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Physiological Responses to Long-Distance Walking
(20km) in Elderly People
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and Tomoko HARUYAMA

Summary

The purpose of this study was to investigate the physiological responses to long-distance
(20km) walking (Test 1) and mountain climbing (640m in height, 18km in distance) (Test 2)
in elderly people. Methods: Heart rate (HR), blood lactate (La) and blood glucose (Gl) were
observed during walking 20km at their preferred speed in Test 1 and at the same speed in
Test 2. Also the blood sample was analyzed before and after the 20km walk (Test 1). The
subjects in Test 1 were eight male and seven female volunteers, aged 58 to 69 years, who
were physically fit and participated in the walking events two to three times per month.
The subjects in Test 2 were three male and two female volunteers, aged 62 to 70 years,
who were physically fit and climbed the mountain two to three times per month. Vo2max
and leg extension power were measured on all subjects before the Tests. All data are pre-
sented as means and standard deviations. The significance of differences between the
repeated measured parameters was determined by a two-way analysis of variance
(ANOVA). For all analysis, a p<0.05 was accepted as significant.

Results: The Vo2max (mean; 35.3ml/kg/min for males and 29.3 ml/kg/min) and leg
extension power (mean; 194 w/kg and 12.5 w/kg for females) of the present subjects were
classified into the good or excellent categories of age-matched Japanese. Walking time in
Test 1 ranged from 2 hours 45 minutes to 4 hours, and the walking time in test 2 was
approximately 5 hours. HR in Test 1 ranged from 100 to 140 bpm, which were equivalent to
60~80 % HRmax. The values of La were under 4 mmol/l. Gl decreased significantly from
105.7 to 92.1mg/dl after walking, while free fat acid in the blood increased significantly
from 0.32 to 1.21mg/dl. HR in Test 2 increased to 120~150 bpm during climbing and clear-
ly decreased following a 20 minutes rest to 80~100 bpm, while HR remained almost con-
stant at 80, 100 or 120 bpm during descent. The values of La increased over 4mmol/l dur-
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ing climbing and remained under 3mmol/l during descending.

Conclusions. Experienced elderly walkers maintain excellent levels of physical fitness
(aerobic power and leg extension power). They could walk 20km on a flat road at relatively
high speed with aerobic metabolism. However, five subjects showed large inter-individual
differences in HR and La during mountain climbing. It might be the results of climbing and
descending at same speed. Therefore it may be recommended that elderly people should
walk at their proper speed to avoid fatigue and take an adequate rest periodically.
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— X T ARV MIBINL b, TA—F T - AN P TORITIHE, EE
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DL BINCHEL L 72 ) 9 5 sl 1o, BB A I D & D 7ol IE e Ak A R
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I. MiRHE

Wb . 77 v N RETOERIZIE, 58~68/K D 8 ZHDO WM, 59~6TiD 7 % D
B (F1). IED OFEERIZIZE6~T0m D 3 DT L 62L 65D 2 %O
ZML7z (F2)o WTFNOBEBREIH ALY 4 —F 0 V2 EE L T THICHAERD
BEEIAONL oz, HHEERE T, IEOHB, T 2ERICOVWTOFHHZ L,
LEEL > THERE L 25 2 L OFEEES,

BITE @ EBROBATEROFN . HEREOERTIKELZ LIRS 5720, WML v F
INVEMT AN EER L7z, BBREIBEH ML Yy FIVEE, AE¥— F80m /4.

R BATT A L OWERE OGRS X ONEB BT T A PR
s

Wb 44l 5 HE BMI KEERENGE | B Dan | e ST —
(%) (cm) (kg) (ml/kg/%5) (1/43) (w/kg)
B 8% 62.9 166.1 66.3 24.1 35.3 181.4 19.4
SD 3.8 5.1 4.0 1.3 3.0 7.3 2.8
T4 64.3 153.2 56.1 23.9 29.3 176.1 12.5
SD 3.3 3.7 6.4 3.1 44 6.9 3.2

