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Abstract

The aim of this study was to test the hypothesis that reduced pre-exercise carbohydrate (CHO) availability potentiates fat
oxidation after an exhaustive high-intensity exercise bout. Eight physically active men underwent a high-intensity exercise
(B95%

.
VO2max) until exhaustion under low or high pre-exercise CHO availability. The protocol to manipulate pre-exercise

CHO availability consisted of a 90-min cycling bout at B70%
.
VO2max + 6 � 1-min at 125%

.
VO2max with 1-min rest, followed by

48 h under a low- (10% CHO, low-CHO availability) or high-CHO diet (80% CHO, high-CHO availability). Time to exhaustion was
shorter and energy expenditure (EE) lower during the high-intensity exercise in low- compared to high-CHO availability (8.6±
0.8 and 11.4±1.6 min, and 499±209 and 677±343 kJ, respectively, Po0.05). Post-exercise EE was similar between low-
and high-CHO availability (425±147 and 348±54 kJ, respectively, P40.05), but post-exercise fat oxidation was significantly
higher (Po0.05) in low- (7,830±1,864 mg) than in high-CHO availability (6,264±1,763 mg). The total EE (i.e., exercise EE plus
post-exercise EE) was similar between low- and high-CHO availability (924±264 and 1,026±340 kJ, respectively, P40.05).
These results suggest that a single bout of high-intensity exercise performed under low-CHO availability increased post-
exercise fat oxidation, and even with shorter exercise duration, both post-exercise EE and total EE were not impaired.

Key words: Excess post-exercise oxygen consumption; Fat oxidation; Carbohydrate oxidation; Diet manipulation; Aerobic
metabolism

Introduction

It has recently been argued that a single bout of high-
intensity exercise (HIE; i.e., 480%

.
VO2max) induces similar

post-exercise energy expenditure (EE) to exercise per-
formed at a moderate intensity over a longer time (1,2).
For example, Larsen et al. (1) demonstrated that post-
exercise EE increased similarly after a single bout of a 4-min
HIE [B90% maximal heart rate (HRmax) compared to a
longer exercise bout at moderate intensity (47 min at 70%
HRmax)]. In that study, post-exercise oxygen consumption
(
.
VO2) remained above rest by B40 min in both modes of
exercise, even though high-intensity exercise was B11
times shorter. A single bout of high-intensity exercise

results also in a higher post-exercise fat oxidation than
in low-intensity exercise (2). As higher fat oxidation post-
exercise has an important role in exercise-induced fat loss
(3), this mode of training might be an interesting approach
to overcome the sedentary lifestyle associated with the lack
of free time in modern life (4). Furthermore, any manipula-
tion able to improve post-exercise fat oxidation would be an
interesting approach to enhance exercise-induced health
benefits (5).

Nutritional interventions by handling carbohydrate (CHO)
availability has also played a critical role in post-exercise
metabolism (6). Endogenous CHO availability is commonly

Correspondence: R. Bertuzzi: <bertuzzi@uso.br>

Received October 20, 2017 | Accepted February 2, 2018

Braz J Med Biol Res | doi: 10.1590/1414-431X20186964

Brazilian Journal of Medical and Biological Research (2018) 51(5): e6964, http://dx.doi.org/10.1590/1414-431X20186964
ISSN 1414-431X Research Article

1/8

mailto:bertuzzi@uso.br
http://dx.doi.org/10.1590/1414-431X20186964


manipulated as follows: 1) by an 8–12 h fasting period
before training, reducing liver but not muscle glycogen (7);
2) by reducing CHO diet content for a few days, reducing
mainly liver glycogen (8); 3) by performing a pre-exercise
before the main exercise to reduce pre-exercise liver and
muscle glycogen (9); 4) or by a combination of two or more
of those approaches (6,9). Regardless of the different ways
to manipulate CHO stores, some evidence suggests that fat
oxidation over the 24-h post-exercise period is increased
when exercise is performed with a certain level of CHO
depletion (5,7).

While a low-CHO availability increases post-exercise
fat oxidation (7), manipulating CHO availability may reduce
the exercise tolerance during a HIE bout (6). As post-
exercise EE is positively related to the exercise duration,
any manipulation that reduces the time length of a HIE bout
will directly affect post-exercise EE (6,10). Only one study
has investigated this question while manipulating CHO
availability. Indeed, performing a supra-maximal exercise
(125%

.
VO2max) until exhaustion with low-CHO availability

seems to reduce EE during the exercise, ultimately decreas-
ing post-exercise EE by B26% (6). This would reduce HIE
benefits because a reduced post-exercise EE may be
detrimental to body mass loss (2,3). It has yet to be
determined, however, whether a similar reduction in post-
exercise EE with low-CHO availability happens in HIE when
performed below

.
VO2max (i.e., submaximal intensities).

