
Fat Oxidation Rates in Professional
Soccer Players
REBECCA K. RANDELL1,2, JAMES M. CARTER1, ASKER E. JEUKENDRUP2, MARIA ANTONIA LIZARRAGA3,
JAVIER I. YANGUAS3, and IAN ROLLO1,2

1 The Gatorade Sports Science Institute, Global R&D, PepsiCo., Leicester, UNITED KINGDOM; 2 Loughborough University,
School of Sport Exercise and Health Sciences, Loughborough, UNITED KINGDOM; and 3FC Barcelona Medical Department,
FC Barcelona, SPAIN
Address fo
Institute, Pe
LE4 1ET, U
Submitted
Accepted f

0195-9131
MEDICIN
Copyright

DOI: 10.12
ABSTRACT

RANDELL, R. K., J. M. CARTER, A. E. JEUKENDRUP, M. A. LIZARRAGA, J. I. YANGUAS, and I. ROLLO. Fat Oxidation Rates in

Professional Soccer Players. Med. Sci. Sports Exerc., Vol. 51, No. 8, pp. 1677–1683, 2019. Purpose: Large interindividual variation exists

in maximal fat oxidation (MFO) rates and the exercise intensity at which it occurs (FATMAX). However, there are no data describing the shape

of the fat oxidation curve or if individual differences exist when tested on separate occasions. Furthermore, there are limited data on fatmetabolism

in professional team sport athletes. Therefore, the aim of this study was to test–retest the concavity (shape) and intercept (height) of fat oxidation

curveswithin a group of professional soccer players.Method:On two occasions, 16 professional male soccer players completed a graded exercise

test in a fasted state (≥5 h). Rates of fat oxidationwere determined using indirect calorimetry. Maximal oxygen uptake (V̇O2max) wasmeasured

to calculate FATMAX (%V̇O2max). The shape of the fat oxidation curves weremodeled on an individual basis using third-degree polynomial. Test-

by-test differences, in the shape and vertical shift of the fat oxidation curves, were established to assesswithin-individual variability.Results:Average

absolute MFO was 0.69 ± 0.15 g·min−1 (range, 0.45–0.99 g·min−1). On a group level, no significant differences were found in MFO between

the two tests. No differences were found (P > 0.05) in the shape of the fat oxidation curves in 13 of 16 players (test 1 vs test 2). There were also

no differences (P > 0.05) in the vertical shift of the fat oxidation curves in 10 players.Conclusions: In general, the shape of the fat oxidation curve

does not change within an individual; however, the vertical shift is more susceptible to change, which may be due to training status and body

composition. Understanding a player’s metabolism may be of value to practitioners working within sport, with regard to personalizing

nutrition strategies. Key Words: FAT OXIDATION, SOCCER, EXERCISE METABOLISM, PHYSIOLOGY
A
P

Exercise intensity has been reported as the single most
important factor influencing substrate utilization (1,2).
It is commonly reported that fat oxidation increases as

exercise intensity increases up to a certain point. At higher ex-
ercise intensities, fat oxidation declines (despite increased en-
ergy requirements) and carbohydrate (CHO) becomes the
predominant fuel source (2–5).

A single incremental exercise test can be used to determine
substrate utilization, commonly known as a FATMAX test
(6,7). Specifically, this test can establish, on an individual ba-
sis, fat oxidation rates (and alternatively CHO oxidation rates)
over a wide range of exercise intensities (8). In addition, this
exercise test protocol can establish maximal fat oxidation
(MFO) rates and the exercise intensity at which it occurs
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(FATMAX), normally represented as a percentage of maximal
oxygen uptake (V̇O2max) (or a percentage of maximal HR
[HRmax]). To date, this test has been utilized to determine
MFO and FATMAX in trained (9–14), untrained (10,13),
obese, and sedentary (15) adults, as well as nonoverweight
and overweight children/adolescents (16–19).

