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Determination of Maximum Fat Oxidation Rate During Walking
in Middle Aged Healthy Men and Women

Kazunori Sagawa, Hikaru Tanaka and Kazumasa Kumamoto

Abstract

The aim of the present investigation was to determine a walking speed at which the fat oxidation
rate was maximal. Middle-aged healthy seven volunteers (4 males and 3 females) performed an
incremental walking exercise test to exhaustion on a treadmill. Substrate oxidation was determined
using indirect calorimetry. Maximal fat oxidation rate was 0.32 = 0.03g min(47.2cal min? kg') and
occurred at speed of 55km h'. However, the fat oxidation rate at speed from 3.5 to 45km h?' was not
different from the maximal fat oxidation rate. Therefore, it seemed that we can choose an adequate
intensity among the range of these speeds depending on each fitness level, to improve a reduced
reliance on lipid oxidation. The intensity at which the maximal fat oxidation rate occurred (FATmax)
was 47%\.702 peak, and this value were similar with intensity of the previous studies that using
untrained healthy adults.
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MERERICBWTHEIrD SN TS (Achten and
Jeukendrup, 2004; Bergman et al, 1999; Knechtle
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cm yr %

mean 169.2 64.8 451 211
s.d. 6.0 12.5 9.0 5.1
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80 cal min™ kg™ (Achten et al, 2002; Achten and
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et al, 2004).77-90 cal min™ kg™ (Astorino, 2000;
Knechtleet al, 2004) TH5b, hbDETFN
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48%VO,max (GEBE. Bk, MLy FILE
B) : Venables et al,2005) &. HEEL L0
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B - RO ELBRE LTHWAEA
I2iE. ERE KD FENREICS U TERE
THo@EE - 85 F COHBE CHITEE L BIRT
XBLWEENED DL, T, BIFETESNI-FT
EEID FATmax 1t 47%VO0, peak T3 0. JE
FEEPRE L LT D FATmax & &4
THETHo7

VI TR

Achten, J., Gleeson, M. and Jeukendrup, A.E.
(2002) Determination of the exercise intensity
that elicits maximal fat oxidation. Med.Sci.
Sports Exerc. 34(12):92:97.

Achten, J. and Jeukendrup, AE. (2004) Relation
between plasma lactate concentration and fat
oxidation rates over a wide range of exercise
intensities. Int.]. Sports Med. 25(1):32-37.

Astorino, T.A. (2000) Is the ventilatory threshold
coincident with maximal fat oxidation during
submaximal exercise in women? J.Sports Med.
Physical Fitness. 40(3):209-216.

Bergman, B.C. and Brooks, G.A. (1999)
Respiratory gas-exchange ratios during
graded exercise in fed and fasted trained and
untrained men. J.Appl Physiol.86(2):479-487.



BRIAERALR DR AR 2 B BT REDRE

Bircher, S., Knechtle, B. and Knecht, H. (2005)
Ia the intensity of the highest fat oxidation
at the lactate concentration of 2mmol L'? A
comparison of two different exercise protocols.
Eur.] ClinInvest. 35(8):491-498.

Bisdee, ].T., Jones, W.P.T. and Shaw, M.A. (1989)
Changes in energy expenditure during the
menstrual cycle. Br.J Nutr.61(2):187-199.

Carraro, F., Stuart, C.A,, Hartl, W.H. et al.(1990)
Effect of exercise and recovery on muscle
protein synthesis in human subjects. Am. J.
Physiol. 259 (4 Pt 1):E470-476.

Coyle, E.F., Jeukendrup, A.E., Wagenmakers,
AJM. and Saris, W.HM. (1997) Fatty acid
oxidation is directly regulated by carbohydrate
metabolism during exercise. Am.].Physiol. 273
(2 Pt 1):E268-E275.

Coyle, E.F., Jeukendrup, A.E., Oseto, M.C,,
Hodgkinson, B.J. and Zderic, T.W. (2001) Low-
fat diet alters intramuscular substrates and
reduces lipolysis and fat oxidation during
exercise. Am.J.Physiol. Endocrinol Metab. 280
(3):E3191-E398. ‘

Finley, F.R. and Cody, K.A.(1970) Locomotive
characteristics of urban pedestrians. Arch.
Phys. Med. Rehabil. 51 (7):423-426.