The aim of the present study was to quantify the effect
of pre-exercise low-CHO availability on fat oxidation and
EE after a single HIE bout performed until exhaustion.
It was hypothesized that low-CHO availability would reduce
time to exhaustion and post-exercise EE, but enhance
fat oxidation after a HIE bout, compared with a high-CHO
availability condition. To produce the greatest differences
between the experimental conditions in terms of CHO
availability, we manipulated endogenous CHO stores by
combining a muscle glycogen-reducing protocol and diet.

Material and Methods

Participants
Eight physically active men [age=26.6±6.0 years,

height=175.4±4.3 cm, body mass=72.9±6.5 kg, body
fat=12.4±4.6%, and maximal oxygen uptake (

.
VO2max)=

46.4±6.4 mL � kg-1 �min-1], participated in this study.
Participants were classified as physically active according
to their

.
VO2max (442 mL � kg-1 �min-1) (11). Participants

signed an informed consent form after receiving verbal
and written explanations of the experimental procedures
and possible risks involved in this study. The study was
approved by the Ethics Committee of the Universidade de
São Paulo, São Paulo, SP, Brazil.

Experimental design
Participants reported to the laboratory on 6 different

occasions. In the first visit, anthropometric measurements

were performed to determine height, body mass, and body
fat. Then, participants completed an incremental test to
exhaustion to determine their first (LT1) and second (LT2)
lactate thresholds, as well as peak power output (PPO)
and

.
VO2max. The LT1, LT2, PPO, and

.
VO2max were used to

determine the exercise-glycogen depletion and HIE
intensities (see below). On the second visit, participants
performed a familiarization protocol with the HIE proce-
dures. Participants performed a HIE bout until exhaustion,
exactly as they were to do in the experimental trial. The
experimental trials were done in 2 blocks of 2 visits each,
i.e., visits 3–4 and 5–6. The "blocks" of visits 3–4 and 5–6
were performed in a randomized, counterbalanced and
crossover design, seven days apart to prevent any resid-
ual effect of fatigue. Briefly, in the third visit, participants
performed a glycogen-depletion exercise protocol 48 h
before each experimental session (B8:00 am). This proto-
col was performed to ensure that all participants initiated
the diet protocol (i.e., low- or high-CHO diet) with similar
glycogen content. After the glycogen-depletion protocol,
50% of the participants followed a low-CHO diet over the
next 48 h, while the other 50% followed a high-CHO diet
over the next 48 h. In the fourth visit, which was performed
48 h after the exercising-glycogen depletion protocol,
participants performed a single HIE bout until exhaustion.
The same procedures were performed in visits 5 and 6,
except that the participants who had followed the low-
CHO diet in the first block received the high-CHO diet, and
vice-versa. This combination of glycogen-depletion exer-
cise and diet manipulation was applied to produce greater
differences in endogenous CHO availability before the HIE
(12). A prolonged exercise followed by a low-CHO diet is
believed to maintain the levels of muscle glycogen low
while a high-CHO diet after a bout of prolonged exercise is
believed to restore muscle glycogen (13,14). Participants
were asked to refrain from exercise, alcohol, and caffeine
48 h before each experimental session.

Anthropometric
The anthropometric measurements consisted of height,

body mass, and the thickness of three skinfolds (chest,
abdomen, and thigh sites). Body density was estimated
according to Jackson and Pollock (15) and then converted
to body fat percentage using Siri (16).

Incremental test
The incremental test was performed on a magnetically-

braked cycle ergometer (Ergo Fit 167, Ergo-FitGmbH &
Co., Germany). Participants warmed up for 5 min at
50 watts (W); thereafter, the power output was increased
20 W every 3 min until exhaustion, which was defined
as the incapacity to maintain a pedal cadence above 60
revolution per minute (rpm). Blood samples (25 mL) were
obtained from the earlobe 15 s prior to the end of each
stage for immediate blood lactate concentration deter-
mination (YSI 1500 Sport, Yellow Springs Instruments, USA).
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Oxygen uptake (
.
VO2) and carbon dioxide production

