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The exercise intensity eliciting maximal fat oxidation
(Fatmax) is typically determined during an incremental
test. Its reproducibility, however, has not been thoroughly
investigated so far. To address this issue, 21 healthy subjects
(23.5� 1.7 years; BMI 22.4� 1.8 kg/m

2
; VO2peak

47.4� 11.3mL/min/kg) carried out two identical cycling
tests to determine Fatmax after an initial incremental base-
line test. The duration of each of five stages during the
Fatmax tests was 6min. The first stage equalled the first
increase in blood lactate during the baseline test; the highest
stage corresponded to a respiratory exchange ratio of 1.00.
Between these intensities the other three stages were distri-
buted evenly. Fatmax was 28.0� 8.6 L/min (59.2� 18.1%

VO2peak) in the first test and 29.8� 10.5L/min
(62.9� 22.2% VO2peak) in the second one. There was no
significant difference between both Fatmax determinations
[number of stage: P5 0.31; total VO2: P5 0.20; VO2

utilized for fat oxidation (VO2Fat): P5 0.33]. Linear corre-
lation coefficients between tests were r5 0.84 (total VO2;
Po0.001) and r5 0.83 (VO2Fat; Po0.001). However,
Bland–Altman plots revealed wide 95% limits of agreement
of 0.91 L/min (total VO2) and 0.32L/min (VO2Fat). In
conclusion, spontaneous intraindividual variability in
Fatmax appears too large to recommend the use of this
parameter for the prescription of training intensity.

Maximizing fat oxidation during training sessions
has become a major target within elite and recrea-
tional endurance sport. During long-distance run-
ning or cycling events, increased reliance on fat
metabolism instead of glycolytic pathways saves
glycogen reserves for later phases of high-intensity
exercise, e.g. for a final sprint. And it is assumed by
many coaches that maximal fatty acid turnover
during training represents the most appropriate sti-
mulus to optimize the capacity of this metabolic
pathway for competitive purposes. In health-oriented
endurance sport, although still without experimental
evidence, the opinion is frequently expressed that
meeting the maximal fat oxidation (Fatmax) rate
might be associated with most efficient weight reduc-
tion. Whereas it is well documented that increasing
exercise duration leads to more extensive utilization
of fatty acids for energy production (Meyer et al.,
2003), the choice of an optimal exercise intensity is
less clear.
Recently, an approach has been advocated to

determine the intensity eliciting Fatmax from a single
incremental exercise test with 3min stages by means
of indirect calorimetry (Achten et al., 2002; Jeu-
kendrup & Wallis, 2005). Other investigations pre-
ferred the use of much longer stages to ensure gas
exchange steady states but arrived at similar average

values for Fatmax (Romijn et al., 1993, 2000; Bergman
& Brooks, 1999; van Loon et al., 2001). Even though
the underlying thoughts for the development of this
testing procedure are convincing for the most part,
current test criteria have to be evaluated thoroughly
before a statement with regard to the validity (and,
thus, applicability for routine purposes) can be made.
Reliability describes the ability of such a test to

precisely repeat the determination of Fatmax on
different occasions (provided there was no quantita-
tive change in this target variable). This reproduci-
bility and its limitations are vital for the decision if an
observed difference between two tests represents a
‘‘real’’ change or merely a measurement error. Also it
is one criterion for the degree of accuracy, which can
be reached when prescribing a Fatmax intensity for
training from a single incremental exercise test.
Unfortunately, there exist very few reliability stu-

dies for Fatmax in the literature. Achten et al. provided
data from 10 young male subjects who repeated their
Fatmax test three times (Achten & Jeukendrup, 2003).
They report a ‘‘typical error’’ and 95% confidence
interval for Fatmax of 0.23L/min (0.17–0.34L/min)
and a coefficient of variation of 9.6%. In terms
of heart rate (HR) this corresponded to 9/min
(7–14/min). In addition, there exists a study in 10
males documenting a coefficient of variation of
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‘‘11.4% of the theoretical maximal work rate’’
(Pérez-Martin et al., 2001) during repeated incre-
mental testing. The authors arrived at the conclusion
that a ‘‘CVo12%’’ represented a ‘‘satisfactory result.’’

