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Abstract
Salbutamol, an inhaled asthma medication, may have a number of extra-pulmonary
effects throughout the body that may result in an ergogenic benefit during exercise.

Purpose: To investigate the ergogenic effects of high-dose inhaled salbutamol on
sprint performance following a prolonged, individualized, steady-state exercise bout;
secondarily, to identify the systemic effects of salbutamol during steady-state exercise
that might explain such an ergogenic finding.

Methods: Using a eucapnic voluntary hyperpnoea test, ten male and ten female
cyclists were tested for exercise-induced bronchoconstriction (EIB). Using a crossover
design, participants inhaled either placebo or 1600µg of salbutamol and subsequently
completed two 75-minute constant power cycling bouts immediately followed by a 30second Wingate test. Primary outcomes were those collected during the Wingate test:
peak and mean power. Lactate, perceived exertion, ventilatory, and gas exchange
measurements were collected throughout the steady-state bout. A repeated-measures
ANOVA was utilized to assess the effects of sex, EIB status, and salbutamol on
performance outcomes.

Results: Lung function was improved following salbutamol inhalation (M = 8.3%, SD
= 1.0%) compared to placebo (M = 1.0%, SD = 5.6%). The differences in peak and mean
power between the salbutamol and placebo conditions were not found to be statistically
significant. During the 75-minute endurance bout, carbohydrate utilization, heart rate, and
minute ventilation were increased while ventilatory efficiency was decreased. In general,

ii

the effects of salbutamol were more pronounced in women relative to men, while no
impactful differences were found as a function of EIB status.

Conclusion: Despite inducing a possible increase in carbohydrate metabolism,
salbutamol inhalation did not cause a significant increase in peak or mean power during a
30-second Wingate test.
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1 Introduction
1.1 Definition and prevalence of exercise-induced bronchoconstriction
The term exercise-induced bronchoconstriction (EIB) denotes the acute, transient
narrowing of the airways following exercise. Less commonly this airway constriction can
occur during exercise. The term exercise-induced asthma is used to categorize those with
a prior diagnosis of asthma who exhibit the same functional changes following, or during,
exercise (Kippelen & Anderson, 2013). For the purposes of clarity, the term EIB will be
used throughout the remainder of this document.
Between 50 and 90% of asthmatics exhibit airway hyperreactivity to exercise
however bronchoconstriction following exercise may also occur in non-asthmatic
individuals (Parsons & Mastronarde, 2005). A prevalence rate of up to 20% has been
reported in non-asthmatic subjects (Parsons et al., 2013). The prevalence of EIB in
athletes is significantly greater than in the general population, especially in endurance
athletes and those involved in winter or pool-based sports (Price, Ansley, Menzies-Gow,
Cullinan, & Hull, 2013). A 2005 review by Parsons and Mastronarde estimated
prevalence rates of EIB in athletes at 11-50% while other estimates have suggested a
range of 30-70% (Parsons et al., 2013). Elite athletes have a substantially higher
prevalence rate of EIB compared to the general population with Olympians exhibiting up
to a 5-fold higher rate (Fitch, 2012; Price & Hull, 2014). These estimates vary
significantly due to the diagnostic methods and definition employed as well as
population, sex, age, country, season, discipline, and environment. EIB can be diagnosed
using symptom-based criteria or objective tests however those studies using symptom-
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based criteria to diagnose EIB tend to underestimate prevalence rates (Price & Hull,
2014). The objective tests to diagnose EIB are discussed in a later section.
1.1.1 Pathogenesis of exercise-induced bronchoconstriction
It is not exercise specifically that causes airway narrowing but the resultant
hyperpnoea observed with an increased metabolic demand. The increased ventilation
observed during exercise results in both water and heat loss in the lower airways which
causes a series of vascular, cellular, and neuronal events that lead to EIB (Kippelen &
Anderson, 2013). The sequence of events that ultimately triggers airway narrowing is not
fully understood (Parsons et al., 2013).
There are two main mechanistic theories that have been developed to explain EIB:
the thermal theory and the osmotic theory. The thermal theory suggests that water loss
due to airway cooling which, upon rewarming, results in airway narrowing due to
mechanical effects on the vasculature such as edema and vascular engorgement. Studies
showing that EIB occurs independently of ambient temperature and that water loss is a
better predictor of EIB than heat loss has led to the adoption of the osmotic theory
(Anderson & Daviskas, 2000; Pongdee & Li, 2013). Thermal stress, however, may
compound the effects of exercising in low temperatures by recruiting the smaller airways
to assist in heating and humidifying inspired air as well as by amplifying smooth muscle
contraction via increased blood flow (Anderson & Daviskas, 2000; Kippelen &
Anderson, 2013). The osmotic theory begins with the dehydration of the airway surface
liquid (ASL). This results in increased ASL osmolarity which moves water from the
surrounding cells to restore the osmolarity of the airway lumen. The subepithelial cells
subsequently shrink and release several inflammatory mediators which, in the presence a
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hyperresponsive airway, cause bronchial smooth muscle contraction (Kippelen &
Anderson, 2013). These inflammatory mediators include histamine, tryptase, and
leukotrienes and are released by eosinophils, mast cells, and other cellular sources.
Epithelial and sensory nerve activation have also been implicated in the pathogenesis of
EIB but these pathways have not been clearly elucidated (Parsons et al., 2013). One
suggestion is that dehydration of ASL reduces the integrity of the airway epithelial
barrier that may allow inhaled irritants to cross the epithelium thereby triggering immune
and inflammatory responses similar to those discussed above. This mechanism is the
reason athletes in which airway dehydration is more likely to occur (endurance and
winter events) are at a higher risk of exhibiting symptoms of EIB (Kippelen & Anderson,
2013).
Dehydration is thought to be the most important prerequisite for EIB but
mechanical factors may also contribute to airway injury. Shear stress on the surface
epithelium, caused by coughing, is thought to exacerbate airway injury, inflammation,
and obstruction. Cough is commonly reported by high-level athletes, especially in the
winter, and breathing cold air can stimulate coughing which suggests that mechanical
sheer stress due to coughing may contribute to the prevalence of EIB in winter athletes
(Kippelen & Anderson, 2013). Dysregulation of injury-repair processes following
repeated damage to the airway epithelium may cause persistent inflammation and hyperresponsiveness of airway smooth muscle (Kippelen & Anderson, 2013).
Furthermore, autonomic nerve dysregulation can increase susceptibility to EIB.
Increased sympathetic stimulation associated with high training loads may increase
parasympathetic activity as a compensatory mechanism leading to hyper-responsiveness
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of airway smooth muscle and ultimately EIB (Haahtela, Malmberg, & Moreira, 2008).
Nystad et al. (2000) found that the risk of developing EIB was greater in those who
trained more than 20 hours per week versus those training less than 10 hours per week.
This distinction may be explained by autonomic nerve dysregulation but could also be
explained by repeated osmotic and mechanical stress due to increased training load
described previously.
Exposure of some athletes to environmental factors may also increase their
susceptibility to EIB. Particulate matter, ozone, and chlorine by-products may all play a
roll in airway hyper-responsiveness (Fitch, 2012). Inhalation of chloramines during
exposure to chlorinated water can lead to epithelial damage, increased neutrophil and
eosinophil levels, and airway inflammation and remodeling. This is thought to be due to
the formation of hydrochloric and hydrochlorous acids within epithelial cells and the
release of oxygen free radicals (Bougault, Turmel, Levesque, & Boulet, 2009). Similarly,
exposure to particulate matter, such as that from internal combustion engines can cause
increased neutrophil influx and airway inflammation (Ghio, Kim, & Devlin, 2000;
Rundell, 2003) while exercise during ozone exposure decreases lung function
(Brunekreef, Hoek, Breugelmans, & Leentvaar, 1994).
Exercise-induced bronchoconstriction is a multi-faceted and complex airway
disorder that has several mechanistic pathways. Environmental conditions, training load,
type of exercise, and history of training all appear to affect the incidence rates of EIB in
athletic populations.
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1.1.2

Diagnosis of exercise-induced bronchoconstriction
The diagnosis of EIB is based on measuring changes in lung function following

exercise or a surrogate bronchial provocation (Anderson & Kippelen, 2012). Forced
expiratory volume (FEV1) is the maximal volume of air exhaled within the first second of
forced expiration following full inspiration (Miller et al., 2005). FEV1 is measured before
and after the respiratory challenge and the diagnosis of EIB and its severity is determined
by the change in FEV1 from baseline, expressed as the percent change. The severity of
EIB is partitioned into the categories of mild, moderate, or severe based on the percent
fall in FEV1 of 10≤ to <25%, 25≤ to <50%, and ≥50% (Parsons et al., 2013).
Field- or laboratory-based exercise challenges can be used to provoke bronchial
reaction. Ideally, the environmental conditions should mimic those that the athlete
typically trains or competes in, as should the mode of exercise. Alternatively, surrogate
challenges can be used to identify bronchial hyper-responsiveness, including eucapnic
voluntary hyperpnoea (EVH), metacholine challenge, hypertonic saline, or mannitol dry
powder. The exercise protocol should rapidly increase exercise intensity over 2 to 4
minutes. Exercise intensity should raise the heart rate to 80 to 90% of predicted
maximum and ventilation upwards of 25 times baseline FEV1 and should be held for 4 to
6 minutes. The surrogate provocations all involve different protocols and provoking
agents to measure bronchial hyper-responsiveness and employ varying methods to mimic
the dehydration effect of exercise (Anderson & Kippelen, 2012). The EVH test, the
method used in the present study, has been used widely in exercise studies and has been
endorsed by the International Olympic Committee and the American Thoracic Society
(Price, Ansley, & Hull, 2014a). The EVH challenge involves breathing dry gas
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containing a mixture of 5% carbon dioxide, 21% oxygen, and 74% nitrogen at a
ventilation 30 times baseline FEV1 for 6 minutes. Upon completion, FEV1 measurements
are taken at 3, 5, 10, 15, and 20 minutes post-challenge (Anderson & Kippelen, 2012).
The protocol for diagnosing EIB based on the recorded values is discussed in further
depth in the methods section of this document.
1.1.3 Effect of EIB on athletic performance and health
In a recent systematic review, Price et al. (2014b) concluded that there was
currently insufficient evidence to determine the effect of EIB on athletic performance. In
trained athletes there appears to be no significant difference in VO#$%& or VO#'(%)
between EIB+ and EIB- individuals. Some studies suggest a reduction in VO#$%& in
certain environments (standard vs. humid, cold vs. standard) in EIB+ athletes however
similar performance decreases have been seen in EIB- individuals in similar
environments (Price et al., 2014b). Specifically, Stensrud (2006) found EIB+ individuals
had an increased VO#'(%) and peak running velocity in a humid environment (95%
relative humidity) compared to standard conditions (40% humidity). The same group
found that VO#'(%) and peak running velocity decreased in a cold environment versus
standard conditions in EIB+ athletes (Stensrud, Berntsen, & Carlsen, 2007). Patton and
Vogel (1984) found a comparable decrease in performance in healthy subjects, although
an EIB test was not performed. There is a similar lack of evidence or high-quality
investigations to suggest a difference in performance outcomes between those with and
without EIB, including sprint times, swimming performance, and cycling time-trials
(Price et al., 2014b). Increases in several physiological markers are apparent in those with
EIB such as mast cell genes, leukotrienes, and exhaled nitric oxide as well as increase
6

epithelial shedding into the airway (Parsons et al., 2013). The impact of these
physiological markers on performance is unknown.
Athletic performance aside, the impact of EIB on the health of athletes is also of
concern. In general, athletes are more likely to report symptoms commonly associated
with upper respiratory-tract infections. Although the relative risk of developing upper
respiratory-tract infections may increase during bouts of high ventilatory demand
(endurance activity) there is no conclusive association between EIB and respiratory-tract
infection. Becker et al. (2004) found a higher incidence of sudden death related to EIB in
competitive versus amateur athletes and Amital et al. (2004) found that asthma was a risk
factor for death in young fit adults (Price & Hull, 2014). The long-term impact of EIB is
not well studied or understood though longitudinal data suggests EIB in athletes has no
long-term consequence and that symptoms may improve following training cessation
(Price & Hull, 2014).
1.1.4 Treatment of exercise-induced bronchoconstriction
In their clinical practice guideline, the American Thoracic Society (ATS) has
numerous recommendations for treatment of EIB. The ATS suggests administration of
short-acting β2 agonist (SABA), such as salbutamol, 15 minutes prior to exercise. For
those whose symptoms are not attenuated by SABA administration, the ATS suggests a
daily inhaled corticosteroid (ICS) and leukotriene receptor antagonist regime and the
administration of a mast cell stabilizing agent before exercise. The document
recommends against daily use of long-acting β2 agonist due to evidence of serious side
effects. For all EIB+ athletes the ATS suggests an interval or combined warm-up prior to
exercise (Parsons et al., 2013).
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Using data from the World Anti-Doping Agency (WADA)’s Anti-Doping
Administration and Management System Fitch (2012) was able to track the trends in
management of EIB across Olympic competition years. At the Olympic level, the use of
inhaled corticosteroids (ICS) in combination with IBA is fairly common. In 1996 only
46.1% of athletes taking IBAs used ICS, by 2004 that number rose to 69.9% and
increased steadily until the Vancouver Olympics (2010) in which the use of IBA as a
monotherapy increased (75.3% using ICS and IBA). The use of LABA (formoterol or
salmeterol) as a monotherapy has decreased since 2004 with no athlete taking LABA
without ICS in 2010. Due to relaxation of restrictions on IBA use, discussed below, no
data are available for the subsequent Olympic Games. The increased percentage of
athletes using IBA alone in 2010 is worrying however it appears that knowledge about
optimal management of EIB is increasing (Fitch, 2012).