x£2 EIT A N OWEEO S IRE

B
i FF(em) | RHE (kg) BMI IR FHRE = (ml/kg/53)
NY 70 161 54.1 20.9 33.5
KH 66 170 719 27.0 30.3
MM 66 164 65.0 24.2 29.0
L8is
i FF(em) | RHE (kg) BMI IR FHRE = (ml/kg/53)
HK 62 148 56.6 25.8 32.6
1K 65 150 56.2 25.0 294
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100m/%3 T 4 4 M2, #\WvT110m/4, 130m/4 T 3 M3 o%k &, 2D1%130m/45 T
34, FNLERERIE DT, TERLBDETESTZ, ZOM., HFAE— FTOL
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FBINE, 1 TR AT AT T 7T ANy TIHRE LTz A A Y — (W) <
WEEEANE L, EESIEE (T aY A7 248) 2 HWC, ME L bR EDEE
ROM LTe B, BEENEIL, FPRED1L0LLE, OHEA220— £l L, RPEDS17
(D7) EDw) DbxdoTivkE Lz, T80, MMENSNT— (77 LA, 3
Y EHEDEHIE L,
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FATHIZ 5 km T L ICRPEZHIE T A & & b1, R—REMRAIESZ (AMX—720, HANE
BAR) 2k o TULHEBI R ALk L7z F 7o, AATHI. BT 6 kmib i, HATRICIRE
SORML, MbsEEE (5275 —1F - 70ty d—, 7—27 L AR, Wl (57
FAY—EZ, ZIAE) BWE Lo SATHIRRICEIRIMLZ BRI L . B (FmEkEk. 77
MEH, ~ErZavy, 7L+ >, VT FLFY v, HiFIRFVE S, RBIE
BRVEY, AR v, TNF Y=, MBEE. #EREIRTIEE) O 5T % M4t BML
WHHE L 72,

BT AN #EOWAET - /2%, FH5 9 FE305 205 5 AOMWEEE DS H LAY = F
T, EETI0mHM E 2 5 1350mib i~ L) | Foie UG HORBEE, &) KiR27CT
Hotze BIlwT, B 5 E, Filifs, 82 H8RMm L, mMhFLEgE (527—F -7
Oty —, 7—27 LAME), WHE (FF2y—E7Z, =dd8l) 2Helsz, &
HIIR—RMEMRERC S (AMX—720, HANGEMRE) 12X o TLAZLE & 5isk L 72,

I. REREEE

(1) BKRKRREICIEIES B

FHHESRAT 2T 2 L S0 2000 s LTEFER Lzoid, ik L2 &
LR, FNICEIBREDO LA, ZNaW2 572005 F, ZIUT L APAERTH 5.
PACX MR D AE & F A X, LAHZERINATZE 22 EOMEIRAEIEICEEZ 726 Lahk
Vo EHIC, RIRO ER Iz N LR BAHEICH 25 BRI E 5 (Wilmore
ECostill, 1994) s ZD7280, 7 —F ¥ I HFRKETFICERT A2 ENTTHLNTWY
%o

ASED20kmAFEITT A NTIE, TAVF -2 3L AYEGETF VWA T VHBATET
(11Kcal/100ml, KZFHEEHH) x| A VEZTHRE I L1272, RALZEIR,
WEREIZ L > TOml25500ml & KREREAENH o720 L L, 20kmBE T TIEA~Y *
70y MEDOFHIE, FITMEHTHBREENTOAELRE LA LD N o7 (&
2)e L2235 T, MM L TWad oz b HEE SN, ZHIE, TR BRI
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ﬁi#dﬁﬁot#%t&%wxé#\A@@Wﬁﬁﬁﬁﬁﬁﬁﬁ U ER TV
T, SHBYRAKGHIHE LT bTHA ), LI, Kiml\mne 212k, &5
1272 SADKGFEENT 22 ERTTO5N1 5,

(2) TRIVX=ELTAPGEDN D

KIEH L7201, HETAHZANVF—EN T THo7nE I e V) ETHD, &
FIILELEENSITANTF—IF, FE L THELIEEOSMICL > THife SIS, TOHE
B L0 EoOE &, EBOM S &ER)E kT 2R T - T b,

T, EHOBIE L TWRIE, HLaEWo ) LG ER) TIIHEE & g off
ONLEFIZIFIZEATHY, B RoTL D EREOTHEIV R b, SHIT, BE
T 5LV 7RVEE T, HEE OS5 ZT ;J:oTIZ\)bﬂF—ﬁ‘%ﬁnﬁé‘éﬂé(Astrand
& Rodahl, 1986),

Kz, BB OMEBEEER I L T 2 X, HERE VRO A, EH OGO IIHEY
60%. JRE40% T, 2002 WEL I AIZb ) EFa bl SHITHITTWL E605
HCSWRHIEED40%., IREH60% & Witnd 5 (Fox, 1979) 6

£33 20kmBATHIA DM DAL (F3¥41E +SD)