It was the aim of the present study to test the
reproducibility of Fatmax according to current re-
commendations for reliability testing in sports med-
icine (Atkinson & Nevill, 1998). Limits of agreement
(LoA) (Bland & Altman, 1986) corresponding to a
maximal HR difference of 10 b.p.m. were considered
sufficiently narrow to ensure applicability of the
procedure. This limit was set because it might reflect
a resonable discrimination between endurance train-
ing intensities (under typical environmental and
nutritional conditions).

Materials and methods

All procedures were in accordance with ethical standards of
the Helsinki Declaration from 1975. The study was approved
by the ethics committee of the county Saarland, Germany.

Subjects

Twenty-one young and healthy subjects (11 females, 10 males)
of varying endurance capacity were recruited for the study and
signed informed consent. Anthropometric and ergometric
data can be obtained from Tables 1 and 2a and b, respectively.

General design

The subjects had to perform one exhaustive incremental
cycling test (baseline test) followed by two submaximal incre-
mental tests (Fatmax tests) on the same cycle ergometer (Lode
‘‘Excalibur Supersport,’’ Groningen, the Netherlands) at the
same time of the day (precisely met in most individuals;
maximal difference between the onset of cycling in test 1 vs
test 2: 60min) with a modified exercise protocol that was based
on the results of the initial test. All tests were carried out with
simultaneous gas exchange measurements (MetaMax I, Cortex,
Leipzig, Germany). There was a minimum of 1 day without
testing between the baseline test and the first Fatmax test and a
minimum of 2 days between both Fatmax tests. All tests were
performed within a maximum of 16 days1. The menstrual cycle
of the women was not controlled. Nine of 11 female subjects
took ovulatory inhibitors. The baseline test was conducted to
determine VO2peak, the individual anaerobic threshold (IAT)
(Stegmann et al., 1981), the exercise intensity corresponding to
the first increase in blood lactate concentration, and the
exercise intensity corresponding to a respiratory exchange
ratio (RER) of 1.00. In addition, it served as exercise ECG
to rule out hidden cardiac disease and to enable the subjects’
accustomization to the laboratory equipment and setting.
The two Fatmax tests (subsequently named test 1 and test 2)
were carried out under identical circumstances with an
identical protocol and represented the sole basis for reliability
calculations.

Subjects had to abstain from intense or long-lasting exercise
(430min) on the days before testing. They were advised to
maintain a carbohydrate-rich diet throughout the study period
(explanations given verbally during the initial visit). This refers
to about 55–60% carbohydrates as is typically recommended
for athletes during training periods. Nutrition was more
thoroughly controlled on the day before the Fatmax tests as
well as on the testing days themselves. For the first Fatmax test,
this control was exerted by means of a written protocol
(including time of each meal, ingested food, amount of food,
and physical activity), and subjects were told to precisely stick
to this written schedule for their next Fatmax test. No meals
were provided by the investigators. Subjects were advised not
to ingest large meals within the last 3 h before testing. If they
took small snacks before the first test, they had to repeat this
intake before the second one at the same time. When a
posteriori asked if subjects fulfilled all nutritional require-
ments, they reported perfect compliance. No quantitative
analysis of the nutritional intake has been done. This regimen
of moderately controlled nutrition was chosen with the inten-
tion not to impair external validity of our approach by
unrealistically rigorous measures, which will rarely be taken
in a routine setting.

Baseline test

On the basis of sex, body weight, and training
history, the initial stage (50 or 100W) as well as the
stage increment (25 or 50W) of the baseline test was
chosen so as to exhaust subjects after not less than
four stages. Stage duration was 3min, and capillary
samples to determine the blood lactate concentra-
tion (enzymatic-amperometrically, Greiner, Flacht,
Germany) were taken from the hyperemized earlobe
at rest, at the end of each stage, and 1, 3, 5, and
10min post-exercise. From the resulting lactate vs
workload curve, the IAT (Stegmann et al., 1981)
was calculated. VO2peak was defined as the highest
average oxygen uptake over a period of 30 s during
the incremental test (in each case on the highest
stage).