After validation of the protocol (6,7,9), Venables et al. (15)
completed the first large-scale study in 2005, measuring MFO
and FATMAX of a heterogeneous group of 300 adults, rang-
ing in body composition and aerobic capacity. An interesting
observation from these data was the large interindividual dif-
ferences that existed in both MFO (mean, 0.46 ± 0.01 g·min−1;
range, 0.18–1.01 g·min−1) and FATMAX (mean, 48% ± 1%
V̇O2max; range, 25%–77% V̇O2max). Recently, our research
group analyzed fat oxidation data (MFO and FATMAX)
collected from athletes (20). In this study, 1121 athletes
ranging in age (13–60 yr), competitive level (recreational—
elite/professional) and sport completed a single incremental
FATMAX test in a fasted state (≥5 h fasted). On average, the
MFO rate in this athletic population was 0.59 ± 0.18 g·min−1,
approximately 0.13 g·min−1 higher than that reported in the
heterogeneous population (15). Of interest, this study (20) also
found large individual variations in MFO (0.18–1.01 g·min−1)
similar to that reported by Venables et al. (15) (0.17–
1.27 g·min−1). Variables, such as body composition, level of
. Unauthorized reproduction of this article is prohibited.
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fitness, sex, and diet, have been reported to account for ap-
proximately 50% of variation in MFO (15,20,21). More spe-
cifically, both of the aforementioned studies (15,20) found
fat-free mass (FFM) to be the single most significant variable
in predicting MFO, proposing that individuals with greater
FFM often exhibit higher MFO. It is still yet to be determined
what accounts for the remaining 50% of variance in MFO. Re-
cent research has identified that genetic factors, such as genes in-
volved in the endogenous production of omega-3 may, to some
extent, explain individual variation in fat oxidation (22,23). In
the two large scale studies described above (15,20), only one in-
cremental exercise test was performed, with both studies focus-
ing on single-point measurements (MFO rates and FATMAX),
and with limited information on the shape of each individual’s
fat oxidation curve. Therefore, it is difficult to determine if these
factors change when tested on multiple occasions, and to what
extent fixed variables (i.e., genetics) and changeable factors
(i.e., body composition, fitness level, diet) may play in deter-
mining fat oxidation rates.

In our recent study (20), we also reported that, on average,
intermittent team sports athletes who participate in rugby,
American football, basketball, and soccer display higher abso-
lute MFO rates compared with sports, such as golf, baseball,
and tennis. However, significant individual variation still existed
within each sporting subgroup (20). Specifically, in soccer, fat
oxidation rates ranged from (0.17–1.11 g·min−1) in a group of
283 players that included recreational as well as a few profes-
sional soccer players (20).

Previous studies have been interested in determining the
metabolic cost of intermittent soccer match play (24,25). Un-
derstanding themetabolism to support these demands is, there-
fore, of interest. The frequent periods of low-intensity running
and rest during soccer specific exercise allows significant
blood flow to the adipose tissue, which promotes the release
of free fatty acids (FFA). Studies have reported high concen-
trations of FFA at half-time, immediately after matches, as
well as during prolonged simulated soccer exercise (26–28).
Elevated FFA concentration is partly explained by hormonal
changes; more specifically, insulin concentrations are lowered
and catecholamine concentrations are progressively elevated
(26), stimulating a high rate of lipolysis and the release of
FFA into the blood (29). The increased FFA availability may
cause a higher uptake and oxidation of such fatty acids by
the contracting muscles, especially during the recovery pe-
riods in a game (30). These processes are proposed as compen-
satory mechanisms for the progressive degradation of muscle
glycogen and help to maintain blood glucose concentration
(31). The ability to utilize fat as a fuel, which in turn may spare
glycogen utilization, may be of some importance during soc-
cer training and matches in reducing the onset of fatigue. If
the contribution of fats (and CHO) to total energy expenditure
differs between individuals some players may be more at risk
of early onset of fatigue compared to others; therefore, it may
be of benefit to investigate metabolism on an individualized
basis. However, to date, limited data are available on fat me-
tabolism from elite/professional soccer players.
1678 Official Journal of the American College of Sports Medicine
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Therefore, the first purpose of this study was to report MFO
and FATMAX in professional male soccer players. Further-
more, no data exist on whether fat oxidation curves change
over time, within an individual. Therefore, the second aim of
this study was to collect repeat data, from the same elite co-
hort, 1 yr later to determine if the key parameters change sig-
nificantly. We hypothesized that, if there are no significant
changes in the aforementioned variables that contribute to
changes in fat metabolism, then there would be no significant
difference in individual fat oxidation curves when test 1 is
compared with test 2.
METHODS