1.2 Inhaled β2-adrenoceptor agonists overview
1.2.1 Mechanism of action
Airway tone is predominantly controlled by parasympathetic stimulation carried
by the vagus nerve which provides baseline tone of the airway smooth muscle (ASM).
Parasympathetic innervation, primarily via cholinergic fibers, activate muscarinic
receptors to control ASM tone and respiratory microvasculature. In doing so,
parasympathetic stimulation mediates the bronchodilatory process by inhibiting dilation
and inducing contraction of ASM. The sympathetic nervous system does not directly
innervate ASM but does innervate airway vasculature and parasympathetic ganglia.
Sympathetic adrenergic nerves regulate airway function indirectly via the adrenergic
catecholamines which act on α- and β-adrenoceptors (Cazzola, Page, Calzetta, & Matera,
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2012). Alpha-adrenoceptors, which are divided into excitatory (α1) and inhibitory (α2)
types, are distributed throughout the body and exist in both neuronal and non-neuronal
tissues (Calzada & de Artiñano, 2001; Sherwood, 2007). There are three subtypes of βadrenoceptors: β1, β2, and β3. Very generally, β1ARs control cardiac function, β2ARs
mediate relaxation of smooth muscle, and β3ARs regulate lipolysis in adipocytes (Tank &
Wong, 2015).
β1ARs are found predominantly in the heart and skeletal muscle but also exist in
the glands and alveoli of the lungs and constitute about 30% of pulmonary βAR (Lynch
& Ryall, 2008; Cazzola et al., 2012; Sherwood, 2007). In the heart, about 80% of the
βARs are of the β1 subtype (Wachter & Gilbert, 2012). Of the βARs in the skeletal
muscle, only about 7-10% are β1 (Lynch & Ryall, 2008). The remaining 70-80% of
pulmonary βAR are β2 and are located in the ASM, epithelium, vasculature, and
submucosal glands (Cazzola et al., 2012; Sears & Lötvall, 2005). β2ARs make up the
remaining 20% of the adrenoceptors in the heart and the vast majority of adrenoceptors in
the skeletal muscle (Wachter & Gilbert, 2012). βARs exist in a greater density in slowversus fast-twitch muscles. β3AR are located in adipose tissue but are also expressed in
low levels in cardiac smooth muscle (Tank & Wong, 2015). The specific function of any
βAR in a given location will be discussed as required. In the context of the therapeutic
effect of IBAs, only the function of pulmonary βARs will be discussed in the remainder
of this section.
βARs in the lungs are situated in airway smooth muscle cells, lung epithelial and
endothelial cells, Type II cells, and mast cells. The highest receptor density is found
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centrally and in the alveoli and is greater in small versus larger airways (Johnson, 2001).
βARs can exist either in an inactive or active state. Activation of these receptors occurs
through the binding of both an intracellular G-protein and an extracellular agonist. This
combined binding decreases the energy required for the formation of the active state
thereby stabilizing the receptor in its activated state.
The activation of the receptor results in increases in intracellular cyclic adenosine
monophosphate (cAMP) levels by activation of adenyl cyclase (Cazzola et al., 2012;
Johnson, 2001). The rise in cAMP increases the activity of protein kinase A (PKA) which
phosphorylates a number of protein modulators. This signaling pathway induces a fall in
intracellular Ca2+ levels and the activation of K+ conductance channels resulting in
hyperpolarization and relaxation of airway smooth muscle (Cazzola et al., 2012).
1.2.2 Types of β2-adrenoceptor agonists
Conventionally, β2AR agonists are divided into two groups according to duration
of action: short-acting (3-6 hours) and long-acting (~12 hours) β2AR agonists,
abbreviated as SABAs and LABAs, respectively (Cazzola et al., 2012). Although there
are a large number of β2AR agonists this section will focus predominantly on salbutamol
and how its form and function relates to the other two agonists permitted by WADA,
salmeterol and formoterol.
Exogenous β2AR agonists act in the same way as endogenous ones by stabilizing
the receptors in their activated state via direct or indirect interaction. The way in which a
given β2AR agonist achieves this is determined by its size, structure, and lipophilicity.
Salbutamol, a SABA, enters the active site of the βAR directly leading to rapid
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bronchodilation time (<5 minutes) followed by rapid re-equilibration that results in a
short duration of action (4-6 hours) (Johnson, 2001; van Noord, Smeets, & Maesen,
1998). There may be a dose-response relationship with salbutamol inhalation such that a
larger dose (1600µg) may have a longer duration of action than a smaller one (200µg)
(Cazzola, Calzetta, & Matera, 2011; Corris, Neville, Nariman, & Gibson, 1983).
However, a log-linear relationship exists for the bronchodilatory response to βAR
stimulation meaning that a doubling in response requires a 10-fold increase in dose
(Nelson, 1995). Formoterol enters the cell membrane in the form of a depot, the contents
of which steadily leaks out to interact with the βAR. The onset of action for this drug is
slower than salbutamol and the duration of action is determined by the dose-dependent
concentration of the membrane depot: a dose of 6µg delivers 8 hours of bronchodilation
while 24µg works for 12 hours. Salmeterol diffuses into the membrane and then into the
βAR, accounting for the slower onset of action compared to both salbutamol and
formoterol. Salmeterol binds with an auxiliary binding site that allows the molecule to
freely interact with the active site of the receptor. This means that salmeterol is inherently
long-acting (>12 hours) and its effects are dose-independent. The duration of action of a
given β2AR agonists (salmeterol > formoterol > salbutamol) is consistent with the
subsequent changes in intracellular cAMP. The potency of any ligand, β2AR agonists
included, is a function of both its affinity and efficacy. Affinity refers to how strongly a
ligand binds to its receptor. Salbutamol has a relatively low affinity for βARs compared
to salmeterol and formoterol, both of which have 3-4 times higher affinities. With respect
to β2AR agonist, efficacy refers to the degree to which a given drug acts as an agonist.
Low efficacy does not compromise the clinical effectiveness of a β2AR agonist. Receptor
11

density may affect a β2AR agonist’s efficacy by decreasing available active sites.
Formoterol exhibits high efficacy, salbutamol is considered to have moderate efficacy,
and salmeterol has a lower efficacy than both salbutamol and formoterol (Johnson, 2001).
Though terbutaline is not permitted without a therapeutic use exemption (TUE) under
WADA guidelines, the drug has been used in recent investigations to understand the
effects of β2AR agonists and brief discussion of its mechanism of action is warranted
(Crivelli & Maffuiletti, 2014; Hostrup, Kalsen, Bangsbo, et al., 2014b; Hostrup, Kalsen,
Ørtenblad, et al., 2014c; Kalsen et al., 2014; Sanchez et al., 2013). As with salbutamol,
terbutaline directly interacts with the βAR to elicit its cellular effects (Johnson, 2001).
Terbutaline has a similar onset and duration of action to salbutamol (4-6 hours) however
bronchodilation may be maintained at a higher level with terbutaline nearing the end of
its duration (Cazzola et al., 2011). As a bronchodilator, terbutaline exhibits slightly less
efficacy than that of salbutamol (Sears & Lötvall, 2005). Equivalent responses in heart
rate, bronchodilation, and plasma potassium are induced by doses of 100µg salbutamol
and 250µg terbutaline (Wong, Pavord, Williams, Britton, & Tattersfield, 1990).
As a protective mechanism against overstimulation, receptor desensitization is
associated with βAR activation. Desensitization occurs via uncoupling of the receptor
from adenylate cyclase, internalization of the receptor, and phosphorylation of the
receptors once sequestered. The extent to which receptors are desensitized depends on the
duration and degree of βAR activation such that a partial agonist induces less receptor
desensitization than a full agonist. Long-term desensitization occurs via receptor
downregulation and varies between tissues. Bronchial smooth muscle is resistant to
desensitization, evidenced by a decrease in side-effects but maintenance of
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bronchodilation with chronic, regular β2AR agonist treatment (Johnson, 2001). These
side-effects and other extrapulmonary effects of β2AR agonists are discussed in the next
sections.
1.2.2.1

Systemic absorption of inhaled β2-adrenoceptor agonists
Systemic bioavailability of inhaled drugs arises from absorption through the

gastrointestinal tract as well as the lungs. Upon administration, a fraction of the inhaled
drug will be deposited in the oropharynx and absorbed directly into the systemic
circulation. Although a portion of the dose reaches the stomach and intestine, this fraction
undergoes extensive first-pass metabolism and is essentially rendered inactive (Bennet &
Tattersfield, 1997; Lipworth, 1995). Those molecules that are absorbed directly into the
systemic circulation, via buccal and pulmonary vascular absorption, do not undergo firstpass metabolism (Lipworth, 1995). Pulmonary metabolism of inhaled asthma medication
is negligible and, after exerting its intended effect, will be absorbed through the lung
membrane into the systemic circulation (Pauwels, Newman, & Borgström, 1997). Several
studies have shown that the predominant systemic β2AR effects of inhaled salbutamol
occur when absorbed in the lung vasculature rather than the digestive system (Lipworth,
1995). Resultant median serum concentrations are similar between the equivalent oral
and inhaled doses though the time to maximum serum concentration is significantly
shorter after inhalation. Elers et al (2012a) found median [serum]max for 800µg inhaled
salbutamol to be 1.75 ng ∙ mL 01 after 1 hour while 3 hours post-administration the
[serum]max following 8000µg oral salbutamol was 18.77 ng ∙ mL 01 . Similarly, the
[serum]max following 1200µg salbutamol was 3.4 ng ∙ mL 01 at 20 minutes and 3.9 ng ∙
mL 01 at 1.8 hours for inhaled and oral routes, respectively (Du, Zhu, Fu, Li, & Xu,
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2002). Oral doses undergo extensive first-pass metabolism because they are absorbed
only in the intestinal tract (Lipworth, 1995). Du et al. (2002) estimated the relative
bioavailability of inhaled versus oral salbutamol to be 57% ± 24%. At the peak serum
concentration after inhalation (~20 minutes), systemic bioavailability was 8 times that of
the oral dose, reflecting pulmonary absorption after inhaled administration. A comparison
of concentration curves for oral versus inhaled salbutamol after only a few hours was not
calculated. Visually, systemic bioavailability after inhalation can be estimated as roughly
50% of an equivalent oral dose at its peak serum concentration (~2 hours) (Du et al.,
2002). Substantial systemic absorption clearly occurs following inhalation of salbutamol
resulting in equivalent serum concentrations to oral administration. Serum concentrations
following salbutamol concentration are higher during exercise compared to rest. This is a
result of an increase in cardiac output and perfusion of the lungs which increases
systemic absorption at the lungs (Haase et al., 2015).
1.2.3 Systemic effects of β2-adrenoceptor agonists
Due to the widespread distribution of β2ARs throughout the body some side
effects following β2AR agonist administration are considered inevitable. These side
effects are greatest when β2AR agonists are administered orally or via injection. The
pharmacological effects can be circumvented, though not entirely, when the systemic
load (plasma concentration) is reduced; when the drugs are given via inhalation and/or in
the recommended dose. These side effects include muscle tremor, increased blood
insulin, glucose, lactate, fatty acid, and glycerol, decreased serum potassium and calcium,
increased intracellular potassium, alterations in skeletal and cardiac muscle function,
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tachycardia, vasodilation, appetite suppression, headache, nausea, and sleep disturbances
(Cazzola et al., 2012; Sears & Lötvall, 2005).
The more physiologically pertinent β2AR agonist-induced effects are a result of
cAMP-dependent stimulation of cellular processes throughout the body. Other pathways
activated by βAR stimulation include nitric oxide generation, guanylyl cyclase activation,
mitogen-activated protein kinases, and phosphoinostide-3 kinase (Tank & Wong, 2015).
Some of the effects of β2AR stimulation are understood via experimentation using
epinephrine, the endogenous adrenergic agonist. Epinephrine has some effect on αAR
however functions more potently as a βAR agonist (Tank & Wong, 2015). In other
studies, βAR are stimulated using drugs with varying affinity and selectivity for β1 and
β2AR including isoprenaline, fenoterol, salbutamol, and salmeterol. A different approach
is to use βAR antagonists, such as propranolol, atenolol, or butaxamine, either with or
without a βAR agonist, to isolate and observe the contribution of βAR to varying
processes in tissues throughout the body.
1.2.3.1

