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A Relation between Maximal Oxygen Uptake and
Anthropometric Parameters.
-Examination for Cross-country Skiing Racers-
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Katsuo UCHIDA, Yoshihiko OSHIMA, Ken-ichi NTWA*

Abstract : Maximal oxygen uptake (Vo:max) is the most fundamental index to evaluate
the endurance during exercise. Maximum effort exercise to obtain Vo:max is difficult to
apply to untrained people. We measured Vo:max for young elite cross-country skiing
racers in Yamagata Prefecture with stepwise exercise using a treadmill, and analyzed the
correlation between Vomax and their anthropometric parameters with the multiple
regression analysis. Vo;max showed significant positive correlation with body weight, and

negative correlation with body fat ratio for female subjects. These results suggest that

Vo.max can be estimated from parameters measured without exercise.
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Table 1 #ERE D B AN
G fip gk RE  KIERHE

(years) (cm) (kg) (%)
M1 13 165.0 52.7 6.0
M2 14 163.6 59.5 95
M3 15 168.1 53.6 6.3
M4 15 172.8 64.0 8.0
M5 15 174.7 69.2 95
M6 17 170.2 625 9.3
M7 18 167.0 59.7 8.8
M8 18 173.4 61.2 75

M-mean  15.6 169.4* 60.3% 8.1%
SD 1.8 4.1 54 1.4
F1 12 145.1 34.8 11.5
F2 13 148.1 353 10.3
F3 13 159.2 49.5 17.2
F4 15 155.6 52.8 2135
F5 15 153.4 419 16.1
F6 15 160.6 54.0 19.9
F7 16 157.1 50.4 18.4
F8 18 158.6 56.8 202
F9 18 1572 527 17.8
F10 18 165.5 52.9 17.2
F-mean 153 156.0% 48.1% 17.0%

SD 22 6.0 7.9 3.6

it : BRREEFEERE SRR OBER —roxs> b)) — - XF—BFRBT D

Vo.max, Vco,, VE, TV BXUORTFEDFHE
BBLZMICEREND > = (p<0.05), MEHE, I
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3) Vo:max & BRI BIEME OEEIREHT
(Table3)

Table 3 I X FD#EF T, Vomax EHE, 1K
EBIORIERROBERZEERZSITITE O o
LR TH 5. B EIIHEIC Vomax ZHET 5
HFTRABNI EARENTNS, FERERVE
RE, KSHR & Vomax lZ FOXTEINSH
RERLZ,.

y = 37.26 + 1.128 x, — 2315 x, (y : Vosmax
(ml/minkg), x :HFE (ke), x:EKEHE (%),
p<0.05)

LML, BFo#EBREITBWT, Vo.max & B
EFHIEE O RICIE—E DBRIIED s hiaho I

Table 2 Vommax BSDIFIREERRMEME L RTE - SESEM

BARFERE REFAEHE TEE ﬁﬁ%fﬁaﬁi 1EREE WK DA HAE  HEEm
(ml/min/kg) (ml/min/kg) (L/min) (ml) (@ /min) (beast/min)  (kg) (°C)
MI 66.6 68.6 1.03 109.0 2203 495 204 0.34 0.8
M2 67.1 68.3 1.02 131.2 2152 61.0 197 0.68 0.5
M3 72.4 85.6 1.18 135.1 2112 64.0 199 0.41 0.8
M4 68.5 73.1 1.07 147.0 2535 58.0 190 0.48 0.2
M5 64.9 66.1 1.02 143.3 2256 63.5 143 0.51 0.9
M6 67.9 76.0 1.12 133.5 2288 58.3 166 0.38 1.0
M7 72.1 88.4 1.23 151.8 2282 66.5 154 0.63 1.7
M8 70.0 71.9 1.03 146.4 2356 62.1 154 0.63 0.8
M-mean 68.7* 74.7% 1.09 137.2% 2273* 60.4 176 0.51% 0.8
SD 2.6 8.2 0.08 13.52 132 5.2 24 0.13 0.4
F1 52.6 50.6 0.96 65.05 1081 60.2 188 0.23 1.2
F2 50.9 422 0.83 61.06 1095 56.3 187 0.15 0.3
F3 49.7 53.6 1.08 98.81 1684 58.7 171 0.32 0.3
F4 44.6 43.6 0.98 84.99 1729 492 195 0.33 0.9
F5 50.0 50.9 1.02 77.89 1321 59.0 176 0.20 0.6
F6 51.7 56.4 1.09 101.6 1830 55.5 163 0.36 0.8
F7 48.5 52.7 1.09 93.78 1590 59.0 186 0.35 1.3
F8 59.6 61.3 1.03 115.7 1873 61.8 175 0.53 1.1
F9 59.6 67.3 1.13 120.7 1762 68.5 198 0.39 2.0
F10 54.3 59.7 1.10 103.4 1829 56.5 181 0.45 0.8
F-mean 52.1% 53.8% 1.03 92.35% 1579% 58.5 182 0.33* 0.9
SD 4.7 7.7 0.09 19.87 303 49 11 0.11 0.5
(M : male ; F : female) * 1 p<0.05
Table 3 Vomax & ZHBEHESE & DIHE
B AR B FR 2K JIEN p &
7] Fr 121 52.83 120.8 2.29 <0.05
g £ -0.69 0.43 -0.87 -1.60 0.16
LS - 1.86 0.60 3.13 3.11 <0.05
VNS -2.99 0.94 -2.29 -3.17 <0.05




