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Fig. 1. Components (a-e) of accelerated plethysmogram
(APG).
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Fig. 2. Typical patterns (A-D) of accelerated plethysmogram (APG).
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Table 1. Pulse rate(PR), systolic blood pressure(SBP), diastolic blood
pressure (DBP), pulse pressure (PP), mean blood pressure (MBP), b/a, ¢/
a, d/a and APG Index before and after walking in the hypertension (n=

20).

Before walking

After walking

Rest Recovery 10 min Recovery 30 min
PR (beats/min) 74.1+2.50 80.8+3.41** 75.4+3.08 ns
SBP (mmHg) 161.1+2.69 140.0£3.77*** 141.0+£3.98***
DBP (mmHg) 93.3+1.89 87.2+£1.90** 86.1+1.80***
PP (mmHg) 67.9+3.25 52.9+3.41*** 54.943.38***
MBP (mmHg) 115.9+1.57 104.8+£2.14*** 104.4+2.21***
b/a(%) —34.9+3.21 —51.8+4.03*** —48.8+2.59***
c/a(%) —30.2+3.32 —40.0+2.54* —34.4+2.53 ns
d/a(%) —53.8+3.68 —42.6+2.42* —45.1+2.99*
APG Index —49.1+7.40 —30.8+6.06* —30.7+4.58*

Values are means+SE. Asterisks denote significant differences from the rest
(*p<0.05, ** ; p<0.01, *** ; p<0.001). ns indicates no significance.

b/a, c/a and d/a denote the ratios of each component (b—d) to “a” component of
accelerated plethysmogram(APG). APG Index= (—b+c+d)/ax100.
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Fig. 3. Changes in systolic blood pressure (SBP), diastolic
blood pressure (DBP) and mean blood pressure (MBP)
by walking in the hypertension (n=20).

Values are means+SE. Asterisks denote significant
difference from the rest (** ; p<0.01, ***; p<0.001) .
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FRERDEHE BT L GERXBHDEENL 2
I LTS ThIC & 2 MED EARED SN D
o1k s®, BEETIEEL { BILEE - T,
PUZEHIZ X BFETHROE & IHERBEDOFEDHE L

KPWAH LTz, RO EDL ZD & 5 RBRNH
SRR ENRDHE, INODEEIEFDOHH A
RO A L NERICBERL, ZhoMEERE
WAELSEBELTWAIERYE-> TV,

WA, BEFEROBMHCHIEEOMRCL 2 E
BAREEOF T, BE v —= v S BEME
2R KB EBRBEOEE T d 2 h#E E Ik
T OHBICENTH D LT IRMEVPEEL 2
ENTETWS, ZOHTEES X, SMEFSE
DEEEMEE 3V AMTAS L, TEEOEI DT
Y=V T OHBEE, P b2~ 3E0OHEE
T, 1ENZ20~307BEEMT 200EELL, 7
Y= v TR D% WEIZ ERIRIK E WERICH B
ZEERBSPIILEY, LL, MY & 2EEIL
Z o TR T 2 HH 3 2 (8 b 5920, %7z,
HEREE DR L, BB AR—YRT =
TDTERVWELEL LD, ZTOH, Vr—F 7
FHEEEETOREEEETH, ADLPHEMILT
WD STREFRELEE TH 5.

SEIO Y+ —F > 713 F4.5km OFH 2 3 -2
TEMBE NIz, FrERFEIZF53.99 T, SEIF
$16243%5 Th o 7z, SENEERERIRZ 5 2 L
TELEDoTzD, EADR=ATY 3 —F > 7T
bzl ebH-oT, Var—Fr7BROEIEISC
BARFA DS L EERF O AKHEIIZIZER L Tz 2 &
5, ZRIEEHRL VWY 3 —F VI BfThhTwiz
LRI NS,

iz, 7A—F VI RICBMESY +—F > JHi
DEHEICH L THREICET L, WHO E#¥DIMERS
WCIERIMEROEHE Z 72, IEREIRE IR A
T H 2 IEREIRE RS Y + —F > 7 RICE <
Y, REBNEEFEYOHFRKCET 2H58%
o, ITNODOEREINETDI V=v /0%
e & OFERT-2D L IZIZFARTH > 72, £ L CEER
DI LEHEDO LV _NVICEE L Z L2 E 2 5
L, IN6DZERBBADR—ADY 5 —F ¥ 71T
& o THEIMESE & M EIRE O —i@tk O 8E B
ThHHIERTBELTVE, LichoT, =V
Tl &I LRI, A R—ABEDOY +—F
Y7 THHERNCHET 2 Z LIk o TERELV L
D IMERE & INERENRE ORESARFTE 3 L H 2
Y OF:R