Fatmax tests

The Fatmax tests consisted of five incremental stages
and were completed in all subjects. Stage duration
was 6min for the Fatmax tests to ensure steady states
for the gas exchange variables (Xu & Rhodes, 1999)
and (as far as possible) for blood lactate concentra-
tions. The lowest stage was chosen as the power
output corresponding to the first increase in blood

Table 1. Anthropometric data of the subjects

Age (years) Height (m) Weight (kg) BMI (kg/m2)

Females (n 5 11) 23.4 � 1.6 1.67 � 0.06 62.2 � 6.5 22.3 � 2.2
Males (n 5 10) 23.6 � 1.9 1.83 � 0.04 75.9 � 6.8 22.5 � 1.2
Total (n 5 21) 23.5 � 1.7 1.75 � 0.10 68.7 � 9.5 22.4 � 1.8

BMI, body mass index.

1One subject had a 40-day interval between the Fatmax tests due to
scheduling problems. However, he remained within the general trend
and was, thus, included into the calculations. No single reliability
measure would have changed relevantly had he been excluded.
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lactate during the baseline test whereas the highest
(fifth) stage represented the workload at which a
RER of 1.00 was reached in the baseline test. The
other three stages were calculated as to reach equal
steps in power output between all five stages. For
example, if the first lactate increase occurred at
100W and RER was 1.00 at 200W, the five stages
were 100, 125, 150, 175, and 200W. This exercise
protocol was adapted from other working groups
who have successfully determined Fatmax by a similar
procedure in different populations (MacRae et al.,
1995; Brandou et al., 2006). Both Fatmax tests were
identical in any given subject. During the Fatmax tests
HR was recorded telemetrically (Polar, Kempele,
Finland) at the end of each stage. Capillary samples
for the determination of blood lactate concentration
were taken at the same points of time.
Simultaneous gas exchange measurements con-

sisted of minute ventilation (VE), oxygen uptake
(VO2; zirconium cell), and carbon dioxide output
(VCO2; infrared analyzer). Calibration measure-
ments were carried out according to the manufac-
turer’s instructions. Absolute rates of fat oxidation
were calculated from mean VO2 and RER readings
for 30 s intervals at the end of each stage. The
method of Lusk was applied (Lusk, 1924). That is,
RER served for determining percentages of fat
metabolism assuming negligible (at least constant)
protein metabolism. Consecutively, fat oxidation was
calculated as an oxygen uptake in L/min. The
individual Fatmax was determined as (a) the stage
with the largest amount of fat oxidation, (b) the
average VO2 during the last 30 s of this stage, and (c)
the average VO2 utilized for fat oxidation during
these 30 s (VO2Fat). From this latter VO2, the meta-
bolized amount of fat (in g) can be calculated by
using a caloric equivalent of 4.85 kcal/L O2 and an
energy content of 9.75 kcal/g (Péronnet & Massi-
cotte, 1991; Jeukendrup & Wallis, 2005). However,
this transformation would not affect reliability mea-
sures and was therefore not employed.

Statistics

The statistical analysis was performed with the soft-
ware package Statistica 6.1. Data are presented as

means and standard deviations (SD) as testing for
normal distribution (Kolmogoroff–Smirnov test)
indicated this as appropriate. Subject for statistical
comparisons were only the two Fatmax tests. A two-
factorial analysis of variance for repeated measure-
ments (factor 1: test 1 vs test 2; factor 2: exercise
time) was applied to test for systematic changes in
HR, lactate, VO2, or RER. The comparison between
Fatmax stages (1, 2, 3, 4, or 5) was carried out by
means of a Wilcoxon test. A t-test for dependent
samples was applied to investigate systematic differ-
ences between VO2 and VO2Fat of the Fatmax stage.
The linear relationship between Fatmax measure-
ments from the first vs the second test was calculated
by Pearson’s correlation coefficient. Bland–Altman
scatterplots show the difference between two corre-
sponding measurements plotted against the measure-
ments’ mean. In addition, reference lines for the
mean difference � 1.96 SD are given. An a-error of
Po0.05 was regarded as significant.

Results

Baseline testing revealed that female and male sub-
jects were not similar with regard to their endurance
capacity (Table 2b). In females, average Fatmax was
located at 1.46 � 0.35L/min equivalent to
59.6 � 10.0% of VO2peak whereas in males it was
determined at 2.63 � 0.54 L/min equivalent to
62.5 � 9.3% of VO2peak. However, there was no
obvious difference in reliability between genders
that justified calculations for the entire group. An
acceptable variability of Fatmax equal to a HR
difference of 10 b.p.m. in this group came down to
about 250mL VO2 as calculated from the course of
HR and VO2.