Hemodynamic effects
Adrenergic stimulation of cardiac βARs modulate the heart rate and contractility

of the heart. As in skeletal muscle, the effects of βAR stimulation is through a G-protein
activation of adenylyl cyclase which leads to elevation of cAMP and subsequent
activation of protein kinase (PKA). PKA catalyzes the phosphorylation of a number of
receptors within the myocyte, including ryanodine receptors and troponin, leading to
increased contractility. Membrane channels and binding proteins are phosphorylated by
PKA in pacemaker cells which leads to changes in the cardiac action potential through
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increased Ca2+ cycling (Tank & Wong, 2015). Accordingly, the administration of βAR
agonists have been reported to increase cardiac contractility and heart rate. As a portion
of the βAR in the heart are β2-type, selective β2AR agonists, such as salbutamol, are
thought to have a direct chronotropic and inotropic effect on the heart (Cazzola et al.,
2012). The cardiac effect of salbutamol is substantially lower than that of non-selective
βAR agonists, such as fenoterol or isoprenaline, and may be due in part to a reduction in
overall vascular resistance. Furthermore, the inotropic effect of salbutamol may occur
only at very high doses (Mügge, Posselt, Reimer, Schmitz, & Scholz, 1985).
When activated, the sympathetic nervous system redistributes blood away from
non-active tissues, such as the GI tract, and towards the working muscle and does so via
vasodilation and vasoconstriction. Stimulation of αARs mediates vasoconstriction while
β2ARs are responsible for vasodilation (Tank & Wong, 2015). β2AR-mediated
vasodilation is a result of a direct effect on vascular smooth muscle and the endothelium.
The effect on vascular smooth muscle is via the same pathway as was previously
discussed in airway smooth muscle: a cAMP mediated rise in PKA activity that results in
membrane hyperpolarization and relaxation. In the endothelium, β2AR stimulation
increases nitric oxide (NO) synthase activity via adenylyl cyclase (Kneale, Chowienczyk,
& Brett, 2000). NO synthase synthesizes L-arginine into NO, which in turn mediates
vasodilation while antagonizing constriction (Moncada et al., 1991). This results in a
decrease in peripheral resistance and diastolic blood pressure and may trigger a reflexive
tachycardia (Cazzola et al., 2012; Gratze et al., 1999; Price & Clissold, 1989). Systolic
blood pressure increases with salbutamol administration and linear dose-response
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relationship exists about to approximately 1000µg (Lipworth, Clark, Dhillon, Brown, &
McDevitt, 1988).
1.2.3.2

Contractile and excitability effects
Increased levels of cAMP and activation of PKA following stimulation of β2ARs

lead to modification of contractile intramuscular proteins and proteins involved in
membrane excitability (Hostrup, Kalsen, Ørtenblad, et al., 2014c). In skeletal muscle,
phosphorylation of the ryanodine receptor type 1 (RyR1) on the sarcoplasmic reticulum
(SR) by PKA results in an increase in Ca2+ release and force generation (Andersson et al.,
2012). Though an increase in contractility has been shown in animal models such an
effect has not been consistently found in humans. Crivelli et al. (2011, 2013) and Decorte
et al. (2008) have shown no effect on contractile force while Hostrup et al. (2014) have, a
discrepancy which is likely due to the dose administered. More consistently seen in
humans is another contractile property that is improved by high-dose β2AR agonists:
half-relaxation time. Half-relaxation time is increased in skeletal muscle by an increase in
the rate of Ca2+ uptake and rate of force relaxation. This is thought to be due to
phosphorylation of phospholamban on the SR Ca2+ ATPase, a protein which is only
present on Ca2+ATPase of slow twitch fibers. Predictably, the attenuating effect of β2AR
agonist on half-relaxation time is greater in the predominantly slow-twitch soleus versus
the mixed-fiber quadriceps (Crivelli, Borrani, Capt, Gremion, & Maffuiletti, 2013;
Crivelli, Millet, Gremion, & Borrani, 2011; Hostrup, Kalsen, Ørtenblad, et al., 2014c).
An increase in Ca2+ uptake may have a weakening effect by decreasing cellular [Ca2+]
and peak twitch amplitude in animal models but such an ergolytic effect has not been
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seen in humans (Crivelli et al., 2011; 2013; van Baak, Mayer, Kempinski, & Hartgens,
2000).
β2AR agonists are known to increase membrane Na+/K+ ATPase activity, thereby
increasing intracellular [K+], decreasing intracellular [Na+], and maintaining membrane
excitability and hyperpolarizing the sarcolemma (Clausen, 2003). M-wave amplitude, a
measure of sarcolemmal excitability, has been shown to be unaffected by β2AR agonists
which does not support a hyperpolarizing effect (Crivelli et al., 2013; Crivelli &
Maffuiletti, 2014). This finding of unchanged membrane excitability may be due to a
lower dose administered in human studies (Hostrup, Kalsen, Ørtenblad, et al., 2014c). In
cardiac myocytes, an increase in cAMP may inhibit Na+/K+ATPase activity while β3AR
stimulation may limit this inhibition (Bundgaard et al., 2010; White et al., 2010).
Furthermore, the increased amplitude of Ca2+ transients induced by adrenergic
stimulation might reduce Na+/K+ATPase activity (Sulova, Vyskocil, Stankovicova, &
Breier, 1998). The interaction of βAR-mediated effects on membrane excitability are not
fully understood in skeletal muscle however an increase Na+/K+ATPase activity has been
clearly demonstrated.
1.2.3.3

Metabolic effects
Activation of glycogen phosphorylase, phosphofructokinase, pyruvate

dehydrogenase, and hormone-sensitive lipase increases substrate utilization in skeletal
muscle (Kalsen et al., 2014). Furthermore, β2AR stimulation of the Na+/K+-ATPase pump
increases intracellular concentrations of potassium and hyperpolarization of the cellular
membrane. The activation of this pump consumes ATP, leading to ADP production that
further drives glycolysis, resulting in increased lactate production (Levy, Desebbe,
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Montemont, & Gibot, 2008). The skeletal muscle tremor following β2AR agonist
administration results from the increased intracellular potassium levels as well as
enhancement of muscle spindle discharge (Cazzola et al., 2012). βAR-mediated
activation of hormone-sensitive lipase, the rate limiting enzyme in the hydrolysis of
intramuscular triglycerides, may increase skeletal muscle fat utilization (Watt,
Heigenhauser, & Spriet, 2003).
Systemically, βAR stimulation may increase free fatty acid (FFA) availability by
stimulation of lipolysis in adipocytes (Hoeks et al., 2003). Increased insulin release is
triggered by β2AR agonist stimulation of pancreatic β cells. In the liver, β2AR
stimulation induces the acceleration of glycolysis and glycogen breakdown, leading to
increased glucose availability (Philipson, 2002). Some side effects are thought to be a
result of concomitant stimulation of the other βAR subtypes. Increased energy
expenditure, lipid oxidation, and lipolysis may increase after β2-adrenergic stimulation
but may be due to, in part, to β3AR stimulation (Blaak, van Baak, Kempen, & Saris,
1993; Philipson, 2002). This adipocyte stimulation leads to increased free fatty acids and
glycerol in the blood. Cardiac symptoms, such as arrhythmia and tachycardia are thought
to be a result of both β1 and β2AR stimulation of cardiac muscle cells (Blaak et al., 1993).
Chronic use of βAR agonists has been associated with anabolic and hypertrophic effects
(Collomp, Candau, Collomp, et al., 2000a; Hostrup et al., 2015). Given the wide range of
systemic effects that may result from βAR activation, numerous studies have been
performed to identify any ergogenic benefit of these drugs and their use is regulated by
international anti-doping bodies (Kindermann, 2007).
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1.2.4

Inhaled β2-adrenoceptor agonists in sport (a brief history)
Doping control procedures were implemented in 1968 with the first anti-doping

tests occurring at the Olympic Games in Grenoble and Mexico City (The World AntiDoping Agency, 2015). These measures resulted in the banning of all sympathomimetic
amines which, incidentally, were the first class of medications discovered to inhibit EIB
and included such drugs as isoproterenol, salbutamol, and terbutaline (Fitch & Godfrey,
1976). It was not until the 1976 Olympic Games in Montreal that athletes were permitted
to use salbutamol and terbutaline if they gave prior written notice of the dosage, route,
preparation, and time of administration. Fenoterol was added to the list of available IBAs
in 1980 (Fitch, 1984). In 2001 the IOC Medical Commission recommended that athletes
needed to demonstrate current EIB to be granted use of IBAs. This was in response to a
marked increase in athletes notifying WADA of IBA use from 3.7% in 1996, 5.6% in
1998, and 5.7% in 2000 (Fitch et al., 2008). This policy was reviewed and continued at a
Consensus Conference in 2008 and in 2009 WADA prohibited all IBAs and required
athletes to obtain a therapeutic use exemption (TUE) in order to take IBA in or out of
competition (Fitch, 2012). In 2010, the WADA permitted the use of just three IBAs,
salbutamol, formoterol, and salmeterol, while all other IBAs remained prohibited unless
accompanied by a TUE. This policy change was implemented only a few weeks prior to
the 2010 Olympics meaning that data of IBA usage exists from 2001 to 2010.
Documentation allowed for assessment of EIB prevalence, from 2001 to 2010 across five
Olympic Games (Fitch, 2012; Godfrey & Fitch, 2013). These data show that endurancetrained athletes not only had a higher prevalence of EIB compared to power athletes and
the general population but that athletes with EIB consistently outperformed those without
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EIB (Fitch, 2012). For example, 7.1% of athletes competing in the Vancouver 2010
Olympic Games were approved to take IBAs but won 11.8% of the medals. At the 2008
Beijing Olympics, the 17.3% of cyclists with TUEs for IBAs won 28.9% of the
individual medals (Fitch, 2012). There is no clear explanation for this discrepancy, and
the issue of whether there is an ergogenic benefit to IBAs is unresolved (Pluim et al.,
2011). Salbutamol is permitted up to a dosage of 1600µg over 24 hours while the
maximum dose for formoterol is 54µg/day. According to the WADA 2015 Prohibited
List, salmeterol is permitted “in accordance with the manufacturers’ recommended
therapeutic regimen” (The World Anti-Doping Agency, 2014). This relaxation of
restrictions on these medications will likely lead to an increase in the number of athletes
taking IBAs. Given this potential increase in usage, it is important to determine the
ergogenic potential of salbutamol in order to inform future anti-doping regulations and
strategies.

1.3 Effects of inhaled β2-adrenoceptor agonists on exercise performance
Acute IBA administration is often used concomitantly with daily ICS treatment.
The ergogenic effect of corticosteroids on exercise performance is unclear. It appears that
they have no effect on performance when administered via inhalation (Kuipers et al.,
2008) but may increase performance when taken orally (Duclos, 2010; Le Panse et al.,
2009; Zorgati et al., 2014). It is not the intention of this document to further discuss the
effects of corticosteroids on exercise performance and the effect of βAR agonists alone
will be addressed below. In a meta-analysis of randomized controlled trials, Pluim et al.
(2011) concluded that no significant effects of IBAs could be found on strength,
endurance, and sprint performance. Oral administration of βAR agonists does appear to
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improve muscle strength and endurance performance (Kindermann, 2007). There is a
substantial gap in the literature pertaining to the effects of βAR agonists in efforts greater
than one hour in duration. The overwhelming majority of studies included in the analysis
were those using short-duration protocols with only four studies approaching or
exceeding 60 minutes of effort. Furthermore, there is a lack of studies using high-dose
(ie. 1600µg) salbutamol. The majority of IBA use and the subsequent disparity between
the percentage of medals won by IBA users versus non-users is in endurance sports
(Fitch, 2010). Thus, the research examining longer duration tasks is particularly
important.
Endurance Performance
Four studies have investigated the effects of salbutamol on endurance
performance. Gong et al. (1988) showed no effect of 180µg of salbutamol on 60 minutes
of cycling at 70-75% VO#$%& followed by a sprint at VO#$%& . Although mean sprint time
at VO#$%& was longer with salbutamol (196.3s vs. 159.7s), this result was not statistically
significant. No metabolic parameters were measured during this investigation. Van Baak
et al. (2000) showed a statistically non-significant 19% increase in endurance time at
70% of Wmax after administration of 4mg oral salbutamol (mean exercise duration ~57
minutes) in cyclists. When those who reported negative side effects such as nausea,
dizziness, and nervousness were removed from the analysis, the results were found to be
statistically significant. In a subsequent study, Van Baak et al. (2004) used a targeted
amount of work (75 ∙ W$%& ∙ 3600) and a dosage of 800µg inhaled salbutamol and found
a 2% decrease in time to completion (82 seconds) in the salbutamol group (mean exercise
duration with placebo of ~67 minutes). The authors noted that the greatest improvement
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was seen in those athletes with the longest exercise duration. With the use of an exercise
test requiring a defined amount of work (instead of a time to exhaustion) and the analysis
of lactate curves throughout the exercise bout, the authors were able to conclude that at
the end of the trial the subjects tended to perform a “finishing kick” and suggested that
salbutamol may specifically increase performance during such a kick. This theory was
reflected in the work of Bedi et al. (1988) who found that sprint time to exhaustion after a
60-minute bout at 70-75% VO#$%& was significantly longer in the salbutamol condition
(180µg) versus the placebo. In a one-hour exercise bout of power output at 60% of
VO#'(%) , an increase in fat oxidation was observed in moderately-trained men (mean
VO#$%& of 58.8 mL ∙ kg 01 ∙ min01 ) after oral salbutamol administration versus placebo
using indirect calorimetry; this difference was significant only after 40 minutes (Arlettaz
et al., 2008). This finding was somewhat supported by the trend towards a decrease in
RER during a 10km TT following 400µg inhaled salbutamol seen in female athletes
(Koch et al., 2014). Thus, it appears that efforts of longer duration, and with the potential
for a finishing kick, are most likely to receive a benefit from salbutamol. Kalsen et al.
(2015) investigated the effects of high-dose terbutaline on a 300kcal time trial (~17.5
minutes) following 60 minutes of submaximal cycling and reported an increase in
carbohydrate metabolism but not time trial performance. Intuitively, a sprint following
endurance exercise is a closer match to a real world endurance sport event such as a
bicycle race. To date, no study has adequately assessed the effect of salbutamol during
this type of task.
Sprint Performance
In the review from Pluim et al. (2011), the effect of systemic β2AR agonists on peak
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power during a 30s Wingate test was found to be significant. This significant result was not
found when the studies administering IBAs were pooled. However, the reviewed papers
administered a relatively low dosage of IBA (maximum dose of 400µg). Since that review,
several more research groups have shown a significant effect of β2AR agonists on Wingate
performance. Sanchez et al. (2012) found a significant effect of acute (6mg) and short-term (12
mg ∙ day 01 ) oral salbutamol on power output during cycling sprint performance. Similarly,
Hostrup et al. (2014) showed a significant increase in peak power during the first and second
bout and the first bout, respectively, of a 30s Wingate test after 2-week and acute 8mg oral
salbutamol administration. The combined inhalation of salbutamol, formoterol, and salmeterol
at WADA-permitted dosages was shown to increase swim ergometer sprint time in both
asthmatic and non-asthmatic elite swimmers (Kalsen et al., 2013). This study was the first to
use a combined inhalation of multiple IBAs and, following the above-mentioned study by Bedi
et al. (1988), one of only two studies showing an ergogenic effect of IBAs on sprint
performance. Signorile et al. (1992) showed a significant effect of 180µg salbutamol on peak
power and fatigue index during repeated 15s Wingate tests. Similar studies have failed to show
an ergogenic benefit at this intensity with a comparable dosage of IBA (Lemmer, Fleck,
Wallach, & Fox, 1995; Norris, Petersen, & Jones, 1996). The dosage used in these studies
(400µg or less) is substantially lower than the dose proposed in this thesis, therefore the results
of Kalsen et al. (2013) suggest an ergogenic benefit may exist with a high dose. Contrary to this
finding, Elers et al. (2012a) found no effect of 8000µg inhaled salbutamol on VO#$%& or
repeated 5-minute bouts at 75% peak power in endurance athletes. These contrasting results
could be due to a difference in exercise protocol, the combination of multiple IBAs by Kalsen’s
group, or the difference in time from drug administration and exercise testing between the two
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studies. Recent studies on the effect of high-dose salbutamol on moderate-length exercise
performance have shown no ergogenic benefit. In two separate studies, Dickinson et al.
(Dickinson, Hu, Chester, Loosemore, & Whyte, 2014a; Dickinson, Molphy, Chester,
Loosemore, & Whyte, 2014b) found no significant effect of 1600µg inhaled salbutamol on a 5km running TT with an acute dose or on a 3-km TT with a 6-week daily dose. Koch et al.
(2015) found no improvement in a 10km TT following 1600µg inhaled salbutamol. Using an
oral dose of salbutamol (4mg), however, Andersen et al. (2009) found an increase in TTE (~1520 minutes). These types of “middle-distance” exercise appear to be unaffected by IBA
however research on the effect of high-dose salbutamol on Wingate performance is needed.

