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Reproducibility of “Slope of Relative Heart Rate on Work Rate”
(A%HR/AWR) for Cardiorespiratory Endurance Index
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I. 3U®IC

ANVATOE=Y a & HIE LTThN S — IR R - I ICB VTR AW ST 5 LIiFEATED
FHLE, B, A, RfiCAT 2 % Ty K TEEF O AN L0HE (BT, HR) DISED S RS
ERGE (UF. VO, max) 2T 25 Cho. LaL, SOOI 2 HECREROBESER ) ZUME v
HCHEL D%, ZITELESIE, RO L) V0, max OHEETIEA ., HED ) OB TSR LT
VWA HERRI)L T R — 8 & T, Wil AEE h oFE (LT, WR) (O3 24008 (DUF. %HR) o
BN GRS © LT, A%HR/AWR) Z0d 0% IBEE T34 B L. ZhEFT. 2O A%HR/
AWRIZOWT DA VEREMRAE & L CZ247% (Yoshioka and Shiraishi 1996; #5 ] ffh 1997; F147 & T 1998) .
HEEMEORGE G & BEA 1998; Yoshioka and Fujimoto 2000) . 1% - 4E#s & O BYE (Yoshioka et al. 1999). L —
S X B (G M 2004) . FEAMESE GER ML 2015) R OMEHERIER T & OMERIfR (i i 2016)
DWW THES 21T > T & 72,

AR TIE, ERIZANVATOE=Y 3 Y O—BE L TTHhN T R4 2 M ofEE - K772 8 T, A%HR/
AWRK I ZDEREMIEMETH S AWHAR/ A (WR/BM) EMO—MEI 2 KT % JE L7 RICED &, #nb0fk
NEFEO1IEHEZD5 7 A0 2 W HOWEMOME 2 LB T 252 12X, A%HR/AWRK U A%HR/ A
(WR/BM) OFBUEIZOWTHES L7z,

0. A&
1 x5

RBEHFTOAFEFICBITLE20 GB10I6 JRUE2H1ILA) ORE - AIJHEOWFIIZ b ZINL 728D
I BEREREESG (B12%. LE19%) 2RGRE Lz, 2B, T—7O0IcdH-0., 3ILOREEDH L
6OV TIE, LIS T 25 2 MOREOREN S ETH o722 L b, BEREEAEE 1 &% 2 1o
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57 HOBIZZAL L 72T RESED H 5 £ & 2. 43 Table 1. Physical characteristics of subjects
*ﬁ* T—=FNn5 [5//3?71“ L7z ;fljz:%ﬂlj [N 19“’56}?2@ Age Height Body mass BMI % Fat
[years] [cm] [ke] [kg/m? | [%]

25% (BI04, KE15%) OF— % &5
Men [n=10]  283(102) 1681(60) 635(84) 22423)  192(4)

PRI L7zo BRI L7225 BORBEDER . H B, women mols] 27002 155765 491073 20219  220049)
{A# . Body Mass Index (BMI) & OMKHgHi=
D 1 AEGERE O ME (SD) (X Table 1 127R
L7zo RIRM=E, ARESIIT (Impedance)
e G EROREOFHEL S HET 5 H1: (Impedance #) 12X 20T, KA (Tanita TBF-102, Japan)
EHOTIE L. B, 25%0O0RED ) HHEIZ 1 ~ 2 EOESEENH 5 H1E9% T, 20 Bl
DL EOEBIEIED D 581 1 O AR THEIIRIEOEENTH - 720 MEHIEN D 581329 44 L b FFITHEEN 72 Bk
FL == 73 ATo T o7,

2. WIE

EIMEONEIL, HHE LTIBET, MFANE LCd B L, F#ktE e L CIRRBEAARE., Bt s
U CIE 4 5 SUBRE I L OVOIFFAME & LTI T OAM 7 A M2 X 5 A%HR/ AWRK U A%HR/ A (WR/BM)
Tholze B, B, LEBI L. REAAARTIE R4S SUSK B OREIE [ THPEFEAEIZ B 2 EEFERER
& (Y@ sEN RS, 1990) ] oJkIcE o & T o7, £720 A%HR/AWRK A %HR/ A (WR/BM) 14,
ROFGT A MIEDSEEHM S (G5M fl 2015) & FEBEOTETRD 2,

