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accelerated plethysmogram
brachial-ankle pulse wave velocity
carotid-femoral pulse wave velocity
electrocardiogram
phonocardiogram

pulse transmission time

pulse wave velocity

vascular length
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T —NEDO A 71 & o THRE ST ARIREIE. 1,200Hz THEEARICORAT LT
DL, 5S0Hz D7 4 NVE—% BT HZ LKoo TREMNK A X&RELL, b2, 2
DT —=H ZILIZ LT, SHz DN RARAT 4 W E—ITHNF T2 B 2 F L, o7 — & &
N RNRNAT 4 NG =TT T —=F O 2 L TUIREON S BN moFRE %
11572, ZDOJ7ikIE phase velocity % 'V & IFFEAL, Chiu b "R DN E B Y SO
EHEDRYIZOWTHAZIT 72 4 DOHED S b, BERHEIET LD TH 5,
X 9 TRT LI, RBBBEMFIREOA D UF LT —2ThHY, HRAM SHz DNV K
AT A NE =TT DT — 2 Th D, AOHEDFER TR LIZRA SRR D
B ERY S (o X —47 v b)) L LTREShS 2,

PEFIEIT K D FHINE, BFE 22 TR L7z APG HEIC X % 30 BREIOIRIE 5 L VLEX D
FHRIDME T Lo BRI, it L TIT o 72, HERIEOHIR CTORE., LERB XN ED
T — 2L, FHIIBRAATRR 1 /3 fEic 2 B, A 72 K 21 Lk KO i OME &%
E&AT > 121D 10 EIFEE TITo7-, 2D X 9 2 FIEZ B - 72 A%, Form PWV/ABI
I, TRTHBFHIIC X > TESH D SN2 L o TBY . B 7IC X DME & WIE
R T AIVEIRE OFHIAS TE WML IR o TV D A TH S, £72, Eit & A UHH
T EHUREE R 712 X D036 K OINERFRNZ DU Tk, B o A BRAE (i1 5%)
IZ &> THBWICHMARE S 2 S 10D Z &0 D | E AT CHOEDER B O FHAIR I 00 22 B A VA
L7,

4 10 121%, Form PWV/ABI TaHll S#L2fERD 1 fl 2R Liz, EOARFUTEH D

TT77WRICERENTWDE L0, EnsLEK (ECG)., 0iFX (PCG). £k & ki
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DEFNREE, A LR EORBRK 2R L TWD, REBERIREICSOVWT, Z0OK
10 1IZBWTIE, ERRK 9 IR LTz SHz DY RASRT 4 v Z — 5T o7 — 2 1330

SNTELT, AV VT AT—ZDOHBERINTND,

2-5. BERIEIC X D PTT OFHH (FH)

PERVE DRI IS FIZIE, PWV & VL OBRH D ENRDZ e (¥ 10 D F/3%
NMBR) . PTT NEHEM ) SnZevn, £Z T, PTTIZ VL Z PWV TRT 22 L1k - T
Ko, 7ok, RARIN TS PWV (T ha (heart-ankle : L~/ 2 H) PWV & baPWV D
2FHTHY, VLT GO — Bk, 0 GO —2E. BLOEi-250 3 #
HThb, 2B, VLITHBRIIANTIN TV UTORICE > THEENRZHDTH S

13)

o

Dfifi— EBE VL (em) =0.2195 X B - 2.0734
LM— 2B VL (cm) =(0.5643 X & - 18.381) + (0.2486 X & £+30.709)

Ei-2E VL (em) =0OfE—2 8 VL - Dig- B VL

DR E W PTT (I2OWTE, D2 &M VL Z haPWV TERT 25 Z &2k VK,
ERi-RER PTT IZHOWTIE, Efi-2 &M VL % baPWV TR 2 Z L2k kT,

1112, FERIEIC L D PTT RHINC RIS 2 068 & RO RE T EZ R Uiz, Dl
REM PTT X, DEBEXOREE—7NEORHEZEEZSZRB L CIbES N LDEOHEIL S
Zhpa (B A) &L, ALEBREOIE (/v F) &R (K B) & LTEEILE
RERNC . A B R ORI O S 230 B2 (C~D K] 2z o Th b,
B PTT 1%, A7 B & 4 2 & OEFNRIE O S B3 0 REf# 72 (C~D Kef) &

L7,

2-6. PTTIZBT 5 APG ¥k & 1ERIED RS tei: (FHBAME D 43 4T)
APGIEIZ XD PTT EHERIEIC KD PTT & OFE LI I3, i FIEIZ L » TE LN PTT
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DOFERMEZ ST 5 Z LI L > TTo T2,

Pl 24T o T2 X EE, D B R (APG 1A O D2 [ & R IE O Dl
). 3 L O & 2 HH (APG HED FHER-ZIEM L 1ERIED Bii-2EH) @2 X
MThoTz, i, HEMITIET Y o OMBERERZ HWToHoth Lz, HHEMHED I
W=7 7V sr—3 3 >V 7 & GraphPad Prism 5 for Mac OS X TH 0 | fERFIL 5% K

WAARE L,

3. M R

X 12 121%, APG{ED PTT L HEKIED PTT & OMBBEKRZ R L, 7. LIE»D
JEFRIEI O PTT (2B L T, APG A D Dlig— 2 KA PTT & EKIED Dlig— B# PTT & DA
BARAMRZ AT L7 & 2 A, 1=0.880, P <0.001 DFEN DRV ZRD = (XF A D
IRV o WIS, BB B 2B O PTT IZB L T, APG IED TR EEM PTT &1k
EO Efi-— 2 B PTT & OMBBEREZ ST L72& 25, r=0.930,P<0.001 &, W LA
H oMM 2RO (K B O/8x V), ks, #2123, ERLOMBEKTHEMNL

7~ AE (n=12) 2R LT,

4. & £

APG ¥k & ERIED RS Felix . W57 15 RIS 2 FHRI X 2 B2 Dl B 2 B
BEOWEE A B EIBE O PTT 12O\ T, MBBRZ T2 k% v,

a2 17 -7 B 2 KENZIRWTIE, W HETO® o — 25 E S PTT ZHANED
BB EDTHoT, B —EMMIZOWVWTIL, APG I ETIEFHERBIVORET
HY | ERETIT EHBLOREE TH D, IHIZ, PTT FHUEIZ DWW TIX, APG i
TED2-3 L6 TRLIZEBY | L2 KM PTT IZLEXK O R EA MG L LT, 2
JEEH APG @D a i — 7 R L LI ThH Y . FHER-ZEM PTT IXFHE 55 APG

