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The effects of acute consumption of L-Arginine (L-Arg) in healthy young individuals are not clearly defined, and no studies on the
effects of L-Arg in individuals with abnormal body mass index undertaking strenuous exercise exist. Thus, we examined whether
supplementation with L-Arg diminishes cardiopulmonary exercise testing responses, such as ventilation (VE), VE/VCO2, oxygen
uptake (VO2), and heart rate, in response to an acute session of high-intensity interval exercise (HIIE) in overweight men.
A double-blind, randomized crossover design was used to study 30 overweight men (age, 26.5 ± 2.2 years; body weight,
88.2 ± 5.3 kilogram; body mass index, 28.0 ± 1.4 kg/m2). Participants first completed a ramped-treadmill exercise protocol to
determine VO2max velocity (vVO2max), after which they participated in two sessions of HIIE. Participants were randomly
assigned to receive either 6 g of L-Arg or placebo supplements. The HIIE treadmill running protocol consisted of 12 trials,
including exercise at 100% of vVO2max for 1 min interspersed with recovery intervals of 40% of vVO2max for 2 min.
Measurements of VO2 (ml·kg−1·min−1), VE (L/min), heart rate (beat per min), and VE/VCO2 were obtained. Supplementation
with L-Arg significantly decreased all cardiorespiratory responses during HIIE (placebo+HIIE vs. L-Arg+HIIE for each
measurement: VE [80.9 ± 4.3 L/min vs. 74.6 ± 3.5 L/min, p < .05, ES = 1.61], VE/VCO2 [26.4 ± 1.3 vs. 24.4 ± 1.0, p < .05,
ES = 1.8], VO2 [26.4 ± 0.8 ml·kg−1·min−1 vs. 24.4 ± 0.9 ml·kg−1·min−1, p < .05, ES = 2.2], and heart rate [159.7 ± 6.3 beats/min
vs. 155.0 ± 3.7 beats/min, p < .05, d = 0.89]). The authors conclude consuming L-Arg before HIIE can alleviate the excessive
physiological strain resulting fromHIIE and help to increase exercise tolerance in participants with a higher bodymass index who
may need to exercise on a regular basis for extended periods to improve their health.
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Increased body fat negatively impacts gas exchange during
exercise (Gläser et al., 2013); that is, individuals with obesity/
overweight require higher increases in ventilation (VE), oxygen
uptake (VO2), and heart rate (HR) during exercise (Nora et al.,
2010). Furthermore, obese persons have increased ventilation/
perfusion (V/Q) inequalities so that the VE/carbon dioxide (CO2)
production ratio (VE/VCO2) impairs work efficiency during exer-
cise. These factors are related to respiratory dysfunction and
mechanical inefficiency in obese individuals (O’Donnell et al.,
2012). Excess adipose tissue also reduces cardiovascular function
and aerobic capacity during exercise as HR responses are decreased

during maximal exercise, resulting in diminished oxygen (O2)
transport (Harten, 2018).

One form of exercise that is gaining popularity, and which has
been shown to reduce body weight and body fat as well as obesity-
related risk factors, is high-intensity interval exercise (HIIE; Keating
et al., 2017), defined as repeated intermittent near-maximal tomaximal
bouts of exercise that are separated by short periods of recovery
(Buchheit & Laursen, 2013). The evidence clearly supports the idea
that high-intensity interval training significantly improves body com-
position variables and increases VO2max and insulin sensitivity in
both healthy and clinical populations (Francois & Little, 2015;
Khammassi et al., 2018).Evidence supports the idea that high-intensity
interval training provides superior benefits on glycemic control and
cardiorespiratoryfitness comparedwithmoderate-intensity continuous
exercise (Jelleyman et al., 2015). The HIIE also decreases dyspnea
during exercise more than a moderate-intensity exercise in patients
with cardiac disease (Bernhardt & Babb, 2016). The lack of breath-
lessness experienced by overweight participants during exercise
(Bernhardt & Babb, 2016) may motivate them to participate in
high-intensity interval training, as they likely would have greater
tolerance to HIIE, compared with moderate-intensity exercise, for at
least two reasons: (a)HIIE has built-in recovery periods between bouts
of exercise (as such, allowing for a reduction in VE) and (b) HIIE does
not require sustained exercise periods aboveVT (Guiraud et al., 2012).

