& t-5m

S ORI 70 K S 78
KENIR M ATBI RN 35 B

S0 3 E
P RFERFBE AFRER IR AR—YVEFHL

xR HER



H X

O A B N TSRO P PR v
B N OSSOSO \Y%
B ettt ettt ettt e et et ettt et ete e et et et et e e et et e e e et et eeete et et etateteees VIl
£ I = = SR 1
| R A/ e = o T OO ORUTOTU ST PSPPSR 1
120 ZRBIFZE D FLHT ettt ettt ettt et ettt et et et ettt ettt et n e 5
B 2 BT TR oot ee e e 6
2o, RE IR oottt ettt et et e et ettt e e et et et e ee et et eee et et eaeeeeeanens 6
2-1-1.  REIIRIILE & L 703 oottt ettt et ee e e 6
2-1-2. REWWREI I ORERL & TR oo 6
2-1-3. T T DD H oot e et ettt e ettt e et e e eeeaeen, 11
2-1-4.  KEHIRIMLE R N ATX ETRBEAETR oottt 12
2-1-5. REWNIREIRIZAZ B A AT TR T oo 14
22 H I RIR DD B oottt ettt ettt e e 16
22-1. FIRODIIRTR oottt et e et et et et et et e ee ettt e es 16
2-2-2. BIRIE(L (2T TAT U AR) OF M oo 17
2-3. RENIRIA TEIRE & M B oottt ettt 20
I N |- 770 & 3 OO 20
2-4-1. JBIKFVDLMTIHE ST D FEIE oot 20
2-4-2. JEFF D LMIHE ST O FEIE oot 21
2-4-3. DMHETT (BROPE. BHZETIME) OFFM e 21
2-4-4, R T D EEAM v e et 22
S L= B s X 1/ TSSO PRSPPSO 22
251 TR D B 1 K oo ettt 22
2-5-2. IKJE DM TENRE AN EEEE oot eee et 23
2-5-3. JKHEEF O LA E RENIRIMATEIRE DRE] oo 23
2-5-4. KJEDIMATENRERT IR A~ D EEEE oo 23
2525 K D B 1 ZK IR ettt ettt 24
I S /AL < L Sy iy OSSOSO 25
2-5-7. IKDEFME © K DB oo ettt 25
H3E AR OME, G, FHITE. HREO BT e, 27
Bl B B ettt ettt 27
322 ARIBIFZE DD BRI, ettt ettt ettt ettt ettt e et et et ettt e et et e et ane e 29



3-8, AT T U N T2 B TS oottt ettt ettt 29

3-3-1. DMEOTEHE R OBERE D FTA ST oo 29
3-3-2. HENAREEBE D FTAM ..ot 30
3-3-3. REIIRMATENAE D REAITE oo, 33
4w —EMEOKFIEENRFO KENRIMATENRE : FREOMBFEREICEDLET
Bz EIEEN & DELEE GREE 1) oottt 34
R 34
N 8 N Al = £ TR 35
S B - - 35
T < <= TR 35
4322 FEBRT T R TIJL e 36
e e S i = = TR 39
4-3-4.  BIRBIZZTNTETEH oottt 40
e S 2 o 4 1 OO 40
O TR 42
I 0 w5 < OO 42
B-4-2.  BITRBIZRFE T oottt 50
A5, FBBR ettt 53
A6, TET coooeeeeeeeeeeeeeeeeeeerneteeeteteetenneeetenrnetetetnan 57
%5 E BRI ZKUKEE) S RENVIRMATENAE S F 95228« [ BRp A MaEE) B E
L OSEBNEIE D 72NE & DOEE GRBE 2) oo 58
ST B = 58
I N S L gl = < 3 58
523 T ettt 59
S T DR = OO 59
5-32. JHITETEH oottt 59
R I O /0= o 21O 61
R R 62
525, FEER ettt 71
5260, TEH oottt ettt ettt ettt st 73
6w HEEnE ~OKPIEEIN AN KEIRMATEIREIZ LT T8 GRE3) .74
O = = 74
6-2. AHIFZE DT L F B oot 74
0-3. T ettt 75
0-3-1. TR ettt 75
6-3-2. KBTI A oottt 75



L T Ry 1 TSP 76

L T T <= 4 TS 76
Lo = SRS 77
Lo = SR 84
LT S 86
B T BT B R oottt ettt e et et ir s 87
AN N G NSy AW % R &N T TSSO 87
O I Ny 3= SRS 90
B 8 B iR e oo e oo oo oo e e e e e oo e e e et et e e e et et et e et et et e et et et e e et et et et et e en s 92



KDOEA FL—H
FA4E —@MEOKPEEFOREBIRMITEIRE : FIERRTER L L0k gL
D (FRE 1)
Table 4-1: Change in the body temperature and exercise intensity
Table 4-2: Changes in systemic hemodynamics at rest and during exercise
Table 4-3: Changes in aortic hemodynamics at rest and during exercise
FSE KIGEBEREE ORBIRMITENRE : B2 LR ACRESZRHE R OESEE
DIRNE L OB (& 2)
Table 5-1: Physical characteristics
Table 5-2: Left ventricular and aortic structure and function
Table 5-3: Hemodynamics of each group
FeE KPER ST AP EEE OKRBIRMITEIRRIC KX TR FRE3)
Table 6-1: Change in hemodynamics and reflection wave with the aquatic exercise

training intervention



oz A sL—5
BI1E Fim
Figure 1-1: Pulse pressure amplification along arterial blood vessels
B2E SUEBTAE
Figure 2-1: Origins of proximal aortic blood pressure
Figure 2-2: Aortic blood pressure waveform shape
Figure 2-3: Type of aortic pressure waveform and its change with age
Figure 2-4: Diagram of aortic and left ventricular pressure
Figure 2-5: Pressure buffering of the proximal aorta and blood pressure propagation
Figure 2-6: Assessment areas for carotid-femoral pulse wave velocity (PWV),
brachial-ankle PWYV, heart-carotid PWYV, and heart-ankle PWV
HIE AWEORE. K. FEiGE. AFEOER
Figure 3-1: Samples and equations for simultaneous recording of ECG, heart sound
signals, and arterial pressure waveforms at the brachial and posterior
tibial arteries
FAE —@EMEOKPEPORBIRMITEIR : FIERFERL L0k LES)
Lol FRE1)
Figure 4-1: Water-based bicycle exercise (WC)
Figure 4-2: Graphical depiction of aortic pulse wave analysis
Figure 4-3: Change in stroke volume at rest and during exercise
Figure 4-4: Changes in aortic systolic pressure at rest and during exercise
Figure 4-5: Changes in aortic pulse pressure at rest and during exercise
Figure 4-6: Change in dP/dTmax at rest and during exercise
Figure 4-7: Changes in myocardial oxygen demand at rest and during exercise

Figure 4-8: Predicted the left ventricular pressure-volume loop during cycling

\Y



5 E  KIKGEBERERE ORBARMITENRE : BB ERICREBEEE K EEHE
BoORWE & Ok (RRRE 2)
Figure 5-1: Differences in estimated maximal oxygen uptake between groups
Figure 5-2: Differences in stroke volume between groups
Figure 5-3: Differences in aortic systolic pressure and pulse pressure between groups
Figure 5-4: Aortic Compliance Index
BeE KPEBT 0T ARTEEREDORBIRMITERIC KT EE FE
3)
Figure 6-1: Changes in aortic systolic blood pressure before and after aquatic exercise
intervention
Figure 6-2: Changes in aortic pulse pressure before and after aquatic exercise
intervention
Figure 6-3: Changes in aortic augmentation index before and after aquatic exercise
intervention
Figure 6-4: Relationship between changes in aortic systolic blood pressure and
changes in arterial stiffness before and after aquatic exercise
intervention
Figure 6-5: Relationship between changes in aortic systolic blood pressure and
changes in reflection wave (augmentation index) before and after

aquatic exercise intervention

Vi



W& FE— T
AP: Augmentation pressure (¥ K /)
Alx: Augmentation index (¥ KH540)
baPWV: brachial-ankle pulse wave velocity (_F[i- /& & [ R AR 175 12 )
BP: Blood pressure (IflL/1)
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CO: Cardiac output (-2 Hi &)
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1-1. WH5Eo 5

AR THRZOERTH 5 0MEERE (CVD: cardiovascular disease) 1%, FAEIC
BWTH, EEHOBEIMEREDFEER Th 5 (RAET#E), CVD DOHREEERD
EINEAREATFHOMBEIC L EE 57, BE ORI AHESE) A O ER IR
BHEAH OB #ARORE 7 EOMBEE IS Y5, DL 5 RAEWEY
), ERRRA BRI LT 572 0121%, CVD ORIEZIE LT 5 2 & LRI 725
Wa|SE T TFHOMAREREL, RV Z ERMETH D,

CVD (ZifiJE (BP) RIfjfi (T2 bl TEiRE) ORFIZL VI INLKE
BTHD, 2D, CVD FRIE T T, IfiE & IE# I (UFES BP 130 mmHg
Aditi. LR BP 80 mmHg AKiili) (ZHERF T2 Z ENEETH D, £D), filifE
CRIRFAY 72 54t A3 FTRE 72 _ERBEEIAR BP 13, SR 72 3R IC BV CTIEE IS
NTWD, UL, FEO KRB Z2BHMIEIED & KEIRIEH BP (SBP) D JiA
EREEAR SBP L ¥ b /5L EE OBER L B EARE ORI A K L BRI S 2 &
MR EF TV A (Romanetal, 2010), F£72, MLOKRBL/2FETIX, EEHO.LME
REBMER T (Ralxro—, ExEE, KHREERER L) CTHELLE
Th-o>Th, EEEEINR SBP <° PP & 1347 L T K&K SBP IX CVD SET-% Tl L
72 2 ERHAE SN TV S (Wamg et al., 2009), ZiUHDOWETREBEEIN TS LD
(2. CVD OFIE TIHIZERW T, RIFEINR BP 721 T2 < KENR BP ~D 7 7' —
FrRERTRETHD,

Z b2 EEhR & KB BP T CVD & OBRMEIZIEWDR & 5 DIE, IR A O
WA AR 2> & A BINREHZ IS > TIRIET 2R CEE T 2720 Th 5, MF
PREEIZ L0 BhROAEE - BEREIE VDS & Do DIBATAL 0O KB IR D BE L2 1 XM

B MR E, DO THRIMENRD T & X FRMERHE K 0 & T &



OB M S S T MERLIMET 5, 26 OEffROMEIET 7225k iX SBP
R PP 2R LA IS0, KEWRD b FRAEEARIC A 23 ED IR T % (Figure 1-
1,A) (Nicholsetal.,2008), L72>L. Z OIREIRIEDFEE (URFERME) 1213 AR
MOMEANRNTEEREZDN DD, FlAIE, KREIIREEA LSS DULE 77 & OL DAt Ttk
2K KRB SBP 2N BHEIC BH-45 & IREMEE2/ NS <720 | [Figure 1-1,
Al 75 [Figure 1-1,C) DL S IZET 5,

F7o. RN E RIEENRD BP DB 228 8 B 72 2 DITER O E D
TRV, BIRERIE 2T 2 2 SOARKIC G R LT 5, BRERE
(T BRI R AT D TBRHIE ) & BRHYE 2SRRI A6 2 i CRUH RIS
720, REFLTR->TL % IHE) OGRKETH D, BRI IEREINREEL 000
IHE B 2 2T . RO EI IR (EISHIBIIR) o0 A BAE - higeom
PIHSRE7R S\ B 2T D, 2T LRIEEIR BP IR 54T D R 60T
Wy, EDFICH DT DI DB A2 T DB\, — 7 TREIRIREIZ 13X
KENWREETZ 1T T < &5 OBEAROME K OO ZE DB L2\ D, £DT2)
RIBIIR BP IXKEIIR BP & 56 2T KT 5 Z L3 TE A2, L7end> T, KBk
BP D& =4 U » ZIIRIHENRK BP & [FERICEETH D,

CVD F&JiE B4 K& OVEFIZ EBiBhfk BP 7213 CT72 <. KB BP ~D I A3 E
T2 Z LIZLARTO KRB 2 BERIFIEIC B W TORESN TN D, B 5 EORE
I (BIUEWTR L B 7 MEREK) TEORBEO TR EBY Lz, ZO/E, 2
D 2 FAROHEANL, KIEEINR BP ITIZREROBEEM R Z R Lz, LinL, KEIK

IE—FOFH] (T bEEFHE) OB LEESREZ RS Rhole, &6
(CRKBIR BP OREERNRN 22V FEDIRHRRE (B IEWITIZ IS T DIRRHE) 1XRER)
ROHSTIRFERE LV BT OLIIME A X NEEDR S -T2 L 2R

L 7z (Protogerou et al., 2007; Protogerou et al., 2009),
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Figure 1-1: Pulse pressure amplification along arterial blood vessels (Vlachopoulos et al., 2011)
Changes in pulse pressure along the arterial vasculature are shown for each age group: C, pulse
pressure amplification in young adults; B, pulse pressure amplification in middle-aged adults;
and A, pulse pressure amplification in elderly adults. The amplification of pulse pressure from
the center to the periphery decreases with age as a result of the increase in aortic systolic blood
pressure and pulse pressure.



Z OWFFERERIT. ARAEEIR BP XV & RENK BP 23 CVD AE TP - 1B O K%
K42 = & 2RI LTV A (Williams et al., 2006), Z DX 5722 &5, CVD D
FRHIZIE, EBEEIR BP 7217 CT7Z < KEIIR BP OB K Z il - o8 L, B ICE
THZEDREETHLZ LIFHALNTH S,

ERR e AR MEE) X RRRIC B 2R E T 2 2 OB ReE k., BB
fiE & ¥ (Tanaka et al., 1998; Tanaka et al., 2000; Seals et al., 2008)3 5 Z & 23501 51
TW5, AR ME N EIRIC G 2 20RO & LT EE T o—[EHHE (SV)
OIS BYAREE ~ D AVWIIE )M AN 2 R S, AU EIREE DB RE M

(A B 172 53 L HEE X LTV D (Kingwell et al., 1997), Z O fUZBI L T,
K APIEELET LS (IMREML TTT 5 AKUKIET ) CKEDIERIC X 2 Dig~D
JFE i (FIOER) O X > TH.OMEES R L, EHBFEO SV 23K
& < 72 B (Park et al., 1999; Carter et al., 2014), Z D Z L5 KHEEIOM Y K L
(T RENIROHEE B OBEBE D] % L CREIRIMIEIZH 5 BP (F72b b, Kilh
ARIMATENRE) (AP % I T AlRetEnsd 5, FEBRITHATAFE Ci, AKvkiER)E

B D& % FEE O KRENK SBP (X ERpANEEEEE O & 2 [FAFER O & Rk E
BEEORNE LY LS 2 LS 4TV D (Nualnim et al.,
2011),

7e12 UL KUKEBI D K 5 IZRP R R BACEmIR K2 & 2 3 & 3 % EB) PR
TR TOFIZFERMATRE TIEAR VY, KHTT O EENE, KK TRLNLTIT S
EEOAAET D, AKEGESR) L 0 b EBREZIIIEF IR R D2 D9KENTRLS 1 b5 7

D, KEOREZRE 2T, KEKES) & RRICHFIREREDOE R EEZ 5
EEZDBND, LTeho T, BIEDOUKS) 2 B & 3 2 KUKIEE) TZR2\WAZAL TO
K EE) T b KRENRMATENEA~ DL TE O N D WREMEN B 5,

IKGGEE LA TOKFIEENL, KON E B0 k2 ERZRHT2Z &
T, EEB LD L EKTRASOMEA N AZBRT S ENTE L0, f#



D <Y DIz DEF OBAMLCRABLBE~D I NV T — 9 & LTH
LT Wl E LT BILTW D, 7272 L, CVD & &7 B 2 /13- KH)
IRIMATENREIZ A3 2 K HEBY DR BE L CRBABR 2 0 3 20, HESR S &
ZRERT D 2 & AR 55 S i B O /MR BE S K ORI DB LD U 2 7 3@
JEGS 2 & o CRFIENIFZH fJEEEO @V EIE CTH 5, AHFEIE, O
FEREICRBIT 2 EHERT U b1 A Th 2 REARMATENRE ~D /K EE) D20 R 2 B 5
WIZTHZET, LVELDOFE~D CVD BIED THHIEIISI SR RAERK LT 5
ZE T %,

1-2. AHFFED A /Y

ARWFGEIE, CVD FEAED TPk 9 DK P IEB O F 50 2779 2 & 2 &EHIZ B
T AKHEENA KENIRMATEN AR KT —ibfy R IR 722 588 4 Ttk 328 B8
WrifF9E., T ABFZEIC L s TH LT HZ 2 HIET 5,



92 B SCHERAESE
2-1.  REDWRIME
2-1-1. REYRILE & 13075

RERIE & 13RI EATREINR, A28 CIIMET KBARO MEE2 T, &
7. REMRMLET [0, MM, B0 L~ L CYEN4 % fE ] (Nichols et al., 2008) &
HH L, EERZE-CHASS CIEENICHW D ERE & I3RS EE R
(O’Rourke, 2006),

2-1-2.  REIWRIERE I O & FFAT 22

FESEPMIRERH L7 BRICAE U 2 MRl LT, K#AR BP @ EADBEEED
KEWREDNE S E2S 0 X KREVRILGEEE I & AR EA-A2~3 (Figure2-1), &
AN, MR E— 7 1272 o TR TR T B S8 E T 5, 2Dk,
MR R =T 5 — 5 CHREEBITHE LA 5, ZOEOH EFIE, =A0E
IZHDEIRA = F U ADRES R THRAE L, ik L7 SKHHEIZ 20 BRI A
AL B S 5 R T & D (Figure 2-2)(Takazawa, 2006), L723> T, —ODKIE
DEALRWI N —SND XA I Ik > TRBANERENED D,

B HA R 28 Dl > B R R I 120> 5 12 D T E B OB/ K > TRISEIRD SBP
& PPIIRENR BP &b~ F L BRI 5, RIEEINRIZE 2R R < ITHFTE
T 578, BRI & A O e 0 XU O FEF IR OWRFFEIZAE U % (Figure 2-
2A), FOFER, JTENO Y — 7 TSR OB Z R, KRG Y SBP 12X
B XAV, — 7 CRENR CIZARME T ORGSR & FEEEA & 2 7 O BRI & S5
WOEZR Y NIEHIE R D, 2O ODWOERVITIHEMIC bR -
DBP (26 SR OB BEN KT EN D (Figure 2-2 B), 7272 LR DIRNIE & 252
DEZA X2 TITEIAROREE o OBERE DR A 2T 5, BRI & SO 723 DBP (2B
592 o3 FEEIR CREIR) ORI ELR2 DN TORWEETH D,



Aortic pressure wave

Aortic blood flow

Figure 2-1: Origins of proximal aortic blood pressure (Takazawa, 2006).