LR APG @ a i — 7 ORI ZETH D, —J7. WERETIE, HED 25 BI UK
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11 TRLIEERY LIFEZEH PTTILLEDOHE L& & R OUIE (/v F) O
FZEIC, B2 E OIRKEONLS ER Y REFEZEZ Mz zbo & LTHY . B2 8H
PTT (¥, Efi& R EICHT D2EBIRE O EAVKRZEE LTS

LLED X 5 e 281" S 212 b b 63, (D) B & O PTT(APG DL
igi— 2 ISR & PR E o D2 B EDIZ DWW TIE, 1=0.880, P <0.001, S 52, BEFBs 5

BB (APG O FHER-BEM & ek ED Fi-2 B /) 1225V Tk, r= 0930, P <
0.001 &, & HIZHENDRWMEEZRB DT,

IO XD IRABENOMOHBENRD LA ER E LT ERIEORIIREIZIEE £
TEHT. APG EOFHMXBIIEE D s o FRROBARD . FhnCrER o5
BrhibZTic<no e W REXLRD, T2bb, MEREICE Ehien Bkl
DOMEIE, FAMICRIT 2 MENERMEEA LT EEZ TR, oMo MmEIC
BI1TH PIT IE, #EMERL LLICMEROER (HHMZER) 25000 Th D,
W RIZ, PERIEBICE RV B lliE o mE o PTT X, AMOZERZAELTSED
Fi2o0HEHEDH b MEMERNDIIREREELZ T RN LD, Leho
T, EBEELLE O MLE O PTT 25, APG 1E & JERIED PTT OFHBAMEZ 558 2 %80T, i

DOEFALDOMAE & L TERWZ ERTPHIEN D, & 51T, fERETITFHIIXEICE £
. APG ETIEFHAIKEICEZ £ D b FHEA, BLORENLBIEK &V 9 KIH
o PWV X, FHREHEY bENZ EBMOEN TS P, LRS- T, Ko PTT
IBWTH FERICERBAE T TWZE LTH, MkHE & LTI E N5 DOITFIERICH
WIKFHZTHHZ LB,

LOLARS, LLED X 2 RBERIEH £ ToENRLO T, AR OMOEREZ#
LI2HORMEE LTE, WGED PTIT FHIENEEOEW LD THDH Z L, —HFH
MOMETHDLEEZLND, £T-, KEOMERIT, PTT OFHNCE L TIRE D & DR
A2 FERRFHOZ =57y N ET DD ONT, BHEIKE O S B3 SxHWD
FHEE APG DB — 7 5 HIEE, & bITHEEDE W PTT FHIIZ1T 5 2 & 23 RE
HHE LT Chiub” OREEZXHFTLLOTHLH S, £/, Chiu HOWETIT, B
kS APG BRI CHIE L7202 HWT ERoMAZEXH LA, AED X
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A B DM, B2 D PTT GHANEAMEA L72GE T, ARORBENE LR
72

INHLDOHENL, APG ELIERIEIX, ZRENRRD T T v —F b BAF RO
PTT Z3HHIT 5 Z L NARETH D LB X B D,

5. ft A
AREIZBWTIE, APG HEIC K-> CEHll ST PWV OREZBEET 572012, PWV

BHOMHAERTH L PTT & VL D5 5, B OFHIEEIZE LR T 5 PTT I2OW

T, APG EOFHHIME & fERkIEDF MG & OFBRRZ O L1z, 0N ERIZLT

D@y Th D,

1) DD 5 BHENC BT, APG ¥ (LI IERH] PTT) & ek (L2 & H PTT)
OB E ST LI E 2 A, 1=0.880,P<0.001 & HENOIMWHRE 27RO 7=,
KIZ, BEEB2 B BE I T D APG 15 (FHEAR-ZIEM PTT) LkiE (Lhi-2w
fl PTT) & OMBIRAFRIZ OV TIX, 1=0.930, P<0.001 &, [F U< A EDHHE
iz,

LEDZ &t APG IEETERIED PTT HANEIZ R B2 D Th o7 b DD,

APG IEIZ & 5 PTT I3, #EKRIETHANL SILZ FIEIC L » CRHEI S N7 PTT & A E 7258

FBERRICH 572, L= -> T, APG {EIC L » TRHAIS /e PTT OFHEME I, #EFt3

MICHEHETEOIRETHL I NP LN ERoT,
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Tablel. Physical characteristics of participants in Chapter 2.

age (year) sex height (cm) weight (kg) BMI SBP (mmHg) DBP (mmHg) R-R interval (msec)

Partcipant 1 62 3 167 70 25 125 89 940
Partcipant 2 56 3 171 64 22 155 89 888
Partcipant 3 46 3 171 72 25 126 89 1258
Partcipant 4 46 3 160 61 24 131 87 937
Partcipant 5 41 <) 169 58 20 118 78 928
Partcipant 6 39 Q 165 53 19 111 71 897
Partcipant 7 37 Q 159 46 18 116 83 796
Partcipant 8 31 a3 172 68 23 123 75 1222
Partcipant 9 23 Q 155 56 23 97 65 1314
Partcipant 10 22 3 181 71 22 126 97 1114
Partcipant 11 21 ) 172 60 20 109 65 1062
Partcipant 12 21 ) 174 84 28 116 75 979

2
BMI, Body mass index, weight(kg)/(height(m)) ; SBP, systolic blood pressure; DBP, diastolic blood pressure
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O , Near-infrared radiation sensor for APG

O , Clip electorode for ECG

Figure 1. Experimental settings for measuring APG and ECG.
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Figure 2. Measuring system for APG and ECG.

1, Personal computer; 2, 4ch USB-AD converter;
3, ECG amplitude unit; 4, Clip electrode for ECG;
5, Near-infrared radiation sensor.
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Figure 3. Schematic block diagram of USB-AD converter unit and ECG amplitude unit.
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Plethysmogram Verocity plethysmogram Accelerated plethysmogram
a
differentiate differentiate
— — C
d

Figure 4. Schematic illustrations of obtaining APG.
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1.5cm

Light emission and absorption

Figure 5. Near-infrared radiation sensor.
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awave . awave

Plantar-APG

aWaVE pwave awave

Finger-APG

4—— |Heart—Plantar At ¢ ' Finger—Plantar At

Figure 6. Measurement of PTT at each interval in APG methods.

30



F 2 APG I E LD

Figure 7. Overview of Form PWV/ABL
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O , Cuff for plethysmogram
O , Clip electorode for ECG

Figure 8. Experimental settings for Form PWV/ABI.
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Figure 9. Determination of wave front in Form PWV/ABIL
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Red line represents original wave. Blue line represents the wave which was
passed through SHz band-pass filter. Determination of wave front (vertical solid line)

was made by the information of blue and red lines.
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Figure 10. An example of output data in Form PWV/ABI.
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ECG

PCG

Right upper arm

Left upper arm

Right ankle

Left ankle

Figure 11. The measuring points for PTT of each wave in Form PWV/ABI.

