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Practical Significance on Slope of Relative Heart Rate on
Work Rate (A %HR/ A WR) for Cardiorespiratory Endurance Index
for Health Promotion

HibEZ - LRS- HAsEE
Takayuki Yoshioka, Eiko Chikamori, Tatsuo Shiraishi

Fog— R DHEAYE MO RHES D

(Cardiorespiratory Endurance) (Relative Heart Rate) (Health Promotion)

I. 13U®IC

PAE, TRALDHEA ZZFRENZ BV CTRIRHS S LASHETT L. VbW 2 ARG RN J OV TG 8 B0 7 i e o0 = 1 1
KBBEIEALL2od 0 EEEHERRE (D3E7 4 73y Fu—24), SHICITERERSE (8023 0) ons
Badh, REBHSMBEIZR o TWwd, 2O L) RIRT, FHCHHRIGE/KEOIT I, Witk OEE, SR
JE. EIEAE. ARmE. BEPRIR. R, BRI B E L EOAFEEROFERNO—2L LTETEITEEEINDL L
W27%0 . BREEKEZ SO L 2 82X D AEFEERZ T L, EEOME: - B2 325 ) &9 284 ik’
FETHELON TS,

CCTHREIREZ LT, 72728RE [BHREEIKEZRED L] L) DOTIEAR L, e Ao L)L TRk
ZWENZEHM L. £ OFHIiICED X HEIICAT ) SR SREENED L) 2D TH L2025 - LT 5w
AT ETHb, ik, FEROMNL—= v 7 Ra0 T4 2 a v ZTREHEOLDOLDOTHY) . ZOF 7% BIYIEH
Feifgm by AR—YEEOFHHLVIEED)NE) T—=2 3yl ThHotze Lo T 20HII% D147
KIEDFHmEIL, HEWIZHE N L —= 2 7 &2 T T wn—iim A (LT, —EwAN) 2> <Y o HY
T 720Db D& LTIIELE TRV ED SV,

L RO BRAE N EEZ SN TV EETIO—DIOIRAMED S 525, Ziud [RAEEZ M L 725D
LEEORK T OREOBNER) & FERIICIT ) BB ] L EREND, TD LX) REHD/ST + —< v AL, M
R IRIREER L OB OBSBER 2 IREB LKA L CB D o O AEDMER N Z L id, SHIEBIKEDIKT T
AEEFEROERIEOI K EBEDH ), HIEnC &k, BEWNZ B RIGEIKIELZ ED, £ DR FoR)R
PESND L ENTWS (American College of Sports Medicine 1991a) o

Z D UIFAMEOFHIEIZ OV TIE, ek S RATEFIEIUE (BUF, VO max) %312 L72 b OB TR THY |
VO: maxDEHEME I RAGES) (A % 3 & 5388 BEOIFEH R & ) 47b1L5 (Astrand and Rodahl
1986) o Z DEHMEIIIFR T A 5Hanse EOBMiREESLET, LAbWERICRRKE N LELE T 5729,
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— AT NIZ & 5 CEL 2 FE L 1T 2 %2 (Hawley and Noakes 1992; Lockwood et al. 1997) 6

BUE, —Ms N2t R Th IS — i = - RT7E I B W TR KW ST L U FERA O FHIE L
BEAHEIS, B2, LI HITTE 2 L WO BEr s, RSN LELE LewiER) (LI, KT E
B) W@ & 0% (BT, HR) OI5%122:5 5 V0, max# #5832 /i Th 5 (Astrand 1960; Astrand
and Rhyming 1954: Fox 1973; Jessup 1977: Legge and Bannister 1986). %2 CTd. RN SELSHICES T Tikd
E< AW SR TWAV0, max®EEEIE, HERILT X — 512 L 2 A TEBOMAFE (T, WR) LHRO
J% % #£12 Astrand ¥ Rhyming (1954) 2% L 72/ €2 J & (nomogram) #>5V0, maxOHEEfE A KD, 25
|2 OHEENE % EMEMIIE S 5 J7E (Astrand 1960) TH 2. L2 L. SO L) 2 lETld. AMEICHT 52HRO
IBEDENGEDSKE VIS, ZOIBE % ERICIZHE L TWAGEREEIGE T, VO, & &R 2
BB TIED TV, maxZHEE LTV A720, W OhDOEENEL ), ZUML ) MCMENHL EEZ BN
% (Davies 1968; Lockwood et al. 1997)o H%, Z0 &9 & HFiEC & V0, maxOHEEIC T 5 AT Tk, £
WG & 3 E I ORI 0.7~ 08FREE L G SN TV B O I TH 2 (Astrand 1960; Jessup 1977, Lockwood
et al. 1997; Patton et al. 1982; Rowell et al. 1964). § &b bERE HERKO2%FE) »oEZL L. 2D X
3 73 5B TIEA9~6A%HLE L HFEEOVO, maxDHIHDON NI LIk %,

