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ABSTRACT
ACHTEN, J., M. GLEESON, and A. E. JEUKENDRUP. Determination of the exercise intensity that elicits maximal fat oxidation. Med.
Sci. Sports Exerc., Vol. 34, No. 1, 2002, pp. 92-97. Purpose: The aim of this study was to develop a test protocol to determine the
exercise intensity at which fat oxidation rate is maximal (Fatm-a). Method: Eighteen moderately trained cyclists performed a graded
exercise test to exhaustion, with 5-min stages and 35-W increments (GE 351 5). In addition, four to six continuous prolonged exercise
tests (CE) at constant work rates, corresponding to the work rates of the GE test, were performed on separate days. The duration of
each test was chosen so that all trials would result in an equal energy expenditure. Seven other subjects performed three different GE
tests to exhaustion. The test protocols differed in stage duration and in increment size. Fat oxidation was measured using indirect
calorimetry. Results: No significant differences were found in Fatmax determined with the GE 35 /5, the average fat oxidation of the CE
respectively). Results of the
tests, or fat oxidation measured during the first 5 min of the CE tests (56 + 3, 64 + 3, 58 + 3%V 2 ,Oax,
each
individual.
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64 + 4%VO2 ma- and 74 ± 3%HRmax. The Fatmax zone (range of intensities with fat oxidation rates within 10% of the peak rate) was
located between 55 ± 3 and 72 + 4%VO2 ,ax. The contribution of fat oxidation to energy expenditure became negligible above 89 3%VO2n,ax (92 + I%HR,,a). When stage duration was reduced from 5 to 3 min or when increment size was reduced from 35 to 20
W, no significant differences were found in Fat_ax, Fatmin, or the Fat,,,, zone. Conclusion: It is concluded that a protocol with 3-min
stages and 35-W increments in work rate can be used to determine Fatmax- Fat oxidation rates are high over a large range of intensities;
however, at exercise intensities above Fatmax, fat oxidation rates drop markedly. Key Words: EXERCISE TESTING, FAT METABOLISM, INDIRECT CALORIMETRY, CYCLING

Shifts

intensity is increased that coincides with increases in performance (13,14). These observations indicate that the ability to
oxidize fatty acids is related to improved performance. These
changes are likely to be the results of an overall increased
aerobic capacity (19).
Generally, the highest rates of fat oxidation are found at
low to moderate exercise intensities (range 33-65%
VO 2 max) (1,2,4,11,16,20,28-31). Most studies, however,
measured fat oxidation at only two (1,4,11,20,30,31), three
(28,29), or four (2,16) different exercise intensities. This
makes it difficult to accurately determine the exercise intensity that elicits maximal fat oxidation. To our knowledge,
there are no papers in the literature that have systematically
studied fat oxidation over a large range of exercise intensities to identify the exercise intensity at which fat oxidation
is maximal.
Therefore, the main purpose of this study was to develop
an exercise protocol to determine the exercise intensity that
elicits the maximum fat oxidation rate.

in energy substrate mobilization and utilization

occur as exercise intensity increases (22). There is a
progressive increase in the relative contribution of
carbohydrate oxidation to energy expenditure and a corresponding decrease in the relative contribution of fat oxidation to energy expenditure. However, from low to moderate
intensities of exercise, the absolute rate of fat oxidation
increases and then declines as exercise becomes even more
intense (5,20,22,28). Several mechanisms have been proposed to explain the lower fat oxidation rates at high compared with moderate exercise intensities. Fatty acid oxidation during exercise may be controlled to some extent by the
availability of plasma free fatty acids (6,28), and also at the
muscle tissue level, where entry of fatty acyl-CoA into the
mitochondria is the rate-limiting step in fat oxidation (6,30)
(for review see (17-19)).
Treatments that prevent conditions like overweight and obesity are of considerable interest both to the general public and
health-care professionals (31). Probably the most important of
these treatments is regular exercise that increases daily energy
expenditure and fat oxidation. In addition, it has been shown in
athletes that after endurance training, fat oxidation at a given

METHODS
Subjects. Twenty healthy, moderately trained men participated in this study, which was approved by the South
Birmingham Local Research Ethics Committee of the University of Birmingham, UK. Each volunteer gave his written
informed consent after explanations of the experimental
procedures and possible risks and benefits. The subjects
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TABLE 1. Physical and physiological characteristics of subjects.
o_Y
2 n..