A, sound II in pulse; B, dicrotic notch; C, wave front of right upper arm (brachial);
D, wave front of right ankle.

Heart-ankle PTT = A to B + C to D.

Brachial-ankle PTT=C to D
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Figure 12. Correlation between pulse transmission time obtained
from APG methods and previous methods.
Panel A is heart to foot; Panel B is arm to foot.
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Table 2. Individual values of PTT in each interval by measuring APG methods and previous methods.

Heart to foot Arm to foot
Heart-plantar PI'T  Heart-ankle PTT Finger-plantar PTT  Brachial-ankle PTT
APG methods previous methods APG methods previous methods

(sec) (sec) (sec) (sec)
Partcipant 1 0.291 0.135 0.078 0.077
Partcipant 2 0.254 0.124 0.075 0.065
Partcipant 3 0.324 0.222 0.107 0.101
Partcipant 4 0.278 0.139 0.084 0.079
Partcipant 5 0.307 0.176 0.094 0.097
Partcipant 6 0.288 0.165 0.085 0.093
Partcipant 7 0.290 0.166 0.101 0.094
Partcipant 8 0.276 0.175 0.064 0.085
Partcipant 9 0.355 0.195 0.134 0.114
Partcipant 10 0.319 0.209 0.085 0.103
Partcipant 11 0.356 0.222 0.149 0.136
Partcipant 12 0.370 0.248 0.161 0.146
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ERE

PWV & Fin & DR

1. B W

IR BEFEREICBNT “B MIME L & HIcBND” Eebhbd ko, PWV R
BRI FHC, B OREEZ B KT 5FAREETHL L SND%E 1 OBBIE, X
X0 i & OBRMEREWE WS ERTH A H, AR THATVD APG EE W
PWV ORI, 3 CITH 2 BICB W T, MElFHBLENDEWKE TH D Z & MR
Shic, 22T, B3 EIZBWTIEL, APGIEIC K » TEHAl S 4L72 PWV IZDW T, s
& DORRMEICET D REEZ ATV ATHFZE TR LR E O — 2 RFTT 5 2 &1
F o T, BIREFHIBLE N D ARTIE TR 9 APG IEIZ LD PWV DS ML MGEES 5 2
bl Oy et

MEDERBLR L b F 5 N& B L, T#fRm ) < FFIE) L LTR<mbhd,
PWV L, MEDOKREZ B KBTI HEETH D L INDHD, DiEd BB S A7z ik
D ETE L THEONDIERTHLZ D, MEOFTHLEBHIZIF DL 2VE
R CRRS—H#%) Tz <. BEENICEE M 280K (THR—KR) O @2 Kpd
HHDTHD, LoT, PWV L ERRICHETFMEOBIBRLTHD [FIRE] % Sk
TLH5HOTIERL, Bk 2T 25D ThHD, S bICERMEIZ, HFET
latherosclerosis] & AL 3425 L H 12, Tatherosis), T 725 M NOMWBIER AL & |
M8 R Z ot & LT Z 24k Isclerosis ) V9 2 DD L EZERT DD TH D,
BLEBETIX, PWV I latherosis] & [sclerosis] Dl & XMT 2HETHDH EEZ D
NWTWDM, Eb60nEF AL Isclerosis] Z KMT D EGWAGRV, ZOBHIE, L
TS 2 @R OSSR EE & ML OFHIC L D b D TH B,

BRRIE. T BRI ~ORBARCITEAR EEHRBINRR) 72 L HEICE RO
KOBR, @KBREARS EBEBINR 7R Lo AE < B bR, & 51 KEERBIIRSC E i
BIRE 0 HHNOMENNRD 3 DTS, ZNERORED D OITHEBIR, @& @
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ZAFIEBIR & HER TV D Y BRI O Tk, IO NI, R, SO = JE
WEDH b, FICHIRICEBFICFET I I AT oD L BY LT AF U LE
DD L OITHINT 227 =7 v OB EL 2 MRRE L LTEF LD Y, =
DX RBGNREL D L MEREPMET L, WBIOEEIER b B bN D Z &b,
PEBIARD PWV I3 & & b ERHT2 (< ed) ZEnmbhTng 7,

DX DT, PWV T & ORARMEN E < | BRI RO M ORIEA B < SRS
FRZEETCHL LS oL, & U THEBIIROREIC L 5 & ZARKE W,
— T, HEBARIC OV TR, =7 AF U BERPHMEENR S i L T b i
IR FRIIA Z WD ERIC L 5 =T AF OO NE T E LTHME QMR T
& TEAEZMS 2SRV Y,

VL Eo X5 e e BIIR & A PEBRIC 3510 2 N b O 0 2 8 A FHp D & LT,
ARETIL, APGIEIZ LD PWV O 24 M Z [ K FHIBLE D DIRGET 52 b D Th 5, T
b KEOFERIZIBWTHNEIC X2 ZREO B D PWV & B 570 PWV
L FATIFFE T B2 & 72 o TW 2 BN IR K O HEBNIRD PWV O & — 92
IR, XV RESRIC APG YEIC X D PWV OERRE R4 MEE RS 52 LI
THAHH,

ZIT, RREICBT DMAEETO ECEEL R FERBREIT, ZRECEDT -4 %
AW a1TH> 28 Th D &B 2T, BARNICIT, OREWEREEZ IR ET52 &,
@TELEFZLLORBOPWY ZHN5Z L ThsH, £3, OIZOWTIE, 20wkt~
90 WD BLNLT —HZWETHZ L Lz, &HI2, @22\ Tk, migE. T
RELOGRED 3 WA =225 L DIiE S BRE 3 DET~D PWV &
B2 mTHES T H ORI~ OW B ORERHZE (RIF-FHAR, fif-2EL LT
FHRA-ZBIE) ZHWZ, 36 XKHEO PWVIZOWTAE TIIHRFZITI DO TH D,

LLbEDZ Lint | KBTI, HH»h b &m0 B ka4 e LT, 2512 Bt
6 X[EI D PWV (N 23 JAE TSI OV T BPEE R, FtEEAROB I G ST 2
DTHDLNENERRFET 2 Z L2 AHFZETH O APG EIZ LD PWV DR LM%

R FHBLE P OREET 2 2 L2 B E LT,
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2-1. EBRBINE

EBICIT, FFEL DD EE IO B e 64 4 FEli 21~90 5%) BB LT, EBRS
MEE, EROBELS L OFEEERE ARICL2 T LB T—2a VK VEPIL,
KRBINOKGHE Z T, 64 4D H B, WIMEEIZ X2 HEIIBEEZ T T\ 74, K
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Tablel. Physical characteristics of participants in each age-group in Chapter 3.

