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Abstract

Study Objectives: Anaerobic threshold (AT) and respiratory compensation point (RCP) are two important meta-
bolic set points. We aimed to determine the effects of exercise intensity at AT and RCP on the balance of substrate
oxidation rates. Methods: Eleven male participants performed an incremental exercise test to exhaustion on a
cycle ergometer to estimate AT and RCP. Subsequently, we conducted three 30 minute constant load exercise
tests at AT (War), RCP (Wger) and 25% below AT (W) in a randomized order. Pulmonary gas exchange
parameters measured breath-by-breath. We estimated substrate oxidation rate by using Frayn equations.
Results: We found that AT and RCP occurred at a mean intensity of 60% (range between 53-64% of VO,peak)
and 72% of VO,peak (range between 66-76% of VO,peak) respectively. Fat oxidation was found to be 0.221
+0.01 g/min at W and this significantly increased to 0.340+0.01 g/min at Wy and 0.326+0.03 g/min at Whcep
(p<0.05). Conclusion: We found that carbohydrate oxidation was 1.621+0.03 g/min (W), 1.961+0.02 g/min
(Wxr) and 2.417+0.1 g/min (Wrep) (p<0.05). AT and RCP provides optimal metabolic strain to all participant
and stimulate more fat oxidations. Thus clinicians should consider using exercise intensity at AT and RCP to
achieve the rate of highest fat oxidation.
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Introduction

During exercise, carbohydrate and fat are two
dominant substrates oxidized by skeletal muscles for
energy production'). However, absolute and relative
contributions of fat and carbohydrate oxidations may
be affected by many factors, including exercise intensity,
exercise duration, substrate availability, gender differ-
ences, sympathetic activity and training status?). It is
commonly believed that an impaired ability to oxidize
fat and carbohydrate may be an important factor in the
etiology of obesity®), and diabetes®).

Importantly, exercise intensity is perceived as
a main factor in determining the rate of fat and car-
bohydrate oxidation®). Optimal fat oxidation can be
achieved across a range of work rates between low and
moderate exercise intensity®’). Research studies have
shown that increasing workload from moderate to
high intensity results in a shift in substrate utilization
from fat to carbohydrate and carbohydrate becomes
obligatory metabolic substrate during severe anaerobic
exercise’). Exercise intensity is generally determined
by a certain fixed percentage of an individuals’ maxi-
mal O, uptake (VO,max) (i.e. 25, 50, 65, 70, 85 % of
VO,max)®*°) or maximal exercise capacity (i.e. 50%
of Wmax)™). However, application of a fixed workload
(as a percentage of VO,max or Wmax) to individu-
als may not be assumed to result in similar metabolic
strain being placed upon all of them. It has been sug-
gested that to prescribe exercise intensity, researchers
and clinicians should consider the metabolic demands
of an exercise by applying a threshold concept rather
than the concept of a fixed percentage of maximal val-
ues'’). A threshold concept defines specific metabolic
phases during exercise and thus it might reflect the in-
dividual metabolic stress levels of participants" ™). The
anaerobic threshold (AT) and respiratory compensa-
tion point (RCP) are two specific set points that wide-
ly used in clinical and sports medicine for establishing
optimal exercise intensity for each subject’).

It is important to establish fat and carbohydrate
oxidation under similar metabolic intensity rather
than fixed percentage of workload or intensity for
each individual®). To the best of our knowledge there
have been no studies comparatively evaluated the rate
and amount of fat and carbohydrate oxidations at

intensities corresponding to AT and RCP. In the pre-
sent study, we intended to evaluate impact of specific
metabolic intensities of single exercise sessions at the
AT and RCP (and also 25% <AT') on the balance of
fat and carbohydrate oxidations in a sample of young,
sedentary participants.

Material and Method
Participants

Eleven healthy young male (mean+SD age:
20.8+1.9 years, height: 1849 cm, weight 74.9+5.8
kg, and body mass index: 22+2 kg/m?*) participated
in this study. The study protocol was approved by the
Ethical Committee of Firat University by the ethical
guidelines of the 1964 Declaration of Helsinki). All
participants gave written informed consent based on
university approved documents after the nature of the
exercise trials and all potential risks and benefits were
explained to them.

