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We have previously developed a unique and simple prdcedure for assessing cardiorespiratory
fitness. The present investigation was conducted to evaluate whether an aerobic index
determined by torque auto-controlled system with the feedback of photoelectric pulse could
sufficiently approximate the cardiorespiratory fitness reprenented by anaerobic threshold
(AT) and maximal oxygen uptake (\./OZmax). Analysis of the cross-sectional data indicated
that the aerobic score (AS: K (WR/Wt)/HR ; where WR=mean work rate during 12-min
cycling, Wt=weight, and HR=mean heart rate during 12-min cycing) determined by the
torque auto-controlled system was significantly correlated with dn‘ectly measured VOZ@AT
(r=0.922, 76males; r=0.814, 34 females). Cross- -validity of the predicted VOzmax from the AS
was significant and sufficiently high (r=0.949, 3lmales) for use in the general public. In
addition, the effects of cycling or jogging training on the AS were longitudinally investigated
on 17 females and 1 male. Major effects of the training were significant improvements in the
AS, VOzmax and VOZ@AT Delta percentage change [(post-value— pre- -value)/pre-value ;

A%J in the AS was closely associated (r=0. 718, 8 females) with A% in VOZ@AT It appears
likely from the present investigation that information obtained through the use of our unique
system (i.e., the AS) could provide considerably reliable estimate of cardiorespiratory fitness
in both males and females.

Key words: Torque auto-controlled system, Feedback of photoelectric pulse, Maximal oXy-
gen uptake, Anaerobic threshold, Cross-validity
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Fig.1 Relationship between aerobic score and maxi-

mal oxygen uptake in 101 males.
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Fig.2 Gross-validation of maxmal oxygen uptake
predicted from the aerobic score against direct-
ly measured maximal oxygen uptake.

Table 1 Effects of cycling training on anthropometric
and body composition measures.
Pre Post
Age, yr 26.9+6.7 27.1£6.7
Height, cm 158.4%3.0 158.4%+3.0
Weight, kg 57.3%£5.8 56.2+6.0*
Katsura Index 109.0+8.9 106.9+9.3*
Triceps, mm 17.2+£3.4 16.6+£3.2
Subscapular, mm 21.0+6.9 19.2+6.1*
Fat, % 25.7%5.5 24.4+5.0*
Fat, kg 15.1+4.9 14.0+4.5*
FFW, kg 42.2*1.5 42.2+1.9

*Significantly different from the pre-value

Table 3 Effects of cycling training on aerobic score,
anaerobic threshold, and maximal oxygen

uptake.
Pre Post
AS 42.4+ 8.3 52.4+ 4.3
VO, @AT, ml/kg/min 18.9+ 3.8  21.5+ 4.0*
HR@AT, b/min 131.4+12.3  136.2+10.3
VE@AT, 1/min 27.9+ 8.2 31.9+10.0*
%V0,max@AT, % 58.3+ 6.7 58.3+ 5.0
VO,max, ml/kg/min 32.3+ 3.9 36.6+ 4.2*
HRmax, b/min 190.1+ 9.3 188.4+ 7.7
VEmax, 1/min 71.2+17.6  78.1+18.5*

*Significantly different from the pre-value
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Fig.3 Relationnship between aerobic score and maxi-
mal oxygen uptake in 52 females.

Table 2 Effects of cycling training on resting heart
rate and blood pressure.
Pre Post
HR, b/min 73.1+5.8 68.9+5.0*
SBP, mmHg 109.3+7.8 109.1£7.1
DBP, mmHg 71.4£6.9 68.8+7.3

*Significantly different from the pre-value
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Table 4 Effects of cycling training on serum lipids,

serum iron, and total iron binding capacity.