When blood flow is pumped into the aorta by left ventricular contraction, an
aortic pressure wave is generated at the aortic root (aortic blood flow). Until
Figure (1), the rise in blood flow velocity coincides with the rise in the blood
pressure waveform. Up to this point is the ejection wave. After this, blood

flow velocity declines, but the blood pressure waveform rises again to form

a peak at (%), which is the increase in aortic pressure due to the influence
of reflected waves.
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Figure 2-2: Aortic blood pressure waveform shape (Salvi, 2017)

The upper figure shows the peripheral arterial pressure waveform, with the reflected
wave tapering off and the reflection wave almost overlapping the ejection wave,
forming the systolic pressure with the ejection wave.

The bottom figure shows the ascending aortic pressure waveform, the reflection
wave overlaps the ejection wave at or just before the beginning of its decay, and

influences it until diastole.



Do AT & 0 BRMEBIIREEL AN EETT 9 2 2 & TERHIE DS BRI R 5000 |
B O IR RN TIHE DI 2> & NS REATT D 2 DX A 2 7 TR LT SO
TERHHE 2 fF B S, EEREKRSE D, £0H, FEknd O KRB SBP (3%
FHR O RICE W IBR SN 2 B — 2 2R D BA 0N H 5, Figure 2-3 A5 1L NN
(ZfE S RENIRER I ORERN R EZ R L, ZORO X 52, Kk BP (15K
i & FHE O BEE O EMERIC X » TRESNS, — TRMEINR BP (3
BREMNNEL DI LICE VBB OS ER UK OEELZIT S5 W0
1 B — 7 SEINE & 72D, D7 RIGEIIR SBP 13, KEMK SBP D S
IZ K DR E ML 22, LT3 > T, ki SBP OfE 721 TIEKENRK SBP % #E
THIENTERY, Lo LD, BB CEE L T2 BP 1 Efi Tl <
KER SBP KT PP T 5 (Nichols et al., 2008)7=% . CVD FJE T [5<CHp REE P72
E DI ANFIT i BP 7213 T72 < KEMIR BP TRE3 2 Z & BARETH 5,
KENR BP 1ZAE CTAREIZHE X 5 Z LN TE P, DD T —T L7 E DR IEN
RIED WK A MLETH D, IR TIEEN LD BEEZR B BP 2MEH S
. ZHIVE TOMETHRIHEINR BP TOMENER L TX 7z, 272 L, ITFEDE
FebERR O AR A I XV L BP ORIE & [AFLEE O FH CREMR BP Z3Hlid 5
ZEMAREICR > TWD, ZOEMBERICLY . KR ERIIE HEZ, CVD
FIED THIFEN EREEIR BP L 0 H8N T 5 Z & (Kollias et al., 2016)<CHEFHK D
TS REARBP ~DERD & 5 TR D CVD A X FDOFEA Y A7 3MEW 2
& MRS ATV A (Williams et al., 2006), Z D X 5 7o 6 KER BP 20 A
FERY & L7z CVD JIE T B5 K QAR O B EE S RS S iz,
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Figure 2-3: Type of aortic pressure waveform and its change with age

The left figure shows the three types of aortic pressure waveforms proposed by Murgo
et al. (Murgo et al., 1980). The overlap between the ejection wave and reflection wave
is different, and the augmentation pressure (AP) is different.

The right figure shows changes in aortic pressure waveform with aging, similar to the
waveform of Type C, in which young people have a negative AP, Type B, in which
middle-aged people have a small (or zero) AP, and Type A, in which elderly people
have a markedly elevated AP.
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2-1-3. I JERIE DEESL

BP ZFHRIEAICHE T DR A BANIE R LI2DH Herisson (1833 ) Th
5, TDO%, BEEBIROEAZFIF LR RESRSFEH S 7, BEEN 2B
NTo BP JIEIT 1856 FFIZATHIL T e, #IH D BP ORIEIEIT, K& ZREIRIC
A f L, 2 ORFZE NS 2 ik o F T < #oo L THi#R 2 # < hemautography £
T, HEFIREERRE & NOBEIX TE Moz, 1896 i, L 7 EiH
EMRFH S 3, 0% 7 <IZ, Korotoff (2 L - THEZIE (1905 4F) 23R S N7z,
FRUUMBIZZ O —ox /bt Bgh VIR ESEH S, HRICE R TS KO
([Z72 %, ZOHFENFEHE D & EREINRE O RME & i/ MEA mATEIE 2 724
(T2 &5 U o d, IREMATIZT Sz, Las L 1941 (ROl 7 — T v
EDERRICEA SR BOWREMENTICR L TEE S D K 51270 . KREIR
JER T B DR AT,

1980 4 Murgo ©(Murgo etal., 1980)i%. (LA 7 —7 /WETLIRBZ A S 720k
55O AT KERO BP 2508k L, Z O A IR Lz, T7bb, #hdic Kk
BINRE I T ZE M i A2 X S AT IGHEIRI & IGHE I 5 oD 2 I8 DIHE ) &
—INRHDH T L WITEM S LR Y O v — 2 Do BP & (HKE) %K)
Ik PP TR L CHH L TEICHES W T 3 DA (Figure 2-3 £[X]) T&X 5 Z
&L IR I O JE D X B AR N Ol = 2 KHHC KT D 2 L A B T
L7c, ZOMFRETORRIIIREEORSENEE TH L Z 2L THEIEL, JHH
BIEATIZ L0 . DD & O MBS 0D 7272 & T B JREERFE 2N KBV & Bl
THIEERBLIZRTERDBREY, ZOXIT, LA T —7 /MEIC L DK
Bk BP ORIEITEEEMEN G < F5Ek72 7 — A T TOIIZ, —RICHER S
STz, ZFDOTORKEBIRIEWE OFLERN TE IR 2T LOBBNLEEN
7o
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Z ORRFITITEICSL S T OB IRB CTHEH S TWZIRIEFTH D, Mackay &
Marg HIZ LY tonometry TP BP JHIE~DISHIZEET 2 M OB TI04T2
(MacKay etal., 1960), ==L —3 2> (@IRZEH) 208 L L BP % IE
WEIZFLER 9 5 Z & 23T & % applanation tonometry 73 B % & #1(Pressman and Newgard,
1963), ERRBISGIZH LR L TWnWoTc, TOHETIIARRE THRATE, B h—
CHEDOHTEATE 2R, 77200, SENR, LHEIAR. BEEBEINR, KAREIR,
BIEEEIR, EEEBIRCTORENFTRE TH H, 1989 4RI Z D iEE AV TEHE)R
RBEEEINRD BP WA ek L BP B EIKFEOZE 2 5 2 & i
SN 7 (Kelly etal.,, 1989), 724 5%, Murgo 5 (Murgo et al., 1980) 73%& i L 7= 44
KHE & KER PP O kA3 KHE%K (Augmentation index: Alx) &4, Zha X
FHE O E BAFEE & L CH"E L7=(Kelly et al., 1989), L2>L., ZOERSTIEEE,
DB 8 5 FAT KBRS KBRS © BP IZAERH CORENAFHET, |
1T RENR BP ZHIEFE T2 Z LB TE RN,

KENR BP %92 FIEIXEREE L MBEEO —o03d 5, FTREINROES
WOTERITHEIR TRk SN2 IE SR L T D Z ENASBRES LTV D72
. SHEREDEIE 2 RERBP & L TEHA SN TV D,

S b2 O'Rourke b DHIFEZ V—T1%, BEREIREEIE )& EATRENR BP % 4
BT D HIETH HInERENE % %5 %(Karamanoglu et al., 1993) L, FERERAGIZ 0y
BP % H#f£7E9 %44 (E SphygmoCor ZBH% L7z, D%, Z DOIEE 2 Lz KBk
BP X° AIx [ZB T 25 RHEA T Z LI2 X - T, B KENRD BP D227 5
TETFUANEEINT,

2-1-4. REMRMER O Alx & e/ EH

OB MARBR . Z2EANED KEARIES BP A 37202 LR KEIRSR 2

B L TV A BICIRE L CHT4o4 5 (Spencer and Greiss, 1962) (Figure 2-4), D%

. REMRILHEH BP 23 e |ERHF OIRHT (R ALT) TH D,
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Ventricular
90 volume

T ECG
QRS

Systole Diastole Systole

Figure 2-4: Diagram of aortic and left ventricular pressure
(Guyton and Hall, 2000)

Systole begins when the left ventricular pressure slightly exceeds
the aortic pressure. In other words, aortic systolic pressure is the
pressure that must be exceeded for left ventricular ejection and is

referred to as left ventricular afterload.
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KEYR SBP D F5 72 B 13/ = O & ORI 2L % 78 3 % (Hashimoto et al.,
2008), %7z, REMRELAATERICIZZEA OFERENRDN ERE D72 03 > T D, £ DT,
SEEREVR DM T A D R I KB IREE P I IUHE 2 7 — b S 7= LR 00— 51 A3 jEE
it & 72 0 IR BP X OIMR OBRENE & 72 5, £ D72, JRiRH BP O T3
HEROIR T 2B E DI OB 2R T2 <, Fio, OB 72 £ ORI
FRITFICEHEVE D ER S D T2 DIZHRBUME < . KREWIR CHRAET 2 IRENED 2
)Mab 5 (Figure2-5), 2415 Olifigs O/ MIE 3B E D EZEE) (o F ) KE)
Ik PP) (Ckf L CIEHICHMEII TH D, T D=, KEIR PP 13 21 5 Oldgs Ok
TR RERR S & 2 Z B L T\ 5 (Kollias et al., 2016),

BRI OB O BRI KRENRPP L 0 AR S 4, Alx & L TRILS LD (Kelly
et al., 1989), BEJREE D ERMCHME ) 2372 D Alx DN IEDEZ R 356 . Dl
(T DU O AR AR S, AL LT tEoMmEICFET 5,
E DT Alx A REVIRIHE BP ZH K 726558, PP AR L, DO R /LF
—HEOE K L HERBEDIR T T2 L1025, TORD, KFEEOEMT72b
b Alx O EHIEX, KEHK SBP & PP OHIMAHRE, #MEEHAkO Y €5 Y 7
(Boutouyrie et al., 1999) & [ K (Hashimoto et al., 2008)% 5| £ Z T EHRK TH %,
SATHIFSE T RENR BP 230D CVD A N> b ROEFEL &SE L= TRIKFTh
% Z & VA STV B (Roman et al., 2007; Roman et al., 2009; Roman et al., 2010;
Vlachopoulos et al., 2010),

2-1-5. RENREEI I E L KT TR+
B U7z &9 IS KRBIARIEIR IS & ORI & KA OSRETH Y, £

i

I

OB A & Bk 2R OB S X OO L 2B LT 5, 2D
HFCHENRRDOFHEIIEREEZRET DR FOF Tl bEETH S (Stegipulous

etal., 1999),
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Figure 2-5: Pressure buffering of the proximal aorta and blood pressure
propagation (O'Rourke and Hashimoto, 2007)

The upper figure shows that blood pressure fluctuation is buffered by the stretching
and elasticity of the aortic wall that has not stiffened.

The bottom figure shows that pressure fluctuation is not buffered by aortic stiffness
with aging. In the elderly, left ventricular pressure also increases, and the high

pulsation extends not only to the large arteries but also to the microcirculation.
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2-2. EIRCR OFRE
2-2-1. BIRDOAER

LH OBARITEE & L COSMBOFTEIA O Tl 2 E 5, #@o7eim
REZR T 572 DITITMEOBE ) TH D BP ZFHEiT 20BN H H, RIEHE)
RIFIM A BE DB IR ZFHET L, Mkl 2 ET 5 &FH B H 5, —FH T, KOH)
ARIZIE, RMEEIRD K 5 I MAFBEOTRENC X MEHRHTZ1ED H LAk~ DR
oy RS D XD & ENT e, ZoRD VKA, RS DTN O KBIR
(FATREINR « KEWRS) (21E, Ol B3 AT DK & 2R RSN O 48 8h %
L., BRI ~D A T =T )V A b U A (B2 CEE 2 &H N H 25 (Figure 2-
5)q

PRERER I 8 D RIS OBMEBINR GIfz KRENR, SR, MOdD - MEERKEIR)
(TBEFERE O M P OBIZRON TNENT T A F UBHENEE TH 5, M
PERRHE D B R e BRI, DODUUHE N SZ BRI R U BEPNIZER Ay AN i 2 iR 9
Do D%, BEOWNEINC X VETLT 5 2 & TOLIGHEINCATE S W7 BEN O ik
Ze D7) © O MR DO BRI 23 A3 D HRIRINC AR ~ Lk 0 3, 2 o sEPEE) JReE
DOEFNC L D OFENEOREEREE 7 v K7 v B VEERE (Figure 1-1) &9,
MIEIRIL, I TEER CRBREIIR, %ASEBINR, RiSEIR) (13RE e o .
EIRARE L T D OB E N S, I IR ORIEAZRETT 5
Z L CHRARRO MR A RETT 5, T OBERRITEEREC R N L A AR M FHE
IR EHEREEN 2 RT- LT D, E 7o 2Oy Tl O Bk i %
OF/NZ X0 RIS S D 7o, HPULE & b FrFIN S, KENRD & A
FIRIZ I T D0 CEIRA =X ADREENEL D720, [aFELTLD
BRHIE S35, RO DR & SO OBRIIEICHEBT 2 2 4 I v 7%, /il
ARDBRAROMARLZ L W — R E 41D (Kass, 2002), T D72, SR X 2 KE)
ARE DK 2 7~kd Alx 25 FREOEY) BP ICRFET 5 2 & 0SS ST A (Tarumi
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etal., 2011),

Z O X D ITEARITOBBATNALES & RS CTlEZ ORISR OBERRIC KR X BV B 5,
Z LT, KENREEDORE G ZAGITIMNENT K > TH#EA, HHERRKHE DR & S F ik
DN % 5] & e Z 9" (Wagenseil and Mecham, 2012), — 7 TARMEINRIZINE I X 5
WL Z T D Z L1172\ (Greenwald, 2007), Z D X 5 IZNERAETEFIBIC LV Z T

LG MEIRICE Y ERD, 207, KRENRINATEIRE O L2 RIFEIIRIZ I
RS IRWATREVED B D, LTy o T, RMEENIRTZ T T7Z < REMIRMATE) #E A
S Z L IFFERICERDH D,

2-2-2. @REE(L (227 T4 T v R) OFHM

RO M Z AT 5 TEE U TRA RIERZNR STV DA, RERRSD
ELTAT 4 7R A (stiffness) Z/Rn T MRBASTEHRE (PWV) & LD THD =
v 7T AT A (compliance) D 2 DN 5, BIFIL, OEO MEERHHIZ L0 £ T
LU E) T o DNRE AR~ 2 HEZHF LT 5515 TH D (Nicholes and
McDnald, 2011), PWV ORIE LT, REEZEEDO 2 A THIEL, £htho
BIESFTIZ 31T DRI DL S 173 0 IR 72 & E S O BRRED H J T 5, Bl
REDNER DN TV DLGEIT 2 AHEZBEIT 22 HEN REW2D PWV
Fm< b, KEPOIREIDHR TE 5 2 il o — 2% ETIURHL T
LT, REWLZRBWZE CITHBICHEH SN TWD, 72720, #IRT D 2 AH
IZE > CRHMliCE 2@kt 7 A > bR 722 (Figure 2-5),

JE CHEEITAE I S 2 SHENIR- RBREVIRFE] PWV  (cfPWV) [d REDIRAEAL 2 [
Mg 2N TND, L, SEfRD 5 KERENIR E T MRS L m THIE T
DI OEREICERZAEDNAE T, PWV HIZ72 D K& RILEH D& Z 7R3 (Sugawara et
al,, 2010), &6, EICITRAB LB 2245, —FH T, Lhi-2EH PWV

(baPWV) [ZURIC A 7 2 &< 72T Th Y | JIERHIHEERZ 1Tt D 2 & 23720
Te DX G ORI AHNMENE L THARDERKRBG TE AN TS
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Heart-carotid PWV Heart-ankle PWV

Figure 2-5: Assessment areas for carotid-femoral pulse wave velocity (PWV)
(Tomoto, 2016), brachial-ankle PWYV, heart-carotid PWV, and heart-ankle PWV
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baPWV (3 2& OBfRiEL 2 KT 5 L8 ST\ 5, UL, SEBITFET,
KIS OB ARIEA L DR B — X2 T B8, REINREELOREES KL T\
Z EMIRE T D (Sugawara et al., 2005), F 72 cfPWV & 58 VFHES % 7% L (Tanaka
etal.,2009), REWRBELOFEEE L L THARRIBIETHH Z LTI TN D,
I E TIT— % & (Miyano et al., 2010), 2 w8 k% B34 (Tomiyama et al.,
2005), AHREME & ifl 155 (Munakata et al., 2012)DON. L7= T#% Tl E L THEITH
D EBHEINTND, 7272 L, baPWV, cfPWV Ofili 5 & b H R EIZITT
1T REIRD & R BIRAS B F D 72 D M BIIREE O b & S 9~ 2 43, EATK
RS S KBRS IEE TRV PWV O T b0 % & TeDilk-_EBEi PWV,
CiER-SEENRM PWV, DA B 1 PWV 130D kB H IR LS AB T T O K ERIRSe_EAT
KENIREE DR DA A [k U 7= ki O H BN Y B 2ok L, _EAT KEIIROE)
REEAL S SN TWD EEX BN D, FEITHIZETIE, cfPWV ° baPWV LV %
Jntis & OFEBIRAR SRV Z & NS S TR Y | 10 4R OBBRMFZE TIERENR ML
ITENRE DRRAFERIEA L L oo PWV X 0 58 < BAF& L TV 72 (Sugawara et al., 2018),