L L, BRCTORMEFEDHRBEDIE & A EIZIM
FEREERNIC X 2 b DO0%\», KNRETIR, MERK
FEFIZ: ¥ DR RFAL T 2EBT0%\ 72, D
CEEDBIMEEICY L TZ, BEREREBDORIE
EMHEIL, SHEXREZED IR EOHELZ LT TV
23030 UL, EEIORA I X % MR T »35E ZfE
BOBMERI LG 52 L20EMIcbi 5k
DS g7 EMOBRBRIEDEIMC DR B Lol
HEHY D 555799, F JBE & MU RE 1203 5 A
DEEIZOVTIX, ZTOMKIEL <, BIEALE
BHED FIHZNR L DR EVLHRETH 5°°,

85 KEGREERRE (19924F) TR&EME
DWEEASHCEL T, BREFMEOHE T & T
VIRELDETA TAIANDHERTS Z L 23
DT3B, BB EYEE %3 5% EEED



RIEBEXME $2% F15 19964 33

FTHET L2 LN EER/RINEZENE TN
%,

SENIEY O, RS EFL WERERE
WT 2 LBRETH- 1 0FEYD Z L 2HEBIC
WRTREf Lo fe, Yo L > T, M
FERIEERE CHEES 522 bO0H 0, Fiz
EENON T 2 RS EIIEI L2 D, BEIKIEZE
BILEVT230bb5EEbNS, FEESDE
FRMEMFEEL2NRELSkm Y+ —F > 70D
BT, MERETHZBRAL CORLENEED S
DBIRAL TV ELVLELMERETHIED 51
T3,

B NV — = 2T & B I SO R R D
WELR L, BEFIRA OB SRR, £,
EREE, SoBAORERE VWS ERIZE ST
B3t Ezonsd, EHEOFGVBEESIRIC
BT IMELDH DY, SH—BTORHETL
DT 2REDLETH B,

KIFFE0 & Bk b v —= > F BIMKERREEOH
RWEL, EEEDO QOL ol bicE T 2 2 L2l
FINdZensd, BEES L VEIILESDEFL
HO—DDOBNRFETHEHEZ65NDT, &
BRE PV —=r 72k T 2RI NE LR S,

5, =]

E

KO BRI SHADR—Z TITb iz #4.5
km O+ —F ¥ 7 HSEMER OIMFE & il & Bk
WRIZTHERRN TS Th S, HRIFASH~T1
% CPHF#EEL.TR) OBL204TH 5, MELM
REREOHEZ Y+ —F >V THIOLEH B L
V4 —F 7 H%OEIEI05 3053 Th S, FERIFU
Toxoicgevons,

1) SE¥SBITRERI2353.95%, 5803624348 T
Holz.

2) BRI Y + —F > ZEIOFY 2374 181/ 5 T,
7o —F ¥ 7% OEIE1051280 .8t/ L BEIC L
R U T2, [EE30MTIET5. 40/ &£ 7+ —F > 7R

DEIIZIZEIE L7z,

3) MY # —F > 7 HiD¥HIH3161.1/93.3 (X
WEER/HLRE) mmHg Th o728, 7+ —F > 7D
[E48105> T13F#4140.0/87.2 mmHg , [EI{§305 T
1X3F#141.0/86.1 mmHg ¥ T ZhEEICETL
7. 7, WHO E¥DMEREKTIE, v+ —F > 7
HICEBVBIERTH o1, vr—F v I%T
EEMESSE-> T, ERMEROHZHHE 2 /2.

4) IEREEAREE Y + —F > JHIICHEE LT, b/
altSy x —F U 7BRICERECETL, d/atkyf
B LR U, c/atbizy + —F > 7% OEIELS
WHEBWET U, [BEIE304 TIERERICIZIZE
B/U 7z, NEFERE RS (APG Index) &7 + —*
YT HIDOYYH—49.1ThH - 7203, [BIRI105 Tlx—
30.8, EH304TIZ—30.7L 2 FhEEICERL
Pe. WENI Y + —F >~ 7B D EIME - T, A~C
B DFENHEZ 7z,

5 LAEDFERD5,50~603 D~ 4 _R— X DiF &
DY+ —F > 7 F—BMC P EERE O ME %K
T&E, HORMERGBIRESC2EFH L LT
B¥Th B LIRBI NI,

AHFE I ILTR) | BERT O | FERTE U d b B D < 0 A%
FEE (1993%F) KXo TUiTbhl.