Power output, HR, blood lactate concentrations

The average starting load during the Fatmax tests was
95W (minimum: 30W; maximum: 190W) and the
mean increment 25.7W (minimum: 10W; maximum:
40W). The HR curve showed no relevant habitua-
tion effect between the two Fatmax tests [P5 0.17 for
the factor test and P5 0.85 for interaction; Fig. 1(a)],
whereas there was a tendency toward a rightward

Table 2a. Performance data of the subjects (n 5 21)

Wmax

(W/kg)
VO2peak

(mL/min/kg)
VO2peak

(mL/min/kg2/3)
HRpeak

(/min)
Lamax

(mmol/L)
RERmax IAT

(W/kg)

3.6 � 1.1 47.4 � 1.3 194 � 51 189 � 9 9.9 � 2.1 1.08 � 0.03 2.3 � 0.9

Wmax, maximal workload; VO2peak, peak oxygen uptake; HRpeak, peak heart rate; Lamax, maximal blood lactate concentration; RERmax, maximal respiratory

exchange ratio; IAT, individual anaerobic threshold.
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shift from test 1 to test 2 in blood lactate concentra-
tions [P5 0.10 for factor test and P5 0.06 for
interaction; Fig. 1(b)]. The mean HRs ranged be-
tween 65% and 94% of HRpeak. Average workloads
exceeded the IAT at the fourth and fifth stages.

Gas exchange raw data

There was no difference in the VO2 utilization
pattern between the two tests (factor test: P5 0.72;
interaction: P5 0.95; Fig. 2(a)), that is movement
economy remained unchanged. The range of mean
oxygen uptakes was 48–85% of VO2peak. Similarly,
there was no significant difference in RER (factor
test: P5 0.44; interaction: P5 0.74) that showed a
significant increase over time [Po0.001; Fig. 2(b)].
This, by definition, indicates a decrease in relative fat
metabolism (as a percentage of total energy supply).
In the resting state, fat metabolism amounted to
33.9 � 17.8% (test 1) and 36.3 � 15.3% (test 2). At
the fifth stage, relative fat metabolism decreased to
9.8 � 6.8% and 9.0 � 7.1%, respectively. Figure 3
illustrates the volume of VO2 utilized for fat meta-
bolism. There was neither a significant effect of the
factor test (P5 0.73) nor a significant interaction
(P5 0.55). However, times of measurement revealed
a significant influence of the factor duration
(Po0.001) with stages 1–4 being significantly higher
than rest and stage 5.

Table 2b. Performance data separated for males (n 5 10) and females

(n 5 11)

Females Males P-value

Wmax(W) 176 � 29 332 � 60 o0.001
Wmax (W/kg) 2.8 � 0.4 4.4 � 0.9 o0.001
VO2peak (mL/min/kg) 40 � 6 56 � 9 o0.001
VO2peak (mL/min/kg2/3) 156 � 24 236 � 36 o0.001
HRpeak (/min) 189 � 10 190 � 7 0.71
Lamax (mmol/L) 9.5 � 2.1 10.3 � 2.0 0.37
RERmax 1.08 � 0.03 1.09 � 0.03 0.45
IAT (W/kg) 1.8 � 0.4 2.9 � 0.9 o0.001

Wmax, maximal workload; VO2peak, peak oxygen uptake; HRpeak, peak

heart rate; Lamax, maximal blood lactate concentration; RERmax, maximal

respiratory exchange ratio; IAT, individual anaerobic threshold.

Fig. 1. (a) Top – course of average heart rates during both
maximal fat oxidation (Fatmax) tests. Means and SD. (b)
Bottom – course of average blood lactate concentrations
during both Fatmax tests (means and SD).