Frayn, K.N.(1983) Calculation of substrate
oxidation rates in vivo from gaseous exchange.
J. Appl. Physiol.: Respirat. Environ. Exercise
Physiol. 55(2):628-634.

Holloszy, J.O. and Coyle, EF. (1984) Adaptations
of skeletal muscle to endurance exercise and
their metabolic consequences. J.Appl.Physiol.56
(4):831-838.

Horowitz, ]J.F., Mora-Rodriguez, R, Byerley, L.O.
and Coyle, EF. (1997) Lipolytic suppression
following carbohydrate ingestion limits fat
oxidation during exercise. Am.].Physiol.
Endocrinol Metab. 273 (4 Pt 1):E768-E775

Horton, T.J., Miller, EXK., Glueck, D. and Tench,
K. (2002) No effect of menstral cycle phase

on glucose kinetics and fuel oxidation during
moderate-intensity exercise. Am. J. Appl.
Physiol. 282(4):E752-E762.

Jeukendrup, A.E., Mensink,M., Saris, W.H. and
Wagenmakers, AJ. (1997) Exogenous glucose
oxidation during exercise in endurance-trained
and untrained subjects. J.Appl.Physiol. 82
(3):835-840.

Knechtle, B, Muller, G, Willmann, F., Kotteck, K.,
Eser, P. and Hnecht, H. (2004) Fat oxidation
in men and women endurance athletes in
running and cycling. Int.J.Sports Med. 25
(1):38-44.

PAEFE, iARsEE (1993) AT Z0%EEL
HLVERE () 7y I NIAIAFT4
Riddell, M.C.,, Jamnik, V.K,, Iscoe, K.E., Timmons,
B.W. and Gleshill, N. (2008) Fat oxidation
tates and the exercise intensity that elicits
maximal fat oxidation decreases with pubertal
status in young male subjects. J.Appl.Physiol.

105(2):742-748.

Romijn, J.A., Coyle, E.F., Sidossis, L.S., Gastaldelli,
A, Horowitz, J.F., Endert, E. and Wolf, RR.
(1993) Regulation of endogenous fat and
carbohydrate metabolism in relation to
exercise intensity and duration. Am.].Physiol
Endocrinol Metab. 265 (3 Pt 1):E380-E391.

Romijn, J.A., Coyle, EF., Sidossis, L.S., Rosenblatt,
J. and Wolfe, RR.(2000) Substrate metabolism
during different exercise intensities in
endurance-trained women. J.Appl.Physiol. 88
(5):1707-1714.

Sidossis, L.S., Gastaldelli, A., Klein, S. and
Wolfe, R.R.(1997) Regulation of plasma
fatty acid oxidation during low- and high-
intensity exercise. Am.J.Physiol. 272 (6 Pt 1):
E1065-E1070.

Stisen, A. B., Stougaard, O., Langfort, J., Helge,
J.W. and Madsen, K. (2006) Maximal fat
oxidation rates in endurance trained and
untrained. Eur.J. Appl.Physiol. 98(5):497-506.

53



54

LANESE

Tarnopolsky, L.J.,, MacDougall, ].D., Atkinson,
S.A.Tamopolsky, M.A. and Sutton, JR. (1990)
Gender differences in substrate for endurance
exercise. J.Appl.Physiol.68(1):302-308.

Venables, M.C. and Jeukendrup, A.E.(2008)
Endurance training and obecity: effect on
substrate metabolism and insulin sensitivity.
Med. Sci. Sports Exerc. 40(3):495-502.

Venables, M. C,, Achten, J. and Jeukendrup A. E.
(2005) Determinants of fat oxidation during
exercise in healthy men and women: a cross-
sectional study. J.Appl.Physiol. 98(1):160-167.

Willis, W.T., Ganley, K.J. and Herman, R.M.
(2005) Fuel oxidation during human walking.
Metabolism 54 (6): 793-799.