1.4 Conclusion
Exercise-induced bronchoconstriction is the transient narrowing of the airways following
exercise. The prevalence of EIB is greater in highly-trained individuals compared to the general
population (Kippelen & Anderson, 2013). As a part of the treatment for EIB, βAR agonists are
administered prior to exercise with the purpose of dilating the airways (Parsons et al., 2013).
The ergogenic benefit of oral administration of βAR agonists is well established and have
consequently been banned by WADA (Kindermann, 2007). Though inhalation of βAR agonists
is permitted, the discrepancy between the number of athletes taking IBAs and the number of
individual medals these athletes win is apparent (Fitch, 2012). Thus, numerous studies have
attempted to explain this inconsistency. While it is clear that the resultant systemic dose
delivered by inhaled salbutamol is likely not ergogenic during certain types of exercise the
body of research is incomplete, specifically pertaining to long exercise bouts (>60 minutes) and
high doses (1600µg) of IBA.
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2 Study: does salbutamol improve sprinting power?
2.1 Introduction
βAR agonists are used to treat symptoms of asthma and prevent EIB by relaxing
airway smooth muscle and inducing bronchodilation through stimulation of β2AR.
Because of the wide distribution of βAR throughout the body, including in cardiac,
pulmonary, muscular, and vascular tissue, βAR stimulation has been associated with a
number of cellular processes. Adrenergic stimulation may increase skeletal and cardiac
muscle function, vasodilation, metabolic rate, and modify ion balance, among other
things (Cazzola et al., 2012). Theoretically, these physiological changes might be
expected to increase athletic performance and in high systemic doses – after oral
administration or infusion – have been shown to do so. βAR agonists administered via
inhalation have not been shown conclusively to improve athletic performance (Pluim et
al., 2011). However, the disproportionate number of medals won by those taking these
medications suggests they may provide an ergogenic benefit. Alternative explanations
have been presented for this discrepancy such as additional training stimuli experienced
by EIB+ athletes or increased prevalence of EIB in those that train more and over longer
periods (Fitch, 2012). A review of the literature reveals that the research on the effect of
IBAs on athletic performance is incomplete. There appears to be a lack of research on the
effect of the maximally-permitted dose according to WADA (1600µg). Furthermore, our
understanding of the effects of high-dose salbutamol on endurance exercise of an hour or
more and on short sprint bouts is not strong. The findings of Van Baak et al. (2004)
suggested that salbutamol might improve a finishing sprint at the end of exercise. This,
combined with the increase in fat utilization postulated by Arlettaz et al. (2008), means
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that salbutamol inhalation might increase sprinting performance by sparing anaerobic
reserves during prolonged cycling, as first proposed by Koch et al. (2014). Thus, the
effects of 1600µg inhaled salbutamol have not been studied with a 30s Wingate test nor
in a 30s Wingate test following an endurance bout. The present study is the first to utilize
an exercise bout of 75 minutes and an individualized, sport-specific intensity. It is also
the first investigation to use the maximum WADA-permitted dosage (1600µg) of inhaled
salbutamol during an extended endurance bout or during a Wingate test. Lastly, it will be
one of a small number of investigations to include both male and female athletes. If an
ergogenic potential of IBAs in this study is found it may help to explain the
disproportionate success of endurance athletes using these medications.

2.2 Objectives and Hypothesis
The primary purpose of the proposed research is to use an exercise challenge that is
longer in duration, and more similar to an endurance competition – the combination of an
extended steady-state, predominantly aerobic effort with a final sprint – that is possibly
improved by IBAs. With the current study we aim to investigate the following:

Objective 1: To determine if there is a difference in primary performance outcomes
during a Wingate test following a 75-minute steady state in trained athletes following the
inhalation of salbutamol.

Hypothesis 1: We hypothesize that there will be an observable increase in mean and
peak power output and decreased fatigue index during a 30s Wingate test following an
extended sport-specific endurance bout in the salbutamol condition.
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Objective 2: To determine the possible mechanism by which salbutamol provides an
ergogenic effect by analyzing the differences, if they exist, in the physiological
parameters recorded during the steady-state bout including RER, lactate, and oxygen
consumption.

Hypothesis 2: We hypothesize that RER and lactate will be lower during the salbutamol
trial versus placebo, indicative of a greater contribution of the aerobic system after
salbutamol inhalation.
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2.3 Methods
The key outcome measures were mean and peak power and fatigue index during the
Wingate test. Secondary outcome variables included RER, time to peak power, lactate
measures, heart rate, oxygen consumption, RPE, and respiratory data. To test this
hypothesis, a double-blind randomized controlled trial with crossover design was used
(figure 2.1).
Figure 2.1: General schematic for the crossover design and outcomes
Visit%1:
( Informed%consent,%anthropometric%measurements
( Pulmonary%function,%EVH%test
( VO2max Test

Visit%2%&%3:
( Randomly,%double(blind%assigned%treatment%protocol
(min.%72h%apart,%max.%14%days)

Placebo

Salbutamol

75(minute%steady(state%exercise
30s%Wingate%test

Inclusion%criteria:
( VO2max% ≥60%mL⋅kg(1⋅min(1%and%≥5%
L⋅min(1 for%men%
( ≥50%mL⋅kg(1⋅min(1 or%≥4 L⋅min(1
women%

Primary%Outcomes%(Wingate):
( Peak%and%Mean%Power
( Fatigue%Index
Secondary%Outcomes:
( RER
( [La]
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( RPE%(legs%and%lungs)
( VE

2.3.1 Participant Information
Both female and male cyclists and triathletes were recruited from the Vancouver area
between January 2015 and May 2015. Inclusion criteria included being between 19 and 40
years of age and having competed in a cycling race and/or triathlon within the past 2 years.
An inclusion criterion of ≥60 and ≥55 mL ∙ kg 01 ∙ min01 VO#$%& or ≥5 L ∙ min01 and ≥4 L ∙
min01 for men and women, respectively, was used, as per Koch et al., 2013 and 2014.
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Exclusion criteria included any history of uncontrolled respiratory or cardiac disease,
pregnancy, and smoking (Koch et al., 2013; van Baak et al., 2004). Subjects with a history
of asthma, abnormal EVH, or spirometry were not excluded from this study (see Appendix
D for consent form and inclusion criteria). This subgroup was not specifically recruited and
were allowed to occur naturally in the subject pool. Inclusion of this group also allowed us
to investigate whether the potential ergogenic benefit of IBA occurs in asthmatics alone or
in all athletes. 40 athletes were screened, 11 of which did not meet the VO2max cutoff. Of
the 29 athletes included, 4 dropped out and 5 were unable to complete the full exercise
protocol, leaving a sample size of 20 (n = 10 women, n = 10 men).
Subjects were recruited through online advertisements on social media specific to
cycling and triathletes. Subjects that had previously participated in research in the
Environmental Physiology Lab and wished to be contacted for future research were
contacted via e-mail. An honorarium of $50 per session was distributed to each
participant for each of the three visits.
2.3.2 Experimental Protocol
Taking place at the Environmental Physiology Lab at UBC, a randomized, doubleblind, placebo-controlled study design was used. Participants visited the lab on three
separate occasions: a screening day and two experimental test days. All exercise was
performed on a Velotron cycle ergometer (Racermate Dynafit Pro, Racermate Inc.,
Seattle WA), designed to accurately and reproducibly simulate real-life road cycling,
adjustable for a wide variety of body shapes and preferences (Sporer and McKenzie,
2007c). Bike seat and handle bar length, crank length, and horizontal position were
recorded and used in all trials (Sporer, Sheel, & McKenzie, 2007b). Velotron Coaching
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Software (VelotronCS 2008, Racermate Inc.) were used to control the cycle ergometer.
Equipment worn by the participants included a facemask (Hans-Rudolph Inc., USA)
connected to a metabolic cart (ParvoMedics Inc., Sandy, Utah, USA) and a heart rate
monitor (Polar Electro Canada, Lachine, QC). Prior to all sessions, gas calibration was
performed using gases of known concentration and flow calibration was performed with a
3L calibration syringe (Series 5530, Hans-Rudolph Inc., Shawnee, KS). Spirometric
measurements were recorded using a hand-held pneumotach.
Participants were asked to avoid alcohol and caffeine in the 12 hours and 6 hours,
respectively, leading up to all visits. Those subjects on asthmatic medications were
allowed to continue any inhaled corticosteroids and leukotriene antagonists. Before all
test days, however, they were asked to refrain from taking IBA for at least 12 hours prior
to testing. As per Arlettaz et al. (2008) and Van Baak et al. (2000, 2004) subjects were
asked not to change their dietary habits for the duration of the testing period and eat the
same meals in the 24-hour period leading up to both testing days. Fluctuations in fat
consumption have been shown to affect endurance time, fat utilization, and lactate levels
therefore dietary consistency was important during the testing phase (Horvath, Eagen,
Fisher, Leddy, & Pendergast, 2000; Jeukendrup, 2002). Between trials there was a
washout period of at minimum 72 hours and maximum 14 days.
2.3.2.1

Screening Day

During the baseline day, a eucapnic voluntary hyperpnea (EVH) test was used to
assess bronchial hyperresponsiveness (EIB) and lung function was measured with
spirometry (TrueOne 2400; ParvoMedics, Sandy, UT, USA). Following the EVH test, a
cycling assessment was used to assess VO#$%& to ensure a criterion level of fitness and
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generalizability of the results to an athletic population.
2.3.2.2

