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Assessment of cardiorespiratory endurance capacity of Japanese women by
torque auto-controlled system with the heart rate feedback

Kiyoji TANAKA, Yoshiji NOBUTA, Yohzoh HASEGAWA,
Hyun Soo KIM and Yoshiyuki MATSUURA

An accumulated body of evidence suggests that either maximal oxygen uptake (\./'Ozmax) or
oxygen uptake corresponding to lactate threshold (\'/02 @LT) is considered the single best determinant
of one’s cardiorespiratory endurance or aerobic capacity. Because of its invasive nature (i.e., the need
for drawing multiple blood samples), the assessment of the \./'OZ@LT does not meet many of the
essentially important requirements for human subjeqts. Although not as complicated as the measure-
ment of the \./OZ@LT, the direct measurement of VO,max dose also require elaborate equipment,
trained personnel, special knowledge, and a maximal effort on the part of the subject who is tested.
In addition, direct measurement of these variables is time consuming. For these reasons, large
‘numbers of researchers have attempted to define and propose simple submaximal tests which provide
accurate estimates of VOzmax or VO2 @LT. However, earlier studies have indicated that the validity
of the predicted cardiorespiratory endurance capacity of women is not as sufficiently high as the case
in men. The aim of the present study was thus to develop a more valid prediction equation for women'’s
cardiorespiratory endurance capacity. Analysis of the data revealed that, when the Mizuno cycling
device was used for the assessment of cardiorespiratory endurance capacity, the aerobic score (AS;
X,) determined by torque auto-controlled system with the feedback of heart rate, in conjunction with
the chronological age (X,), accounted for more than 74% of the variance in \./'Ogmax and more than
649 of the variance in \./OZ @LT. Furthermore, we proposed a more comprehensive cardiorespiratory
endurance mdex (i.e., LTMAX) that was calculated as the mean of standardized scores (H-score) of
VOzmax and VOZ@LT in the following. Y=0.720X, —0.277X,+26.41 (multiple r=0.850, r*=0.723,
SEE=7.32), where Y=LTMAX score, X;=AS, and X,=age. An advantage of the use of this
equation is that the information needed for calculating the AS includes only age, weight, and heart
rate during submaximal exercise performed at intensities corresponding to about 70+89% or 75+8%
of age-predicted maximal heart rate. We suggest that the developed equation can be used with
acceptable precision on a greater population of Japanese women.

* 3 X/ ERIFSEREFES  Research and Development Department, Mizuno Corporation
* % KR ST AEAEIERIZEE KR  Doctoral Program, Department of Science of Living, Osaka City Univer-
sity
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Table. 1 Descriptive statistics of selected variables.

Mean SD Range

Age (yr) 31.4 10.9 20—57
Ht (em) 157.0 4.1 149.8—167.2
Wt (ke) 54.2 8.7 42.1—-107.0
I.(I 105.9  17.0 82.4—205.0
VO,max (ml/kg/min) 34.3 7.0 21.5—53.3
I:IRmax (b/min) 182.1 11.2 153—202
VO,@LT (ml/kg/min) 18.9 4.9 13.0—34.9
9%VO,max@LT (%) 55.0 5.8 41.8~66.9
(measured during the AS test)

HR (b/min) 131.1 8.0 104—147
%HRmax@LT (%) 72.1 4.0 60.8—80.6
RPM 71.3 8.8 49—99
RPE 12.5 1.4 9—15

AS 51.5 14.7 26—94
(variables converted to a score on the ¢/14-scale)

VO,max score 50.0 14.0 24.5—87.9
VO,@LT score 50.0 14.0 33.0—95.7
LTMAX score 50.0 13.7 28.9—-91.5

KI; Katsura index calculated as [Wt/{(HT-100)0.9}1100, VO,
max; maximal oxygen uptake, HRmax; maximal heart rate,
\./OE@LT; oxygen uptake corresponding to the lactate
threshold, RPM; pedaling revolution, RPE; ratings of
perceived exertion, AS; aerobic score



Subject: Wt = 63 kg, Age =_29 .
FWR = 138 wacts, XHR = 124 b/min, XRPM = 68.5
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Fig. 1 Computer-generated sinusoid segments of
original recordings from one subject in
terms of HR, work rate, and pedaling
revolution measured during the AS test
cycling.
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Table. 2 Correlations of \./'Ozmax,
VO,@LT, and LTMAX
with selected independent
variables.

VO,max VO,@LT LTMAX#

Age —0.564%  —0.428%  —0.508 %
Ht 0.117 0.049 0.085

Wt —0.517%  —0.412%  —0.476%
KI —0.583%  —0.450%  —0.529%
HRmax 0.333 % 0.220 0.283 %
HR 0.513 % 0.435% 0.485%
RPM 0.350 % 0..286 % 0.326 %
RPE 0.380 % 0.413 % 0.406*
AS 0.799 * 0.780 * 0.808 *

# Calculated as . (\'fOz@LT Score‘+'\'/'02max
score)/2, where VO,@LT score=(VO,@LT—
18.9292)/4.8949x14+50, and \‘/OZmax score=
(VO;max—34.2861)/ 7.0254 X 14+50
*Significant at the 0.05 level
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Table 3 Summary of convenient prediction equations.

unstandardized partial

d d i
equation ep.en ent regression coefficients intercept multiple SEE

variable i R r

and predictor variables

(1) \:/OZmax +0.330X, —0.222X, 24.26 0.863 3.61
(2) VO,@LT +0.239X, —0.089X, 9.42 0.803 2.97
(3) VO,@LT +0.240X, +0.148X, ©—12.81 0.816 2.90
(4) LTMAX +0.720X, —0.277X, 26.41 0.850 7.32
(5) LTMAX +0.681X, +0.494X, —49.90 0.855 7.20

where X, =AS, X,=

Age, and X;=HR

'\'702max and \'/'OZ@LT are expressed as mi/kg/min.