L) BRMESIZL22boT, BEOCDEHNE L7 4y bAAZ T 7RAKDNHKLR L TIE. $FICH
BT )L T A — 4 &AW, B bl o X9 iEgdkshii S T A FAET A M X DB A O CIFRAE: % 5l
LTWbODHIRTH %, #H. ZOFMESEZIZL T, BEDC) DO HEIZAT) FERIEEII ST
FIREASITONS A, BE AR h 7 2 IR NSO S d, Ty Ca— s SR SRR (VO,
maxDHEEH) B2 DOBMANDOFEEDOLIFFANEL KL TV W EEBRINIIK L 2 0H 5, LL, £ DY
VIEEER T MO BTRE R IFICERT L2 L R, v Ea— s oMl SRS &
T REMThIL TV A,

ZD &) D Y RIS BT B O AEO IO BRI 2 IRV EER 2 5. FESIE, EHEOC Y DHE
B C— et ADFIH S 5 72012, WEDHMEIS, B2, ZlilCifTTE. L 7 — 7 W o @ B e
ESL VBT, &) U0 LI AEOSFIRE 4 £ % L7 BRI, FEKRD £ 9 12V, maxt i
THOTIEZL L, BUE, EHEO Y OB THEWE R L TW A HBEL VI X =% RUHRE=Y 2 VT, KA
TOEBREOWIE D 5\ E T > TAMIIT 2RO (DT, %HR) QM2 0 b 028 s L CEHlid
Fih. b B OiERnE (LIF. A%BHR/AWR) 8 E 3 25k TH %,

INET, ZOARHR/AWRIZOWT, LlFFAMERFMRE & L COZ UM (Yoshioka and Shiraishi 1996; 7
i A, 1997, A & 56 1998) . HEEMORERE (5 & #EA 1998; Yoshioka and Fijimoto 2000). ¥ - 4Eii & DB
3 (Yoshioka et al. 1999), s L —= 72X A% (EHM b 2004) 12 22WTHE %2175 72,

ARETld. BEEO ) D720 DLIFFAEREMRZE & LT A%HR/ A WROERIWERICOWT, EXORE L
Koh ., KRB ORI 2 B0 R BHEOB N » HER 1T 72,

o

0. BxOBEIENR(A%HR/ AWR)DERDRIEFE L KD F

ek L7z X 912, — M A& RIS Th LS — R 2 fEE - (RJTIIE I BV TR < W ST B LI REAE
OFFIEE, WEAEIEIS, 24210, LA bRMMICHITTE 2 &) BlEr S, AT OEBOEME & HROE
BACIED EVO, maxhHEET 2 HHETH o
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ST AE 1 ORMIE. HEERICHED LTV RWOAHEET L LERHLONE V) 2L Thb, &
OHEE Y LT, BEICERHSNV0: maxiClT 2WALIRRESEZ SND, LAL, SNHDIFEALIEFE
WEN2VO, maxiZBT 2 BRTh b0 VO2 EMHT 1AM & & HROBE A SR L72V0, maxid. H< FTH
AR L HROBEIRET 21T ) . EM S N72VO0, maxiZBIT 2 B 4588 LT 2 5 DI F LTl AV,

WIZEE 2 OFERNIE. ZREEBICIE L TV A2 Emm L HROBEZDL DX IREICL 2V O e ) 2 ETH D,
ZOHHE LT, HROMBMAEIKE WS EDZET N5, ZFFFHR (LUT. HRrest) o F# 6 134%4240~100
beats/min& STV 525, ] 21E, HRAE 100 beats/min& v o T . HRrest%%40 beats/min® A & HRrest100
beats/min®d A Tld, ZOAMEMABEEIIRE (2L, 2O L) ICHROMMEIZEAZEZIKE L, TOFET
AEFFNAEEOEE L L THWA Z LIIREETH 5,