Pre Post
Triglycerides, mg/dl 72.0+18.8 62.3+10.9
Cholesterol, mg/dl 169.4+23.4 163.8+17.1
HDLC, mg/dl 59.7+11.8 63.7+11.2
LDLC, mg/dl 95.44+27.8 87.7+18.7
Al 1.69+0.61 1.44+0.43
ST, ug/dl 108.9+35.9 97.0+40.6
TIBC, pg/dl 307.4%+55.9 307.9£63.0
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Table 5 Effects of cycling training on hematological

measures.
Pre Post
WBC 528941171 4844+ 881
RBC, x10* 450.4+41.0  428.7+37.9*
Hb, g/dl 13.06+0.63 12.76+0.79
Hcet, % 40.2+ 3.0 38.9+ 3.2
MCV, fl 89.2+ 7.0 90.4+ 7.2
MCH, pg 29.1+ 2.1 29.9+ 2.5
MCHC, % 32.5+ 1.2 32.7+ 1.2

*Signigicantly diffrernt from the pre-value
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Fig.4 Effects of detraining and training on maximal oxygen uptake and aerobic score.
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Table 6 Effects of jogging training on anth- Table 9 Effects of jogging training on serum lipids,
ropometric and body composition measures. serum iron, and total iron binding capacity.
Pre Post Pre Post
Age, yr 23.7+ 6.9 23.9+ 6.9 Triglycerides, mg/dl 80.8+43.0 75.9%+32.4
Height, cm 158.3+ 4.6 158.3+ 4.6 Cholesterol, mg/dl 178.4+44.8 176.9%+36.0
Weight, kg 55.5+ 6.8 54.6x 6.4 HDLC, mg/dl 60.1+16.7 64.4+14.7
Katsura Index 105.9+12.7 104.0%11.1 LDLC, mg/d! 98.9£52.9 99.2+44.0
Triceps, mm 17.7+ 3.7 17.2+ 3.4 Al 2.09+1.91 1.83+1.39
Subscapular, mm 15.8+ 7.7 14.6+ 6.1 SI, ug/dl 126.3+12.6 129.4%x10.1
Fat, % 23.1+ 5.7 22.2% 4.6 TIBC, pg/dl 279.9+£33.7 284.1+38.6
Fat, kg 13.1+ 4.2 12.3% 3.4
FFW, kg 42.4+ 4.3 42.3+ 4.3 .
Table 10 Effects of jogging training on hematological
measures.
Table 7 Effects of jogging training on resting heart Pre Post
rate and blood pressure.
Pre Post WBC 4531+ 666 4238+ 757
: RBC, x10* 431.4424.2 430.9419.6
HR, b/min 67.7+7.1 63.4+7.1  Hp, g/dl 12.8540.70  12.8940.42
SBP, mmHg 108.8+9.3 110.3%£6.7 Hct, % 38.84 1.8 38.3+ 1.7
DBP, mmHg 66.0+5.8 67.3£7.2  MCv, fl 89.6+ 1.7 88.3+ 1.9
MCH, pg 29.8+ 0.7 29.9+ 0.8
MCHC, % 33.0% 0.4 33.6+ 0.7

Table 8 Effects of jogging training on aerobic score,
anaerobic threshold, and maximal oxygen

uptake.
. Pre Post
AS 42.9+ 8.5 50.1%£10.8*
VO,@AT, ml/kg/min 18.9+ 3.7 21.9+ 4.2*
HR@AT, b/min 126.3+12.6 129.4£10.1
VE@AT, 1/min 26.7x 4.5 30.6+ 3.8*
%Vozmax@AT, % 55.3% 4.2 60.1+ 5.5*
VO,max, ml/kg/min 34.1+ 5.6 37.2+ 5.8*
I:IRmaX, b/min 186.9+10.6 186.0+10.9
VEmax, b/min 67.4+11.5 74.3+11.9*

*Significantly different from the pre-value
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NOBEFFIC L EEDC Lcieh, THITEHE
FTHLGZ LS, &<, MERI VOmax ® VO,
@AT kB L WO HERXETHHE TN X AH

FEORBE L L TIE, +3 ml/kg/min iz +5#HT X

AEELEAONS,

(BRIl

—H%p18~305 (FH23.45) ODEEHE L L — =
v 7% 18~43H (FEH268) MfT - 1R, FEIRL.1
kg A L, BRIEH®RBEBCIELLB RS- o
LBl lkg B LIcEEDO & THEIRIE OB
IHLDEHBEIND(EL). tv—=v /T
=R AF-BRECHRFEHEOE(LIC OV TILEE
LTufeun s, gl & 1 kg=7500kcal & {R5E T 5
&, #9150kcal/ B X 26 8 =3900kcal &7z b, 26[E D &
BE ML —= v TR0.52kg DEENERTE B &
WOHEEI A, LT, b U —= v s BRI,
EF=xAF-—EREXEDOL L T\ 7oh, HHVIEH
EWEFHELERPL TR ERNEZLRE, WTFhIC
¥ L, SHHCTEEREEEEOR D L EBREERES
DHEESERINICZ E0b, BEMF T w7560
—BRELTEKHFRTHEALLERE N -~ =V 7DF
RAMREbbLnB Ev 2 L 5,