(
.
VCO2) were obtained breath-by-breath throughout the
test using a metabolic cart (Quark b2, COSMED, Italy).
Heart rate (HR) was measured throughout the test using a
HR monitor (Polar Vantage NV, Finland). For identification
of LT1 and LT2, blood lactate was plotted as a function of
exercise intensity. The LT1 was considered as the work-
load corresponding to an initial lactate accumulation in
the blood (17). The LT2 was considered as the workload
corresponding to the second abrupt increase in lactate
accumulation in the blood (17). LT1 and LT2 were identified
by adjustment of the blood lactate-exercise intensity curve
with a 3-segment linear regression (17). The first and
second intercepts of the fitted curve that produced the
highest R2 and the lowest residual sum of square cor-
responded to LT1 and LT2, respectively. The

.
VO2max was

defined as the highest 30-s
.
VO2 average obtained during

the test, while the PPO was calculated as the highest
power output reached during the test.

Exercising-glycogen depletion protocol and
diet manipulation

Participants performed an exercise protocol to reduce
muscle glycogen stores. They performed 90 min of con-
tinuous exercise at a power output corresponding to 50%
of the difference between LT1 and LT2. After a 5-min rest,
they performed 6� 1-min exercise bouts at 125%

.
VO2max,

with 1-min resting intervals. It has been previously shown
that this protocol reduces muscle glycogen content toB50%
of the pre-exercise value (18). Thereafter, participants fol-
lowed an isoenergetic (mean±SD: 10,290±2,877 kJ/day,
estimated by habitual dietary records) 48-h diet regime
with 10 or 80% of CHO (low- or high-CHO availability,
respectively; see Table 1). All participants were given a
list with food options created by a dietitian that indicated
the recommended daily energy uptake for each food group
and providing the recommended daily energy uptake.
To measure the adherence to prescribed diets, the partici-
pants recorded all food intake for 48 h through a food
questionnaire between the exercise depletion protocol and

the experimental exercise session (19). They were also
asked to use household measures to improve accurate
food portions (20) for which they received verbal and visual
explanations. Diet records were subsequently analyzed for
the macronutrient intakes using specific software (DietWin
software, Brazil).

Experimental trial
Participants arrived at the laboratory after B8-h over-

night fasting and rested sitting on a chair for 20 min. Then,
participants performed a single HIE bout until exhaustion at
a power output corresponding to 75% of the difference
between LT2 and PPO (B95%

.
VO2max). Exhaustion was

assumed when the participants were unable to maintain a
pedal cadence above 60 rpm. After the test, participants
recovered, sitting on a chair for 60 min. Blood samples
(25 mL) were obtained from the earlobe immediately
before, and at 1, 3, and 5 min after the HIE. During the
exercise and entire recovery period,

.
VO2 and

.
VCO2 were

measured for posterior EE and fat and CHO oxidation
determination. The participants were not allowed to drink
water during the exercise and recovery periods.

Measurements
The EE during the exercise was calculated by the area

under the curve of exercise
.
VO2 using the trapezoidal

method (21). The total VO2 (L) obtained was then converted
to energy (kJ), assuming that each 1 L of O2 was equal to
20.92 kJ. The

.
VO2,

.
VCO2, and respiratory exchange ratio

(RER) data after HIE were averaged into 5-min intervals,
and fat and CHO oxidation rates estimated using stoichio-
metric equations (Equations 1 and 2, respectively), assum-
ing that the urinary nitrogen excretion rate was negligible
(22). As pulmonary

.
VO2 and

.
VCO2 are not reliable to

estimate fat and CHO oxidation rates in a non-stable
bicarbonate pool, data from the first 5 min of recovery
were not included to estimate post-exercise substrate
oxidation rate and EE (22). The total fat and CHO
oxidized during the remaining period (i.e., from min 5
to 60) was calculated as the area under the fat and CHO

Table 1. Macronutrients intake during the low- and high-(CHO) diet.

Low-CHO availability High-CHO availability

CHO (g) 115±45 596±204
CHO (kJ) 1,917±755 9,968±3,413
CHO (%) 17±13 77±6
Fat (g) 214±110 40±3

Fat (kJ) 8,048±4,127 1,513±116
Fat (%) 60±18 12±5
Protein (g) 171±17 84±10

Protein (kJ) 2,860±284 1,411±166
Protein (%) 23±6 11±3

CHO: carbohydrate. Data are reported as means±SD (n=8).
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oxidation rate curves, respectively. The post-exercise EE
was assumed as the sum of fat and CHO oxidized during
this period. The fat and CHO oxidation rates (mg/min)
were converted to energy equivalents (kJ) assuming that
1000 mg of fat and CHO oxidized were equal to 37.67
and 16.74 kJ, respectively (23).