BT AN D A%HR/ AWRE BT T 5700 8M T A I, FE1RIKROE2HE S, @ - FOlEo—3kE L
T MO 7Z 5T 205 I DN 228 O % . TERGIEPTO HiE# L)L T A —% (Nihon Kohden STB-1400.
Japan) ZHWTiTo72, HIRHEOBRENL, 152500 % RS, AR T3 5MO Y + — A7 v T %470 72,
143 ZEIZ10W, 16W & 721320W it A4 C. KRB QAR LI L NV D60% 12 3ET % F Thily. 20K — )b
T sk Tole T BT 2 AMOEEOEIIL, v — AT v TR B Wi AR EB O 6 ~12512 %
B &9z, FICWE. EREOCHTCHEIZ XS OMRHRAEOBELIZHED E1T- 72, AMT A FHOHRIZSHE0E
IfEAT4 1 (Nihon Kohden PEC-1320. Japan) # FIwCaifiilllaE L. BB =L 12 1 Mo FfE L L Citsk
L7zo B, wEHHR (LR, HRrest) 13847 A M ERTOBEAZ#105 W OFHHRE L7z,

3. #rat

MREAR % SR BB i/ N g, MBI A RO B3 E 7 v » ORI E v 72, BT %
HEMEOBEIZDO W TUTEHBEOBRE. S0 H 5 2 0OOFIHHEDOEIZOVTIIRNIEDH 5 t REZIT-72. AHE
KL <0052 FHREEE R T2,

4. i PR TC R

Bt gL, ARFEO HY & EBRFIAS L OEBRERISHEEOELE T OTHEREHFIETE, 20%E~D
WHERD LD Z EATEDFICOWTTHAHAZ 2. ToREMOREEH3%. R\ LI LE2K
L7

Total [n=25]  27.6 (8.5)  160.6(8.7)  54.9(10.5) 21.12.3)  20.9(4.6)

Values are mean (SD) in first measurements.

m. #R
BH L 7225%20REOHE, KT, BMI K OMRIGIFEO S 1 0 K 0% 2 [IER OIS (SD) (X Table 2 12
RL72e BEIZOWTIHE L EEE 2MICHERE (p<001) HREO SNz, ZDFEIF02emTH - 72 KE,
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BMI B OMERREAZRIZOWTIE, WI NGB L LB 2R L EITRD N h o7z, T2, Table 312IdHE.
R, BMIE ORI EICOWT, B 1 &5 2 MOREMBOMMER L7z, FEKUCKREIZOWTIE r=099
(p<0.001) PLE. BMIIZDOWTIE r=098 (p<0.001) DOIEFIZE\AHBIASTED S 7zhs, HIRIZRIZOWTIE r=
040 (p<0.05) DHPIDFED SN/=b DD, FFIRAHBETH - 72,

Table 3. Correlation between first and second

Table 2. Mean values of height, body mass, BMI and
measurements in height, body mass, BMI and %fat

%fat in first and second measurements

Height Body mass BMI % Fat Height Body mass BMI % Fat
[cm] [ke] [kg/m” ] [%] [em] [ke] [kg/m® ] [%]
First _ — —
Measurement 160.6(8.7) 54.9(10.5)  21.1(2.3)  20.9(4.6) =0.999 1=0.994 =0.982 =0.399
ok NS NS NS p<0.001 p<0.001 p<0.001 p<0.05
Second
Measurement 160.4(8.8) 54.9(10.3)  21.1(2.3) 20.9(4.9) SEE=0.5 (0.3%) SEE=1.1 (1.9%) SEE=0.4 (2.0%) SEE=4.5 (19.9%)

Values are mean (SD). NS. Non-significant. Significantly different: ** p<0.01

Table 4 [ZI13#E). LB 2 L. REMAERTE. S OSKHRIZOWT, 2RL2NE 1l &5 2 BlER o3
it (SD) 7R L7zo &8 SUSEERIIZOWTIAE 1 Il & 5 2 AR %7 (p<0.05) W20 572, ZD#:130.032msec
Tholeo B, MMEBI L, BEMAEFIEIZOWTIE, WIRLE 1R &5 2 BICHERAZIFRO LN ahr o7,
F 7z, Table512id, 87, kB I L. REMAETE, S8 OGKRIZOWT, 22N 1 H &5 2 BoflE
fEDHB %R L7z MBRED 2> 72HEIZIE O r=095 (p<0.001; SEE=31kg [88%]). KU kB LD
r=094 (p<0.001; SEE=24 Il [176%]) T®H o7zc R\ TREMAEHETIE r=073 (p<0001; SEE=52cm), 4
UG TlE r=054 (p<001; SEE=0043msec [114%]) THo7zo Z%db. REMAKHIEIZ OV TIHIEMED~
AF A D #DH 2 L0 5 SEE OME (%) KD B ENTERP o720
Table 5. Correlation between first and second

measurements in grip strength, sit-up, sitting
trunk flexion and jumping reaction time

