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The effects of walking exercise in a hypobaric hypoxic environment
on peripheral blood circulation in middle-aged and elderly men
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Abstract

The purpose of this study is to elucidate the effects of walking exercise in a hypobaric hypoxic environment on peripheral
blood circulation with accelerated plethysmogram (APG) in middle-aged and elderly men. According to APG findings,
five waves (a-e) were discriminated in APG waveform. The region (a and e wave) above the baseline of APG was defined
as positive area (+). The region (b, ¢, and d wave) below the baseline of APG was defined as negative area (—). Before (at
rest) and after the training in a hypobaric hypoxic environment (HE) and a normobaric environment (NE), the following
parameters were measured : APG Index, the ratios of b/a and d/a. APG Index was formulated as (~b+c+d)/a X 100. In
the experiment 1, sixteen male subjects volunteered for the present study. The subjects were asked to rest for 20 minutes in
two environments: HE at a simulated altitude of 1500 m and NE at sea level. In the experiment 2, four male subjects were
asked to exercise in HE (1500 m) for 60 min/day, 2-3 days/week for 4 weeks. The ratio of d/a ar rest in HE was significantly
higher than in NE (p<0.001). APG Index at rest in HE was significantly higher than in NE (p<<0.05). APG was temporarily
improved by acute HE. The ratio of b/a after the training for 4 weeks was significantly lower than that before the training (p
<0.05).The ratio of d/a and APG Index after the training for 4 weeks were significantly higher than that before the training (p
<0.05, p <0.05).These results suggest that walking exercise in a hypobaric hypoxic environment may be a useful method for
improvement of peripheral circulation and exercise treatment in middle and elderly men.

(Tokai J. Sports Med. Sci. No.17, 16-22, 2005)

16



FREE T A EEEBRERET OSMER S KEERICRIZT R

VAR, AETEEER.. & QCRMEORES L O
R g B E ORI BT 5 BER O
- AEPMMSS CHESNTWS, B, EERER
B OERR. SR0E. BITERESE% DL
BEROBEHRRFO—2 L LTHIFSR TS,
L7 T IRiOTFH - S, £EEER%
FHTH—DOFETHY. ZOFF - uELH
e LT, SHESHIEA STV, BEEE
BICHT 58l L LCid, LERB X CMED
WAL LD ICIHERBREORE b EE R AHKN
BEREATAHDDEZZOND, MBTERBED
BEZHET2d0L LT, BABRRKEE K
B U7 MR BEAR I, FEMBIILAG 722 SRS 76 SR dy e
D—DODE BT PHEIN TV D,
S5, BAREED L BRI A S A KA 1L
WIERBE L CEELBRAH 525D b #
HEhTW»h, '

%ﬂbV—:yﬁm\—%@lU%bxf—v
 RFOBEHIALEOAL ST, BEVEREOL
COMSHT B OTFE - SEb & ORI R
WY 2 WHERODH 2 2 EHE R bN D, FE, Fh
bk, ATWEBEEY 254 (RER) 28
v EEEEEEET OB 5 I b IR % 38
BE LEHAR L == 7 L ERRE T 5
BT &I, BEEBLIUYIAL b
U—NVEBBEETLAR-YETFEZNRIC. F1K
BB & AN F—RFOED & HATES & 3R
Bz q b3y hu— By aREY Y
DVTKRFZIToTVb, TRNHDOFEE., AR—
VEFB X OEHEORE T 51500 m
AN AT T 3 osFEn. &
KB b RETEHBRBOTLES L OTRERS
OYEHITOI. L YRR REHT X 5 ThE
BOHDIERBOTVE, T2, PEEOID
LEMNFIC, 1EOREERERSET @) &

BV 2ECEEEBRERET (FH) ofHIc:

BHATEEE, HIC, BEFEMERET ORTE

B (B3 EIOHE) [CHELT, REMICHE-
THEBES B & & TRERAHOTTES X OTRER
FHOYEI TN, RRI 2 REHTE 5T HE
DHBHIE® LW|EL TV 5, | -
RIS Cid, FEEFOREE LRI, M
BRI O AT RIEER DB E D 5. 51500
m ST EERBRERETICET A H5TE
B, EBRTHRICL, KEBERS—EMICHE
ENBILEHREL TV,

ARFRTIR, ZOMEO—BELT, ThET

DEMERE X PREEENRIC, EEEBRE
BT BT 2 ZHROFMEROBE, S 512
i RE B RESE TS B 5 BN 2 HTEH
DPRMEROBEICED &) B2 RITTHIC
DWTHRE L7z, '

1. EER1 |
T EBRL T, PEEZ RS, —Bk
DEEEEZERE (KHR) MPREEROBEIC
ED LD BB ERIZTNICOVTHRE L,
1) #W5E ’ | .
CEBRN SR, RBAEAR-VEE £16
[hEEEEL N RE L EHEET 0% 2K
=Y Uy 5 AT B HE] B 723040
FA O BF16% (PRERCLT 435K, THEE
165.4£5.6 cm, FHEE64.4+61 kg) DF—%
EORICHW,
2) WEZMG
BEERERE (HE) TOEBRIZ, Wik
AR—=VEMFHRETICEE SN THLEE (B
WrL—=r7) BEFEHLZ. BBREE. FE
FEERE (NE) TLEEKBIERETICHT.

