexities in every
scale.

For a long time, people in neuroscience have been bedeviled by searching over the
sharply localized area of modularity for different mental capacities. The confusing
results from functional MRI and EEG / magnetoencephalograph (MEG) might just
imply that the brain functions in a holistic manner. This argument was supported by
nonlinear analyses (i.e. HHT) in this study as those channels whose data of couplings
are significantly linearly related to the mentality scores were so widely spread all over
the head. The power and the cross correlation coefficient from IMFs between 2-35 Hz
has presented the most copious and significant results relative to those from IMFs of
either alpha or theta range. This might also suggest that all components of different
frequency in surface EEG come actually from the same origin only end up in different
frequency ranges on the scalp after traveling through the brain.

The photic stimulation turned out to be the method of most copious results in the
three. With the help of nonlinear analysis, the easy intervention as photic stimulation
might just be as good as those studies which require subjects to perform certain mental
tasks. While comparing different psychoneurological tests, MMSE, the most widely
used one, turned out less powerful in differentiating EEG characters than those simpler
tasks such as clock drawing, trail making, number transcoding, and word list tests. The
MMSE has many items regarding orientation, calculation, memory, language and
spatial ability. The more complicated the test is, the more intervening factors there

should be.
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Although significantly higher values of the cross correlation coefficient between
T4/T3, and F8/T4 were found in AD relative to VD, they are not appropriate to be
characteristic markers for differentiation since the subjects of AD in this study have
significantly higher mental capacities then those of VD. This needs a further study with
subjects of comparable mental capacities.

In the nonlinear analysis of EEG, the values of all scales of MSE are positively
correlated with the mental abilities or morbility widely in many channels. It may imply
that a organized complexity does exist in a better brain, and that the brain does function
in a more holistic manner than previously thought.

All of the subjects presented higher HRV during sleep. This may hint that older
people have more stress or poorer cardiac adaptability to the environment during the
awake state. A lower LF power and LF/HF ratio during sleep were found only in the
demented groups, which is similar to a Japanese study but they used only awake EKG.
The meaning of LF power is controversial, while a higher LF/HF ratio means a vagal
dominance. In this study, the vagal dominance during sleep was only shown in the
demented group.

The MSE of RRI showed no correlation to mental capacities, but it presented
significantly negative correlations to the MSE of EEG in many channels. Interestingly,
the EEGs of closed-eye resting were associated to the RRI during the awake state, while
the EEGs of the photic stimulation were mostly associated to the RRI during sleep. If
we consider the fact that MSE of RRI are positively correlated to LF/HF, then make the
assumption that, a lower MSE of RRI implies more vagal dominance. Then it will lead
to the conclusion that a brain with better mental capacity, which has higher MSEs of
EEG, has more vagal dominance during both the awake state and sleep. This deduction

is contradictory to the previous one by linear analysis (i.e. the LF/HF ratio during sleep
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was lower in the demented group.). An alternative way of thinking is to bypass the
autonomic balance and think directly, that is the rhythm of heart beats and the
oscillations of the brain share some unknown biological factors. This bold hypothesis
warrants further study to clarify.

There are many difficulties and limitations encountered in this study, such as
possible sampling bias since this is a hospital based study, poor cooperation from the
demented patients while tests were undertaken, No brain images in the control group,
diagnosis overlapping between VA and AD, and the complicated pathophysiology in
both AD and VD.

Conclusion

This study has successfully justified the three original hyposthesis: 1. The brain
function based on couplings of different area is disease modifiable and mathematically
quantifiable. 2. The complexity of multi-channel signals as EEG may be better
presented by nonlinear techniques. 3. The power of different neurological test could be
examined by EEG. 4. The two noninvasive, portable and cheap tools, EEG and EKG are
promising tools in exploring the cross-talk between the brain and the heart. It was best
presented in the analysis by MSE.

There has no correlation among the severity of carotid atherosclerosis to either
mental capacity, parameters of EEG or parameters of EKG.

Prospect

A community based design with long time following is the goal next. It aims at risk
factors and markers for early diagnosis by the analysis of EEG. Therapy monitoring by
EEG is an ongoing study with some promising primitive results. The cross-talk between
the brain and the heart could be explored noninvasively by the information hidden in

EKG and EEG.
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%

L% bR 0

Subjects Dementia(n=60) median  Control(n=29)  median  p value
age (years) 80.5+5.6 81 75.3+6.4 77 p=001""
Male/Female 30/30 16/13 p=.659
Education year 6.4+4.9 6 10.6+5.2 12 p=000""
Body mass index 22.4+3.6 22.7 24.3+3.9 24.0  p=027"
Abdominal Girth 83.1+£10.4 83.3 90.7£10.0 91.0  p=.002""
Hypertension 39 24 p=135
Diabetes mellitus 18 14 p=.105
Hyperlipidemia 33 18 p=.649
Family Income per year 360K+325K 300k  684K+932K 360k  p=.118
Smoking packyear 7.0£16.8 0.0 8.7+£20.0 0.0 p=721
Water intake per day 1139.24544.0 1000  2210.3+3447.0 1500. p=000""
Sleep time (hour) 7.542.7 7 6.4+1.2 6.0 p=049"
upward gaze palsy 46 18 p=.596
Glabellar sign® 34 13 p=.055
Hb 12.8+1.6 12.8 13.7£1.9 13.8  p=021"
Hct 38.6+5.5 39.1 41.3+£5.0 419  p=o11’
vegetarian 7 1 p=266
VitaminB12(pg/ml) 776.4+472.3 706.6  899.5+£353.5 838.7 p=.053
Folate (ng/ml) 11.245.2 10.2 14.0+4.9 15.6  p=016"
MMSE 19.8+6.9 23.0  28.4+0.9 28 p=.000""
CCT 3.5£3.0 3 1.3+2.3 p=-000""
CDT 6.4+3.2 8 9.2+0.7 p=-000""
NTT 1.3+1.4 1 3.0+1.5 p=.000"*
GDS 4.9+3.7 4.5 4.3+4.9 p=.188
Barthel Index 92421 100 100+0 100 p=015"
Tinneti test 23.2+7.6 26 26.442.7 28 p=007""
TimedUpAndGo (sec)  18.5£16.6 12.10  10.0£3.0 9.0 p=000""
Boston Naming 9.943.6 11 13.1£1.6 13 p=.000""
Word list 1 2.6t1.4 2 4.3£1.6 4 p=-000""
Word list 2 3.4+1.8 3.5 5.6£1.5 6 p=.000""
Word list 3 4.042.1 4 6.7+1.3 p=.000""
Word list 4 2.4+£1.9 2 5.5+1.5 p=-000""
TMT time(sec) 139.0+46.1 143.4  72.7£35.0 60.2  p=.000""
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TMT error 3.9+4.6 1 0.3+0.7 0 p=.000""

MaximalPaqueDiamete(mm) 2.02+1.0 2.2 1.04+1.3 2.0 p=420
Plaque score 5.7+4.8 4 4.2+3.6 3 p=212

A Ibumin 4.1+4 4.1 4.2+0.3 4.3 p=040"
Triglyceride 122.4+70.6 104.5 161.3+£70.9 143.0 p=008"*

i (G * % 1- 15) MMSE: Mini-mental status examination, CCT: Clock-completion
test, CDT: Clock-drawing test, NTT: Number transcoding task, GDS: Geriatric

depressive scale, TMT: Trail making test

EOGET A2 A3 452001 () M- FELE LG IE B Bk 2 Rl sk A Bidp M

#c(correlation coefficient) et f 7 5.2, % 2w A ft L diseased/control e 3. DM,
HT (Hypertension), Hyperlipidemia (HyLip), Sleep problem (SleepP) , upward gaze
palsy (Up GP), Glabellar sign (GS) % 4 dummy variable {7 _k s $5: 1 & 7 K42 >

