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Abstract

The purpose of this study was to clarify the validity of 12-min submaximal treadmill walk
(TMW) and run (TMR) tests, as indirect measures of cardiorespiratory endurance, and to develop
estimation equations of cardiorespiratory endurance using TMW or TMR performance and some
other useful items correlating with cardiorespiratory endurance. Fifty-one young adult men, aged 20
~34 years (22.8+3.6), walked or ran for 12 minutes on the treadmill at the intensity corresponding
to the level 13 on the Borg’s ratings of perceived exertion (RPE 13), and performed a maximal
incremental exercise test. Mean (£SD) of oxygen uptake corresponding to anaerobic threshold
(VO,AT) and maximal oxygen uptake (VOzmax) were 42.0 9.0 ml/kg/min and 55.9 7.4 ml/kg/min,
respectively, and mean (& SD) of 12-min walk and run distances were 1221 £103m and 2108 % 269
m, respectively. Cardiorespiratory endurance indices (VO2aT and VOzmax) significantly correlated
with TMW (r=049 and 048, respectively) and with TMR (r=0.69 and 068, respectively).
A stepwise multiple regression analysis was applied to determine the estimation equations of the
cardiorespiratory endurance using VO2AT or VOzmax as a dependent variable, and TMW or TMR
distance, age, resting heart rate (HRrest), and exercise frequency in a week as independent
variables. The multiple regression equations of VOsaT and VOzmax were developed as follows:
When TMW distance entered as an independent variable, VOsat =20.781 X1 +2.298 X3 —0.297 X4 +
31.855 (r=0.83, SEE =5.33 ml/kg/min) ; VOzmax = 19.941 X, +1.127 X3 —0.208 X, — 0.656 X5 — 0.853
Xe + 77.884 (r = 0.88, SEE = 3.96 ml/kg/min), and when TMR distance entered as an independent
variable, VOaT = 15.443 X5+ 2.158 X5 — 0.157 X, +14.234 (r=0.90, SEE = 4.18 ml/kg/min) ; VOzmax
=10.817 X5 + 1.274 X3 — 0.1946 X, — 0.504 X5 + 55.234 (r = 0.89, SEE = 3.79 ml/kg/min), where X;:
TMW distance (m), Xz: TMR distance (m), Xs:exercise frequency in a week (d/wk), X4:HRrest
(b/min), Xs: age (yr) and Xs: BML It is concluded that cardiorespiratory endurance could be better
estimated by a combination of submaximal exercise performance and some easily measurable items
correlating with cardiorespiratory endurance such as exercise frequency, circulatory function,
chronological age and body composition.

(Jpn. J. Phys. Fitness Sports Med. 1997, 46:179~188)
key words : cardiorespiratory endurance, treadmill walk test, treadmill run test, ratings of
perceived exertion
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Estimation model of cardiorespiratory endurance.
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Table 1.  Physical and physiological characteristics of the subjects (n=51).
Variable Mean SD Min Max
Age (yr) 22.8 3.6 20 34
Height (cm) 171.4 5.5 161.0 182.0
Weight (kg) 65.9 7.4 49.6 92.0
BMI (weight/height 2X10*) 22.4 1.9 18.7 30.4
HRrest (b/min) 75.9 10.5 54.0 98.0
Exercise frequency(d/wk) 3.5 2.5 0 7
VO2AT (ml/kg/min) 42.0 9.0 16.2 61.5
VO2max (ml/kg/min) 55.9 7.4 39.5 74.4
TMW distance (m) 1221 103 920 1430
TMR distance (m) 2108 269 1190 2670

TMW: 12-min treadmill walk test (m), TMR: 12-min treadmill run test (m).
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Table 2.  Results of multiple regression analysis.
When TMW distance entered as an indipendent variable.

