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Al

RBANREBRNESEBALRTFIIE
IR EIBI0 » HBEADEBRITE - A0
TGRSR EBREER FEMERTE
BBV - IBIEBAEEMRET © = 2006 F
EZFAOHET 229 BA @ {GIBADLE
10.0% » S{LIBE 55.2% > HIFDERZH
LEAEBZ - A\OSLBBBREE - BiFA
BEPEE T EIIZI0 - IR BRI E S 1
g - EEHERFRBOBERT - B
WMERRKRLERBECIES (Lakatta &
Levy, 2003; Najjar, Scuteri, & Lakatta,
2005) » ALSMELH BERMAZ TR
18 - MITRBREHATERD » FFIRRBIE
SR ~ ILNEEAREARZER - INERIBEAD
RETRESEEFEHOIBNERE L
(Najjar et al., 2005) > ENAKIE{L (arterial
stiffness) FZANS MR SR ARSI
%ﬁﬁﬁ@@[‘ﬁ%@eals, Mareau, Gates, &
Eskurza, 2006) ° MARNOFELRZELER
SMERAIVMEHZIE - LBHERKEL
HEEEEBECHURRSHTNAFIZRR
22— o

ZLRSIRISIEIRINEER b

ABEIRRTEE2 DR KB ML IK
(large elastic arteries) 3% P INED AR (central
arteries) £2 [& 32 &) Ik ( muscular peripheral
arteries) * PINEBEEHIKESEHEED
(elastin) ERFBIR (collagen) : MAEEEIKE

SMEFEBHMMAE (vessel smooth muscle
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cel, VSMC) - )ik EE BN M A B
adventitia ~ media ~ intima PTHERY, » SNERE
NEEE BN (endothelial cell) °

Zb B2 P E)AK M E B #H 5 B B ER 2 Y
SMEERE  HPLREBMHERPILENKS
EHK (Virmani et al., 1991) EEBINEEE
SEEAILEWHEPTE DI IRERER ] - &
—IROBRUBENREBEEFEME
B34 (McEniery, Wilkinson, & Avolio,
2007; Seals et al., 2006) ° THFIEREET * B
FABRPLEEESIKNEERRE
(circumference) E#R(Wang et al., 2007)

B6F N 1TFEEDAR(descending aorta) B intima
EERFEABIEG » ™M media BIRBFET
ERBYIBI0MIZE (Virmani et al., 1991)> FE
EHRMEEPEEEZEO 2 &
(fragmentation) ~ #5{t (calcification) E2ZRE
BHE - BR=EIEN - EMAEE LT IIMES
R X & #5 (cross-linking) * LA R advanced
glycation endproduct (AGE) 3&10EE 5
HBRRAR A FTEEN (Seals et al., 2006) ° BRIR
BIEBIXEEE intima media thickness (IMT)
RIBLEENSEIEEC— IMT BEEZE(L
Mg - BEREE=REESREEFHIIG
DOTI8 K (Najjar et al., 2005; Seals, 2003;
Seals et al., 2006) * FRIEZ I} » NEZABAREVTD
BRI BB KGR L BRE - (IENZMIE
BEE—S/LE (nitric oxide, NO) EANLZ
% (endothelin) EA MEEFREBUE » FEZE
FEBNEI0 - NRZHARINEERER » T2 ER
RABMED NO EERE TF » ARRD
NEE EF - ENIEZEBN L BRER
(endothelium-dependent dilation * EDD)BEE



S BRI [y e

S W

T4 51~ 60 F1 (2007.08)

FARZE (Taddei et al., 2001) - AL BAREEE
TEBHCE - HFREMETEEIBI0ME M AR
THRESRER @ (BB IEAS » BIEENARNIEE
- B R B
(diastolic blood pressure, DBP) ~ F1IE)AK/ER
(mean arterial pressure, MAP) EBKER (pulse
pressure, PP)% » BFRHER DR SVEURE
( baroreflex sensitivity) ~ 32 10 &) ik fE /I
( cardiac impedance) BEZINEAK ( left
ventricular hypertrophy) ERZEFSRINEGEANE »