young middle-aged older
(<~40yr.) (40~64 yr.) (Z65yr.~)
parameters

male female male female male female

(n=9) (n=5) (n=13) (n=7) (n=6) (n=11)
age (years) 24.8+4.5 29.6+7.3 52.6+7.1 54.3+9.0 72.8+5.2 75.2+7.5
height (cm) 172.343.8 159.9+£3.5 168.1+£3.7 160.6+3.4 163.742.2  149.3+£8.6
BMI (kg/m?) 23.7+3.0 20.1£2.3 24.7+2.6 22.0£2.5 23.1£3.2 22.2+3.0
R-Rinterval(msec)  1011.2+105.0 1004.8+186.8 1008.8+132.7 922.2+81.3  981.9+124.1 841.5+111.2
SDP (mmHg) 121.0+8.1 105.2+7.8 130.5+11.3 115.1£11.9  122.3+£27.3  130.5+18.3
DBP (mmHg) 71.2+12.1 65.6£10.8 81.7+7.7 70.7+6.7 66.0+£5.2 75.4+9.4

BMI, body mass index; SDP, systolic blood pressure; DBP, diastolic blood pressure.
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Figure 1. Measurements of pulse transmission times.
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Figure 2. Measurements of segment lengths.
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Figure 3 . Comparison of each pulse wave velocity in young, middle-aged and older age groups.

. , male; I:‘ , female.

ns, no significant.  *, P<0.05; **, P<0.01; *** P<0.001. Values are means = SD
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Table 2. Means and standard deviations of each pulse wave velocity in young, middle-aged
and older age groups.

young middle -aged older
mean 1.795 1.891 1.758
male
Heart-head SD 0.135 0.295 0.240
PWV mean 1.644 1.779 1.600
female
SD 0.291 0.269 0.232
mean 3.467 3.540 3.433
male
Heart-head SD 0.310 0.370 0.278
PWV mean 3.221 3.171 3.173
female
SD 0.301 0.354 0.341
mean 4.473 4.953 5.335
male
Heart-plantar SD 0.446 0.358 0.463
PWV mean 4.082 4.514 5.169
female
SD 0.417 0.311 0.470
young middle -aged older
mean 10.479 9.551 9.204
male
Head-finger SD 4415 2.016 1.798
PWV mean 10.530 7.539 8.536
female
SD 2.183 1.561 2.645
mean 7.587 8.887 10.540
male
Head-plantar SD 1.602 1.186 0.831
PWV mean 6.866 7.601 11.521
female
SD 0.922 0.789 2.362
mean 6.844 8.837 12.105
male
Finger-plantar SD 1.772 1.879 2.200
PWV mean 5.921 8.587 15.893
female
SD 1.444 3.355 4.175
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Figure 4. Single liner regression of each pulse wave velocity and age.

ns, no significant. **% P<0.001.
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Tablel. Results of multiple regression analysis between pulse wave velocity and influential
factors in heart-plantar, head-plantar and finger-plantar sections.

Heart-plantar PWV Head-plantar PWV Finger-plantar PWV
(R2=0.554 P <0.001) (R2=0.662 P<0.001) (R>=0.598 P <0.001)
Explanatory
variables
B probability B probability B probability
age (years) 0.759 <0.001 0.608 <0.001 0579  <0.001
sex(men) 0.318 ns 0.410 <0.01 0.131 ns
height (cm) 0.159 ns -0.418 <0.05 -0.248 ns
BMI (kg/m?) -0.186 ns -0.109 ns -0.096 ns
R-Rinterval (msec) -0.117 ns -0.064 ns -0.152 ns
SDP (mmHg) 0.073 ns -0.132 ns -0.114 ns
DBP (mmHg) -0.007 ns 0.137 ns -0.067 ns

2
R, coefficient of determination; 3, standardized partial regression coefficient.

BMI, Body mass index, weight(kg)/ (height(m))z; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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APG DO EFHE L ORICHE R MBEREZRD TS % 2?72 TH Hashimoto
5. APG & DHEE K OMILIE & OFHBIRILRIC OV T (n=848) . APG @ B:A & D:A
. FRE s r=0.13(P<0.001). r=-0.12(P<0.001), I )£ & r=-0.29(P<0.001).
=0.41(P<0.00)DBEURICH 5 Z L #HEL T\ D,

EBIT. ZORATHFZRICE VO TIE, baPWV &R X OUILE & OFEBIBRR b 0 #r
LTEY, ZOFEE, baPWV & LA OFBIBILRIT r=0.28(P<0.001), baPWV & i+ D
FABEIBEIFRIL r=0.70(P<0.001) TH -7 Z L ZHE L TWD, 22T, AHIZBWTH,
g7 APG ZFHHI L7z 3 HZE TO PWV & R-R [HfRE L OO % & OHBEBItR % 55
Hrifz& A, RR[EMREOHICEERMEBEFKITRD SNRNocb 00, MELD
IO E-RTAER] PWV (1=0.614, P<0.01) 35 X QML KM PWV (r=0.799, P<0.001)
IZBW T, BEPOBOVHBBRARD bz (£ 7).

22T, ERICEF OB LOMLE S APG O ERHERS LU PWV & OBRIC
DNT, FT. DL OBREARHORER L AT RO RN OHERE L THD L, K
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HOFERITB WO TIEFIERES c/a (2B TDZ, R-R B & ORICAE 2 IEDOFBERFR

NRH BT, ZOMEMIE, BEMERIC X o> CTLAkE Z L S B EE S offge Y
[ZBWTH FHERH APG @ c/a (T R-R HEAIER T 212 E (DHEDMET 3513 L),
ERTL2EVOEMEFETH D, Lo T, LIEBIZFHHERI APG 12BN T, FFT c/a
WAL T MIETNFTHDLLEEZOLND HLOD, APG DO EHE IR
WA G 2 DT L 1EEVEEV, 24X Hashimoto B O34 L7 APG Ol s bk &
DI OMHBIRRICE VT, MRS 0.1 THoZ &b b XRS5,

S BT, MED APG & PWV [ZKIFTTHEIZOWTL, AHEOGHTORE, MEL
APG D EFHE L ORICAH BERMBEARREZRD o7, Ll FATHIZEIZE N T
F~vr vy FMEHOWTFRRBOMELZ(LI T L Z A, APG O EFMEICHE
AL EROTE Y ", Bl O Hashimoto & "OMEIZH VT H, MJEE APG DI
Rtk & ORNCIZFREOA EARMBBREZRD TS, LT, KEDHHT L HiE
REFATHIZEDRE RN, MIED APG ORI KT TRHBIZ OV TR 5 Z
ENHEETH DM, —H T, REOGHITI T, I E 1O IR-RTEER PWV
(r=0.614, P<0.01) I X ONLME—2JER PWV (1=0.799, P<0.001) & ORIZAE DGR
BB Z RO TWD, 2D ENHIMEIE APG IR EZ KIFTEAVWLY L, PWV
B RZTEGVOTRREND ERRE I NIz,