ARG R AR ST,

z B

AU TIIHEBRE O FARNEHIE, 2 TOIEE
DEBEICBLRETEREENAH 5N/ (Tablel),
% 7=, Vomax (23 U 72 S TORBIEEIL VE, TV
DEFEIBLHMICAEBRENRD SN

(p<0.05), NEIREDEHEICHEBEZEILRD 5N
Mo (Table2), MREBICHBENFED SN
WZ EMB, VEIR TV IKEL TW5D Z EAthh
%5, TV DEIBLOKKE (FE, KE) O£ (B
DREEZ) TLoTHEINS, TDT ENDB,
TV QENHB LD Vomax DEI KL TND T
ENEZS5ND, Vomax EfiOKEE (AR
fifi{E &) & DIEDHHMBIfRIE, Holmgren 3L TN
;Xstrand“), Davies” & D#iE&E—T 3,

TFO¥ERETIE, Vomax AE, HISHED
M —E DBIFRAERIL L T /- (Table 3), fKE
EIWXIEDHEE, HKIEE EIZEOMBENED S
5END T &R, TbBRIEHAE (LBM:Lean
Body Mass) & DIEDAHBEBIRZEKL T 5,
Buskirk 35 & OF Taylor” % Vo;max & LBM O i %
WEBLTWS, Moody b 13, HEHHE &I
#FHDMTIZ, Bi%E D Vo, max IIEEHEDZN
D HEEZETR LA, RE %7 D O Vo,max i3
EF#DIFES 0L, LBM 47D D Vomax TiEi
FEOMIFTHELLRozEL TS, F/=, 1K
FEMiRIAE S BIRDWBRBFBENK L LIZWET
1%, REASENE E Vomax WEMTH > 729, &
MADERII I N SRERDOHFFEFER " & —F L
TWw3, KENEKEHENMENE, Thbb
LBM A3 HIIC K Z 1135 T Vosmax 257 WME 275
LizZ &id, BRI F—RBODENS D
Hffoshsd, LML, BFEREFCIBWTI,
Vosmax &AKE, KSR ORIC LT O & > 72 BR
BN L TWishhofz, 2D Z 45 E OB FH
B D BREIR R Vomax DIE B DEHNE L,
AR O HBHIEWEF TH o= 2 LITER
T5EEILNS,

ZOZRHY RY—+ ZF—"Tl3 Vo,max H378 V&
ENEFTHHEENTNDE O, o — X 2—
T 7 EREHIDENT S Vo,max DIEAZL,
THENDNTWSY, EXE, TAU DY
DAY K=+« AF—F—ALTRI—XHT&L
DHI—ZT % T Vomax 28 4.5~ 87%ENT &

25, 1999

BWEINTWDB, —RiC, HAMKBENRBEDN
LHETE, =AML —X - FTEEIC
Vomax DY — 27 MBI 2 L b T 5, A
ENEmINZREL, > —X> - A T7EREE
WATRWIR =X - FT7M6 2 AZEBEL
BHICTHho . ZORIC, BTFHERAE M3, M8
BREHADF > aFNF—L (BF) O Vomax =
73.7 (ml/kg/min) EFELX)VOEZFCEL .
ZOMBEDKRENREALSD L, ThTH63,
715% LB E TR TS, BFORREITBNT
1%, Vomax EARE, KISHEORBICLTFOLS 2
BIfRISERIL L Tz o ZIZd b 53, 20
LI BHENELNZ, TDZEEZBTHBRERC
BOTHRERIGHRDE L, LBM DK EWIRESH
M2V THWBSHREERZRLTNSHDEE
ZABZENHES,

AR T, TFOEBREFICTBO TUIREDK
ERiR s & DRHERIE RN S, Vomax %5 5
EFRTESZELMRENE. LML, BTo#k
BEICBWTRELZFOLS BRERNBASNIRNWT
ENS, FRROINTG A—F —72F TO PR RS
EEbhz, £z, AAKOBBRE L HRDOAR—
VEFIIRESNTHED, BEEOEHVWTHEHIETS
i, SHRRBEVEBOHBREENRETIHNE
NHBEEZLNS,

E: o)
AR ORERMN S, KE, KIEHED XS ITH

BB HBRNAHEENTIRWZERFORIERN 5,

Voumax % SBETFHTES 2 EEBINE,
E: 3

FFFEDORBRIC TN T & o 2 BF IR 5 UNICH
BREOHZITEH L LT X7,

X M

1) EHFHEFE, # BEF  OKinetics DERE, H2
BiEY ¥ —7 )b 30, 511, 1996.