£lo, BEOEIR= T T AT AL, TEANCHAL BP ZbH 72D ONEET
FEEA bR E LT 2 HETH D, ka7 74 7 o 23MEOR S %
—iE L LTc & EDOHNLBP 2 bdH 72 b ONEEF 7T 2 it 21k & U TRl L.
BRI ENREEEH OFFHE & L T4 %5 (Vlachopoulos et al., 2011), =774 7
PADOHEIZIFFEICEEE Ry 77— A NIETRDOND, LLID
FEIITHEEMNC, WETO® o —DZEENVLETH D, O HiEE) ]
OWPEITEH L, —F, RIS —EHEICHT 5 REDO K (SV/PP) T
BENR= > 7 T4 7 2 ARFET % Z & T % (Remington et al., 1948), Z D
SV/PP OZMMENKGEES L, BIlka > 7 T4 7 v 2R OZFOE{LZ~ T Bif 7247
BECHDHZ LEI/RENT-(Randall etal., 1986), F7-. mILEHE % x50 LIZHFET
IAEEEE, FE IS Lz CVD ECOFPRIK T & LTRSS EAURE
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TV % (de Simone et al., 1999),
2-3. KEARMATENRE & O

B REEAL S OV AUk 5 KREVIRIE OB INdo 2 & TEBYRE D i 6% HH 01k
L CLAMERARTEEEOHMEIIN R REL 2D, 20X 5 ITNEmIZ & 2 Bk
(Lo RENRMATENRE DAL O BERE & B8 BIfR ¥ 5 (Kass etal., 1996), 72872 5,
OIROIRRTEIZ TS, o, LAk FTAR, BAan) | AEIC K D008
I ) (BERRHIAAE) . DAIGE IR T 200D Th 2, EBIRFITIT 0 E
m< 20 DI b < R DT DIEERTRERITENT 5, SHIT, Hln
B DX KRERIE LSS, KRBIIRE DS B & MRER T K0 K & 2200 /)
DI NI LT D72, [[ C—mEaHED KD b 2 @B RF .U e 3k 75 2 &
IREL 2D, ZOOEEHRFORBIRMATEREI L MEFRELREST L5 —DDH
KToH 5,
2-4. LMD UHE T
2-4-1.  JRAKH OGS O FAE

OB Fem . (BRIERIAAE) DIt U AR 2 e+ 2812/ L C
W2, FAaxATREENHEBEORBK TR END LI, LIl OEIIL
IR 225 2 B OEREE 2 e LDEOIUE & B 295, 2 O
OYIMIE DR FEBL, BGEAE R O EREORE L AR TH D &0 I BT
EHEHFRIIZOWTREB SINTEHEHTH DL, N YDOEHFPHETHLA Y h—-
7T I Ko TOIBIZISH S v, BT 2 IR OGRIESRE /I G
DT EBREEINT, Lo, 15 0L CTIRIHE /1 DR BMERGIH Ok 11 %0
RHED R & L BT 208 9 IOV TR AN H 72 9> - 7= (Frank, 1959), % D
B, 7T—HRADL « AZ=V T BN, TNV FT—Z2RETLHDFEILY b
FEXThDZ &% L= (Knowlton and Starling, 1912; Patterson et al., 1914), L 7243

STT7 T v « A=Y v 7 OIEANTFIRE FT O FFEZALIS RIS LTI /) &6
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HiT DR E KB LTS, ZADOIFKIC L DR S 2 OBEANEASE OLE
OLHHEOFHE 2 T LICHHAL, 7T 7 « 24—V v 7 OLIROER L
PRI, DA R RBAE PR A BT 2 E CRERWEAITH 5,
2-4-2. EEHH OGS OFAE

B OO H EFTFEIINI R, OO A RIS B 3 LT 2
2 S OB DI ) OFIE A FE T D, DO L0 FABE (R
TR ISEER L, GDIHE I 3SR % (Balcazar et al., 2018), T AUIX BB
BENR & S DOBRICE VB STV 2, IRIRBLOAER O A4
BEIXZ OZENIEF L TR D Z Enmbin, IUEI OB KRR, Len
S TARANTEB A IO AE 5 W OFER B3 22 oo — Bl R A+
INZPEHT 5 Z MM TERY, FREMRERIOTTEICL Y, 7 LU
JNVT RUF U oo RN R EOROAER D& 2 R0 D% (Elliott, 1912;
Starling, 1920) CiE®E)H O.CIHE ) 3K T 5,
2-4-3. DUURES (BROE, BRESIME) DR

ORI DL L TR I—/V RAZ U F— Ripedld, =R
TT AL LA (Bes) THDHN, Xy KY A RTOMEHITE ORI & #EE 12 B
T D HAT IR EE S 12 K - THIFR STV D (Sagawa, 1981), % D7 DlgK T b
FHINTWHDIR L= a—RETOLEERTE (BF) Thb, =75 L, 20D
BT OIRARI S (O F Y ETAEMPR AR (ICTRE KEFET D 72 LD E.OM
OfE L L TIERANH 5 Z & A3 51TV 5 (Robotham et al., 1991), & 72404 T
IFARY IV N TR TICRDERETO—NLA N LA VR EDH LT a—
EREASN TS, LALZOEBEICELTCOLEERY 7 b =T LI LT
AE 2B L U, SIS Ot =2 U » ZITIIEZ 720, AN
MalkF DL L NI REITEEORIME~— I — L L TEX BN TE T, 2L,
2 dP/dTmax (A EDENERNMLETHY . BT —T NVHENLETH T,
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O BRERTE 2 AW 7ot o RO FR IR 232 5 STy % (Tartiere et al.,
2007) o ER dP/dTmax IZLART O SEER TAMITUKAE LR VWDARINHE /1D Ees & X <
FARG L72 2 & Z3iE S U TV D (Monge Garcia et al., 2018),

2-4-4.  DRIRFETEE O

KRENRER & TS 2 2 & CLHMAREICHET 2EEHE N5 2 LT
%, Sarnoff & (XU AF OEEFEFH O MATENRER 72U E EIR 4. 1EH O CIREAHERF
ST A X OB T & MM Utz 5 IHEE dhfR T iR (BRI 2
TTI: tension time index) T/REND K D ITLHNBET HRIESTH D Z & 0809 h
- 7=(Sarnoff et al., 1957),

2-5. JKHEH)

TR S 7 FEAR BRI BESE U 72 iR KU K DA ER S RIE b L — =2 72B
WTHETH DL EEZ LD, KPEBNIAKKD & 5 ICHAMA e 2 L& 03 L
T LIRS TldZevy, —ixieke L CoMEE A2 O F FAKRPREICE T Z &2
TELOKFPEEBYOLETHLT ITHD L Z ENTE S, EHENT I DRI
A CERBE R B 7 RIS B R~ 2 52 1 5 7 sh /K FPBRBE & SEB) OO AR INE £ 72
SFE SR 22 BB R S o Db LALZe v, IKOYERR 72 Ktk 2 BRARS 5 2

ILEBAESC AR =Y U B T —varpizdora b arieiitd 58I
BANLD, KITIZLA FOEARFHENRH 0 | TEBRENRRIC RS KT,

2-5-1. IKROFpE - KIE

RAKT D LAKRPRIZ KT TES) T DHKIER DD D T OEINTHRIKR DL,
H ) RAKRICIEWAEIT 2 OKE=KRKEATE ] X KOEEE X KEE) . DF 0 #HKE
TBAE 7 — L OTGIRITITE B A Z T TIRAKOE S ITKAET Do KR 1mOKE

B OPLEWY BP SIZIZFE Ci272 % OKIE 1m OKE: £ 74 mmHg, $L5EH] BP:

80 mmHg) ,
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2-5-2. KEDMATENRE~ DR

KEDPENRZ S DB HEE L, KK Z Db iz mro T LT, 24
F o T~ -> T HMikE FrEiRE) MENT 5, ZOFKECIST
[ 70> & Lo~ D MR & 13549 700 mL 12 6 72 % (Hall et al., 1990), O, Ak L7z
L O ZMAMBEES NS 5 Z & TLHENRSIEMEESNT T 7 A2 =D T
OIERNZHE, RO R @< 720 . —EHHEZ NS E 5, £ 2hIcpE
STLHHEMETT 5, 20X 92, BAKICKHT 2.0m8 4k C—EHHEOZE(
ITFRKEDRBIZ L D & T AMRKRE,

2-5-3. KHPIESE) oL AR & RENIRILATENRE DA HE]

KT X 2 B RE T & O INT OO FE 2 R0 0B RTFEREIC L EET D,
FRRIE RO X0 | DIEASEY IAEN D MIROFENPRKE L 725 LU
FIEIZEIND Z & T, DABETFTEOHERFDO—>THHLEEST) (LR
FIEHEEONDLDIIKFELE I &%) oEnblcbaInd, 2O LMD
DR R EIRE B OKFIEEN TR T 2 X&E00b LW E WS BEEDNH 5,
T2 LIRS D EMBIZOWN T, WEIEH 520 SR TR WK HES) 1 o it &
fif, DF Y REARMATENEOXKENEAT HHRA AR E L TWD Z L Z2iEfT 2400F
723 1\ 5 (Meyer and Bucking, 2004),

2-5-4. JKED AT E) BB R -~ D 8

FEE O FEIBIZ K> TR SEME T 5720, MEEDEE 234 U Thiiitkie
U B RE /3 281k L (Hoshi et al., 2022) R0 D155 5703 60% T < HE /I L (Agostoni et al.,
1966), [l &R UMRIERE 2152 72 DI idEm WK E DS LI 72 5 (Meredith-
Jones et al., 2011), FIESO LB IZREG OIEE 2T HIE L, I8 258 L CHERREE
Z PRIV IS 5] & 1T 2 72 DI IiFERE HAK T 7~ % (Agostoni et al., 1966), =
D F D KB RE O kL, EE T OOl B AAREENC B BEE L TS Z &

A X TV 2 (Perini et al., 1998),
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2-5-5. KOFRE KR

AIFPRRPER @ < REE —EILR S, Ao p VX —2RET 5 (BRE
R) DRV THEEEZ LTS, — T hOBEFERIIKID b/hEWn, 2
LT, KRITE FORBNEERNIR BT L, 2L, —E#H DK
EITRENSE DR B L 5212 WWE S, 2 OFPHOR T KR & FETN S
(Craig Jr and Dvorak, 1966), 30-35°CDi=7/K% 30 4y [M$ke L C bR EEE) H E
L L ZZNI2 Do T2— 07T 25COIRKTITIE ELFHIFL D L LI E OV EESR
BRELZ R L2 EPRE SN TWD, — AL FRFO FYLKIRIE 34 CRITE &
ENTWD, PAKIRE VKL 722 & RIRHERF O 72 O # i O AR BIUE (5
L R) &gk, FRIRA L E R RIKE T 5IESDANEL DT RLF
— NGB 2N EMEAL 9 5 (Nishimura et al., 2004), £ 7261 THFZE T, 32°C (HazK
). 20°C, 14 CO R 2K TDIRIKA 1 REfH L 72 BR OO i A BERE I T 350 2%
R LTz, 32°C CIREMGRCARBIRITITIZALD Ry o To s fig B2 & bhik LT
Ofa%. IGHE BP, HR9R BP DR T 235580 biv7c, 20°CORK TIZEBIRIME
T L. BRI L7212 b B & 0%, IHEH & OR8] BP 13 32°C &[]
FRIZIE T L7, 14 CORKTIZEMGRMET U, RS, oM. IGHE & O9R
SEHI BP (3N L7-, 14COIRKTIZ/ VT RUT U REOHEMMATED 5,
AR AR R OVEB OFANEK L7 ATERRO IS TE E B2 bhvd LG LT
(Sramek et al., 2000), fLOHFFE TITOFAZEE) 2 N THANLKIR TOIRIKEFO B Hph
FRIEEN 2 BI22 L, 15 23 M ORIK TOMBAS A RIS BN 256855 L. /DB A AR R TS
A TLHET D Z & &k LTV A (Kishino and Matsuda, 1997), Z 215 O LLRT D&
2B N AKIR OIR R X E IR R E L 5- 2 W0, 2Ll TR s &
RIEAPFIEB) DOTEHALR 5 5 2 R°FHES D AN BAET H 12O = L F—RFHTE
MEROHND, 1272 L, @R E O KyKGES) 2 B IEAIZAT 9 F 13 24-25°COKIRIZA

AKLUTHEHERITD 720 KIENZED LN & 23R STV % (Robinson
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and Somers, 1971),
2-5-6. IKOFEE : %7

IKFTIXFNOERIC LY BN ORBEEZMBRTH2ME RS0 | RAKLIZIEN
#< o NEDOFRIFERIL 950 (kg » m™) (MR, ks (i, ABMI&R &), Fhpic
LoTHLMNIERRD) THY ., KOBELY b/hSWed, ABRRKT D L7

o WHOBIROREITIRAKOES . BfEEECHERNC K - THRIE T % (Torres-

Ronda and i del Alcazar, 2014), BrE &S £ TORK TEHREDK 40%., £ TD
K TERE DK 50% DA M A S5, Z AL EORIKZEER F TDIRKTIE 60%.
JFET BOMEIZS XD 12KT D LAREDK 85%i K S 415 (Becker, 2009;
Alberton et al., 2011), AIJEEE TITOI 5 K HEB)ZE TIXRAEK 1.0-1.3 m TR E
ENTNDZ ENZ LA HANRZER DO KEMN TH D, Lizid> THREDK
50-60% U< WM SN D Z &b, ZOEMEFRIHT 2 2 L ¢, e LiES) <o
T HRWESCBAEINT N DIRE D 2~4 fZI2F Y 3 5 H i ) &2 8089 5,

HERBEOA I LV FENOERNREDY | EBREN L SN D, Bl 21X
HETCEE T M7 EOBE N ETH DA, R#ta 2 ML E R, it

FIEEN MK 9 2 (Reilly et al., 2003; Alberton etal., 2011), WK EE) (74—
F TRV a X ) [ ETORBEOES) & i U R B & TS ENT
KXV (Becker, 2009),
2-5-7. JKOFRME : KOEHT

AKOEhuLkeE L 2BE 5 & E Otk Y $ K& < (DiPrampero, 1986), ZiLlE
KOBENRKE (KKAD 800 1) 7207 T< |, @kl d K5, Bk & 130
RNEBL OO KR E & O Z L TIlRAUCHHT 21t E =3, 28 (2AH) 23K
2 BEN T 2 BRI, BERGT, BRSO 3 So\HiE 2T 5, BIR
BHUIARTE2BEIT 5 2 & THEITH M OBTTICE O EE, %7 ICE S DR
WEI N UK DTS ELIRICEI 0 o H Z & TAHL 5, ZoEbtidIKIC T52
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D REEPRE S 2T 21T ERE 25, WEHRHTII KA o#h& [ L
THE ) ISk T EEBEOND Z L TELLIENTH S, & L TEERIIT
KPR D X DB D,

K TOREE £ ITEFESROMERITBFEDIRKIZ /2D Z L b K CTlEH)
DLy RINVHEESLHIZET LI A —X OEFLREPFETE D X ) ez
5 DIFEE LV, ZD7dAKPTiE, BERESCENEDO RS HME L X 52 & TK
OHRF L VER S B CEEGRE 2 0§ 2 58032, K EEHE=E R E 0Bl T
OEH) 1 7T ABERIZE — MR e —T7 R EEAHW T, mEAHEnsE5
TERU XU POV a XS ICEZ DRI THREAFE TS, L
L. KOEPFIZHERIED LD Z &Ik, MR E 2 b ST 5720, BTk
FCOR—OEWEE OHERICE L T, &% < HF2EH BV H(Adsett et al., 2015),
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%53 E O ROPEOBVE, G, FHEGIE. HEEOESR

3-1. 8

AAFZETIE (1) —iEMED /K EERF O REIRIMATEIRE : [ CERREREICED
WrofiE bEE) & O, (2) KUKEE)OEE 2 RO FEH O KENRIATE R
FERORE ERPAVEE) B EE L OETEEORWE Lok, 3) TEliné~0

K FEEN AN KEIRIMLATENRE I KT TR D 3 SEMFEiRE S+ 5,
ikrH 1 W E DK P IEENRF O RENRIMATEIE : [F UMBEEBIEICE b kEE
EE) & DR

—IEPE DK FIEENZ BT D SEATHIIEIC K A i, R RIEE) K 0 b K EE)
RFDIE D D—EHHENRRE N ERREINTVD, ZHTKE T TR O#HIR
IR S, DEA~OIFE ML (FFIRIET) E2EINT 5072 EEZX b TND
ZO LD KRB TOER) (F72I13EE) ORIV K L2SLMEROHEEEICE
72 b 72 & 3 T REME 2 /R - £5 (Nualnim et al., 2011; Sugawara, 2018; Park et al.,
2019)i%, W< D0 d 5 03F OEBFRI BT ICE L TIEARBZ2 20, E12K
BN O KB R IMATENRE DA BT AE RO H RO OFLE 2 HfiE4 % LT
HRIFERTH D, TNICHED L, KPEERF O RERMATERRICE L T+
IRRRRI S TN,

Z 2T 1 T, K IEE)R O KEIR AT B8 A [ FR EE OFR B HLE I
W7ol BiEE) &g U, AKPIEE O @B AN T A EEHE L
THEBFERZIT O, MA T, KBARMATEIE & B8 B L T\ 25 DUXHE /7 & 0
e 5 T B B A (IR LBl 82 5
P 2 MR 2K PG E) 2N KENIRIMAT B B8 M 952 % - (e g A e
KOSEBEE D 72\ 3 L O g

| tl-?f
E

Wl

IKVKEENIKET K TOEE)TH D720, KEDZEEZXZIT S5 WERZRET
%, LinL., KIKEEBOMUREMZOEE LSS L -flERE L RS, —
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[ RN KT %, Kingwell 5 I3EE) O KREREED ST 72 EORITHIL, FiF
FOMFRIC LD =T AF UHEE TEDY . TRV IESND Z LIk -oTK
BHHR D BEMERRHE &5 D TSRO L A U D & STV B (Kingwell et al., 1997),
ZAUCBI LT, AR 1 OB S D K FIEE RO KRB MATENRE & R R 03
RHIHIGE LCRO LD LLR, KKEEBHOEEOH 5H (LLT,
ZA ~—) OREWROWE K OBERERVEEIG A B LR AEER O BB O H 58 (UL
T, Zud—) HEBFEORNE L TRR D ATREEN D D,