Procedures on Screening Day

Bronchial Responsiveness
The eucapnic voluntary hyperpnoea (EVH) test consists of a baseline spirometry
assessment and a bronchial provocation followed by periodic assessment of airway
response (Anderson, Argyros, Magnussen, & Holzer, 2001). Spirometry measurements
were conducted following the recommendations of the American Thoracic Society
(Miller et al., 2005). The two spirometric components recorded were the forced vital
capacity (FVC), the volume fully and forcefully expired after full inspiration, and forced
expiratory volume in one second (FEV1), the volume of air expired in the first second of
an FVC manoeuver. For all sets of measurements, acceptable repeatability was
considered to be a difference of ≤0.150 L between the largest and next largest FEV1 and
FVC (Miller et al., 2005). Baseline was considered the highest FEV1 and FVC
measurements after a minimum of two manoeuvers.
Following the baseline measurements bronchial provocation was induced by
eucapnic voluntary hyperpnoea. Wearing a nose clip, subjects hyperventilated dry gas
(5% CO2, 21% O2, balanced N) for 6 minutes at a target ventilation equal to 30 times the
baseline FEV1 value. Participants had constant visual feedback and were encouraged to
reach or exceed the target value throughout the 6-minute period. Spirometry was repeated
in duplicate at 3-, 5-, 15-, and 20-minutes post-hyperventilation. For each time period, the
higher of the two values was used (Anderson & Kippelen, 2012). A decrement of FEV1
greater than 10% (% drop) relative to baseline was considered EVH+. The severity of
participants’ EIB was classified by the magnitude of the reduction in FEV1 according to
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Price et al. (2014): mild (≥10%-<25%), moderate (≥25%-<50%), or severe (≥50%).
If a participant’s FEV1 % decline remained greater than 10% they were
administered a therapeutic dosage of 200µg salbutamol (2 puffs) and FEV1 was assessed
at 15-minute increments until values within 10% of baseline values were achieved. Prior
to all sessions, gas calibration was performed using gases of known concentration and
flow calibration was performed with a 3L calibration syringe (Series 5530, Hans-Rudolph
Inc., Shawnee, KS).
Maximal exercise test
Following the EIB assessment, participants completed a 10-minute self-directed
warm-up. After warm-up subjects were fitted with the face mask and completed a
VO#$%& test using a ramp protocol. The test began at 100W for men and 0W for women
with an increase of 25 W ∙ min-1 until volitional fatigue. The test was terminated due to an
RPM decrement past 70 RPM despite verbal encouragement or when at least two of the
following criteria are observed: a respiratory exchange ratio above 1.10, a heart rate
within 10 bpm of age-predicted maximum (220-0.7 ∙ age), and a plateau of oxygen
consumption (< 2.1 mL ∙ kg 01 ∙ min01 increase) with an increase in work rate (Amann et
al., 2004; Nimmerichter, Williams, Bachl, & Eston, 2010). Expired gases collected and
RER, VO# , VCO# , and minute ventilation (VE) were recorded using 15-second averaging
(Sporer et al., 2007). Subjects were blinded from seeing physiological data but were
allowed to monitor their cycling cadence. VO#$%& was considered the mean of the highest
two consecutive 15s measurements (Sporer, Sheel, & McKenzie, 2007b). Power at VO#
(Wmax) was calculated as the product of time completed (in minutes) and 25 W ∙ min-1.
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Ventilatory threshold assessment
The ventilatory and gas exchange data collected during the VO#$%& test was used to
determine the first ventilatory threshold (VT1) (Meyer, Lucia, Earnest, & Kindermann,
2005). VT1 was determined using the ventilatory equivalents method with a criterion of
01
an increase in V> ∙ VO01
# without a concomitant increase in V> ∙ VCO# (Caiozzo et al.,

1982). Non-linear rise in ventilation (V> ) and cumulated sum of V> (CUSUM) were used
as a secondary indicator of VT1 to aid observers (Bischoff & Duffin, 1995). VT1 was
determined independently by two researchers by visual inspection of the above
parameters plotted against Watts. If the estimated values found by the observers differed
by more than 5%, a third researcher would be used. The mean of the two closest values
was used for the final VT1 value.

2.3.2.3

Procedure on test days

On the trial days, spirometry measurements were recorded before and 15 minutes
following inhalation of either placebo or 1600µg salbutamol to assess the effect of the
treatment on lung function. Sixteen doses of salbutamol (1600µg) or placebo was
administered using a metered-dose inhaler (MDI) connected to a spacer. Following a
brief tutorial on proper technique, drug treatment was self-administered in a double-blind
fashion. Immediately following inhalation subjects performed a predetermined 15-minute
warm-up protocol based on the Wmax from the VO#$%& assessment. The warm-up
consisted of 2 minutes at 30% of Wmax, a 1-minute ramp up to 50% of Wmax followed by
five 20-second sprints at 90% Wmax separated by 90 seconds. Following the warm-up,
participants completed a 75-minute steady-state exercise bout followed by a Wingate test.
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Spirometry
As with the spirometry measurements collected following the EVH test spirometry
was conducted following the recommendations of the American Thoracic Society (Miller
et al., 2005). FVC and FEV1 were recorded in three separate measurements before
treatment administration. Sixteen actuations of salbutamol (1600µg) or placebo were
administered using a metered-dose inhaler (MDI) connected to a spacer. Drug treatment
was self-administered in a double-blind fashion. Fifteen minutes following treatment
three spirometric measurements were repeated.
Steady-state Exercise
Immediately following this, athletes were fitted with the collection mask and
proceeded to complete a 75-minute constant power cycling trial at 95% of their VT1. The
power output during the steady-state bout was fixed but subjects were permitted to
choose their own pedaling cadence and stand if desired. Lactate and RPE measurements
were taken at the onset of exercise and at 25-minute intervals during this period. Lactate
was assessed with a handheld LactatePro analyzer (LactatePro, Arkray Inc., Tokyo, JP)
and self-reported RPE for legs and lungs (RPElungs and RPElegs) measurements were taken
using the 10-point Borg Scale (Borg, 1990). The mask was removed at 25 and 50 minutes
to allow participants to drink water and to drain the valve, if needed. Due to this, the
ventilatory and gas exchange measurements between 25 and 27 and 50 and 52 minutes
were deleted from the analysis. Participants were blinded from feedback but were able to
monitor their cycling cadence and time. Oximeter and heart rate data were also collected
throughout the steady-state bout. Cycling cadence was recorded using the Velotron
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Coaching Software (2006). Using 15-second averages, entrainment (ENT) was calculated
as the ratio of average cycling rate to average instantaneous ventilation frequency (IVR).
The inverse of respiratory cycle time (inspiration time plus expiration time) was used to
calculate IVR. Data in the first 180 seconds of the bout were removed to allow values to
stabilize. Entrainment was recorded when cycling cadence and respiration were within
±0.05 of integer or half-integer values. Incidence of ENT (%ENT) was the number of 15second samples that met the above criteria versus the total number of samples collected
over 75 minutes (Sporer, Foster, Sheel, & McKenzie, 2007a). As with all other
respiratory data, values between 25 and 27 and 50 and 52 minutes were removed from the
analysis.
Wingate anaerobic test
Immediately following the steady-state stage, the mask was removed and
participants completed a 30-second Wingate test on the same Velotron cycle ergometer
(Driss et al., 2013). The test consisted of a 20-second warm-up period at 100W and a 10second speed up period followed by a 30-second sprint period. Athletes were verbally
encouraged to increase their cycling cadence during the speed up period and maintain
their RPM as high as possible throughout the 30-second sprint. Participants were
familiarized with the Wingate software and test procedures at the beginning of the first
testing day. The torque factor was set to 0.0750 kg ⋅ kgBW-1 and was calculated using the
body weight recorded on the first testing day. The same torque factor was used for the
second test day to ensure identical exercise challenge. The final lactate measurement was
taken immediately following completion of the Wingate test.
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2.3.2.4

Outcome measures
The main outcome variable was peak and mean power output and fatigue index

during the maximal effort. Secondary variables measured were RER, blood lactate, heart
rate, oxygen consumption, and respiratory data during both the aerobic and sprint bouts,
and SPO2. We hypothesized that, after salbutamol administration, cyclists would achieve
a greater peak and mean power output and improved fatigue index than during the
placebo condition. Furthermore, we hypothesized that female athletes would exhibit a
greater relative performance increase with salbutamol than the male athletes. We
expected to see a trend towards increased fat utilization during the endurance bout in the
form of a lower RER while maintaining or slightly increasing oxygen consumption.
Heart rate data culling
Because the heart rate monitor was occasionally erratic for some participants a
standardized method was employed to eliminate inconsistent values. Using 30-second
averages, if values were greater than 105% of HRmax recorded on the screening day they
were deleted. After this initial culling, the mean of the highest 5 values was taken. Given
the intensity of the warm-up, values less than 100 bpm in the first 4 minutes of the 75minute bout were deleted. For the remainder of the exercise bout, values were deleted if
they were less than 85% or greater than 115% of the mean of the preceding 4 minutes. If
the value fell outside of these bounds, it was replaced by the closest preceding value that
fell within the bounds.
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2.3.2.5

Statistical analysis
Descriptive statistics for baseline data were reported as mean, standard deviation,

maximum, and minimum. Data collected during the cycling trial and Wingate test were
presented as mean and standard deviation. Differences in some variables between the
salbutamol and placebo trial, including FEV1 and Wingate outcomes, were calculated as
percent change as:
%∆variable = VariableGHIJKLHMNI − VariablePIHQRJN ∙ (VariablePIHQRJN )01
Percent change in Wingate outcomes from placebo to the salbutamol trial were log
transformed using natural logs (Hopkins, 2003). Repeated measures analysis of variance
(ANOVA) tests was used to test the effects of treatment, sex, and EIB status on all
outcomes. Mauchly’s test of sphericity was used to ensure equality of variances and,
when violated, Greenhouse-Geisser corrected p values were reported. Significance level
was set at an alpha level of 0.05. When a significant main or interaction effect was found,
post-hoc analysis were performed using Sidak-adjusted pairwise comparisons (Gamst,
Meyers, & Guarino, 2008).
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2.4 Results
2.4.1 Subject Characteristics and Anthropometric Measurements
Nine athletes were diagnosed with EIB (EIB+) based on their EVH results, while
11 athletes were considered EIB negative (EIB-). Of the 9 EIB+ cyclists, 3 were female
and 6 were male. Using the criteria of Price et al. (2014), 2 athletes were diagnosed with
moderate EIB+ while 7 were diagnosed with mild EIB+. Seven females and 4 males
made up the EIB- group. The fall in FEV1 was significant greater in the EIB+ group (M =
19.9%, SD = 8.2%) compared to the EIB- group (M = 3.0%, SD = 6.2%), p < 0.0001. A
comprehensive table of EVH test results for EIB status and sex can be found in Appendix
A. Height was significantly greater in the EIB+ group compared to the EIB- group (table
2.1). Parameters measured during the maximal exercise test were not statistically
different between EIB+ and EIB- athletes (table 2.2). When the males and females were
compared, height, weight, FVC, and FEV1 were significantly greater in men. FEV1
percent predicted was significantly greater in females compared to males (table 2.3).
Male participants had significantly greater absolute VO#$%& , relative VO#$%& , power at
VO#$%& , power at first ventilatory threshold (VT1), and relative power compared to
female participants (table 2.4).
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Table 2.1: Anthropometric characteristics in EIB+ and EIB- participants
Statistic

Age
(yr)

Height Weight
(cm)

(kg)

Cyc.
Exp.

FVC

Perc.
pred

FEV1

Perc.

FVC/

Perc.

pred

FEV1

pred

(yr)

(L)

(%)

(L)

(%)

(%)

(%)

EIB+ (n = 3 female, n = 6 male)
Mean

28.44

180*

69.02

4.33

5.83

110.9

4.49

103.4

77.4

93.1

SD

4.59

9

12.67

3.33

0.96

6.4

0.75

9.9

7.4

8.0

Max

37

196

86.4

10

7.44

122.2

6.08

122.1

87.2

103.9

Min

21

167

53.7

0.50

4.60

102.3

3.80

92.3

64.0

77.2

EIB- (n = 7 females, n = 4 males)
Mean

30.18

170*

66.46

4.27

4.97

113.1

3.96

107.3

80.6

95.2

SD

5.15

11

10.15

3.20

0.98

13.9

0.57

11.2

7.5

7.8

Max

39

191

87.40

10

6.83

137.6

5.08

124.3

93.8

109.6

Min

22

157

54.80

1

3.66

89.3

3.12

92.2

67.7

83.1

Note: Cyc. Exp.: cycling experience; Perc. Pred.: percent predicted; FVC: forced vital capacity; FEV1: forced expiratory volume in
one second; FEV1/FVC: fraction of FVC expired in 1s.
* p < 0.01
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Table 2.2: Maximal exercise test results for EIB+ and EIB- participants
Statistic

VO2max
(abs)

VO2max
(rel)

(L/min)

(mL/kg/min)

RERmax

Wmax

Rel.
Power

VT1

(W)

(W/kg)

(W)

VE/VO2 at
VT1

EIB+ (n = 3 female, n = 6 male)
Mean

4.24

59.32

1.16

400.7

5.7

224.6

24.6

SD

0.84

6.82

0.06

68.72

0.79

50.8

2.0

Max

5.25

67.02

1.23

480.0

6.64

302.5

28.0

Min

2.76

49.52

1.06

275.0

4.43

157.5

21.2

EIB- (n = 7 female, n = 4 male)
Mean

3.71

57.02

1.20

347.0

5.4

184.0

27.2

SD

0.86

5.12

0.04

62.39

0.32

47.2

3.9

Max

5.13

65.98

1.26

462.0

6.05

277.5

34.0

Min

2.63

49.99

1.15

287.0

4.84

127.5

22.2

Note: VO2max (abs): absolute maximal oxygen consumption; VO2max (rel): relative maximal oxygen consumption; RERmax: maximal
respiratory exchange ratio; Wmax: Power output at VO2max; Rel. Power: Power ouput at VO2max over bodyweight; VT1: first ventilatory
threshold; VE/VO2 at VT1: Ventilatory equivalent for oxygen at VT1.
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Table 2.3: Anthropometric characteristics in male and female athletes
Statistic
Age Height Weight

Cyc.
Exp.

FVC

(yr)

(L)

(cm)

(kg)

(yr)

Perc.
FEV1
Pred.

Perc.
Pred.

FVC/
FEV1

Perc.
Pred.