E—FSIBDRA - WARBARKBAI ~ IR
IRER\\FEABREID (Seals, 2003) - EDAREE(L,
EENMESREZSFHISMEMEN  BE
SIEEESINIE ~ ¥BRI% ~ ENARMSIRIB(L ~ &
AR E Ak 75 7R A0 18 1 B Bl < 175 B0 /7 A B [T R
tHITEBLLAFHBRERKES -

(systolic blood pressure, SBP)

SR SERMESME

HHEEAMS » SBP £2 DBP B EF+
EE2MERNDILIERS » MEFEA DBP
BT A EIKTE{LERS (Franklin et
al., 1997) - ARFERELBED > BRIERE
RENSERBRBEYNSMERA » SBP
% 30 3E 84 RERERLANIBE - M
DBP * MAP [ 50 & 60 EBIHSIEN - 8
60 3% ~21% DBP BFX - t{ PP SE2IRMZ
EABIER: DBP B EHATE 40 BRARIETE
RINMEEFREENREIER £ 60 BR4&
PP EEAIFFINMERRNEEBERF
(Hirata, Kawakami, & O'Rourke, 2006) ° 8%
HsEiERABR > SLB2D » PP BIGI0E

53

M ~ INMERFLRNERIBER (Mosley,
Greenland, Garside, & Lloyd-Jones, 2007) ° #A
M —RRAEHTIFTIIR * SBP~DBP »
MidBP (SBP £2 DBP B)19{E) £2 MAP 13
8 pp ERESUFAAIRBINIERREEE
BER SBP MEHEHREFANBEREKX
(Hirata et al., 2006) * [E)BFEE1E 24 /)\BFBNRE
[M& (ambulatory blood pressure) BR{EHFA
BN ERERERSER AL ERE
bt MRABERINIEBRNEEER
(Pickering, Phil, Shimbo, & Hass, 2006) °

bR MBS - BEREDARIE CIZE AR
ENAKIEFEE (arterial compliance)73 8= &)
Bt HEmBEERIERE - BIKIERITEN
REIREEREZ MR SIBIZE - L
EREBAREZINEUTHBEREF RIS - B2
BRIV (stroke volume) It = fE5REE
O BVBEE D (Jani & Rajkumar, 2006;
ORourke & Hashimoto, 2007) * BAKIE{ L2
EI1800 » IBEMEEERE - HRBEsS A
BRA @ MEBLHNEEZ2RINRHNIES
(McEniery et al., 2007) - 852 » SI1ER
ABMERFHRAERREELL » AR
LEERS @ 2RERSHRSE - 35—
B @ H5REEErICURI S ENAK I BB TS
I AR EREDILENARBYINER AR TE
{LEVIBH - IR—MASEALENARER )
BHIRBREREER (ORourke & Staessen,
2002) - BBIRAERITARERMEDES - RS
ERREIBNABIHREROAEST B8
BEMTEEIKIE({LIZE (Laurent et al,
2006; McEniery et al., 2007) » BIEIKEIETE
DT (pulse wave analysis) PARAKKERR
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R (pulse wave velocity, PWV) 55 Hp PWV
BaiRAREAEE L EENRTRELS
#Z(Blacher, Asmar, Djane, London, & Safar,
1999) » HREEF BEEICRITE EM
25 0 PIASEEARFIARENARR - RIEEMORE
JRAVBFRE (transit time) » LA MELREIEVEE
BEFRCADGRS - BIEIS PWV - PWV BEFMEE)
R ARILIZE  (Asmar, Rudnichi, Blacher,
London, & Safar, 2001; Blacher et al.,
1999) » B ERARTB RSB ZESMER
(Cruickshank et al., 2002) ~ #2fRf% (London
et al., 2001) - E3[& % (Sutton-Tyrrell et al.,
2005)FEMACRNEEZEBRE - HREBE
INMERBREFAMS  PWV BB Sm/s
BIES 34%BIITER » M 70 5748 » =Y
D0 1my/s BNIBO0 19%BYPET_ZFR (Tanaka &
Safar, 2005) © SN * BORORFZ DHPTAIS 2
IBIEFRE] (augmentation index : ENAKRIEIE
OneE) - IKBLURANBBE RS B 18
{LIBEL (B-stiffness index) » EP2ERZRENARIE
LBV EIEIZ (O'Rourke & Staessen, 2002) °
BREAKTE (L AR IBFE 1T S (BB A2 A
BEPHEEEAE  NERK -WEELIES
B0 TVAIEBARIE R B IS B HEiE(L s
2 HWRTEN S AR )\MEHZIERSE
SXHER -