ZZTHE 2 T BFEAA~—, T T RONEEIEIEO I\ & 2R
BIRMATENRE & Lhie 35
P 3 TEEnE ~OKHEEN T A KERILATEIREIZ K IE S 528

ARLEH 2 THUY BB KEGEENIL 7 )V =— g U B L L TR 2 2B THL

LENTWLKFEHO—2>OFHA THDH, LoL, FEMMNIEFICTES, i
THERKEZT 2T DIZBILD RS . FEICHE D HRBERE DI T ITER DB 15
ZHEL < T2, ZOX D RBERD B IAKGGEEN X TE K O Elm 26 OEE) & LT
B AT I AN— RADE, —T7, KPBITROV 3 ¥ 772 EONALTIT 9K
HOEEN T, BIEIL A EAEEEME S FHEIL TR0  HIFoEBEZME L Lo,
g SVMA T D L~V CERFTRERTERE TH D, F7o. KFTOEENIF I OIEH
ME X EAR ISR ~OEHBEBE SN D720, B EminE Th-> THIERELEED
U 27 MRS BEIOAKGED LT WE R B D, SN TOLT O K EE)ZERE 2
DIKVKIER) & NLEWVREEICERET D 2 EFEHE LW A, KEDOIERIC XV FFRiE
BEAHEKRT DLW RHEIIFEERTH D, Lo o> THE 2 THON DM & Rk
(CRENRMATENRRIZAF 2B S T b SN D ATREER H D, TV E TOMZETIL,
SEAETTAT 9 K HIEBY O ¥ A R 04 A K 0 KRB AREE( L (Park et al., 2019)°AAH
Ik BP ¥ (Igarashi and Nogami, 2018) 23 &5 S LTV 5 2%, KENRMLFTEIRE ~

DEBIIRHTH D, LI - T 3 Tl PEmmEIcB T 2 /K EE/ AT
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%O KERIMITEIRED A L2 HAT 5,

3-2. ARHFFEORGR

UL bE3 oA L TELNAHEREZTHI LT,

AR 1 KHPIEBIEFIL, BBERNEL SR EEHRFLY eV —EHHE

EARVKEDR SBP KON PP SBIZE S 1D,

M2 A ~v—Id, T — LARRICEBEIEORWE L b 2#EO SV 13
WA, KRENR SBP X UNPP 13T o — K ONEEEE D2 WEOMmREL Y BV,
A 3 TG ~OKER AL, LR SV Z2iinsE 5 5T KRk
SBP L UPP # K T &H %,

3-3. ABFETHWIZFEHE

3-3-1. DB OTERE K OBERE O FEAT 714

AW O 2 TIL DI E & OV HERE 2 JHR RIS T3 5 7o OIS &k
PEE 2 O TR EE D o — [ OWE 21T - 7o, FIEITZEMEML TITV Vil 2 5
BT DBRICEZ D ANRBRVEIITHEBE LR LFERIEDEITI ZEICL > TRE
IRz R D T ENTE T, B AKREMEIT 2.5MHz OFEART- 2 VTl
L7, Wi, $HEABREE L D M-mode Bl Z#iH L, BHEIEBEICNKIN
TWALEXIVHERLZLEYICESE, HIEEEE (IVST), A=%EEE
(LVPWA), /& =SEEMRIZE (LVEDA), £=RIHEIARBIZ (LVESd) & & L7=,
B ONTEN DS Teichhholz 5% H\WT, AEIHERIIAME (EDV) & OVE R ILHE
AR (BSV) #H M L, & 5lc, A= (LVEF) &k N EHEE
(LVFS) =& H L7,

M-mode {EIZ K D/ OTRE K Ve SEBEREOWE - BT, /22 % [BlskE [
KEAEL, BONTABICOHEELZRCCEEZREM L, BRELER»D
DEBERWE LV /£%E M-mode itk L. L TOXNDLEEEE (left
ventricular mass: LVM) Z % H L7z,

LVM (g) = 0.8 x [1.04 (IVST + LVDd + PWT) 3 - (LVDd) ] + 0.6
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M-mode I, ZEENREN B AEEN BEME, KOLEERM (V) #58HL, £
DA & BE R 2 30 L 7=,

FERZPEEEMAREE L, Bl A=SEig CARERKEREZ B E— L0
M COLERRR AEMOAKERLN G, AEZEOAKELDE COREE  (EHHA) B
B 2 R AR IR & GHE R 1 CRHI L 72, £ 44 LVEDV, LVESV & L TAHE
BRI LT, EEREERD D FHiEE LT Teichholz iEMH 5, HHEIL Frion
AN BHRDTI,

V=7.0 / (2.4+diameter) x diameter’

ZDRAD B R D BT R A TE(ESV) & IR RIFFHEDV)Z N T T
RLOUT LY | BEH=R(LVEF) Z K7z,

LVEF (%) = (EDV-ESV) / EDV x 100

F o, EENREMERES)ITLELHE I OFRIED 1 2 THh D, M-mode 1£%
W, PEIRIIR NG & IR TN 2 5HRI L. A F O TEHEAT 5,

FS (%) = (LVDd-LVDs) / LVDd %100
— B4 B (S V)12 = i W AE (LVOT) & e 22 BIK HH i i R i o FE 0B (TVD O
FECHRM LT,
SV (mL)=LVOT X TVI
3-3-2. HLLEDAREERE DR

AL TIE OB IR EE 2 5F 9~ 2 12 8 72 > TIRIERREE (PWV) & KE)IR
A TITAT AR AW, WE LS, B/MAREOTIETCH D, RO
RIEFEE UCHRE 1 S 2 TRk 7747 o A$81E 2 98 3 Tl
PWV Z e, ZAud, B 1 - 2 23— FEHAHEOHINT X 2 RO AL
£ 5 MEDFEEREZ A H 32 DIZxt U Tl 3 TIEENIREE O JE DO fE R IC ER %
BENTWDLINHTH D,

JRIE £ $ S9HJEE 0D BFATG 5 12
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DM DU T L 2 — (T MLE A2 B I = kL F — L R IRZ IR S5 =
FNF—CHE ST, KBIIRICHEA LIZRBIA KM ICEET 5, ZOKBRO
RED KM D> TUSEE T 2 HEDBIRBEASEEERE (PWV) Th D, EED 2 A
[A] 2 @it 3 3L &, R S - IR O BIIREAL DFLEE 2 5l 35, AR T
MR Z R CTE D 2 My —2E L =0 b BG SN RE O S |
B ZRFET Do PWVITEE THEINHE TE HALE THAUXWTNOIALTSH
HENFARETH D, 72720, JFEMICIXFE CER Eicd 2 2 LB BB <Th 5,
IABTERWGS, BRSO LT — OBIIRKE 2% 5. OFE T (KEIMR
FRBRBCE) 72 & SHBNIRE UHE O e 78 & KENIRFR A 2> 5 FB IR & T DR HEH
JEWRERI & U, SHEVR T M~ DRI OB L RET 2 ik LTERSN
(Yoshimura, 1976), Z O F{EITUIE-KERENRE PWV 72 E43I L7240 2 "o
PWV ZHIET 5 & ZIZBETH AW 57TV D Moens & Korteweg 512 K 5T
PWV |33 & 415 (Nichols, 2005),

PWV?=E - h/ Diameter * p
E;Yong & (FRIEXRICHAET 2 S) . h; BIIREEE, D; @RNEE, p; MIBREIE
Yong HIILL FOR TR SN
E= APressure/h + /Diameter
AP MAENEDOZE(, AD; mENEDZAL

PWV (X, Mig7% 0 &3 S 72 BRI AR U 2 8 28 KA O Bk AR 5 % 3
JET, ZOMENPNEWE EBIARMMEBER BV & AT, PWV IRDER, LEX,
BRI 2 [FRF IS Rigk U, S RIESM L O FRBEZ I FH 3 2, 3 FHE0EK
READOFEICEmZ TRk Lz, OERKIE. DEE P —%2 g LiIZEE
ek L7, Bl OV EOBIREEIZ, =7 7 VFRAEST T T 4 —EE AW TEE
Bk LTz, AL ONRBASHREE D~ % Figure 3-1 12R7,

31



ECG RQf\s

Heart second sound pe
(aortic valve close)

Posterior tibial

J\" W —»

A

Tba

. ., Lb
Brachial-ankle PWV = ——
Tha

Lha
- =g Pl P \.'\,f -
Heart-ankle PV —

Figure 3-1: Samples and equations for simultaneous recording of ECG, heart
sound signals, and arterial pressure waveforms at the brachial and posterior
tibial arteries (Tomoto, 2016) .
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BRI ISR E OF R0 HHEE LT,
KR 7T A 7 AFREE DR 77 14
SENINREERE S T KEWR= 7T A4 7 o 2 e, ZOFEITED & i

DEZMELT L, arTI7A4T7 U AFROATRO LD,
Compliance (a.u.) = /IVolume / |Pressure

KAeEzrz—ERtE, E2IEs 35,
3-3-3.  REWRMATENRE OFHME

IMATENRE & 1ifE & BP OIREEZFET ., DE V. KENRIMITERE X — [ a &
& KER BP OIREEZ /R T,

RBYR )£ D HE E

RENIRE I O B 223 IR IO B O EZIT S Z LR ETH D,
Lo U, FRREAYIC & RRBIARIE R 0> S BIEMICIE ST 5 2 EnT& 5, [AT)
([t D EOBRE ST A S [ EREEE] L) FIEICK VA
M35, RIEBAREREZ AMES L L, 7— ) = Z M CREHITEIROE 55 5 )8
WA DR F A L. ZOEFICERY AT b2 ET Wb LI isiERE A )

J5, ZO%YT— ) 2 EBRAITORFRFEROE SR 2 & TRENRERE %
BT 22 EBABETH D, 7L, RISV TR b S 0 O 7 H %
L2 iuEe blaniced . i/ Nak il < 415 FTREMED & % (Chen et al., 1997),
—[El B O HEE 5 1%

Modelflow EIZKEIRA S A  ©—F 2 2D 3 EHEET /L (KREREMEA > E

— XA BRI T TAT A A ERID) 2 AW TREINRERE ) 50
HHEZHETE L2 HETH L, ZOHEILZINE TOME TR 72 BB PR
HETFIZBWTS (3720 BRI Z #i(van Lieshout et al., 2003)<°#2 37 A b L A (Harms
etal., 1999), i##H)(Sugawaraetal.,2003)) . EMICOAHEOELEZHEET 5 Z &7

AR SR TS,
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M4 oK PIEERFO KEIRMATENE : FREOBRBEREICS LY
fie biEE) & okl (GREE 1)

4-1. 5

AKHIEEN IR ISR L0 srE R 2R Ly dol GOBgRLL) (22

i

95, ZHIC KV EEETOEEBRE LD L KT TOEEBRELOM L KEIRIZK
X IR EANTA 7> D (Sheldahl et al., 1987; Christie et al., 1990), & D& %, K#hfR
BEIZ X ERA 220 (HAMIA R L A2 E) BRI D, 2 ORRKITA IEHE M E
B BRI & S D O —->(Hasegawa et al., 2018) & L TE X LN TEY
—iBH R KBRS 7T A4 7 2D L EIUCHE S KEIR BP OIK T %2 #i#59
HTEWTED,

—i T, KPP TOLEEREEIEINA L O IMEFEOH I THHELRIMET £ 721

S

ODFRRETREEOEMN —MOMEE £ IXEREICRES SN TS, 2721,
Z ORI BERAMICET 2 BEERNEEN TV RV, KBk BP (X, £ZED
BAfm & LT ERAESIGE O LDAED LA ZRET HERO—D>THDHIZD,
KHGEENRFO L A F R LT D7 DICEHE ML E 5, L LIIE T,
BETE TRV, ZDT2D, TEROIEED K 5 1K FEE R I3/ = DL
ROBEFROHIBERFE (X F—FHE) IO Y 270862 D70E 5 n3H
Wrd 2o Z LR TE2R0,

AKAEENL, WRIAVMET) LoV ORI L TR FTRETH 72, RHIA
L IIT RN ORIEEZ B E LY B Y 7T — 3 & LTRICK CITOE
BT INHZEbdHD, LrLINETOMRLTIT Bl L7 EE S ET
HLZET VAN, LD T, TGS T2 K IEB) RO FJRE T
BEOWKRIZET 5 U A7 NREICERR S AL 200 %M L, K EE) O %24
YA T 20BN DD, L, fEHEH TOKAEBRFO KE R TERE % [F]

USRI L ~L R ) & PRie L 72 ahdze < o IR TR =00 i 12
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R L2 [AIRF IS EHM L 72 STy,
4-2. AFREOEHE BT

Z 2 CARBE TIL, AKPuESE) & R E R E L 5 oW b REEER o RER AT
A T 5, ZOBOMRE LT, AR EB)RSEB) R IR <, R
BB LD b —EHEES S W—T T, KB SBP IHME S MR S D &G &
ST, EHIT, BRI ZeREETE U COKHEBIREO SV T3 2 LA /) 0%
L DARER TR A LER) & T 5, ZORIKMMETORR S LT, KB
WRIAEH] BP 23 < 725 2 & T, AKHIEBIRED @V SV ORI EV 2 B
L0 BIBINO DG S ORIEDMLEN A2 D, F DI ) IR DR R T2 0
NG HES EGRRFERINE L G- LiER) & A% TH D LG Z T,
ZID DGR ZFEDD D T201T, BRFREIE 26 o 7oK s & OfE FEsE)
OREWRMATEIRE, LA, O R 3 T B2 D JE B SR EE |2 5 ZAITE N B D
MEIMEHLNITDHI EEARFEOHME Lz, ZNHEHLNIT D20
OEARI 2 ik & LT, AKFIET R O TR 2 FiHE LoV Bl HGEB 2 5 L
3 BtPE oo B R AL C O EE) oo KENJRIMATENRE 28152 L 72,
4-3. Fik
4-3-1. xI5#H

AFRE TR BYE 11 4 (FEfi : 241 5%, HF : 1747+45em, A5 : 69.1
+4.9 kg, EFIE : 226 1.1kg - m?) ZXHRE Lz, &t 1 3IEBES C,
O, PERgR, T AR O ECHR B OB IRIEREIX /e h o 7o, HRE 1T
NV YCREFOMEITIBVAIGEDO B, ik, 8ifF SN 520K K OARFIR A8
WZ b, fERAEPERLIZERE CH D Z & HABFROMREEIC O T HELOERE
([T ZATV, HEEIC T RSO REZ ST, BRI, UK FONF 7

HEBE S DA No. 1K30-7) 257,
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4-3-2. FEBR7m ban

SEEITIT (1) REmENEE (VOypeak), (2) A HEZEER) (WC: Water-
based cycling) . (3) B b H#sBEH) (LC: Land-based cycling) HDIEAAH A L OVK
BIRMATENREDWE 24T - 7o, RREIITRE A OFAR 3 FEf O & WL
EE, SGE, BT A CEEREAREH O 24 FEFETE TICEEZ D KO ER Lz,
TRTORMB AR ES 5 HOMBEZ B\ TiThivz,

1 EI E . VOZpeak OD{EIJE

VOnpear 13, TEENHE T RO 30 M O TR L7z, AESEEERICIE, VD
>~ kXA 27 (Corival recumbent, Lode BV, Netherland) & FESH 2 754785 (Aero
monitor AE-310S, MINATO, Osaka, Japan) % ffiffl L, HiZEEENHOREEERE %
AT L 72, MESEAMTIE 60W TRHAA L. 2 34812 20W T Ol ST o 72, 160W
([CEEL72%. 1) Fl TRIBKMED HHEM L7208 (HR) O FPAHERD 95%. 2)
FEUR RG2S 1.2 LAk 3) [lHREL 60+ Srpm A #MERF T & 72\ 4) B R AYEE) 7 (RPE)
M 19 L EDORN 2 DO B EZ /-9 £ TERAM & 2 700 10W ORINEIZZE R
L7z,

2 HH: K HESHESB) (WC, Figure 4-1)

KHEEN SR TIR, A A LSy a5 1 Lk b CREGL LR 2 5 0 L7212,
KUTz, £DH%, MEEIITEESLRBNZE L 20 b LI 722K (sz
AKIEL;31~32 °C) 2 oKIEIZ K D2 FREREDOHEIMNAEL 5 L& 2 B D KE (#
WD E S) ITRE SNV AKTEREICAK S E T2, AKE, AP EEZHIEA
1. H #5HE (Hydrorecline, H30z, Italy) D4 K/VIZEE - T 4 /3B 2LE8C Lz, &

3 B [aldREL (30, 45, 60rpm) O HELHLEEZ 5 43T 2k L CTiT o7z, %
GHIIA ba ) —AOF LTI bE T & MR Lo, Z§F0 O B S
BN T F TR A LFRRIRITE Z2 Bk CRiEk LTz, £/o, FAT =YD 2
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& 4530 2 AT EER BP & OYA Y72 B iR AL A I E M OWEE L 72,

K H [ A ELEE) 0O 4 B TR S AL7-VO0, 1T, BEE T HESELEE OB DOVO; (1T
BOEDTDIMER Lz, Z2BHBEEICIISY ) V7 BOBRREED 570,
3ROSRV (TemX22emX0.5cm, 77 AF v 7 8) %27 Z 7 N FEOE (H
HR DA Sy) ITHD A 72,