CCTHBEIN T A — % & AW/l A EE)ic 517 2 WRISH $ 2 HROIBE DA ZEIZDOWTHE 2 TAhIz,
Figure 1 {Z7R L7z X912, Wil 5\ 137 >~ 7EMET) I BT 2 WREHRIZIE, IR & KB T % Bk <
&L ITIFHEMBRA A SN D,

ZOWREHROBEFEERICB VT, WRIZxHHT AHR

200 -+
OHfIEE (W AHR/AWR) 1 [WRAIWHIIIL e
FRSHR A beats/ mint i 272 ) #RLCTVDA,  § ]
<

SAUZRIRGHIE (MFL HRmax) EHRrestOf £ 10 e
3 (BIF. HRrange) OEGEERBEL TR, Bl = 0 ]
Z 13 HRmax#[E U170 beats/min® A T.HRresth® o

R . 0 40 80 120 160 200 240 280 320
50 beats/min ( HRrange 7% 120 beats/min ) ® A& WR (W)

HRrest?'90beats/min (HRrange”'80 beats/min) @ Figure 1. Individual relationship between heart rate
) 2 s o (HR) and work rate (WR) during l-min incremental
ATIE, HROMMNAE L10 beats/minTh . TOEM 0 ice Linear relationship is observed between HR

S EHEEIZ e B 5, B 5 ICHRrange A5 L \» and WR without first and last portions during exercise.
ARLTiE, AHR/AWRZ BB L TUMFAMEOES 2 L 2 LT E 505 ) THRVWIEEIIHIZZ DS
fifl % YOI L 72 7200 TR A DO ES 25w U5 2 1T E v,

O, —MEFEANERSRLE LT, D) O B TEBILE 2179 B, EERE O L L TR Hw LR
Twb b o& L CKarvoneniElZ £ 2%HR (LT, Karvonen%HR) (Karvonen et al. 1957) A3%F 54, LT ok
TEREIND,

Karvonen%HR = (HR on exercise — HRrest)  (HRmax — HRrest) x 100

*(HRmax — HRrest) = HRrange

¥Karvonen%HR D HAZ X%, HROD H.A7 IXbeats/min

KHEEME % 2RO % A 1 EHRmax Db D) 1Tl K 04050 (LLF. predicted HRmax) % v 5,

Z OKarvonen%HRIZ. HRrest® 0% (base line). HRmax (HfEfE D4 idpredicted HRmax) %100%& LT
HRrange D H7# (%) TEHLENTEY ., AT AHRDIGE ML L TWbBD T, ik L7-X 9 % HRrange
DNFEE D7 ) TR L7248 & # 2 515 (American College of Sports Medicine 1991b; Swain and Leutholtz
1997; Yoshioka and Fujita 1993; 35 i 1995). B 2 (£, HRmax# 170 beats/min. HRrest?%50 beats/min® A T
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1Z. HRrange?’120 beats/minT&d 4 2> 5. B OHRAY12 beats/mint 2 5 & Karvonen %HRAS10%M 2 5 Z &
127 %o L7 L. HRmax?'[d U170 beats/min® A C % HRrest?%90 beats/min® A Tl&, HRrange’380 beats/min
ThoLH05, EEIFOHRA beats/mind 2 % & Karvonen %BHRAL0%IE 2 5 Z L1250 D4, HRrestAH™0
beats/min?® ADHRA12 beats/mindéfilI$ % D &, HRrestA%90 beats/min® A DHR7S8 beats/mind 5 2 D513
(T U R L 2 5,

ZITC, 7, WiHMd LT v TAMES R OWREHROEMHERIZB VT, &AM OKarvonen%HR %
EREOA L Y RO, WRIZKHT % Karvonen%HRDIENES (LUF, Karvonen A %HR/AWR) 2% UIiFRAMEDFHTE
B2 0185 £E 2720 TDKarvonen A%HR/ AWRIE [TWRAS 1 WEEII L 72 FiKarvonen%HR 2 %513 % 74~
ZERLTVD,

Z 2T, Karvonen%HR®base lineldHRrest T 5 A%, Figure 2 IZ/R L7 L )12, %< O HRrestidifliltdh 5
W7 ¥ TAMGERC BT S WREHROEMBFRIZE TIEE 542\, ZD720dHRrest il b 5\ 137~ TAMGE
By Dbase linell [V 5 2 L 3BEAHE R EF 2, WRICET 2HROFUREHOYF (HRbase) % base linelZ
% Z & 12 & o TKarvonen%HR % #li1E L 724Hx0d% (BUT . Modified%HR) % %% L7z, Z @Modifie%HRIE
DroXcHEzEh s,