ARO—EBILE 2 BIAAREER LS (19956, B5) TREL
7z,

RMERZ 214D, KBECIHHEED £ Lk HEFEE,
vex KB FRELE, IITEITRL bbEEET < ) BERREES
AERA, WO EITESREETRBREOERCBHOES
FUET, ¥, MEREIREE OB L CHRRE S 78S
WA 2 7 4 0 VBISEERIC, Tigatk SF MO 2o LR
S REB O LE T,

%2t 96.5.9
A 9.7.3

X

1) Joint National Committee, Evaluation, and Treat-
ment of High Blood Pressure: The Fifth Report of
the Joint National Committee on Detection, Evalua-
tion, and Treatment of High Blood Pressure (JNCV).
Arch Intern Med, 153 : 154—183, 1993.

2) Boyer L. and Kasch W.: Exercise therapy in hyper-
tensive men. J.LA.M.A., 211(10) : 1668—1671, 1970.

3) Chrastek J., Adamirova J., Kriz V., et al: Testing the
cardiorespiratory capacity and training in hyperten-



34

4)

REEEITR H2E F15 1996F

sion disease stage 2. Rev. Czechoslovak Med., 20(20) :
58—75, 1974.

R, &1L E, fEXH, b BEhr—=2 o
REIMERE OWE I RIiZ TR CE T 205, EHM%E,
36: 52—66, 1977.

5) Ressel J., Chrastek J. and Jandova R.:

6)

7)

10)

11

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

Heamodynamics effects of physical training in essen-
tial hypertension. Acta. Cardiol., 32: 121—133, 1977.
SRHEERA, Hf o, RERZ, i BESME-FERRK
T B EEREOMR BT IBREEENZZ
2 H—, HEREZSEHH®, 2815:27—32, 1978.

Roman O., Camuzzi A.L., Villalon E. and Klenner C. :
Physical training program in arterial hypertension, A
long-term prospective follow-up. Cardiology, 67 : 230—
243, 1981.

R, AR, £l E, b S hr—= 7K
BIEEORECRIZTERCET 2MEE2H — 5
b v —o v i & 2 REEFIEOERNR—, IR
gg, 51:1—10, 1982.

R, £l E, MHEXH, fih G v —=0 78
BIEEOREBCRIZTHRCET 2% (E3H) —5
MEESRED 72 » DOEEFMGOME—, I, 55:41
—54, 1983.

MHEMIL, SECT, £HMS, . BESNECSIT 2
BEREB OREERIE, (OB, 15(5): 513—519, 1983.
FUESHR{E, BEAE—HD | BIE D EE—mIERE, Eai
#H—, BHAEERKR, 42(2):190—196, 1984.

A B, FRINHES | SIMEOEEhFE & IR,
EEDHWwH, 130(13): 1081—1084, 1984.

FErmE, FESEEE, A0 E, fh o isREIREIC & 10
WEROFE & 2 OIGH, FEEE, 61(3): 129—143,
1985.

EEHE, R, £i10 E, b InEEIRE I X 2 Mm
WIEROFM & Z DIGH 8 2 8)) —EROERILDREA
—, &SRR, 63: 17—25, 1988.

£ E, B%HE], FRSEE, Bl D BALHEE
72 & D BADOMEEIRE 2> & &7 METEERENEE, E I
e, 74:18—30, 1990.

FeEraE], FrRSEEE, MLUNTE | BEREOSITRE LN
HEAREE 2 & A7 RIETERENRE, RERE - #EEY,
1(1) : 3—9, 1993.

BlRHrh, FER %, BORIK, fi KkESHOMEE S
FEEZEOFE L L THERBRCRIZTHE, BERE
KREFACHE, 20(2): 153—160, 1991.

VeEFE], R RESERE, MU [ G v — = o
ERECRIZTHE (Z02) RPN —= v S ORE
—, TEGEEWIE, 16: 4753, 1993.

wA B, MO @, IWIEXL, it BE O EHHES)
DIMFE_EFMFIRFOMFE—iaH & B HEB OB LI F
v P OMECRIETRE—, IR, 30: 206—213,
1981.

R, £l E, fEEEA, fi  PEFESNESEOR
R 7 > = > 7 EZRE), #RRF%E, 60: 13—24,
1985.

Barnicot N.A., Bennett E.J.C,, Pikington T.R.E,, et al :
Blood pressure and serum cholesterolin Hadza of
Tanzania. Human Biology, 44 : 87—116, 1972.
Truswell A.S., Kennelly B.M., Hansen J.D.L., et al:

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

Blood pressure of Ikung bushman in Northern Bot-
swana. Amer. Heart J., 84(1) : 5—12, 1972.

Lups S. and Franke C.: On the changes in blood
pressure during the period of starvation (September
1944 to May 1945) and after the liberation (May 1945
to September 1945) in Utrecht Holland. Acta. Med.
Scandi. CXXVI fase VI: 449—458, 1947.