SEENT A\ BV RN A

BEATBIRET  £ERRRNFEERE
SUFEEH SR R ENAREE L BVFEE (Lesniak &
Dubbert, 2001; Tanaka & Safar, 2005; van
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Baak, 1998) * bR 3 &M#2EH - HELEEE - Bl
DEMAIREY - ERERHIEARREN - 1805
REBHREENREBIRELMR (Blair,
Goodyear, Gibbons, & Cooper, 1984) ° f1TIR
BRRBERNEEENSREDAZS
REERENAZEETSE  HRE AR
S EECLEE] (Vaitkevicious et al.,
1993) ' EERNBNEBEEINSETE
ERAMESESIBNER ST — &
BN ATLUEAZCPTHEREVEE - 1810
ARIEFE 1T LR RN ER - H =S T BER
(—) FESPMERMARERINBE EF - 3B I0IER
TIRPINEAR » PEEEEREAUNE - BLa0
BEmiER—&  JLUBEETEEHER
RGBT - (Z) B2EIRERAA
WiBEE 185k » Bith/E2 MMER ] - BREE
FPINSIRIERIGN - (=) EENSHEENED
ARIDMIBI0 - NZHBRRESE NO BURE L
# BISMEREREREIEI0 - FIFEE040H!
BHABRRENIEE IR MR EEBA -
(0) BEHIEREFE  BERTILESTE
(bradycardia) & 00 - & &) P I Bk 00 53X
(tachycardia) JB#E55 (Tanaka, Dinenno, &
Monahan, 2000) - ZBFIRLE » BEESNE
RIMEREIEH - RO ES0ES) K
iR EAKTE L EMRHEINER - SERESNE
EBRILEBHARER -

BB (B MERTHT

RN ERZESDH MBEERELN
R NETEEREPMES TS 7T
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SEEDHEREENAR SBP £2 DBP B1XAZHFEM
X > BOREHISE T ERET\E2
A ERENEHRMBR TN EFNIRSBERE
R X IR
PEH) (Kenney & Seals, 1993) - 2R AN
BB MR PEH BIRSNEESME
HRARE » BIRFEIBERD » #HFEF
BMh&E - FIOmME > BRAEHR
SBP/DBP HIZEX 8/9mmHg * JBESMES
14/9mmHg ~ SMEEBZE 10/7mmHg : B—
OHE » *SEBEESE) (acrobic exercise) X
FEH/DEE) ( resistance exercise) BIEES
PEH' BEXEM D BIAFRERA PEH ELEENRE
EMEMRNEESER (Kenney & Seals,
1993; MacDonald, 2002) ° I)&i 5 & E2E52 1
ERNREZEHIRMBMARERR 1
EBREPINE L SIEN0HEEEEMER D
RHE - EERIRIEE - N EEEIR TR
MEZMERR NINERBIKBIREE » RMmE
HKIMBEREYZFE (Halliwill, 2001) < B3 PEH
HRIR  SBRESENBREES 8l
BENREE R EE RHERHE I BRARRE - SR
RN BN At EEBRESREE
PEH BVHHIER RHEAFI#RET PEH RIS - A8
SRR E I BB FE -

(post exercise hypotension,

REBES T ARMBIZFHIBIR

REBESEEEMNERREES) AR
BN  DEEDHT (meta-analysis) TH
FIEL - REBRABBRIMRE R MBI
R ASMIBRRASRRS  KARBES

55

[MERER— % 2 R A (Cornelissen & Fagard,
2005b; Whelton, Chin, Xin, & He, 2002) ° [@
B PEFASKBRBERIIRE -