Modified%HR = (HR on exercise — HRbase) ,/ (HRmax — HRbase) X 100
¥ Modified%HR® HA713%. HRD HALlEbeats/min
MHEEAE % 5K B354 13 HRmax Db 1 I2predicted HRmax% FV: 5

= OModified%HRIZ. HRbase% 0% (base line). HRmax (JEZEM D4 1dpredicted HRmax) #100% &3 45
GE (%) TELEINTWDE, TIT, Willid sz 7 v TEMERHOWREHROEMEBRIZB T, FHEME
B D Modified%HR % FFCICR L7232 & D3k, Figure 3 1R L7z & 9 12, WRISK 9% Modified % HR DI ZE,
$ 7% D5 ABHR/ AWRDVUDiFFAME 2 FHIl§ 2 BOIEELE LTI VETH 2 L E R 720 2D ABHR/AWRIE

[HEHEI)L T X =52 X555\ 37 >~ TAMEE)ZBVTWRAY 1 W L 72FModified % HRAMA %54
ToHh] ZEDLTIHETH ), HEAVNS VIFELUMEHAME LTREVZ E124 5,
Yoshioka & Shiraishi (1996) . fEEHEZ38% D& (B 25%. o 13%) /%I, AEILVITA—%

100 -
5 ] A
200 - =
| S 80 -
E 160 - = 1
E | T 60 - A%HR
£ 120 4 g ]
_é’ HRrest % 40 1
% 80 g ] i
40 20 - AWR
0 T T T T T T T T T T T ] 0 T T T T T T T T T T T T T T T T
0 40 80 120 160 200 240 280 320 0 40 80 120 160 200 240 280 320
WR (W) WR (W)
Figure 2. Individual linear relationship between heart Figure 3. Individual linear relationship between

rate (HR) and work rate (WR) during 1-min incremental
exercise. Intercept of regression line of HR on WR is
individual base line (HRbase) for modified relative HR
(Modified%HR)

modified relative heart rate (Modified%HR) and work
rate (WR) during 1-min incremental exercise. Slope
(coefficient) of Modified%HR on WR is indicated by
A%HR/ AWR
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& 1 il e 7 A M2 XY . WRISK 5 Modified%HR (HRbasebase line) DI TH S A%BHR/ A WR,
WRIZHK$ % Karvonen%HR (HRrest#base line) @50 (LLF. Karvonen A %HR/ A WR) K U'WRIZx9 % HR
ORAHEORANZE (LT, AHR/AWR) 25 L. Zh2NV0, max & OB E M Lo ZOf%, A%HR/AWR
L VO, max®OAfHIEr=—091 (p<0.001; SEE=86%) THtd <. %K\ CKarvonen A%HR/ A WR ¥ VO, max®HiH
iZr=-083 (p<0001; SEE=113%). AHR/AWR ¥ VO, max®Hifidr=-069 (p<0001; SEE=148%) Td -7z &
WELTWD, ZNH0FERIE, ModifiedHROBNNE 2 7R3 A BHR/ A WRDS, (LHiFEAME % 5HH$ 2 B D $51%
ELTEYVWHETH A L) LikDEZ 2T DTH S,