05 ¥ o (R AT ¥R 4 Water: water intake. TUAG: timed up and go test 5.
= % ;% critical point: MMSE>=26, CCT<=1, CDT>=9, NTT=4, Tinneti>=21, BN>=14,
WL1>=6, WL3>=7,WL4>=8 NTT=4 % & % ° 6.P: Power, M: Mean,

C: coherence, K: kurtosis

# 2. Alpha (3 sec)

PM PK CM CK
MMSE 6029 | T3(-)! C4 C3(-) F1 _F7(-)
CCTa4/45 Ol1(+) F1 F7(-)
NTT 66123 C3(-) Cz(+) T5(+) | Fpl Fp2(+) F3 C3(+)
Tinneti 8/81 F1(-) F7 T3(+)
GDSe6/23 F2 (+) Cz Ol (-)
GS® 4742 Fz(+)Cxz(- C3 P3(-) F2_F4(-)
)
Up GP64125 F2(-) P4 O1(+) T4 T3(-)
DM32s57 Pz O1(-C3 P3
)
HTée3/26 F1 O1(+)
HyLips1/38 T6(-) T4 Ol (+)
SleepP 43/46 T4 T3 (+) T5 O1(+)
Water 53/36 F3_C3(+)
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# 3. Theta (3 sec)

PM PK CM CK
MMSEs0/29 cCZ O1(-)
CCTa4/45 F8_O1 (+)
CDT4s/44 Fz (-), F&(-),
O1(-), F4(+),
T5(+)
NTTe6/23 P3(-) T5 Ol(+) F1 _F3(-)
TUAGS50/39 T6(+)
Tinnetis/s1 F4(-) F2 F4(-)F3 C3(-) | T4 T3(+)
F1 _F3(+)C4 Ol1(+)
GDS36/53 Fz(+) F2 O1(-)
Gabellars742 | Fz (+) C3(-) T3 O1 (-)
F3(+)
T6 (+)
Up GPs3136 C4 C3(+) Fz O1(+)
T3 T5(-) Fp2 Fpl (+)
DM32/57 F7 Ol (+) F7 T3 (+)
HTée3/26 Fz(-) T3 (-) F1 Ol (+) F8 O1 (-)
HyLips1/38 T3(-) Cz O2(-)P4 P3(+) | F8 Ol (-)
F2 F4(-)
SleepPro43/46 C4 _C3(+) F8 F7(-) F1_F7(+)
Water 5336 C3 OI(+)
T3 O1(-)
Social41/48 Pz (+) Pz O1 (-) cCZ _O1(-)

02_01(+)
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# 4. Inter- to-Intra-Hemisphere Coherence Ratio

Alpha wave:
Clock completion test (score 0,1 normal)
C(F1 to F2)/C(F3 to F1): N (0.884+0.126) < D ( 0.946+0.143) (p=0.041) -
C(F2 to F1)/C(F4 to F2): N (0.89140.121) <D ( 0.955+0.134) (p=0.014) -
C(F1 to F2)/C(F7 to F1): N (0.941+0.141) <D (1.017+0.155) (p=0.022) -
C(F2 to F1)/C(F8 to F2): N (0.959+0.132) <D (1.021+0.130) (p=0.016) °
—>intrahemispheric conduction decreases more in the diseased, left and right brain.
Tinneti test ( score >=21 normal)
C(F1 to F2)/C(F3 to F1) : N (0.904+0.129) < D ( 1.026+0.183) (p=0.026) °
C(F2 to F1)/C(F4 to F2) : N (0.914+0.125) <D ( 1.013+0.166) (p=0.035) -
C(F1 to F2)/C(F7 to F1) : N (0.967+0.145) <D (1.096+0.183) (p=0.023) -
C(F2 to F1)/C(F8 to F2) : N (0.979+0.126) < D (1.103+£0.167) (p=0.011) -
—>intrahemispheric conduction decreases more in the diseased, left and right brain.
Theta wave:
MMSE ( score >=26 normal)
C(F1 to F2)/C(F3 to F1) : N ( 1.010+0.142) >D ( 0.953+0.129) (p=0.036) - (VD
22 AD 2 £ £)-> interhemispheric C decreases more in the diseased, left brain.
Clock completion test (score 0,1 normal)
C(F1 to F2)/C(F7 to F1) : N (1.090+0.160) < D ( 1.107+0.162) (p=0.021) -
—>intrahemispheric C decreases more in the diseased, left brain.
Clock drawing test ( score 10,9 normal) ( only window20 sec data)
C(F2 to F1)/C(F8 to F2): N (1.779+1.196) >D ( 1.265+0.602) (p=0.010) °
C(F2 to F1)/C(F4 to F2): N (1.191+0.703) >D ( 0.911+0.311) (p=0.008) -
—>interhemispheric C decreases more in the diseased, right brain.
Number transcoding task (score 4 normal)
C(F2 to F1)/C(F4 to F2) : N (1.026+0.134) >D ( 0.966+0.138) (p=0.044) -
—>interhemispheric C decreases more in the diseased, right brain.
Glabellar sign (] 5,20 #j«rdata — 3% > 2 51 & o)
C(F2 to F1)/C(F4 to F2) : N (0.883+0.403) < D ( 1.198+0.632) (p=0.021) -
—>intrahemispheric C decreases more in the diseased, right brain.
Tinneti test (score >=21 normal)
C(F2 to F1)/C(F8 to F2) : N (1.0724+0.151) <D (1.168+0.203) (p=0.043) -

—>intrahemispheric C decreases more in the diseased, left and right brain.

2*  C: coherence, N: normal, D: disease
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EC RS

5-20): 1. Multivariate linear regression was adopted to adjust age, gender,

and education year. good predictors for the continuous data is denoted by *’,

p<0.05, **: p<0.01, (+ or —) : positive or negative correlation coefficient. 2. healthier
conditions are with smaller power, and larger cross correlation coefficients, except those
denoted by #. 3. WL 1,3,4 denote the 1st, third and 4t repeat of the word list test
respectibely. 4. CCC: cross correlation coefficient, PSini: photic stimulation (1, 3 Hs),
PSend: photic stimulation (21, 24 Hs), H: hyperventilation, IMF (2-35) : IMFs between
2 Hz to 35Hz. 5. in CCC , any channel name denoted only by itself represents CCC of
itself to O1, while that denoted by a_b means CCC of a to b. 6. VD: vascular dementia

AD: Alzheimer’s disease. 7. PlaqueS: plaque score, Social: social activity
#. 5. Alpha (resting) :