ZNENICHFHFIRELZ RF S &, KFBEROUE

iThE7, _
AWFETiZ. NE (RJE. 760 mmHg) B X

HE (%1500 m (240% 3 2 %/E. 634 mmHg)

ICFRZRRAL L CITo7 (RiRm%20C, HHHE

17



FR MR- PERE - NEFH - RF B - ZHEE - LERE - WIL ¥

FE55%) o

3) IR DR E

R CBE00 U EORE % & HH72%ICH
E) OMBEEIRME T WERE & BALEPT, W)
EEROETE 2 BOWERE &2 O L NIVITREF
LCHIE 24T o 720 NEBEMREKIL. WL MR
Dk a~ellHHL. oo LoRse 77
A (+), TOHFEIAFR (-) L&D,
nEbyb/afl, d/aflids L OMEEREORER
JeiE & LT APG Index = (=b+c+d)/a X100iZ
XYk, ZoIndex k. 5HADIREDOF
BlE%k ZOREME L7

4) PEF

KRS M BEERBEE O E X, IEERMEET &
A Fs3v A (SDP-100. 7 7 ¥ BTFHARH) %
BTz L7,

5) Wt

KR FHEBERETERL, RIER
fRATICIE HE & NE (Z#E) ORBEOREID
paired t-test Z V372, MEHA B AR, T
TOREIZBWT S %Ki E L7z,

2. KBR2

EE 2 Tk, FEEEEZHRIC, BEEBRER
BTICBIaHmEHrhLE L4 8RO ML
— =V IDRMBEROBEIZED X ) B E R
T AW THRET L7z,

1) W&E

EBNRIZ, FREOBTF 44 (FEmMS2S
£6.6/%. FHHE1693+7.0 cm. FHAEEE.S

+139 kg) ZHERE L Lo 2B, BEBEIZIZ,

WEOBH. WEXHHCEFL. EBREBMAD
R %87,

2) IS
EEERERE HE) TOXERE, Rk
2R —VERNFMERICEKBINRTVELEE (B
WhlL—=7) BxHHL.

ABFFTld. HE (BE#1500 m A% 5 KL,

634 mmHg) (ZZFhZENHREL TIT-72 (Bin%
20C. HXHBRES5%) o

18

3) EHAMT A MBIPLTOHE

BEEEMWT A FPOWEIZIE. FLy FIV (&
E% 6 km/h ICEE) V., 4 ~5EEHDORL
o MR R BRA T, KAED S ZNETNI05H
DOFATEB % 1T b¥ 7z FEBOMIZIZ. 1055
OB Z ANz,

M FLER R . 105 O EE T E &I
e & HE ORI % 1T o CTHlE L7z LT DHE
. EERE L M ARRE L OB&S S, LT
AN A MLy FIVERMAERD .

4) A ML—=v 7

BEEKBEZERETICBIAFAN L —=V T
. 4BRChbzY, B2~ 3BIOHEET, 1H
60 FIDAATER) & U7z, EBE, BERE L, K
EARBEERIE T 600 B OZHRE L RIF L 720
F—=v 7 %fFTbevER. BEEFOPFTI
HRAE7000% % £H6T % £ V) &HT. BBRED
BIEIZS A 73—F (RXr V) #%EFELT1H
DOEFITH HEH»0) —) ZEHHSE,

5) s EENR i O €

L —= Y TRIBOMBEEREOWE L. FHE
BIET (RE760 mmHg, EiR20T. HHXHRESS
%) T, BiHOH EHI2EEH L EOMBEIRETF
B S EE 5 9 BRICHIE 24T o720 BB, PL—=
YT BOMBEREOWE X, SATEHET D 2
A 7o 770 BERF X, BARSIC T, WL
MOEFE 2IOWREEZ LB L ANNVITHRFLT
HE%1To 720 MAEBEMRBEOWEIL, EEBR1 LR
B HEICLL>TTo 72
6) %Nk

KEIMBEEREEOWEIZ, BCF v —
HEXEHT2—Fr— v 47, BE), MfH
ABBBESTINVIA—R - 52T = T FI54 %~
2300STAT CKE. YSI4t) % Z2hZhH Tl
E L7
7) MR

HRIT, PHEBRERETEL, HEHERNHE
X P L= YV TRIRICBIT 2 ABEDOREIS
paired t-test Z 7z, METWA BRI, TX
TOREIZBWT 5 %R & L7z,



PEEE N T HEEERBRERSE T OSTEB I RKEERICRIZTHE

1. RER1

1) RERERRTRIE T IC BT 5 R #HR O b BE IR

BRI (b/a. d/a) DEAL

M13BLU2IZNE B LU HE OLERIZHIT

NE

s & b
LT

s
n

b/a ratio

s
—_—

-0.6-

-0.7-

B (EEEREERETIC S 2 RREOMREIREE
t (b/a) OZHE (*p < 0.05)

Fig. 1 Changes in parameter (ratio of b/a) of APG at rest

in NE and HE.

Values are expressed as means + SD. NE (sea
level); normobaric normoxic environment, HE;
hypobaric hypoxic environment (*p <0.05) ‘

%

32
24+

16

o

|
©
l

APG Index

16—
-24 -

-32

-40 -
NE HE
H3 (EEERFRRIETCSIPRBROMEEICRER
DL (**p <0.01) o
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