Age (yr)

Body Mass (kg)

Body Fat (%)

(L min-')

(ml min-' kg-l)

18
7

28=2
263

748 - 1.5

16.2 - 1.2
11.5-0.81_

4.3 = 0.1

58.4 + 1.8
64.2 + 1.6

Values: mean

75.3-0.9

4.8 - 0.1

W...

_

NA

(W)
348 + 7
386 = 11

(W-kg-')
4.7 P 0.1
5.1 + 0.2

SEM

were all club/country standard endurance cyclists with a
training background of at least 3 yr. The characteristics of
the subjects are shown in Table 1.
General design. Eighteen subjects performed a graded
exercise (GE) test to exhaustion on a cycle ergometer: the
results of this test were used to measure fat oxidation over
a wide range of intensities for each subject. To test whether
this graded exercise protocol could be used to accurately
determine the exercise intensity that elicits maximal fat
oxidation (Fatma,). the subjects performed a set of four to six
additional continuous prolonged exercise (CE) tests on separate days at exercise intensities corresponding to those
during the GE test. The duration of the CE tests was decreased with increasing work rates to elicit similar energy
expenditure over the trials. For each subject, fat oxidation
rate was plotted against exercise intensity to construct a fat
oxidation curve. The fat oxidation curve of each CE test was
compared with the curve of the GE test. To investigate
whether stage duration and work rate increment size affected the results. in a second study. seven subjects were
asked to perform three additional GE tests with different
exercise protocols. All abbreviations used in the text to refer
to different test protocols are defined in Table 2.
Experimental design. Maximal oxygen uptake. maximal work rate. and maximal fat oxidation (VO°miS. Wfll 2 \.

and Fatn,13 ) were determined in 18 subjects by using a GE
test to exhaustion on an electromagnetically braked cycle
ergometer (Excalibur. Lode. Groningen. The Netherlands).
Before the start of the experiments. the subjects were familiarized with the equipment and the procedures. Experiments were always performed in the morning (start of ex-

ercise between 8 and 10 a.m.) and at the same time to avoid
circadian variance. Subjects were asked to fill in a l-d food
diary on the day before their first test. and they were asked
to repeat this diet before all subsequent trials. Furthermore,
subjects were asked to avoid strenuous exercise the day
before the test. Subjects reported to the laboratory after a 10to 12-h overnight fast, and body mass and height were
determined. Body fat was estimated from skin-fold thickness measurements at four sites according to the methods of
Durnin and Womersley (7). A Teflon catheter (Quickcath,
Baxter. Norfolk. UK) was introduced into an antecubital
arm vein and connected to a three-way stopcock (Sims
Portex. Kent, UK). and an initial blood sample was collected. The catheter was maintained patent with isotonic
TABLE 2. Graded and continuous
GE35 5
GE353
GE20.3
CE3,_,a
CE5.,,,-