Alpha resting | Power CCC
MMSE 6029 | T5 C4,Fz, F4,F2,F8,Cz, F4 F3,F4 C4
CCT 44/45
CDT 45/44 02, F4 F3,C4 C3,F8 T4
NTT 66/23 P4, Pz*(-), T4, 02, O1, TS, F2, F8 | cCz**(+)
BN 50/39 F4 C4
WL1 73/16 P4, P3, F3*(-), Fz*(-), F4**(-), T6, | F4, F8,F4 F3,C4 C3
Ol1, F8
WL3 66/23 P4*(2), Pz**(-), F3*(-), Fz, 02*(-), | C3, Fz, F4*(+), T3, F1, F2*(+), F8*(+),
O1%*(-), T5, Cz cCz**(+), F8 T4
WL4 71/18 P4, Pz*(-), P3*(-), F3*(-), Fz*(-),
F4*(-), T6, 02, O1,T5
TMTt 73/16 C4, C3,F4, T3, F2
TMTe 41/48 P4, Pz, F3, Fz, T6, Ol cCz, C4 C3,
PlaqueS 56/33 F4,F8, T4 T6
TUAG 55/34 Pz, C4, C3,F4,F8, Cz
Tinneti 8/81 02,F8 T4
GDS 36/53 C4**(-), P4, Pz*(-), C3%(-), F4*(-),
T4*(-), F8*(-), Cz**(-), P4 P3, F3 C3,
C3_P3**(-), F2_F8%*(-), T3_T5*(-)
G S 47/42
Up GP 64/25 T4
HyLip 51/38 Pa# Pz#, TA#,T6#,02#,F8 _FT7#, F4 F34#,
C4_C3#, P4_P3#, F2_F4#, T6_O24#
SleepP 43/46 P3,F4 C4
Water 53136 F3,Fz,F4,cCzF8 T4,
Social 41/48 F4 F3,T3 T5
VD/AD 36124 F8 T4( AD larger)
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% 6. Alpha Photic sitmulation end

Alpha PS end | Power CCC

MMSE 60/29 C4, P4, F4, T4, 02, F2, F8, Cz, cCz,
T4 T3*(+), C4 C3*(+), P4 P3,
Fp2 Fpl*(+)

CCT 44/45 C4, cCz, F8 T4

CDT 45/44 T4, T6, 02, T4 T3, C4 C3*(+),
Fp2 Fpl**(+), F2_F4

NTT 66/23 C4, P4, Pz, P3, C3, F3, F4, T4, 02, Ol, | cCz, F8 F7#*(-)

TS, T3, F7

BN 50/39 P4,T6,02

WLI1 73/16 P4 C4*(+),F4,Cz,T4 T3, P4 P3,Fpl Fp2

WL3 66/23 C4, P4, P3, C3, F3,Fz F4,02 C4,P4.F4*(+),TA4F2**(+),  F8**(+),
Czc, Cz, T4 T3, Fp2_Fpl

WL4 71/18 C4P4PzP3C3F3FzF4T4T60201T5T3F7 | cCz ,F1 _F3#

TMTt 73/16 C4,P3,C3,F4 C4, P4, Fz, F4, T4, F2, F8*(-), Cz, ¢Cz,
T4 T3

TMTe 41/48 P3, F4, T6 T4 T3*(-), F4_F3*(-), Fp2_Fpl*(-)

PlaqueS 56/33 P3#, F3_C3#, C3 P3#, F2 F8#, F4

TUAG 55/34 | C4*(+), P4*(+) C4*(-), P4*(-), F4, cCz, P4 P3

Tinneti 8/81 C4_C3**¥(+), T4 T3

GDS  36/53 Ca**(-), PA*(-), Pz**(), C3**(-),

(**p=.000) Fz*(-), F4*(-), T4**(-), T6, 02,

Cz**(-), C4 _C3, P4 P3, Fp2 Fpl,
F2 F4,F3 C3

G S 47/42 TS, C4_P4#,
F8 Ta#*(-), T3 TS#,TS5 Ol#

Up GP 64/25 F7

DM 32/57 P4#, Pz#*(-), O2#, O1#, T3# F4 F3#

HT 63/26 F3#, Fa#, F1#, F7 Cz#

HyLip 51/38 C4#, P4#, O2#, F4 F3#, C4 C3#,

P4_P3#, Fp2_Fpl#

SleepP 43/46

Pz, Cz, P4 P3,F4 C4,C4 P4,C3 P3

Water 53/36 P4, Fz, FA*(+), F4_F3,C4 C3,F8 T4
Social 41/48 P3, T4, T6, 02, C4 C3
VD/AD36/24 F8 T4 (AD higher)

88




% 7. Alpha photic stimulation initial (1Hz and 3Hz)

Alpha PS ini

Power

CCC

MMSE 60/29 C4, P4, Pz, F3, T4, T6, C4, P4*(+), F4, T4, 02, F2,
F8, cCz, T4 T3, F4 F3,
P4 P3*(+)
CCT 44/45 P4, Pz, F3, Fz, F4, 02, Cz cCz**(-)
CDT 45/44 Pz*(-), T4, P4, 02, T4 T3, F8 F7,
C4 C3, P4 P3, F2FIl,
F8 T4
NTT 66/23 C4, P4, Pz, P3, C3, F3, Fz, F4, T4, T6, | cCz, C3_P3
02,01, T3, F7
BN 50/39 P4, T4, T4 T3, F4 F3*(+),
C4_P4*(+)
WL1 73/16 C4, P4, Pz, P3, C3, F3, T4, T6, O2, C4, P4,F4,T4,cCz*(+), T4 T3
WL3 66/23 C4, P4, Pz*(-), C3, F3, Fz, 02, O1%(-), | C4**(+), P4, Fz, F4, T4, F7,
Cz F2%*(+), F8*(+), cCz, C4_P4,
WL4 71/18 C4, P4, Pz, P3, C3, F3, Fz, F4, T4, T6, | C4*(+), F4**(+), F2, cCgz,
02,01, T5, T3, F7,F1,Cz C3_P3#, F2_F8#*(-)
TMTt 73/16 C4, P4, Pz, P3, C3, F3, Fz, F4, T4, T6, | C4, P4, Fz, F4, T4, F1, F2*(-),
02,01, T5, F8, cCz**(-)
TMTe 41/48 C4, P4, Pz, P3, T4, T6, 02, T3 cCz, T4 T3, F4 F3
PlaqueS 56/33 C3,01 cCz
TUAG 55/34 C4, P4, C3*(+),F3,T4,T6,02%(+),T3*(+) | C4, P4*(-), T4, cCz**(-)
Tinneti 8/81 T4*(+),T6_02#, F7 T3
GDS 36/53 C4*x(-),  PA*(-),  Pz*(-),
T4**(-), 02
G S 47/42
Up GP 64/25 Pz, T3, F1_F7
DM 32/57 Cat#, Pa#, Pz#, P3#, T4#, O2#, F8# F2 F1
HT 63/26 T6# F3#*(-), F2#
HyLip 51/38 P4#, T4#, F8 F7#, F4 F3#,
C4 C3#, P4 P3#
SleepP 43/46 T4 P4
Water 53/36 cCz, F8 T4
Social 41/48 P4
VD/AD36/24 T4 T3 (AD larger)
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# 8. Alpha hyperventilation:

Alpha H Power CCC
MMSE 60/29 C4, P4, Pz, P3, F3*(-), F1**(-), | C4, F3, Fz, F4, T4, F1, F2, F§, Cz,
F8*(-) cCz
CCT 44/45 C4,P4,Fz T6,F1, F8 cCz, F1_F7*(-)
CDT 45/44
NTT 66/23 C4, P4, Pz, C3, F3, T4, T6, O1, T3, | F8, cCz
F8
BN 50/39 F1#%(-), F2*(-)
WLI1 73/16 C4, P4, Pz, P3, C3, F3*(-), Fz*(-),
F4, T4, T6, 02, O1, T5, F7*(-), F1,
F2,F8, Cz
WL3 66/23 C4**(-), P4**(-), Pz, P3**(-), | F3,Fz F4, Cz, cCz *(+)
C3**(-), T6*(-), F1**(-)
WL4 71/18 C4, P4, Pz, P3, C3, F3*(-), Fz*(-), | F3, T6, 02, cCz, Fpl Fp2, F2 F4,
F4, T4, T6, 02, O1, T5, F7%(-), F1, | F1 F3, F2 F8,T6 O2
TMTt 73/16 P4 *(+), Pz, P3, C3 *(+), F3**(+), | F3, Fz, F4, F7
Fz**(+), T6*(+), F1¥(+), F8*(+)
TMTe 41/48 C4, P4, Pz, P3, C3,
PlaqueS 56/33 F1 F4
TUAG 55/34 Fz,F4,Cz,cCz
Tinneti 8/81 F2 F4 C4#, C4 P4#, T6_O2#
GDS 36/53 C4**(2), Fz**(-), FA*(-), Cz**(-)
G S 47/42 T5 F8 F7#, F2_F8#, F7 T3#
Up GP 64/25 F1, F2
DM 32/57 T4#, T3#
HT 63/26 # T4 T3,F8 F7,F7 T3
HyLip 51/38 P4#, P4_P3#,
SleepP43/46 #
Water 53/36
Social 41/48 C3 P3#
VD/AD36/24
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# 9. Theta resting:

Theta resting Power CCC

MMSE 60/29 T3, T3 TS

CCT 44/45 C4, P4, P3,F3,Fz F4,F7,Cz Ca#*(+), Fa#*(+), F4 F3#,
C4_C3#*(+), F2 _F1#*%(+),
T6 02

CDT 45/44 C4*(-), P4, Pz, Fz*(-), F4, T6, F2, F8 T3 T5

NTT 66/23 C4, Pz, T6, 02 T3, T3_T5

BN 50/39 T6, F2, T4*(+), T3, Cz*(+), F8 F74,
F8 T4#

WLI1 73/16 P4, P3, F4, T6, T5, Cz P4, P4 P3

WL3 66/23 P3, C3, Fz, T3, F7, Cz, cCz#,
C3 P3,T3_T5, T6_02%(+)

WL4 71/18 C4, P4, P3,Fz,F4,02, T5, Cz T3*(+), T3_T5

TMTt 73/16 F4, Cz T3*(-), F2_F8#, T3 T5

TMTe 41/48 C4, P4, Pz, P3*(+), C3, F3, Fz, F4, T4, | T3, F8 F7#

T6, 02, 01,T5, F1, F2, F8, Cz
PlaqueS 56/33 Fz

TUAG 55/34 C4, P4, Pz, C3, Fz, T4, P4 _P3,
T3 T5

Tinneti 8/81 Fz

GDS 36/53 C3%(-), T3_T5

G S 47/42 F2, C3,F2, F8 F7#

Up GP 64/25 T3, T3 T5

DM 32/57 Fz#, FA#, T5#, Cz#, TS_O1#

HT 63/26 C3#, F3#, Fz#, F7#, F1#, Cz#

HyLip 51/38 Cat#t

SleepP 43/46 # T4 T3#, F4 F3#

Water 53/36 P4, Pz, C3%(+), Fz**(+),
F4*(+), T3*(+), F2, F8, Cz

Social 41/48 F3

VD/AD 36/24 P4,T6, Cz, P4 P3, F2 F1 (VD

larger)
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% 10. Theta Photic sitmulation end:

Theta PS end Power CCC

MMSE 60/29 P4, T4, T3 F4,T4,02, T4 T3, P4 P3*(+)

CCT 44/45 P4, Pz, P3, C3, F3, Fz, T4, Ol, TS, | Pz#

T3,F7,Cz

CDT 45/44 T4, T3*(-) 02

NTT 66/23 C3, T4, T6, TS, T3, F7 T4 , T4 T3, F2 F4#, F4 C4#,
T6_0O2*(+)

BN 50/39 P4*(-), F4*(-), F7*(-), F2*(-) C4, 02, F4_C4#*+*(-), F8_T4#*(-)

WLI1 73/16 P4, C3, T4, Ol, F1 P4*(+), F4, T6, 02, F2, P4 P3*(+)

WL3 66/23 C4, P4*(+), F4, T4, F8, C4 P4,
Fl F3

WL4 71/18 T4, T6, 02, TS F4, T4, T4 T3, P4 P3*(+),
F4 C4#, T3 T5

TMTt 73/16 P4, C3, T4 T4, T4 T3,F4 C4

TMTe 41/48 C4, P4, Pz, P3, C3, F3, Fz, F4 T4, | T4 T3, F4 C4#,

T6, 02, O1, TS, T3, F7, F2, F8, Cz

PlaqueS 56/33 C3,F1, P3#, C3#**(+), F8 F7#, F3_C3#,
C3_P3#*(+), F6_O2#

TUAG 55/34 C4, P4*(-), Fz, F4, T4, FS,
P4 P3*(-)

Tinneti 8/81

GDS 36/53 C3%*(-), Cz*(-)

G S 47/42

Up GP 64/25 T4, 01 T3, F7, F4_C4#

DM 32/57

HT 63/26 F3#, Fz#, F1#, F8#

HyLip 51/38 F8# T4_T6

SleepP 43/46 C4, Pz, Cz,C4 P4

Water 53/36 T3

Social 41/48 Fp2 Fpl#

VD/AD36/24 F1_F7, T3 T5 (VD larger)
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% 11. Theta Photic sitmulation initial :

Theta PS ini Power CCC

MMSE 60/29 T4*(-), Cz**(-) F4, 02, P4 P3
CCT 44/45(only | Pz, F3, T6, F7*(+), Cz,
right)
CDT 45/44 P4, Fz*(-), F7,Cz F8 T4
NTT 66/23 C4, P3, C3, F3, Fz, T4, Ol, F7, F2_F4#,
BN 50/39 T4*(-), F7, F8 F2 F4#
WLI1 73/16 Cz C4, P4, F4,F2 F1
WL3 66/23 P3, F4, T3, T4 T6, T3 _T5
WL4 71/18 C4, Pz, C3, F3,Fz, T4, T6, 01, F7, Cz P3*(+), T3, T3_T5
TMTt 73/16 C4, P4, Fz, T4, T6, Cz F4, F7
TMTe 41/48 C4, P4, Pz, P3*(+), C3*(+), F3*(+), Fz, | F2_F4#, F4 C4#, F2_F8#

T4, T6, 02, O1*(+), T3, F7, F2, Cz*(+)

PlaqueS 56/33 Fl# C3#, F2, F8,
TUAG 55/34 F4, T4 T3
Tinneti 8/81

GDS 36/53

G S 47/42 F2 Pz#, cCz,
Up GP 64/25 Cz, C3,F7,Fl,
DM 32/57 TA#, To#

HT 63/26 F1#

HyLip 51/38 C4#, Fa#, F1_F7
SleepP 43/46 F8 T4
Water 53/36

Social 41/48 C3 P3
VD/AD36/24
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#. 12. Theta Hyperventilation

Theta H Power CCC

MMSE 60/29 P4 _P3%*(+)

CCT 44/45 C3,F3, Fz, T5, T3, F7,F1, F2 F2 Fl#

CDT 45/44 C3*(-), F3**(-), Fz, T3**(-), F2

NTT 66/23 T4

BN 50/39 C3*(-), F3**(-), Fz, F4*(-), T3**(-), | F4 C4#
F7**(-), F1, F2

WLI1 73/16 P4, P3, F3, T3 T4

WL3 66/23 F4

WL4 71/18 T5*(-) C3

TMTt 73/16 F3,Fz, T4, F2, F8 C3, Fz, F4, Cz, C3_P3*(-)