M. AEHOIREIEINE(A %HR/ AWR)DAERHEE
O FREAMEE TR Z R L 72 3R S R EE O OR T OSRE OB EE) & Fr iy 12179 we )] LERE NS
#% (American College of Sports Medicine 1991a). —#%9(ZidrunningX°walking7s & [KERLE) % £+ 5 EE) % £t
AT BE ) LIRS BHEN S\, BI2IE, VO, maxAli U 31/minT b, {KEAB0kgd A & 100kg?d A T i
running % FHEEIIICAT O BEH (BIZIE~ S Y Y Oz L) X, B 52 1250keD AD BTV = D72 VO, max
OHFHE (Vmin) 20 b OiE, [MEEREZ M EB) 2 8555 256701 ] 25Hlid 2L L QXTI R v, 2
S TRk S, VO, maxOHEHHE (/min) ZKECHIE L7, 37%b5HV0, max /BM (ml/kg/min) (KT 1 kg
H72) DOV, max) FIGEE LT [KERB % 0F ) BB % #5035 2 5507 | OBHAHIT SN T2 (American College
of Sports Medicine 1991a) . HEDEZEL 72 ABHR/ AWRIZOWT &, (KEBE)Z 1L b 72 WIEENEE 12603 5040
BOIBERIEYL LT b 720, VO max & AR, A%HR/ AWROMEE (%/W) 20 b0t [EEBE % ¢k
I BB A R ARe)] A EHIT AL L CIEMECIE vy, # 2 TA%BHR/ AWRDKEARIEME & LT, Figure 4
WRL72E I IHE (kg) H72D) OWR (W) 1233 % ModifiedHROIEMZE (A %HR/A(WR/BM)) % E% L,
A%HR/ A(WR/BM)AS [MEERE) %04 BB 4 Fefe § 288700 ] & L COLMFFAMELFHET 23818 & L TfETH
BLEZTe TOABHR/AWR/BMIE [HIRH L)L T XA—F 12X 55 25\0NET7 v TAMEEIIBWTHRE (k)
H720) OWRAY 1 WHIIN L 7zFEModified%HRDMI %M T 2 20 ] 2R D THETH ). A%HR/AWRE FERIZ, H
AN WIT EGHIFRFATEE L CldEwC &% b, A%HR/AWR/BM)iZ, &% E. A%HR/AWRIC/RE % 3 L
BIEILESTRDDLIENTED,
Yoshioka & Shiraishi (1996) 1&. f#HE7%38% D4k
(B« 25%. M 1 13%) ZxRIC, HEHE )L T

[
(=3
<

2=y & L AEREARTT A MK DTS2 5 s
IZBWTC, REMHEMTH 2 A%HR/ A(WR/BM) & E 60 A%HR
X IS
VO: max/BMORI2idr=—084 (p<0001; SEE=7.8%) & 40
=} v
DEEIECEOHMSED SN EREL TV A, 5 20 AVRIEN)
ZAUSK L. A%HR/A(WR/BM)E VO, maxDHIE & 0 —
0 0.5 1 1.5 2 2.5 3 3.5
WR per BM (W/kg)

r=-059 (p<0.001; SEE=164%). A%HR/AWR&
VOumax/BMOAR dr=— 058 (p<0.001: SEE=11.6%) Figu.r.e 4. Ipdividual linear r.el‘ationship between
modified relative heart rate (Modified %HR) and work
ThHolzbMELTWE, INH0RERIE. ABHR/ rate (WR) per body mass (BM) during 1-min incremental
R s e e R ise. Slope (coefficient) of Modified%HR on WR per
S ® e " exercise. Slop
AWR/BMATHEEIE 5 BIEFHT 20DIE i dicated by A%HR/ A(WR/BM) as BM-related
L COLEFASEZ T 2108 L L THETH S & index.
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W) LIROEZ #FFETLLDOTH S,

V. X OIREEINR(A %HR/ AWR) Z1512& L (FHli § 2 BN EEEIE
1. BfT5

TR L7z & 912, A%HR/AWRIZ, HIERI)N TA—F 2L 2WEdH 5 \0IET v TEMESNC BT 5 AR &
WAGEFI T % I WREHRDOBEARBERBIZED VT WD, ZOEMEIMRIL, BRI/ EERM ti(anaerobic threshold)
(LUF. AT) DT o TlE, WROBMEGIZHEHL L TROLN, AT EORETY, b 50T v 7H
fif & BALG LT O e RN E 2 F TORMEAEA 6 ~120 Th UL, WROBINEAIZEDL S FTIRIFROLND
(Wasserman et al. 1987b). F72. T > 7EMEENC BT 2 WREHRDINE X, 1 4R Em £SO & IBF
WCEL =T D2 Mo T4 (Davis et al. 1982; Whipp et al. 1981). § b5, A%BHR/ A WROHIEfE L.
Wid 537y TRME BB L T O AKEE)ICE S £ TORMA 6 ~12 O CTHILL, WROBEINE G2
Mb & FRBEOGRIEONE Z LIk 5,

F7o. FHhM (1997) 13, EER4AOLTFAEERIRIC, HHEMEIKE V5 S as 7 A M2k ) A%HR/
AWR%E K, VO. maxk OB A L, WEOEIZIEr=-092 (p<0.001; SEE=7.1%) DEEOAMAHED &
N, EEMIEMETH 2 A%HR/ A(WR/BM)& VO, max/BMOEIZbr=—090 (p<0.001; SEE=7.1%) D\ DA
DR SN/ WG LT d . NS ORRIE, BEHEAK S WAMETHoTH, ABHR/ A WRK A %HR/
A(WR/BM)IEZ 4D @ OHHFAEOFHIEIRIE TH 5 L 2 EHT 2O TH %,

