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sty SC Ak 22

Rk« DRI K D MEIR R A BLE ®ARANT & X 7 A O WS & 5 H

AEEERIT, RE, E@HCM IR E OMEELERINTEBY,
MEAR AN R CHEREEIIERFECEMEREOEHERERKN TH L Z &0
WEINLTWD, 2Ly HEREFFHB ZOEROE 2 B %912
ZU 7L, BRHIIC®HEL T D LT EEEEOKERE - i BEARICH
ETL2HEB[ P OBENOEETH D, MEAR O FFAMEIL. &R ERSF
U Y /)27 Z 7 4 (Polysomnography: PSG) NIE¥ETH W . M. IR
KER, HEMNREZ OAMERZLET 52 &I X0 MR
DHEEDITON TS, LML PSGIEEZL OEMEZEZET L7120
e M AsE L, EMRRAEEREICHESINDIZ ENEL BEW
WCHET D2 EITRETH D, Ay —LEXIT, #iF8 CH W ATE
TOEBRERZERTHZENARETH Y, KT TEHEEL /AR
BlhaIh, RREHOT 4 PF VT —F Ok bAE S Lo T&E T, 2
D, LEMEYIEREMAHET T 27222452 L
Wk, EETHIOICHEROE ZFMT 2 2 LR AREICRD LHE
bbb,

AAEMRIEE L, BMREBICISEL TE T2 2N ML TE
D, LHREBHOEEEMBT L VSO ARMRIEBHFIEL VT
MEMR BB A HEE T2 FIEPRFT SN TV D, DA E O JE BT
21T 9 LKA M % (Low Frequency: LF) & & 8 k4> (High
Frequency: HF) 236 b, LE DX, V=v-T o472y

YR MFRER Sy . WIRFRE . AR e SR 2 Oy B G LT



W5, —JF, HF R IXFERICE B L2E® ThH 0 | W MR %A
&k (Respiratory Sinus Arrhythmia: RSA) Ik > CTHK S, =D
N — 8 D VIR IE DMK EMRRIEE 2 KB L TV D, DAAE
DBE N IX, T —FOH 7Y BN ERBCTH D LN
KEARTHY, LEX RR BIEZ SRR T 272 O A2 25
ERD, Fle, BT AEICHMN B 5o RTEOBERER O T —
ZRENTICIE R M E THDH, £ D7 PSG I & 5 HEAR B B o ] & X [
D20 H D VIT 30 & —FEF, LA BT IR — o IR B R
PR L THB T 2RKBICRESNALT VW, 2 kb, RIFE T
ANEMBT — 2 T TE ., DRI VTS T
HIENTELORDAABERZEANNY VN IEZ AT, 30 &0
O EB N 21T o 72, RFEIE, ER D X LTELE L TEEH
EEZES T — X 2EHBENPOEEMICHITI T 52 EBAETH

%o AlE, REIRKE OO 4 O FE W ME 28 8 A 0 s b L, BEIR B B o H#EE
AR T A= 2 LI,

F1E . DHZESEE W HERBE B OH E A[REMEIZ DWW T
fdt i Ak N 6 44 & xR IZ PSG it #k &= 17 » 7=, Microsoft Excel % H \»

THR/NEBERREART MBI 2T VAT LAEMEL, 30 BED
LD FEM RR IR ORERFIEE I L, A8 Z 0.1 BEEHEINS SR
SRR A B TIE O TR E AR L MR 2 B L. DA B O m A K S
M L7z, oS rEix,. % (Probability) # E BT
KD, TOWEONEEEHE L7 D% RA (Rhythm Adaptability)
EEHRELE, RAIZ, FEEAAZHR I T E2EEAVHEZ
AT, DA RAZ, 30 B EOMER#if L v B LZFR RA & AE



RABEELRIRD LN, U AERTEME., U AMERTRMEZ RT
90 s D W MEA B A ox LT, MEIRATY: TR 6 Ao XU —
MEMLTWS EE, DM RALHEMLTEBY, 66lF 6l THE
RMBEMERRO N, —FH, HBIRZETIE3IH THEAELRRD L
AW oTe, D RAIZ K DMEMREBME 3, 4 ¥ OB B L OFF £ JE
X 71% TH Y. By bATEITE 2 Ao HERE.O M RA OFEIC
TWE Ch o7z, LD Z &6, O RA ., BEIR U XL E
IROFH ZHEST D2OICAMRERETHL EHER LIz, KHFFEOR
R LT, MM LDEME 2D RERNPELL AONDHAEI
X, DI RA X VRIERZHEET 2L EFRETHY . Z 0 FIEIX
HHTE W EtRnbTFoND,

B2 & fE AR I o BE R BRI MR o E B IZ DWW T

AERPZ AN LA ICE, L RA LV EERZHEE T 2
CLIEREETHDLEVIOHE | ETOMBEAERE X, AE TILER
O RA IZOWTHEZ M A MW dh K 0 B 52 AR R o MBI M
zEBEMAM L, MEBAELZEEATLIHEESL L TEIHKREK

(coefficient of variation : CV) /37 — 27 L LD L& (kurtosis)
WHH ., ZHUOOHRBEORMEZRE L, CV & RA X, R B R fH
THEENRBO LN, /U AMEROEM 2, 3, 4 TiX CVIZIKME,
RAF®EMEEZ R LI, ZOHMOEEL XORFEEZITN 64%TH > 72,
RAZ. | Mk omH 4 LELET, AR THBNICHITTE S Z
EMEROEBM OB S TIRBOHEETE LA TEALTEY, /L
LHEIR KR O AMEIER 2 E &L T2HIEEL Lo HAERHEN S
oo 0. WBIZBVWTCIIEHERTOMNRKZE=F%—L., FFROH#H



RIVE . A BANE 2 0E B b9 2 2 & i3 sk o FFR t A o 22 7€ PE & HE I
TLHLETHLERETHY, PR &0 EREFR oA 2 E&(kT
DHEEIT. BIKICBWTHOAMTH L EHER L 7=,

B 3 F o MEARIF O FEIR - 4 O B I D W T

1R AN B0 2 D o e RAE & BB o 2 % B L R
BepE g I LR AT Lo, L ABEIR TiX 6 Bl 6 5] CREWLJE B & R iE
WCHBERMEBEMERRD N, /L AEIRERE 1,2 8 X OB 3,
4 T 6FIH S EICTHEBIMENRD AL, 1 BIIX IR o8 RIZHE WD
4 A TIERIRES MM L7228, TN EITIE TEm A2 R L, [
O E X, SHIH 4 FIAMEIRBEMR 3, 4 12NV AREIRTAHEEIL
BMWEZ /R Lz, 202 X0, /v L SRR TR 0T E 8K
FHETHY | ERRXOAEIZENEM TH L Z N R I, — .
LA BRI 30 T b PR B A M IS IR R XN L 72 Y. & o A ED
TR 34 Nmnw I e Rz, 2N ORBOREIZ, VX
LHEZMA AL VIEREMBZHET 27200 —2>DFE L
DL HEML T,

ARFFRIZEBNT, #EH, AL ¥ —DBFHIAER, & M2 B X
OCHAMERIEHOPWEICH LN TELEN , RAOBMEZEAT L Z
SRV ERBAY S XL OEREEOHE D AR D EHH NS,
AR T R R R R S0 B IR R AN B L 72 R T B SO R S oo 4
B, FMERD 2 WITHERES & AEEBEROBEMEIZ DN TOMH
RIERICHFEHETHHDOLEHEETE D,