SESARIBAEIE (PINEDAR) TEACB5IRRE R
EZr# - B8 - BHE - INTH SBP &
DBP » —EH s A RIVBEERIDIEIAZ N
&> R BERReEERDERZSILATRIR
BY &) Ak JIE /& 1+ (Bertovic et al, 1999;
Miyachi et al., 2003) - BBILTIAD » WBEEF
sll#REESV I BAKEE L IZE B PN » AMIM
B75H ° SBP £ DBP HENEEERRZ
HAHSOIABER - 3—08 Bl
R REEEANRAREUR B EHEE
NE2HEREEER - AM » REESH
2BED I RREY FEE A AP A B2 ¥ 0R A8 48
LE#R - BRI LIZE BNERIE S5 #REV AR
B S - 2K JIE FE M 8K (Miyachi et al.,
2004) : TEZRPETIEE) (De Van et al., 2005)
£ %3 HA BB /0 §)ll %k (Cortez-Cooper et al.,
2005) » HERFEEBIRIBEELURIZSE
EDAREY AL 22 PWV FHiR{LIER BHBHR
FTEARIBIE MRS (Rakobowchuk et
al., 2005) » HRAIT e EE) T\ 255
BB o EnETIPEIEIRR (Rakobowchuk
etal., 2005)E2IFF NAVFHSSHIRE - S
BERVEIRFIT (Cortez-Cooper et al., 2005)
LE8 » AL EAKIE LI M EEAKIE
fEME  EEFREDFIRRE B IR M R R
» (DO EEERIE & FRRERDIEI0 » 3EANIT
BWHEERI (Braith & Stewart, 2006) ° TR
HsoEar  PHFREEDIIRGS BRI
HIMB BRI NEF(Kawano, Tanaka, &
Miyachi, 2006) : B9 > JIfBRIREIFRER
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MDERFDEYEE) - EXRSEFS E3IR
EEFEHRBCEBIKIBREMRS - B g ##t
BERIE - BB ZEEEERIERIE IR
PSR ENARIBIE L TRFBUERES (Cook et al.,
2006) ~ BEE WL - RSEESEIESD
BREMNBHMR - OBEHATITICRS
1R » SBP £2 DBP FRFEDFIRZEREBREE
g% - BTREHINEINT SBP &2 DBP
BEL  BRRAUWESRZES (Cornelissen
& Fagard, 2005a) °
REERNBREXEREERNT
S3REBERFEMBHR - BIEES - 1

F 5K - SEHIEEESE (Cornelissen & Fagard,

2005b; Cox et al., 2006; Lesniak & Dubbert,
2001; Mancia et al., 2007; Pescatello et al.,
2004; Whelton et al., 2002) ° FFSEET » B8V
BREHEEESE PEH BFESMBRAL
RSB ANBAE (Halliwil, 2001;
MacDonald, 2002) * MEE - B2 HAMIEE
EBFNHRITA - WHRERREV ARSI EE T
K Pwv ~ BIIEAKIEFE L (Hayashi,
Sugawara, Komine, Meada, & Yokoi, 2005;
Thijssen, de Groot, Smits, & Hopman, 2007)
B[F{E Z# M (Lesniak & Dubbert,
2001) - EBEWL > XX HOREEREZIR > IR
BEH B X EE) T A B R 78 BB [0 B R
ReVBRITAFTENERLD - EfSRIA—E - Fl
20 Tanaka et al. (1997)&tHICDEFSIEZE
EIT 10 B XEIRRIE 3R - BIRRAE TSR
BALTT (seated) ER{IBA (supine) SBP EE&E
N+ M DBP 2 MAP th2IR T8 : M
Cox et al. (2006) BIfEPFRERLIEE -3
R 15 6 [BRM5XEIIRE » ATTEIIRA SBP