3 HH: PebHEdES) (LC)

B b (SRR : 25~26°C) Tid, LT 5 KRB L=, S 5T 4 . AL
DEELFCSHET, WC & RIBRICHINEAMLO BHisH (Corival recumbent, Lode BV,
Netherland) Z VT, 15 3 H O BHSHIER) 21T > 72, 5 72[# O BiSEOEE) 2 WC
DHEAT =V OIEFBREICA O L OICT v NMLEHIE Lz 3 Bt o8l iiE ©
1To 7, [FHEEUT 60rpm ZHEFFT 5 X O IZHE/R L72AS, M I1IVO, % IEMEIZ WC
E—EESH L0, 1 EICEEAR  (Watt) ZHlE L7z, M A & fATHE)

REIL 5 77 RERE A IC FEEk S 41, 45 Stage Z00E LTCm B D 1 3R] O EIfEZ R LT,
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Finger BP at
| right atrial level

Figure 4-1: Water-based bicycle exercise (WC)

A non-invasive blood pressure recording device was attached to the right middle
finger and a towel was wrapped over it to make it waterproof. A brachial cuff was
wrapped around the left arm and measurements were taken at 2 and 4 minutes of
each stage and used for calibration. Three paddles were attached to the spinning
part between the pedals.
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4-3-3. MIEHEH
RIR & B TR 72 JE B R B D RF A

% Stage D 2 4y & 4 4y ORESTOMREE & B RAGEERE ORFEICIL, SR
& Borg @ 6-20 D A7 —/L(Borg, 1982)% 7=,
BRI TE OFLEk & A TEhREFREE D & H

7 VA VIR X, 525 | FERBER) BP Riék 2 E (Human NIBP Nano System,
AD Instrument, Colorado Springs, CO, USA) 2 X - TA 5 Tl Fidk S .
FT7 T4 WD, T —Z UL AT & (PowerLab, AD Instrument, Colorado
Springs, CO, USA) # MW T 1kHz DY > 7V 7 L— FTar B a—F —TRAF
SINT, RBEFILZEH N GEIHK T E THTFELZOBOE SICEW - EEICT L,
WC [T OIMNIRIE SN BIA EW o, ZOROEEN RO N EE
[IAf 2 7 AR BRAO SR CRER EhARD B 153 S BB & A B 7 751372\ \(Parati et al.,
1989)Z & | beat-to-beat DZAL. DRI B A4F 72 — 23R 41TV % (Lindgvist, 1995),
IR 2 5 0% (HR) . IGHEHIME (SBP) . 4ksRMmE (DBP) K& ONE@E)
IRE (MAP) ZH M L7z, SV XU E (CO) (X, LabChart V7 F 7 =7 0D
T RATw T 5 ThD Modelflow & FHWTHEE L7, Z DFIEDAINEIL,
B A ST & F X F AR CHENL STV D (Wesseling et al., 1993; Sugawara et al.,
2003), CO & MAP » 5, #ARMMERET (SVR=MAP,/CO) #HH L7,
KRENR AT EYREFEIE D 5L

FYUHNVEIRIERN A 128Hz TY o7V o7 L, —BRBEERBEICE S K
ik BP I3 &  (SphygmoCor, AtCor Medical, Sydney, Australia) (2R D155 %
AL T, LRI OHEFIZ S 5 K 9 I KENR BP IJE 2 & 1k L 72 (Sugawara et al., 2010;
Ogohetal.,2015), KEINR BP |34 2 10 2 o — 7L CHIE Sz EBiEhik SBP LY
DBP THIE L7z, SRy 72 KENRIE I % Figure 4-2 (27~ 9, KENIREE KT (AP)

X, UG v —2  (F721% shoulder) &35 2 U — 27 [ EDELE L TER
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L7z, REWRERHE (Alx) V&, KEWRARE (PP) (237 2 KEMK AP DEIE &
L CRHE Sz, BRHFFIL, KERE O foot 7> H KENROEIE £ TORFM & L
Tz, PRiRHIRs e (DD) (X, (OJAHI ORI BB FR e 25 Wb o L L
THH LT,

4-3-4.  EIREYRMEHER

OUHE /) & DR TR e M O D28 T > A DR

KREWREEIE D FATIIOE > DFET) EAROREKIETH S dP/dTma ZH L, /£
DEOOREE (L= EAA OIUHE 7)) A HEE L 7-(Monge Garcia et al., 2018), K&}
RIS HAE-RE R B F oA (OmmHg 2> HRIE) &, O OMBMERE (F
w2 ) OHEEDZDIZ, EARFFTEE (TTD & L THMH L 7Z(Arborelius et al.,
1972; Tanaka et al., 2016; Tomoto et al., 2018b),

AT
BRI LEBNRE O ER,. KOENO ORALERIZOWTIE, —IohlERE Sy

p=(1118

4-3-5. &

BT (ANOVA) ZiE ] Uiz, ZHEAEMNAEKAEZT - L 72 Fa iR B LTI,
HLME (Fisher's Least Significant Difference [LSD]) %177, B & % 255 ]
DR Z D712, Pearson DFEZFAHE 2 7o, Fo0MEFHFE (—EDL
IWHEANT LT EORREE, BRI SATREDY) Z 3l 9™ 2 7218 dP/dTimax A 3028 & &
L7z 455808 (ANCOVA) % HWC, WC & LC IZx7 5 SV OLUG % g L
oo TRTOT =T EERERZ (SD) & LT L, #aHiaEMEIL P

B3 0.05 R CTHLHIGA L EFR LT,
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Ejection duration

TTI

Figure 4-2: Graphical depiction of aortic pulse wave analysis (Fukuie et al.,
2021a)

Augmentation pressure (AP) is the difference in pressure between the first and
second systolic peaks. The augmentation index is defined as the ratio of AP to
pulse pressure. The aortic deuterostomy (DN) represents aortic valve closure
and is used to calculate ejection time. Aortic strain time index is the area under

the aortic systolic pressure-time curve (measured from 0 mmHg) and reflects
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4-4. FER
4-4-1. FERFHER
B R & RIR
VOopeak X OBV v MUTZENEI 36443 ml - kg'! - min! LTV 21417 W
TH o772 VO2 £ %VO00peak 1E. WC & LC TAT — U HITT DI O CIRIFLE
Wi L, R L REMOLEERITIAE TR o7, HFAT—VTVO, K U%
VOopeak MWERIEM T—E L T\ Z &L 2GR L7- (Table4-1), BN O BEEIR D
ZAkiZ, WC & LC TENZRN o7, —J T RPE IZIFRED ERRIT 2o 72
(P =0.844) 2NEBNRE 3T 2 Z(LITERER CRA D Z &2 R LT (KRAAE
A :P=0.012),
25 OIMiTERE

LR CNEB R O 2 H PED MATENE % Table 4-2 (27779, WC X LC LV
HR P"AEIZIELS, CO BAEIZE»P->T- (ENENOEREDOEZE  P=0.021,
P=0.012), 2D IEMBRET & & (ZIHEB)GRAE OFEINAE - THRERIZEM L2 (W
AU EEN R O FA0 R P<0.0001, JEB)IREE & B D A2 A AR : P=0.689, P=0.366) .
—J. SVITAERRE-HRELZAEM %2R LT (P=0.009, Figure4-3), F&MRE
DfE . Z¥rHE . Stage 1, Stage2 [IZBWT, WC TIZLC X0 & SV AAEICH
235 7273 Stage 3 TITERBEM D Z2ITWHR LTz, WC TITLEHFED G Stagel £TD
BER SV OB o208, LCIXAT — Y OMITICEE 5 WA N8 0
b7, F£72. SVR UL, RELBEDOLZAIMEH (P=0.001) 23FEIZHRD B,
LRI Stage 1. Stage2 IZHBWT, LC £V & WC D NAEREIE>T-, b
SBP & DBP /%, WC 28 LC £V H AEICIKS BREEDO EE : P<0.05). s®ED

e & Hichx Iz BR- Lz (REOERE - P<0.05),
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Table 4-1: Change in the body temperature and exercise intensity

Rest Stage 1 Stage 2 Stage 3 P-value
Mean + SD Mean + SD Mean = SD Mean =+ SD Intensity Environment Interaction
Cadence, rpm  WC 0 30 45 60
LC 0 60 60 60
Workload, watt WC - - - -
LC 0 £ 0 13 = 4 45 + 11 106 = 17
Body temperature,°C WC 353 £ 05 353 + 06 354 £ 0.6 354 = 05 0.002 0.973 0.801
LC 353 + 04 354 + 04 354 £+ 04 3%4 + 04
VO,, ml - kg!-min? WC 33 = 05 56 £ 08 90 + 08 168 + 18 <0.001 0.165 0.233
LC 32 + 04 60 = 08 94 £+ 0.9 170 = 23
%Vozpeak,% wC 92 + 18 157 + 34 250 = 43 469 + 8.0 <0.001 0.187 0.238
LC 88 + 14 167 + 33 263 = 47 475 + 08
RPE,au. WC 65 * 09 73 + 11* 91 + 15% 124 + 15% <0.001 0.844 0.012
LC 64 £ 09 77 + 13 93 * 16® 116 =+ 16%°

Data are shown as mean * standard deviation. WC: water-based cycling exercise, LC: land-based cycling exercise.
VO»: oxygen uptake, %VO2peak: % peak oxygen uptake, RPE: Rate of perceived exertion. *® and ¢ were results of the post-test and

indicate significant differences between Rest, Stage 1, and Stage 2 in the same environment, respectively. * indicates significant

differences between environments at the same stage as a result of the post-test.
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Table 4-2:  Changes in systemic hemodynamics at rest and during exercise

Rest Stage 1 Stage 2 Stage 3 P-value
Mean £+ SD Mean *+ SD Mean + SD Mean * SD Environment Intensity Interaction

HR, bpm WC 55 + 9 72 = 9 82 =+ 9 109 = 15 0.012 <0.001 0.689
LC 63 = 10 75 + 13 86 =+ 13 113 + 17

CO, L-mint WC 6.0 + 0.9 73 £ 13 97 + 16 146 = 20 0.021 <0.001 0.366
LC 52 + 11 69 + 12 91 + 13 139 + 18

SVR, mmHg-mint-Lt WC 15 + 3* 12 £+ 3 9 + 3o 7 + 1dc <0.001 <0.001 0.001
LC 19 + 3 15 + 22 11 + 2% 7 + Qe

SBP, mmHg WC 112 + 8* 112 + 9* 117 + 9% 130 + 11%c* 0.001 0.011 0.001
LC 119 + 8 123 + 12 129 + 10° 145 + 13%°

DBP, mmHg WC 69 + 8 67 + 7 67 + 6 67 + 7 0.001 0.186 0.419
LC 82 + 6 78 + 8 7% = 9 73 + 13

PP, mmHg WC 43 + 9% 4 + 10 50 + 9® 64 + 10%c* 0.532 <0.001 0.015
LC 37 + 6 45 + 9 53 + 8* 72 + 10%c

Data are shown as mean * standard deviation. WC: water-based cycling exercise, LC: land-based cycling exercise, HR: Heart rate,
CO: cardiac output, SVR: systemic vascular resistance, SBP: systolic blood pressure, DBP: diastolic blood pressure, PP: pulse
pressure. ®® and ¢ were results of the post-test and indicated significant differences between Rest, Stage 1, and Stage 2 in the same

environment, respectively. * indicated significant differences between environments at the same stage as a result of the post-test.
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Figure 4-3: Change in stroke volume at rest and during exercise (Fukuie et al., 2021a)
The mean and standard deviation were indicated by symbols and error bars. Filled
circles represent data from the water cycling exercise and blank squares represent
data from the land cycling exercise. P-values for the results of two-way repeated
measures ANOVA are shown (environment, intensity, and interaction). * ® and ¢ were
results of the post-test and indicated significant differences between Rest, Stage 1,
and Stage 2 in the same environment, respectively. * indicated significant differences
between environments at the same stage as a result of the post-test.

45



REDR AT ERE

KEK SBP  (Figure 4-4) 1Z WC 78 LC LV b AREICIKLS GREOTHE

P=0.002) , R4 AT 2EMICH -7 GEBFRE O FLE : P=0.085), KEWR
PP (Figure4-5) 3B L MEDOLZHIEM (P=0.006) A EIZHRD B, WC T
[T LCIZx L TLHF THEICE < (FHERMIE : P=0.002) . Stage3 THEIZMS
(F%ME. Stage3, WCvs.LC : P=0.023) 72 o7z, ZZERIER ONEBFRED Z Ol
O KENIRMATEIREIZ B9~ 2 F5EE % Table 4-3 |27~ L 7=, Aortic compliance index 1%,
EENFRAE (CBIER 7 < QEBIFREE O TR - P=0.667) WC DA LC LV bAEIC
‘o (BRBEOEZNE : P=0.042), APIZWC DSV LC LY bAEICHEL (B
BEDFENF : P=0.004) , FREE DN & & HITIRA A UTe GEEYTRE D F 20 5R
P<0.001) /LoBRHHEER] 2 OVIMIEIRFFIIE WC O3 LC O F L0 b ARICE VW E
FoIFRVER (BREED TR - DEEHEFHE P=0.005, (LHE5REFH P=0.058) T
STz, ZTIUDHITRE OB EVELRE L7 (2o EBhTRE O E 2R
P=0.003,P<0.001) , Alx |, WC TLC £V H HAEIZE < GREDOEZF:P<0.05) |
FRECDEGM & & I R 2 1T Le GEBNFREE O E20 L : P<0.001), BREE & @

ORNIIA B R AERIIR o7 (BRELEH : P>0.05),
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Figure 4-4: Changes in aortic systolic pressure at rest and during exercise

The mean and standard deviation were indicated by symbols and error bars.
Filled circles represent data from the water cycling exercise and blank squares
represent data from the land cycling exercise. P-values for the results of two-way

repeated measures ANOVA are shown (environment, intensity, and interaction).
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Figure 4-5: Changes in aortic pulse pressure at rest and during exercise

The mean and standard deviation were indicated by symbols and error bars. Filled
circles represent data from the water cycling exercise and blank squares represent
data from the land cycling exercise. P-values for the results of two-way repeated
measures ANOVA are shown (environment, intensity, and interaction). ® and ¢ were
results of the post-test and indicated significant differences between Rest, Stage 1,
and Stage 2 in the same environment, respectively. * indicated significant differences
between environments at the same stage as a result of the post-test.
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Table 4-3: Changes in aortic hemodynamics at rest and during exercise

Rest Stage 1 Stage 2 Stage 3 P-value
Mean + SD Mean = SD Mean = SD Mean * SD Environment Intensity Interaction
Aortic compliance index, WwC 388 + 060 394 = 073 407 +* 073 391 = 0.75 0.042 0.667 0.236
ml - mmHg* LC 372 £ 056 379 = 075 359 + 068 324 + 034
AP, wC 28 = 19 21 + 33 02 + 19 -19 £ 39 0.004 <0.001 0.111
mmHg LC 06 + 27 -04 = 25 -06 = 33 -6.6 £ 34
Alx, WC 10 £ 8 7 £ 12 0 £ 7 -6 = 10 <0.001 0.010 0.291
% LC 2 £ 11 2 += 10 3+ 10 -17 £ 9
Cardiac period, wC 1119 + 178 850 + 111 740 £ 80 558 = 68 0.011 <0.001 0.331
msec LC 981 + 154 823 % 137 712 + 107 540 = 72
Diastolic duration, WC 796 + 175 533 + 105 427 £ 73 273 + 52 0.058 <0.001 0.277
msec LC 692 + 140 518 + 126 422 + 87 267 + 48
Ejection duration, wC 323 + 9* 318 + 137 313 + 16° 286 + 19%c* 0.005 0.003 0.002
msec LC 289 + 18 305 + 18 290 = 40 273 + 28%¢

Data are shown as mean = standard deviation. WC: water-based cycling exercise, LC: land-based cycling exercise, AP: augmentation pressure, AlX:
augmentation index. ® ™ and ¢ were results of the post-test and indicated significant differences between Rest, Stage 1, and Stage 2 in the same environment,
respectively. * indicated significant differences between environments at the same stage as a result of the post-test.
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4-4-2. BIRAY7TER
DA OIS GROE) & Dot

dP/dTmax 13, TEENFREE IS U CTHRA IEEAN L, Stage3 TIZTWC LV H LC DK
N EIZE Do T2 (FHRRE, Stage3 TOERBEM D2 : P=0.007) &\ H X 912,
RiE EREORZ AAEANAEICA BT (Figure4-6) , dP/dTmax PZEALIX, SV D
b L < FHBI L Tz (1=0.717, P<0.0001), dP/dTma % A EE L7-H05HK
5381 (ANCOVA) 24T o 72 & T A BB L IREDAZHAEMITIHK L7z’ (P=0.543) |
SV IZxH D BREEDEEITKIAR L LTHE TH -7 (P<0.0001. Figure 4-6),

A P SR T 22

TTI (Figure 4-7) 1%, WC TIZLCIZHA_RTHEITIK S ERED ELH:P=0.004) .
SEENFREE O AN RV L 72 GEBVIRZ O FLR : P<0.001), LU, BREEMH
CIEB R O Z(RIEFR U CR A ERITAE TR ol (BRASEH P=0971),
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Figure 4-6: Change in dP/dTmax at rest and during exercise (Fukuie et al., 2021a)

A: Change in dP/dTmax representing myocardial contractility, B: Relationship between
stroke volume (SV) and dP/dTmax, C: Change in SV when dP/dTmax is used as a covariate

(change in SV when myocardial contractility is constant).

A and C are filled circles and blank squares, respectively, for water-based cycling

exercise and land-based cycling exercise. P-values for the results of two-way repeated

measures ANOVA are shown (environment, intensity, and interaction). * ® and ¢ were
results of the post-test and indicated significant differences between Rest, Stage 1, and
Stage 2 in the same environment, respectively. * indicated significant differences
between environments at the same stage as a result of the post-test.