Summary

Development of Respiration and Heart Rate Rhythm Analysis System by

using Cosine Spectrum Method for Estimation of Sleep Stages

Epidemiological studies have reported an association between sleep
deprivation or sleep disturbance and increased risk of diabetes,
hypertension and obesity. Evaluation of sleep duration and sleep quality
is thus important to reduce sleep related disease and to improvement of
quality of health. Sleep stage is usually estimated by polysomnography
(PSG) recordings. However, this procedure takes a lot of time, requires
instruments to monitor several physiological signals and is usually
performed in  sleep laboratories. Twenty-four hour  Holter
electrocardiogram (ECG) is an ambulatory monitoring system and used to
detect transient myocardial ischemia, cardiac arrhythmias, and cardiac
autonomic nervous activities. Autonomic nervous activity changes are
modified by sleep stages. Thus, previous studies have reported method for
estimating sleep stages by using parameters of autonomic nervous activity
obtained from heart rate variability (HRV). With spectral analysis of HRYV,
the power spectrum contains two main frequency components, low-
frequency component (LF, 0.04-0.15Hz) and high-frequency component
(HF, 0.15-0.50Hz). The HF component is equivalent to respiratory sinus
arrhythmia (RSA) and reflects parasympathetic modulation. RSA is beat-
to-beat fluctuations in heart rate associated with respiratory cycle, being

heart rate accelerates during inspiration, and decelerates during expiration.



Neural coupling between the respiratory and circulatory control system in
the brainstem appear to be responsible for the generation of RSA. Two
main theories are proposed concerning the RSA: 1) direct modulation of
the cardiac vagal preganglionic neurons by central respiratory drive and
2) inhibition of cardiac vagal efferent activity by lung inflation. The
methods of power spectral analysis of HRV need equidistant data and 5
minute segments of data. However, sleep stages are generally scored every
30 second segments by PSG observing. The least square cosine spectrum
method is possible to estimate the cosine components of the data composed
of unequal intervals and short time series data. Thus, I have analyzed RR
intervals for every 30 seconds interval by using the method and extracted
the parameter for the estimation of sleep stages. In order to solve this
issue, we further made a step to estimate deep sleep by using RA of

respiratory wave.

Chapterl: Estimation of Sleep Stages by using Heart Rate Rhythm Analysis

Overnight polysomnographic recording was performed in six healthy
subjects, aged between 26-32 years. | have analyzed RR intervals for every
30 seconds interval by using Least Square Cosine Spectrum Method and
extracted the “Probability” as an index to evaluate the regularity of heart
rate rhythm. I calculated “Log(1/Probabilty)” and referred to as “RA
(Rhythm Adaptability)”. The RA of heart rate and respiration were
positive correlations. The RA of heart rate was lower during REM sleep
and wakefulness, and was higher during sleep stages 3 and 4. The RA of

heart rate showed 90-minutes rhythm during sleep, and significant positive



correlations with EEG power in delta wave during the first half of sleep
time. The RA of heart rate demonstrated sensitivity and specificity of 71%
for sleep stages 3 and 4. I confirmed that the RA of heart rate provides
valuable information concerning the estimation of deep sleep and sleep
cycle. This study have a limitation in estimating deep sleep only by using
RA of heart rate such as in the cases of patient with arrhythmia, autonomic

nerve disorder.

Chapter2: Quantification of Regular Respiration during Sleep

Sleep stages influence medullary respiratory neuronal activity.
Respiration becomes regular during NREM sleep and irregular during
REM sleep. To make quantitative analysis of the regularity of respiration,
three parameters were examined, 1) the CV (coefficient of variation) of
the respiratory cycle, 2) the kurtosis of the power spectrum ranged from
0.15 to 0.5 Hz frequency band, and 3) the RA of respiration derived by
cosine curve fitting. The CV was lower and both kurtosis and RA were
higher during NREM sleep, indicating regular respiration, and opposite
changes during REM sleep. The CV and RA showed higher accuracy in the
detection of NREM sleep compared with kurtosis. For the calculation of
CV value of breath-by-breath respiration, each breath is required to be
detected manually. On the other hand, RA has not need to detect each
breath cycle and could be analyzed automatically. I suspected that RA of
respiration might be useful for the quantification of regular respiration
during sleep and the prediction of NREM sleep without monitoring the

heart rate.



Chapter3: Relationship between respiratory frequency and heart rate

amplitude during sleep

The exact relationship between heart rate and the phase of respiration
depends on respiratory frequency and tidal volume. The amplitude of RSA
is progressively diminished with increasing frequency. Few studies have
been investigated the relationship between respiratory frequency and RSA
amplitude during sleep. I measured the absolute values of amplitude
expressed as the difference between the maximum and minimum heart rate
within the respiratory cycle. A positive correlation between respiratory
cycle and amplitude was obtained from all subjects during REM, five of
six subjects during NREM sleep. In four of five subjects, the slope of
regression line obtained by RSA amplitude and respiratory cycle being
higher during REM sleep compared with sleep stage 3 and 4. I suspected
that the characteristics of heart rate amplitude might be parameter for the

estimation of sleep stages by using heart rate variability.

In conclusion, RA derived from heart rate or respiration might be useful

parameters to estimate sleep stages, especially NREM deep sleep.
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Fr &

EAGBEICL D &, 2010 F (Fpk 22 ) OFHFHFaix Mt
79.55 %, &M 8630 TH o DITH L., HEEHF AT B 70.42
. M T3.62 K TH D, R & EHEHFEMIZIER 10 5% D &
bEND, H2w MERBA 21 TIiX, BEHEE GO EOE N 5 4
DIELOEZ FFEILHZEXZHBELTEY, ZHRICEVBEADAEEDE
DIKTFEBE, bW AHORBIZL SRR EE2 bR TWY
Do WEEREAFM LT T 20T id, PR, LFHMREE, MEE., NA
AL E LIEAEEERSRNAEECH DL, AEHERIT. &F.
NN A MER & O EE M TE Y, MRS E MR [EE
EFERFCEmIME, B2 EOMEER THLZ EAREINTWY
%, FKFHERIZ, 42U Stk - mMpEEO EHZH 72672
E DR 3 HMMEERAZKMIRT 2L, AR VIEZHEDIKRT,
MFERE DR T, KM BRIEBHOHMA LN & D 2, 1 H
b7z SHFHIU T OMERS SMEREOAREREEERK TH - 72 &
DENPHELND Y, b, ERAECHERESIX, BE 0K
THERTEE, AFERBEOR T, EEFELLZBEBELO MO ZE
KWebezd, UbhoZ &b, &5, B2z, HERZFEM, &
LT Z &3, EEOHMER - i, MEIRICEE T 55K T
BENOERELERE AT D,