Table 4. Mean values of grip strength, sit-up,
sitting trunk flexion and jumping reaction
time in first and second measurements

Grip strength  Sit-up Trunk flexion Reaction time Grip strength Sit-up Trunk flexion  Reaction time
[ke] [times] [em] [msec] [ke] [times] [em] [msec]
First
=0.95 =0.94 =0.73 =0.54
Measurement 35.6(10.9) 17.5(6.7) 5.8(10.2) 0.393(0.082) = r = =
NS NS NS * p<0.001 p<0.001 p<0.001 p<0.01
Second
Measurement 35.1(10.4)  17.7(7.0) 5.7(7.5) 0.361(0.051) SEE=3.1 (8.8%) SEE=2.4 (17.6%) SEE=52  SEE=0.043 (11.4%)

Values are mean (SD). NS, Non-significant. Significantly different: * p<0.05

Table 6 121% HRrest, HRbase (A %HR/ A WRE D %HRDOFEHE, ] . 2015). A %HR/ A WRKE YA %HR/
A (WR/BM) 1I229WT, ZNFNE 1 A& 2 MHERF OIS (SD) %7~ L7, HRrest, HRbase. A%HR/A

WRKE U A%HR/ A (WR/BM) DW§HOIEH 22
WTh, BLEEE2EIIFREREIRD LN
»o72, Figure 1 1212 A%HR/ AWR, Figure 2 12
[T A%HR/A (WR/BM) I22WT, NN 1
|l &% 2 MOMEMBORIRZ R L7ze A%BHR/ A
WRIZDOWTIE, # 1 EE2MORMIZIF r=098

(p<0.001; SEE=0.020%/W [3.7%]) DA HEA%
WSS 51, A%HR/ A (WR/BM) 122\

Table 6. Mean values of HRrest, HRbase, A %HR/ A WR and
A%HR/ A(WR/BM) in first and second measurements

HRrest HRbase = A%HR/AWR A%HR/A(WR/BM)
[beats/min] [beats/min] [%/W] [%/(W/kg)]
First
Measurement 69.2(9.1)  61.5(13.1) 0.518(0.118) 27.4(3.3)
NS NS NS NS
Second
Measurement 71.6(11.6) 58.7(13.7) 0.521(0.112) 27.7(3.2)

Values are mean (SD). HRrest, Resting heart rate; HRbase, Base line of modified
relative heart rate; A%HR/AWR, Slope of modified relative heart rate on work rate
during 1-min incremental exercise; A%HR/A(WR/BM), A%HR/AWR related to body
mass; NS, Non-significant
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515 2 oIz r=092 (p<0.001; SEE=12%/(W/kg) [44%]) OHEIZEWHBARRO NIz, F
72, HRbase [22WTId# 1 Bl & 4 2 B RI21E r=040 (p<0.05; SEE =12.6 beats/min [21.5%]) DOIHEADFED 5
N7zb b0, FEFITERVIHETH o720 HRrest IZDOWTIEEE 1 &5 2 BOMEIE r=034 (p<0.10; SEE=109
beats/min [153%]) THE TIE %o 72,

1.000 50
r=0.98; p<0.001; n=25 ﬁ 1 r=0.92; p<0.001; n=25
_ % 0.800 SEE=0.020 %/W (3.7%)q § 2 10 1 SEE=1.2 %/(W/kg) (4.4%)
)
2 3 ;
€ £ 0.600 - = 5301
< Regression g 2 | Regression
= g line <=l line
N € 0.400 - = & 20
=% \ ZE
e < 7 V Q
% $ 0.200 \ =z %104 \
&= Identity line m@ 8 Identity line
0.000 ¥—————— % Y —
0.000 0.200 0.400 0.600 0.800 1.000 0 10 20 30 40 50
A%HR/AWR (%/W) in first measurement A%HR/ A(WR/BM) (%/(W/kg)) in first measurement
Fig.l. Relationship in slope of modified relative heart Fig2. Relationship in slope of modified relative heart
rate on work rate (A %HR/ A WR) between rate on work rate related to body mass (A %HR/ A
first and second measurement. (WR/BM)) between first and second measurement.
V. E%