LTMAX is expressed as a score and ranges in almost all cases between 0 and 100.

ETH o720 %72, 2N 5 DFEEZEP2HERK
L7 VO,max & VO,@LT DT 5 B PEar{f
HEI LD L3 (503" LHESNBETH
720 VO,@LT @ VO,max (234 T 2 T h 5%
VOZmax@LT (LT HERF O BREIUKE) 1

55.0£5.8% &% 0, LEOEITHFIE S Wasser-

man and Whipp*? 12 81} % ?&ﬁ:{'ﬁ E—E L7z, M
tozenrs, A3t D VO,0 B A fE X peak
VO{CO;‘(EM VOZmax EBRRLTENHDEW
Z&D. Fie, BNROEFF/[AMKER, K- FH
FROFREIGENMVETH S LW 5,

DIAEEI 7 4 — Fovy 7 BEEmHIE A X
% AS 7 A FA® HR 13131.1+8.0 b/min & 7
D, ZMiZ5EHE HRmax OFI72% 1 Y Lz, &
WETik, AS 7 A PFOBEADFY HR B F O
F#ll HRmax D70% % 72 1375% D W3 i 7%

BT EEBEELT, EFFOAR Ly 2 5B
T2y A7 LEFALTCREH, HhRZISGE
WENE SN, BB, AS T A M ROFERS L
E#EERIZ71.348.8, AS 7 X MO FEIREENTE
BEMNF12.5+11.4L wofe, 7z, ASIE51.5=%
4.7 7% o7z,

F21TlE, BEZEBLLTO VOzmax, VO2
@LT, LTMAX k£ AS &L Y OFHZE
DOEMREREE R LTz, 92 @??ﬁﬂ%ﬁ%@ﬂPT%
Ex2R< 8 a0 RENEMELE L BE L MHEER
EHTAMERER oI, HTH ASBRIRTOHE
LB ERLEWEEEGREE L2, APPEN-
DIXDA & BiZi¥, AS ¥ 3L E L L, VOZmax
& VOZ@LT DENTNEERTEE LIH
—REYER L ERRLEA (HFRER) _’S:H?Lfco
B o N HBEREE L UL L D, VO,max ®

VO,@LT OHfeE iz —RIERE DA 2 BT 5 Z
L IEHEYITH B LWL,
HREIBOFOREE, AS 258 1 FHEEL L, F
BEFIASTANHOEHYHR 25 2 FPHE
BELIESE, 3BOEETEIVWTILED
BWEETHEIh3 Z etk (B
3)e EBHWES3, F4, oo DFHEE 2 ZRKE
g 2 EHEImE I CERIRSHT ET o 7208, »
FTNOEHED L2 20 FHERK L 2BELE
DA +%Ewkiﬁ%%%kﬁ§6&@oko
X2, AFETERLZERRARERD L
ESMEE%%Eﬁ(MD(?&b% AStE%
% FHZE %abf)ﬁmbtvmmutvm
@E%%h%ﬂXWk,%LT%MDtVQ
max & VO, @LT 2 ZhZF N VEIC LoTY
oy hLERETH S, EEFAFERC L B
EEE, EEOBREIC N L TETEAE 7138
NCFHAiE N Z e3P RN s, X
LR OFAE L P (AT R 0 ERE—HE )
B4, 5L, TOREE, VOymax & VO,
@LT BWiIhdbBAMEN KR CONT, &
DREREEEPRIMEMCH >, :
516 K, BUHIE AS © LTMAX ~0 R %7
LEbDTH2, %8, LTMAX BEAD VO,
@LT & VO,max D Z N EN%E ¢/14—RECIE
ﬁ%ﬁﬁb,é%ﬂﬁ%ﬁ%ﬁ%?@btémﬁ,
LTMAX @ LT it VO,@LT #%, # LT MAX %
VOmax #48F. 20 &k 5 ic L TR *
LTMAX k& AS & Ozl r =0.808D RIS %
Shizds, LTMAX O FRIZE L LT AS i
THERZ 213 HR 28U 2SR, EMEEHRET
r =0.850~0.855 & %2 5 7z,



Measured
60 7 _ -
y=-0.02+1.00x (r=0.863)
o%a
50 7
EE‘
40 T
'.a 1% m. & a .
304 - Ny ol ol VO,max
o e (n=65)
20 = T T T T —
20 30 40 50 60
Predicted

Fig. 2 Scattergram for the predicted \./Ozmax
(=0.331X, —0.222X,+24.26) on X-axis
versus the actually measured VO,max on
Y-axis.
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Fig. 4 Scattergram for the measured ‘}Ogmax on
X-axis versus residual values of VO,max
on Y-axis.
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Fig. 5 Scattergram for the measured \'/OZ @LT
on X-axis versus residual values of VO,
@LT on X-axis.
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