HEAR (3, 2RIREKEFH 2 HBL T 2 L LAMEIR (rapid eye movement:
REM) &, HBLZ2Ww L ABEIR (non-rapid eye movement:
NREM) 2AH V., &5/ L AMERITERBEM 14 109 8ESH
D, MEMREBPE 3 & 40%. MM 6 B (IRIK) OHB&EIZ K - THIE S
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NHZ b mMFILEDLOE THRIEMER (slow wave sleep: SWS) &
TN TWAH, HEIRIE, W b AR (HEIREME 1-2) 5 E
DRV b AR (HERBPE 3-4) 28 T L A MEMR A H 9
D, /UL AMERE VAMERITIALZAICE > THELL, 90-120 4
JAM T =Bl 4-5 v iR D, 1EO LV AEIREZHICK
< b AHEAR F T4 MEMRE W (sleep cycle) & FEOY, 1 B4 i@ L 7= BEAR
RO S L BEIRATY: OMERE S TIXSWS BEZ < Ao, £ D1
Dy AERS LV AMEIRS SO 2 E G700 #§5OERZ
TRV LR EERERE 2222 H0 25, IR - BREY X203, &
HAEBOBELTRLAT b= pWEOHEM A EMOAKY X LB 5 L
AL TBY., 2O EHEEX EEICH DIRNIERHIC X o THIE S
NTHY, AV XLEEEND, TORBIL, BXZ 25 FKHT
HDH, 1TEN24BEMOBEY XALEFHNIEROTAILD, K
BHE, B R CORMKEFICEo T 24 FFHICHEFSE L
TWs, L2rL, Bt Tid, DENS AN E TAEBITHRA
L, BEIRAEDNFEBELLTWDIEHIZ, 2OTAEZEIELDSLWE
Bizby, R - TEY ZL0ENNET TWDH, 2010 4 FH R AR
REf AR EZEICL S &, FHOMERKMIZ 7RM 1455 THDY .,
1970 FLBER BIRWAKETH D Y, £/, AREE, PEEE, 7
HMREBONTNAN 1 DU EZAELTWLIEEEARIREE LEESLE,
ZOHEFHFIL214%THO . SAIC T APERICHELZRBZ TWVWD
ZEPMEINATNDS Y, ThEh, EROEBXOVE %2 B E AN
W TE=XY 7L, RIROKELZRBICELL, E\EL T
CZENRFEETHDLIEZEZDOND,



MEAR O FFAME L, REMEIRAR Y VA 757 4
(Polysomnography: PSG) 2MEHETH 5, PSG 1L, MM, HREKE
B, AN TAHHEREERE L, R ES ., OEK., EFEEMDE
I EOERE R A FER G L, KI5 MR B M. MR 525
ITEY, FEMB X ORI B LR S DEBIAICHEN 5, MR B
BE o> ] E 12 1%, Rechtschaffen & Kales® o 2 ¥ | & L ¥E S H W & 7 T
BO.208H2WVIX30 B T LICHET D, LrL—F T, PSGIZ
BmAEZICHEMET DELEE L, QIEE, #HREOABEN KX
W, F7o, BIRBRAESECOWEICEREINLT <, BHFORERIRGE
FREHICHML WS ZEEFREEWSBEAR TN, 2
NoEDZenb, EECHSICHER %M+ 2 FERBH ST
Wb, 77F 77 71F, WEHEZHMGEHAIELICHET LSO TH
D, BRFHXNTHRENICEMERAMENTETH D, ik, M
R - REANY — 2T 2 ECHERTH 22 DY, HERE: M %2 4
ETHI LI TERy, AAX—DLEIHIL, HRHGHRFICBT HM
BIEO—DE LT, AR MO E OB W & IR 2 B HE I
HuwbhTky, AEMREERED -2 LT AL TWY
L, BEHMTHEAETO 24 FFHOMER ., LEXRE O AR H)
Ak TE, LVZLLOXREHICHNET LI LEDRAIETHD, &b
(2. LA TIZOEK RR FMRE 2 RRE G T& 5 /00 T & O KSR
LR INTEYD, IVMEICHIET 22N ARELEL>TETW
5, ZOZELXD, DEXIVEREREEZHE ST 557 A —% %l
M9 52T, FECBVWTHSMICHEROEZFEMI 52 &3
e FE2AbLND,



ARG L, BIREEICIE L CET 228 MbLNTEY
D.LHEBOFEEMAT LV AL D BEMRIEBIEE LAV
e R B B B S R i S T 2 101D i A B o JE R BT IS T
— 2O T THBAERBETOHL I ENERTHY . AEM
@7 — &% T %R RR W Z % BRI 272 o H LB 23 24
BERD, Flo, Yo7 ABITHIDH Y 555K O /R O T
— HRAIZIE AR E TH D, D=, PSGIT L 5 HEMRE:FE O H &
XD 20 B[ & 2 ik 30 # [ & AT X 28 — B 47, O A o g
Brodm —oMEREM 2 HEH L CTHIR T LI XMICRE L TIThM D Z
ENLZ WV, TNLVARMIETIE, T—F O T U TR SR
fBCTHLULEENRLS MAIXMEEZAERICHE TS, B 2n
YU T TOHMTT 52 ENTEDR/DEFERL AL VT
B B0 AW TOLMEBMHT 21T o 7o, KFIEE, EERY X LT
e LTCHAMMESZEY) T X AEENN OEENICHITT 5 2
EMMFAIRETH D, PSGIT KD MEMRBEBE O EXH E —HIEDL712D
fE T X 2 30 & L, MEREBOHEICAM R NNT A —2 O
ATV, Z O HMEE B L T,



1B LIS E A T IR B B O HE AR I >\ T

1. BWY
DERLVALNLE®RE L CARER, DHEM, LHESHR L
BN D, LEEAEE, Lo LHEoLHEEY (RRER) O
HETHY . DO A BT D AR AR - BRI LD
FEI SN TR, BEMBREHOFMICLAHICHNONL TS, %
o, DMEBITAELHEEL O T RO TR T 1D, LA 5E L
HNOFEBIRERICHET 2 THETFRRF ™YL L THERSLTY
Do DAL T O JE BN 21T O L. 0.04-0.15Hz O K JE B AL
(Low Frequency: LF) & 0.15-0.45Hz @ /& J8 #% ik 4 (High
Frequency: HF) 2/ b b, LER DX, L=v-T o o4 T v
VRO Ry 2V, WIRFRE 2D, JE IR 2P A YR 2 DRk
SIEE LTS, —F, HF B IEFRICFEAB L7ZZLB TH Y |
W0 P4 9 P AR 2 ik (Respiratory Sinus Arrhythmia: RSA) 2 Xk » TH
A S AU D, LF Aoyl IR & Bl 22 J& ok i oo fih A o0 3RS & %
F. HF 5 T % RSA I E I A A2 AR TE B O AL 2 %2 1T TV %
ZEMREINTWVD M, RSA T, MWRICHKES>TZLMOEH TH Y |
W SURFIC RR BRI M LIRS < 72 0 | FEAIF I RR [ BRI IE &
LARIZIEL 725 29, RSA DFEAITIE., ML XL TOMKIC X DK
EMRIESOEMBEBAMEEG L TRBY ., XREMKRBERENS LET S L
RSA #RWE X HGIN U . 2K & #0805 0 B O 8 5 RF 1T 11X RSA O L&y 84
MR D, AR TIE, RADAHEBERLAXRT PAVEENTEZ AT
MEBO&BERKSZMHB L, BMREEZHEET 2720037 2 —
ZEMMH L, XT7A—20FGHMEEHRFT DI, R LD
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BN ORMEIE B, & < ITIRBMER (SWS) TEZCHBET LML D
B PE, B3 X OVPSGIC KX 2 MEIR B S & o B ME 2 By L 72,

2. ik
2.1 %%

B9 2 BEAR EE . AN F L OV IR AE BR AR OR R 7p & oo BEAE I
DRV NS 4. B 14 CEEER 2772225, &
R 161.7£4.9cm, K 53.4+49kg) 2R E L, SHBREICFHA]
CEBRANREZHH L, REELHE, AERIT., KA EEKRFHAE
BEOARERG,