We screened all participants before the study
to ensure that they were free from illness and any
physical and metabolic limitations. Exclusion crite-
ria were as follows: taking medications and having a
history of any diseases related to the cardiovascular,
respiratory, liver, renal, musculoskeletal, neuromus-
cular and metabolic systems. We asked all partici-
pants to refrain from eating, smoking, consuming
caffeine, drugs or alcohol, taking any ergogenic aid
and strenuous exercise. In addition, participants were
asked to fill in a 3-day food and liquid intake de-
tails (for breakfast, lunch dinner and any additional
meals) and they were asked to not change this diet
before all subsequent experiments.

All participants attended the Human Exercise
Physiology Laboratory before the study between 8:00
am to 9:00 am, following an overnight fasting state.
The subject was introduced to the experimental pro-
cedures and anthropometric measurements (i.e. height
weight, body mass and body composition) were taken
(Body Fat Analyser, Tanita, TBF 300, Japan). The con-
ditions of the Human Exercise Physiology Laboratory
were controlled so that air temperature and humidity
were the same for all exercise-testing sessions.
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Exercise Tests Procedures

Each subjects completed four test sessions. Each
subject initially performed a standardised rapid in-
cremental exercise cycling protocol using an electro-
magnetically-braked cycle ergometer (VIA sprintTM
150/200P, Germany). Participants were able to adjust
the saddle height so that it was in the most suitable
position for their leg. As a warm-up period, we started
the exercise work protocol with participants cycling at
20 W (60 rpm) for a period of four minutes. Then, we
increased the work rate by a 15 W/min using a work
rate controller and continued to the participants’ limit
of tolerance™). Participants were carefully controlled in
order to avoid hyperventilation and to achieve a physi-
ological steady-state condition during the warm-up
period so that we could make a valid estimate of AT™).
In addition, prior to exercise, it is strictly avoided from
an acute negative energy balance and reduced muscle
glycogen levels that may have effects on fat oxidation
during exercise’).

All participants were tested in a random order in
three constant load exercise test conditions separated
by approximately three days. For the subsequent tests,
as a warm-up period, participants performed an ini-
tial work load of 20 W for four minutes, then we in-
creased the work using their individually determined
work rate to their AT (War), respiratory compensation
point (Wyep) and 25% below their AT (W.xr) and they
continued to cycling for 30 minutes. The all trials were
always performed in the morning (between 8:00 a.m.
to 9:00 a.m.) after an overnight fast and at the same
time to avoid circadian variance.

Estimation of AT and RCP

The peak VO, (VO,peak) was taken as the high-
est VO, at the end of the ramp test. AT was estimated
from the V-slope relationship, i.e. the relationships
showing increased CO, output (VCO,) as a function
of O, uptake (VO,)"). In addition, we used other con-
ventional methods also used to validate our estimation
of AT. These were the increased ventilatory equivalent
for VO, (Vi/VO,) and the end tidal partial pressure
of O, (PsrO,)® ). The RCP was estimated from the

systematic increased ventilatory equivalent for VCO,
(Vi/VCO,) and the systematic decrease in end tidal
partial pressure of CO, (PpCO,)* ). Heart rate was
monitored continuously beat-by-beat from the inter-
val of a standard 12-lead electrocardiogram during
testing'?).

Metabolic Measurements

During the exercise test, pulmonary and ventila-
tor gas exchange parameters were measured breath-by-
breath using a respiratory gas analyser (Master Screen
CPX, Germany)®). Ventilation measurement were done
using a precise, bidirectional, digital volume sensor (Tri-
ple V-Volume Sensor). Before the each test, we cali-
brated the gas and volume of the system and calibration
of the volume and gas analyser was done automatically.

Substrate utilization

During exercise tests, to estimate of fat and car-
bohydrate oxidation, we performed breath-by-breath
measurements of VO, and VCO, and respiratory quo-
tient (RQ) using a metabolic gas analyser (Master
Screen CPX, Germany). We calculated fat and carbohy-
drate oxidation rates using Frayn equations®). The uri-
nary nitrogen excretion rate was accepted as negligible.