Participants. Sixteen male professional soccer players
were recruited from Futbol Club Barcelona (FCB) first team
squad. Each player was provided with written and verbal com-
munication of the study design and procedure, prior to signing
informed consent in their native language. In addition, at each
time of testing, all players completed a general health ques-
tionnaire. The study was approved by the Loughborough Uni-
versity Ethics Approvals (Human Participants) Subcommittee.

General design. Data were collected at the same time of
year, during preseason medical testing, in two consecutive
years. All players completed a treadmill FATMAX test.
Whole body rates of fat and CHO oxidation were calculated
during each stage of the exercise test, using indirect calorime-
try. In addition, the players ran to volitional exhaustion, in or-
der to establish maximal oxygen uptake (V̇O2max) and the
percentage of V̇O2max that MFO rates occurred (FATMAX).

Experimental design. Each player reported to the FCB
medical center in a fasted state (≥5 h) having consumed their
normal habitual diet in the preceding 24 h. Before the initiation
of the FATMAX test anthropometric (stature and body mass)
and body composition measurements were obtained. Each
player underwent body composition analysis using dual-
energy x-ray absorptiometry (DXA) (Lunar iDXA; GE
Healthcare, Buckinghamshire, UK).

The exercise test protocol was adapted from previously de-
scribed and validated protocols (6,15,20). In the current study
the exercise test was performed on a treadmill (h/p/Cosmos
Sports & Medical, Germany). The test started at an initial ve-
locity of 5.0 km·h−1 at a gradient of 1% for 3 min, the speed
then increased to 8.0 km·h−1. From this point, speed was in-
creased by 2 km·h−1 every 3min until an RER of 1was reached.
The speed then remained constant and the gradient was in-
creased by 1% every 1 min to determine “maximum” values.
The test ended when athletes reached voluntary exhaustion.
The criteria for a maximum test was if two of the three follow-
ing criteria were achieved 1) leveling off in V̇O2 with further
increases in workloads (<2 mL·kg−1·min−1); 2) HR within
10 bpm of age predicted maximum or 3) RER exceeded
1.10. Respiratory gas measurements (V̇O2 and VCO2) were
collected continuously using a Moxus Modular V̇O2 system
(AEI Technologies, Pittsburgh, PA). HR (Polar RS800CX;
Polar Electro Ltd, Kempele, Finland) was measured
http://www.acsm-msse.org
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TABLE 1. Group anthropometrics.

Variables Test 1 Test 2

Age (yr) 25 ± 4 26 ± 4
Body mass (kg) 74.3 ± 6.5 74.6 ± 6.0
Height (cm) 180.2 ± 7.1 180.2 ± 7.1
%BF 13.5 ± 1.8 13.6 ± 1.8
FFM (kg) 60.9 ± 5.4 61.4 ± 5.1
FM (kg) 10.7 ± 2.0 10.3 ± 1.5
V̇O2max (mL·kg

−1·min−1) 57.1 ± 3.8 57.7 ± 3.7

Values are means ± SD for age (yr), body mass (kg), height (cm), percentage body fat
(%BF), FFM, fat mass (FM),V̇O2max, for the 16 professional soccer players.
continuously, and RPE was recorded during the final min of
each 3-min stage (32).