RIFFETlE, ANNVATOE=T 3 v O—EE L TITbILTW /24 2 MO - ADHEIZB VT, EBIZ A%HR/
AWREOTA%HR/A (WR/BM) Z#lEL. 1B EZD5 7 A 20 HOFER, S, FOFHMEIZ OV THRE
L7z 1HEE 2EBOMEREAS » BB o7720, e AD5 r AEOGREHEOZIR T L —= 27

DB ZET DLEND D,

F YR OZALZ OV TR T 20 HETHRARZ L) IBIADORHRED ) B 6 ZIZOVTE, 4 1 [IIA
B8 2 MOBRBEOBREN WL TH o722 s, BRIEHEDS v HOBIZZL L 72 WHEMDS S 2 L& 2. 57
T ORI, Y 0258 (BYEL0%. ZHELIS%) OF— 5 % GHTICERA L7z, Table2 & UTable 3 1278 L 72
L9102, BE. K&, BMIEOMKIEIRICOWT, 4 1 [ % 4 2 FMoOFEHEIZIEIER UET, 4110 E 5 2 mofl
EEOMBIL, IR E BT, ERICED o 720 HRIBIEROMADED o 7201, i 4~ NDOEIRIEATER
KELEAL L2720 TlE % < S OBIE A Impedance #:12 & 2 HEERIENIFRCTH ) . Z OB HEOZLER T
BRI L2720 E 2 65, D EDZ e, SR, GHTICERHE L7225%1ICowTid, 1EEE 2HHEDS 7
B OB SRR 2 2 b o 72 & A2 LSS

KIZP L=V T OB OWTHGETT 50 18, BB I L, REMAERR, £ 00K, A%HR/AWRK
A%HR/ A (WR/BM) 1295WT, Tabled KU Table 6 1278 L7z & 912, &G UG- & BT, 51 &5 2 1
DFHEICAHE R ZEE R CERFAROMETH o720 T2, SHOMREHIOWT, FITHBEN R HA L —=
YT ERTo Tz DiE R, A3 EOESEEDSH LE L1 AOATHFEIIREDOEE ThH o722 &b,
S5 MO M ==Y Ik BIEILALEBETDLEPZVEEZZONDL, G-IV T, 1
I HEARTE 2 BOEAE ZIZ (p<0.05) Ao 7225, THUTIHIC L B8R L& 2 SN b i UnERIEEH
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BUZPOE L CRA M2 S BEN S F TORIBIEH 2 MWE L72b O TH 505, % OMREHEIZL o THE 1 I HIWE
BChHoll LRI BLTwDLEEZ LN,

Figure 1 X U Figure 2 \Z/R L72 X 912, A%HR/ AWRKZ UM A%HR/ A (WR/BM) D% 1 [0l & 45 2 [l O HIEE D
HIBIX. A%HR/AWRTIE r=098 (p<0.001; SEE=37%). A%HR/A (WR/BM) Tid r=092 (p<0.001; SEE=
44%) EIEFIZE . WTILUIZBWT D regression line & identity line (ZIFF—F L T\ 5, Sk L7z X 512, 4l
DHRFZOWT, 1HHE2RHDS 7 HOMIZHEFEOZLR Y ML — =0 T2 X 5B o lc b hin
LD ZEn0, A%HR/AWRKENA%HR/ A (WR/BM) OFBEIZIEFFHICRIFTHD LEZLND,