Fig. 2. (a) Top – course of average oxygen uptakes (VO2)
during both maximal fat oxidation (Fatmax) tests. Means and
SD. (b) Bottom – course of average respiratory exchange
ratios during both Fatmax tests (means and SD).
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Reliability testing

Between stages with maximal fat metabolism in test 1
vs test 2 no systematic difference was detected
(P5 0.31), although there were considerable changes
between test 1 and test 2 in several subjects (indivi-
dual results depicted in Fig. 4(a)). The workload
differences in the three subjects in whom Fatmax

differed by three stages were 60, 75, and 105W.
There was no significant difference in VO2 at Fatmax

(P5 0.20; 1.95 � 0.71 L/min vs 2.08 � 0.84L/min)
that differed by a minimum of 0.0% and a maximum
of 25.7% VO2peak. Individual comparisons can be
obtained from Fig. 4(b). Also, VO2Fat showed no
significant difference between tests (P5 0.33;
0.57 � 0.28 L/min vs 0.60 � 0.27L/min; individual
data in Fig. 4(c)). There was a highly significant
linear correlation (Po0.001) between test 1 and test 2
results of VO2 at Fatmax (r5 0.84) and VO2Fat

(r5 0.83).
In addition to the (insignificant) average difference

of � 0.13L/min in VO2 at Fatmax, the Bland–Altman
plot for this parameter [Fig. 5(a)] reveals consider-
able intra- and interindividual variability. Eight sub-
jects had their VO2 at Fatmax in test 1 and test 2
within 0.2 L/min. A further four subjects ranged
between 0.21 and 0.4 L/min, another five between
0.41 and 0.6 L/min, and three showed differences
between 0.61 and 0.8 L/min. Only in a single subject,
a difference above 0.81L/min was noted. The LoA
were at � 0.13 � 0.91L/min (� 3.9 � 27.7% of
VO2peak), which indicates that 95% of intraindivi-
dual differences can be expected between � 1.04 and
10.78 L/min (� 31.6% and 123.4% VO2peak). No
obvious heteroscedasticity was present, that is the
size of the difference between test 1 and test 2 appears
independent of its absolute value. A confidence
interval of 0.91L/min is equal to about 35 b.p.m.
HR in this population.

For VO2Fat, the average difference between test 1
and test 2 was � 0.04L/min [no heteroscedasticity;
Fig. 5(b)]. In five subjects it was situated below
0.04L/min, in six between 0.05 and 0.09L/min, in
four between 0.15 and 0.19L/min, and in a further
three participants between 0.20 and 0.24L/min

Fig. 3. Course of average oxygen uptakes used for fat
metabolism (VO2Fat) during both maximal fat oxidation
(Fatmax) tests (means and SD).

Fig. 4. Individual data for maximal fat oxidation (Fatmax)
from both tests. Females: open circles; males: closed squares.
(a) Top – stage at which Fatmax occurred. (b) Middle –
average VO2 during the last 30 s of the stage at which Fatmax

occurred. (c) Bottom – average oxygen uptakes used for fat
metabolism (VO2Fat) during the last 30 s of the stage at
which Fatmax occurred.
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whereas the remaining three differed by more than
0.25L/min. LoAs were � 0.04 � 0.32L/min
(� 1.2 � 9.7% VO2peak).

Discussion

The reliability of Fatmax determination is essential
for its routine ergometric use to ensure that measured
differences represent ‘‘real,’’ that is reproducible,
differences in maximal fat metabolism. Unfortu-
nately, this study revealed a very large intraindivi-
dual variability of Fatmax for practical purposes,
although no relevant systematic (habituation or
training) effects were documented between testing
dates. This latter fact might indicate a utilizability of
Fatmax when investigating larger groups of subjects
within longitudinal studies. However, for the typical
application in a single subject the variability of
Fatmax has probably even been underestimated be-
cause several confounding factors, which are typi-
cally present under everyday testing conditions, were
not taken into account. Climatic and seasonal influ-
ences as well as nutrition or even time of the day can

rarely be sufficiently standardized in a general practi-
tioner’s setting or even in a gym where such testing is
most frequently done.
To investigate reliability, a repeated test design

was chosen, and the initial incremental cycling test to
determine VO2peak served as a habituation trial to
accustom subjects to the laboratory setting and the
testing equipment. This design was effective as shown
by the absent (HR) or very tiny (lactate) systematic
changes between test 1 and test 2. Minor differences
in the blood lactate concentrations at higher work-
loads might have led to a slight underestimation of
Fatmax during test 1 but it is unlikely that they are
responsible for the large intraindividual variability
present.
The statistical analysis of this study was carried