Daraei, Ahmadizad, and Rahmani are with the Department of Biological Sciences in
Sport and Health, Faculty of Sport Sciences and Health, Shahid Beheshti University,
Tehran, Iran. Hackney is with the Department of Exercise & Sport Science;
Department of Nutrition, University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA. Johnson is with the Department of Kinesiology, Coastal Carolina
University, Conway, SC, USA. Laher is with the Department of Anesthesiology,
Pharmacology and Therapeutics, Faculty of Medicine, University of British Colum-
bia, Vancouver, BC, Canada. Saeidi is with the Department of Physical Education,
Damghan Branch, Islamic Azad University, Damghan, Iran. Zouhal is with the
Movement Sport Science Laboratory (M2S), Université Rennes 2, Rennes, France.
Zouhal (hassane.zouhal@univ-rennes2.fr) and Saeidi (saeidi_as68@yahoo.com)
are corresponding authors.

46

International Journal of Sport Nutrition and Exercise Metabolism, 2021, 31, 46-54
https://doi.org/10.1123/ijsnem.2020-0054
© 2021 Human Kinetics, Inc. ORIGINAL RESEARCH

mailto:hassane.zouhal@univ-rennes2.fr
mailto:saeidi_as68@yahoo.com
https://doi.org/10.1123/ijsnem.2020-0054


The endogenous synthesis of nitric oxide (NO) is impaired
in individuals with obesity, and NO concentrations decrease with
high-intensity exercise (Shan et al., 2013). The combination of these
two factors can cause significant decreases in exercise tolerance,
suggesting that individuals with obesity could benefit from supple-
mentation with L-arginine (Tousoulis et al., 2002). That is,
L-arginine is a precursor of NO synthesis and is found in red meats,
poultry, and fish. Release of NO influences the cardiovascular and
respiratory systems in humans at rest and during exercise (Tousoulis
et al., 2002). Studies report consuming 6 g of L-arginine 80min prior to
exercise significantly increased muscle blood flow by increasing
vasodilation and improving hematological factors (such as red blood
cell deformability and aggregation; Álvares et al., 2012; Connes et al.,
2010). However, some studies suggested that L-arginine does not
affect the oxygen (O2) cost of moderate-intensity cycling and sub-
maximal running (Vanhatalo et al., 2013). There is an inverse
relationship between body mass index (BMI) and the bioavailability
of NO, suggesting that body fat can alter hemodynamic responses
(Toda & Okamura, 2013). The production and bioavailability of
NO under physiological conditions are dependent on the amount of
exogenous L-arginine (Tousoulis et al., 2002). For example, ingesting
L-arginine reverses the effects of endothelial NO-synthase (eNOS)
inhibition (Nosarev et al., 2015). Inhibition of eNOS increases VO2

consumption during exercise (Nosarev et al., 2015), and a lower
L-arginine/ADMA (endogenously produced eNOS inhibitor) ratio is
associated with decreased forced expiratory volume (Holguin, 2013).

Several factors can influence the efficacy of L-arginine sup-
plementation during exercise, including the mode of delivery,
different types of commercial supplement and its ingredients,
dosage, the timing of consumption before exercise, exercise inten-
sity, andmode of exercise (resistance vs. running and high intensity
vs. moderate intensity) and participants characteristics (athlete vs.
inactive and healthy vs. individuals with disease; Bailey et al.,
2010; Bescós et al., 2009; Koppo et al., 2009;Meirelles et al., 2019;
Vanhatalo et al., 2013). Recently, Meirelles et al. (2019) found no
beneficial effects of 6-g L-arginine in improving VO2 consumption
during exercise in healthy young active males (Meirelles et al.,
2019). In accordance with this, Andrade et al. (2018) showed that
the same dosage of L-arginine (6 g) does not improve muscle
function during recovery following strength exercise in recreation-
ally active healthy young adults (Andrade et al., 2018).