B shows the filled circle in water-based cycling exercise and the blank circle shows the

land-based cycling exercise.
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Figure 4-7: Changes in myocardial oxygen demand at rest and during exercise
(Fukuie et al., 2021a)

The mean and standard deviation were indicated by symbols and error bars.
Filled circles represent data from the water cycling exercise and blank squares
represent data from the land cycling exercise. P-values for the results of two-way

repeated measures ANOVA are shown (environment, intensity, and interaction).
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4-5. B

KFEDF LW FLITLL T O®@Y) Th 5, (1) &K~ FgREE oK B RF X L
EEEE LD HEV SV ZEEH L TV B I b b 59, KEIR SBP (XEEh 7R
WZRAR R &2 72 2 & (2) A UEesR B IR IS A o 7o fe ) & bl LTk
HOEENRFIL, FRICRERE CL MW AEAFRL MRV LHBETFTE TH 722
L ThH %,

ZARICE DV AKENTRIZbD 5 & REME Th 5 IR 18 S v, FRE T
EOMEIN L DIBRER AR A B0 £ 0 O DIRAT AT AN 5, ATA R OHINL >
T s AE =T T DLMEDOIERNIAE > TR OO ) Z @ed, —FEHE & O
BN & 5 (Park et al., 1999; Ueno et al., 2005; Carter et al., 2014), Jc{THFZE CLE
Ke72 T C7 < [A U R ERE oM FiES) & - CORFEBRF O 5 23— FHA
BRRE NI EHE SN TV 5 (Christie et al., 1990), = D X 9 R ¥RiETEO
HRIZHE D — e E O RIT, KREINR SBP LT PP 2388013 2 WREMEDN & %,
HEENRE O KEK BP D F U Ltz B O RIT, EHBRFO DS 2R o B ki
DIRN D, LIcido T, KAUEEBIRF O KENR BP OZ L2 B iF+ 25 2 Lid, K
HBEIOLME DL 2R ECTEHERZ L THDH, ARHFEEIKFO KERMAT
T2 e LIZ DIIARIRER WD TTH Do AipEOR R TIL, [7] LR EIE
(G Db EER R & S TOKHIEBEIRE L, — B SR &V, KER SBP
KOPP IS . BIF72 REIARIMATERE CH 2 Z & Z2omie L7,

W R S 7oK FIEE) TR RS E D BA- 5 WRBED &
Do L L, AKFIEEREOIE D 238 60ROV F FHERF STz, BLRTO L
T, RER= 7T A4 7 AREWRART AU — NI T AN OfF

JIELA% O el i B D HE RUS ARV VBN T — [ &2 L 722 6 B 577,
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KEIAR SBP L ONPP A EH- LZeiro7-Z & &Rk L7-(Tomotoetal., 2018a), = D
FATKRENWREED M RIED SV AN fE O EIERIRIED LR/ ZBWIET2 2 &
A DOND, RFEICB W T fg B8R Z 0 & KPR EEIFOIX 5 28 RE)fk= >
TIAT AREMPoTe, T L b AKRIEBREO @O — B RIS E
D LR IE i 72 REYIREE O MO KIC X BRI ATREER B 5,

K HEE RS RIS KRBk =2 > 7T A T ARE L Ao B ICEI LTI
HERIG 2 2 & L T&E 720, AR & [AARIZ Kingwell & (Kingwell etal., 1997)13,
AMABAEEESZEORKIKR= > T I9A4A T AR EH L2 L2 R LTV 5,
A & VX IE B R 0O — [E1 A H B O AN A KB REE (M BRI 22 i 3 o 5 = & TR
RO BH L7z &~ T 5, FEERICEM ER TITEMEOEE %I~
U ADKEIRONERERE AL M LS ELFETH L AMP {HMHLT 12T A % T
— PR ML ER AR/ R LT 2 & i &4 Tu 5 (Cacicedo et al.,
2011), 2N B DOEEDIEHEIOEK L L TEZ LN TWVDDONMFTEIEED >
2T APVATHD, ZORPBKPTOFICGEFTEDOHIIMES SV DN
(. TEERF O KRBAREE~D > = 7 A b L A ZHR S, BEBIRFO — 1) 72 KBk
AT TAT 2 ZADHRDFRH SN RN EZ 2 b D,

KB (X FIEEREL D b SV NRE WD LITAEOEFEENHMN L T
WD ZEERLTWD, 20X 5 okiEd i O S FEOI L, —E O
IREED KPR 2 HELE S 5 02k DA TH L, LL, EFRLTHIDOLD
R AT PR OENDLDNE S INIRHTH L, ABE TIHATAMN & BRAMIC
IRAF LT < WEERVEERE O D& O Ji LR BE & 759 dP/d Timax (Monge Garcia et al.,
2018) % HIVNT, SV T4 2 0UUHE /1 2 3l L7z, 2 ORI, /K s e 3 ke
EFEE &R DI ORI TH>Th SVREmWI L 2R LTz, DF 0, K
BREE~DIRTEIC K 2 — A1 H B OB R 30 [ A OUUREHER RIZ L 5 b DTl
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72N L &R LTV D, Figured-8 DIEEDE-RE/N—TTRENDH LT, L
EDMIR A BRI T2 72 OIIE KBRS & B < 72012, ZERNEN REIIR BP %
ZHVEND D, EENEZEDDHTCOIZEEIT dP/dTma CTAn S 4L 5 LIUHE /1
AR SED, KRk SBP 23KV kS 3k L X0 DR nWEREANE EF T
DMK DOBRH 23 AT HE T & 0 LIHE /1 DR 25fe FiEE L D /S holc &2
BALD o LG ) DI NT O DERRTE L & F D 72D, —EOfEF&E (—[EH
&) IZX T 2IERW ORI, EFORNRRFTHDL L E2RT, Lk
T KFIEB)OIZ 5 A3 LiEE) L 0§ EB RO KRENR BP MR MRS b 2 &
TIMEFNENELS R D ZEEREL TN D,

RIKT 2 Z LT, i &l OREFR R ENEEINT 2 ATREMER & 2, #RRiE
FE B OB AE S DO BFE AR, DENFEE & NEOBINT, O OfEHES
A BN & 2 Al REME N & % (Andersen et al., 1990), (2. AHFZETIZ, WC I
LC LV BEHHEFHIAR WIS 2300 6 TTLHITABIE 72, T 6 Dk
R, TTI DR TAEIZKIAR SBP DIETIZLD2 6D THD Z & amme LTV
%o LIRTOAIZETIX, RKTDHZ L TRIHD SBP MET T 5 Z LR ENTH
D TAVFAEARIEE) & BIR O BIR R TICEE L TWD RN H D
(Mourot et al., 2008; Chouchou et al., 2020), [FI££iZ, Ueno ©(Ueno et al., 2005)i%,
Fi THREEAR BYEICIBW T, BAFRC SVR ME T2 2 L 2R LR, 0%
IFENCAE TR o Tz, AEIOBETIX, WC @ SVR BAREITENWZ &
WHER STz, —H T, BHNLHK (K 14~27C) 12225 & SBP 8 AT 5
72 ¥(Sramek et al., 2000; Lazar et al., 2008; Mourot et al., 2008), TTI 2% L4532 7]

HEMEDS & 5 (Lazar et al., 2008),
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Figure 4-8: Pressure-volume loop of the left ventricle during water exercise predicted
from the results of present study

In contrast to the pressure-volume loop during land exercise shown in the upper
figure, the horizontal width of the stroke volume (SV) during water exercise shown
in the lower figure is larger. Furthermore, since aortic SBP is low during water-based
exercise, the pressure required to open the aortic valve indicated by Filled circle is
lower than the pressure indicated by blank square during land-based exercise. As a
result, the increase in isovolumic systolic intracardiac pressure during water-based

exercise is lower than that during land-based exercise.
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RENNRE I T LB I & PO 0 & Bl T db 2 72 O KA 2 B I k9™ 2 BUR
DO B AT 5, L, Kk SBP X° PP O£ k& Alx OE(LIZ—&
LTV, MEREEE H Alx (FADED 0 [ZHEWVEEZ/ R L, 202 EiF, K
R 5 O S ASEBYNLE 5 KR BP O EFHIZIFEE LT ianZ &R L
TWb, T, BFEEDHEOMETH Y | IREEREEE 238 < KAEOR Y
YLRINCEH g o Telow B bID, MBS b Alx (A DMED 0 {2V ME
R Lz, ZOZ &ld, RIED D ORGP EENAfE 5 KRB BP O _EF7- 1T 13E
HELTWRNWZ LERLTWD, ZhIE, HEEDPHIRONIETH Y | RS
TR D3 < RO O R O BYEBRINC B 7272 & E 2 B LD,

4-6.  FEK

FEBFRE (CRAR R < | W UM FEIRE O iES) & T AKHEE TR
SV Z /R 9IZ b B 6T RER SBP IHE < MEFF S TUve, F70, KHERE T
g~ DR 22 AN EINT 575, K EE e LR LEBR L0 bR R
W<, LBEFREENMEN 2R LT,
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o5 BRI ZRKPKGES) AN KRB R MATENRE M 1 F 92288 « B bRpAMEESEE
F R OEBEEO e NE & ok FRE 2)

5-1.

FEATHFE TIL RO FERY 24T 5 A A ~ — D2 Lfji SBP 137 )
— XV BLHERRF B SBP 23 2 & ANV ERE STV D (Jost et al., 1989; Nishiwaki
etal., 2017; Hayashi and Otsuki, 2019), ZiUd, /Kik2 EEFEAROEE TH D 2 &
R, BMIMAEEAZ N &L TR RT 57207 SNTWD, 2O XD 72k
AR IS IR ICBRERNZ S 726 SND b DORDOH DAL KENIRO 1A TH)
BICHEBEL THWLONIAATH D, KRERK BP [LOE~DBEARTH DT
D, IR 722K GEB) 23 REHIRMATEYREIZ M AE 3R, KPKGESEY % 5 Lol
DK OBERE DL 2T 2 EERFER TH DH, Ll A v —DKER
MATENREZ . T v — R ORFNROEEEE DR\ & L 2RFidkhsh
TR,

AKVKGETNL, KEDKBII/ NS OPNEMLESB TIT O EE TH D 2 &6, F
k&

HOEENRF D K 5 ITEVY SV T & 0 KEIREE | Mk 74 o0 ) B 72 R S = 40
[F, MR LN 5, D7 DKIKIBEIFESHE (A1 ~—) ORBIROHEE - £
RENT. EEENC KT DG E L AT, B ERCREBEHRE (77 —)
BB O RN LR TE RO RENR BP 2ME < MERF STV 2 AIREMEDY &

TEOHRPEE 5, T DI, KIKER) 2 BERICAT 5 &3, #E 1 0K

Do
5-2. ARFEONGER & By

A ~—t T —d EEBEEORNE LD LE SV ZR L, AL v —IE,
7= LEHFEDORNE LY b RER= 7T AT AW E < RENR SBP
e OV PP IR E ARG 2 N Tz,
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AT 2 AR T D 7202, FHEAAL ~— LERROETEER 2 K> 7
> F = R ONFHEER O EE T O 72 O 22 R KRB IR MAT B8 K OLOIBIE RS -
EENER LN E I DEHLNNITHZ 2B E L,

5-3. ik
5-3-1. XI&#E

EE CEWEM 23 4N ZOFEICSM LT, #OICIE VY FESO/RE
(IR AR, 715, WIS D 00R, ARIEER VW2 & falRadER LTz
BRI THDHZ & AANEROEEICOWNTHIEER OVEmIZ TR ATV, EmIC
THFRSINORIE 21572, AT EEER AT A LR EREAE SO

B (No.2013-434) Z15CIHhi L7z, I 1244 FEHE OEEEEDS 1012 4/
bHo L ENTE AL ~—L T F—D% 7 L4 KOHRIC 1 BRSO ES) = 1E
NI 9 4 (sedentary) D423 A ARG L Lic, BXRFILIER BP (140/90
mmHg A) #F, FENGHE, IEBIER CThH 0 | 1B LEE, BEME R & o
BIRBOWREN & 28 1L o1z, 2, LIVERIHERT 282 ARA LT
RinoTo, MREITIZ, WED 3 BRFNCEF 2, 12 BfENSIEh 7 =1 &K
Bta D7 &b 24 T LV EB) & 7L o — U BIREYEX D K DIk,
5-3-2. HIEHEHA
H RO RERE

HIRERE D /XT X —H T DT,

KRS (BMI) (kg * m?) = Weight (kg) / Height (m)?

kFHEME (BSA) 1. L FOXTRD7=  (Mosteller, 1987),

BSA (m?) z\/ [ (Height) x (Weight) ] /3600

(LMD T HE M OB RE O R Aff

ZEW 7 —>7 25MHz ® N T T 2—W) ZE#HE L7, CXS0xMATRIX
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(Philips Ultrasound. Bothell, WA) % F\C, ZMIEML TIT o 72, PRSI =M
FREE (IVSd) &/A= (LV) %EEE (PWA)., LV JEIRAKEHINE (EDd) & IUHER
WINEE (ESd) % K8l i M-mode % CTHIE L 7z, Teichholz {£(Teichholz et
al., 1976) THLEEARS] (EDV) M OMLHEARY] (ESV) OFEMAFH L7,
E=EEE (LVM) UTOXTHEH L,

LVM (g =0.8 [1.04 (FRE + JEBERMIEE + %EEE) °] +0.6
LVM % (K M8 CHIE L LVM index & i L7=,
LVM index (g-m?) =LVM/BSA

LV AL OB OEZ FrooRUfRA L, AR OEETH D LV BRHE
(EF) & LV &= (FS) #HH L7z,

EF (%) =(LVEDV-LVESD)/LVEDV X 100

FS (%) =(LVEDd-LVESd)/LVEDd X 100
FABH 72 DIUE T DFRIECH D dP/dtmax ZFREH | & [AIBED FIE TR L=,
F K I A 18 B O HEE

KR DD NFERE 2 AT 5 7212, JelT s S A7z (Takahashi et al., 2003).C»

T a3 — |2 X .00 & O KRERIZRE DFRIE D & fie KIgsA IR 2 HEE 5 TR
2R LT,
Estimated VO,max (mL - kg! « min') =492 (ZEEILIERALE (mm - kg')) +27.2
(REIRFEELANEE (mm - kg')) +43.9 (DEFHEF (mm - kg'))-2.6
(Takahashi et al., 2003)
14T E)HE O Al

LDEXT =X X O0MEEFNT 27200 3 FEK (ML 132 Bio Amp,

ADInstruments Inc., Colorado Springs, CO) % AWCRiEk L7z, BEFEK BP 1XiR

JEFE &> 7= BEEE T R I E L E  (Jentow, Nihon Colon Co, Komaki, Japan.)
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ZHAWCTAEFE CEEELZE GG L, T u A M v 7RI L5 ki)
IRE (MAP) K OMEsR#Im~E (DBP) THIELFEM L7z, —EHALHE (SV) |
e SR H T T A & e S R o e e ) o PSR o0 i D FE TR L 72,
SV (mL)= /e 28 it H Vi i R < e = 50X i 5 AR ) Dk A 0 {1
(0% E SV 2 L, SVRIEMAP % CO THl-> TR LT,
RENR AT B BE
A 1 & FEBRIS, REREBIZIZEATHIE TS STV D X 9 ITHRGES 7

D — it SN mER S F 15 (SCOR-Mx, SphygmoCor, AtCor, Medical, Sydney,
Australia) 2 & > THEEFENIRIERE 2> & 5154 L 72 (Sugawara et al., 2017),
Aortic compliance index

KEK PP T SV %[ L Aortic compliance index & 725 SV/PP %35 L 7=,
5-3-3. #ERHAEAT

T XA TCORME SRR ZE TR Uiz, RBREITT > 7oA XS
offed, IN—THOT—21X, /37 A MY w7 72 Kruskal-Wallis 7€ %
FAWTER L7z, P<0.05 Ol Z#tstIc AR E Lz, AERMEL R L
7 — 4 (%, Bonferroni V5 CHE/KHEAMIE L7 L HILEME A 1T - 72,
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5-4. fER

SGH DO H KRS Table 5-1 128 LTz, e, FE. RE, SEER. k&
R IR C A B e 213 e h o T,

— T, KBFEREIL T o — N ES B0 VEEL Y bm (HER
. P=0.003), AA ~v—HELITARRET R o7 (P>0.050), A A ~—HEITE
EEEORWEEL Y bW MEA (FERRE, P=0.056) Z7R L2, LR
(722> 7= (Figure 5-1),

DT 3 — DR R % Table 5-2 | IR Lz, EEILERHIBROBRREITIA A ~—L
T T —NEBEEORVEEL Y b RE L BEMICEND AN D o 72 ()7
&t P=0.074) BEETIERNoT, LVM IFAA ~—fE L T o —RENEEE
EORWEEE i L CHEICKRE L, LVMI bEEEOFER 2R LZ, Ll #
SRR IR O E A 213 o 7= (P=0.980), —J5. KEMRIEEROHE AL
A< —REE TP —RECEBBEO RO L AR THEICRE No T, A
(2N S DFEARIZ A B R M ZETRE O b s oT,

MATENRE A Table 5-3 (/R L7, AA ~—REE T o —RHITEIEE O RWEE
L0 L SVAREICHEP-T. (FRMRIE, P=0.044, P=0.025), —JF5 T, HRIEXZ
PN EHEEOLRWEEL D A BRI o720 (FRBE. P=0.004) . A
A~ —FEHTEEEEO 72 WEEE OB L8 WE 0o T2 (B RE, P=0.104) ,
ZA > —REET T =L D b CO mWMEm AR L7e (F#EBRE. P=0.060),
SVR [ZAA ~—REN T o —RECHEE EIE O 72 W EE & i L TH B > T2
(FEE, P=0.028, P=0.023) 737 > —H#f & EHEEEO 2 WO RICITAE

RFEI o T (FRMRE. P>0.050),
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Table 5-1: Physical characteristics

Swimmer Runner Sedentary
Mean + SD Mean + SD Mean + SD P-value
N 7 7 9

Age years 22 + 2 21 =+ 1 23 = 2 0.075
Height cm 1721 £+ 9.2 1759 =+ 6.5 1747 + 4.7 0.833
Weight kg 66.6 + 123 636 + 6.1 69.0 + 838 0.508
BMI kg - m? 223 £ 19 205 £ 1.0 226 + 23 0.134
BSA m? 178 + 021 176 + 0.11 183 + 0.13 0.815

Data were shown as mean = standard deviation. BMI: body mass index, BSA: body surface area. Post-hoc tests showed that the
differences between groups were indicated by *vs. sedentary, +: vs. runner.
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Figure 5-1: Differences in estimated maximal oxygen uptake between groups