saline (Baxter. Norfolk, UK). Subjects started cycling at 95
W. and the work rate was increased by 35 W every 5 min.
When the respiratory exchange ratio (RER) reached 1.0, the
work rate was increased by 35 W every 2 min until exhaustion. During the last 30 s of each exercise intensity, a blood
sample (-I mL) was collected. Heart rate was recorded
continuously during the test by using a radio telemetry heart
rate monitor (Polar Vantage NV. Polar Electro Ltd.. Oy,
Finland). Breath-by-breath measurements were performed
throughout exercise using an Oxycon Alpha (Jaeger, Wurzberg. Germany) gas analysis system. The volume and gas
analyzers of the system were calibrated using a 3-L calibration pump and calibration gas (15.12% 02; 5.10% CO2 ),
respectively. Maximal work rate was calculated from the
last completed work rate plus the fraction of time spent in
the final noncompleted work rate multiplied by the work
rate increment. A levelling off of oxygen uptake (defined as
an increase of no more than 2 mL-kgbody
weight- 'min- 1) during the latter stages of the exercise test
was taken to indicate that maximal oxygen uptake had been
attained. VO2lmaX was calculated as the average oxygen
uptake of the last 60 s of the test.
The subjects performed a set of additional tests (CE tests)
at the exercise intensities corresponding to those during the
GE test where RER < 1. The duration of each test was
chosen so that all trials would result in an equal total energy
expenditure of 2.8 MJ. The CE-test duration ranged from 80
to 35 min for workloads ranging from 95 to 270 W, respectivelv. The order of the tests was randomized and separated
by at least 2 d. During the tests, respiratory gas exchange
measurements were performed during the first 10 min of
exercise and during 5-min intervals thereafter. Only data
collected during the last 3 min were used.
In an attempt to find a more practical but still valid
protocol. seven subjects were asked to perform three additional graded exercise tests to exhaustion (the characteristics
of this subgroup are displayed in Table 1). The exercise
protocol performed was different during each test. The three
protocols wvere as follows: GE. 515: 35-W increments every 5
min until the RER reached 1.0, after which the work rate
was increased by 35 W every 2 min until exhaustion;
GE 3-,3: 35-W increments every 3 min until exhaustion; and
GE2111 : 20-W increments every 3 min until exhaustion. All
tests started at 95 W. The order of the tests was randomized
and the tests were at least 2 d apart. All tests were performed

exercise tests.
Graded exercise test to exhaustion: start 95 W.5-min stages with 35-W increments till RER = 1.0 hereafter 2-min stages
Graded exercise test to exhaustion: start 95 W.3-min stages with 35-W increments
Graded exercise test to exhaustion: start 95 W.3-min stages with 20-W increments
Continuous exercise test at work rates corresponding to work rates of GE
35 § test: Fat oxidation calculated over entire test
Continuous exercise test at work rates corresponding to work rates ot GE
3,, 5 test Fat oxidation calculated over first 5 minutes ot test
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in the morning after an overnight fast. During all three tests,
respiratory gas exchange was measured and heart rate was
recorded continuously.

Indirect calorimetry and calculations. During all
GE tests, average values for V0 2 and VCO2 were calculated
over the last 2 min of every stage. During CE tests, the
values during the last 3 min of each 10-min interval (i.e.,
7-10 min; 17-20 min; etc.) were averaged. These values
were then again averaged to obtain one set of values per CE
test (CEaverage). In addition, V0 2 and VCO 2 were averaged
from min 3 to 5 during every CE test (CE5 -min) (similar to
calculations in GE tests). Fat and carbohydrate oxidation
and energy expenditure were calculated using stoichiometric equations (10) and appropriate energy equivalents, with
the assumption that the urinary nitrogen excretion rate was
negligible. Fat and carbohydrate oxidation were thus obtained for GE, CEaverage, and CE5 -min.
For each individual, the results of the GE test were used
to construct a curve of fat oxidation rate versus exercise
intensity, expressed as VO 2 and HR. The curve was used to
determine the following variables:
Fatmax: the exercise intensity at which the highest rate of
fat oxidation was observed.
Fatmni.: the exercise intensity where the fat oxidation rate
reached zero (i.e., where RER - 1.0).
Fatmax zone: range of exercise intensities with fat oxidation rates within 10% of fat oxidation rates at Fatm,x. The
lower limit will be referred to as "low" and the upper limit
as "high."
Fat,mx, was determined using data from GE, CEaverage, and
CE_5 ,i,,. If the cycling economy of the subjects during a
stage of the GE test or during one of the CE tests was below
an arbitrary 3.35 kJ-L 0271 (average economy of GE tests
minus 2 standard deviations), the fat oxidation rates at that
stage were not taken into consideration for the Fat,,,,
(-zone) determination. Here cycling economy is defined as
the amount of energy transferred to the cycle per L of
oxygen consumed (24).
To quantify Fatmax and to compare the three different
exercise protocols, the results of the GE tests were used to
compose an average fat oxidation curve. For each individual
Fatrnax, Fatmjn, and exercise intensities that elicited fat oxidation rates 5, 10, and 20% below the peak rate were
determined. These specific points were then averaged and
plotted against the average fat oxidation rates.