I E D EESECOH L & Rt IR PIET I D
W, HAREMSHSE 21(7): 30—35, 1974.

IIREE : BRBEORERE, »o5720RE, 28: 95—
103, 1969.

Stupening W.: Uber die Hamfigkeit der Krebserker-
kran Kung. Erste vollstandige Krebsstatistik des
Deutschen Reiches in den letzten 30 Jahren. Z. Krebs-
forschung, 46 : 175—210, 1937.

FeErE], =, /NURE D B b v —= 2 7 anE
BIRECRIZTHEE (20 1) —7 v = 7HOEIREZR
B B HRA, MES & IR EIRE O AR —, T
KEEZE, 16: 39—46, 1993.

HEE], FisERE, 210 E, b BFEEE v -0
SINDSMLE & AR EEAREE - R T 30R, TEEFTEME,
17 : 39—48, 1993.

HN S, REEBC, MEXE, il FEEEOBILRE
HHIGE, REARFEERIERICE, 16: 63—72, 1993.
[EHZER, 1T\, FEEIA, M @ FIEOZEF T
(2) IREAMRIMES O FH & MEHEE OFE 3t
T HREREER, @RESE, 59(5): 373—380, 1968.

h B 5T | AR E M O F5% 1 kI T R E AR B4
FHREOZIR BT 27198, METIEREREE] % & 12489610
BHHER > NI TOREICE T 5 HETHEE, HNES
5E, 48:970—988, 1964.

HHIES, EF # . BEERNEECS T 2BEERO
fER%, BEMR, 5(10): 571—579, 1961.

Hodge J.V. and Smirk F.H.: The effect of drug
treatment of hypertension on the distribution of
deaths from various cause —A study of 173 deaths
among hypertension patients in the years 1959 to 1964
inclusive—. Amer. Heart J., 73(4) : 441—452, 1967.
FRELK, BEH H HHES  BEESMEEOR
%, HEEZE, 6(1): 65—71, 1969.

LHERE, WmHEER, PEEZ, AHEE | SIETFRC
B3 2 Br ORIE S &0 —, WEL 20: 804—811,
1967.

Veterans Administration Cooperation Study Group on
Antihypertensive Agents: Effects of treatment on
morbidity in hypertension. 3. Influence of age, diastolic
pressure and prior cardiovascular disease: Further
analysis of side effects, Circulation, 45: 991—1004,
1972.

EIGHRT, FRILTE | IEEIRE, FARER, 20:948
—955, 1988.

Kataoka Y., Sano Y., Imano H., et al: Changes in
blood pressure during walking in the elderly persons
with hypertension, Chiba J. Phys. Educ., 17: 33—38,
1993.

Fia=emE, £l E, fEXH, i S rr—=r1
X 2 EIMEROMEZR & AERLORMK, TERFER
BEETIeiCE, 43 65—74, 1995.



REBEFNR £28 F15 1996F 35

The Effect of Walking on Blood Pressure Changes and Accelerated Plethysmogram
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The purpose of this study was to examine the effect of walking on blood pressure and accelerated
plethysmogram (APG) in middle aged and elderly non-hospitalized people with hypertension. Twenty subjects
with hypertension (4 males and 16 females) aged 45 to 71 years (mean + SD 61.7 + 5.79) participated. Blood
pressure and APG were measured before and after 4.5 km of ordinary pace-walking.

The average walking duration was 53.9 minutes, and the average amount of steps walked was 6243 steps.

The average pulse rate increased significantly from 74.1 beats/min before walking, to 80.8 beats/min 10
minutes after walking, but fell to 75.4 beats/min 30 minutes after walking.

Systolic and diastolic blood pressures decreased significantly from 161.1/93.3 mmHg before walking to
140.0/87.2 mmHg 10 minutes after walking, and to 141.0/86.1 mmHg 30 minutes after walking. The subjects
were classifed into “normal” (11 subjects), “boundary” (5 subjects) and “hypertension” (4 subjects) 10 minutes
after walking, and into 9 “normal”, 6 “boundary” and 5 “hypertension” 30 minutes after walking, according to
the WHO criteria.

The APG Index increased significantly from —49.1 before walking to —30.8 and —30.7 at 10 and 30
minutes after walking. The APG patterns had been classified as A through C in 9 and D in 11 persons, however
10 minutes after walking 15 persons were classified into A through C and 5 into D patterns, and 30 minutes
after walking 13 persons were classified into A through C and 7 into D patterns.

In conclusion, 50-60 minutes walking, at ordinary pace, is an effective exercise to lower blood pressure and
to improve peripheral circulation in middle aged and elderly hypertensive people.