Variable Estimation of VO2AT Estimation of VO2max

Regression Regression

co%fficient Beta r co?afficient Beta r
Exercise frequency 2.30 0.61 0.72 1.13 0.36 0.61
HRrest ] -0.30 -0.35 -0.41 -0.21 -0.29 -0.49
TMW distance 20.72 0.23 0.46 19.94 0.27 0.48
Age -0.66 -0.32 -0.55
BMI -0.85 -0.22 -0.47
Constant 31.90 77.90

Multiple correlation coefficient: 0.83 (VO2AT), 0.88 (VO2max)

When TMR distance entered as an indipendent variable.

Variable Estimation of VO2AT Estimation of VO2max

Regression Regression

co%fficient Beta r co?efficient Beta r
Exercise frequency 2.16 0.58 0.72 1.27 0.41 0.61
HRrest -0.16 -0.18 -0.41 -0.19 -0.27 -0.49
TMR distance 15.44 0.46 0.69 10.82 0.39 0.70
Age -0.50 -0.25 -0.55
Constant 14.23 55.23

Multiple correlation coefficient: 0.90 (VO2AT), 0.89 (VO2max)
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12 B2 b R BRI L BRTTOREEHA
HOMEBEIBENETIMELERET L,
LBEOENKEI L > TEHFR 2 RET LLE
BWATRBEENL., L7oho T, BI7dH 5 WVITEST
rHAVIRAEERSRES S VOmax T 7213
VOzAT BT 254, WREDFEE, M #%
TIK¥E, HEOEBEIEE, 7« %ZE L CGEIE
RERETHRETHDLEEZ B,

B. €5 AMOHERTF

VOAT % 7213 VOsmax % EBEEH & 4 5 E[H
R BT HH#E OREZHF (SEE) 1X, TM H47
P (VO,AT:12.7%, VOsmax:7.1%) & 0 H TM
FEATHEBE (VO2aT : 9.9%, VOzmax :6.8%) % &R
L7z D /NED o7z, VOymax % FIEERICKD 5
A, £10%DEAEITRT SNV L3 28
HICHERT L2518, ZOWRCEEIFATES
HHETHLEVZ A,

VOzaT B & O VOsmax 13, Ui OFEEEHKHE,

EHITIITERER R EEORTICL > THE S
NLREM RN L RITIRETH L Z 06, O
EDDMTELED S VOsaT F 7213 VOsmax 2 HE
ETAHEIDIE, INOICEETAIEMORT %A
WCHETIHVRENOE TSI EFHERSN
5.

M7 5208, EEEL CCERT 2 EE
BT A N OFERRC, BEOSSEAM L HER
THHMT, BMREICIABE A7) —= >
TFANRBER L SR EHIE, VOgpeak
DHEEE & FWEME & OMHEBREIT r=0.60~0.78
THhY, BMKEICL > TH &g Al #HET
ERLEHEL TS, COZ BTz re, &
BRI T A N 24T7% 9 AHCERKEIC L - TES
N5 ENEROFRMEIZE <, Ko KL
BRI LIEFERATHLEEZONS,

KR CTHW - 25 /HAROMRELEEIL, &K

CTEBIER R N OB, Bd7 0 oEEERE

B, WEROHE, FRBLUBMI Thol:.
HBon-ERRN T, B0 0EBEHOK
BERARKTEBEN T A POBBICHRTKRELE
MEZRL, @8FBAREERTE LToEES
PSP E o7,

TR OO, BB TH B V0T 72
(& VOzmax & D REIZ0.41~0.490) HEEE 12K
HHEIREFR DS 5 b DD, MO & DO
BIBIER OB 72002, EREIFRICIZ1S%FLE D%
ELLEBEY D> C, & AN#EERHFE L
TOEERHRLI.