2. BT A MIBU B EE) O

FHEHIE, A%HR/AWRE KD 5720 0EMT A MIBWT, Karvonenih|Z X A HIRH LI L~V 2% 4225~60%
OEFTREOHFAOWREHROEMEREFIH L T b, ZD60%E 9 EBRIZOWTIE, HAATL VLT O
JEEREICAHS L, R EOHENEEL L THEFETHIUIEZODOVEK LS I LI L AL LWVWIRELEZ S
N, BICRRIE AV EEDNS, —F, 25%E V) THRIZOW TR, FICHERERED LD TERL, FED
By 2400 LN EOBRTT A N EGHT 5 ) bIZ SN FWIMRDOHETH S, bHAA. 5% AKMOIRE % &
THLWREHRDEMEZFED IE LV v, 2O L) Zaid. 25% L v ) TRICLT L b5 %21%7% <,
10~60%DFiPATH > T H25~60%DFIPH TH > TH A%BHR/ AWRDEIZIZ D EAAFE L v, 7272, W5
TR EBIFIZANT A BER25~60% DA TH UL, BRIREICBIT 2 WRHROANLEZIGE X MM TS, 12T
EMBRE L7285 LB 5N D, —IB25~60%DHP & 3%5E LTH T &k, MMmIC A%HR/ AWRE KD %
BEICREELRZEEEEDN D,

3. BT A MBI HMEADOWREHROEHNE

A%HR/AWRIZ, HIEEHT)V T A — 52X 2 50 1ET v 7TAM BB 2 WREHRO BEAMREIRIZES
WTW A 720, FHlT 5 EHI LT WREHRICEMERDS 5 2 L 2T 52 LEDPH %o

53k L 7= Yoshioka & Shiraishi (1996) |2 & 2 HHEZ 384 D% E % 1% & L7-0i%ECTlE, A%HR/AWR & VO, max
OHEIEr=—-091 (p<0.001; SEE=86%) TH 7%, ZD& X A%HR/AWR%Z KD 572D 1 4l &7 A b
2B BEADOWR EHROAMIZr=097LL L TH o720 ZONEEDH B, HADOWREHRDHE A Tr=099LL |- T
Jem T ERREDTE 20 o 72288120V C A%HR/ AWR & VO, maxDHIB % K72 & 25, RREHA10%D 7012
bbb d, r=-096 (p<0.001; SEE=56%) EIFEFIZEN o720 2O ENL L, AT A MIBITFLHEAD
WR & HROEMHAED T IT E A%HR/ A WRIL DA OFHIEREE L L CRUMDPHm N EEZ SN,
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24004 L LB T A bR G L7 E S O TIE, A DWR & HROAMHBRED B ar=096LL_b O E 142
HAoNLE. ABHR/ AWRIMEBEDO BT L E A% LS EE 2 b, #1145 ~10%DHE TWR & HRO B
DAL NZNH] (1=096KiH) T b0 2D9H) HbDE UL, K2 BV THT A 2179 L EREFALNS
LI 2R BHENL V. ERUDBASNBEVEEDO—2 L L TLYDIEHVEZ SN LA, HEERAZ VA D
D oo BEDPFHT AN 2To CHHEMBELASN L VEEIAEIIH L0, TORKIZOW LRI
BonTwiv, 55 B L DARERDSASNLEEE. ABHR/ AWRE R & L CUMFANE % 5HE$ 2
DIIREETH L, 72, HREDPHALNLEE T 1 - FEOTEED SBUITER L. S 2R A0 LA
DS L 72 R TIR> W EELNIBELAICH 505, TN d ZOFEFEIZOWTUIRZ ISR S LTV v,
WENOWE D, AR - 1E5R — R ORI E A I TM O P ORE L 5> TALLENH DN Lt
2\