2.2 JE J7 ik

HATR BRI THMEBEIR 20 & IR £ T PSG %17 » 72, #I7E f/lf & 8 1H .
2 — b — A OB E, R 7 TE B IR T Bk R - R R BRI 1T A R
FOoBEOAIEELIZERUUICARD X EHLL, W EEEIL,
intercross fL# I =F =7 DAQ ¥ — = J /L - 410 (130mm X 60mm X
40mm, 200g) ZfEMH L7z, WMEHEBE X, WM., 4 8T A 5 EX.
DB, IRERESR), FEW & Ulc, MM EMRIT. BRI TS O E
(ten-twenty electrode system: 10/20 ¥£) IZ7EVy, C3-A2, C4-Al O
flc¥EF Lic, 7V a— xR hiAEEBAEMH CHEEZ VTR
JEL7-#®%., EMMEz DT LIMEMRELZEES, a0 V4 VB RERHIAE
T T—EBRZBWVWTRNRIA Y —CHBEIETHEE L, FEKIL
03 Ttk L, RIREHOEMIL, A HIRESMUFEOHA] lem,
T lem, 2 BERE A OS] 1em, B2 lem O EIZHEE L T2,
DEMEmIL, WEWTREIOMESHEL VS OALE (CMS #FE) 27
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4 ARBHEE R Ui, PRRIT RIS PR N N2 #EE T 5 2 LI
FOMRESZHE L2, T =2 OF TV 7RI, 500Hz T
ALk L 7o,

23 77— Z A

T=FIE, T T ANENy =T ANV E DR IND,
T2 T 7 AIE, A/DEW LK, 12bit DA F VRN TRAFL
< 1-10E. " ATV 77 ANMEEDO—FlzRLTbDTH DL,
ZORTIE,. 8F ¥ U RXNVDT 4 P EZNT —FREZRAEFATH
Do 1ODOF ¥ RV TAL, ELANAL FBRHY . 1F v Rn
58F ¥ U ANDIETHRIIRLERSNANTWND, M 12D~y ¥ —
TrANZIE, TrAvA METF Yy 23V Uo7 T
TATVENVERE y N, ATy ME, FAUREEZATATH
D, WERRIZIE, KBEERT2 77 5 WAVE (¥ Fa—tyY
TFK%: G.B. Moody) #H W7z, 7K QRS o HE MM %2 1T -
72t . CRT A IZ TP IR L., FHTKRELLE, KIE
“oOTF—2LE RRERBERD, 774V Lz, BMBEOT —X
(%, 300msec BICHY 7Y T LT,

2.4 R J7 ik

MK B L OHEXOT — 21X, m@#E 7 — U =2 (fast Fourier
transformation: FFT) Z 1T o7z, ML 30 B @ 6 A (1-4Hz)
DORYT — i, BRI 30 B EO 15-30Hz O SY — &K=, &
7=, PSG 7 — ¥ X U Rechtschaffen&Kales® ® [HFE 3 $H I H S % | 30
FO [T B C M IR B P oD R 220 E & AT o T,
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2.5 /NEERLANRT FIVIRENTE

WHMEOE WEFH R Y 7 b Microsoft Excel & W72 f@H o 2 7 A
kit L7z, v 2 Z A%, Visual Basic for Applications % f \» T
ERL L7z, 30 Mo RAIZEBICx L, B/ EEREKAXT FLVAF
Br IO BEIMER y 2 L 7e, Rz A2 1T, JE
Mz 01l BWEELIE T, REREHEEINLZAREROETH D
DN TTD /N & 72 o REMMR 2 RE R & A2 LT
Lz, £, MR oOBEEMETH 5 HZE (Probability) % EHE:1k
20Tk 7=, Probability I%. M N RZMMBRICH T E 213 LK
WEZ R4, ok, REOMHAIMEZEENICHIET L2 L0
BETHDEEZDLND, Probability DE X~ A T 2D EKIZ R DI
b, FOWE ORI AE E D, RA (Rhythm Adaptability) & ©#&E L 7=
(X2), LEXRRMFEIYFEH L 10T OBEFRE.C MBI %
L. i/DEHERKANT MVIENT 24TV, 5 b v RA 00
RA, ' — 2 X057 RAZFWE RA & LZ, K 1-31%. 30
O OB R LA ORI E I R E R LR EZ S TIED K TH
5o bEBOgsZiifix. FH 3.4F%, KiE 1.7bpm THRIEIE I T 2
RO/ AHFEOEENSZVTZOEEGEITEK 2D, RAX 0.5
AL TW5D, —FH, FTEORZKMBRIT, FH 4.0F . #KiE 3.6bpm
ThHY., BENDPRVWIZOEAEIT®Em< RV, RAIZ 121 2L T
W5, RAF, FEEPRZMBIZOHTITELIETLEEmWVEELRL,
DR OB RINEA DY X AMEEZEEWICHATT 5 2 & 2 AlHE
ToH D,



Y=M+Acos (2xnt/w — 0 ) =+++-- (1)
M : Mesor(C*F¥fE). A : Amplitude(¥R1E). t : time(Rf )

o : Period(JA ). 0 : Acrophase({iZ )

RA=log(1/Probability) «---- (= 2)

2.6 E At AL B

FHBEME O B E I 1%, Pearson O R RAHBIMR K 2 M W 7o IR B B
OB, | tliES Btz Hnwic, LM RAICKD b
LHEROHBEE ZRET 572D, EE (sensitivity) 3 K UVFFHE
FE (specificity) Z & L. BB ME=R (1-FFRE) | #HtEmicE
Pk (&) % & W, ROC (Receiver Operating Characteristics)

thag 2DafE L, AEKEZ p<0.05 & L7z,

3. MR
3.1 PEW RA & 041 RA O FH B M

1-4 1%, 161 O RA Z A8k 2, 0 RA Z #t#hiZ & 0 A M
AR LEbOTHY, AERMENRED b (p<0.001), AR
DGR D2 TH DL T,

3.2 MEIR B BS fE © 04 RA

Z 1-1ICHERBEEMN OO RADEHBXOEEREZ2 R LT, /
VU AEIRERE 3, 4 TEMAE R L, L AKER, EEHFRM (Movement
Time: MT), HMHICE W TRKMEA R L, MEREEH CHEZREZNR
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LONSW gV el

3.3 MM S BRI O T — 3 X OV RA O R SR B AL

B 1-50%, 1 BlOBKE 45500 30 OB, WM U — 2
N7 MV BLXOBRELAEORRIIZENE ZORERZEMBEE R L
Lo ThHDH, IS W (0.5-2.0Hz, RIE 750 VLI E) BHHE LT
BV, XTI =27 MURHTTH 1-4Hz O § AN @E %2 R~ L C
WL, DaiE, VX LAENRELS RAIF8TERLTWVWS, K 1-6
. R — Bl MERBFEE ., M 6 KEHEHRKDONNY —FB X0 RA D
RERFNEMNEZ R LD TH D, WIS WH RO RU — KOO
RA X, AWEAZ R TR LBV EL R TRBHIEVEI LD
A e E® 2R L, L AERER 3, 4 TE— 270 %R
L, VAHITIERWAKEIZELTWVWD Z &R I N, kKM
DOEERFNZALIZX L, BE# %2 60-120 23 £ T 1 oI B4k S T i
REHI R AR LR R, 2 oB T 6 WO YT — 1% 107
5. D RAIZI0I OB TEHL VWD ZERHERINT, &
1-2 122 B O BEIRIFR . KM 6 R D XY —FB LWL RA D
EEEAM AR Lic, ZBEMOZEZ, 6 flF 4523 15 5K Th
Do MM 6 AT IR DN T — DY) AR HER 221X 90.8£12.9 43, LA
RA X 953%185 0 Tholo, T 1-6 1V Wi 6 I i o 3
—E, & ICHEIRAI M T EME A oR L, BEIR A P CILa s s YK
fEzRL7Z0lzxt L, D4 RAFIERSZ IV TH &EZ R
282 v, IZIERE CIRIE CTHRBMICZET L TWD 2 L PR S
oo B 1-7T1ERI O 1 Bl ORI 6 WA D /8T — & .04 RA O KRS
ElZzRLIZbDTH DN, FEEOMERNHE SN,
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3.4 g 6 Pk O XU — % X OV RA o FH B