Fat oxidation rate mg=minð Þ¼ 1:67 � :
VO2 � 1:67 � :

VCO2 ð1Þ

CHO oxidation rate mg=minð Þ¼ 4:55 � :
VCO2 � 3:21 � :VO2 ð2Þ

where,
.
VO2 is oxygen uptake (mL/min) and

.
VCO2 is carbon

dioxide production (mL/min).

Statistical analyses
The Smirnov-Kolmogorov test was used to check if

the data had a Gaussian distribution. As all dependent
variables were normally distributed, a two-way, repeated
measures analysis of variance (ANOVA) was used to
compare the lactate and

.
VO2 at rest, and at the end of the

exercise, RER, fat, and CHO oxidation rates, and post-
exercise EE rate throughout the recovery, followed by a
Tukey post-hoc test to locate any differences between
conditions and time points. A paired t-test was used to
compare the following dependent variables between low-
and high-CHO diets: exercise duration; total VO2 con-
sumed and EE during exercise; post-exercise EE, total
CHO, and fat oxidized; and total EE (i.e., exercise EE plus
post-exercise EE). Cohen’s effect size was calculated
and interpreted as p0.2=trivial,42 and p0.6=small, 40.6
and p1.2=moderate, and 41.2=large. The level of signifi-
cance was set at Po0.05. All statistical procedures were
done in Statistica (StatSoft Inc.s, version 10, USA). Data
are reported as means±SD.

Results

Exercise-glycogen depletion protocol and
diet manipulation

The mean power output during the continuous (B70%.
VO2max) and supramaximal bouts (125%

.
VO2max) for

glycogen depletion was 160±50 and 288±58 W, respec-
tively. The mean power output during the HIE was
219±50 W (B95%

.
VO2max). Macronutrient consumption

during the diet manipulation period is shown in Table 1.
An analysis of food records was used to indicate that the
participants had ingested the recommended CHO con-
tent for each experimental condition.

Physiological response to exercise
The blood lactate and

.
VO2 at rest and at the end of

exercise were similar between conditions (all P40.05 and
effect size o0.3 small). Time to exhaustion was 20±18%
shorter in low- compared to high-CHO availability (P=0.04,
effect size =0.8 moderate). Likewise, total VO2 was lower
under low- compared to high-CHO availability (P=0.04,
ES=0.7 moderate) (Table 2).

Post-exercise RER, and CHO and fat oxidation
The RER decreased up to 20 min, with no difference

between conditions (main effect of time, F(11, 77)=44,
Po0.001, Figure 1). However, RER values at 10 min
were lower than 1.0 (0.92±0.06), indicating that CHO
and fat oxidation rates could be estimated thereafter.

Post-exercise CHO oxidation rate decreased for the first
25 min and then remained stable throughout the recovery,
without differences between the conditions (main effect of
time, F(10, 70)=11.5, Po0.001, Figure 2A). Post-exercise fat
oxidation rate increased for the first 25 min and remained
stable throughout the recovery (main effect of time, F(10, 70)=
3.7, Po0.001, Figure 2B). However, the fat oxidation
rate was higher in the low- rather than in the high-CHO
availability (main effect of condition F(10, 70)=6.2, P=0.04,
Figure 2B). However, there was no interaction between
condition � time (interaction: F(10, 70)=1.4, P40.05).

The total CHO oxidized during recovery was similar
between low- and high-CHO availability (P=0.62, effect
size=0.3 small, Figure 3A), while total fat oxidized during
recovery was 29±29% higher in low- rather than in high-
CHO availability (P=0.046, effect size=0.9 moderate,
Figure 3B).

Table 2. Values for lactate and
.
VO2 at rest and at the end of exercise, exercise time to exhaustion, and total

VO2 consumed during the exercise.