The mean and standard deviation were shown. Data for the swimmer group are
shown in white bars, the runner group in light gray, and the group with no
exercise habit in dark gray. P-values represent the results of the Kruskal-Wallis

test for non-parametric distribution

64



Table 5-2: Left ventricular and aortic structure and function

Swimmer Runner Sedentary
Mean + SD Mean + SD Mean + SD P-value
LVDd cm 501 = 0.36 504 = 0.19 473 + 0.28 0.074
LVDs cm 324 + 0.25 3.25 + 0.19 3.08 + 0.25 0.263
IVSd cm 096 + 0.11 099 + 0.06 * 0.83 + 0.08 0.004
LVPWd cm 092 + 0.08 094 + 0.09 0.86 + 0.07 0.296
LVRWT unit 037 + 0.04 0.38 + 0.04 037 + 0.04 0.980
EDV ml 119 + 21 121 + 11 104 = 15 0.074
ESV ml 43 + 8 43 + 6 38 £ 7 0.263
LVM g 168 + 23 * 177 £ 12 * 134 + 19 0.002
LVMi g m? 9% + 6 * 101 = 9 * 73 + 8 <0.001
LVEF % 644 + 34 648 + 2.1 64.1 + 238 0.780
LVFS % 354 £ 26 356 £ 1.5 349 +£ 2.0 0.583
dP/dTmax unit 502 + 97 451 + 73 452 + 82 0.495
Aortic root diameter mm 26 £ 5 27 £ 2 19 £+ 4 0.001

Data were shown as mean + standard deviation. LVDd: left ventricular end-diastolic diameter, LVDs: left ventricular end-systolic
diameter, IVSd: interventricular septum diameter, LVPWAd: left ventricular post wall diameter, EDV: left ventricular end-diastolic
volume, ESV: left ventricular end-systolic volume, LVM: left ventricular mass, LVMi: left ventricular mass index, LVRWT: left
ventricular relative wall thickness, LVEF: left ventricular ejection fraction, LVFS: left ventricular fractional shortening. Post-hoc tests
showed that the differences between groups were indicated by *vs. sedentary, +: vs. runner.
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Figure 5-2: Differences in stroke volume between groups

The upper figure shows the stroke volume, and the bottom figure shows the stroke
volume after adjusting the body surface area. The mean and standard deviation were
shown. Data for the swimmer group are shown in white bars, the runner group in light

gray, and the group with no exercise habit in dark gray. P-values represent the results

of the Kruskal-Wallis test for non-parametric distribution.
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Table 5-3: Hemodynamics of each group

Swimmer Runner Sedentary
Mean = SD Mean + SD Mean = SD P-value
HR bpm 50 £ 5 47 £ 4 * 56 = 3 0.005
CO L - min? 450 + 0.45 397 £ 0.20 399 £+ 0.19 0.038
Cl L« mint-m? 257 = 052 226 + 0.14 220 = 0.22 0.276
SVR mmHg - min - L? 178 £+ 19 *+ 206 + 1.8 207 + 1.9 0.011
DBP mmHg 63 + 7 65 £ 5 66 £ 7 0.443
MAP mmHg 79 £ 7 82 + 5 82 £ 7 0.448
brachial SBP mmHg 116 = 12 115 £ 5 116 = 6 0.810
brachial PP mmHg 54 + 8 51 £ 4 52 =+ 4 0.430
AP mmHg 5 + 4 + 5 4 £ 2 0.410
Alx % 12 + 8 + 13 10 £+ 6 0.540
AlXHRr75 % 22 + 8 18 + 14 19 £ 6 0.116

Data were shown as mean * standard deviation. HR: heart rate, CO: cardiac output, Cl: cardiac output after adjusting for body surface
area, SVR: systemic vascular resistance, DBP: diastolic blood pressure, MAP: mean arterial pressure, SBP: systolic blood pressure,
PP: pulse pressure, Alx: augmentation index, Alxnr7s: Alx adjusted for heart rate. Post-hoc tests showed that the differences between
groups were indicated by *vs. sedentary, +: vs. runner.
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KEK SBP (A A ~—Ff: 101+6, 7 > F—F: 101£5, FHBIEE O 72 WEE: 10147
mmHg, P=0.956)& PP (A A ~—Ff:38+5, 7 v —Hf: 3544, HEEREIH O 70\ i
35£3 mmHg, P=0.347) (2 B efEMZEIT 2o 7 (Figure 5-3), Alx X OVLAHH
Ef D Alx (213 B /2B 721372 0> - 72 (Table. 5-3) , Aortic compliance index (.
T T —HENEHEEORVEELD bABIZEN TN AL~ —FEITEE)
EORWEEL Y L EWEHETH - 72 (P=0.062), KK EZB[E L CHREROFERT
&~ 7= (Figure 5-4),
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Figure 5-3: Differences in aortic systolic pressure and pulse pressure between groups
The upper figure shows systolic blood pressure, and the bottom figure shows pulse
pressure. The mean and standard deviation were shown. Data for the swimmer group
are shown in white bars, the runner group in light gray, and the group with no exercise
habit in dark gray. P-values represent the results of the Kruskal-Wallis test for non-

parametric distribution.
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Figure 5-4: Aortic Compliance Index

The upper figure shows the aortic compliance index, and the bottom figure shows the
aortic compliance index after adjusted body surface area. The mean and standard
deviation were shown. Data for the swimmer group are shown in white bars, the runner

group in light gray, and the group with no exercise habit in dark gray. P-values represent

the results of the Kruskal-Wallis test for non-normal distribution.
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5-5. HE

AREDOERFERLIILUT OB Th D, (1) HEAL~v—KRVT T —D SV
(TEEEE DO NE LV &> 722 BB 5P RENR SBP & PP L [RIFRALIZHE
FrsnTuniz, (2) AA ~—® Aortic compliance index |ZIEENEIE D /2N E LD
bEWMER TH D —T77 T — ST O E T ol B) A ~—L T
F—IIRENRIEEOBRIEBEE DO R NFH LD IR L TV,

AL ==X EFE O KBIIR BP 23K\ & W) S RFLCK LT, KEIR SBP 135E
HEEDORNE LR L ThHotz, L, HHTRE UL, EEPEIEO R WG &
WL T, AL ~—RKORT U F—II@EmN SV ThozZ L ThDH, AERHED
FEIN & CBDGHE 13 O IR IE, BRI O¥EIRIC D72 230 . KER SBP &K S
LENTH D, LU, JEATHIFE T, LBNP fif itk 2 il C ol iR 7S Sk
(R L2 BRIZ, FRAR T A U — MEEEIEE O 72\ & Feik LT SV o
REDSTLIZH 0D 6T, WL b KB SBP & PP IZFRBETH-7-Z &
Z < L7z (Tomoto et al., 2018a), EFH HIE, ZOFERIZH L THEWKENR= > 7
AT P AZFFORAGRT AU — MI LHEEF SV OIINIfE S | BENZRED I
ADBERNTWDIRETH D EEZTND, KIFFEDAAL ~—K T T —IC
b FERDRER TR D BT, AUFFEORERIE, RHIR O EL 022k ioES) X, FE
ECORAMEES) & RO L R REIIRILATEIRE~ DR A & 72 b etk %
R LTz,

SHIZ, A=K7 I —IXEBHEEORNE LV b RERIE O
PR IT K& Do T, (DB T AL O RENIRELE D28 8) (a7 T4 7 2 X)
[IREARFFEA > B = R L U COEBE I RF O HXHT & 72 % (Stergiopulos et al.,
1999), Z M7= KENFEER DL OE M T DERHEF DR & BB L TV 5,

REREEDNIL S 725 Z &L TRED MK 2 LB D LB~ LB/ NS <72

71



D728 WUHE ) OFEE A S A, KERANTITRENR SBP O EHZB < LI
DRND, ZORIIT, EEFEBEOLWELHKRL T, A/ ~v—kQRT o F—D
KEWRIEER O KR & 280, mOWKBIRa > 7T A 7 2 & & [FEERIC KB SBP O
FREZE SRFRONE D B LB L LW E SV O E AIREIZ L TV 5 )
H LRV, HEWZ &2, ZOREIREEDZLITE /KR HRBO b T
o PERAEWEFLIE & bl U CREE L RO N IEFIT/ N SN 2 & RORENIR 25
KEIPRE U H 3 L <JERT D 2 & MBEIH ATV 5 (Gosline and Shadwick, 1996),
IO KBRS 7= D5 E e FOKEBIRS L v ORI kE N &
22D RESRER & FFIEAL, 1RKEF O LB D 2 AL ERER O B AL L TH K
RS EE N R b VN K 912> T D, 2 OKBREKIZIEAKRIRIEIC §
P 2 MEFF L. IS0 DRI & % — B IR D DI TS 5 T 5 (Drabek,
1975), AA ~—IZBWVWTHKFERE~OM D KL DIRFEIZ L > T, /TR R
BIROFEREREIG 2 5] 2 LT\ 5 ATEEER B 5,
JEATIRZE CARIKIEBN B FId, KA O B B & OB g3 k32 2 & h
MIRFFEN R TRE <, LHERF LE SBP 287 o —0 2 Ofth oo i@ EhfdE B D
BRIV LEWI &EHE I TV D Jost et al., 1989; Nishiwaki et al., 2017;
Hayashi and Otsuki, 2019), Z @ X 9 72 AAH MLE O i 1 3080 L8 DO REGR & PN B
REDNCE L, M2 B S & U ORIBNRA % b 72 b T AlREMEDR & 2,
RHED A A ~—TEENFEORNETT TR T o —5 0 b SVR BEHFIC
KiroTe, LanL, RAHEIZ X2 KENK SBP OGRS 27”73 Alx = Alxnrys [ 3HE
FHUCBA 7228 WERB O B o To, TORHEE LT, EEREEL TS
AREMED D D, AL v —ILT =L IE W, LEFREORIRDFZE D vy, Z
DA DOENIIHE DBIFED # A I 2 TITET 5 72 DI KB SBP DR
MZEEZ RSN RO —20 LIt Alxurss X— A7 0 HE O #
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FEfEE LTRSS 2 L RO EATHIFE Tlx Z O IENABF RN DDt
FEFRNC R EY) T D ATREME A 7R L T UM (Stoner et al., 2014), & 0 2/ 72 IRkik
T ZINZ 5 2 & T, RIBMERDOERDBEENBZ ONDAA~v—L T T
—FICEDRRD LI D REMED B D,

FRETIENWS ODDRADR D o7, KT, A ~—DOKREAR2 T T4 7 >
ZRMETE I KL BRI EEEE O 2 WE & OFEREV DR bk o
“DIE, VTNV A AP NEholfodZ Bz bb, 5k, +otr T
WA X TORRFPMETD D, Fio. R T O REFIEEERE ) O R I%
FERCHRBNREZ M T 2 2 LN TERD o2z, DR 2 —Ei{g X 0 F i
T HHEE B RIRFIE IR Z 31l L7z, Lav L., Z OFHlEII K ENREIC X 0 3
SN KIEFERE & A B 2B 7R 4TV 5 (Takahashi et al., 2003).
5-6.  ZHY

EENEE O 22 & B~ TOKPKGEENEME 1 3OREIR BP (38 M T8 o 7223, e
EIEEEEE & RARIC R & R REMIRIEE OB K 0 @ OIHE ) &2 B & L7
WiEmW—EERHE AR Lz, 2D ORERN S AIZEE, A ~v—ZT7 ) —&
R L2 KEARDOEE (20 7 T4 7 v AR KBNRIER O ER) 2D, mOBK
BT D IERRE LR 2V TnD 2 & 2R LT,
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56 F PElnE ~OKPEE ST AN KREVRIMATENRRIC KIF I 58 (R 3)

6-1. Ha:

AKAFTER) KEKSCNLAL AT 9 K FIER 22 &) 1%, H 0K OEHT L 0 B~
OAMN D7 HRE DV R 7 HAK T2 6 R E AL # (Khanam and Costarelli,
2008; Tanaka, 2009). & i (Waller etal., 2016), Z5 M BAERIE O f ¥ (Alkatan et al.,
2016)72 &, MRIAVE TITHOIL TV D, WL DO AR, KIKIES) 7 A
DEPREEAL & REMRMATENRE A 355 2 & A3/~ L TV % (Nualnim et al., 2011;
Alkatan et al., 2016; Yuan et al., 2016; Wong et al., 2019; Cheung et al., 2021), L 7> L.
IKUKITE M 22 BT 2 B2 2 LD PEME OGRS 540 51EEN 1T
RMETH D, —H TINLTIT I KFIEBNIHFM 2B 2 LB L Lpnizd)
R IAVWVERRE , (K L~ DF T H EMATREREDRETH L, 7220, HD
EFNC X 0 B R~ OAHBER S L5 —FH T, @V EBBREICHRET S5 2
CIXREETH Y . AR T 2 X O eI SR E R EE T e T
A TOHERE~DORE R RZ /T L LT LN EBEX LN TWD, L
L., &1 & 2 THEHLTE LD ITKFTOHOMYEEDIEIN KBRS T
e 2 U D ARSI 95 Z L SRS, S TR TIE. BT 3-4 (A1,
10-12 A O LR B O SLAL TAT 5 K S 2 Bk b 2 S s 85 2 &
% 7% L7=(Sherlock et al., 2014; Park et al., 2019), L7>L. HIBERIMEREHE % A
ELTEBHEEIL L A SRBEE TH Y . FEEICHIE S TV 2 Kk
B O o E R O KRBIIRMATEIREIZ KT 2 BB L TR TH 5,

6-2. AWFFEOAGER & B

AREFZED BHE, @ 72 PRAER ~O K A DS KEIR M1 T RE % S
+ % (KEJk SBP N Alx DA 72 E) EWHGRERFT 52 L ThoTe,
I BT, ZOWFEH BT D720, ARGEIZHEED < KER SBP LT Alx D
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KT & BREE L DZEAL & DEFE & FH~ T,

6-3. ik

6-3-1. XIZH

RIRIL U AN R 2 K fEBAE TSN LT 59 & IC5EE %2 2T -, A
DN, G, BRI ) 27 2FmITRAL, 20955384 (B 10 4.
PARRRT 4 4. PARRTE 24 44, 4FH#D 39~79 5%) I~V R ESOBEITIROF
OB, Fik, BIRFENDDR, FRIEERZRNW L fEREZPER L2 R Th
528 EAMNEROREICHOWTHIAOEFERIZTHAZITV, FEEIC TS
MOREER/IL, ~AZ—=ARBZZBMT DL M LWFFAE N L —=2 7
ZEHIHINIAT > TV D NIV iRino 7z, #RE ITeR ., HBMEE Th o7z, &b
T UAHTIRIE 2 52T TV D LeEIT W e o T2, ARFFEIL, PEEFIRR AWTZEAT A
W TEBREES (No.2017-759) DKEE 45 CHEhE L7-,

6-3-2. KHUIEETA

BEIARIT, BNOHR 7 —/V (KR 31.5°C, K 1.05~1.15m) T H DAV
TUT—vayEEDE15E 20177 A 10 HAET) oty a &7
o7z, EEBOBEITEIZ 1 BON—A2TIT, 3MAMTHRT & L, @HOE
ity g U, MADICEE BT 5 o EIRRE O HEfFIEE R, KIUEEBIST, X7
v TEE), AT A NA—A—Z G/ TORMFEMEES) & TR ES) 4
HE DR ERZ 50 pHITV, BRBIOKFTOA MLy FLI T 7 EB—T g
Z 10 AT o7, WRE T, BOHE (ELO@EZENC L D) 12X 54,
B RIGE) L L SR B ORREIC I SN T, E xS o iE £ 72 13 oE
B 7 AZED S TOHN, W7 7 AL IS E A fEEE NEE L, x4
BT B OHER TH%IZH EHERRE (RPE) ZiiekI ¥,
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6-3-3. MIEHH

EXRFITIL, EBRET 24 FEEILIN O T L 20— )L O R O LV Sy, 3 By
FMENZIZBEEL RN 7 = A OBRA BT 5 X 5 ITHER L, Iz T, IRED &
HFNIT, WEE Y IRIET 2 L5 IR Lz, 5 0B OMBMIZ ok, A
DE A Y ) —= 7% E (Form PWV/ABI, Omron-Colin, Kyoto, Japan) % >
T, DA%k, B - R EIRERE K O BP, ER-E 1 PWV (baPWV) | KEIR

(L) -2 H PWV (haPWV) ZHIE L 7=(Tomoto et al., 2015),

KER BP 1ZLL T D515 T ERaEhIRIER T L 0 HEE L 72 (Shoji et al., 2017), L
BEENAIRE B 1L PWV IERHCIEE LT TEE . 7 — 2 IS - fiftr Yy 7 b o =7

(AcgKnowledge, BIOPAC Systems) % U T 256Hz TYH 7V 7 L, £
D%, BRI T — & % SphygmoCor xcel ¥ 7 7 =7 (AtCor Medical, Sydney,
Australia) (ZATJ L, —fR{b S N7 AzZERAE A L TRENR BP 2 HEE L7z,
KENR BP 1X MAP & O DBP TIIE L7z, KD & OlE~IF sk U7 SR O iR
2 E BT 572010, AR SNTZ KERERIE N S H#RE (AP B — 2 JE-IY
MEMIEOZ S DES) ZFE Lz, £/, REIRE IR (Ax) 1%, AP %
KEWRARE (PP) THl- THEH L 72 (Murgo et al., 1980)
6-3-4. T — ZfEHT

ERAMVEEHEIT . 1) BHRAT LM (n=4). 2) RAYEIREER O (&1 T
(Ankle-brachial index: ABI) < 0.9 (Motobe et al., 2005)). 3) FEEAIDOARH (n=6). 4)
DET— X OKIE(Mm=1). 5)Smirnov-Grubbs M EEITI VTR & HE I
F—Hm=2) & Lz, TOHER., BFf 23 £ OWWBRE (BT 6 2) DS HaHRT O %5
Lol
6-3-5. FREHAFAT

— X T ERERER S (SD) TR L7Z, MAWIMORI% TELNZT —4
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DT N—FNEET, WSO B B t-test Z FHNTIT o 72, BRD B 5 LK OB
RAEFIRDT20IT, Pearson DFERIABMREZ R LTz, HETHAEMIZT T
DRI IV T P<0.05 & L7z,
6-4. R

XREF OERIL 629 i, HEIL159.074cm ThoT-, KEITHEIC
W Uiz (60.4+9.7kg 7°5 58.8+9.4kg, P=0.015), 47 7 ADHZIZiEER S iz
15 v a v _TOFHE RPE 1 125420 Tho 7o, #BrE DS 83.5
+13.0% Th o7,

2HOMATENRES Table 6-1 (2777, O, —EHAHE, OHHE, Bl
RPUIA B RZE T2 -T2, KEK SBP 1%, KHEE Y17 T ARICEREIC
KR L7z (119£15 75 115£15mmHg, P=0.015, Figure6-1), =512, KENK
PP (4319 7°5 41+8mmHg, P=0.020) (Figure6-2) b A EIZIKT L7z, AP (19
+5 735 185 mmHg | P=0.210) & Alx (441075 43+11% , P=0.72, Figure
6-3) \ZITHE e B biX 72 hr o7z, F72, baPWV (1509301 7> 1448296 cm
s, P<0.001) K% TNhaPWV (1095141 7>5 1072+157cm * 57, P=0.049) & H =
2 L7z (Table 6-1), K#EK SBP OZ{bIX, haPWV DOZEAL & FHBI L7243
(r=0.613, P=0.002) . baPWV DZ Ak & [ IFHRE L 727> > 7= (1=0.296, P=0.170, Figure
6-4), F7=. KEINR SBP O&{LIT, Alx OZAL L FME L2 o7 (1=0.056,

P=0.800) (Figure 6-5).