TMTe 41/48 C4*(+), P4, Pz, P3, C3, F3*(+), Fz, | F4 C4#

F4*(+) , T4, T6, O2*(+), TS5, T3,

F7*(+), F1, F2, F8, Cz

PlaqueS 56/33 F3 cCz

TUAG 55/34 Pz, T5, F4 C4#, T4 T6#,
T5 01

Tinneti 8/81 F1, F2, F2, T4 _T3,F1_F3,F1_F7

GDS 36/53 F2 T4 _T3#**(+), F3_C3#*(+)

G S 47/42 TS F7,F8 F7#

Up GP 64/25 T3, F2 F4 C4#

DM 32/57 F7 _T3#

HT 63/26 # 02, T4 T3,F8 F7,

HyLip 51/38 Ta#, P4 _P3#, F1_F3*(-)

SleepPro 43/46 F4 F3#, C3_P3#, T6_O2#

Water Int 53/36

SocialAct 41/48 F3#, F7# F3,C4 P4, F8 T4#

VD/AD 36/24 F8 T4 (AD larger)
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% 13. Photic sitmulation end EEMD filtered 2-35Hz

IMF2-35 PSend

Power

CcCC

MMSE 60/29 C4P4C3P3F3F4T4T602TST3F7F1F2F8Cz | C4*(+), F4, F2, P4 P3*(+)
CCT 44/45 C4, Pz, P3,C3,F3, T4, T6, T5, Cz cCz
CDT 45/44 C4, P4, P3, C3, F4, T4, T6, 02 ,T5, T3, F7, | C4*(+), P4*(+), F4*(+), T4,
F1,F2, F8 02%(+), F8_F7*(+), F4_F3*(+),
C4_C3**(+), P4 _P3%*(+)
NTT 66/23 C4P4PzP3C3F3FzFAT4T60201TST3F7Cz | cCz, F2_F4#*(-)
BN 50/39 C4, P4, P3*(-), C3*(-), F3*(-), Fz*(-), F4, | C4*(+), P4**(+), Pz*(+), F4,
T6*(-), 02%(-), T5*(-), T3*(-), F7*(-), | F8,
F1*(-), F2*(-), F8*(-)
WL1 73/16 C4P4PzP3C3F3FzF4T60201T5T3F7Cz C4, F4, T4, F2
WL3 66/23 C4,P3,C3,F3,F4, T5, T3 C4, P4, C3, Fz, F4*(+), T4,
F2*(+), F8, Cz,
WL4 71/18 C4P4PzP3C3F3FzF4T4T60201TST3F7F8Cz | F4, F2_F4#*(-)
TMTt 73/16 C4, P4, Pz, P3, C3, F3, Fz, F4, T4, T6, 02, | C4, Fz, F4, T4, F2*(-), F8,
Ol1, T5, F7,F1,F2,F8, Cz
TMTe 41/48 C4, P4, Pz, P3, C3, F3, Fz, F4, T4, T6, 02,

O1, T5, T3, F7,F1, F2, F§, Cz

PlaqueS 56/33

F3_C3#*(+), F2_F8#

TUAG 55/34

CA*(+), P4*(+), P3**(+), T4

C4**(-), P4**(-), Fz, F4,
T4*(-), F2, F8, Cz, cCz*(-)

Tinneti 8/81

C4**(+), T4*(+), Cz

GDS 36/53 02 CA**(-), C3**(-), F3**(-), T4,
F7, Fz**(-), FA**(-),F1*(-), F8,
Cz**(-)

G S 47/42 C4_P4#, F8_T4#

Up GP 64/25 C4, C3, F4, T4, T6, 02

DM 32/57 #

HT 63/26 C3#, F3#, Fz#, Cz#

HyLip 51/38 F2#, F8# C4#, P4#, T4#, O2#, C4 C3#,
F2 Fl#

SleepP 43/46 cCz,

Water 53/36 T3, C4, F4,F4 F3,P4 P3,

Social 41/48 F7,F1, F2,

VD/AD Pz,P3,Cz (VD larger)
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# 14. Photic sitmulation end EEMD filtered 2-35Hz (male)

IMEF2-35 psend | Power CCC
MMSE 60/29 | C4,P4,P3,F3,Fz, F4,02,F1,Cz F2, F8 T4#
CCT 44/45 F4 F3
NTT 66/23 F2_F4#*(-), F2_F8#
BN 50/39 F4,F1, F2 C4, C3, F3, Fz*(+), F4**(+),
F7, F8**(+), Cz, F8_T4#
WL1 73/16 C4, P4, Pz, P3, C3, F3, Fz, F4, 02, O1, TS, | F2
F2,F8, Cz
WL3 66/23 P3%*(-), C3*(-), F3, T5*(-), T3 C4*(+), C3*¥¥(+), F3*(+),
Fz**(+), F4**(+), T4, Fl,
F2%*(+), F8*(+), Cz**(+)
WL4 71/18 C4, P3*(-), T4, T6, 02, O1*(-), T5*(-), T3 Fz*(-), F4, F2_F4#*(-)
TMTt 73/16 C4**(+), P4, Pz, P3, C3**(+), F3**(+), Fz, | C4%(-), C3, F3, Fz*(-), F4**(-),
F4**(+), T4, T6*(+), 02, T5, F1, F2, F8**(+), | T4, F1, F2**(-), F8**(-),
Cz Cz*(-), cCz*(-)
GDS 36/53 CA*(-), C3%*(-), F3*(-), Fz*(-),

F4*(-), F2, F8*(-), Cz**(-)

# 15. Photic sitmulation end EEMD filtered 2-35Hz (female):

IMEF2-35 psend | Power CCC

MMSE 60/29 C4*(+), T4, T6*(+), 02*%(+),
F8 F7, F4 F3**(+),
C4_C3%(+), P4_P3*x(+)

CCT 44/45 T4, cCz*(-)

CDT 45/44 P4, P3, C3, F3*(-), Fz, F4, T4, T6, 02, TS5, T3, | C4, P4*(+), Pz, P3, F4, T4,

F7,F1,F2,F8, Cz 02**(+), F8, F4 F3*(+),

P4 P3**(+), T4_T6H#

NTT 66/23 C3

BN 50/39 F7 P4_P3**(+)

WL1 73/16 T4 Cc4

WL3 66/23 C4

WL4 71/18 C4 Ca*(+)

TMTe 41/48 C4,P4,Pz,P3,C3,F3,Fz,F4,T6,02,01,T5,T3,F8Cz

GDS 36/53 C4,F3,Fz,F4,Cz*(-)
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X (G * >t % 16-20) : 1.Multivariate linear regression model was adopted to adjust age,

gender, and education year. Good predictors for the continuous data is denoted by *,

p<.05, **: p<.01; (+ or -) : positive or negative correlation coefficient

# 16. Alpha wave, Mean of Synchronization Likelihood

SL (mean) Rest Photic stimulation | Hyperventilation
MMSE Pz, P3 Pz

CCT T3, F7, C3*(-) F7, F8

CDT Fz, F2 F8 F8

Tinneti Pz*(-)

GDS F8, TS*(+)

HT T4 T3

HyLip 01

SleepP P3, 01

Social P3, T3 F8

# 17 Alpha wave, Kurtosis of Synchronization Likelihood

SL (kurtosis) | Rest Photic stimulation | Hyperventilation
CDT C3,T6

NTT F2

BN 01, F7,F1, F2 C4,F4,Cz, Pz*(-) | T4,02
WL4 T6, O2

WL3 Cz Pz *(-), F4, T6, F8

TMTt T6 *(+)