ﬁ

APG & PWV ICHEAZRITT LEAOLNDIWNFOI L, ZHE THRIAZK LTV
DR R MRk, ik, A PREE, BERRRCR GUEMR) EBITh DS, ZiLb
DRFIZONTIE, REOERERICE T 27— 200 ORFMBHEETH S, Ll
M6, APG O EFFIEIZATEELS, FHERES LORIEREZ MO T, 25 LN &
L TR & OFEBR 2RO 555, PWV ([ZBWCIERMMEBIIRE 2 —4~ > b & LTEH
SNTHDITIRD LD | AE 43 OfFREZLD THRFTO TG & LT, SBITHIZEORR
HLBEL LN R 4[R2 APG & PWV L5 2 5 BT D HEm & el 720,

FP. MIRMERICOW T, MR E X PWV ICEEL RIS 2N ERREINT
W5 VB DD, APG IZBI L TIE, 2D X 9 RFFEIIRZITHO TV R, LasLan

S IMEIERIE, —RENCHEACBNTRES AR D DO TIE AR EMEIZL-T
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HRERZBILEZBD DB DO TIER, o T, MEMIRD APG ICEZERZEZ KITT
LI o T, R 43 TR LK D 2RETHE. FHRRHE LORIEBIZBW T, &k
P &R ORICE B R MBERERE RO L1335 210 < X o TR A APG (2

FIETHEIZONWTIE, AR tbdbEV RERLOTIERNZ EBTHISNS,

I8 PBBIEIC D\ TR, SHENR T 7 v — A LIX 25 ISR 5 7 7 v — AL & [k
THLEEZLN TSI END D, KED PREBHIRT 70— ALE L APG & D
REDHT LTS, EOREE, APG index HARIZME & & b I T 2 M350 B
o0, HEARY 7 7 — A LEE L APG index (T2 A KIT SN2 L&A LTV
5o WD BRBEOHRE Y%1T-oTVD I b, MENMBIEIL APG IZHRWVEEE K
FETRFTIERWnWZ ER TSNS,

BT, BEMEROEEIZONTIL, APGH PWV b EEZZITL2b0EE I LN
b, £, APG ICH L CiER & 238, 3 HEIOHAK b L —=2 23 bla ZIKT S+,
claldaZ EHSELZEEREL TS, 5T, PWVICBE L TERTHAS 228, A
RV A —4—% 550 (FREIX60 7 v ) HEhSH-E 2 A, baPWV ICHE R
ETF2ROT e aWMELTWD, AiHLIE EPEEENZ KD PWV OIK TIZiX, B
AR AT U 7 DU i A SR i OR3P G- L7 b D L BER L TR Y, B2 6L, LW
b OHETH LN APG OZEMIZY, RROAERFHIZLAEE LIRS 2 6
N, £oT, BAEMBEROEEIZ, APG L PWVOLELLIZHLESI ENEZDLND
AL ZAvh MLIRMERIC IS 5B R L RIERIC, B ROEEIC L > TAE 4-3 (2817
% APG B LU PWV L4 & OFEBRR TRO b AL U L1EE 212 < vy,
LoT, HEMRRDOREL APG b PWV 22 bDThH LN, TRENDORIEIC
RERFEBEFRETRT TRV ERTHIEN D,

BT S TR FIRMK & Th 523, MK ED APG & PWV (I KIFTREIZHOWT
. AR PPON IR R R A AT o TR Y | ML O EBRBINE Oz % S E 720
FHREB APG & UE—FHE M PWV OZE(L A BIE L T\ D, ZOREE, Btz L LT
W$< L MIREDHA & & HIZ APG D bla DAL, c/a, d/a 3 X APG index 73K

TT5E0ng, KE 43 THaR L, MEICE D APG O — X2 L & [RIAE 72t 1) 2 38
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DTS, £le—FH T, PWV biDZ EICfEo TIRT2ARD b2, ZAUdmEN

(CAFAE L 7o i 23 — 1@ i L, 2 0 R & LTl s shfz Lo Z & (b L7722 &)
ERTLDOTHD I EDRHLEIN., MIEEOWD D PWV ICHEER LI-E2DH L
WTE D, LILARNRG, KEOKRIT, FHIHE APG I L OVLIE-F-5 52 PWV (2
BT HMEZ X, H< ETAPGIZBWTIIAELEZRD D53, PWV LB W TIEE {LE
RBORNENIHLDOTHDZ LD, ZOMEEO—BEORIIZL > T &R I
% APG & PWV OZAKIE, MEIC X 2B L 1 TRRL5bDTHA S, LEehin-T,
I X TREFOMBREDIKTRELDHE LTEH, ZORENFIERE APG IZB W T
b/a DFHDEEM L c/a, d/a 3 LN APG index 2ME T3 2 Z & 8 X OWME-THE 2 PWV
WCEERRO LNV LICRESEEL TV DRI O TRWEEBE X TRNT
b5,

BRI, BH O MKEDINEIC X > TR T 20HENI2HO VT, 2 E TR T
HEVWIMENRETH o, L Laenn s, Bomse i L, miicrk > 4
O MEEICEITRO ST BRIBAE S 720 oL, T LAMEICE 8-
TN 2 2 EnfE SN TND, —FH T, REMREIZOWTIX, 20555 70 5%
I TR A0% DT 5 Z E BRE SN TWD Z 05 200 APG IZRTEERD. TR
FOURIEEEE V) RICB W CHHIL TWA Z 2252 5 & EIC L 5 R i & o
WO BB IE LTV D ATREE S ICHE S D BT Vi e NSRBI
DIFERISE 2. APG & BRIk & d K QML & 2 VTR L TV 225, 30 B odlalis
% 52 BRI OWVELEZ R U 7 — 713, R Uo7 —7 & TR & i
HERBLOMBENEEICE T LAEZZ EE2BEL TS, S STk i, APG @ a
H R, ba, daBLOd-bya IZBNTE, WIhb bla DA EH L, Z OO
TETFT 5 &0 5 M2 L & R OF B2 B ABd L2 WmE L TW\WD, 772
bbb, REMEER X OMEEDOK TIX, APG OEEFEOWNTNORBIZIZBNTH
IEEEOZEALZE T EHETWD Z &b, MDY APG & B2 i & & o BIfRIC KT
WEIL. Atk APG ZHET DB 2G5 9 AT+ ICREET 2MED H 5
T THHEERDIES D,
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L EORFN G, APG O ERMEC PWV (B L2 RITT EEZ LD 9 FFI2oW

t%

T, EORFD b APG DR EFHEICEZ 5 2 T L0 a5 2 LTk~
PolZb DO, PWV L APG £V b BEIRO KRS O 538 2 58 < [BRk$ % 2 L 234
I Tz,

FIoARE 4-1 128V T, APG 1L PWV L0 & BB R 77 & OB A Fp il L CHEIC
MECE DAREMEZ R L7e)y, RHEOHGRN O RO TEETLH L, b H U E 2D HENE:
& LT, APGIEPWV & LT, FRl R B RF P FELRVERBEZILND, £
ZH, PWVITEENEHEL T D “HE” OBZFM L2t D ThDH23, APG IXIEH)
IZEENDHEMEREZ WEEOE L L GHiT 200 THL, 20X IIEZD L,
APG OJiB PWV X0 b NE SN DHERENZ N ER TSI, 2D &03 APG I
BAL T, FrICEEL KIETIRFORELREECL THWDDE LRV,