WIS, B LIAEE 2 MORUEEOHBIZOWT, A%HR/AWRKLTABHR/ A (WR/BM) & M) FEiE % Mg
L. B35, 8, REBI L, REMAERIER 2 EOSHEHRIZOWT, Table5 IR LAz I, E 1L
55 2 M OWEMEDAHB A E Ao 72 B 1E, #80 r=095 (p<0.001; SEE=88%) KU EFEBI LD r=094 (p<0.001;
SEE=176%) Td V. REMAFIETIX r=073 (p<0.001). &HUSERETIE r=054 (p<0.01; SEE=114%) &
FOHBIZA SN o7 —F . A%HR/AWRK TN A%HR/ A (WR/BM) 122V Cid, Jeaf L7z 512, 81
o] & 45 2 [M O EM OB, A%BHR/AWRTIX r=098 (p<0.001; SEE=37%). A%HR/A (WR/BM) Tid r=
092 (p<0.001; SEE=44%) & IEHWICHVHEDIRD SNz INOOMEX L TAHAL L, H 1ML 20D
BEBOMBIRETIE. A%HR/AWR (r=098) K UFA%HR/A (WR/BM) (r=092) i, &5 (r=095) = kfk
BIL =094) LIFIZFEETH Y., RO (regression line |2xF$ 5572 DSD) Tdh 5 SEE Tld, A
%HR/AWR (SEE=37%) &O'A%HR/A (WR/BM) (SEE=44%) (%, #8)) (SEE=88%) ® EfkBZ L (SEE=
176%) 1A THh R /NS po7ze ABHR/AWRETABHR/ A (WR/BM) 128135 SEEAS, MBI L, &5
WAFBEIIHAR TS WEH L L, B3R DoRKEE 1 R4 > FTHHili L7ZIETH 201 LT, A
%HR/ AWR S 0N A%HR/ A (WR/BM) 13— ERERIIC 31T 2 FUSEIEE % 57l L 72351 Ch 5 S L B L T b 72
HEEZONDL, $72. LEBIZ LIZOWTIE, 30MHIZ LEMIBHEZ €5 002 MwE L2b 0T, — s Ao
Yt PRPOTERIEELCDLHEEZONE, LEDOZ RS, A%HR/ AWRKL D A%HR/ A (WR/BM)
. B B LU EICHBEICENAIRETH L EEZ O NS,

%12, Al A%HR/AWR K UFA%HR/ A (WR/BM) (ZIEE ICHBIEICENENIBETH D L E 2 6N/
75, A%HR/AWREUYA%HR/ A (WR/BM) D% 112313 % Modified%HR @ base line (0%) T& % HRbase |2
DWTIE, 1 E 42 MOMBIE r=040& FEF I . SEE 122V TIE2L5% L FEFICKE D o7z, T L
¥ HRrest 122V T HIZIFFAMETH 720 SN O DRERIZ. ABHR/AWR KU A%HR/ A (WR/BM) % #ll5ES 5
B, HRbase |22V T b HRrest I2DWTH ., #BEDT—F 25D TR, ZOMERD 20BN HLH L%
RELTWLEEZLND,

V. B

KT O AR BITZE20H (16 AROE2HILA) O/ - RIHEO TSN L 7219~
56i% (CPH52765%) ORI (BYE10%. Th15%) R %2, A%HR/AWRKE DT A%HR/ A (WR/BM)
DOFBEICOWT, B 1 HEE 2 MOMEMOMBE» SMET L7z, 720 FIRISHE L 7o — iy 246 3H H 12
DWTHEBRIZ L EE & 2 [ HOREMBOH Z KD, A%HR/AWR LTTA%HR/ A (WR/BM) OB & ik L,
BEt L7z B, SRIOMREHIIOVTIE. 57 A BEREEOZAER T ML — = ZRIRIEIT L AL RS
Nahodiz. &R LT, A%HR/ AWRK U A%HR/ A (WR/BM) O 1 0] & % 2 M OAHBIREIE, r=098 (p<
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0.001; SEE=37%) KU r=092 (p<0.001; SEE=44%) T, WFNLIEHICHMBEEZR Lz, T2, — Ml %4E
JHEBIZBWTHBENE» > 7201, B0 r=095 (p<0.001; SEE=88%) KU LB LD r=094 (p<0.001;
SEE=176%) T® o720 BRI TIZ, A%HR/AWR (r=098) KUNA%HR/A (WR/BM) (r=092) 1. 27
(r=095) ® EABIL (r=094) &IZIZFA%TH Y. SEE Tld. A%HR/AWR (SEE=37%) & " A%HR/A
(WR/BM) (SEE=44%) 1. #&7] (SEE=88%) ® Lk L (SEE=176%) IZHA_To% ) /NEhoizs Yl
DGR 5 ABHR/ AWRKE YA %HR/ A (WR/BM) (3, D= EfEB 2 LU EICHBEICEN IR TH 5
EEZHNT,

B

AREMZDIZHT) . ABIFRICEE L, #0h, BHE 2R TIREEH ) $ L ARBGL KRR EHE HERPAM
SEEFHAIL) OBABIREEICREZ2HBERL I T, o, 7= OIESETIRH 22 W ERENT
INET INEHRREBRERO B EEZIILOA Y v 7OERIZIEC BILH L LITE ¥, kI, Aot
REN o TV WEH 2122 2A 06 B L EIFET,
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