(%)

(%)

(%)

(%)

(L)

Men (n = 10)
Mean

29.6

182*

72.6**

5.2

6.07* 107.6 4.65* 100.8**

77.4

93.9

SD

5.3

8

12.1

3.3

0.91

9.0

0.66

9.5

8.7

9.8

Max

39

196

87.4

10

7.44

122.2

6.08

122.1

92.2

109.6

Min

21

170

54.8

1

4.43

89.3

3.97

92.2

64.0

77.2

Women (n = 10)
Mean

29.2

167*

62.6**

3.4

4.65* 116.6 3.74* 110.3**

80.9

94.7

SD

4.7

9

7.7

2.9

0.58

11.4

0.35

9.6

5.9

5.5

Max

37

184

78.2

10

5.56

137.6

4.19

124.3

93.8

107.0

Min

22

157

53.7

0.5

3.66

103.4

3.12

95.1

72.1

88.4

Note: Cyc. Exp.: cycling experience; Perc. Pred.: percent predicted; FVC: forced vital capacity; FEV1: forced expiratory volume in
one second; FEV1/FVC: fraction of FVC expired in 1s.
* p < 0.01
** p < 0.05
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Table 2.4: Maximal exercise test results for male and female participants
Wmax

Rel.
Power

VT1

(W)

(W/kg)

(W)

1.18*

431.6*

5.9

245.1*

25.0

2.46

0.07

31.8

0.5

34.1

3.4

4.06

67.02

1.26

480.0

6.6

302.5

33.9

5.25

59.66

1.06

379.0

4.97

195.0

21.2

VO2max
(abs)

VO2max
(rel)

(L/min)

(mL/kg/min)

Mean

4.67*

63.16*

SD

0.45

Max
Min

Statistic

RERmax

VE/VO2
at VT1

Men (n = 10)

Women (n = 10)
Mean

3.23*

52.95*

1.19*

310.7*

5.1

159.5*

27.2

SD

0.51

3.09

0.04

31.4

0.32

20.8

3.2

Max

2.63

59.14

1.26

387.0

5.47

192.5

32.4

Min

4.33

49.52

1.15

275.0

4.43

127.5

22.2

Note: VO2max (abs): absolute maximal oxygen consumption; VO2max (rel): relative maximal oxygen consumption; RERmax: maximal
respiratory exchange ratio; Wmax: Power output at VO2max; Rel. Power: Power ouput at VO2max over bodyweight; VT1: first ventilatory
threshold; VE/VO2 at VT1: Ventilatory equivalent for oxygen at VT1.
* p < 0.001
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2.4.2

Wingate outcomes

There was no statistically significant effect of treatment or EIB status on peak power,
mean power, fatigue index, or peak cadence. A significant main effect of sex was found
for all measures: peak power, mean power, fatigue index, peak cadence, and mean
cadence. A significant interaction effect was found between EIB status and sex for EIB
and mean cadence, p = 0.012. There was a significant difference in women between EIB+
(M = 118 RPM, SD = 6.6 RPM) and EIB- (M = 127 RPM, SD = 4.5 RPM) athletes for
mean RPM, irrespective of treatment, p = 0.026. This difference was not significant in
men. There was no order effect found for all of the above parameters. There was no
significant difference in time between treatment and Wingate between the two conditions
(M = 1.87 hours, SD = 0.06 hours and M = 1.87 hours, SD = 0.04 hours for salbutamol
and placebo). Full Wingate results for both treatment and sex can be seen in Appendix B.
To analyze the percent change in Wingate outcomes, values were log transformed using
natural logs and are presented with 90% confidence intervals (Hopkins, 2003) (figure
2.2). Mean percent change for peak power was 2.92 (90% confidence limits ± 3.4%) for
women and 0.57 (± 4.07%) for men. Mean power changed by 1.44 (± 1.77%) in women
and -1.27 (± 1.38%) in men. EIB+ athletes changed -0.23 (± 3.40%) for peak power and 1.26 (± 1.90%) for mean power. EIB- athletes increased by 3.36 (± 3.77%) and 1.18 (±
1.42%) for peak and mean power, respectively (table 2.5). The smallest worthwhile
change in performance was determined as a percentage of the within-subject standard
deviation (coefficient of variation) for the Wingate test. Coefficients of variation (CV)
found by Astorino and Cottrell (2011) for reliability of the Wingate test on the Velotron
were used; 13.7 and 8.9% for peak and mean power, respectively. For elite athletes, 0.3
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to 0.5 of the CV is considered the smallest meaningful change (Hopkins, Hawley, &
Burke, 1999; Paton & Hopkins, 2001). The athletes in this study can be categorized as
either trained or well-trained, according to the classification criteria of Jeukendrup, Craig,
and Hawley (2000). Therefore, the threshold values for benefit and harm were calculated
as 13.7 x 0.5 = ±6.85% and 8.9 x 0.5 = ±4.45% for peak and mean power, respectively.
The position of the 90% CIs relative to these thresholds were used to make qualitative
probabilistic inferences about the effect of salbutamol and should not be interpreted
quantitatively (Hopkins, Marshall, Batterham, & Hanin, 2009). Effects are expressed in
table 2.6 as the chance of the true effect being trivial, beneficial, or harmful with the
following scale: <0.5%, most unlikely; 0.5-5%, very unlikely; 5-25%, unlikely; 0.2575%, possibly; 75-95%, likely; very likely, 95-99.5%; >99.5%, most likely (Hopkins,
2007).
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Table 2.5: Change in Wingate outcomes from placebo to salbutamol for male, female,
EIB+, and EIB- athletes.
Statistic

Δ PP

Δ MP

Δ FI

(%)

(%)

(%)

Mean

0.57

-1.27*

2.94

Lower 90% CI

-3.50

-2.66

-5.67

Upper 90% CI

4.64

0.11

11.55

Mean

2.92

1.44*

4.53

Lower 90% CI

-0.48

-0.34

-3.10

Upper 90% CI

6.32

3.21

12.16

Mean

-0.23

-1.26

-0.80

Lower 90% CI

-3.63

-3.16

-7.74

Upper 90% CI

3.17

0.64

6.13

Mean

3.36

1.18

7.45

Lower 90% CI

-0.42

-0.24

-0.70

Upper 90% CI

7.13

2.60

15.59

Men (n = 10)

Women (n = 10)

EIB+ (n = 9)

EIB- (n = 11)

Note: Δ PP: change in peak power from placebo to salbutamol trial; Δ MP: change in mean
power placebo to salbutamol trial; Δ FI: change in fatigue index placebo to salbutamol trial
* p < 0.05
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Table 2.6: Probabilistic inferences for Wingate outcomes

Inference

Peak Power

Mean Power

Beneficial

1.0%

0.0%

Negligible

98.5%

99.9%

Harmful

0.5%

0.1%

Beneficial

3.2%

0.6%

Negligible

96.8%

99.4%

Harmful

0.0%

0.0%

Beneficial

0.2%

0.0%

Negligible

99.4%

99.3%

Harmful

0.3%

0.7%

Beneficial

6.2%

0.1%

Negligible

93.7%

99.9%

Harmful

0.0%

0.0%

Men (n = 10)

Women (n = 10)

EIB+ (n = 9)

EIB- (n = 11)

Note: <0.5% = most unlikely, 0.5-5% = very unlikely, 5-25% = unlikely, 0.25-75% = possibly,
75-95% = likely, very likely = 95-99.5%, >99.5% = most likely
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Figure 2.2: Mean and 95% confidence intervals for peak power (PP) and mean power
(MP) for men and women.
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2.4.3

The effect of salbutamol on endurance variables

A significant difference was found in the percent change in FEV1 and FEV1/FVC at 15
minutes following the inhalation of salbutamol compared to placebo (table 2.7). No
differences in the spirometric response to salbutamol inhalation were found between
EIB+ and EIB- athletes. The percent change in FEV1 following salbutamol inhalation
was higher in EIB+ versus EIB- participants but this difference was not statistically
significant. The FVC and FEV1 of one subject decreased by 11.2% and 8.0%,
respectively, after salbutamol inhalation and another’s FEV1 increased by 22.4% after
placebo inhalation.
Exercise data were collected in two ways: manually and using the metabolic cart
or Velotron™. These data will be presented separately in the ensuing two sections.
Tables containing all manually collected data and separated for both EIB status and sex
are available in Appendix C.
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Table 2.7: Spirometric measurements pre-post inhalation of placebo and salbutamol
Statistic

Δ FEV1
SAL

Δ FEV1
PLA

Δ FVC
SAL

Δ FVC
PLA

Δ
Δ
FEV1/FVC FEV1/FVC
SAL
PLA
(%)
(%)

(%)

(%)

(%)

(%)

Mean

12.1

-0.1

1.7

-0.5

11.0

0.3

SD

9.1

2.6

5.0

2.1

6.3

2.4

Max

28.2

4.7

9.0

2.7

20.4

3.2

Min

0.0

-4.3

-8.3

-4.0

3.4

-4.8

Mean

5.3

1.8

-2.1

1.6

7.5

0.6

SD

7.7

7.2

3.4

5.9

5.4

3.7

Max

16.6

22.4

2.0

18.6

17.3

7.6

Min

-8.0

-4.7

-11.2

-3.8

2.6

-7.3

Mean

8.3*

1.0*

-0.4

0.7

9.1**

0.4**

SD

8.8

5.6

4.5

4.6

5.9

3.1

Max

28.2

22.4

9.0

18.6

20.4

7.6

Min

-8.0

-4.7

-11.2

-4.0

2.6

-7.3

EIB+ (n = 9)

EIB- (n = 11)

Total (n = 20)

Note: Δ FEV1 SAL: change in FEV1 pre- and 15-minutes post salbutamol inhalation; Δ FEV1 PLA: change in FEV1 pre- and 15minutes post placebo inhalation; Δ FVC SAL: change in FVC pre- and 15-minutes post salbutamol inhalation; Δ FVC PLA: change in
FVC pre- and 15-minutes post placebo inhalation; Δ FEV1/FVC SAL: change in FEV1/FVC pre- and 15-minutes post salbutamol
inhalation; Δ FEV1/FVC PLA: change in FEV1/FVC pre- and 15-minutes post placebo inhalation
* p < 0.01
** p < 0.001
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2.4.3.1

Perceived exertion

A significant interaction between time and sex was found for dyspnea, p = 0.029. A
significant difference was found between men and women for mean dyspnea at T = 50
(M= 4.5, SD = 1.5 and M = 3.2, SD = 0.7, p = 0.022, and T = 75 (M = 5.0, SD = 1.7 and
M = 3.4, SD = 0.8), p = 0.019 (figure 2.3). No effect of EIB status or treatment was found
for dyspnea. Aside for the main effect of time, no significant main or interaction effect
was found for RPElegs.

Figure 2.3: Mean dyspnea and RPELegs for men (closed circles) and women (open circles)

Note: RPElegs = rating of perceived exertion for legs on a 10-point Borg scale
* p < 0.05
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2.4.3.2

Respiratory exchange ratio and blood lactate
The interaction between treatment and sex approached significance (p = 0.060).

When partitioned into intervals to compare to lactate measurements (0-2, 2-25, 25-50, 5075 min) the main effect of treatment approached significance (p = 0.058) while the
interaction between sex and treatment was significant (p = 0.037) as was the main effect
of EIB (p = 0.017). Mean RER was significantly higher in EIB- athletes at T = 2-25 (p =
0.004) and T = 25-50 (p = 0.016). For female athletes, RER in the salbutamol condition
was significantly higher at T = 2-25 (p = 0.019), T = 25-50 (p = 0.001), and T = 50-75 (p
= 0.002) while there was no significant difference found between salbutamol and placebo
at any time points for male athletes (figure 2.4a,b). Using an ANOVA, no difference was
found in mean RER for the placebo condition between men (M = 0.91, SD = 0.037) and
women (M = 0.89, SD = 0.030), p = 0.421. Metabolic cart data were not collected for the
first two minutes of the exercise session for one subject due to experimenter error. One
female data set was deleted listwise (all data points deleted) due to missing value for the
0-2 minute interval and mean values in Appendix C reflect n = 9 for women and n = 10
for men for RER measurements.
A significant interaction effect was found between lactate and treatment. At T = 0
(i.e. soon after the onset of steady state exercise) lactate measured in the salbutamol
condition (M = 4.18 mmol ∙ L01 , SD = mmol ∙ L01 ) was significantly greater than during
the placebo condition (M = 2.91 mmol ∙ L01 , SD = 1.56 mmol ∙ L01 ), p = 0.001.
Following the Wingate test, lactate measured in the salbutamol condition (M = 6.84
mmol ∙ L01 , SD = 1.87 mmol ∙ L01 ) was significantly lower than during the placebo
condition (M = 8.04 mmol ∙ L01 , SD = 2.31 mmol ∙ L01 ), p = 0.003. Measurements at T =
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50 were higher during the salbutamol condition compared to the placebo condition with a
p value that can be considered statistically significant, p = 0.053 (figure 2.5). A
significant interaction effect was found between sex, treatment, and EIB status such that
mean lactate was significantly greater in the salbutamol condition compared to placebo in
EIB- women but not in any other group. Two data sets – 1 male and 1 female – were
deleted listwise (all data points deleted) due to missing values and mean values in
Appendix C reflect n = 9 for women and n = 9 for men for lactate measurements.
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Figure 2.4a,b: Respiratory exchange ratio recorded during the salbutamol trial (closed
circles) and placebo trial (open circles) in female (A) and male (B) participants

* p < 0.05
** p < 0.01

Figure 2.5: Blood lactate measurements collected from the placebo trial (open
circles) and salbutamol trial (closed circles)

Note: Post-WG refers to lactate measurement taken immediately following the Wingate test
* p < 0.01
** p = 0.053
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2.4.3.3

Heart rate

Statistically significant interaction effects were found for time and sex (p = 0.005) and
treatment and time (p = 0.000). Main effects of time and treatment were found to be
significant. Heart rates recorded during the salbutamol trial were significantly higher than
placebo at T = 0-25 and T = 25-50 (figure 2.6). Furthermore, the increase in heart rate
was statistically significant only between the first and second and first and third interval
in the salbutamol condition while HR increased significantly across all time points with
placebo. Mean HR increased between all time points in males while it only increased
between the first and second intervals in females, irrespective of treatment.