Indirect calorimetry and calculations. Three-min
stage durations were used during the test, as this has been iden-
tified as an appropriate duration for steady state exercise to oc-
cur (6). To calculate substrate metabolism, breath-by-breath
data were averaged in 10 s increments, calculated automati-
cally by the Moxus Modular V̇O2 system. The raw data were
then analyzed manually for each athlete. In more detail, the
first 90 s and last 30 s of oxygen uptake (V̇O2) and carbon di-
oxide production (V̇CO2) recorded during each stage of the
test were excluded from analysis (20). The remaining 60 s of
data were averaged for each stage. Using these averaged data,
fat (and CHO) oxidation rates were calculated for each stage of
the test using stoichiometric equations (33), assuming that pro-
tein oxidation was negligible throughout the test, this enabled
the determination of MFO (g·min−1) and FATMAX (%
V̇O2max) for each player.

fat oxidation g⋅min−1Þ ¼ 1:718V̇O2 –1:718V̇CO2

�
(33)

CHOoxidation g⋅min−1Þ ¼ 4:170V̇CO2 –2:965V̇O2

�
(33)
Statistical analysis. Data analysis was performed using

SAS 9.2. Data are expressed as means, with ranges in parentheses,
unless otherwise stated. Differences in anthropometric characteris-
tics, MFO, and FATMAX between test 1 and test 2 were iden-
tified using pairwise t-tests. Null hypotheses were rejected for
P < 0.05.
TABLE 2. Individual player data.

V̇O2max (mL·kg
−1·min−1) %Bf FFM (kg)

Variables Test 1 Test 2 Test 1 Test 2 Test 1 Test 2

Player 1 60.1 62.4 15.5 13.4 68.4 70.7
Player 2 56.9 56.5 15.0 17.0 61.7 62.2
Player 3 54.7 57.6 20.3 15.5 58.8 60.1
Player 4 62.0 57.4 14.8 14.5 55.0 55.4
Player 5 57.8 58.3 11.7 12.6 70.4 70.3
Player 6 56.3 59.8 16.3 14.4 58.2 58.8
Player 7a 63.1 65.9 17.4 15.5 55.7 54.2
Player 8a 52.0 59.6 13.8 13.3 57.5 58.3
Player 9 60.8 66.6 14.3 12.5 56.8 58.8
Player 10 60.2 55.3 11.2 12.4 60.9 59.5
Player 11 55.0 55.1 11.4 11.8 67.0 66.9
Player 12 57.0 52.6 11.1 13.0 73.2 70.8
Player 13 52.8 60.4 12.9 11.0 61.7 61.9
Player 14 54.1 51.4 14.9 14.3 57.6 60.0
Player 15a 61.7 56.5 11.7 10.4 56.7 59.9
Player 16 53.0 57.5 14.0 15.7 56.7 56.5

Individual player V̇O2max, BF%, FFM, absolute (g·min−1) and relative (mg·kg−1·FFM−1·min−1) MFO, a
aPlayers with a difference in fat oxidation curve year on year.

FAT OXIDATION RATES IN SOCCER PLAYERS

Copyright © 2019 by the American College of Sports Medicine
Fat oxidation curves against exercise intensity (%V̇O2max)
were modeled as a third-degree polynomial (i.e., P3). To com-
pare agreement between test 1 and test 2 P3 polynomials, a
modified Kolmogorov–Smirnov Goodness of Fit test was used
at an individual athlete and at the entire sample level. Limit for
significance was again set at 0.05. To determine the main and
interaction effects of year on the fat oxidation curves, multiple
regression analyses and ANCOVA were conducted.

Year-on-year measurements of MFO and FATMAXwere com-
paredwith establish test–retest reliability.Analysis ofBland–Altman
(B-A) plots graphically illustrate the agreement between the fat
metabolism variables measured during both tests. The plots show
themean (x-axis) and the difference (y-axis) between the two tests.

RESULTS

Athlete characteristics. Mean age, body mass (kg),
height (cm), Body Fat Percentage (BF%), FFM, Fat Mass
(FM) and V̇O2max (mL·kg

−1·min−1) of the 16 professional soc-
cer players for test 1 and test 2 can be found in Table 1. No sig-
nificant differences were found in any of the anthropometric
variables between the two tests. Individual V̇O2max, BF%
and FFM data for test 1 and test 2 can be found in Table 2.