5. ft A
AREIZBWTIEL, APG & PWV &0 5 TARBEENCESWIZHERICE L T, £hTh
DIEEDOBRI L ORI Z BT 572012, LFD 4 SOBBEIZOWTHRET 217> 72,
DAPG DOFHAIERAL & PWV OFHAIX M 2 3tk S ¥ 72, APG & PWV O BERELR, 2)APG
DOFHAEAL & PWV OFHHIX B2 S LTV 720, APG & PWV OAHBEBEMR, 3)*fIsd
DAL &AL 1T D APG B X OV PWV &4l & D [RIIFEIR, 4)APG B LN PWV (12
REE RFTHRFICET 2, L LB LV EONZmRIE UTO LB Th o,
1) FHAPEBAL & FHRIX [ 256t s & E 72 APG O @Rtk & PWV & O BIBIRIC DWW T,
—YOFBERBRERD oI, LRS- T, APG O ERHEE PWV X, 1
TNRDEREREZTLE L TBEL TS, b LERICAEREHRTH- THX
BRINDEGWRRR D LEZZ BT, £72. APG O EFHEIL PWV X0 bEK
oz (R72%) BREVEAHER S,
2) RHATEAL & FHIIX 2SR L 722V APG O FEPE L PWV & OFHBIRILR ISV T,

FIERE APG O d/a & FHER-ZEIER PWV ICH B RADOMHBRRICH 72 2 L8,
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FTATIHFEOWE & —F Lie, LinLAans, —HLEEHICO VW THLMNIT S Z
ENTERhoT, £, AERBEBTERZNVLOD, AFFETFHHI LT 6 KD
PWV & HI1Z, BIEFBICRB W TIE bla, FHRARMBIZE W TIX da, BIOREMIZIB
X c/a & i BFBITED @ & W S A O IFED RIE S vz,
3) FHEIEBAL & FHAX R &2 5hhs 72 APG O @Rkl L OVPWV & 4l & OFHBIRE
RAESOHT L= & 2 A, APG D EREIC OV TIL, AITEEE. FHERER L OV E
BIFHHEOMME LT, MEZHE D bla DEINE | c/a, d/a 3 XY APG index O
ETREDO B, ZOE OMBEARRIAE TH o7, —F T, PWV 2O T,
O PWV IZBWT DA, FEZRIEOHBBZRARD bivic, ZORERIX
PWV [XBEMEBIIR & A TEBIIRO ML O tE 2 B KM 2RI Th v | i
APG [ZHMEENR & FEENARO M ZE L DR G, EBEEZZ T S EEVR RN D

tt

EERTLHLOTHD,

4) MAENES, MAEREE, A HMER . ek, Mg, M PNIE, e, O
B R CGEARR) TEEHE W) 9 DR FIZOVWT, APG BL OV PWV IZKIF
TRBEICE T D #mEIT o728 2 A, PWV X APG £V L EYIROFRE & 1 E 125

ZFRT VI ENRBEE N, L LR G, APG 28 PWV X0 & 8B E 2T

mﬁ%

RTWEFAZONWTIE, #ma AW THRET DI LILTE o7,

U bEDZ &35 APG & PWV [ZIITIREENC K SWIRETH L b DD, £ThTh
EHUET DA D= AN ERDFET D 2 LR STz, A%, WEEZ V-0
FaATOBRTIE. P ZENEROEALL XHIZRIT D APG D ERIEL PWV (22
WTC, ZOREBE TSI EX D2 EREETHL B2 N5,

S HIZ, PWV ITEIROFFME & MEDFEEZ KR LT W TH D B2 5N DD,
— 7 CLAPG I PWV O L D ITHICHEZZITOT WRFEAAREIZBW TCIFE TE R
molee LINLZRDIH . APG & PWV T, W7 & bIZ LRI 9 SDORF DR E%E
KMTELEETHLEBZ A DND,

L2 o> T, Ak, KX T L7z APG ¥ELZ AW T PWV GHIIZ 1TV APG & PWV

DM Z W TIEBIRBB O 217 9 5813, & 2 EBFEREIZIB VT E DK% APG
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EPWVIRGEELZMTT LTSN, . TOMIZS 2 RINIZEEZ KITTK

FPFAET DD ENEWREIC LT, T — 2 DR ZT O BERH DL LEZBND,
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Tablel. Physical characteristics of participants in Chapter 5.

age (year) sex height (cm) weight (kg) BMI SBP (mmHg) DBP (mmHg) R-R interval (msec)

Partcipant 1 62 I} 167 70 25 125 89 940
Partcipant 2 56 1) 171 64 22 155 89 888
Partcipant 3 46 1) 171 72 25 126 89 1258
Partcipant 4 46 3 160 61 24 131 87 937
Partcipant 5 44 34 175 75 25 136 97 846
Partcipant 6 44 3 172 74 25 141 88 1237
Partcipant 7 42 Q 162 53 20 117 70 1103
Partcipant 8 41 3 169 58 20 118 78 928
Partcipant 9 40 Q 154 58 24 114 72 934
Partcipant 10 39 Q 165 53 19 111 71 897
Partcipant 11 37 Q 159 46 18 116 83 796
Partcipant 12 34 1) 168 60 21 120 77 985
Partcipant 13 31 1) 172 68 23 123 75 1222
Partcipant 14 23 Q 155 56 23 97 65 1314
Partcipant 15 22 3 181 71 22 126 97 1114
Partcipant 16 21 3 172 60 20 109 65 1062
Partcipant 17 21 3 174 84 28 116 75 979

2
BMI, Body mass index, weight(kg)/(height(m)) ; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Figure 1. Evaluation of wave components in APG.
See details in method section 2-3 (p75).
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Figure 2. Classification of waveform patterns (A-G) in finger APG.
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Figure 3. Correlation between heart-head PWV and b/a, c/a, d/a and APG index

in head APG (n=17).