4. BHBREEY LOANOHE

A%HR/ AWRK U* A %HR/ A(WR/BM)IZ, > < ) & B T—MMEE AAFIH§ % 720 Ol A 0 Al
REE LT, L ETHMBICBIT M, el KaZA L) T2 RBEICBVWTERELZLDTH S,
L7855 Cy B IC oW TR AGES I £ 5 V0, maxDEMED 2\ 136007 — FiE (Fleishman 1964) $125
& (Cooper 1968) = & D/XT7 + =< Y AT A L Ot E2RIE L L CUMBEAMEZFHEiT 2 D024 TH %
LEbND, F7z, EEE DDA RS, BER - ERR - RBROEBICEE L RITTRE (PRIESRARES.
RAOEE, HORFEROEEOMNZE) LD A2 T, BRICHE L ToOMEEI AT A MO &,
By s O LRI, W5 AT, LEIZIS U CTEIIRIMO 50T 2475 2 £12 & ) ZHII OIEFREAME % 375
BN H % (Wasserman et al. 1987a) o Bl 213, OIERERLIBMETIIERZ & O NITEHREIOMWL T2 &2 L, O
A MEAME T LT 2 & # 2 51525 HRmax & VO, maxiZ oW T LEEE b O A TIEVBER & I2 <,
VO. max\Z%f5 % HRmax DA H I N & O ISR B % D AT EH 5 12HRT V0, max
(2% 9 % HRmax O fE ASHIA B AR E 2 %5 (Wasserman and Whipp 1975)c 2@ £ 9 Z2#E. WRIZH 3 5
HRODINE 72T & BN DR ANEZ FR-i 5 2 L 13L& CATTHETH %,

V. 8bl)IC

AiE5o0BIDMERL [ 1. I ELOIZ] TIE, WIEOTEREE#R AROMZEIZOW TR, [T, )
LB A BHR/ AWR)DEZ DR L Ko F | Tid, ABHR/AWREZFE L 2R OZ N5 ORD 2D
W ZEH L TRl L7z, [T HRE IR (A %BHR/ A WR) DA EHIEME ] T, AEMEMORD & Z
DEBPENZDNTIRATz, [V, HxhCAEEE (A BHR/ AWR) #1512 & L CEHli¢ 2 IROBEHE] <Tid. 1.
Bl T2, AT A MCBU 2 EEREOHP] [3. AT A MIBITA2MAOWREHROEMME] [4. %
HHEREEEZ O OANOLE] 122w T, ZNENEET NS HE2 bR L7,

PiEX Y. A%HR/AWRK U A%BHR/ A(WR/BM) % 4815 & 5 2 DR AMEORFMiEE L, HIE S HfEIC, &4z,
LA HATCTE ., 7 — & WHOBPRBRLHEEA L DT, Lo b OFRATEORGE L L COZYSMEIEN
THBY ., BEILDF HI &2~ AODEAMEO ML L LTE MR IZEV. 512, 20 A%HR/
AWRK DY A%HR/ A(WR/BM)IZ & 2 UlFEA L O FFHMiAMER D < ) OB TR 35 2 L%, EWREhIo—
DTH L LMFEAEE L VBB X VEUICEEMT 2 2 L 12R D, DWW TIE—REE ADEES ) D00 &
DEY RS - IREO—NIe A 2 T E, ENMERIKE V.



150 &M OB oZ-l &% F-H A &

HHE
AREHZALIZH20 . AR L, #ia, BEZ2TRELE Y £ L7z, RIGTZRARERR (HEREA
IZEEFAREAR) . RABIICAI LR 2 HEEZRL I

SCER

American College of Sports Medicine : Guidelines for exercise testing and prescription, 4th ed., pp35-54, Lea and
Febiger, Philadelphia, 1991a

American College of Sports Medicine : Guidelines for exercise testing and prescription, 4th ed., pp93-119, Lea
and Febiger, Philadelphia, 1991b

Astrand T: Aerobic work capacity in men and women with special reference to age, Acta Physiol Scand, 49,
Suppl 169, 1-92, 1960

Astrand PO, Rhyming I: A nomogram for calculation of aerobic capacity (physical fitness) from pulse rate
during submaximal work, J Appl Physiol, 7, 218-221, 1954

Astrand PO, Rodahl K: Textbook of work physiology: Physiological bases of exercise, 3rd ed. pp354-390,
McGraw-Hill, New York, 1986

Cooper KH: A means of assessing maximal oxygen intake, ] Am Med Assoc, 203, 201-204, 1968

Davies CTM: Limitations to the prediction of maximum oxygen intake from cardiac frequency measurements, J
Appl Physiol, 24, 700-706, 1968

Davis JA, Whipp BJ, Lamarra N, Huntsman D], Frank MH, Wasserman K: Effect of ramp slope on
measurement of aerobic parameters from the ramp exercise test, Med Sci Sports Exerc, 14, 339-343, 1982