FU— = v 2R SRR GR 2 ) RERER O EF
b, DEECHERIERERER O L FEICEEL
Twb, PELAEEI N —= v 7 0EERY ST
\» (Rerychetal,1980) & XhT\5Z &5, HR
DEEZREAVZ—EHEEZEDOBE KA (Rerych et al,
1980 ; Heh o, 1985 HF D, 1986) RFWT 540
THb.

E3ICHEE V- = v/ OB & KT RICEE
L7z AS, VO,@AT, VO,max 7t & D F#HfE% T L
7. AS © &7 b¥ VO, @AT % VO,max I b HE /e
BERTD SR LR ERTRESETHD. VO,
@AT oE Eix, A TIEEFOLA Y TEESCHRK
TR 5B LB RIE M OBA, I BHICIREERH O
Wi T L A%+ 5 (Holloszy, 1973). # 7= VO,max
D ik, FELTRAMEEROLBEHEOE R YK
3% (Clausen, 1976), BEsE L —=v 272X b,
CHOEDEALNRE 57 &5 MDEIATBETH 5 A,
VO,@AT % VO,max i A B e L2 50 b e &
LIXEETHY, RArv—=v2ricl ) EBELELE
NHETSD L W25, AR, ASIKLEELA LA
Dbl b, MM RICETH AS TR
FZHESN (BAVIEEFFAML) ORWIEEIZZD S
Hevz ks,
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MFRBEICOWTIE, 40, AEREMIR
BHHNTehoToA, YISV T AN, KEEY RE
HavA7e -, BiRE(CEROERTER, Lo
EHEYREOz VAT e —-AD LREERVEEXM
feZ CIEEE L - = v S OEEE~OBEADOEH
HETBTHLDOTHAH, 5%, EHMEERO—RE
LTOLHER 74 — F -y 7 BB AMEIEITR
V=V 7 0EREICETIRENEED DFRED—
DTHB.

Pr—=v2 (EIBED N —=v ) wikE
THESHEFIC, LELEEO ARDLRD Z LI13H
<mbBEIBRTWA, Zhut, £&LTHRZHEICH
KT AHEFHHEMELTEDLZBRTED, BAKS
HE, FROKEK, ~=s/r v EREOBDNEDOR
HThsH, APFRTIMBEEL~% 7 = £V ERED
BRI %, U CRORBECGES )W FEERBALRLA
2, FTOMMEITHh S EFHBEANTSH >z, EF
HEOOFERRO—2K, REMOEMMERAT
WEL TV ARAOEROHEBHENC L 2EM (B,
1985) B FHLN B0, KRR TT b —=v7
XTI DE3IRBMMNARE D EEFE L LR,
ez, BmLvWERMEESOMSTICL v, KRMERE

4 b
5
£ 3t
~.
o
A
~
—
E r
~— 2 L
—_
<I
(«=]
N
R4 y = 0.51lx - 0.171
SEU r = 0.715 (p<0.05)
SEE = 0.740
3 4 5 6 7 8 9
AS (4)

AV0,9AT (4 %)

HRERK - FH HA - ®BHNIB=

P~E S B EVENBOER R RT C & A IEECER
BORATHREZEL T3, ik REHEAEEENCH)
mhbHT, Pr—=v IR b LY BRELLTS
B OFEMARHEETHIRETHA .