Statistical analysis. Experimental data are presented
as means t SEM. Significant differences in Fatnax, Fatmin,
and the fat oxidation rate at Fat,,ax between GE, CEaverage,
CEs5min, and the maximal performance between the GE3515,
GE3 5/3 , and GE 20 /3 tests were identified by use of a one-way
analysis of variance. A general linear model for repeated
measures was used to identify differences between the fat
oxidation curves of GE 35/5, GE35 /3, and GE2013. When a
significant F-ratio was obtained, the Tukey post hoc test was
used to compare means. For all statistical analyses, significance was accepted at P < 0.05.
94
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FIGURE I-Fat oxidation rates versus exercise intensity expressed as
percentage of V0zm_x; N = 11; values are mean ± SEM.

RESULTS
Figure 1 shows the relationship between fat oxidation rate
and exercise intensity, expressed as a percentage of maximal
oxygen uptake. To construct this curve, the results of the GE
test of 11 subjects of the first study were used. For the
remaining seven subjects, there were insufficient data points
to construct the curve (i.e., there were no or insufficient
intensities below Fat,,ax). The exercise intensity below
Fatn,ax at which fat oxidation rates were 20% below fat

oxidation at Fatmax could only be determined in five subjects
and was therefore not included in Figure 1.
With increasing exercise intensities, the fat oxidation rate
increased to a maximum of 0.60 ± 0.07 g-min I at 64 ±
4%VO 2 ,nax (range 42-84), which corresponds to 74 ±
3%HRn,ax (range 54-92). The intensities of the Fatmax zone
were located -8.9 ± 1.3% and +8.2 ± 1.2% from Fatmax.

The

zone was found to be between 55 ± 3 and 72 ±
which is equivalent to 68 ± 3 and 79 ±
3
%HRmax, respectively. At exercise intensities above the
high border of the Fatmax zone, fat oxidation rates decreased
markedly. The contribution of fat oxidation to energy expenditure became negligible above 89 ± 3%V0 21,ax (range
71-99) and 92 +I %HRmax (range 84-98).
The average total work done during the CE tests was 2.79 +
0.03 MJ. There were no significant differences in energy expenditure between the test days. Fatnax was determined with
the average fat oxidation rates of the CE tests. This exercise
intensity was also determined with the fat oxidation rates
measured during the first 5 min of each CE test. In Table 3, the
Fatnax

4%VO 2 max,

exercise intensities at Fatmax during GE, CEaverage' and CE 5 min

are presented. The exercise intensities are expressed as absolute
and as percentage of maximal oxygen uptake and heart rate.
There appeared to be no statistically significant differences in
the Fat,,ax determined with the three methods. The maximal fat
oxidation rates measured during the three methods were also
not statistically significant.
In Table 4, the "low" and "high" border of the Fatma,
zone as well as Fat,,ax are expressed as a percentage of
maximal oxygen uptake and maximal heart rate for the
GE3 5/5, GE3 5/3 and GE2 013 exercise protocols. In addition,
Wmax, VO2max, and HRmax reached during the three proto-

cols are also shown in this table. No significant differences
http://www.acsm-msse.org

TABLE 3. Exercise intensity at Fat_.,
V2
(L min-1)
GE
CEa~,,Qe
Values are mean = SEM: N

2.48 : 0.17
2.80 : 0.16
2.52-014

%om
56 - 3
64 + 3
58+3

Hearl Rate
(bpm)

%NR^.,

Fat Oxidation
(g-min-1)

132 + 4
135 3
125+3

70 2
71+2
66+2

0.56 0.05
0.66+ 006
0.69+0.06

18.

were found in maximal performance (Wi..a., Vol,,,) or
HR.,ma, between the three protocols. In Figure 2, the average
fat oxidation curves for GE 3515,. GE3 5/13. and GE, 013 are
presented. There were no significant differences in the fat
oxidation rates between the three protocols. The exercise
intensities demarking the Fatmax zone were also not significantly different between the three exercise tests.