Figure 2.6: Heart rate measurements collected from the placebo trial (open
circles) and salbutamol trial (closed circles)

* p < 0.001
** p < 0.05
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2.4.3.4

Relative oxygen consumption and ventilatory equivalents

A significant interaction effect between EIB status and time was found for both VO# (p =
0.034) and %VO#$%& (p = 0.029). There was a significant increase between mean values
at each time point in EIB- athletes but not in EIB+ athletes for both VO# and %VO#$%&
(figure 2.7). A significant main effect of sex was found for VO# but not %VO#$%& . Mean
VO# was significantly higher in men (M = 44.15 mL ∙ kg 01 ∙ min01 , SD = 5.32 mL ∙
kg 01 ∙ min01 ) compared to women (M = 36.18 mL ∙ kg 01 ∙ min01 , SD = 5.08 mL ∙ kg 01 ∙
min01 ), p = 0.003. For V> ∙ VO01
# , a significant interaction effect (p = 0.033) was found
for treatment and sex and there were significant main effects for treatment (p = 0.000)
and sex (p = 0.023). Salbutamol significantly increased V> ∙ VO01
# in women at all time
intervals while there was no significant change in men. Mean V> ∙ VO01
# was significantly
higher at all time intervals in women compared to men. A significant main effect of
treatment was found for V> ⋅ VCO#01 (p = 0.005) as well as an interaction effect for
treatment and time (p = 0.006). Mean V> ∙ VCO01
# was significantly higher for women
compared to men (p = 0.007). In the salbutamol trial, V> ∙ VCO01
# did not increase
significantly between any time points. In the placebo trial, V> ∙ VCO01
# increased
significantly across all time points. A significant difference between salbutamol and
placebo was found for the first and second time interval (p = 0.000, p = 0.013). Absolute
VO# was significantly higher in men versus women but unchanged by salbutamol. VCO#
was also significantly greater in men versus women and was increased in the salbutamol
trial compared to placebo in the first and second time interval (p = 0.024, p = 0.008).
Mean VCO# was increased between the first and second time intervals in men (p = 0.005)
while it was increased between the second and third interval in female (p = 0.018).
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Figure 2.7: Mean relative oxygen consumption for EIB+ (closed circles) and
EIB- (open circles) participants

* p < 0.001

Figure 2.8: Ventilatory equivalent for carbon dioxide collected during the salbutamol
trial (closed circles) and placebo trial (open circles)

* p < 0.001
** p < 0.05
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2.4.3.5

Minute ventilation and respiratory rate

In minute ventilation a significant interaction effect was found for treatment and time (p
= 0.042). Significant main effects were found for sex (p = 0.002) and treatment (p =
0.002). Minute ventilation was significantly higher at all time intervals in the salbutamol
condition versus placebo (figure 2.9). Minute ventilation increased only between the first
two time intervals in the salbutamol condition while it increased across all time points in
the placebo condition. Mean minute ventilation was significantly higher in men compared
to women at all time intervals (p = 0.001, 0.003, 0.002). For respiratory rate a significant
interaction effect was found for EIB status and treatment (p = 0.043). Salbutamol
significantly increased respiratory rate in EIB+ athletes at the first (p = 0.036) and third
(p = 0.052) time interval while the increase approached significance at the second (p =
0.072) (figure 2.10a,b). Tidal volume was not recorded but mean estimates (VTe) were
computed as the quotient of the mean V> and mean RR for each time interval. VTe was
significantly greater in men versus women and was significantly greater in the first two
time intervals in the salbutamol condition compared to placebo (p = 0.001, p = 0.009). No
effect of EIB status was found for VTe.
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Figure 2.9: Minute ventilation collected during the salbutamol trial (closed
circles) and placebo trial (open circles)

Note: Asterisks refer to differences between salbutamol and placebo conditions
* p < 0.001
** p < 0.01
*** P < 0.05

Figure 2.10a,b: Respiratory rate collected during the salbutamol trial (closed circles)
and placebo trial (open circles) in EIB- (A) and EIB+ (B) athletes

* p < 0.05
** p = 0.052

59

2.4.3.6

Cadence and Entrainment

Cycling cadence was available for only 13 out of 20 subjects (n = 7 female and n = 6
male). Aside from the main effect of time (p = 0.007), no interaction or main effect was
found for cycling cadence. Although EIB- athletes cycled at a consistently higher RPM
than EIB+ athletes – irrespective of treatment – the main effect of EIB status only
approached significance, p = 0.077 (figure 2.11). No statistically significant interaction or
main effect was found for %ENT (table 2.8).

Figure 2.11: Mean cycling cadence recorded during both trials in EIB+ (closed
circles) and EIB- (open circles) athletes
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Table 2.8: Entrainment values calculated for the salbutamol and placebo trial
Statistic

%ENT

%ENT

%ENT

SAL

PLA

Mean

(%)

(%)

(%)

Mean

10.5

10.3

10.4

SD

1.8

2.0

1.5

Max

13.0

13.7

13.0

Min

7.8

6.7

8.3

Note: Entrainment percentages calculated as per Sporer et al. (2007), please refer to
Section 2.3.2.3.2 for methodological details

2.4.4 Relative intensity of endurance bout
Power output during the 75-minute endurance bout, relative power, and %Wmax
were significantly higher in men versus women. Ventilatory equivalent for oxygen during
the 75-minute bout compared to V> ∙ VO01
# at VT1 was significantly higher with
salbutamol compared to placebo. A significant treatment and sex interaction (p = 0.030)
was found (table 2.9). The increase in V> ∙ VO01
# in the salbutamol condition versus
placebo was statistically significant in the female but not male athletes.
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Table 2.9: Relative intensity variables collected during the 75-minute endurance bout
for male, female, EIB+, and EIB- athletes
W75

Statistic

%Wmax

(W)

(%)

Relative

%𝐕E/𝐕O2VT1

%𝐕E/𝐕O2VT1

%𝐕E/𝐕O2VT1

Power

SAL

PLA

Mean

(W/kg)

(%)

(%)

(%)

Men (n = 10)
Mean

235.3***

54.4**

3.2*

105.7

103.6

104.7

SD

32.7

4.7

0.4

8.9

8.8

8.7

Max

287

60.2

4.0

126.1

118.1

118.7

Min

195

46.6

2.4

90.4

87.0

88.7

Women (n = 10)
Mean

151.5***

48.9**

2.5*

110.5***

105.6***

108.1

SD

19.7

6.2

0.4

7.8

8.8

7.6

Max

183

56.3

3.0

126.1

123.1

124.6

Min

121

39.8

1.8

98.9

97.3

98.1

EIB+ (n = 3 female, n = 6 male)
Mean

213.3

53.1

3.0

110.2

105.8

108.0

SD

48.4

5.9

0.6

7.6

7.5

7.4

Max

287

59.8

4.0

119.4

118.1

118.74

Min

150

39.8

1.8

97.3

97.0

97.10

EIB- (n = 7 female, n = 4 male)
Mean

177.1

50.5

2.7

106.4

103.6

105.0

SD

48.0

6.1

0.4

9.2

8.9

8.9

Max

278

60.2

3.4

126.1

123.1

124.6

Min

121

42.2

2.1

90.4

87.0

88.7

Note: W75 = Watts during 75-minute bout; %Wmax = W75 as a percentage of power at VO2max; Relative Power = quotient of W75 and
bodyweight (kg); %Ve/VO2vt1= ventilatory equivalent for oxygen during endurance bout as a percentage of the value at the first
ventilatory threshold
* p < 0.05
** p < 0.01
*** p < 0.001
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2.4.5

Subject characteristics and data of incomplete data sets
Five male athletes were unable to complete the full 75 minutes of cycling. Data

from the screening day and placebo test day are included in table 2.10. The VO2 data are
the mean of the first time interval (0-25 minutes). Two out of five athletes with
incomplete data sets were diagnosed as having EIB. Three of the five athletes received
salbutamol on their first test day while two received placebo. None of the athletes were
unable to complete their second test day after having completed their first. As all those
unable to complete the full 75 minutes were male, the incomplete placebo trial was
compared to the values collected in full data sets in males during the placebo trial. A oneway ANOVA revealed that those who did not complete the full 75 minutes cycled at a
significantly higher VO2, percent VO2max, and percent Wmax. Mean power during the 75
minutes were higher in incomplete data sets by more than 30W however this only
approached statistical significance (p = 0.072).
Table 2.10: Subject characteristics and relative intensity of incomplete data sets
Time

Wmax

W75

%Wmax

𝐕𝐎𝟐𝐦𝐚𝐱

𝐕𝐎𝟐

%𝐕𝐎𝟐𝐦𝐚𝐱

[La]b

(min)

(W)

(W)

(%)

(mL/kg
/min)

(mL/kg
/min)

(%)

(mmol/L)

Mean

40

434

270

62.4**

64.3

49.7*

77.4**

6.2

SD

16

54

31

2.7

3.2

3.0

2.3

1.8

Max

62

469

290

65.0

68.2

52.9

80.0

9.4

Min

25

195

219

58.0

61.0

46.1

74.0

5.1

Statistic

Note: Time = time complete; Wmax = Watts at VO2max from screening day; W75 = Watts during the endurance bout; %Wmax = W75
relative to Wmax; VO2max = maximum oxygen consumption from screening day; VO2 = mean oxygen consumption from T = 0-25;
%VO2max = VO2 as a function of VO2max; [La]b = blood lactate value collected at 25 minutes of exercise
* p < 0.05
** p < 0.01
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2.5 Discussion
2.5.1 Summary of key findings
The primary purpose of this study was to investigate the effect of salbutamol on
Wingate outcomes following 75 minutes of steady-state exercise. The secondary
intention of the study was to identify some of the physiological changes, relative to
placebo, seen during steady-state exercise following salbutamol inhalation. As a third
objective, this study set out to identify any differences in performance outcomes and
effects of salbutamol between those with and without EIB and male and female athletes.
There was no significant difference found between primary Wingate outcomes
collected after the salbutamol and placebo trials. Percent increase in peak and mean
power was not significantly different in the salbutamol versus placebo trial. Percent
increase in mean power following salbutamol inhalation was significantly greater in
women compared to men. Men achieved higher absolute and relative peak and mean
power than women, regardless of treatment. Using qualitative probabilistic inferences,
the effects of salbutamol on peak and mean power following 75-minutes of steady-state
cycling were deemed negligible.
Blood lactate was higher in the salbutamol condition during steady-state cycling
compared to placebo. Following the Wingate test, blood lactate was diminished relative
to placebo. Salbutamol significantly increased respiratory exchange ratio (RER) in
women relative to placebo while no effect of treatment was seen in men. Those athletes
diagnosed with having EIB (EIB+) exhibited a lower mean RER compared to EIBathletes. The ventilatory equivalent for oxygen was significantly increased in female, but
not male, athletes during the salbutamol condition. For men and women, both heart rate
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and ventilation were significantly increased in the salbutamol condition through the first
two time intervals. EIB- athletes cycled at a consistently higher rate however this
difference was not statistically significant. Salbutamol significantly increased respiratory
rate in EIB+ athletes relative to placebo. Both absolute and relative oxygen consumption
were unaffected by salbutamol while carbon dioxide production was increased. The
ventilatory equivalent for carbon dioxide was increased in both men and women in the
salbutamol trial compared to placebo. Ventilatory equivalent for oxygen, however, was
only increased after salbutamol inhalation in female cyclists. Five male cyclists were
unable to complete the full 75-minute cycling bout.