AATHT HATH%

B Bk B 5634 +1295 857241955 * %
(/,) Lotk 5588+ 1544 742541781 ns
IS Bk 476+36 483438 ns
(Ji/40) I 475+53 480+51 ns
ANEZTE Y Pk 155+1.0 15.9+1.1 ns
(g/dd) ik 13.8+0.8 13.940.8 ns
AT b7 Y b B 47.7+1.9 48.1+2.7 ns
(%) ik 443+28 444431 ns
T RLFY Y ik 0.1 +0.0 0.1 £0.0 ns
(ng/n0d) vk 0.08+0.1 0.08+0.1 ns
JNVT RLFY v B 0.734+0.2 1.62+0.5 *

(ng/m1) i 0.73+0.2 1.26+0.5 ns
HiRIR AL E > B 3.8+2.3 49422 ns
(pg/mi1) vk 34%19 3.7+1.7 ns
R R B v B 414+26.1 50.9427.2 ns
(pg/mil) ek 46.5+26.9 44.7421.8 ns
AR v B 11.7+5.3 2.1%+0.9 *

(xU/m0) ik 15.2+5.3 45+3.0 % %
INF = PERE 17.3+4.4 12.8+4.8 *

(pg/dd) L§ES 18.0+5.7 12.9+4.8 ns
m 4% A Bk 105+20 92+ 6 *

(mg/dJ) ek 114424 92+10 ns
BN B 0.32+0.2 1.21+0.3 * %
(mEg/) pyis 0.48+0.3 149405 * %

% . p<0.05 *3% .00l ns:.HEERL
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INFECTRREMIIDZZEH PO F—LHIIONTE, BHVAEHRE LHE
(Tabata & Miyashita,1983) 7% %25, HEFERHE ICOVTIEALNLZ VY, 6 HDOEVA
AEE DR E DG (50%Vo2max) HIEEIIL TA—¥ —Z E% | TAILF— DO 7%
LCIEG R 5 ETITo/0 ZORERICLALE, TEHROPS 1 ER2 S 2 FF#E30
ORI, MAEHEIZ60mg/dIAT & 2 ) BB DS TE R b ENbhroT D
(Tabata & Miyashita, 1983).
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h. ZOfiA20kmE THEV 720 Lo L, (RIIHEE V) REEICE TRES o7 (K1
Tl HBAHHTHET 2 &, KA EREFDOLNEORBUOATSH Y | 7
BOMBEEER L & 5 0ml/d ETh o7 (£3)s S OMBEEOITIZAHL T, s
422 VEERAEICES LTV (83), MRS, EMEIRIGRE . STH% TR
ZEH 3~ 4fEHIML Tz (R3),

S0 R IEEARA L. SRR RSN T 2 &S B E S S . 20km AT
DEFB T ANF =L, BRI FAI D & BIF~EAE L7z 2 & AsffesE Sz, o
DT Ehs, AHOWRE BRI T, IREORBEAE L HEE S h
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bo L L. HIRIFED AW AT, RHEERTIIORATRG 1 e 221305 O 4
eI RESThbEnz L),

H)ZWmiﬁME@EE@EW#

FEBEOHATT X D OFIC, BT — ¥ 255 720, AT EE N E RS ST
BV, WEREIE ML % 3 )b:éﬁ%x METe (1), ARBRFHENEIIF LA
O ARNDE L L, BHTIEA 7T T — “Good”, HTIE “Excellent” & FFM &
7z (AR, 1982), M)y, MR/ ST —1Z, BETIE “Very Good”, TMETIE “Good”
CEHiE N (BT, 1997). B, TORKEMT A MIBWTHIE S N7z Rk LIk
OFHEIE, BYETISLAN/ . WHETIT6.141/5 CTh o720 ZOMEIZ, T F TH LR
Jﬂéﬂf%f’?ﬁET [220—4E#G ] 22BN BMHEEY Mo#a/ SEL ol TDZ

I, MPIRAE B AARRE & B\ K HE CRIEMIGE) S ¥ 2 BB O H 2 HEERE TIE, il
?Ei&#.%bmk%ﬂf“bfu\éo

20km D HATH OFHLLIAEIE, RO SkmHE TRR EF L2 0D, Z0#I1ZITIT
—EDETH o7 (M2 TF)e LT, HTiLIEI, K& LI D60~80% 1244 L
TWw/zo F72RPEIZI0~ 12N\ & i i shz4% (2 ), LCEBICATERRE
HehoTnhhorz bR TE, EBE, EHOME (4 mmol/IPL 1) &7 % 517H
DM FUERIEEE X, 1T A L2 7% < 24~1.3mmol/ITH -7 (M1 L),
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(4) BLIZEDEEDAED,

IAHAL—=F =%V T LA E0IAVF—HEBE (BEWEER) LO0MED
HEEnTws (K, 1990), #RI2E B e, EAEEIE, HAY—-FPLERT AL
MRFENEE L ORI ERICHENT 2, E2AD, TALEEIZ, AE—FHAERLTY,
WMHREEE S MARD ZNIEBML v, Thbb, ThodeEXEHSNTH,
TEBRIRBEIC R E R AL P IT R VDO TH b,