B4 1-8 1. 1 B DRk IR IR IS %E 9 2 M 6 WAk D XU — &b
M RAOHBEMEZBRFTLELOTHD, AFELMEBENPED 51
(p<0.001), FEEDOFERN 6 HlF 6 Bl TRD LN, KIT, KK
FORBEIRKER X 0 MEIR Z A7 & %120 T 6 Iar o U
— L L RADHBEMEZHEF L., RI2ICTOMRERT, HEIR
AT TIX 6 Bl 6 5, MEHRZ - TIL 6 Bl 3 fl CHEZRMEAMENR
W Hile (p<0.05),

3.5 DHARAICEK D 7 v U AIEIREME 3, 4 OHEE

J UV AERBEE 3, 42HET L2 OLMRADOH v M A T HE
(22T ROC i ft 27 2 HWTHRF L. tAH (y=1—x) &l
RRENy hATEERELEZ, £131F. LHARADOT v bA T
i, MEBLOHREZRLEZLbOTHDL, Iy MET7EIX. &8
Bt CTRALDZENTINT, EEOFY CIEERFAEIL 71.0E
6.2%., FFEREIXT1.1+26.1%ThHh o7, FHBEHE O RA OE % BT
Do BEHRKF.OH RA OFEBME ., AR 2., & KME. K/EB
FOMEREERE 3, 4Bl v NAT7HEAEZE 1-412 8 L7, RA DK
KEIZ, FAE NS, KbEWEZRLEHKRE TIE 16.4, KW
HERLIZWBRE TIE88 Thotle, Iy hATHIZ, KHBE D
RA OFHEIZHEWETH LD Z L RRI NI,

3.6 DI RAIC K D L LHEIR O HEE
1-9Z2 1 B4 RA L EXR O RINENZ R LT, RA DK
2 TR I, HENITEMZ R 3 R R & ARE 2 7~ 3 F I A
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DI BT, RANT v b A 7K O K& O EXIZ DWW T,
VAEIR S, MT - REE CHGTLEERER., CoWmBE izt nthn
0.9+1.8u V2/Hz, 51.0£72.8u V2/Hz T > 7-, RA DENEKL . B

BRPBEWEZRTEEN, VAEIRTH D EHA SN,

4. F5
4.1 MR RA & 048 RA O B 4
ARFIEICENT, R ELHO RAICAERMHBEMERRD L,
D RAVEMER RA Z X9 2 & 0 EHER S iz, PP PR T, BE
IROFEZLZZIT, VAMEIRSE 2 L AR CHREGE SRS,
VU AEIR CIXIERE O FER A IC L D IR A FHIE S TR, R
RE—= TR E 2508, VAR TIIRMEELEES L., FH
HIZ 722 2, RADBE W TH 5 & X XMW HIHE K 7288 — (ks
TTRETHD EHH I, EHOKRLE LTI AR R R N EALIZ
ol b O RSN D,

4.2 M O B H I & L RA o B M

O RAZ, /b AMERFICSE., b A RERE ICEE 2 7R3
e Rz Rr L, TOEBITKW 0N THo7z, ZOFEBIT., /
YU LMERE VAMER NS THERSTCEREMS E —HT 5, MEIR
B, MEIREEICETIAKED 1 >ThHY, EERIERFLETDH
Do FTo, M O WITHER 2R 22 I 2N THBELRN/ERT 5,
e I B B35 0 ) 78 XTI B8 W Ty M 6 DS 20% L A D & v
L AIEIREPE 3. S0%L LA b D & v L AHEIRBPE 4 & HE S
. B3 L 4B b RIEER (SWS) (X HEER O H O FF 12 &
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HThrBZ3xonTW5D, MIRABOS THE 1 HERHE B T

SWS D BLHE A 50-60%TH V. MHEBB D22, Flo, SWS D
HBEEIFIERB L THRERLE RS BICHOW S LD Z L 3D &
Sz, RIFHEMER & EREMEROEREEO DMAE2HD E, SWS D
HBE I ED o9, B2 & L AMERNS KM ERCIZ8EMmL,
FARMERCIIBAD T ERRESNLTEY P B MIERFIC
HEERF OIEE O T2 DI R /PNRLER SWS ZHER L TWND EBE XD

NTWD 2, KFEOR LD . M 6 Ao T =238 L T
WhHEEIE, DM RAVEINT L2 ERRBINT, TR0 MK
O WM D /XU — N3 2% 1 MEARFE I >k, B o ML
LD RAFEEMENSH D 2 &Rl S Lz,

43 DM RAIWC KD 7 L AEIREPE 3, 4 OH#FE
O RAIWC KD /7 v b AMENRBERE 3, 4 & O RKEE - R 0%

7% ToH > 7o, SWS D L. Bl 2L LHHEIRO RPN
HIERZ ISV TH LM RAITEMEZ R L, M 6 ¥ & 04 RA
DAHBEMENET L TWEZ &6 MKk, HEX., IREKES LV H
SHEINTZER 34 L, LDEMIEER»O O RICTHES AT
TWAHZERHERMIN, ZOZEPHBKEEICEELH X HHERK L
oTWbh BN, ¥, Iy bAT7EIX. Hx ANTHERD
ZEMREIN, AREIOMGE TIEHERE O RA OFEEICEVET
bole, By NATHOREITIT, 5B IIGH 2O LICHmFTN N0
WThHhHELEHIT, MANTS RADEIC HEZE 2N H 5 0B itn
HETHDH, 612, LEMRRMERZAE TE 5 /0 TEE K
wHAEBEBEINTEY . WHRERLEBF TV THES T LM A NE
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THZENAIRERE RS TET NS, ZDOZ L LD, 4%IIF04HMRA
WZOWTHDOFEREZ S RICLTERIEDIT> TS BLBEENRE Z L
n o,

L ABER, MT, REECIZ, RAFKMEZ T I ERERINT
N, TRNHODOHERBEBEZSIDHICHET LI LT, 2ONNTA—=FT
TR TH D, L AMEROREIL., BHEMEEEORZN LT T
b, L, B LIOMEDO EFE RS Y fE R &RIK
xR T, 2L, DA RABT Y A TEEHEDO & X O EKX
WZOWTHF L7z, RADKRMEO & & 5\ KIS RE 2 7= 3 1 ] 45
EmEZ R TRRENZLN, HERPEEO &L ZITVLAER, &
EDOLEEFIMTHLIWVWITIRBEH THL Z NI, L AER
OHHNIE, LDEMNEHEMNEZRBLET L2 LENPLETHL LE
bl