Fat oxidation rates. Average absolute and relative
(MFO/FFM) MFO of the combined data set for both years
was 0.69 ± 0.15 g·min−1 and 11.4 ± 2.4 mg·kg−1·FFM−1·min−1

respectively, occurring at a FATMAX of 48% ± 8%
V̇O2max. The lowest absolute MFO rate was 0.45 g·min−1,
whereas the highest MFO rate measured was 0.99 g·min−1.
Absolute (g·min−1) and relative (mg·kg−1·FFM−1·min−1)
MFO and FATMAX (%V̇O2max) for test 1 and test 2, on
an individual level, are displayed in Table 2. On a group level,
no significant differences were found in absolute MFO between
test 1 (mean, 0.66; SD, 0.15 g·min−1) and test 2 (mean, 0.73;
SD, 0.15 g·min−1; P = 0.14; 95% confidence interval [CI],
−0.15 to 0.02). Furthermore, there were no significant differ-
ences in relative MFO between test 1 (mean, 10.92; SD,
2.48 mg·kg−1·FFM−1·min−1) and test 2 (mean, 11.91; SD,
2.35 mg·kg−1·FFM−1·min−1; P = 0.18; 95% CI, −2.51 to
MFO (g·min−1) MFO/FFM (mg·kg−1·FFM−1·min−1) FATMAX (% V̇O2max)

Test 1 Test 2 Test 1 Test 2 Test 1 Test 2

0.76 0.55 11.1 7.8 48 22
0.91 0.94 14.7 15.1 49 50
0.86 0.69 14.6 11.5 52 47
0.77 0.67 14.0 12.1 47 52
0.85 0.99 12.1 14.1 52 50
0.72 0.78 12.4 13.3 54 50
0.63 0.71 11.3 13.1 50 46
0.65 0.52 11.3 8.9 56 45
0.50 0.83 8.8 14.1 44 45
0.50 0.71 8.2 11.9 47 55
0.45 0.62 6.7 9.3 27 56
0.59 0.75 8.3 10.9 53 51
0.61 0.84 9.9 13.6 49 48
0.75 0.86 13.0 14.4 51 55
0.59 0.47 10.4 7.9 58 56
0.45 0.71 7.9 12.6 45 34

nd FATMAX (%V̇O2max), measured in test 1 and test 2, n = 16.

Medicine & Science in Sports & Exercise® 1679
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0.52). Also, when comparing the FATMAX between the two
tests, no significant differences were found (test 1 mean, 49;
SD, 7% V̇O2max) and test 2 (mean, 48; SD, 9% V̇O2max;
P = 0.66; 95% CI, −4.76 to 7.26). Figure 1 illustrates the
year-on year differences in absolute MFO (A), relative MFO
(B) and FATMAX (C). For absolute and relative MFO all data
points fell within the limits of agreement (LOA). For
FATMAX 94% of the data points fell within the LOA.
Fat Oxidation Concavity and Intercept

Within-person variability. On an individual basis, no
year-on-year differences were found in the concavity (shape) of
the fat oxidation curves in 13 of the 16 players. Year-on-year dif-
ferences in fat oxidation curve concavity were found in players 7,
8, and 15 (Fig. 2). On a group average, there was no significant
difference in curve shape when test 1 was compared with test 2
(P = 0.22). When comparing the year-on-year intercept (height)
of the fat oxidation curves, no difference was found in 10 of the
FIGURE 1—Bland–Altman plots of absolute MFO (A), relative MFO (B) and F
and low levels of agreement (LOA).

1680 Official Journal of the American College of Sports Medicine
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16 players. Differences in height were found for players 1, 3, 6,
7, 8, and 10 (Fig. 2).
DISCUSSION

This study found that the mean MFO of 16 elite professional
soccer players was 0.69 ± 0.15 g·min−1, occurring at an exercise
intensity of 48% ± 8% V̇O2max. This is the first time that fat ox-
idation rates have been reported in elite professional male soc-
cer players. The average MFO rate, reported in the present
study, is higher than that reported in a cohort of 1121 athletes
from a variety of sports (0.59 ± 0.18 g·min−1) (20). In addition,
the MFO of our group of professional soccer players is 19%
higher in comparison to that reported in nonelite soccer players
(0.58 ± 0.17 g·min−1) (20) which could be explained, to some
extent, by the higher FFM and/or V̇O2max of the population.
However, it should be highlighted that although the average
MFO was higher a large individual variation in MFO was ob-
served (0.45–0.99 g·min−1), a finding which is consistent with
ATMAX (C) Solid red line, mean; solid blue line, 0; dotted red lines, upper

http://www.acsm-msse.org
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FIGURE 2—Individual athlete fat oxidation graphs: test 1 (solid line) vs test 2 (dotted line).