MhT, FUMENGEEE LD L) ITEHE VIR EE-7-L EOTGED ) a—
TUHBEENERSN TS (Costill, 1974) s ZHUZ L % &, EDIROETTIR, FHiT
DFEFTICHA, I RBONMATEG O 7 ) 2 — 7 d 3D ED LB INTnE, &
NS OWEHRED? S, FINO L) TIRMHPILBRIRED EAPALND LHEEINL,

ARIOFEILNTIE, 541 3 40WEE T, L) CllhFLEEEEZA%4.2, 5.3, 8.6mmol/lF
TLEHALZ, 3BbA5A, THTIE 2B 3mmol/ILNTH -7, Thix, SHOEILD
BAEENFE LAY = FTHhV0  HAZEDSHZ b0 LHE SN L, LIV T,
bobl b7 WEEL Lo L OBmP o HERE L VW IORENRBIZX 3 IR L7z, B
o 5 I OFMEF (F205 1) 121, GHKEBHEL 2T LTwa, 2L T, LD
TIRE WY T/ 02 B2, T TIRI2081/50Th o720 —F. ROHEES I3k
D TH1204/ 5 RETH Y. T TR0/ FUTFTH o7 DL, MUIED
Th, MLAE= FTHIUTAEFRITHTL2AMIKERMBAEL AL NIz, Lo T,
BINIEIIKEDF CFF LTI < RIIKED R 7% 2 HTIT G A IRV IKED A
ZEDETEY TV T ENLETHLEVZ D,

4. % =B

% OWEAEREDS, W - RIORFHEED 72D L BT LT D Y+ —F v 721
D P, 20km PR AAT & B O AR BIE L7z, 5L, 20kmAsk X @5,
HDHWIE, BIUHFTEDL L VI EADPERS NS 20, EEJIME T L w9 biFicidwv
. RO D L0 ST0METORT VT4 T Tholz, Wb DOABEMR
7 (R RBRFEEINE) B L OEREART (BME ST —) (& [, B0 BARAS
HRENRTWDL EW) KEICH 572, LD 2T, 7d —F 2 FBIBOH L P EERE 1L,
EDOTEHVWKEDERZE L TUIVRWVD, 5D DAL LD IZENETEHRIFL
TwWhbeEwnz b,

SEHAAT TR, BT AE = FICEAERH L 00, LHBITEAEATIHIZIZ—ZET
B DI D60~80% DN ICH Y, BN EE) R 1X10~ 13, 1P FLEERE L 3
mmol/ILLF &, AEEHEEO T AN F—iHE THnTwiz, 34bb, 20kmEE D v
7l DHHNTIE, FHODALAE = FEZNETILERLESHRETONLENEFI12D
JTWwWhEWZ L, L7zD> T, M T20kmABEIT 2 A L D) &4 5 EERmE 1Iox LT
&, FBRGEBRED R E&ow” LTERL L), £ LT, LELxLmizily
1504/ 3B X TR W LA FERR L DS, KA - FEERTLILE2T IO
RETHD, T2, SkmA MR 5T AP HMBEENET T 5720, KEHEOL WA



32 B OFIE - RS - & & FL AT

i, BEGOERETTO2 T MER S v,

FEINTIE, AMUSTAE = FTES L Eid, BEBEEOMTL 0%, mhFLERRE ISk
XLMMNENA LNz L7223 o T, BUNIETIKEDE UM T8I 3 4200, 29 Tk
FIUSETIKEDE N NIZEDETITHTRETH S, 72720, 4RO L H 12 1T RERMIC
2050 DIREEZ & B 2 22 L o T, AEIEZ80~ 10031/ 0 N EIR T35 2 ks, 4]
BT 5 EXTBEELRBBCHRKEE2 2 LIZARTHLI ENbrolz, £2AH
TAHRIOTEEDOEEIZ1350m TH > 720 LadT»> T, [EDKE D E# SN 52000m .
HHE, ENLEOFEHAENTIC, PEERESED L) ZAERKEEZ R T 24T
HY, SRBIFRENREE VR D,

AWFTEIE, FRl4, IEEERUR RERF R ZED K 2 21T TEIT SN2 b D TH b
B BIKEOREIZHE L, AT B NELL R R ZEZEIT O BRI E 2 13 COirE
THNHIT, FOIEEIC O W TEIBRPESA A be R AR IS TR 2. 2 K%t )
NS LT LR L TEHT 5o
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