DISCUSSION
The main goal of the present study was to develop an
exercise protocol to determine the exercise intensity that
elicits the maximum fat oxidation rate. Here we introduce
the term Fatra, for this exercise intensity at which maximal
fat oxidation was observed. Although several studies reported maximal fat oxidation rates between 25 and
85%7cVOrn,a, (28). no studies have systematically deter-

mined Fatm.,. In this study. we have used an incremental
exercise protocol with 5-min stages and 35-W increments to
determine Fatma,. Here Fatm,, was located at 64 +
4%7rVO 2 ma,. corresponding to 74 + 3%kHRm_,. In addition to
Fatma,. a Fat,,,, zone was also determined. This zone was
defined as a range of exercise intensities with fat oxidation
rates within 10%g of fat oxidation rates at Fat ,. The results
of this study show that fat oxidation rates are within 10%7i
of
the peak rate over a relatively large range of intensities
(between 55 + 3%/VO 2 mj, and 72 - 4%VO,,,,ax: 68 +
3%7cHRm,ax and 79 + 3%7HRn3). It must be noted that the
absolute rates of fat oxidation are dependent on carbohydrate intake. It has been shown in numerous studies that
ingestion of carbohydrate in the hours before exercise reduces the rate of fat oxidation in a subsequent exercise bout
(6.8.9,12.15.35). To prevent a CHO-induced decrease in fat
oxidation rates, all exercise tests in this study were performed after a 10- to 12-h fast. However, although it is
known that carbohydrate intake can influence the absolute
rate of fat oxidation during exercise, it is not known whether
the intensity at which this occurs is also influenced.
Romijn and colleagues (28) investigated substrate utilization at three exercise intensities (25, 65. and 85%Vo 2 ma,).

Five male subjects performed three exercise bouts on consecutive days. One major finding in their study was that fat
oxidation increased from 25 to 65% and declined again at
85%VO2max, which is in agreement with the results of the
present study. Bergman and Brooks (2) studied seven
trained and seven untrained men exercising at 22, 40, 59,
and 75%VO2max after an overnight fast. The fat oxidation
rates in the trained individuals showed a peak at
40%VO,,,x (fat oxidation rates 0.25, 0.41, 0.31, and 0.09
g-min , respectively), whereas the untrained group reached
peak oxidation values at 59%VO 2max (0.12, 0.20, 0.27, and
0.06 g.min-1). Due to the limited number of exercise intensities in the above-mentioned studies, determination of
Fat,J,. 1, however, could not be very accurate.
It could be argued that Fatmax does not only depend on a
person's ability to oxidize fatty acids but also on the methods by which it is determined. By using a graded exercise
protocol. Fatmax can be influenced by a number of factors.
A general problem with graded exercise tests is the fact that
substrate utilization during the later stages of the test can be
influenced by the previously performed exercise intensities.
Another, maybe even more important factor, is the duration
of the exercise performed at each exercise intensity, because
the contribution of fat to energy production increases when
exercise is continued for a long period (21,25,34). Here we
studied the effects of previously performed exercise and
exercise duration on the location of Fatmax.
The results of the first 5-min of the CE tests have been
used to investigate the influence of the previously performed exercise intensities. Fat.,, determined with this
method was not significantly different from that found with
the incremental test. It can therefore be concluded that the
exercise intensities performed during the early stages of the
incremental test do not change the exercise intensity at
which fat oxidation rates are maximal. Similar results were
found by Rieu et al. (26) in 1989. In this study, eight
subjects performed a graded exercise test on a treadmill with
4-min stages. Subsequently, each subject performed exercise of 4-min duration, at the same speed as that used during
the graded exercise test on separate days. It was reported

TABLE 4. Fat,,,_, zone as percentage of maximal performance.
GE35,

W_,x (W)
VO
2 -a, (Lmin-)
HR... (bpm)

385 + 12
4.92 + 0.13
185 - 4
0

Y .VO,,,,

Low
Fat.a.
High

48_ 3
61- 3
70 - 3

GE 351

3

389 +:1
1
5.02 + 0.1
184 - 4

GE20 ,3
357 + 8

5.03 + 0.08
182 + 4

m

%VOza.,

64 +2
72 = 2
78 - 2

46+ 3
59 : 2
68 +4

%HRma
62 : 2
72 ± 1
77 : 2

0

%

2ml,

51 - 2
65 + 3
75 + 4

0

HR,M
,_

65 +2
74 + 3
81 : 3

Values are mean - SEM: N = 7.
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FIGURE 2-Fat oxidation rates versus exercise intensity for the
GE3,5,, GE^,_3, and GE 20 ,3 tests; N = 7; values are mean + SEM.