B@@hysiology and Fitness

Ed DBP 98RE LF - IKEBRRIR - MBS
ERAA YRR HEHRLUR BT
T35 * Tanaka AR B S MBI PES K
MERZHEHR M Cox BIHARAEDREP
EHERRYT : SeRIARENEL - BESM
BRRAREZESNT ANMRRBRERS
(Cornelissen & Fagard, 2005b; Lesniak &
Dubbert, 2001) * BB SELES)F HRPT
ESHNWRMBFARE (Tanaka & Safar,
2005) ° B » Cox RABXYBEREHED
CEITEIIR » {8 Tanaka MITATRIIERERE
Bk - EUSHBXNLNEETERHR
QLGEES R HIEINEIHRAE - Cox BBRR
ZBIIRNZHEHRSERIESDNE
TERBHOAE  TEEBHGERBER
(Cox et al., 2006) * (BEFRFREHE BN IXEE
ERE  REEHEETER - AT R
s XEREZ(FINE EFH (Floras, Notarius,
& Harvey, 2006) ° [B8F Tanaka BIBERIREHS
BETREEDIK  JEERIZHEB/AY
ENELNEE  MELEZERE (Jennings,
1997) - A PSS LRZRTEEEEMIATHIER
A—HHRA » NEMRENHARMNES » W
1215 5T B 5 1R R 0555 7K 5l 1R £ 0 &R 6
e

BXEIEABMEMHERBIENE
51188 - BIE5RER - KE - REREA
KBEXKPRFERESHEER » SBER - B
- WRESE CESINEMER » PT35I
MEBHNROLEBELAE (Tanaka et al.,
1997) - tHFSHAD » IPAZBHDINIMES
BBETIZER S 20% (Jennings, 1997) : BFF
ERRRISIEE » RABEBZRDN 15% ' &



S BRI [~ Y B

SR Sk e
T4 51~ 60 F1 (2007.08)

RNV EE B HEE R P RISE - BIEEIR
= JEREIBEXESR - FEHRES
1210 > BSKEERERIE @ EMNEZMEW
MESEIMMEEIEINBERE (Holmer, Stein,
Saltin, Ekblom, & Astand, 1974) - & 18RI TH
UG RER IS X R E AN EE) E £ RNEHE
BRE  BIRSEZHWANES - WEED
f@Z2 S (American Hear Association) PAKZE
BESNEEEZ (American College of Sports
Medicine) ¥IRSIMBRAFLTIRENESE
IEBRBAIEMERES (BT - B
BE) —KEEBREMBOR » IJ8e
FTEEEIRIE Tanakaetal. (1997) BIHHIE
%558 (Floras et al., 2006) » HEERRFIXEIHR
BN AHDEFEAMBE{CEUR HEIKTE
- BRI EESHAMBEENHE
@ BERERERCSEREED MR R
BREVEIER S - WHIRARPEF ANS MR
BEMEZNEI RO RHESHRERE -

5

o

EEHWARZS(CEBRDERILASR
IEER - BERtARNESE2EE0E
M EREC S ERBARIE L BVIZE E238 10
FARIBFENE - PR DESNBYCRE Rl A
X WRIIBRIIRIGSEE00E IR
ERHHEFANSMBZSEEEED)
R > 5—H8  BXESEMEEGE
24 - BRIARILE—HGR - F2E

—SEE °
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The Influence of Exercise on Arterial Elasticity and Aging
Hypertension
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Abstract

The structurally and functionally deterioration of human artery in aging contributes to higher
risk of suffering hypertension or related cardiovascular diseases. Pulse wave analysis and velocity
have been clinically proposed as gold standards, which are superior to traditional blood pressure
monitoring in assessing arterial elasticity. Previous studies showed exercise, especially aerobic
exercise, is an effective non-pharmaceutical modality in decrease arterial stiffness and preserve
arterial function. Despite resistance exercise has been found unfavorable to arterial compliance, it
is still suggested that resistance exercise is effective on lowering blood pressure from long-term
perspective. Aerobic training combined proper resistance exercise so far is most suitable for elder
and hypertensive people as far as exercise modality is concerned. In addition, swimming that has
been considered as aerobic type of exercise recently was found causing increased blood pressure
after training, which was different from pervious findings. Further studies are needed to clarify
whether swimming exercise is favorable in lowering blood pressure that can be recommended as

an effective mode for elder and hypertensive people.
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