No significant correlations were found.
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Table 2. Individual values of heart-head PWYV and b/a, c/a, d/a and APG index in head APG.

head APG
heart-head PWV (m/sec) X
b/a c/a d/a APG index
Partcipant 1 1.596 -5.17 1.56 -61.13 -53.54
Partcipant 2 2.171 -23.34 3.09 -58.90 -32.47
Partcipant 3 2.025 -35.30 -2.85 -26.61 5.84
Partcipant 4 2.180 -26.14 3.11 -48.00 -18.75
Partcipant 5 2.207 -39.89 0.15 -34.05 5.99
Partcipant 6 2.342 -25.13 3.65 -46.63 -17.85
Partcipant 7 2.349 -33.29 8.44 -33.19 8.54
Partcipant 8 1.772 -35.23 -11.86 -40.68 -17.30
Partcipant 9 1.792 -15.31 10.16 -43.71 -18.24
Partcipant 10 1.948 -26.66 3.38 -34.20 -4.16
Partcipant 11 2.048 -36.37 -4.08 -37.03 -4.74
Partcipant 12 1.950 -39.31 -2.53 -24.98 11.80
Partcipant 13 1.833 -35.99 12.26 -49.17 0.01
Partcipant 14 1.371 -35.12 9.82 -38.97 -0.92
Partcipant 15 1.801 -40.21 -6.84 -13.24 20.13
Partcipant 16 1.883 -43.34 -6.47 -30.07 6.81
Partcipant 17 1.943 -62.56 -25.82 -38.95 -2.22
mean 1.954 -32.85 -0.28 -38.80 -6.53
SD 0.257 12.46 9.33 12.07 18.16
Cv 0.131 -0.38 -32.85 -0.31 -2.78
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Figure 4. Correlation between heart-finger PWV and b/a, c/a, d/a and APG index
in finger APG (n=17).

No significant correlations were found.
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Table 3. Individual values of heart-finger PWV and b/a, c/a, d/a, APG index and waveform

pattern A(1)-G(7) in finger APG.

finger APG
heart-finger PWV (misee) = c/a da  APGindex ~ "vefom
Partcipant 1 3.377 -41.65 -29.83 -52.54 -40.72 5
Partcipant 2 4.012 -65.31 -16.04 -37.44 11.83 2
Partcipant 3 3.377 -60.97 -1.04 -20.26 39.68 1
Partcipant 4 3.732 -14.28 1.87 -54.96 -38.82 5
Partcipant 5 4.335 -73.33 1.76 -19.38 55.70 1
Partcipant 6 3.842 -35.24 -17.99 -44.45 -27.80 4
Partcipant 7 3.682 -43.95 -3.79 -24.23 15.94 2
Partcipant 8 3.425 -63.88 -1.20 -20.79 41.89 1
Partcipant 9 3271 -47.44 -9.77 -38.76 -1.09 3
Partcipant 10 3.393 -64.75 -14.95 -24.38 25.42 2
Partcipant 11 3.698 -47.81 -9.48 -29.97 8.36 1
Partcipant 12 4.122 -73.04 11.97 -15.48 69.52 1
Partcipant 13 3.650 -70.16 24.94 -37.43 57.67 1
Partcipant 14 2.975 -60.45 4.21 -27.09 37.57 1
Partcipant 15 3.393 -61.41 -2.30 -12.10 47.01 1
Partcipant 16 3.698 -66.95 1.47 -10.90 57.53 1
Partcipant 17 3.438 -90.47 10.93 -2.30 99.11 1
mean 3.613 -57.71 -2.90 -27.79 26.99 -
SD 0.338 17.70 12.92 14.73 38.74 -
Ccv 0.093 -0.31 -4.46 -0.53 1.44 -
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Figure 5. Correlation between heart-plantar PWV and b/a, c/a, d/a and APG index

in plantar APG (n=17).

No significant correlations were found.
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Table 4. Individual values of heart-plantar PWV and b/a, c¢/a, d/a and APG index in plantar APG.

plantar APG
heart-plantar PWV (m/sec) -
b/a c/a d/a APG index
Partcipant 1 4.777 -69.39 -26.90 -19.49 23.00
Partcipant 2 5.522 -85.43 -16.16 -11.60 57.67
Partcipant 3 4.266 -76.36 1.69 3.18 81.23
Partcipant 4 4.624 -57.38 -9.82 -13.94 33.62
Partcipant 5 5.102 -70.40 -4.46 -2.69 63.25
Partcipant 6 5.227 -68.59 -13.06 -6.70 48.83
Partcipant 7 4.630 -66.14 -4.40 -3.76 57.99
Partcipant 8 4.473 -63.78 -15.72 -10.95 37.11
Partcipant 9 4.076 -62.21 -22.81 -32.26 17.81
Partcipant 10 4.650 -81.28 6.41 5.05 92.74
Partcipant 11 4.376 -71.53 -28.42 -16.57 26.54
Partcipant 12 5.190 -76.57 -3.47 -7.99 65.10
Partcipant 13 5.105 -66.20 -21.96 -22.61 21.63
Partcipant 14 3.601 -70.05 2.47 6.85 79.37
Partcipant 15 4.669 -89.91 8.64 9.82 108.38
Partcipant 16 3.945 -69.24 3.06 3.33 75.63
Partcipant 17 3.822 -87.98 8.75 9.50 106.22
mean 4.591 -72.50 -8.01 -6.52 58.60
SD 0.537 9.21 12.45 12.10 29.28
Ccv 0.117 -0.13 -1.55 -1.86 0.50
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Figure 6. Spearman’s correlation by rank between heart-finger PWV and waveform
pattern A(1) — G (1) in finger APG (n=17).

No significant correlation was found.
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Table 5. Correlation coefficients among head-finger PWV, head-plantar PWV and finger-plantar
PWYV and b/a, c/a, d/a and APG index in head, finger and plantar APG.

Head-finger PWV Head-plantar PWV Finger-plantar PWV
b/a 0.324 0.444 0.485
0.284 0.345 0.387
Head c/a '

d/a -0.261 -0.344 -0.371

APG index 0.246 0.349 -0.341

b/a 0.107 0.035 0.180

. c/a -0.167 -0.099 -0.213
Finger

d/a -0.357 -0.420 -0.504

APG index 0.241 0.209 -0.346

b/a -0.078 -0.032 -0.083

c/a -0.331 -0.463 -0.390
Plantar

d/a -0.306 -0.437 -0.353

APG index 0.244 0.372 -0.301

Correlation coefficients were written in bold and black text, P < 0.05.
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Table 6. Correlation coefficients among heart-head PWV, heart-finger PWV and heart-plantar
PWYV and b/a, c/a, d/a and APG index in head, finger and plantar APG.