that oxygen uptake, carbon dioxide production, and ventilation rate were identical in the incremental exercise test and
the isolated 4-min trials (26).
To study the effect of exercise duration, the CE tests were
performed over a longer period of time. The exercise intensity at which fat oxidation peaked determined with this
method was also not different than that found with the GE
test. The maximal rate of fat oxidation was not statistically
different between the GE, CEaverage, or CE5 -min tests.
Recently, the relationship between percentages of maximal oxygen uptake or maximal heart rate and the individual
anaerobic lactate threshold was investigated (23,32). In both
studies, a large variation was found in the individual relationships between lactate concentrations and the tested intensities. It was concluded that the individual anaerobic
threshold could not be predicted from fixed workloads in
percentages of VO2max or HRmax. The same conclusions can
be drawn for the prediction of Fatmax. The between-subject
variation for both Fatmax and the rate of fat oxidation at
Fatmax was large. Due to these large variations, it may not be
possible to extrapolate Fatmax found in this group of subjects
to individuals.
To reduce the influence of previously performed exercise
intensities and the time required to perform the test, it would

be advantageous if the duration of each stage could be
reduced. It has been shown that submaximal work stages of
3-min result in reliable and valid measurements of V0 2 at
LT (27,33). In addition, recently it has been shown that an
exercise test with 3-min stages can be used to accurately
determine VO2max (3). In accordance with these results, no
differences in maximal performance (expressed as Wmax,
VO2max, or HRmax) were found between GE351 5 and GE3513
protocols in the present study. The results of the present
study also indicate that determination of Fatmax with an
exercise protocol with 3-min stages will produce the same
results as with a test with 5-min stages.
There could be a possibility that even 35-W increments
are too large to accurately determine Fatmax. Reducing the
power increment to 20-W increases the number of measurements during a test. A practical disadvantage of the smaller
increments would be the long duration of the exercise test.
This study, however, showed that there are no differences in
Fatmax determined during a test with 35- or 20-W increments. The maximal performance achieved with this protocol was not significantly different from the maximal performance during the GE3 515 and GE3513 protocols. Because
20-W increments did not seem to improve the detection of
Fatmax, for reasons of practicality, 35-W increments would
be preferred.
In conclusion, the findings of the present study suggest
that a continuous incremental exercise test on a cycle ergometer with 3-min stages and 35-W increments in work
rate allows for valid assessment of Fatmax and a Fatmax zone

in well-trained athletes. Fat oxidation rates appeared to be
high over a large range of exercise intensities; however, at
exercise intensities above Fatmaxm a marked drop in fat
oxidation was observed.
This work was supported by a research grant from Polar Electro,
Oy, Finland.
Address for correspondence: Asker Jeukendrup, School of Sport
and Exercise Sciences, University of Birmingham, Edgbaston, Birmingham, B1 5 2TT, United Kingdom; E-mail: A.E.Jeukendrup@bham.ac.uk.

REFERENCES
I.ARNOS,
2.

3.

4.

5.
6.

96

P. M., J. SOWASH,

and F. F. ANDRES. Fat oxidation at varied

work intensities using different exercise modes. Med. Sci. Sport
Exerc. 29:S199, 1997.
BERGMAN, B. C., and G. A. BROOKS. Respiratory gas-exchange
ratios during graded exercise in fed and fasted trained and untrained men. J. Appl. Physiol. 86:479-487, 1999.
BisHoP, D., D. G. JENKINS, and L. T. MACKINNON. The effect of
stage duration on the calculation of peak V02 during cycle ergometry. J. Sci. Med. Sport. 1:171-178, 1998.
BROEDER, C. E., M. BRENNER, Z. HOFMAN, 1. J. M. PAIJMANS, E. L.
THOMAS, and J. H. WILLMORE. The metabolic consequences of low
and moderate intensity exercise with or without feeding in lean
and borderline obese males. Int. J. Obes. 15:95-104, 1991.
BROOKS, G. A. Mammalian fuel utilization during sustained exercise. Comp. Biochem. Physiol. 120:89-107, 1998.
COYLE, E. F., A. E. JEUKENDRUP, A. J. M. WAGENMAKERS, and
W. H. M. SARIS. Fatty acid oxidation is directly regulated by
carbohydrate metabolism during exercise. Am. J. Physiol. 273:
E268-E275, 1997.
Official Journal of the American College of Sports Medicine