Fat oxidation (g/min) = 1.67 x VO, (L/min) -
1.67 x VCO, (L/min)

Carbohydrate oxidation (g/min) = 4.55 x VCO,
(L/min) — 3.21 x VO, (L./min)

To avoid potential instability of plasma bicarbo-
nate during RCP test, we used indirect calorimetry for
the determination of substrate oxidation rates when
constant Vi and VCO, and end-tidal CO, partial pres-

sure (PprCO,) responses were observed).
Statistical Analyses

We have presented the values for all descriptive
data as mean (+SD). We identified substrate utilisa-
tion rates for fat and carbohydrate among the three
different exercise intensities using repeated-measures
ANOVA with post hoc t-test. A p value <0.05 was
considered to be statistically significant.
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Results

Participants’ values of VO, and work rate re-
sponse to incremental exercise task are given in Ta-
ble 1. The mean VO, at the AT was 24.03 + 3.9 ml/
min/kg and the mean VO,peak for each kg of body
weight was 40.24 + 5 ml/min/kg. AT and RCP oc-
curred at an intensity of 60% (range 53-64%) and
72% of VO,peak (range 66-76%), respectively. Work
rates for each kilogram of body weight at AT and at
the Wmax were 2.103+0.3 W/kg and 2.956+0.3 W/
kg, respectively. During steady-state constant load
exercise (average of last 10 minutes), the mean (+SD)
RQ was 0.922+0.006 for W.,g, 0.903+0.003 for the
Wi and 0.920+0.009 for the Wicp. The highest fat
oxidation ratio was in workload associated with W
(p<0.05), but there was no statistically significant
difference between W_.ap and Wrer (p=0.5).

Rate of fat and carbohydrate oxidations during
each minute of three constant load exercise tests are
shown in Figure 1. During the constant load exer-
cise (average of last 10 minutes) at Wy, the amount
of fat and carbohydrate oxidation was 0.221+0.01g/
min and 1.621+0.03 g/min, respectively. Increasing
exercise intensity to Wir resulted in a significant in-
crease in total fat (0.340+0.01 g/min) and total car-

Table 1. During incremental exercise test, mean (+SD) values
of O, uptake at maximal exercise (VO,peak L/min), O, uptake
at anaerobic threshold (VO,AT, L/min). The work rate below
anaerobic threshold (W.xr, W), at the anaerobic threshold
(War, W), at the respiratory compensation point (WRCP,
W) and at maximal exercise (Wmax, W). The heart rate at
maximal exercise (HRmax, beat/min).

Variables

VO,peak L/min 3.00+ 0.3
VO,AT (L/min) 1.78+0.2
W (W) 98+15
Wi (W) 130+21
Weer (W) 157+24
Wmax (W) 21727
HRmax (beat/min) 189+4
HR,r (beat/min) 150+12
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Figure 1. The rate of carbohydrate (upper graph) and fat oxida-
tion (lower graph) (mean values) for each minute of three con-
stant load exercise tests: ® shows W.ar, O shows Wy and A
shows Wyep.

bohydrate oxidation (1.961+0.02 g/min), (p<0.05).
During the constant load exercise, increasing exercise
intensity up to Wgep resulted in a marked increase
in total carbohydrate oxidation compared to that of
other exercise intensities (2.417+0.1 g/min (p<0.05)
(Figure 1). The amount of fat oxidation (0.326+0.03
g/min) was significantly higher compared to that at
W (p< 0.05). However, there were no significantly
differences in amount of fat oxidation between Wy
and Wiy tests.

Figure 2 shows standardisation of fat and carbo-
hydrate oxidation rates for each W work rates at the
War, War and Wiep. The rate of substrate oxidation
with regarding each W work productions showed
marked differences compared the total substrate oxida-
tion rates. Standardisation of fat oxidation rate at Wy
was significantly higher than W_xr and Wier (p<0.05)
(Figure 2).
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Figure 2. Standardised the rate of fat (white column) and car-
bohydrate (light grey column) oxidations (mean+SD, n=11) in
response to each watt work rate at exercise intensity below an-
aerobic threshold (W 1), at the anaerobic threshold (W) and
at the respiratory compensation point (Whgcp).

*Reflects statistically significant differences.
Discussion

Strategies for the regulation of energy balance and
substrate oxidation rates at rest and during various type
of exercise are a high health priority. There is much in-
terest among the investigators to understand the effect
of exercise intensity on rate and amount of substrate
oxidations. Although, shift in substrate oxidations dur-
ing exercise has been studied previously across a wide
range of work rates, little attention has been paid to
specific exercise protocols at Wr and Wrep. To the best
of our knowledge there have been no studies compara-
tively evaluated the rate of fat and carbohydrate oxi-
dations at intensities corresponding to War and Whep.
A greater understanding of how fat and carbohydrate
metabolism is affected by preceding work performed
at the onset of anaerobic metabolism and before exer-
cise hyperventilation would be advantageous and might
have implications for the design of efficient exercise
programs to achieve weight loss and weight mainte-
nance in participants with metabolic imbalance.