TMTe Cz T4
Plaque S T4, O1,F8, T5*(+) | F2

TUAG F1

Tinneti F4*(+)
GDS Fz, C4*(+)

Gabellar Pz

Up GP Fz,T6

DM

HT C4 T6(-) T6
HyLip P4, 02(-) T6(+)
SleepP P3 Fz*(+)

Water P3, C3,02,01%*(-) | C3,T6, F8, Cz*(-)
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# 18. Theta wave, mean of Synchronization Likelihood

SL (mean) Rest Photic stimulation | Hyperventilation
MMSE 02

CCT T3

NTT TS5 TS TS5, T3

BN F3, F4 F3, Fz, F4, F2 F3,Fz,F4,T4,T6,F7,F1,F2
WL3 TS5 02, T3, P4 02,01, F2

TMTt C4,Fz, F4, F2, F8 0]}

TMTe Fz, F4

Plaque S F3, F7, F8

GDS T3*(-)

Gabellar F7, F8

Up GP T3, F7

DM P3, O1 F8

HT T3, F8, F3

HyLip F2 T3

Water 0]}

% 19. Theta wav

e, Kurtosis of Synchronization Likelihood

SL (kurtosis) | Rest Photic stimulation | Hyperventilation
MMSE T3

CCT C4 C3,Cz

CDT C4 C4, Pz, T6, P4*(-)

NTT C4, P4 TS5

BN F8

WL3 F1 T6*(-), T5*(-) F4, F1

TMTt F4, Ol P3,T5 T4

TMTe Pz, C3,T4,T6, T3, F7,Cz
Plaque S P3,F3, Fz F7,F2

GDS TS, 02

Gabellar T4 C3,T5

Up GP Ol Fz, F1,F2,Cz

DM F4

HT F2, F1*(-) C4,C3,T4, T3
HyLip T6 Té6, F2

SleepP 01, Cz

Water/ Social T5/ 02, 01
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% 20. Multiscale Entropy

Sum 1-20 | Rest Photic stimulation Hyperventilation

MMSE C3,F3 C3,02,F8,Cz 02, F8

CCT T6, T4*(-)

CDT P3, F3, F4, O1 Pz, P3, C3,T6, 02, T3 P3, T4, 02, T5,
Cz, T6*(+)

NTT P3 F2,Cz P3, 02(+)*

BN F3, F4 01, F8, T5*(+) Fz, F4, T5

WL4 P3, F3*(+) C3,Cz TS

WL3 P3, F3, Fz C3 P3, F3,F2

TMTt F3 F8

TMTe F3,Fz P4, Pz, P3, C3, Fz, F4, T6, | C4, P4, F3, Fz,

02, 01, T5, Cz, T3*(+) F4, 02, T5, Cz,

To*(+)

Plaque S | T4

TUAG C3, F3*(-) C3s O2ES~Cy 02, F8

Tinneti Pz, Cz, Fl*(+) | F8 P4, F2

GDS F3, T4, Ol1, Cz, | P3,T4 TS

Fz, P3(-)*

Gabellar | P3 F3, Cz, O1*(-) F2

Up GP C4, P4 Pz, C3, T6, F2, Cz, O1*(-) P3,T6

DM Cz*(+) C3 02, T4*(+)

HT C3 02, Pz*(+) P4, P3, T6, Fz

HyLip F8(*+) F3, T3, F7 P4 , C3, F3, T3,
F8*(+), Cz*(+)

SleepP Pz(-)

Water P3, F3, T6, T3, | Pz, P3,C3 P3,T5

Cz, F4*(+)
Social C3,F1 T5%(+)
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# 21. HRV data between two groups (by Mann-Whitney U test) ,:awake , :sleep,
Dementia (n=58) Control(n=29) p value

Time domain analysis
meanNNa 782.48+110.13 782.32+107.57  p=.857
SDNNa 58.13+19.64 62.74+21.69 p=.322
RMSSDa 9.78+7.31 8.13+3.33 p=.646
PNNis0a 1.03+2.81 0.19+0.44 p=.230
meanNNs 958.02+162.43 960+128.69 p=.535
SDNNs 59.49+36.19 58.85+20.29 p=.528
RMSSDs 9.90+4.93 10.39+4.99 p=.647
PNNGsos 0.61+1.4 0.19+0.92 p=.681

Frequency domain analysis
HFa 38.06+£84.92 26.134+33.96 p=.885
LFa 67.66+81.32 70.34+60.95 p=.633
LF/HFa 3.27+2.10 3.66+1.82 p=.228
HFs 51.95+59.58 58.62+60.57 p=.832
LFs 106.96+166.21 188.27£290.92  p=.025"
LF/HFs 2.60+2.06 3.80+2.50 p=.017"

722 wEgR B FhN 4

(by Mann-Whitney U test)

HRYV data between two groups divided by Timed up and go (TUAG) <=10sec

TUAG >10sec (n=53) TUAG<=10sec (n=34) p value
Time domain
meanNNa 790.38+112.97 770.01+101.98 p=.593
SDNNa 60.02+£21.01 59.10£19.54 p=.886
RMSSDa 0.88+7.43 8.23+3.84 p=.545
PNN504 0.34+0.72 p=.180
meanNNs 935.92+161.37 993.90+127.39 p=.049"
SDNNs 58.84+36.99 59.92+20.82 p=.212
RMSSDs 9.324+4.99 11.21+4.66 p=.023"
PNNisos 0.56+1.31 0.59+1.17 p=.874
Frequency domain
HFa 40.53+88.43 24.04+32.00 p=.470
LFa 69.81+£86.00 66.60+54.01 p=.566
LF/HFa 2.91+1.68 4.16+2.26 p=.008""
HFs 49.14+61.36 62.16+£56.91 p=.064
LFs 91.90+130.38 201.67+234.51 p=.002""
LF/HFs 2.82+2.14 3.31+2.48 p=.274
mode6Power  691.89+1057.02 1242.67+1087.17 p=.001""

a:awake , ¢ sleep, Mode6Power= IMF 6 power of EEMD of sleep EEG
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+23. < =% B ¥ Glabellar sign (by Mann-Whitney U test)

Glabellar positive n=46)  Glabellar negative n=41) p value
meanNNa 794.21+114.27 769.20+101.77 p=.400
SDNNa 57.94+27.76 61.60+19.92 p=.386
RMSSDa 9.82+7.74 8.58+4.15 p=.818
PNNG;s0, 1.02+3.06 0.44+1.00 p=.220
meanNNs 943.47+167.79 975.63+129.93 p=.270
SDNNs 62.61+39.38 55.67+£19.49 p=.778
RMSSDs 10.15+5.16 9.98+4.72 p=.971
PNNis0s 0.69+1.56 4.41+0.81 p=.859
HFa 42.81+93.90 24.29+32.37 p=.337
LFa 73.544+92.84 62.97+47.65 p=.634
LF/HFa 2.94+1.73 3.92+2.19 p=.031"
HFs 55.40+62.21 53.00+57.45 p=.858
LFs 122.20+179.01 149.14+193.35 p=.200
LF/HFs 2.65+£2.11 3.404+2.42 p=.084
mode6Power  906.49+1333.36 910.48+773.34 p=.121

%24, 2% R & 3 o &R (by Mann-Whitney U test)