A
PPLIED

SC
IEN

C
ES
the majority of studies that have reported MFO as the single
end-point finding (14,15,20,21).

When analyzing the change in individual fat oxidation curves
between year 1 and year 2, we found no difference in the curve
concavity in 80% of our population. This leads us to speculate
that an individual may have a unique metabolic profile and
the similarity in the curves between the two tests may be due
to genetic factors. For example, Roke et al. (22) identified that
individuals with higher whole-body fat oxidation at rest were
major carriers of the FADS2 gene (involved in the encoding
of enzymes responsible for the endogenous production of
omega-3) and had increased alpha-linolenic acid (a precursor
for the endogenous production of omega-3) conversion effi-
ciency. Similarly, a number of single nucleotide polymor-
phisms have been reported to be responsible for over 30% of
the variation in the change of circulating triglyceride concen-
tration following a longitudinal endurance training program
(23), which in turn could be linked to fat oxidation rates. How-
ever, it should be reinforced that this is purely speculative and
more research is needed before firm conclusions between ge-
netics and fat metabolism can be made.
FAT OXIDATION RATES IN SOCCER PLAYERS

Copyright © 2019 by the American College of Sports Medicine
Of the remaining 20% (three players) a significant differ-
ence in fat oxidation curves was found between the two tests.
Also, there was a significant difference in the vertical shift in 6
of the 16 players. These differences could be explained by
other factors (alone or in combination) which are known to
contribute to the variability in MFO, which in turn could alter
the shape and height of the fat oxidation curve. In a recent
comprehensive study by Fletcher et al. (21) 305 participants
completed a single FATMAX test. The authors also obtained
information on the participants self-reported physical activity
levels (SRPAL), food intake (4-d food diary) and body com-
position (DXA). In this study ~50% of the variance in absolute
MFO was explained by V̇O2max, SRPAL, sex and fat and
CHO intake. These findings are in line with other studies by
Venables et al. (15) and Randell et al. (20) which found FFM,
SRPAL, sex, V̇O2max, fat mass, and fast duration to account
for 34% and 47% of the variance in MFO, respectively. In
the present study, some (V̇O2max, FFM and BF%) but not all
of the aforementioned variables were measured. For example,
the two FATMAX tests were completed following the “off
season.” Although players received an “off-season” training
Medicine & Science in Sports & Exercise® 1681
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program, levels of physical activity were not recorded and di-
etary records were not completed. As such, we could not de-
termine the extent to which daily physical activity, and other
variables, such as diet and equipment variation, may have con-
tributed to the year-on year difference in oxidation curve (34).
Furthermore, when looking at the data on an individual level,
small differences in V̇O2max, FFM and/or BF%, between test 1
and test 2, were found in all players (see Table 2). Taking these
two points together, it is, therefore, difficult to elucidate which
of these variable(s) contributed to the players who showed a
significant difference in fat oxidation curve shape and height.

