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Allometric Scaling of Maximal Oxygen Intake in Sports
Keiji YAMA]JT *

Summary

The metabolic rate does not increase linearly in proportion to the body weight.
Therefore, VO,rest, VO,max, and VO,submax should be expressed by the allometric scaling
law of v = ax". In animal studies (single species), Rubner (1873) and Heusner (1982)
identified an exponent of 2/3, and Kleiber (1932) emphasized 3/4 for multiple species. An
expression relating VO,max to the body mass and exponent of 2/3 was first suggested in
humans (single species) by Krogh (1916). Since then, exponents during various exercises
and sports for athletes have been verified by many researchers, but a consensus has not
been reached. This is because the results differed according to the age, gender, percent
body fat, body height, and characteristics of the movement style during exercise.
Therefore, this short review verified the kind of exponent preferable to estimate the
VO.max and VO.submax during running, cycling, rowing, and cross-country skiing after
controlling for age and gender. The resulting body mass exponent was roughly 2/3 or 3/4
for running, 2/3 for cycling, cross-country skiing, and rowing
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Authors(yrs) Characteristics of Subject Exponent b
No Age(yrs) Sex Character
Cooper et al” 11-18 M + F boys and girs VOpmax = aX!ol
Astrand et alV VOsmax = aX0-6
Paterson et al® 11-15 M trained boys VOsmax = aX:0
Bergh et al¥ 141 17-44 M untrianed men VO:max = aX®5 VOysubmax = aX0&
M runners VOsmax = aX0-¥ VOssubmax = aXo7
F  rumners VOmax = aX0-7 VOgsubmax = aX®#
Ingjer?® cross-country skiers VOsmax = aX0-
Bergh et al® cross-country skiers VOomax = aX®6
Nevill et al*® M VOzmax = aX®®
F VOgmax = aX0™
Sjédin et al® 8 11-15 M  untrained men VOsmax = aX!o
4 8—-15 M untrained men VO:max = aX0™
Swain®® 10 M cyclists(levelling) VOpmax = aX0-32
cyclists (climbing) VOzmax = aX0-¢
Svedenhag et al® 19-35 M elite runners VOz= aX0™
Davies et al'V 63  10-23 M elderly men VOymax = aX0® VOuduring running
Morgan et al?® 22 26.5%2.2 M  elite runners VOsmax = aX®? VOsmax = aLBML%
41 27.6+7.2 M sub-elite runners VOpmax = aX®?® VOssubmax = aX%7%
16 36.9+5,0 M good runners VOzmax = aX%% VOssubmax = aX®%®
10 26.3%+3.6 M untrained subjects VOsmax = aX®™ VO;submax = aX0®
Welsman et al® 63 10-25 M VOspeak = aX0-® VOssubmax = aX®?®
83 10-23 F VOspeak = aX07?
Vanderburgh et al®” 94 27.4%6.7 W  young women VOzmax = aLBM®6!
VOsmax = al.LBM»-*
Heil¥ 440 20-79 M+ F VOspeak = aX06%
Wisloff et al® 8 22.6x3.8 M cross-countory skiers VOsmax = aX0&
Wisloff et al’V 29 23.8%+3.8 M soccer plaﬁlers VOsmax = aX0™
Rowland et al® 24 x =117 F  girls VOgmax = aX0s2
17 x =274 F young adult women
Jensen et al?V 655 15-56 M 22 different sports VOzmax = aX0-7
312 F 18 different sports
Markovic et al® 270 M athletes VOemax = aX067
43 M untrained men VOsmax = aX0®
Chir et al® 158 21.7+4.9 M athletes VOzpeak = 2. 23%0-67
28 21.9+7.0 F  athletes VOspeak =2. 23X0-%
Ratel et al® 30 12-22 M+ F swimmers VOzpeak = aX40
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%2 EHERLRAMEENE(-min—t & ml- kg 0% min 1) RUFEODNEIEH (Jensen et al??)

Specialty (2 ) VO sae b Specialty (# ) VO s b
1 min 'ml kg """« min " 1 min “'ml kg """ - min '

Males Females
Cycling (157) 5. 23(0.50) 234(16) 0.74 Running (10) 3.51(0.38) 189(14)  0.91
Running (20) 5.20(0. 38) 234(12) 0.59 Triathlon (7) 3.89(0.42) 187(21) -0.14
Orienteering (19) 5.07(0.38) 228(11)  0.73 Cycling (20) 3.53(0.31) 181(15) 0.41
Triathlon (16) 4.93(0.39) 222(19)  0.24 Rowing (32) 3.94(0.31) 179(9) 0.63
Walking (6) 5.21(0.20) 221(11)  0.19 Military pentathlon (6) 3.54(0.15) 172(13)  0.09
Rowing (117) 5.38(0.49) 221(13)  0.73 Soccer (80) 3.49(0.37) 171(14)  0.71
Military pentathlon (13) 5.22(0. 38) 217(9) 0.68 Swimming (10) 3.40(0.42) 170(14) 1.24
Badminton (15) 4.91(0. 56) 215(12)  0.75 Orienteering (11) 3.19(0.39) 165(16)  0.60
Swimming(11) 5.00(0.33) 213(14) 0.31 Team handball(61) 3.55(0.33) 164(14)  0.52
Kayaking (26) 4.87(0.54) 203(19)  0.80 Badminton (13) 3.34(0. 38) 163(13)  0.80
Squash(28) 4.72(0.53) 201(16) 0.86 400-m running (10) 3.34(0. 38) 161(16)  0.91
Team handall{142) 4,97(0.48) 19413)  0.72 Kayaking (12) 3.33(0.38) 160(14)  0.63
Ballroom dancing(4) 4.36(0.63) 190(24)  0.92 Squash(17) 3.18(0. 46) 156(21)  0.75
Motorcross (17) 4.45(0.43) 190(10)  0.90 Karate (3) 3.29(0.30) 153(2) 0.81
Bicycle motorcross(13) 4,61(0.49) 186(16)  0.75 Rhythmic gymnastics(7) 2.64(0. 28) 153(14)  0.51
Speedway (11) 3.83(0.37) 178(15)  0.71 Ballroom dancing (5) 2.83(0.49) 148(20)  2.58
Karate (6) 4.12(0.19) 177(6) 0.57 Archery(2) 2.51(0. 16) 123(1)
Road race(11) 3.91(0.47) 177Q07)  0.73 Riding (show jumping) (6)  2.56(0. 33) 121(10)  0.99
Yachting (4) 4.62(0.48) 177(10) 0.78
Archery(5) 4.05(0. 45) 167(9) 0.71
Show jumping(5) 3.71(0.37) 162(16) 0.34
Rally (9) 3.73(0. 64) 148(26)  0.37
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