7. DURNIN, J. V., and J. WOMERSLEY. Body fat assessed from total
body density and its estimation from skinfold thickness: measurements on 481 men and women aged from 16 to 72 years. Br. J.
Nutr. 32:77-97, 1974.
8. FEBBRAIO, M., and K. STEWART. CHO feeding before prolonged
exercise: effect of glycemic index on muscle glycogenolysis.
J. Appl. Physiol. 81:I115-1120, 1996.
9. FIELDING, R., D. COSTILL, W. K. FINK, D. S. J. KOVALESKI, and J.

KIRWAN. Effects of pre-exercise carbohydrate feedings on muscle
glycogen use during exercise in well-trained runners. Eur. J. Appl.
Physiol. 56:225-229, 1987.
10. FRAYN, K. N. Calculations of substrate oxidation rates in vivo from
gaseous exchange. J. Appi. Physiol. 55:628-634, 1983.
11. FRIEDLANDER, A. L., G. A. CASAZZA, M. A. HORNING, T. F.
BUDDINGER, and G. A. BROOKS. Effects of exercise intensity and
training on lipid metabolism in young women. Am. J. Physiol.
275:E853-E863, 1998.
12. GLEESON, M., R. MAUGHAN, and P. GREENHAFF. Comparison of the
effects of pre-exercise feedings of glucose, glycerol and placebo
http://www.acsnT-rnsse.org

on endurance and fuel homeostasis. Eur. J. App1. PhYsiol. 55:645655. 1986.
13. HIcKsoN. R. C.. NI. J. RENNIE. R. CONLEE. A. W. WINI)ER. and J. 0.
HoiLoszY. Effects of increased plasma fatty acids on glycogen
utilization and endurance. J Appl. PhYsiol. 43:829-833. 1977.
14. Hoi t.osz). J. 0.. and E. F. CoN I-. Adaptations of skeletal muscle
to endurance exercise and their metabolic consequences. J. Appl.
PhvNsiol. 56:8.1-8.8. 1984.
15. HoRttO\Tz. J.. R. NIOR\-RoDRIGLEz. L. BYERLEY. and E. COYLE.
Lipolvtic suppression follou-ing carbohydrate ingestion limits fat
oxidation during exercise. Am. J. Ph.siol. 273:E768-E775. 1997.
16. HOv%LEY. E. T.. G. E. DINcNAN. and P. DEL CORRAL. Optimum
intensit\ for fat oxidation. .Mfed. Sci. Sport Eterc. 29:S 199. 1997.
17. JEcKENDRLp. A. E. Dietar\ fat and physical performance. Corr.
Opih. Clini..tir. 2:521-52'6. 1999.
18. JEL KENDRL P. A. E.. W. H. NI. SARIs. and A. J. M. WAGENMAKERS.
Fat metabolism during exercise: a rev iew. Part 1: fat mobilization
and muscle metabolism. hlt. J. Sports Med. 19:231-244. 1998.
19. JEUL
KENDRt P. A. E.. W. H. MI. SARIS. anid A. J. NI. WAGENMAKERS.
Fat metabolism during exercise: a review. Part I: regulation of
metabolism and the effects of training. Inr. J. Sports Med. 19:293302. 1998.
20. JoNEs. N. L.. G. J. F. HEIGENHALSER. A. KL sKIs. C. G. MATSOS. J. R.
SL roN. and C. J. TOEN,S. Fat metabolism in hea%y exercise. Clh.
Sci. Lmd. 59:469-478. 1980.
21. KLEIN. S.. E. F. CONhE. and R. R. W'OLFE. Fat metabolism during
low-intensit\ exercise in endurance-trained and untrained men.
Ain. J. Phvsiol. 267:E934-E940. 1994.
22. NIARTIN Ill. W.. and S. KL-EIN. Use of endogenous carbohydrate
and fat as fuels during exercise. Proc. .\'utr. Soc. 57:49-54. 1998.
23 . NIEY R. T.. H. H. W. GABRIEL. and W. KINDERMANN. Is determination of exercise intensities as percentage of V02max or HR max
adequate' .%led. Sci. Sport Everc. 31:1342-1345. 1999.
24. NosIIELE. L.. and A. E. JE[ KENDRL . The reliability of cycling
efficiency .Ifed. Sci. Sport Exerc. 33:621-627. 2001.
25. RA\sssIN. E.. C. B(XiARDLs. K. SCHEIDEGGER. B. LAGRANGE. E. D.
HORTON. and E. S. HORTON. Effect of ele\ated FFA on carbohv-