UEDZ b, LD RAIE, PSGIZEHREREL A+ TH D
EWVWIRFITH DD, BERFIETHREAE MBI HERO Y X
LARRMERORH ZETLIAMNREETH L EHAI ST, K4
RO L LT, BANHE., DEME R EDORERNL L LD
GESRLDMEBMENME T L TWDEEICIE, O RA XV EER %
HETH > LEEIRETHY, ZOFREPEHTERNWIEDRHIT D
ns,
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o MEIREOFEW R A O &I on T

1. HW

FED I, 7 U AHEIR THAIA, VAR TARBAIE 2D 2 &85
BTk M, ZoMEKREEOFAMEFRIZTLHTHHEST 22 &N
FAECd 2 & HEWM S au7z 3935 L. FHIR 0B X QRS ¥
BMHEHERNSWE W R ENH D00, DAL, IKiE RS, BERF T
DHEMEB 2 EOREIRNP L AN DG EI2ILEOMFTITNETH
D, ¥, BERMBT ¥ R —3 A TIiX, Kussmaul OFFRIZRE I N D
MR RFE NSNS, BRFE T BEMREE 2> 2D,
CHEHMEITETFTL TS ATREES H D . FEW ORI XD R
P OZERZWHN T L2 ENEETHDL, 2O X RGEITIEL. I
W LD EEMERRF OB BFNMEZ ERMLTL2ILERLETHD
EEZDLN, AW TR O RAIZCOW TR 2N A 7=, FElk oS
Hi 2 E'mkd 2HEE LT, BRRIEREOREOZE B (R 5K
(coefficient of variation: CV) % H \ 7= 45 39 ERER B I2 5 W\ TRGT
ENTbOTEMEREHO CV | 'O NT =27 [ Lo RE
(kurtosis) 373 ZHWAMENH 5, 4, RA &K H Ko R
PEICOWTHRF T 270 1 FFREONREH 2 B3RS 5 X
TLAEEEL, CVEZROT, o, O /NRNT — X7 NVIRHT %
TV, NT — 27 L L@ kurtosis 3RS, T b OFFED FFHEIZ D

WTRREF LT,
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2.

U5 ik

2.1 k&

B L AR

2.2 M€ ik

1 LR EE

2.3 5 — X AL

51 L AR

2.4 fEMT 7L

1)

PEUR TR B o0 B #h 38wk 7 v 777 L oo B 38

1 FE f5 0 REWE [ B 2 B H 4 A 72 12 . Visual Basic 6.0, Visual Basic

for Applications (Microsoft) ZH W T 7 v 7 7 AZEK L7, NEIX

UToEEy TH D,

@

©

itz S A @iz 11 A 3BH) OAldZ K, /0o EE Rk
FIWZDOWNWT T 4 v H— % T,

T AN AR, BEEEM b Lo THY, B
rmay vy ik RN T, 1RGO A (FFRH) O/ 21T
> 7z,

Z ORI ND —EOHEENITI T DRI E MR O & /NME
R L. PR ek S (Breath (1)) & L. kO FEULERGE AL (Breath
(i+1)) Z#A#BEH L7, Z 27T (Breath (1)) X, i & H DMK
R L TR D

RO GE 3k X, B TE DN A T U 7 7 A b & 3R o B EE ko]
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DNRAF VT 7 ANVICHREFEL, 7027 T 5 ETIE, put =2+
NaRnwTmplkaas (B 12 T 2F A2 (M 2-1),
® WiT, MFROJFHEIE L FFRRHEAEZ A7V — AR R S,
8 Fl 525, (False Positive) ¥ L OVi%#% X & (False Negative) (2
WT, A7 U=y ETKRIEL7Z, ¥ 2-21%. Visual Basic 6.0 = H
WTHER L7274+ — AL THDH, a2~ KA Z 2 Load File #7 V
vy LT, 7877 A4 VvERViALy, Y77 L ETIE get =
~ UV REHOWTHEREREBIOCRERBEIHOANALS TV T 74V EZ
NENBRARAALT B F Ry 7 AR RS, 2ORTIE
BEBRIBEELY 43005445 FTO1IHMOERRTHDIHN, TE
DM ZETFAIMRYy 7 ZIZAN LT Wave 7 Vw7352 &
T, ZTORMOT —2RRRFIND, PRRBAOBBEHK T, ©
JF xRy 7 ARNZ7 ) v 73T 5T EICX0ESITEM - HIERDS
T2DEHI R LI, £27 Vv 7 LESEIE. XM F UV 7740
CBWTZEOR (FE) 220 —EO#MBENIC [0 2 EXAL, &
WAL HEIBRE D, —FH, A7V v LEEHAIICE, T os (F
M) Il Z2FE2AAL, BFANENMIND, BINE EXTHIFRIZ
FOVREBAEHONNAL TV T 74T EEXTIND XHICHEHL

726

VLo eic X0 B ozl Eg 42, 30 BEICEHEB X OE
BREMZRDZ, X3 LD CVHELZHED L., MRHAMEOREESL L
THWT=,

CV(%)=1EHEfR 72/ SE¥) X 100+« -« - - (X 3)
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2) 7 — U =Ky

FEWC EAR O JE #1230 10-2 B (PP 5 6-30 [B1/4y) Th 2 & A
#1X 0.1Hz~0.5Hz TH D, LN ->T, MEHZELIHEET DI
X, 1Hz L EOH 7V U T HICT D20 ERHLTH, AEIOY 7
VY 70T 3.3Hz(300msec) & L7z, 7— Uo7 vy X
21X Numerical Recipes in C % 2% |Z L, Visual Basic for Applications
EHAWTHGT e 77 LNEE/KR LT, 30 BRIOEWIZ LY K I
HAXRZ MO AEBRBMNE TS0, 384 F (300msec X128 ¥
TV 7)) AR L THER AN L7, 0.15-0.5Hz IZ B DN T —
ALY FVOEERFEE B X O OEAERFZEEZ KD, RFE (kurtosis)
EHERH L,

3) m/NHEERKANT b IVEEHT

W1 E LA EE

2.5 wEEtALER

FHBE M O B 8 1% Pearson O FE =M BILR E & v 7o, TR IR B BE T
D HEE, — e E S T2 W TRE L -,

FTNTA=ZIZLD 7V LAEROHBIGRICOWVWTHRF T 2729
2, B (sensitivity) 3 X VPR (specificity) Z & M L, Bk
(A YER (1R R, ftdicBEmER (KE) 2 & 0. ROC
2D EAMER L=, ROC AR IZ. £ Lo ficiE 2524, Hif
T f (area under the curve: AUC) X m & /8 L. HIBIK B 23 & W
EERD, AUCIE., AIBIEIC THEME L, paired-t #7E % 1\ T RA
& CV. RA & kurtosis Al T L7-, A REAKUEIL 5% R & LT,
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3. MR
LBNE, R T — 218 A4 ABREANL, FREER GO o T
7o O fREHT G B BRAN L T2,

3.1 PR [ R @ CV

X 2-3 1%, #BE 18 L AER (EB) BXOLARER (T
B) BT 230 BMOMREREZRLIELLOTHL, /L LR
TIE., VAMERICH TR O BB B L OHRESFHAIAICZ® LT
BYO, RELEWZERbND, 20 30 BHEICET 5 MEEE YO
B BEERES L CVIE, /L AR T 3.96sec, 0.15sec, 3.79%.