77



Table 6-1: Change in hemodynamics and reflection wave with the aquatic exercise training intervention

Before After T-test

Measurements n Mean + SD Mean + SD P-value
HR bpm 23 65 + 8 64 + 7 0.723

SV mi 23 41 + 12 41 + 12 0.969

CO L - mint 23 2.77 + 0.86 2.73 + 0.72 0.772

SVR mmHg * min-L* 23 39.55 + 15.06 37.20 + 12.06 0.32
brachial SBP mmHg 23 129 + 17 124 + 16 0.007
brachial PP mmHg 23 53 + 11 50 + 9 0.025
aortic SBP  mmHg 23 119 + 15 115 * 14 0.005
aortic PP mmHg 23 43 + 9 41 + 8 0.020
MAP mmHg 23 97 * 13 94 + 13 0.014

DBP mmHg 23 76 + 10 74 + 10 0.056
baPWV cm - st 23 1509 + 301 1448 + 296 <0.001
haPWV cm - st 23 1095 + 141 1072 + 157 0.049
Right ABI % 23 110 + 7 111 + 6 0.246
Left ABI % 23 109 * 7 111 + 6 0.129

Data were shown as mean * standard deviation. HR: heart rate, SV: stroke volume, CO: cardiac output, SVR: systemic vascular
resistance, SBP: systolic blood pressure, DBP: diastolic blood pressure, PP: pulse pressure, MAP: mean arterial pressure, baPWV:
brachial-ankle pulse wave velocity, haPWV: heart-ankle pulse wave velocity, ABI: ankle-brachial index.
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Figure 6-1: Changes in aortic systolic blood pressure before and after aquatic
exercise intervention (Fukuie et al., 2021b).
Blank bars show the results before the intervention, gray bars show the results

after the intervention. The gray line shows the data of individual changes.
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Figure 6-2: Changes in aortic pulse pressure before and after aquatic
exercise intervention (Fukuie et al., 2021b).

Blank bars show the results before the intervention, gray bars show
the results after the intervention. The gray line shows the data of

individual changes.
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Figure 6-3: Changes in aortic augmentation index before and after aquatic
exercise intervention (Fukuie et al., 2021b).

Blank bars show the results before the intervention, gray bars show the
results after the intervention. The gray line shows the data of individual
changes.

81



150

100 -

tn
o
1

/1 haPWV, cm-s’!

=50 -
o0 - =0.613
® P=0.002
-150 T T T T )
-25 -15 -5 5 15 25
/] Aortic SBP, mmHg
150 1
—_ i @
E” 50 @ ® o
&
> 50 o °
; ® o® .‘
%‘ o o® @
@
% 150 1 . ° =0.296
P=0.170
-250 T T T T )
25 .15 5 5 15 25

/] Aortic SBP, mmHg

Figure 6-4: Relationship between changes in aortic systolic blood pressure
and changes in arterial stiffness before and after aquatic exercise intervention
Filled circles indicate the amount of change for each individual (Fukuie et al.,
2021b).
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Figure 6-5: Relationship between changes in aortic systolic blood
pressure and changes in reflection wave (augmentation index) before
and after aquatic exercise intervention (Fukuie et al., 2021b).

Filled circles indicate the amount of change for each individual.
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6-5. HE2

AWFFE T B2 E 22 m R, (1) B oKPES) 7 7 7 F A TH Sl o
KRENR SBP J N PP 23ib L7 Z & (2) KRER SBP DZALIZ, haPWV & A&
(ZBHE L7223, baPWV L FBHE# Le/no7 2 & Th D,

AHFFET, FEROOME A X2 N ORI OFHR DB A BB 2R RS
(Vlachopoulos et al., 2010)(Zxt L C/KHER) 7 1 77 AN BAF 7290 R % R LT 4]
D TOMIETH 5, AHFFETORER SBP O PP DX FixZ <4 4 mmHg &
3 mmHg (2 E 72~ o7z, LaL, KENR SBP & PP 7% 10 mmHg #4032 &0

MEEBRDA R REEY AT, ZNEIL88% & 13.7%HEMT 5 b 2

N

DAL, WRERAEFFICEREZFFOEETH L LB BND, S HIZ, KfiE
B0 7T AEEME (A 1[E) ZEBFETINEHTHD, @ 1 EL 60
SEOEE) 7 v 7T AL, TAEE T LKPEE) e 7T A s U CRIRR T
BHHN, T OMEEIZAKPER b L —=2 7 OO0 ME OIS T DA E R
FE L 7218 25 O BFFE(Nualnim et al., 2011; Sherlock et al., 2014; Alkatan et al., 2016; Yuan
etal., 2016; Wong et al., 2019; Cheung et al., 2021)IZLE X CIEF LD 7207z, D
Tesh EENVFEREME 2 m < 95 2 & T ARARBEO R EORREPE LN E

5 INERRETT DRER D D,

ARFSE DOFAME B 7> 513 KBk SBP O F ORISR L THERIT 5 2 & Las
T&ERV, KPEE 7 1 77 A4 A2 K 5 KENk SBP DZ1KIL, baPWV D%
L L IEBEE L hv o7z, £ D —J5T haPWV OZAb &1 XREHE L 7=, BIFE, baPWV
X UiC 7o — 2B T VWO iR FIHCHER T b &£
R — 2 O 78 TENVIREE(L OHIE 515 & L T—AYIZ 72 © T Y % (Viachopoulos
etal,2012), ZALE TOMILT baPWV X, KENIREELOIEAER) 7277 1L TH
% SEHEAR-KBRENIRE O PWV EAHEE9 % 2 & 37k LTV D (Sugawara et al., 2005;
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Tanaka et al., 2009; Sugawara et al., 2014), baPWV O —BII KM EINRIE(LIZ L - T
RE SN DATREMED B 523, baPWV I HULBIIREE > & 45 5 4L 2 1 & E I
AL U715 2 429 2 AT BEME DY & 5 (Sugawara et al., 2005), L72>L. baPWV O
WIECIx, EBEBIARE R 23N RBIREAL O E T O & LT S5 28,
RA L L TIEMTRWATERERE WV, fPWV OREEIC EATREIRDSE £ T
WRWE DT, baPWV DA MR EAZIE FATRKENRD & Ei % ToO XA E M
SN TV 5 (Sugawaraetal., 2014), (2, haPWV OB ICIZ, BT O
KRR PASIIRTY DO Z A I 0 7 %7 T8 2 DEAZAVWD 2O, AT REIRS
FHICE END, LIz T, KB SBP OZAL & ZHUTHIGT D haPWV DZ
be ORNCAEBERABBEBMR A H 523, baPWV (ZiZA2W 2 &6, I KEIRD
/NS REENTIREIR SBP DOATERS 5 Z LRI D, Ll 2O
T VA L TIEHRRREREZHOLNCTT 5 Z &IETER,

AT RENARITEE IS £ o TZEANICE] &M S 4, NI MK o 59
50% Z IR T D, JroRIClE, gl &S NTZBEIKEN TR 2D EFIH LT
TR BRSO R BRI LT 2 26 0 A Te(Belz, 1995), Z L5 D KEIROEEDE) X
TU 4 Ry AR E TN D, ZOMREIC K - T, BEHE & PP iR 72
EHZIEIL, EBIROBEREDSHERF SN D, U v Ry B UBREIL. TR
B REE D FEERERL B R DO — D> Th HMMERMED = T 2 F  DIERIZ & - THERR
SNTWD, Lol s REYIRITALER I B REE O FJE ORISR U €7
V2 7 ERS T HICHM D, ZIVE TOMFETIX, RREIRKIZ 1T 2 Bl
WL OBSRERI S & 1372 0 | KENREEDREEISGEIT, BT > T BEa®D
TEE) b L—= 0 7 T E T LI W T L 23RS L TV D (Shibata et al., 2007),
LarL, BIERTIL, BAZMEY KT Z & T, KBk Windkessel HREC/A 0
FRERENUWET D Z & NHE STV 5 (Wangetal., 2018), % 5 OFBIC L5 &
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RAEFOKEIZ L 2 FIRRREOIIN, D EOSE, fRfHES =7 2 |k
VZDHINZ DR 0 LW BN R ENTNWD, =T ZAF VB FDOFRBLUL,
AN Ly FRRIZ K > THEEE D 2 & 23 S LTV 5 (Wanjare et al., 2015),
L7223 o T RAKIZE o THEL D EFIRE TR E OB, A RENROHEE & HERE
AP B % RAZ T RN & D, A KENIROBERE I3 T 212K D BATF 725021
EEDONDORERIT. ZNETOE FOMETH RSN TN D, RIFHORK % f
i L7z AARNOWE L, RFEROIETEBIN 22 20 & bl L, Do & B
~OD PWV 2MEH > 7= (Sugawara, 2018), ARWF4E Tl HEFEOHERFT 255 & L
M OKFER) 7 12 77 M2 KENR PP 8A BT L, KENRORE)
PEDSREE L. I RKENRY 4 > R4 BUBSRE N S S 7= ATREME 2 s L 7=,
CLED Z Lot IRKEEOEIGETEEOBNINE ., IO KENROHEE & BEREIC A3
AT EEZDND, —J5, Sherlock HiE, 10 B D [ TOAKH
EE N L—= 0 T EIToTh, KENR SBP XA RICE{L LTz L LT
V5 (Sherlock et al., 2014), IEfEZ2/KEITREHEH STV > 7253, KBk SBP
MEL L 72 x> oD, RS & el U TRzt & & — Bl H & o825 /)
S BRDLFKEDIK FIZERNT D EEXHND,
6-6. LK

AP TIT @ AFEE 2651 LT KT EE) 7 0 77 L5 KRENRINATENRE 4
BT L0 E D EmE Lic, £ORR, KPESIMEHE R T 0 7T L5 Th->T
bt KRENRMATENRE 2 ST 5 vlREMED N B 0 | FRIZKENR SBP OAK N IX, /7
KREAROBACEOIR T EBEL TWDH Z & 2R LT,
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DM, BB, AR L o THLNCT D22 &2 HNE LTz,

7-1. AR CTH LR & E&

EMR A REMEEN I KBk I A T o A% M LS5 2 LIRS

Rl
il

HMENTWD, 2B L T, EEhFR o —[FEHEOHE KN KENREED = F 2 F
VARRHEIZIS IR AN H Z L BEEFF £ L TE X LTV 5 (Kingwell et al.,
1997), Z D AUZE L COKHIEBIR T, AECHEEILHIC LV HIGEREOR K
M| EED 72D, B ETORMBHERR LY —EHEOHINTIRE <2
%o LI o T, AKHEENRE O KB BP 13K < 72 2 AIREME N B 5, EENFEFO K
Bk BP 2ME< 725 2 & TAEENED EH 2SI S dv, A2 I ) OF8 % fe /s
FRIC72 %, FTo, EEVFFO RENROIREMEDZE N NS <705 2 & T, Migh /&
Fliggs ~OFEIPED X b L AR EE) Tl L ToOEERF LY /S <M
Hivd, 7z, HEIOEERFO MATENREOEB)EREH OE VT, BRI EE O
B & U TCL R O REIRMATENRBICRBEL SN D MR H D, Tk TOHf
FETITW L WA REE) BE 4 R OB R D LR DT RE K OWERE TR & 22 B H]
MTEDLEICELTHDIZH 0 63, KB BP IXiEEEEO R WE &
EWDTRWZ EAVUREN TV A (Tarumi et al,, 2021), 7272 L. /KikiESh L fE i
BRELL E O —[BHA HE OB KITH 2 5 72 DI KEINRIC & ERER) K OEEERIZ (L
AT, ZERFRENR BP HIK< 2> TWARIREMEN B 2 bivs, EERIZ, KA
FLIHEN IR U A X oRAERAHIA LD & KEREE L BEORREBIZALEND O
BRH 2 AR TRz T D 2 &N TE D L9, BRI |, £,
B ORI A K EBN R RN RIS B D D72 L FauE, PEEN S
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OFEHIE OER) Tl E LI W& S35 E g O RERIMATE RS 2 K HhiE
BT ATYRETDHIEIFARETHD EE X, L LINETOMNIET
(X, EFETIR ATz K9 Ae K S O — i Pk & ONR I 72 KRENR AT BhRE ~ D52
I RREHE SN TR, D72, FRE 1 Ti@i 7k EE RO K
AR MAT B RE O AL PR IG A % (AR O R BRI G b 7o e FEE) & i L |
EFNRF O RBNR BP 2ME< 72 0 ZE I ) OB Z I TE TWDH0E I %k
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DIpNE &g U R8T H AL 72 RER BP OARAE 23 22 ks O KB IR M4 T
BREIC BB L TV DA E D D ERF Lo, B8 3 T, B 1 B0k iES)
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Tl E AN Ly I AR O REIIRIMATERE A4 Ll L, B8 2 ToKyKiE
DOEEIZR T 2 mliind O RERIMATENE 2 B9 5700 & 5 I ERET LT,
AR 1 ORERITADOE 0 (S, AKPIEERF T, b2 LEEER L0 b — R E

Ed)

<. KEMR SBP & PP 2MED o7, EHIT, KEkR=2 7747 A%, K
EEEIRFOIZ D 3 fE LEEBRF LD bW 2R Lz, 2RO DORRIZE D K
HE R T OB BN X D ITER 72 KER BP @ EFIIREROBERRIC K-
TR L AR EZ R Lz, B8 1 ORIKIIZFERICEBWTHBIE SN &9
(BB OV KENR SBP (X, @V VDIROFER R (—EO.LIUHE I3 5
—EHEHE) 2 b7 b7, R 1 OFSRIL, KFEBRFO —~[EHHEN SN L
TREIREE~DHE AR E L, AA v —DKRER2 L T TAT L RANRT ) —
REEHEHEORNE LY b < ZRRERENR BP 2ME< 722 2 & T, A=Y
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88



TITEHEEO L WE L ZO THEREMZENR2hoTes AA~— KT T
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DELZ R L, mOBRH I 250006 71 & KRBk BP O _EFX72 0> 72 h3 %
A ~v—L T U F—MTIEEN T, BB 1 OFRPLTRILIZ K D721
~ R RAY R KREAROFFEIL 2 < L FFEEDN S @V IR RE CES) 217 5 #9145
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EATAY o G4/l i

2N D THADITH Lo B 3L TIT 5 K PiEENT, HAODOERICXY
A N L APBIR ST L E J 72 O/KUKGET O X 5 I HPEIREN & &R
252 L3R, Lan L, B 1 ORGSR TIL, B REE)Ry & bl U COK P ES)
D 5 28— a2 E < . KEIR BP 2V &0 9 RS, R I IR TR E TRE
Sz, LIed o TRWVEBIBRE CH 5 A COKPIER Tk, F8 1 TR
iz X9 K EENC R R 2R DBRO N LD TIE RV EE X, L
Po T, B8 3 T EIE &2 GIK P ER 7 1 7 F A4 A K D RENRIL
ITERE~DORBEEWLNCT D2 &L Lic, TORE, —HlHEOBINIT 20
S 728, KER SBP L ONPP DR F &R LT, & SICe28 Mk ONIN KREIIRZ &
T PWV 2NAEISHA UL A KERE & T PWV (Z721 KEDR SBP D41 & B
B B o To, I RBINARILE VP Z R D | L0 S ORBIEDE, it 2
ARl A EHEREHMN TH D, Ll Z O KENRITINE L FRPERRHE
ThdZTAF UMD 2T — 5 U BRG O EREIERIBIEN L T
VRO AR O B & e MBI R KL 0 b IEBA A KD YEEA A TIT< v, L
RO ER TIET » M 1 H 20 M 0iRK%E 1 EBBREDIELITY &, Kk
(XM PR DOEINT ST D7D D & L CERBEEDMEEAZ SO, U ar v N

v B AERED M 95 2 L AR LTV S (Wangetal., 2018), 72, & FNOMHFFET
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1%, RUIMDOIRAKZHE D KISV T RENRZ & T O0lid- B PWV 239ETE
B FER L TRV Z & 2R LTV D (Sugawara, 2018), Z D K 5 (2 T4k
g & AR 3 CIIUK A EREE COEBY A KENIREE OHERE D B 2 4 L CTIfAT
BB B A RIET 2 AR L, E705E 3 TROLBIA SN D RE 201X,
ZE TOEEBN AT EEZ RTZ0IC D EHBIZ 2 15 3 BIOMHEETIT
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U D FEFE NS & L CooEE)F I, M 3 O X O IRBE BB TH 5
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7-2. SO
DIMEREDRIED THIRE L THMRBIEED L —= 73 THL Z
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