To our knowledge, the benefits of L-arginine supplementation
in overweight individuals completing an acute bout of HIIE have
not been investigated. Understanding the influences of L-arginine
supplementation in individuals with an abnormal BMI is important
not only for future studies on the acute effects of low doses of
L-arginine in clinical populations but also for studies in such
individuals relative to their exercise tolerance. Thus, we investi-
gated the acute effects of consuming 6 g of L-arginine on some
cardiorespiratory factors (such as VE, VE/VCO2, and VO2, as well
as HR) during HIIE in individuals who were overweight, and
hypothesized that such men receiving supplementation with
L-arginine would have an enhanced exercise tolerance through
HIIE (Álvares et al., 2012; Bailey et al., 2010; McKnight et al.,
2010), as measured by various markers of ventilatory function.

Methods

Participants

Thirty healthy overweight men (age, 26.5 ± 2.2 years; body weight,
88.2 ± 5.3 kg; BMI, 28 ± 1.4 kg/m2; body fat percentage, 24.1 ± 2.3;

and VO2max, 36.1 ± 3.2 ml·kg−1·min−1) participated in this study.
Inclusion criteria included individualswhowere nonsmokers;whohad
no history of chronic diseases, including cardiovascular and pulmo-
nary diseases; who had a BMI of 25.0–29.9 kg/m2, and who were not
participating in any exercise programs. Before the two HIIE sessions,
the Sport Sciences Research Institute approved the exercise protocol
(IR.SSRC.REC.1398.089). All participants were fully informed about
the aims and experimental procedures and provided written informed
consent. Participant number was determined through power calcula-
tions (G*Power software, G*Power, version 3.1.9.7).

Experimental Design

Participants reported to our laboratory on three separate occasions,
with 1 week separating each session. During the first session, height
(Seca, Birmingham, United Kingdom) and body mass (Seca, United
Kingdom) were measured to determine BMI (weight [kilogram]
divided by height [meters] squared), and participants then completed
a VO2max treadmill test. During the second and third sessions, all
participants performed HIIE after consuming either L-arginine or
placebo, which was randomly assigned in a double-blind manner
(Figure 1). Participants were asked not to engage in any vigorous
exercise for at least 48 hr before each test and to abstain from
consuming products containing L-arginine (e.g., chicken, red meats,
nuts/seeds, legumes, dairy products, beetroot, etc.).

Maximal Oxygen VO2max Test

A computer-based metabolic cart system (Metalyazer 3B, Germany)
was used to collect ventilatory expired gases and measure maximal
HR, maximal velocity, and oxygen uptake (VO2). The equipment
was calibrated according to the manufacturer’s recommendations
before the start of the measurements. The participants were verbally
encouraged to provide their maximal efforts and to do so throughout
the test. The protocol started with a 1-min warm-up at the speed of
1.5 km/hr; the speed of the treadmill (h/p/cosmos pulsar 3p, made in
Germany) was progressively increased to 2 min (Manfredini et al.,
2004). The incline of the treadmill remained at a 0% grade through-
out the warm-up, following which they completed stretching ex-
ercises. Immediately after the warm-up, each participant was fitted
with a facemask, and a ramp protocol was initiated, where the incline
of the treadmill remained at a 0% grade, and the speed increased
every 2 min by 2 km/hr until the participants reached volitional
exhaustion. The HR (beats/min) of participants was continuously
recorded throughout the test using an HRmonitor (Polar Electro Oy,
Kempele, Finland). Participants reported their rating of perceived
exertion using the Borg scale (6–20) during the last 10 s of each
2-min stage of the test (Borg, 1970). The criteria used for gauging the
achievement of a maximal effort were: (a) a plateau in VO2 (or
failure to increase VO2 by 150 ml min2), (b) RER ≥ 1.10, (c) a rating
of perceived exertion of 17 on a 6–20 rating of perceived exertion
scale, and (d) peak HR ≥ 95% of age-predicted maximal HR
(208 – 0.7 ×Age; Pescatello et al., 2014). A maximal effort was
considered attained if at least three out of these four criteria weremet.
When the treadmill was stopped following maximal exhaustion, the
final velocity was determined as the velocity at VO2max (vV̇O2max)
and was used as the work rate for the two subsequent HIIE sessions.