L A BEIR TiX 4.33sec. 0.53sec. 12.14%TdH - 7=,

3.2 B D XU — 237 kLD kurtosis

X 2-4 1%, X 2-3 &[FE 6, [F—REAFICBT D 30 BHEO PR
AR MVIENTRER Td Do BEENICE B H, fEE IS IR IE o 2 e fE (3
U—) L TWb, /b AER (EB) TIX0.2-0.3Hz ® M IZ &
WE—=Z7 3B bn, B— 27 HAE 0.26Hz, % JE B 0.26Hz, 1EUE
W2 0.04, /XU — A7 k)LD kurtosis IX 16.8 TH 7=, —FH. L
LHEMR (FE) TIRHEMORELRZENEMLEL TEBY ., ©— 7 EkHK

0.21Hz, V¥ % 0.24Hz, = %R 7 0.06. kurtosis7.3 Th » 7=,

3.3 PR & g ad Ay 0 Bl R
B 2-501%, X 2-3 OB EFICKRERZMBEEZD TEOZMKETH
Lo J U AHEIR (BB 2B 2xmEAex#RIT, B 3.9sec, IR



g 4.1bpm T - 7o, FIE BT 39 2 B D i/ B 3 O 5% 75 2 D
BRWTDEAEEOHERITIEmSRY, RAIFTS08FZR L, —FH., LA
EAR (FE) 2B 2 Kl R dift X, JAH 4.4sec. R 1.6bpm T
b, BRENZVTZOEEEOMFITKS Y RA X 12.6 /7L
7=

3.4 BRIZEB T DE/NT A —F OK R IZE B

2-6 1%, 2-3 LA — Bl oMERE: . MEUHE RO CV., kurtosis,
B LU RA OMEIR T KR A2 2 MERR BH 46 R K0 30 B HIME T L
TboTHDLH, ZOKEY, L ARERTIE CV XK., kurtosis
BLORAFTEMEZRLTWD Z EDRMHRINTE, —FH ., VAMERT
T, CVIZE . kurtosis 3 L O RA KM 2 /m L=, & 2-1 1%, &8
BRE OMERBRME G OFEHEEZNARMEEL L5 OFHB LOEERFE
EROEERTHD, CVEBLUVRA L, BEIREBEHE CHEZEZNRD
ST (p<0.05). kurtosis XA B2 EERD LRI 5T,

3.5 HRXNTA—HIZL D v NEIRHEE O K B RE

Jov b AHENR (REARBRE 2, 3, 4) OHBIGELEZMmF T 5729, ROC
AR ZER L, T o THE (AUC) 24 /37 A — X Tl L -,
X 2-7 1 1 BOFFETH LN, AUC 1T RABRbEHWHEEZ R L, H
BIEENE W Z ERHER Sz, £220F, 2o EEZRL TW5,
250 AUC O ) HFEHEfR 221X, CV0.68+£0.08, kurtosis0.53+0.20,
RA0.66+£0.15 T& Y | kurtosis [T RA THEICAEMEZ R L=
(p<0.05), JEE « BFHE X, RA 2 63%. 64%. CV 2 64%. 64%.
kurtosis 7% 52%. 54% Td - 7=,
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4. &5
4.1 PR BLRIE O E BTV A T A

1) CV

REWR O BLAIE L, MEREM A LIV —ThHoirZ Ik v #ElSh
Do TDTHIZIE, RO 1IHHERESTDILEND D, T I TAN
T MR EZHBMNICHEET L2727 T L2 FER LR, 2 TOMN
WzMEWNRSBRT L2 LITIRNETH T, LB > T, X VKE
DWWk 7 e 77 DEERTHZ ENMEL S, 4R
BHAMEOE B E RN T 22 2 RERICE XD, R OMGE
HICELTIEAZ Y - ETCRBARCTFH TKRIEL, BIRFoO2T
— ZIWIOWNWTHERBRFHRZ 7 7 AN LT, BER O AIL, S A T
VERXTHRET 2 Z LIS BN HIBRAES TS LHiICL
oo Tl MESCLER 2 EMOAERET — XD, F YT —F LK
MR EEE b s NA TV F—=F L L, b7 —% L
OBEMELRF T ERAEEE R oTe, SERIO VAT ALY | 1
W 5 D WL F B 4 7 Bk L. ET — & o M0 JE #1 o 2 B & R 3R
HZ EWAREE IR0,
2) kurtosis

kurtosis (X, EH M OEMERAMA /NS 2D L. £ OMENEHE
R T, AW TR, R DAY — A7 VRN Z 4T, kurtosis
RO, RPN EVHE OB EHEDICE > THRIND &
kurtosis X & Z R4, AHETIZ, RO AT kLD 5y A & #E
THIEMNTE, I HIT kurtosis kDD Z & TR O FHAINEE E &
IR T2 2 ERAETH D,
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3) RA

SR EARIEHANREME LSO MR OFREREOE M & 5 »
TIRIE 2 BRI ZE L TwhiX, T#l & 27z 8 83 o g0k dh #71 xt
TOHHAERELS 8D, —FH. EROEHH 2 W ITIRIE S — & T2RL
ARHEATHNIE. REEAMICH T 2EER SN REL R0 #EHEEN
K<< 7%, TOEAEZERTHIEL LT, RAZBA¥ L7, RA OfE
MEWIEE, RERRRZEHRICH TLEVHAMN TH L L HA S
ND, REEIZT, AWML Z D 7 — % % BEHEN DD E RIS
THZLERARTHY, AHOLZLTIREIZOVWTHHBRANT 22
EMMAEETH D,

42 MEREMBHEEICH T 26 HHE

CVE XU RA T, MEIREEH CTHEEZNPRED LA kurtosis IE
FEEPBO LN 2o, HERBER 2, 3, 41280\ T CV LKA,
RA T@EfEE /R L7z, ZOHBIEEE ROC iR T fE & v M L7
R, CVEBIUYRADPEMEZTR L., KE - FFEEITK 64%TH o7,
EHIC, RAE I MW ORINALE LT, EREHE CHBMWICHIT T
EHZE BFROAHOALLRLTIRBOHEETE DLWV RTEN
TBYH., /U LV AERFEOHAERRKZEEMLTIHEEE L TAHM
ThodrEHMLELZ, /v ARERAMNICKITS RA OBy b A 71
ZONWTIE, ABBHTOILEND D,

I W il 481 00 AR I IEBE IS R TE T 5 R D 72 8 O #h i L i & B
[OTDOMBPELEOMBRIENEET 5L, KD DORR
i & PR D T2 O RES G A BREN 3 2, WACIREE 2 e < & M EB I fF 1R
TOZREDNWE I, KEMEEZN L THRIAPGERSD (~—Y
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L7 e T u A m VM), R AR A R, F I B R L o B 3 4 IE