Heart-head PWV Heart-finger PWV Heart-plantar PWV
b/a -0.118 0.324
Head c/a Results were -0.013 0.283
d/a shown in fig.3 -0.026 -0.261
APG index 0.101 -0.202
b/a 0.242 0.107
. c/a -0.096 Results were -0.166
Finger h : 4
d/a -0.079 shown in fig. -0.356
APG index 0.175 -0.241
b/a 0.029 -0.002
Plant c/a -0.011 -0.130 Results were
antar .
d/a -0.014 -0.130 shown in fig.5
APG index -0.034 -0.131

No significant correlation coefficients were found.
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Figure 7. Regression between age and b/a, c¢/a, d/a and APG index in head APG and
heart-head PWV (n=17).

ns, no significant.

108



#55 APG & PWV DBIRI J O

age (years) age (years)
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
0 1 1 1 1 1 1 J 50 1 1 1 1 1 1 J
O
-20 A 30 A
= s ©
Q
B, 40 - <3§<>> > 5 10 A %
£ i
23 i
60 - g O = -10
80 - 30 A &
O
2100 4r2=0.236, ns. .50 4 r=0.420,P<0.01. y=-0.71x +24.03
age (years) age (years)
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
20 1 1 1 1 1 1 J 200 1 1 1 1 1 1 J
i 5 i
} 0 _g 150
S 20 A Q o 100 1 &
) © & &
2 40 - <><><><> < 50 - &
o) (&)
en
-60 < £ 09 Y
-80 A -50 A % <&
-100 -12=0.470, P<0.01. y = -0.85x + 4.71 -100 - 12=0.486, P<0.01.y=-2.27x + 113.81
—~ 77
Q
2 6 A
e
>
g 4 <> <> r2=0.073, ns.
Y % O o
= 4
o 3
&
S 2]
51
T
0

0 10 20 30 40 50 60 70
age (years)

Figure 8. Regression between age and b/a, c/a, d/a and APG index in finger APG and
heart-finger PWV (n=17).

ns, no significant.
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Figure 9. Regression between age and b/a, c/a, d/a and APG index in plantar APG and

heart-plantar PWV (n.=17)

ns, no significant.
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Table 7. Correlation coefficients among wave components in head, finger, plantar and heart-head,
heart-finger, heart-plantar PWV, and systolic blood pressure and R-R interval.

Systolic blood pressure R-R interval
b/a 0.252 -0.128
c/a 0.046 0.271
Head
d/a -0.361 0.192
APG index -0.344 0.314
Heart-head PWV 0.614** -0.204
b/a 0.290 -0.330
. c/a -0.479 0.525*
Finger
d/a -0.091 0.246
APG index -0.329 0.420
Heart-finger PWV 0.030 -0.085
b/a -0.161 0.032
c/a -0.269 0.316
Plantar
d/a -0.212 0.317
APG index -0.166 0.242
Heart-plantar PWV 0.799%%* -0.197

Significant correlation coefficients were written in bold and black text.
*, P <0.05; **, P <0.01; *** P<0.001
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ARWFFENT . AR EBIZ IV TEHI S 4 2 BFENREE D 2 BEMr i N BE R : Accelerated
Plethysmogram, APG) % F\\ T, RIZENAME N2 KT 23 E (IRIASHEHE: Pulse
Wave Velocity, PWV) % FHHIT 2 HEA LT 5 2 &0 S 510, IREENCESWIZTEER
FRIEETH D APG & PWV ORI b NI, MHEREH LN T 22 L%
e L7,

PWV i, DD & RKAY R DM 3 5 R & IR OB B2 VTR 5 2
LD R & BERED T — 2 LB & 72 % IR (IRIEASHERF[H]: Pulse Transmission Time,
PTT) IZOWTIE, DEKREE—7 Z5HMGR & U, BIEEE, FHRER LR EHR
(ZHEE LT/ MR ARSMRE P — R 0B oD, B APGa i B — 7 ZEHllfk R & LT
FHI U7z, BEEEICDWTIE, TN BEETE, A FH 3 HHERMB LORIKE T, K
REMNDLT =T AV —TiHllT 5 Z &iIck vk, it 3 XEOEREZ, 2
fHd 2 PTT TERT 2 2 LI2 K- T, LliE-ATERR ., Dl FHR LR & ONDIE- 2 5
PWV R L7z, F7o, B P —%2E8 LK O 3 507 F TO MR IR 212 B
LTh, ThZnGT 2 KHOMHREEE, AEAL0 APG a Il B — 7 B OFFFZE Tl
THZEICEY ., FE-FHARMH., fiEE-2EMB L OFHER-ZER PWV & LTHRIIL
72 APG X ali O E & AL Lizb.c B XA DO A kL & APG index (= ((c+d-b)/a)*100)
(2 TR L 72,

%2 BETILPTT 2T, PWV OFHINC APG & W5 0775 (LA, APG L) &1t
Kk & OREE AT o 72, APG L L fERIEIZ, PTT OFHAIG LS XL OVPTT #Hll O
SRR RO Tholc, LNLRNRL, KERKORSRXME & U 7o Ol 2 5B
BELOWEH-E5ME & bz, mFEIC LD PTT MICIEA B /2R OAEBERERZR O, =
DFERIT. APGIEIZ KX HFHAREEE D2 Y2 R SLRET 2 b D &EF X bitTe,

W3 BB LU 4 TR, BTV T, BEBIIRICE T 5 PWV & &b BRI

DEWE SNDHERE . APGIEIC L D FFE 6 X[E D PWV & OBURZMFEI LT-, £ Dk
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BONTBEREFNTET AL —H L TEY ., APG IEITEEREE EEE O b %Y
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2. ARAFFEICB VT PWV 2557200 L7z APG HikL, ZhETE o
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HESWIHEETH D, LLEDZ L2 D APG & PWV O 5l CFE AU BT 2 it &
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CE-HIEER] PWV &9 APG OFHRIERAL & PWV OFHAIK AR IS L TWD, 7§72
B, [FEERIE QIR EHRICHE S APG & PWV TH- T, MR I3AHBEBEMR A
—URD LN enoTe, SHIZ, APGB IO PWV M E DOEIFE ST LIzE Z A,
PWV (FFREEIIRICI N TDH, AERIMBZE PR b, Ll —F T, APG D
bt & APG index 1%, FEMEBHAR, ATEBIRE BT, AifE. FHERB LORIERIC
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WD, b LIERCARBERTH > THORMINDERWRRRD Z LARB I LT,
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ABFGE T IR S PE D S Sz APG EIC K D PWV BHENE, fEskis & bl L
CHENE, BEMEOHIZB W T~ e flE & FEo, RGFEZHAWT, 2 E TPWV it
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