HIIE Sessions and L-Arginine Supplementation

All sessions were performed in the morning (between 8:00 and
9:00 a.m.) following an 8-hr overnight fast. Each participant
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scheduled two HIIE sessions at approximately the same time each
day to control for diurnal variations. After arriving at the laboratory,
participants were asked to remain seated for 10min before consuming
6 grams of either L-arginine (L-arginine HCL [70%] +L-citrulline
malate [16.7%], Body Attack, Germany) or placebo (Maltodextrin
MD 18, Karen Company, Yazd, Iran). The subjects remained seated
for an additional 90 min. We used a double-blind crossover design,
with a 7-day washout period between the two treatment conditions,
implying that after the 1-week washout period, participants who
originally consumed the L-arginine supplement in the first part of the
study then consumed the placebo before undertaking HIIE and vice
versa. This dosage of L-arginine is well-tolerated when consumed
orally by healthy participants (Álvares et al., 2012). Both L-arginine
and placebo were dissolved in 250-ml water, and both drinks had the
same color and flavor. The pharmacokinetics of L-arginine supple-
mentationwas used to optimize its effects; that is, 90minwas required
to reach peak plasma levels (Bode‐Böger et al., 1998). The supple-
ment was independently analyzed and verified for its safety and the
presence of the active compound and the absence of contaminants by
Ghahari Azarmidakht Laboratory, Mazandaran, Iran.

The HIIE Protocol

Following 90 min of rest, participants undertook progressive warm-
ups consisting of stretching exercises. The HIIE protocol consisted
of 12 trials, including active intervals at 100% of vVO2max for
1 min interspersed by 2-min recovery periods of 40% of vVO2max.
Immediately thereafter, participants were allowed to sit. Regardless
of the warm-up and the recovery after exercise, the HIIE protocol
always lasted 36 min. All participants (L-arginine+HIIE or placebo
+HIIE groups) performed two different sessions separated by a
1-week interval to avoid the stress of testing. All sessions were
supervised by an exercise physiologist, and environmental condi-
tions, including ambient temperature (25 ± 2 °C) and time of day
(08:00–09:00 a.m.), were constant for each session.

During both HIIE sessions, the ventilatory expired gas analysis
was performed by a computer-based system (Metalyazer 3B)
during the following stages: during the 3-min rest period, the
3- to 5-min warm-up period, during HIIE, and during 3-min
recovery period. Measurements of VO2 (ml·kg−1·min−1), VE (L/
min), and HR (beats/min), as well as VE/VCO2, were obtained

breath by breath (averaged for 10-s intervals; Antoine-Jonville
et al., 2012). The VE/VCO2 ratio was determined by using a least-
squares regression analysis (y =mx + b; where m = slope) of VE
and VCO2 responses and age-predicted maximal HR defined as
208 – 0.7 × age (years). Borg scale data were collected after each
interval. We used a filter to analyze the ventilatory gas data, as
previously described (Antoine-Jonville et al., 2012).

Statistical Analysis

All data are presented as the mean ± SD. All statistical analyses
were completed using IBM SPSS statistical software (version
18.0; SPSS, Inc., Chicago, IL). A normal distribution of data
was assessed using the Kolmogorov–Smirnov test. A two-way
analysis of variance with repeated measure (2 × 25; session vs.
time) was used to analyze the responses of all variables. A
Bonferroni post hoc test was used to determine significant changes
between groups; that is, (a) averages of all the active intervals+
L-arginine versus averages of all the active intervals+placebo,
(b) averages of all the recovery intervals+L-arginine versus
averages of all the recovery intervals+placebo, and then
(c) averages of all the active+recovery intervals of both sessions
by using paired t test in order to define the total physiological strain
of HIIE+L-arginine versus HIIE+placebo. Effect sizes (ES) were
assessed from the analysis of variance output by partial eta-
squared. Statistical significance was established at p ≤ .05.

Results

The VE significantly increased during HIIE regardless of which
supplement was consumed, F(24, 504) = 68.56, p = .0001, ES =
0.76. The interaction of time and session indicated that increases
in VE (L/min) were greater in the placebo+HIIE group than in the
L-arginine+HIIE group, F(24, 504) = 48.81, p = .0001, ES = 0.70
(Figure 2a). The Bonferroni post hoc test revealed that significant
improvement in VE occurred after the fourth interval during
L-arginine+HIIE (Figure 2b). Additionally, the paired t test revealed
that changes in VE were higher in placebo+HIIE both during active
(95.7 ± 5.1 [placebo+HIIE] vs. 87.2 ± 2.1 [L-arginine+HIIE]) and
recovery intervals (66.2 ± 3.5 [placebo+HIIE] vs. 62.0 ± 5.0
[L-arginine+HIIE]) (p < .05, ES = 1.61).