HT(n=61) No HT(n=26) p value
meanNNa 792.03+105.32 759.88+115.07 p=.090
SDNNa 62.49+19.59 53.04+20.89 p=.039*
RMSSDa 8.60+4.02 10.70+9.74 p=.985
PNNs04 0.03+0.008 0.016+0.040 p=.225
meanNNs 934.92+201.16 934.92+201.16 p=.246
SDNNs 61.17+£31.80 54.31+£30.50 p=.143
RMSSDs 10.28+5.04 9.53+4.66 p=.576
PNNisos 0.005+0.013 0.006+0.012 p=.846
HFa 26.43+30.62 52.05+£122.94 p=.623
LFa 66.88+£53.53 71.49+£111.11 p=.321
LF/HFa 3.62+2.04 2.89+1.86 p=.103
HFs 56.79+59.38 49.55+61.95 p=.355
LFs 146.27+179.58 110.88+203.75 p=.087
LF/HFs 3.16+2.37 2.68+2.07 p=.355
mode6Power  925.07+1054.59 864.13+£1224.38 p=.139
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%25, 2% & 2 4% fjp (by Mann-Whitney U test)

DM (n=32) No DM(n=55) p value
Time domain
meanNNa 771.30+£101.39 788.89+113.08 p=.498
SDNNa 59.92+18.42 62.42+21.04 p=.142
RMSSDa 7.75+3.99 10.10+7.21 p=.046
PNNs04 0.03+0.008 0.010+0.029 p=.022"
meanNNs 907.48+£106.24 991.28+165.78 p=.007*"
SDNNs 50.89+22.84 64.52+34.96 p=.022"
RMSSDs 8.73+4.41 10.91+5.08 p=.024"
PNNs05 0.004+0.010 0.007+0.014 p=.001""
Frequency domain
HFa 18.64+22.80 43.07+£87.97 p=.025"
LFa 48.09+49.87 80.46+84.20 p=.006*"
LF/HFa 3.48+1.91 3.36+2.08 p=.567
HFs 36.42+46.28 66.31+64.71 p=.003*"
LFs 116.62+£196.54 148.91£179.94 p=.090
LF/HFs 3.10£2.09 2.99+2.42 p=.600
mode6Power 634.90+900.799 1076.68+1177.82 p=.072
a:awake , ¢ sleep, Mode6Power= IMF 6 power of EEMD of sleep EEG

#.26. MSE of EKG £ f5 ficdy chbf 7%

sum 11_20 of sleep EKG

slop 14 20 of awake EKG

CCT 43/44, 40/43

P=0.020, r=-0.252 *

Up GP63/24,59/24

=0.279, P=.012¢

by Mann_ Whitney to differentiate the power of classification, by multivariate linear

regression to adjust age and gender and education year

# 1 age (r=0.372, P=0.000) or gender(r=0.352, p=0.002) is also significant in model

@ only age (r=0.340, p=0.002) is signigicant in the model
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# 27. MSE of awake EKG (sum of scale 11 _20) % MSE of EEG (sum of scale 1 _20)

EKGa sum 11 20 | Correlation Sig (p) Power of
(N=87) observation
Fz -0.332 .0019 .888

T4 -0.290 .0070 780

F3 -0.278 0101 740

Pz -0.267 0137 702

02 -0.262 .0153 .687

Ol -0.255 0187 .660

F8 -0.252 .0198 651

F4 -0.247 0229 .630

P4 -0.245 0241 .622

T3h -0.229 .0347 .565

C4 -0.228 .0357 562

P3 -0.223 .0401 541

F2 -0.222 .0407 538

T5p -0.214 .0493 .505

by multivariate linear regression: adjusting age and gender
sig: significance, p:photic stimulation, h: hyperventilation
a: awake
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# 28. MSE of sleep EKG (sum of scale 11_20)%* MSE of EEG(sum of scale 1 _20)

EKGs sum Sig (p) | Power of | Slop 14 20 | Sig(p) | Power of
11_20 (N=84) observation | correlation observation
F2p -0.329 .0027 .865

T5p -0.328 .0028 .863

F4p -0.313 .0044 .825

T3p -0.310 .0048 817

Flp -0.292 .0083 763

T4p -0.290 .0086 759 0.315 .0042 | .830

Czp -0.287 .0094 749

C3p -0.282 .0106 734

O2p -0.276 0125 714

Pzp -0.277 0122 JT17

Olp -0.271 .0145 .695

Fzp -0.266 0164 .678

F3p -0.25 .0244 .620

F7p -0.233 .0360 559

Cép -.228 .0406 538

P4 -0.220 .0488 507

02 -0.243 .0289 | .594

F2 -0.283 .0106 | .735

by multivariate linear regression: adjusting age and gender.

age not significant ( F4p, Czp, Flp, Olp, C4p, P4, F3p, Fzp, F7p, 02, ), gender all not

significant except O2 , F2 slop
sig: significance, p:photic stimulation, h: hyperventilation

#.29. LF/HF of awake EKG % MSE of EEG(sum of scalel 20)

LF/HFa correlation Sig Power of observation
F4 -0.302 .005 813
Pz 027 607
02 negative .026 .609

by univariate analysis of general linear model: adjusting age and gender.
sig: significance, p:photic stimulation, h: hyperventilation
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4 30. LF/HF of sleep EKG % MSE of EEG(sum of scale 1_20)

LF/HFs correlation Sig (p) Power
observation
F3h -0.316 .004 .829
C3h -0.303 .006 796
T3h -0.246 .008 173
T4p -0.254 .022 .636
O2h -0.246 .027 .606
T5h -0.227 .041 535
T3p -0.227 .041 536
T4h -0.227 .042 534
P3h -0.220 .049 .507

by univariate analysis of general linear model: adjusting age and gender.
sig: significance, p:photic stimulation, h: hyperventilation
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B®l13 ~ LF during sleep and LF/HF during awake state

(A) LF during sleep(p=0.002) (B) LF/HF during awake state (p=0.008)
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median, the 25th and 75th percentiles, the 5th and 95th percentiles, and each data

points.
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English Abbreviation

AD Alzheimer’s disease

AP Beta amyloid peptide

BI Barthel index

BUN Blood urea nitrogen

CCC Cross correlation coefficient

CCT Clock-completion test

CDT Clock-drawing test

CERAD The Consortium to Establish a Registry for Alzheimer’s Disease
CHOL Cholesterol

CRE Serum creatinine

CRP C-reactive Protein

DFA Detrended fluctuation analysis
EEG Electroencephalography

EMD Empirical mode decomposition
EKG Electrocardiography

FFT Fast Fourier transform

fMRI Functional magnetic resonance imaging
GABA gamma-Aminobutyric acid

GDS Geriatric depressive scale

GOT Glutamic-oxaloacetic transaminase
GPT Glutamic-pyruvic transaminase

Hb Hemoglobin

HbA1C Hemoglobin A1C

Hct Hematocrit

HDL High density lipoprotein

HF High frequency power

HHT Hilbert-Huang transform

IMF Intrinsic mode function

LDL Low density lipoprotein

LF Low frequency power

LF/HF Low /high frequency power ratio
MATLAB Matrix laboratory

MMSE Mini-mental status examination
MES Multiscale entropy

NSAIDs Non steroidal anti inflammatory drugs
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NTT Number transcoding task
OSA Obstructive sleep apnea

SL Synchronization likelihood
TFD Time-frequency distribution
TG Triglyceride

TUAG Timed up and go

T™T Trail making test

PSD Power spectral density
REM Rapid eye movement

RRI RR interval

ULF Ultralow frequency power
VD Vascular dementia

VDRL Venereal Disease Research Laboratory test
VLF Very low frequency power

WL

World list
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1. MMSE
MOUNT SAINT JOSEPH HOSPITAL ~ S$5044

SHORT STAY ASSESSMENT AND TREATMENT CENTRE
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2. Clock Completion Test nach Watson et al. (1993)

Anleitung

Bitte zeichnen Sie in den vorgegebenen Kreis die Ziffern einer Uhr ein

Auswertung

Der Kreis wird in vier gleiche Quadranten unterteilt. Dazu wird eine Linie von der Zahl, die am ehesten
der 12 entspricht, durch die Mitte des Kreises gezogen und eine zweite Linie, die senkrecht zu dieser

steht. Beide Linien kreuzen sich im Kreismittelpunkt.