Low-CHO availability High-CHO availability P ES

Rest lactate (mmol/L) 0.9±0.6 0.9±0.7 0.96 o0.2
End lactate (mmol/L) 7.6±1.9 8.4±1.9 0.52 0.3
Rest

.
VO2 (mL � kg-1 �min-1) 4.0±1.4 4.3±1.5 0.16 0.3

End
.
VO2 (mL � kg-1 �min-1) 41.4±8.4 43.1±8.5 0.22 0.2

Time to exhaustion (min) 8.6±2.3* 11.4±4.5 0.04 0.8+

Total VO2 (L) 24±10* 32±17 0.04 0.7+

Data are reported as means±SD (n=8).
.
VO2: oxygen consumption; ES: effect size. *Po0.05 compared to

high-CHO availability (t-test). +Moderate effect size.
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Energy expenditure during and after exercise,
and total energy expenditure

The exercise EE was lower in low- compared to high-CHO
availability (P=0.04, effect size=0.7 moderate, Figure 4A).
However, post-exercise EE was similar between conditions
(P=0.18, Figure 4B), although the effect size was moderate
(0.8). Likewise, there was no difference for total EE (exercise
EE plus post-exercise EE) between low- and high-CHO
availability (P=0.34, effect size=0.3 small, Figure 4C).

Discussion

The main finding of the present study was that HIE
bout performed under low-CHO availability increased post-
exercise fat oxidation rate. Even with shorter exercise
duration and a lower EE exercise, both post-exercise and
total EE were similar between high- and low-CHO avail-
ability. Our results suggest that reducing pre-exercise CHO
availability optimizes fat oxidation after a HIE bout per-
formed until exhaustion.

Compared with previous studies reporting reduced
time to exhaustion during a HIE bout performed under
reduced endogenous CHO stores (6,9), the present study
showed that HIE tolerance was reduced B20% in low-
compared to high-CHO availability. This reduced exercise
tolerance might be attributed to a reduced glycogenolysis
flux caused by reduced muscle glycogen (24). In fact, HIE
performed at intensities near the power output eliciting.
VO2max demands large ATP production via CHO oxida-
tion, which is mainly dependent on muscle glycogen use
while fat oxidation is almost nil (24,25). Further, lower
exercise tolerance during a HIE with low-CHO availability
might also be related to other factors such as increased

exercise-induced strain, impaired excitation-contraction
coupling and increased effort perception (8,24,26).

In the present study, post-exercise fat oxidation rate
was increased by B29%. It has been proposed that begin-
ning exercise with low-CHO content leads to a further
switch in post-exercise metabolism from CHO to fat oxida-
tion (5,7). A previous study has compared low-intensity
exercise (100 min at 65%

.
VO2max) performed before

breakfast or after lunch (7). The 24 h post-exercise CHO
oxidation was diminished when exercise was performed
before breakfast and increased when exercise was
performed after lunch, suggesting there is a change
from CHO to fat oxidation with exercise beginning with
depleted pool of endogenous CHO (7). Furthermore, it is
largely recognized that low-CHO availability increases
fat oxidation by a catecholamine-induced increase in the
lipolysis, which increases free fatty acids release from the
adipose tissues and consequently muscle intake (27–29).

Figure 1. Respiratory exchange throughout the recovery of a
single, high-intensity exercise bout (B95%

.
VO2max) performed

under low- and high- carbohydrate (CHO) availability. Data are
reported as means±SD (n=8). aPo0.05 compared to 5 min;
bPo0.05 compared to 5 and 10 min; cPo0.05 compared to 5, 10,
15, and 20 min (ANOVA). RER: respiratory exchange ratio.

Figure 2. Carbohydrate (CHO) (A) and fat (B) oxidation rates
throughout the recovery of a single, high-intensity exercise bout
(B95%

.
VO2max) performed under low- and high-CHO availability.

Data are reported as means±SD (n=8). aPo0.05 compared to
10 min; bPo0.05 compared to 5, 10, and 15 min; cPo0.05
compared to 5, 10, and 15 min; *Po0.05 compared to high-CHO
availability (ANOVA and t-test).

Braz J Med Biol Res | doi: 10.1590/1414-431X20186964

Carbohydrate availability and energy expenditure after exercise 5/8

http://dx.doi.org/10.1590/1414-431X20186964


Increased fat oxidation with low-CHO availability might
also be associated with an increased circulation of very-
low-density lipoprotein-triacylglycerol, which may be oxidized
by peripheral tissues including skeletal muscle (28,30).
In fact, it has been demonstrated that all aforementioned
physiological events are magnified by low-CHO avail-
ability (31,32). Our results add to these studies, showing
that fat oxidation after a short-term HIE can be increased
when performing with low-CHO availability.