EXERCISE INTENSITY AND FAT OXIDATION

drate and lipid oxidation during prolonged exercise in humans.
J. Appl. Ph.vsioL. 60:893-900. 1986.
26. RIEL. M.. J. MILADI. A. FERRY. and A. DuVALLET. Blood lactate
during submaximal exercises. Eur. J. Appl. Phvsiol. 59:73-79,
1989.
27. RoBER(;S, R. A.. J. CHW-ALBINSKA-MONETA. J. B. MITCHEILI. D. D.
PASCOE. J. Hot :MARD. and D. L. COSTII.L. Blood lactate threshold
differences between arterialised and venous blood. llt. J. Sports
AMed. 11:446-451. 1990.

28. RoAtuN. J. A.. E. F. COIYE. L. S. SIDossIs. et al. Regulation of
endogenous fat and carbohydrate metabolism in relation to exercise intensity and duration. Am. J. Phv.siol. 265:E380-E391. 1993.
29. Ro()nlN, J. A.. E. F. COYLE. L. S. SlDossis. J. ROSENBLATT, and R. R.

Substrate metabolism during different exercise intensities
in endurance-trained women. J. Appl. PhYsiol. 88:1707-1714,
WVOLFE.
2000.

30. Sloossls. L.. A. GASTALDELI.I, S. KLEIN, and R. R. WOLFE. Regu-

lation of plasma fatty acid oxidation during low- and high-intensity exercise. Aoi. J. PhYsiol. 272:E1065-E1070. 1997.
31. THOMIPSON. D. L.. K. M. TOW%NSEND, R. BOLGHEY, K. PATTERSON.
and D. R. BASSET. Substrate use during and following moderateand low-intensity exercise: Implications for weight control. Eor.
J. Appl. PiIvsiol. 78:43-49. 1998.
32. WELTIIAN. A.. D. SNEAD. R. SEIP. et al. Percentages of maximal

heart rate. heart rate reserve. and V02max for determining endurance training intensity in male runners. Iit. J. Sports Med. 11:
218-222. 1990.
33. WELTMAN,. A.. D. SNEAI). P. STEIN. et al. Reliability and validity of
a continuous incremental treadmill protocol for the determination
of lactate threshold. fixed blood lactate concentrations and
VO2max. hIt. J. Sports Med. 11:26-32. 1990.
34. WOLFE. R. R.. S. KLEIN. F. CARRARO. and J. M. WEBER. Role of

triglvceride-fatty acid cycle in controlling fat metabolism in humans during and after exercise. Am. J. Phlsiol. 258:E382-E389.
1990.
35. WRIGHT. D.. W. SHERMAN. and A. DERNBACH. Carbohydrate feed-

ings before, during or in combination improve cycling endurance
performance. J. Appl. Ph,ssiol. 71:1082-1088. 1991.

Medicine & Science in Sports & Exercise,

97

COPYRIGHT INFORMATION

TITLE: Determination of the exercise intensity that elicits
maximal fat oxidation
SOURCE: Medicine and Science in Sports and Exercise 34 no1 Ja
2002
WN: 0200101727014
The magazine publisher is the copyright holder of this article and it
is reproduced with permission. Further reproduction of this article in
violation of the copyright is prohibited..

Copyright 1982-2002 The H.W. Wilson Company.

All rights reserved.