In jedem Quadranten werden im Uhrzeigersinn die Ziffern gezéhlt, beginnend mit dem Zeichen, das am
chesten der 12 entspricht. Ziffern/Zeichen, die auf Referenzlinien fallen, werden zum folgenden
Quadranten gezéhlt.In jedem Quadranten sollen somit drei Ziffern/Zeichen sein. Befinden sich mehr oder
weniger Ziffern/Zeichen in einem Quadranten, gibt es in den ersten drei Quadranten je einen Fehlerpunkt
und im vierten Quadranten 4 Fehlerpunkte. Die maximale Fehlerpunktzahl betrdgt damit 7.

Mehr als 3 Pkte.: Es liegt eine Hirnleistungsstérung vor
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3. Clock drawing test

Evaluation of drawing [score] (time: 11.10)

Cloch comect and position | ™, Clogk incorectand: l/’:\‘_\
) of hands: (= " numbers clustared of revarsed, T N
is comect 10 o, o hands =il dravn on 5 S,
T, .
I‘i '~.e'-l-'| olearly placed senies of numbars or ..'f- r—\-“
shows minoremor . 9 uf unified doddace not present 4 W .
T \'._- /
I.,.".-' ~ o
shows obwious erer 2 b 3 rumbers and dook face are not .
ey o together, no hands 3 =

P
iz very differentfromtime |/ £ “ onty waguelyresembles a clock 2 ")-_-T\E\]
requested A o 1\_{_ _,‘-"II
iy B —

no hands, other makings (4 zannotbe interpreted 1 o
T

/F'-h'\ll no attempt, or attempt
/."

4AWord list
F3 o0 W% B H: £ A3 ¥ w4 H
O O O | (| [ O | O O
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O O O Oa | [ (| | O O
O O O O [E] O O O O O

# p : CERAD-plus (CERAD=Consortium to Establish a Registry for Alzheimer's
Disease, developed by Memory Clinic Basel ,Germany)

5. Number transcoding test
R SdRF

BlF:5> L %>3
209=

40534=

[ERRE R

ARG i

#p : Kalbe E, Calabrese P, Schwalen S, Kessler J (2003)The Rapid Dementia
Screening Test (RDST): a new economical tool for detecting possible patients with
dementia. Dement Geriatr Cogn Disord. 16(4):193-9.)
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8. Tinetti Balance Test

Tinetti Assessment Tool: Description

Population:

Adult population, elderly patients

Description:

The Tinetti Assessment Tool is a simple, easily administered test that
measures a patient’s gait and balance. The test is scored on the patient’s

ability to perform specific tasks.

Mode of Administration:

The Tinetti Assessment Tool is a task performance exam.

Time to Complete:

10 to |5 minutes

Time to Score:

Time to score is included in time to complete

Scoring:

Scoring of the Tinetti Assessment Tool is done on a three point ordinal
scale with a range of 0 to 2. A score of 0 represents the most
impairment, while a 2 would represent independence of the patient. The
individual scores are then combined to form three measures; an overall
gait assessment score, an overall balance assessment score, and a gait and

balance score.

Interpretation:

The maximum score for the gait component is 12 points. The maximum

score for the balance component is 16 points. The maximum total score
is 28 points. In general, patients who score below |9 are at a high risk for
falls. Patients who score in the range of 19-24 indicate that the patient

has a risk for falls.

Reliability:

Interrater reliability was measured in a study of 15 patients by having a
physician and a nurse test the patients at the same time. Agreement
was found on over 85% of the items and the items that differed never did
so by more than 10%. These results indicate that the Tinetti Assessment

Tool has good interrater reliability.

Validity:

Not reported

References:

Lewis C. Balance, Gait Test Proves Simple Yet useful. P.T. Bulletin 1993;
2/10:9 & 40. Tinetti ME. Performance-Oriented Assessment of Mobility
Problems in Elderly Patients. JAGS 1986; 34:119-126.

(http://www.sgim.org/userfiles/file/h...smentTool 1.pdf)
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Tinetti Assessment Tool: Balance

Initial Instructions: Subject is seated in a hard, armless chair. The following maneuvers are tested.

Task Description of Balance Possible Score

1. Sitting Balance Leans or slides in chair Steady, safe =0=1

2. Arises Unable without help Able, uses arms to help Able | =0=1=2
without using arms

3. Attempts to arise Unable without help Able, requires > 1 attempt | =0=1=2
Able to rise, 1 attempt

4. Immediate standing | Unsteady (swaggers, moves feet, trunk sway) | =0=1=2

balance (first 5 seconds) | Steady but uses walker or other support Steady
without walker or other support

5. Standing Balance Unsteady Steady but wide stance (medial heels >4 | =0=1=2
inches apart) and uses cane or other support Narrow
stance without support

6. Nudged (subject at | Begins to fall Staggers, grabs, catches self Steady =0=1=2

max position with feet as

close together as

possible, examiner

pushes lightly on

subject’s sternum with

palm of hand 3 times.

7. Eyes closed (at | Unsteady Steady =0=1

maximum position #6)

8. Turning 360 degrees Discontinuous steps Continuous steps Unsteady | =0=1=0
(grabs, swaggers) Steady 1

9. Sitting Down Unsafe (misjudged distance, falls into chair) Uses | =0=1=2
arms or not a smooth motion Safe, smooth motion

Balance
Scor e:
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Tinetti Assessment Tool: Gait

Initial Instructions: Subject stands with examiner, walks down hallway or across the room, first at “usual”

pace, then back at “rapid, but safe” pace (using usual walking aids).

Task Description of Gait Possible | Score
10. Initiation of gait Any hesitancy or multiple attempts to start No =0=1
(immediately after hesitancy
told to “go”)

11. Step length and a. Right swing foot does not pass left stance foot with =0

height step
b. Right foot passes left stance foot =1
c. Right foot does not clear floor completely with step | =0
d. Right foot completely clears floor 1
e. Left swing foot does not pass right stance foot with =0
step
f. Left foot passes right stance foot =1
g. Left foot does not clear floor completely with step =0
h. Left foot completely clears floor =1

12. Step Symmetry Right and left step length not equal (estimate) Right =0=
and left step appear equal

13. Step Continuity Stopping or discontinuity between steps Steps appear =0=1
continuous

14. Path (estimated in Marked deviation =0

relation to floor tiles, Mild/moderate deviation or uses walking aid 1

12-inch diameter; Straight without walking aid =2

observe excursion of 1

foot over about 10 feet

of the course).

I5. Trunk Marked sway or uses walking aid =0
No sway but flexion of knees or back, or spreads =1
arms out while walking
No sway, no flexion, no use of arms, and no use of =2
walking aid

I6. Walking Stance Heels apart Heels almost touching while walking =0=1

Gait Score:

Balance + Gait Score:
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