[(BF3ell]

TaF¥Fv s hv—=v S RRIER SRR, M
BIRE, FEEREOB(CET 2Rk L D
HE IR TWA, KFRETE, ZhbDBHEH
2T AS CRIETHRL R L1,

WEE, FIEER, K% HR, MEKR K>\ TidE
BRI DRI - e (36, 7), £SICRT
<, AS, VO, @AT, VE@AT, VO,max, VEmax, %
VO,max @AT Ic A B 7x 8k 2300 5 h 72, %VO,
max @AT DAL, BE VO,max D50~ 60% 124824
4% V0O,@AT & VO,max ® \~F h b #3% 3 ml/
kg/minA L LICIAERTHD, ZnblHE
DIERENENZERILTH -7 &b, ARET
MH Lo aF¥v 7 b v—=v 73R AFERL D
RATIRER OBBMEEREINICRIZ TR/ R
K E o EERERT A, badig, VO,max, VO,
@AT, AS, 4000M ERBEDOE(RIZFNF NI I %,
16%, 17%, 19% & 75 - 7c.

30

y = 0.706x + 5.46

r = 0.718 (p<0.05)
25k SEE = 3.54

[ J
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Fig.5 Relationship between training-induced changes in aerobic score and training-induced

changes in anaerobic threshold.
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Tanaka % (1988) (1184 Btk (28.3+5.58%) &t
§1CF#3.5km/H, 348 /B0 a Fvr b v —=v
7 #3.87 Alcht»TEL, VO,max, VO,@AT,
5000M FERFEIC T ZE N8 %, 12%, 16%DHEMA
BT B, AFROREBILSIERESO B2 RS
& L7z Tanaka 5 (1988)1z & A& {THE D B il
R—=HKT5LD0THS, LT, BEEWNRET
HEETL, vaFv s v —= v IO E D
ASHERECH ETAL LD LHETE S, K51TZ,
ASOEE & VO,@AT 0B/ E L DBFHE R R L
. T h BB LEREIEA) L HEGEA%) DT
NTEREALTCS, BEIERCEE LM =0.715,
0.718) MABD BN, DT &, ASDOY aFv s
bL—=v 7 ik 5E#AV0,@AT O + L —=
VIR X AEEER—ARIICEETAZ EERTLO
THY, ASOBBREBRENHBEL L ToELHEL X

APPENDIX A
SYMBOLS AND ABBREVIATIONS

A number of symbols and abbreviations specifically
used in the present study are shown below.

AS aerobic score
AT anaerobic threshold (lactate threshold)
Al atherogenic index
DBP diastolic blood pressure
- FFW fat-free weight
Hb hemoglobin concentration
Hct hematocrit
HDLC high-density lipoprotein cholesterol
HR heart rate
LDLC low-density lopoprotein cholesterol
MCV mean corpuscular volume
MCH mean corpuscular hemoglobin
MCHC  mean corpuscular hemoglobin concentration
RBC red blood cell count
SBP systolic blood pressure
SI serum iron
TC cholesterol
TG triglycerides
TIBC total iron binding capacity

VE pulmonary ventilation, expressed at normal
body temperature and ambient pressure,
saturated with water vapor

VO, . oxygen uptake, expressed at standard tem-
perature and pressure, dry (at 0°C, 760
mmHg, dry): e.g., VO,@AT means VO, cor-
responding to the AT

WBC white blood cell count

DIZEDHFERE V2 L5, biezic, K5 oEE
;0.ASK%H%N&@ﬁujiWL@ATfAhd.
#5 ml/kg/min D Lic >k Mn B b DL HEET X
5.

—77, MERECSCTEIERERZLERD LN
Motady, DI &% Tanaka H(1988) DR & —
T5., MREL~E/r e vRES PV -—= v IO
BB TIRIER L TH » o, MFSCEEE 518 S 5920
@Dz aFvy s brv—=v 0B TELLL)H-T:
TEMD, TORBRED NV —= v, RERE)
THEBHEMTAER LV L2 X 5,

PEo#HERIY, —EfE (1~2+A) oo=F
vy Nv—=vr(2~4 B/ 205/8)L 0 VO,
@AT % VO,max I8 & » CRE S5 EHEMIES
DR ENRRED LA LEFEFIC, ASIZ2WTHEER
ROLNBZ ED, AS IHMHFIAIE A SR THHE
BESEENOFRABERCLY S5 Lv25,

a2z b4y, 1NRH[OFEEEDOT + (& KL
ZhlcoThbv—=v 72k L TEWAH ) REHH
LEFET,

R, AFEO—FHIHEAEAKE AR - vIRESOW
WEIRIZ X » TiT » 2.
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