However, it should be noted that the low-CHO avail-
ability reduced HIE duration and ultimately exercise EE.
Post-exercise EE was similar between low- and high-CHO
availability, although a higher fat oxidation post-exercise
seems to increase slightly post-exercise EE (effect size=
0.8, moderate). This led to a similar total energy expendi-
ture (exercise+ post-exercise) between conditions (effect
size=0.4, small). Given that HIE with low-CHO availability
did not increase the total EE, and even reduced EE during
the exercise, a question arises whether increased post

exercise fat oxidation after performing HIE with low-CHO
availability has any practical relevance. It could be argued
that any post-exercise adaptations to substrate metab-
olism are negated by the reduced exercise capacity
reported in the low CHO trial. On the other hand, it has been

Figure 3. Total carbohydrate (CHO) (A) and fat (B) oxidation
throughout recovery of a single, high-intensity exercise bout
(B95%

.
VO2max) performed under low- and high-CHO availability.

Data are reported as means±SD (n=8). *Po0.05 compared to
high-CHO availability, moderate effect size (ES=0.9) (t-test).

Figure 4. Energy expenditure (EE) during (A) and after (B) a
single, high-intensity exercise bout (B95%

.
VO2max) performed

under low- and high-carbohydrate (CHO) availability. Total energy
expenditure (exercise plus post-exercise) is also shown (C). Data
are reported as means±SD (n=8). *Po0.05 compared to low-
CHO availability, moderate effect size (ES=0.7) (t-test).
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previously suggested that strategies to maximize fat oxida-
tion may be an important factor in preventing body fat
accumulation, regardless of EE (2,3). In fact, it has been
demonstrated that oxidation of more fat during rest is
an isolated predictor of losing fat in woman engaged in
an exercise program (3). Increased fat oxidation at rest
explained 7% of the exercise-induced reduction in body
fat mass (3). In addition, it has been reported that an
increase in post-exercise fat oxidation after a single high-
intensity exercise diminishes body fat deposition (2).
Furthermore, increased post-exercise fat oxidation pro-
motes an increase in several transcriptional genes asso-
ciated with the muscle oxidative phenotype, increasing
muscle capacity to oxidize fat (33). These findings suggest
that higher rates of post-exercise whole-body fat oxidation
may have an important role, regardless of the small effect
on EE.

Exercise-induced disruption in homeostasis is neces-
sary to promote health benefits associated with exercise
training (4,31). As the lack of free time in modern life is a
limiting factor for exercise practice and adherence (34),
a single HIE bout until exhaustion becomes an alternative
training model to stimulate active lifestyle (4). This model
of exercise is suggested to elicit similar health benefits
compared to several intermittent bouts of HIE with short
intervals for recovery, despite the shorter duration of
the former (4). In the present study, we showed that
combining a single HIE bout performed until exhaustion
with reduced pre-exercise CHO availability can max-
imize post-exercise fat oxidation. However, as total EE
was not altered, whether this increased post-exercise fat
oxidation has any impact on reduction in body fat is an
open question (35). Further studies investigating if long-
term training using a single bout of HIE with low-CHO
availability promotes higher body fat reduction are required
and may be a promising approach to weight loss reduction
programs.

The main limitation of the current study was that we did
not measure glycogen levels, which could be replenished

by 25% for each 24-h recovery period, even under a low-
CHO diet (36). Even though muscle glycogen content is
partially replenished after exercise depleting muscle
glycogen followed by a low-CHO diet, muscle glycogen
will remain low compared to a high-CHO diet (14). Thus,
two distinct conditions with different CHO availability were
successfully obtained in the present study. In addition, the
reduced time to exhaustion in low-CHO availability adds
that CHO availability was reduced to a certain degree.
Furthermore, whether the same results would occur if only
diet or fasting had been manipulated is an interesting
question. To the best of our knowledge, no study has com-
pared post exercise energy expenditure and fat oxidation
between glycogen-depletion exercise+ diet (reducing both
muscle and liver glycogen) vs only diet or fasting manipu-
lation (reducing mostly liver glycogen), which deserves
further investigation. We have also measured the adher-
ence to prescribed diets through a food questionnaire,
which may not have been accurate for food intake quanti-
fication. To improve accuracy, we used standard household
measures for portions of food amount (20). To minimize any
potential error in estimating total energy and macronutrients
intake from diet records, the same experienced researcher
performed all food register analyses. The participants were
also well instructed and familiarized with the food register
questionnaire. The same diet software was used to mini-
mize the error in converting food intake into the nutrient
composition and absolute amounts of energy. Finally, the
food questionnaire is a recognized and valid practical method
to determine food intake (19).

In conclusion, a single HIE bout performed until
exhaustion with low-CHO availability reduced exercise
tolerance and exercise EE, but increased post-exercise
fat oxidation.
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