2) Nishiyasu, T., Nagashima, K., Nadel, E.R.,
Mack, G.W. © Effects of posture on cardiovascular
responses to lower body positive pressure at rest
and during dynamic exercise. Journal of Applied
Physiology 85, 160-167, 1998.

3) Aantonio, P, Sue, J., Garry, A. : Ventilatory and

— 84—



HINEYE, it RREEBNEEABORBESR —yoxn> by — - 25 —2Fi B 59—

cardiovascular responses to unsupported low-
intensity upper limb exercise in normal subjects.
Australian Journal of Physiotherapy. 44, 123-129,
1998.

4) Astrand, P. O., Ryhming, L : A nomogram for
calculation of aerobic capacity (physical fitness)
from pulse rate during sub maximal work. Journal
of Applied Physiology 7, 218-221, 1954,

5) Maritz, J. S : A practical method of estimating an
individual's maximal oxygen intake,
Ergonomics.4, 97-122, 1961.

6) Legge, B.J., Banister, E. W. : The Astrand-
Ryhming nomogram revisited. Journal of Applied
Physiology 61, 1203-1209, 1986.

7) Davis, C. T. M. :Limitations to the prediction of
maximum oxygen intake from cardiac frequency
measurements. Journal of Applied Physiology 24,
700-706, 1968.

8) Glassford, R. G. : Comparison of maximal
oxygen uptake values determined by predicted and
actual method. Journal of Applied Physiology 20,
509-513, 1965.

9) Rowell, L. B. : Limitations to the prediction
maximum oxygen intake. Journal of Applied
Physiology 19, 919-927, 1962.

10) Wright, G. R., Sidney, K., Shephard,R.J. :
Variance of direct and indirect measurement of
aerobic power. Journal of Sports Medicine and
Physical Fitness 18, 33-42, 1978,

11) Holmgren, A. , Astrand, P. O. :DrLand the

=

dimensions and functional capacities of the O
transport system in humans. Journal of Applied
Physiology 21, 1463-1470, 1966.

12) Davies, C.T.M. : Maximal aerobic power in
relation to body composition inhealthy, sedentary

adults. Human Biology 44,127-139,1972.

13) Buskirk, E., Taylor, H. L. :

intake and its relation to body composition with

Maximal oxygen

special reference to chronic physical activity and
obesity. Journal of Applied Physiology 11, 72-78,
1957.

14) Moody, D. O., Kollias, J. , Buskirk, E.R. :
Evaluation of aerobic capacity in lean and obese
women with four test procedures. Journal of
Sports Medicine and Physical Fitness 9, 1-9, 1969.

15) Williams, C. G. , Wyndham, C. H. , Morrison, J.
F. : The influence of weight and of stature on the
mechanical efficiency of men. Internationale
Zeitschrift fiir Angewandte Physiologie
Einschliesslich Arbeitsphysiologie 23, 107-124,
1966.

16) Kohrt, W. M., Morgan, D. W., Bates, B. ,
Skinner; J. S. : Physiological responses of
triathletes to maximal swimming cycling and
running. Medicine and Science in Sports and
Exercise 19, 51-55, 1987.

17) Hanson, J. S. : Maximal exercise performance in
members of US Nordic ski team. Journal of
Applied Physiology 35,592-595, 1973.

— 1998.11.11. 34§, 1999.1.22. 5Z# —

#

BABEERE (Vormax) [ZIERMBEERBEAS MO b EANRIGETH D%
HBREICRERNEHAH Z2EBN D -0BEHEUNNOHEAIIRETH S, AHFETIE
Vormax D FRX%2HBS B TIIHEDO /7 OZAH Y R — « ZF— - V2 =7 (L
BFEMRFITH Ly B)VEEROMNE, BRBIOCEKBFHREDHER T 2HE
L. Vomax & DEE % BEBMTIC L VBRI L. Voomax D FRIXZRE L. =
DIER, LFOWREICBWTHKE, KISNHE L Voomax BICE EIRABEMNR 5 H
o HBEBICHBAHEZEATICHIE CE A2 LHHAEE (KE, KIEHR) nb5
Vormax %% 2BETFHTE S Z ENRBIN-,

F—U— R ZEREZFENE. FAN. KE. KIEHZER

— 85—