out in accordance with the most current recommen-
dations for reliability assessment in sports medicine
(Atkinson & Nevill, 1998). This includes an estima-
tion of the absolute error size by means of a Bland–
Altman plot (Bland & Altman, 1986). Such an
approach enables a more profound evaluation of
the practical relevance of measurement deviations
from test to test than simply checking for systematic
differences and linear correlations. In addition, it
presents all single measurements in a practical fash-
ion. To our knowledge there are no other reliability
investigations of Fatmax fully taking into account
these recommendations. Two available studies
address reliability among other study targets and
employ a lower number of subjects (Pérez-Martin
et al., 2001; Achten et al., 2002). Pérez-Martin et al.
(2001) only report a coefficient of variation of 11.4%
of the ‘‘theoretical Wmax’’ in 10 males with an
average age of 33 years, which they regard as
‘‘satisfactory.’’ More precise descriptions about the
calculation are not provided, neither are further
statistical tools applied. Achten et al. (2002) deter-
mined Fatmax in 10 males within a time period that is
not stated. They found a ‘‘typical error’’ of 230mL
VO2 equal to about 10 b.p.m. HR, which would have
been sufficient according to the definitions of their
study. Altogether, it is not obvious why our results
differ from these two smaller studies because similar
standardization procedures have been used. Possibly,
standardization of nutrition has to include an over-
night fast to enable sufficient reliability. However,
that would indicate difficulties for Fatmax determina-
tion in a non-scientific setting.
The present study takes into account several weak-

nesses of earlier Fatmax investigations and their
exercise protocols. Stages of sufficient duration
were employed to ensure the attainment of gas
exchange steady states (Xu & Rhodes, 1999) as far
as possible. The use of 3min stages (Achten et al.,
2002) has been criticized recently (Meyer et al., 2007),
and presumably for the same reasons most earlier

Fig. 5. (a) Bland–Altman plot for VO2 at maximal fat
oxidation (Fatmax). (b) Bland–Altman plot for VO2Fat at
Fatmax.
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investigations have relied upon longer stages
(MacRae et al., 1995; Brandou et al., 2006) – very
similar to the present approach. Also, in this inves-
tigation exercise protocols were individualized on the
basis of a pre-test’s results. Although this procedure
is more time –consuming, it overcomes disadvan-
tages arising from a more uniform approach as used
by others (Achten et al., 2002): differing test dura-
tions, too high initial stages for unfit individuals,
and interindividually differently narrow stage se-
quence. Finally, the starting and final workloads of
the exercise protocol were chosen so as to cover the
realistic range for Fatmax with regard to physiological
considerations. The first increase in blood lactate
(lowest stage) can be regarded as the upper end of
regenerative training loads (Meyer et al., 2005)
whereas the workload eliciting an RER of 1.00
represents, by definition of indirect calorimetry (Jeu-
kendrup & Wallis, 2005), a sole energy supply from
carbohydrate metabolism. Three stages in between
these two delineators should suffice for a precise
determination of Fatmax. The course of VO2Fat in
Fig. 3 illustrates the adequacy of this approach.
Theoretically, all mentioned properties of the exer-
cise protocol should optimize the pre-conditions for
a good reliability. Hence, the difference to other
protocols, mainly to that of Achten et al. (2002), is
unlikely to impair the transferability of our results
because it cannot be expected that short and non-
individualized stages lead to more reliable Fatmax

determinations.

Limitations of the study

It is possible that the ‘‘true’’ Fatmax was located
between two of the chosen stages that might have
led to minor inaccuracies in its determination. How-
ever, the small mean difference of 25.7W between
stages provides some reassurance that such impreci-
sion is unlikely to be relevant. Also, reliability itself
would not have been affected by systematic mistakes
that are present during both Fatmax tests.
An upper limit for acceptable intraindividual

variability is hard to define. We chose to employ a
VO2 confidence interval equivalent to 10 b.p.m. of
HR because from our experience this reflects a
realistic margin in elite and health-oriented athletes
who use HR for the monitoring of training intensity.
Thus, for an athlete with Fatmax during test 1 at an
HR of 150 b.p.m., we defined an acceptable range for
the second test between 140 and 160 b.p.m. – any-
thing else than a narrow target. However, the docu-
mented variability was so much larger that even less
rigorous requirements for acceptability would not
have been met.
In this study’s data analysis, all variance has been