Figure 1 — Study design. HIIE indicates high-intensity interval exercise.

IJSNEM Vol. 31, No. 1, 2021

48 Daraei et al.



The VE/VCO2 ratio significantly increased during HIIE regard-
less of which supplement was consumed, F(24, 648) = 18.13,
p = .0001, ES = 0.40. Similarly, the interaction of times and sessions
showed that the VE/VCO2 ratio was greater in the placebo +HIIE
group compared with the L-arginine+HIIE group, F(24, 648) = 6.53,
p = .0001, ES = 0.19 (Figure 3a). The Bonferroni post hoc test
revealed that significant improvement in VE/VCO2 occurred after
the third interval during L-arginine+HIIE (Figure 3b). The paired
t test revealed that the VE/VCO2 ratio was greater during active
intervals in the placebo+HIIE group (32.0 ± 1.7) versus the
L-arginine+HIIE group (29.3 ± 1.1; p < .05, ES = 1.8); the VE/VCO2

ratio in recovery intervals was significantly shorter (p < .05, ES =
1.68) in the L-arginine group (19.5 ± 0.9) compared with the pla-
cebo-treated group (20.8 ± 1.0).

The VO2 significantly increased during HIIE with either sup-
plement condition, F(24, 648) = 264.0, p = .0001, ES = 0.90.
The interaction of times and sessions showed that VO2 consumption
was significantly higher in the placebo+HIIE group compared with
the L-arginine+HIIE group, F(24, 648) = 8.68, p = .0001, ES = 0.24
(Figure 4a). The Bonferroni post hoc test revealed that significant
improvement in VO2 occurred in all active intervals (except the eight
intervals) and four of the recovery intervals during L-arginine+HIIE
(Figure 4b). In addition, the paired t test showed significant higher

VO2 consumption in placebo+HIIE both during active (32.0 ±
0.8 ml·kg−1·min−1 [placebo+HIIE]) vs. (29.3 ± 0.8 ml·kg−1·min−1

[L-arginine+HIIE]) and recovery intervals (20.9 ± 0.9 [placebo
+HIIE] vs. 19.5 ± 1.0, [L-arginine+HIIE]) (p < .05, ES = 2.2).

Finally, HR significantly increased during HIIE with either
supplement condition, F(24, 600) = 53.36, p = .0001, ES = 0.68.
Moreover, the interaction of times and sessions showed that HRwas
higher in the placebo +HIIE group compared with the L-arginine
+HIIE group, F(24, 600) = 1.94, p = .005, ES = 0.07 (Figure 5a).
Bonferroni post hoc test revealed that significant improvement in
HR occurred in the active intervals of the first, third, seventh, eighth,
ninth, 10th, 11th, and the 12th and two of the recovery intervals
during L-arginine+HIIE (Figure 5b). Also, the paired t test showed
that changes in HR (beats/min) were higher in placebo+HIIE
both during active (172.6 ± 6.7 [placebo+HIIE] vs. 167.3 ± 4.7
[L-arginine+HIIE]) and recovery intervals (146.8 ± 5.9 [placebo
+HIIE] vs. 142.8 ± 2.8 [L-arginine+HIIE]) (p < .05, ES = 0.89).