Fleishman EA: The structure and measurement of physical fitness, ppl71-172, Prentice-Hall, Inc., Englewood
Cliffs, 1964

Fox EL: A simple, accurate technique for predicting maximal aerobic power, J Appl Physiol, 35, 914-916, 1973

Hawley JA, Noakes TD: Peak power output predicts maximal oxygen uptake and performance time in trained
cyclists, Eur J Appl Physiol, 65, 79-83, 1992

Jessup GT: Validity of the W170 test for predicting maximal oxygen intake, Eur ] Appl Physiol, 37, 191-196, 1977

Karvonen M]J, Kentala E, Mustala O: The effects of training on heart rate: A longitudinal study, Ann Med
Exper Biol Fenn, 35, 307-315, 1957

Legge BJ, Bannister EW: The ?strand-Rhyming nomogram revisited, J] Appl Physiol, 61, 1203-1209, 1986

Lockwood PA, Yoder JE, Deuster PA: Comparison and cross-validation of cycle ergometry estimates of
\'702 max, Med Sci Sports Exerc, 29, 1513-1520, 1997

Patton JF, Vogel JA, Mello RP: Evaluation of a maximal predictive cycle ergometer test of aerobic power, Eur J
Appl Physiol, 49, 131-140, 1982

Rowell LB, Taylor HL, Wang Y: Limitations to the prediction of maximal oxygen intake, ] Appl Physiol, 19,
919-927, 1964

B s, b2 MG ERFREOANV A THE =D g Y ~OIGH, KIEE RFEARLES - 5, 47,



HEERED <Y D720 DU AERHITEEE & L C oA LB e 0 I i 5% 151

171-177, 1998

Swain DP, Leutholtz BC: Heart rate reserve is equivalent to %VOZ Reserve, not to %VOZ max, Med Sci Sports
Exerc, 29, 410-414, 1997

Wasserman K, Hansen JE, Sue DY, Whipp BJ: Principles of exercise testing and interpretation, Lea and
Febiger, Philadelphia, 1987a

Wasserman K, Hansen JE, Sue DY, Whipp BJ: Principles of exercise testing and interpretation, pp27-46, Lea and
Febiger, Philadelphia, 1987b

Wasserman K, Whipp BJ: Exercise physiology in health and disease (state of the art), Am Rev Respir Dis, 112,
219-249, 1975

Whipp BJ, Davis JA, Terres F, Wasserman K: A test to determine parameters of aerobic function during
exercise, ] Appl Physiol, 50, 217-221, 1981

Yoshioka T, Fujita H: Physiological effects on old people of physical activities in the contacts between old
people and children, Recent Advances in Aging Science: Proceedings of the XVth Congress of the
International Association of Gerontology, pp2077-2080, Monduzzi Editore, Bologna, 1993

FHbE, AW HAREA, BHLT 71 —F 2 7281 2 hEiE OEE)EE & 2 OFHE: A OaL v e b
&, KIREE R ZEE IERM, 43, 159-165, 1995

Yoshioka T, Shiraishi T: Slope of relative heart rate on work rate: New assessment of cardiorespiratory
endurance, Health Promotion and Education: Bringing Health to Life, Proceedings of the XVth
Conference of the International Union for Health Promotion and Education, pp255-258, Hoken-Dohjinsha,
Inc, Tokyo, 1996

MM, FaBEA, BRHEAF 5 i AATEEIC2ED O O % 3R U & 2 LA T O, #= %
AR, 1, 27-32, 1997

L, AR A%BHR/ A WROHEEN & SZHMEDHB, BVEIRIK A K — Y £ - BHeEifE&EE, 8, 15-17, 1998

Yoshioka T, Shiraishi T, Chikamori E, Kasamatsu T, Fujimoto S: Age-related decline in cardiorespiratory
endurance assessed by slope of modified relative heart rate on work rate (A%HR/AWR) in men and
women, Jpn B Health Fit Nutr, 6, 21-27, 1999

Yoshioka T and Fujimoto S: Predictive validity of slope of modified relative heart rate on work rate (A %HR/
A'WR) for cardiorespiratory endurance index in non-athletes, Jpn B Health Fit Nutr, 7, 3-10, 2000

FRMEZ, BEARZR, B, Frafid: Mk 2% K b L — = 7N OIHRRATERIE & L Cofxh odnsddm=Ric
BT 58 PCE LIRS O, P AR AR, 8, 1-8, 2004