attributed to the subjects’ exercise metabolism. The

investigation’s design did not allow for a separate
evaluation of ‘‘hardware’’ reliability. But under real
testing circumstances investigators always have to
deal with the combination of human performance
and measuring tool to produce practically mean-
ingful results. There is inevitably some degree of
device-born inconsistency that makes up for a part
of the observed variability. However, the employed
apparatus has been shown to produce highly reliable
gas exchange measurements even during ramp testing
(Meyer et al., 2002). Altogether it seems unlikely that
even the complete elimination of measurement varia-
bility would lead to an acceptable reliability of
Fatmax determinations.
It is likely that inconsistencies in nutrition and

physical activity before the tests represent the most
important sources of variation that can be named.
When deciding about the rigor of controlling nutri-
tion and activity, there arises a dilemma between
internal (as standardized as possible) and external
validity (as closely resembling the ‘‘real’’ world as
possible). It was the aim of the present study to
employ control measures within the scope of restric-
tions that can be realistically applied in a typical
setting of sports medical routine testing. This gives
an opportunity to define more rigorous procedures to
arrive at an improved reliability. However, due to the
very large variability observed it remains question-
able if satisfactory reproducibility can be reached.
In the female subjects, menstrual cycle was uncon-

trolled in this study. It is not known yet if and how
much Fatmax varies within the menstrual cycle. In
addition, there exists some disagreement in the lit-
erature as to whether the amount of fat metabolism
for given workloads is affected at all by the menstrual
cycle (Ashley et al., 2000; Janse de Jonge, 2003).
However, even if metabolism is assumed to shift
toward fat oxidation during the luteal phase (as
found in a part of the studies; Janse de Jonge,
2003), there is no reason to expect this change to be
inhomogeneously distributed over the range of work-
loads. Such a shift would, thus, only affect
VO2Fat but neither the stage on which Fatmax is
reached nor VO2 at Fatmax. Altogether, there does
not seem to be an indication that the workload
eliciting Fatmax varies relevantly during the men-
strual cycle. This means that there is no substantial
reason to expect worse reliability in females (possibly
except for VO2Fat at Fatmax) as has been observed in
the present study.
Atkinson and Nevill (1998) recommend a minimal

subject number of 40 in their overview although this
target is rarely met in sports medicine research (Lucı́a
et al., 1993; Rietjens et al., 2000; Atkinson et al.,
2005). The number of recruited participants in the
present study falls below this recommendation, too
(but exceeds the sample size of most other similar
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reliability studies: Atkinson et al., 2005), which limits
the generalizability of our findings. On the other side,
intraindividual variability was so large that even the
incorporation of another 10 ‘‘reliable subjects’’
would not have changed the interpretation rele-
vantly. Given the heterogeneity of our subjects and
the lacking heteroscedasticity in the Bland–Altman
plots it seems likely that the results are at least
carefully transferable to the population at large. At
least it is hardly tenable that the investigation of less
healthy and/or older subjects can result in better
reliability.
In conclusion, Fatmax cannot be determined reliably

from indirect calorimetry in young healthy individuals
by use of the employed exercise protocol. The in-
traindividual variability is by far too large when
compared with precision requirements of elite as
well as health-oriented endurance training. Very strict
standardization of nutrition and daily life activity will
be necessary to improve Fatmax determination suffi-
ciently to justify its application as a routine ergometric
procedure. Therefore, it is unlikely that Fatmax will

soon become a reliable tool for exercise prescription
except for scientific circumstances.

Perspectives

It will be necessary to precisely define rigorous
standardization procedures (nutrition, pre-testing
activity, testing protocol, etc.) to enable a reliable
determination of Fatmax. After this is reached, the
applicability of Fatmax for training purposes can be
investigated. This means that studies should be con-
ducted to test whether training at an intensity corre-
sponding to Fatmax really leads to an increase in fat
metabolism capacity (elite athletes) or to weight loss
(recreational sport) more efficiently than the employ-
ment of other exercise intensities. Without such
thorough study activities, the meaning of Fatmax

for training prescription remains obscure.

Key words: reproducibility, fat oxidation, metabo-
lism, indirect calorimetry, Bland–Altman.
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