BRARTEEEMT 2 b OFEI, EBEHTH
5 VOoaT B L U VOmax & ORICHERE 25N
HBEBRYD ), EFFHAUREEICILERTR
REBTH S, R TOMRBERIITT 5 Bl
B, EBEMFRICHT e AT L0 bET
ARBALIBEOHINBL b ERBD LN
720 2, 8 ORI KHESS LB A E W T
THhol:ld b WBENS., KIIKEDOENEIZ
T DBITICE BEMT A M, WREBREL R
BRI 2 BMHEAEC, ZDh0ICETIC X
HEMT A MIHRTEFHAMOHEERE MK
X Tlpolzbwnz A,
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JEERS 1L, VOsmax #HEZE L TV Ao EmEIC
BOTHOMITERE LTHWS AT WS,
—7, VOzaT OHEN TRBERITMERIC
BIREN 2oz, ThiE, VOt 12T
VOsmax O FANER &L & B ICHEFICEAT AL
RREENLEHDTHL LHMTE 2,

BMI &, EHAFTERXNCHFEITZH L
VOsmax # EBEH L TAHERDAIEIRSIN
7-. BMI B ERUERICB T 2 ERE /NS WS,
TM HAT7HEHE % B B HUC ML A AN T VOzmax
PHETHHAE, HEEBOHBSHEL KE
(FAHZEDND, WEDREEZELLTH-OICE
BRI ERTHD LN D,

ZD XA, RPEI3 KEDEEEMT X D
B2 cid kL, BH ) 0EEERRL, &
FEE LI, BAER, BMI #H#ERICHAAN
BT EICEo T HEEME L 0 EREIEM S,
VO,aT B L VOgmax OHEEMEDIEE % SEE T
¥ 2~ 3ml/kg/min BOSLN L I LOHREEES
72, HEZE D SEE &, TM FATHEME F 7212 T™ &
THEEED AT VOsmax B L VOsar 2 H#EE L7
B4 (10.1~19.3%) £ b/ o 72(6.7~
12.7%).

DEnz by, BoniERENTIE, T™
WATE 7213 ™™ BT OB RE L £ FFAKI
B 2 BB EANERE 2 lAEbE S &I
LoT, BEOBWEEHAMOHENTRETD
B, L72hoT, AEIBEECEHELZFEREDS
WEFFABOWEETH L EERD.

V. B #9

KEFEIE, HERABEIINT 52 HBAMHE
E#EL LT, RPE13 KELXH W12 Ly
FINW(TM)HBITTF X P BLUOETTF A FOFY
WERIET AL L bIZ, WATEBEFT A MK
BICEFRHFAEICBE S 2 M E 2 A B HLA
EbEBLILIZE-T, BEOBVWEFEHARD
BEEFHEENEERT AL 2B E L. #E
K2R T A AL, EHEHIC Lo T
VO,aT DHEER & VOmax DHEENR & TITR
LoTWwh,

T™ BATHEEE A AR A AN E
V0,aT=20.781 X, +2.298 X3—0.297 X, +31.855
(r=0.83, SEE=5.33ml/kg/min)
VO,max=19.941X;+1.127 X3—0.208 X4
—0.656 X5—0.853 Xs+77.884
(r=0.88, SEE=3.96 ml/kg/min)
TM FEATHBE & M BRI A AN TG E
VO0,aT=15.443 X5+2.158 X3—0.157 X, +14.234
(r=0.90, SEE=4.18 ml/kg/min)
VO;max=10.817 Xy +1.274 X3—0.1946 X4
—0.504 X5+55.234
(r=0.89, SEE=3.79 ml/kg/min)
X; 0 TM #4788 (m), Xo: TM BT (m),
Xz @720 0EBEBEE (d/wk), X4:@ KH
KE 8 (b/min), Xs @ B4R (yr), Xe @ BML
D& HIZ, RPEI13 KHED B ES)EE %
FAW7z1208 P Ly F IV (TM) 478 L OEST
OEBFAE L, HEICHETRE S RALEICHE
B AEE | BER, THEOHE b7z o0
EENEMRBIE, BMI #HAEbEAI LITLo
T, VOsaT F 721F VOsmax 12X 3 A HEER AL
FMBEZEICINEL B o72(6.7~12.7%). L7=H% >
T, AEEERERCEN-BETEEOBVEY
BAREEERLEZEZONA.
(ZHH FR8412H26H)
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