(Pa02). —_M{bixF 5 E (PaCO2), CEVHIEE ST AN, Z
O oY —ITEEAR/NARS X OVIERE T EICHE IR O %y % &= 9

Do THICED . BT pH MR T2 & MFREZHEML, " ERIEK
FHIWENEIMT 2 L MAEITHEMNT 5, Znbofl#EITmEIRS T
Thoh, AHMEREREFEIND, —H, THOHEHICETLIE®RD
RGO S FER R~ B2 KIE L, ITHMEMRE R &I D,
PRI AT AT AL . EEMICHE T2 2 LA TH D, L A
FER Tld, MEIZH D L LHEIR O T B FE LT 25155 72 0 15 B
(ponto-geniculo-occipital waves: PGO %) o & 3& H3 4 i o FE WL 1 AKX %
GUMEBE OISR EIRZ T TR, RKMCHMICESE b DR
DATEHERERICOE KT HEEDLILTWD ¥, = OoATE) MR E R
WML LIEIR TIEA/EB L, AR R A2 = PNHBE TS, /LA
FEAR CIX ATEVERIE R EE LW e oA & e D, 24080
ZOMERBEME IS CIeMER o B lE x5 2 & T, MER B RS Z #E
TORBRITbRLTWS 30, Fiz, 2o OBAMERR T, T
BT LM THOHE TS, FHIEESOER R OB HFE D X
D@V EWS R RN S D0, DA A N BEE R L 5
BREDARERDZLAONI2GEICETZOMMTIIRETCHL, b6
(VW RBIZ B W T W HEBER F OMFR 2 F =% — L, Mo BLRIE
AR 2 &AL 5 2 ik, R o AR O LM 2 HEHN 9D
FCOLEERZIETHD, LN - T, MWLV E MR O
VA EREMATHHEMEIE. BRICBWTHLAHTH D LRI NT,
% BRI X, E# MEW (Eupnea) . KIFEWE (Hypopnea) . fE I
(Apnea) . 18 FEW; (Hyperpnea) 72 EMER A O H 72 &3 FER DR
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MEIZOWT OB EZIT O LEERNH LN, THIZITLD EERRIT
WY —PDuEEhd, Tl PR oOT =4 —fEIZHEHL TiX, &
<A M AR Ry 0 PR 0 U, M SRR & EER IR, S ST AR TR AR
SRR, FFRAELZTRTZEDRNHY . ZORITABREART &
ThorELLN,
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Fi3E RO - LD oOBEEMEIZONT

1. BWY

ODHAEB DO NY — 2T RV A2 AT BEIR O B A RS B
ERREI LM TIE, HF i/ > U ABEIR CTH N, L ABEIR T
KTFL, LERDIEZDORNTHDLENIERIGLNL TN D
A0 2 S OBFZE TR B A BB SR D A& A Ok Sy o
RKEFWTHRHFINTEY . L ABERTIXAZEMRIEE ML,
AR R EMRIEBNIK T S22 2 RLTWD, —J, &4
WA Gy D MEIHE 2 W T2 PR TR LF BRI L ABEIRIC R T
J U AHEIR CIRMEZ R L7228, HF i3 U AR & 2 > L A
RCTEDLLZRWVWE WS HE DO, HEF DT/ v VAR T T L
EOHRENAELND D, O L XY, HF Ko IZ20 Tk, K
KERWEGAEHIEZRA NG ATHEENR D Z L, kA
WG TIEIMERFMTHEREDIERY —EORBEIELNLTW
IRUNZ & DNHESE S AL, HF Rl O fE ek il & U TR IR B B A HEE
HZEIIREELE SN TWD, HF B0 iE, RSAIZ L » THERK S L 5
R THDIN, TORES (NT—FHITIRE) 1 XERE RO E
Brzd ., MREEEOBD I THRT LR REINTE
D 4243 RSA RIE Z DK EMRIEEB O L T 55 A IS IT W E
WER—ETHDLIENAIRTHD, L2rL., T E THWHE K
Z—EIZ L CHEMREF O RSA IRIE 2 I & L 72 # & <0, B IR IKF o> i 0
JE e L RSA #RME D B M 2 M ad L7 A i3 e v, KHFZE TId
P02 JE % #e & — 7B L C RSA R o #a ek i 2 FH#l L. PR & 04
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ZHE L THDMEBOMBERy hU — 7 ICHERBEE N EEZ LITT
AR 2 % T
2. Fik
2.1 x4
CO AT

2.2 M€ ik

B L AR

23 7 — 20

1 L EEE

2.4 gt 5 ik

H 2 HCHRBLEZMRMBEOBEBRE T2 77 52 HWT 1 R
o R R (R E o) 2B HL., S5 1 FEREHNICE T
0B ORKMEE R/NMEDZE% RSARIE & U THM L, BEIRE
BEix. PSG 7 — # X U Rechtschaffen&Kales® o [ EE 3 HH 12 F& 3 & | 30
W CHREBHEZITV, L AR, /L AEKRER 1, 2, /v~
U ABEIREERE 3, 4 1T LT, AEBIRSCKBIZEL =Ry 71X, #
o bAoA L T2,

2.5 LR B

FBME OB EIZ 1T, Pearson O FEFRM AR 2 M7z, BlY7 o 6
XOET,CHEERETHILICL o THER L, AREAKEIL S%E
e L7,
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3. MR

B 3-11%. 28 X0 88 FE T 0.1 B EL OMESAMZ 15
ZOWTRLELDOTH D, VAR, B3, 4 TIEOoMmN
WL BN AN, Z OB O EY O VY EAERFRET, L
AMEIRC3.61.5 %, B 1, 2 T3.920.5F, BRE3, 4 T3.9+£04
WTthol,

¢ 3-2 1, BRENIC PR A B Mt ic 2 o R E BB T DR
EOFHEE L OEEREZZ2 R LELOTHDL, 206 TIX, EOIE
IREEFEICB W THIEREH & RSAREICAEZRMEBEELIRD LT
(p<0.05), EJF XX, L AMER T y=1.97x—3.55, r=0.86, Etft 1,
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2 3 4 5 6 7 8
IR B H#A (sec)

3-1 MEIRE:fE | oMW E# o 04m (1 4)
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L L BEER

y=1.97x-3.55
12 r=0.86, n=22
10 l
~—~ 8 T
g -9
2 6
!|I.'I:E
[T 4
2
0
2 3 4 5 6 7 8
IR B HA (sec)
/oL LEEIRERFEL, 2
12 y=1.01x-0.30
10 r=0.75, n=28
E 8
o
2 6
!g
= 4
2
0
2 3 4 5 6 7 8
PO FE EA (sec)
oL LEERRERME3, 4
12 y=0.28x+1.61
10 r=0.46, n=22

#&1E (bpm)
O N B~ O

2 3 4 5 6 7 8
O FE #A (sec)

3-2 FMEIREYPE A o R E ] & RSA RTE o MM (1 61)
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# 3-1  FEIR B B 45 oo MR B H & RSA #E0E o 8 B8 1

wERE BEE AR E% [ B 7 E &% r n
L L\ BEBR y=1.99x-2.56 0.932* 30

A EXRE 1,2 y=0.72x+1.46 0.622* 26
X R 3.4 y=0.62x+1.01 0.296 14

L LB IR y=1.97x-3.54"" 0.859% 22

B BRI 1.2 y=1.01x-0.30" " 0.604* 28
EXPE 3.4 y=0.28x+1.61 0.461* 22

L L\ BE fR y=1.24x-0.04 0.927* 30

C ERXPE 1,2 y=0.76x+2.89%*  (0.855%* 34
EZR 3.4 y=1.15x+1.49 0.804 * 25

L L BE IR v=2.24x-1.75""  0.630" 13

D EXPRE 1,2 y=0.50x+2.11 0.365 25
EZR 3.4 y=0.61x+1.24 0.720 * 16

L LEER y=0.90x-1.14"* 0.746* 24

E ERPE 1,2 y=0.30x+1.84 0.614" 39
XM 3.4 y=0.38x+1.17 0.653* 27

L L. B BR y=2.59x-2.83""  0910" 32

F EE M 1,2 v=0.53x+6.83 0376 29
ERRE 3,4 y=0.89x+5.31 0.582" 25

%k %k p<0.05 BtfE 3, 4 &L OHZ O

% p<0.05 MUK JE #] & RSA # g o fH B8 1%
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