Discussion

We studied the effects of L-arginine supplementation on cardio-
pulmonary responses for VE, VE/VCO2, VO2, and HR in an acute
session of HIIE in overweight adults and found that the increases

Figure 2 — (a) Mean (±SD) of VE during two sessions, active intervals, and recovery intervals. (b) Time course of the mean (±SD) changes in VE
during two sessions, active intervals, and recovery intervals. Abbreviations: L-Arg = L-arginine; VE = ventilation; HIIE = high-intensity interval exercise.
*Significant (p < .05) effects of supplementation with L-arginine (N = 30).
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in VE in the L-arginine+HIIE treatment were lower than in the
placebo treatment (placebo+HIIE) during active exercise and
recovery intervals. Our findings are in contrast with those of
another study, reporting no differences in the effects of L-arginine
and placebo on VE in response to high-intensity exercise (Bailey
et al., 2010). A potential explanation for these divergent findings is
that the latter study (Bailey et al., 2010) used an HIIE protocol
lasting only 6 min. We also reported the differences in VE values
just after the second half of our exercise protocol (after the 13th
min). We also found significantly lower responses of VE in 83%
and 50% of active exercise intervals and recovery intervals,
respectively, during the L-Arginine+HIIE treatment. This suggests
that an increase in bioavailability of NO (following consumption of
L-Arginine) during exercise might depend on the intensity and
duration of exercise sessions (Meirelles et al., 2019). There were
also differences in the BMI of our participants and those of Bailey
et al., which is an important consideration as vital capacity and total
lung capacity decrease with greater BMI, which can lead to
dyspnea during exercise (O’Donnell et al., 2012), suggesting
that overweight individuals have inefficient respiratory responses
during exercise.

We reported a steeper VE/VCO2 ratio increase during both
active and recovery intervals in the L-arginine+HIIE group. To be
more accurate, we found a steeper VE/VCO2 ratio increase in 75%
of active intervals and almost 60% of recovery intervals in the
L-arginine+HIIE group, which is in agreement with the study by
(Banning & Prendergast, 1999). That is, these researchers reported
that short-term L-arginine supplementation decreased VE/VCO2.
There are several reasons for changes in VE/VCO2, which can
stem from muscle-like changes in anaerobic glycolysis (peripheral
factors) or cardiovascular and respiratory systems, such as changes
in cardiac output and pulmonary vasoconstriction (central factors)
during exercise (Prado et al., 2016). Nevertheless, a reduction in VE/
VCO2 is associated with improvements in hemodynamic parameters
in the pulmonary system (Mezzani et al., 2015). The L-arginine, by
augmenting vasodilation, decreases physiological pulmonary dead
space and increases cardiac output, so improving ventilation/perfusion
(V/Q) inequalities and VE/VCO2 (Nagaya et al., 2001). In addition,
L-arginine improves endothelial function during exercise and increases
blood flow to exercising muscle (Álvares et al., 2012; Tousoulis et al.,
2002) and so augments O2 uptake and also delays the reductions in
VE/VCO2 caused by metabolites (Schaefer et al., 2002).

Figure 3 — (a) Mean (±SD) values of VE/VCO2 during two sessions, active intervals, and recovery intervals. (b) Time course of the mean (±SD)
changes in VE/VCO2 during two sessions of active and recovery periods. Abbreviations: L-Arg = L-arginine; HIIE = high-intensity interval exercise;
VE = ventilation; VCO2 = carbon dioxide production. *Significant (p < .05) effects of supplementation with L-arginine (N = 30).
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We also found lower VO2 responses during both the active
and recovery periods in the L-arginine+HIIE group. Several studies
reported that L-arginine administration did not influence VO2

during moderate-intensity cycling (Vanhatalo et al., 2013) or
during submaximal running (Bescós et al., 2009), while other
studies demonstrated that such interventions alter NO bioavailabil-
ity, which can increase VO2 during exercise (Jones et al., 2004). It
is likely that increased shear stress experience during high-intensity
exercise induces a greater release of NO (Connes et al., 2010).
Also, red blood cells exposed to excess L-arginine are also able
to release NO (Connes et al., 2010). Thus, a combination of these
two effects is potential secondary mechanisms that improve VO2

consumption during exercise. In line with this, we found significant
changes in VO2 responses after the ninth minute of L-Arginine
+HIIE. Moreover, NOS inhibition with N(ω)-nitro-L-arginine
methyl ester (L-NAME) increases VO2 during moderate-intensity
cycling (Jones et al., 2004). Thus, a possible reason for the lower
VO2 responses we observed during the L-arginine+HIIE treatment
could be related to increases in NO bioavailability (Jones, 2014),
which improves microvascular diffusion in skeletal muscles, lead-
ing to increased O2 consumption. The participants in our study