A soccer match is characterized by periods of standing
(0 km·h−1) and walking interspersed with periods of low- to
high-intensity running (locomotive speeds during a soccer
match have been reported to range from 6 to 30 km·h−1) (35).
Therefore, measuring the individual metabolism of each player,
over a wide range of exercise intensities (as conducted in the
present study) might be of importance because the ability to
utilize fat may potentially preserve the bodies’ limited supply
of muscle glycogen (26) and reduce the early onset of fatigue.
However, the data collected in this study is only representative
of each individual’s metabolism when exercising in a fasted
state (>5 h). During competition/matches, players are unlikely
to commence exercise fasted. This is because of the impor-
tance of CHO availability (31,36) and increasing FFA avail-
ability per se is not associated with improved soccer specific
endurance running capacity. Foskett and colleagues (27) in-
vestigated whether the ingestion of a CHO-electrolyte (CHO-E)
solution during intermittent high-intensity shuttle running has
performance benefits in fed games players. In this study, six
male university-level soccer players ingested a high CHO diet
for 48 h before completing six blocks of the Loughborough In-
termittent Shuttle Test (LIST) (90 min), followed by complet-
ing the LIST protocol to fatigue. Throughout the exercise
trials, players ingested either a 6.5% CHO-E solution or a
colored-taste matched placebo throughout exercise. Although
FFA availability was significantly elevated during the placebo
trial at 90 min, the total exercise time during the CHO-E trial
was significantly longer (158 min) in comparison to the pla-
cebo trial (131min). Although the precise mechanisms are still
to be determined, the ingestion of CHO during soccer-specific
exercise results in higher blood glucose levels that have been
associated with superior skill and physical performance to-
ward the later stages of soccer-specific exercise (36,37). In
terms of CHO feeding and the effect on metabolism, Achten
and Jeukendrup (38) fed 75 g of glucose prior (45 min) to a
FATMAX test and found an approximately 30% reduction in
MFO. However, this study was performed onmoderately trained
individuals; therefore, future research should aim to determine
how the ingestion of a typical prematch meal, rich in CHO, in-
fluences the metabolic profile of these elite soccer players.

It should also be acknowledged that the FATMAX tests were
performed at the beginning of the season. It is possible that var-
iables which are known to influence fat oxidation rates, such as
fitness level and body composition (outlined above), may
change significantly once preseason training has commenced
1682 Official Journal of the American College of Sports Medicine
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or if a player has occurred an injury. In these incidences repeat
tests may be warranted throughout the season.

PRACTICAL IMPLICATIONS AND CONCLUSIONS

The results of the present study show that not only the MFO
but the exercise intensity at which it is occurs is highly variable
between players. In addition, the data show that in the majority
of the players fat oxidation curves were similar when tested on
two occasions, separated by a year.

These data could have important implications when consid-
ering sports nutrition strategies for soccer players. In soccer
matches, depending on the position and tactics of the team,
high-intensity running only accounts for approximately 8%
of the total distance covered (26,35,39). Thus, it is well docu-
mented that the majority of the distance completed is at low-to
moderate intensities (26,40,41). Based on the results of the
present study, it is reasonable to suggest that when players
are running at these low to moderate intensities (≤10 km·h−1),
fat (or alternatively CHO) will be oxidized to different rates
depending on the player and their individual metabolism. Hy-
pothetically, if fat is the preferential energy source at low-
moderate intensity running speeds, then a player may be at less
risk of significantly depleting limited stores of muscle glyco-
gen stores, and thus less susceptible to fatigue. Conversely,
if a player is highly dependent on CHO as an energy source,
that player may be at a greater risk of depleting their CHO
stores early, which has been shown to negatively impact run-
ning performance (42). Speculatively, understanding a player’s
individual substrate use may also help to inform personalized
nutrition strategies with regards to CHO requirements for soccer
specific training, matches, as well as general nutrition recom-
mendations (43).

In conclusion, the results of the present study show that pro-
fessional soccer players have a high capacity to oxidize fat
during an incremental treadmill running test. Despite being
considered a homogenous population, a wide range in MFO
and the exercise intensity at which it occurs (FATMAX) was
observed. However in general, individual player fat oxidation
curves were similar when tested 1 yr apart.

The findings of this study provide novel insights into the me-
tabolism of professional soccer players however more data is still
needed in this area. From a practical perspective it would be rec-
ommended that a FATMAX test is performed annually, during
players’medical screening. In addition, further research is needed
to understand the implications ofMFO and FATMAXon soccer-
specific performance and sports nutrition recommendations.

The results of this study are presented clearly, honestly and without
fabrication or inappropriate data manipulation and statement that re-
sults of the present study do not constitute endorsement by ACSM.
R. R., J. C., I. R. are employees of The Gatorade Sports Science In-
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thors and do not necessarily reflect the position or policy of PepsiCo, Inc.
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