Clinically optimal exercise intensity for energy
regulation should focus fundamentally on promoting a
high energy expenditure associated with high fat oxi-
dation rates. In the current study, the impact of spe-
cific metabolic intensity protocols (i.e. Wsr, Wir and
Wier) on fat and carbohydrate oxidation rates were

evaluated comparatively during individually standard-
ized constant load exercise tests. The constant load ex-
ercise tests corresponded to Wour, War and Wicp are
provides metabolic steady state condition"*) that is
important issue to accurately predict substrate utilisa-
tion. The lowest level of RQ was found to be at W
that indicate highest fat oxidation ratio compared to
work intensity at Wiep and W.*). We did not count
protein oxidation in the present study which is con-
tributing energy production approximately 5% during
prolonged exercise”).

During constant load exercise fat oxidation in-
creases as exercise intensity increases until highest fat
oxidation is reached at intensity of specific metabolic
point of War and Whep. In the present study, we ob-
served large variations in fat oxidation rate between
0.2 g/min and 0.6 g/min among participants®), even
though they performed exercise at their specific met-
abolic intensities at Wy and Wicep. The highest rate
of fat oxidation during constant load exercise was
observed at the Wi and Wiep in untrained healthy
young males (Figure 1). In the present study, the mean
fat oxidation rates of young male were 0.340+0.01 g/
min and 0.326+0.03 g/min which occurred at the ex-
ercise intensity associated with AT (53-64% of Wmax
and averaged 60% of Wmax) and RCP (66-76% of
Wmax and averaged 72% of Wmax), respectively. It
should be emphasised that application of fixed work
protocol (i.e. 60% or 70% of Wmax) may cause sub-
stantially variable acute metabolic challenge to en-
ergy metabolic systems among the subjects. Despite
marked difference in work rate and intensities, Wy
(and Wiep) indicate identical exercise strain on the
metabolic systems of all individuals'); and are widely
used for specific exercise prescriptions® *). Increased
fat oxidation rate during exercise at Wy and Wiep
might be related to the increase in circulating free fat-
ty acid which is shown to be promoting greater lipid
oxidation®). Interestingly, fat oxidation rate becomes
significantly higher in Wy when standardised with
each W of work rate (Figure 2).

In previous studies, a peak fat oxidation rate has
been reported to occur at around 60% of VO,peak,
which is similar to the Wy, results®®). However, exer-
cise intensities expressed as a fixed percentage of maxi-
mal values might not result in metabolic responses that
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are homogenous across the sample, especially in this
case where the work intensity varied between 53-64%
of Wmax in Wiyr. In literature, a strong relationship
between blood lactate and fat oxidation rate during an
incremental exercise has been reported®® ). The high-
est fat oxidation rate at 65% of VO, peak which did
not coincide with AT was reported™). In contrast, the
results of a study requiring participants to exercise at
45% to 65% of VO,peak showed no significant differ-
ences in fat oxidation*). An increase in carbohydrate
oxidation and decrease in contribution of fat oxidation
to participants’ energy supplies during exercise intensi-
ty above 60% to 75% of VO,max have been reported5,
6). However, in trained participants, a high fat oxida-
tion rate has been reported at 75% of VO,max which
was associated with AT?:%),

In contrast, an increased fat oxidation rate at
a work intensity of 35-48 of %VO,max (i.e. moder-
ate intensity) and a reduction in fat oxidation when
exercise intensity increased above 48% have been re-
ported®). Similarly, another study showed greater fat
oxidation at low exercise intensity (33% of VO,max)
compared to moderate exercise intensity (66% of
VO,max). However, the results of the present study do
not support the concept that low to moderate intensity
aerobic exercise promotes greater fat oxidation (Figure
1 and Figure 2). The W reflecting low exercise in-
tensity*) varied between 40-48% of Wmax (averaged
45% of Wmax) and this resulted in the lowest percent-
age of fat oxidation with regard to total substrate oxi-
dation and the lowest rate of fat oxidation (Figure 1).

Conclusion

As a conclusion, considering energy metabolic
substrate oxidation studies, exercise intensity corre-
sponded to AT provide higher fat oxidation rates in
totally and normalising for each watt of applied work
rate. Thus researchers and clinicians should consider
using specific metabolic intensity, especially at War
(and Whiep) to achieve optimal substrate oxidation
rates, instead of using fixed percentage of work pro-
tocols. However, further investigations with higher
number of samples size including obese participants
are warranted.
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