were able to work at a lower O2 requirement (mainly after the ninth
minute of exercise), leading to a lower VO2 for the same exercise
work rate in the placebo+HIIE treatment. More recently, Meirelles
et al. (2019) showed that 6 grams of L-arginine did not change the
O2 cost during the running treadmill test in healthy active males
(Meirelles et al., 2019); the potential reason for this discrepancy
could be, in part, due to the fact that only individuals with poor
NO synthesis could benefit from L-arginine supplementation
(Alvares et al., 2012). However, endogenous NO production
is impaired in individuals with abnormal BMI (Toda & Okamura,
2013; Tousoulis et al., 2002).

We also report an attenuated HR response in the L-arginine
+HIIE group, both during the active and recovery periods, in
agreement with other studies reporting that L-arginine decreases
HR during exercise (Banning & Prendergast, 1999). The L-arginine
reduces left ventricular afterload to cause increases in stroke
volume and cardiac output (Nagaya et al., 2001). Other mechan-
isms, such as reduced β-adrenergic agonist-induced chronotropic
responses and increases in parasympathetic activity, are also
thought to mediate decreased HR responses during exercise
(Michael et al., 2017). Additionally, there was a faster recovery

Figure 4 — (a) Mean (±SD) of VO2 during two active and recovery intervals. (b) Time course of the mean (±SD) changes in VO2 during active
recovery intervals. *Significant (p < .05) effects of supplementation with L-arginine (N = 30). Abbreviations: L-Arg = L-arginine; HIIE = high-intensity
interval exercise; VO2 = oxygen uptake.
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of HR at the end of exercise (3-min recovery phase), possibly
related to the increased vagal activity; however, further investiga-
tions are required to clarify the actual mechanism.

Previous studies investigated the effects of acute consump-
tion of L-arginine in healthy (Alvares et al., 2012), active
(Andrade et al., 2018), and elite runners (Boorsma et al.,
2014)—individuals with a normal BMI. The divergent outcomes
found in the literature might, in part, originate from using an
inappropriate dosage of L-arginine for these active individuals
(Alvares et al., 2012). Our study also has some potential limita-
tions affecting our outcomes. First, participants took only 6 g of
L-arginine, which might be a suboptimal dosage to achieve
the maximal physiological supplementation effects. Thus, it is
possible that we would have observed greater benefits with
L-arginine if either the participants consumed higher doses of
L-arginine (e.g., more than 10 grams) or consumed a smaller
dosage for longer periods of time (e.g., consuming 6 g of
L-arginine, three times/day for a week). Secondly, we did not
use pure L-arginine in this study; the supplement we used con-
tained L-arginine (70%) and L-citrulline malate (17%), and we
are unable to exclude the distinct effects due only to
L-arginine present in the supplement. Although L-citrulline malate

can act synergistically with L-arginine, we presume that the limited
amount of L-citrulline malate in the supplement had a minimal
effect in improving cardiopulmonary exercise testing variables
during HIIE, as supported by another study conducted by Bailey
et al. (2010) (Bailey et al., 2010). In addition, we did not use the
near-infrared spectroscopy technique for measuring muscle oxy-
genation/deoxygenation throughout the HIIE. This techniquewould
have enhanced our sensitivity of detection. Thirdly, we did not
measure plasma nitrite levels; however, the dose of L-arginine we
used is known to increase blood flow (Alvares et al., 2012) and
cause vasodilation (Bode‐Böger et al., 1998) in humans. Finally, we
delimited our study to men; future research to compare the acute
effects of L-arginine in bothmales and females with various levels of
BMI (normal, overweight, and obesity) would be of importance.

Conclusion

Consuming L-arginine before HIIE alleviates excess physiological
cardiorespiratory strain, making exercise more tolerable for over-
weight men who wish to meet their regular physical activity needs
as set by current health and wellness guidelines.

Figure 5 — (a) Mean (±SD) of HR during active and recovery intervals. (b) Time course of mean (±SD) changes in HR during active and recovery
intervals. *Significant (p < .05) effects of supplementation with L-arginine (N = 30). Abbreviations: L-Arg = L-arginine; HIIE = high-intensity interval
exercise; HR = heart rate.
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