2.5.2 Ventilatory threshold determination and relative intensity of exercise
Given the lack of homogeneity in physiological responses to fixed intensities
between individuals it is necessary to individualize exercise intensity to induce
comparable metabolic stress (Scharhag-Rosenberger, Meyer, Gäßler, Faude, &
Kindermann, 2010). The VO#$%& test was used to determine the first ventilatory threshold
(VT1) (Meyer et al., 2005). This VO#$%& protocol, or a similar one, has been used
repeatedly in trained cyclists (Hug, Laplaud, Savin, & Grélot, 2003; Lucia, Pardo,
Durántez, Hoyos, & Chicharro, 1998; Nimmerichter et al., 2010; Sporer, Sheel, &
McKenzie, 2007b) and has been shown to reliably determine ventilatory thresholds
(Amann et al., 2004; Amann, Subudhi, & Foster, 2006; Weston & Gabbett, 2001). The
determination of the ventilatory threshold using the ventilatory equivalents (VEq) method
was consistent (intra-rater reliability = 0.998). In men, the wattage determined at VT1
(WVT1) was similar to that of Amann et al. (2006) using the same method. In Category 1
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and 2 cyclists, Amann et al. (2006) found the mean WVT1 to be 276 (40W) while the
mean WVT1 in this study was predictably lower, given the calibre of athlete, and was 245
(34W) for men. A study determining WVT1 using the VEq method in women could not be
found however the physiological response to the corresponding workload during the
placebo trial can be compared to other studies. In a recreationally active cohort of men
(mean VO#$%& = 59.8 mL ∙ kg 01 ∙ min01 ) and women (mean VO#$%& = 50.9 mL ∙ kg 01 ∙
min01 ), Yasuda, Gaskill, and Ruby (2008) recorded the %VO#$%& and %Wmax during
exercise at VT1. The values found in that study were 57.4% for men and 54.6% for
women and 45.7% for men and 40.3% for women, for %VO2max and %Wmax. The values
from the current study were consistently higher for both men (67.4% VO#$%& and 54.4%
Wmax) and women (66% VO#$%& and 48.9% Wmax). The VO#$%& values found for the
subjects included in the current study were 63.2 and 53.0 mL ∙ kg 01 ∙ min01 for men and
women, respectively. Given that the current cohort had higher aerobic fitness and more
experience with cycling than that of Yasuda et al. (2008), the VT1 occurring at higher
percentage of maximal ability is expected. The ability to exercise further along the
oxygen consumption curve is generally improved with chronic training (Joyner & Coyle,
2008; Yasuda et al., 2008). The ventilatory threshold also varies considerably between
different types of athletes (Bunc, Heller, Leso, Sprynarova, & Zdanowicz, 1987). In a
group of college students, Moritani et al. (1981) reported the mean VT1 at 62.8 and
65.0% VO#$%& for men and women, respectively (in Dekerle, Baron, Dupont,
Vanvelcenaher, & Pelayo, 2003). In their review of the applications of submaximal gas
exchange parameters, Meyer et al. (2005) reported that VT1 is between 70 and 75%
VO#$%& in professional road cyclists and considerably lower in less-trained individuals
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(65% in non-professional well-trained cyclists and 58% in moderately-trained cyclists).
The %VO#$%& at VT1 in the current study is unexpectedly high compared to the values of
Meyer et al. (2005). However, the values from our study are taken as 25-minute averages
during constant load cycling not as a shorter average during the ramp test. Oxygen
consumption increases slightly at the onset of steady state exercise and as a function of
the slow component of oxygen uptake (Lajoie, Laurencelle, & Trudeau, 2000).
Mean lactate during steady state exercise (excluding the measurement at T=0) from the
current study ranged from 1.5-2.3 mmol ∙ L01 . These values correspond well to the values
found by Ribeiro et al. (1986) during cycling at the aerobic threshold (~1.5-2.5 mmol ∙
L01 ). During 60 minutes of exercise at maximal lactate steady state (MLSS), Lajoie et al.
(2000) observed mean lactate values of 4.3-4.8 mmol ∙ L01 . MLSS roughly corresponds
to the second ventilatory threshold therefore the lower lactate values compared to Lajoie
et al. (2000) are reasonable. During 60 minutes of cycling at 65-70% VO#$%& , Kalsen et
al. (2014) observed mean lactate values from 2.2-3.0 mmol which correspond to the
slightly more intense workload compared to the current study (~66-67% VO#$%& ). During
75 minutes of cycling to replicate the 40-km cycling portion of a triathlon, VE was 84.7
L ∙ min01 for male triathletes, closely corresponding to the average VE of 83.3 L ∙ min01
found in the current study (Kreider, Boone, Thompson, Burkes, & Cortes, 1988). There
are a lack of data regarding the physiological response to exercise at or near the
ventilatory threshold in women. However, the similarity in %VO#$%& between men and
women suggests that the participants cycled at a roughly equivalent intensity. The sexbased differences in exercise parameters are discussed in a following section.
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2.5.3

Relative intensity of incomplete data sets
As the workload just below VT1 was chosen to elicit a physiological response

roughly equivalent to the lactate and aerobic threshold, the high number of participants
unable to complete the intended exercise bout was unexpected. A simple explanation for
such a result is experimenter error. Meyer et al. (2005) reported that determination of the
VT1 is often conflated with the respiratory compensation point (VT2) as a result of basing
the measurement on V> alone or inappropriate exercise protocols. As stated previously,
the exercise protocol employed has been used by a number of research groups with strong
predictive capability (Amann et al., 2004; 2006; Weston & Gabbett, 2001). VT1 was
determined using the VEq method with V> serving as a secondary indicator. Furthermore,
01
using the VEq to determine VT2 – a rise in both V> ∙ VO01
# and V> ∙ VO# – can be used to

identify a point above VT1 at which this criterion is fulfilled in all five subjects (Meyer et
al., 2005). However, the mean %VO#$%& during the first time interval (77.4%) is very
close to the value found to correspond with VT2 in trained male cyclists (75%) (Bearden
& Moffatt, 2001). Lactate values recorded at 25 minutes of the placebo trial (M = 6.2, SD
= 1.8 mmol ∙ L01 ) are significantly above those measured in complete data sets (M = 2.3,
SD = mmol ∙ L01 ) and at a level that would be expected around the aerobic threshold.
VT2 may overestimate the anaerobic lactate threshold, roughly equivalent to 4 mmol ∙
L01 though it can range from 3 – 9 mmol ∙ L01 (Meyer et al., 2005; Svedahl &
MacIntosh, 2003). These strong physiological correlations suggest that those who did not
complete the full 75 minutes were unable to do so because they were cycling at an
intensity near their second ventilatory and lactate thresholds. Alternatively, pre-exercise
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glycogen levels may have affected subjects’ ability to complete the full exercise
challenge (Coyle, 1995).
2.5.4 The effect of salbutamol on lung function
In the mixed cohort used in the current study, the increase in FEV1 following
salbutamol inhalation of 8.3 (8.8)% was higher than that found in comparable studies. A
6.4% and 2% increase in FEV1 were found in male triathletes and runners, respectively,
after inhalation of 1600µg salbutamol (Dickinson, Hu, Chester, Loosemore, & Whyte,
2014a; Koch et al., 2015). In this study, male participants exhibited an increase of 11.0
(9.0)% increase while female athletes increased their FEV1 by 5.7 (8.3)%, with no
significant difference found between the sexes. Though the dose was four times higher in
the present study, the difference in FEV1 response to salbutamol between the sexes is
similar to that of Koch et al. (2013 and 2014). In those studies, women showed a 4.6%
increase while FEV1 increased by 6.1% in men with no significant difference between the
two. Using a dose of 200µg, Meeuwise et al. (1992) found an increase in FEV1 of 5.3%
in male competitive cyclists. A log-linear relationship exists for the bronchodilatory
response to βAR stimulation meaning that a doubling in response requires a 10-fold
increase in dose (Nelson, 1995). Therefore, a large difference in FEV1 is not expected
with each increase in dose. Variability in FEV1 measurement is roughly between 3-5%
which may explain the slightly higher values found in this study (Meeuwisse et al.,
1992). As with Koch et al. (2014 and 2015), there was no significant difference in change
in FEV1 between EIB+ and EIB- athletes following salbutamol inhalation. Given that
change in FEV1 found in EIB+ athletes is roughly double that of EIB- athletes (12.1 vs.
5.3%) a lack of statistical significance is surprising. This finding is likely explained by

69

the significant variation in FEV1 values found as a result of a combination of males and
females in each group.

2.5.5 The effect of salbutamol on endurance variables
Lactate and Respiratory Exchange Ratio
The delay between onset of exercise initial measurement of blood lactate varied
between 0 and approximately 2 minutes. Similarly, variation in lactate values was
introduced in the final measurement because the samples were collected immediately
following the Wingate test rather than following a pre-determined post-test time interval.
Because of this variation, care must be taken when interpreting the values. Despite this
potential for error, the observed effect of increased lactate in the blood ([La]b) during
exercise is similar to the results found in other studies (Collomp, Candau, Collomp, et al.,
2000a; Hallén, Saltin, & Sejersted, 1996; Kalsen et al., 2014; van Baak et al., 2000). β2
agonists have also been found to increase [La]b at rest (Hallén et al., 1996; van Baak et
al., 2004). The mechanism by which β2AR agonists raise [La]b is thought to be through
an increase in glycolytic flux via stimulation of cellular cAMP and activation of
glycolytic enzymes (Kalsen et al., 2014). [La]b may also be increased through activation
of Na+/K+-ATPase, leading to increased level of ADP (Levy et al., 2008). Increased
levels of both ADP and cAMP lead to increases in PFK activity and subsequent
stimulation of glycolysis and glycogenolysis (Cazzola et al., 2012). β-adrenergic
stimulation via epinephrine has also been shown to increase glycogen phosphorylase and
pyruvate dehydrogenase activity, leading to increase muscle glycogenolysis and
glycolysis (Richter, Ruderman, Gavras, Belur, & Galbo, 1982; Watt, Howlett, Febbraio,
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Spriet, & Hargreaves, 2001). Yet another way [La]b may be increased is through
decreased reuptake of lactate from the blood into the muscles. Following this observation
during epinephrine infusion, Hamann et al. (2001) concluded that this decreased reuptake
was due to increased intramuscular lactate level or by direct inhibition of sarcolemmal
lactate transport by β2AR stimulation.
Our finding of statistically lower blood lactate values in the salbutamol condition
following the Wingate test differs from other similar studies. An increase in post-exercise
lactate has been demonstrated after oral salbutamol following a short sprint (Sanchez et
al., 2012). Collomp et al. (2005) found a trend towards increased post-Wingate [La]b after
oral salbutamol but the result was not statistically significant. Similarly, after oral
salbutamol Le Panse et al. (2007) recorded increased post-Wingate [La]b that was not
statistically significant until 10 minutes post-exercise. Hallen et al. (1996) found that
terbutaline increased [La]b during low power (40W) but not during high power (75W) leg
extension exercise. Using high-dose inhaled terbutaline, Hostrup et al. (2014b) found a
higher post-Wingate [La]b versus placebo. McDowell, Fleck, and Storms (1997) observed
decreased [La]b 3 minutes post-Wingate after salmeterol inhalation but the difference was
not statistically significant. Given these results, the observed difference in [La]b found in
the present study may be due to measurement error. Alternatively, because the Wingate
test was not performed following extended endurance exercise in the available studies,
that prolonged exercise bout could have influenced the subsequent Wingate. For
example, the decrease in post-Wingate [La]b after salbutamol administration could be
explained by a lack of glycolytic fuel. Using epinephrine infusion, which is a nonselective β- and α-adrenergic agonist, an increase in carbohydrate metabolism was seen
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during exercise at 58% VO#'(%) , relative to placebo (Watt et al., 2001). While some
researchers have seen the same result (Febbraio, Lambert, Starkie, Proietto, &
Hargreaves, 1998), others have not (Kjaer et al., 2000). As discussed above, selective
β2AR stimulation has been shown to increase glycolytic flux within the muscles. β2AR
stimulation has also been shown to increase liver glycogenolysis leading to
hyperglycemia and insulin release (Price & Clissold, 1989). The increase in carbohydrate
metabolism seen at rest after selective β2 stimulation has also been seen during exercise
by some researchers (Hostrup, Kalsen, Bangsbo, et al., 2014b; Kalsen et al., 2014) but
not by others (Arlettaz et al., 2008) though this difference may be related to the higher
dose used by Kalsen et al. (2014) and Hostrup et al. (2014). Glycolysis is the dominant
contributor to performance from 5s to the end of the Wingate test (Beneke, Pollmann,
Bleif, Leithäuser, & Hütler, 2002). By increasing glycolytic flux in the muscles during
the aerobic challenge, salbutamol may have depleted carbohydrate availability during the
Wingate test relative to placebo. This would result in a decreased contribution of
glycolysis to the Wingate test and decreased production of lactate by the working
muscles. Furthermore, depletion of glycogen during the 75-minute bout could have
decreased glycogen phosphorylase activity, limiting lactate production prior to the
Wingate test (Hespel & Richter, 1992). Conclusions about glycogen availability
following salbutamol inhalation, however, cannot be confirmed without muscle biopsies.
Although the main effect of treatment on RER approaches significance, it appears
that salbutamol increases RER in the salbutamol condition in female athletes. An indepth discussion of the sex-based differences appears in the next section. However, in
female athletes, as the [La]b values would suggest, RER is higher through the middle of
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the endurance bout and suggests an increase utilization of carbohydrates. Conversely,
Arlettaz et al. (2008) found no effect of 4mg oral salbutamol on energy expenditure or
substrate oxidation of a 60-minute endurance bout but found a significant decrease in
RER in the final 20 minutes. The exercise intensity used by that group was slightly lower
– 60% VO#$%& versus 65-70% VO#$%& – which is one possible reason for the
discrepancy. The present results are somewhat similar to the results of Kalsen et al.
(2014) who found an increase in RER, glycogen breakdown, and lactate during 60
minutes of exercise at 65-70% VO#$%& following terbutaline inhalation. This group used
a supratherapeutic dose of terbutaline (15,000µg) resulting in a systemic plasma
concentration equivalent to >10 mg oral terbutaline (Kalsen et al., 2014). Though plasma
concentrations were not measured, 250µg of terbutaline per inhalation is considered an
equivalent dose to 100µg of salbutamol per inhalation (Wong, Pavord, Williams, Britton,
& Tattersfield, 1990) meaning the dose used in that study was approximately 4 times
greater than the current study. Lactate values were not consistently raised throughout the
exercise bout in the present study, meaning an increase in RER would not have been
expected. However, a trend towards increased lactate was seen. The respiratory quotient
is the amount of CO2 produced relative to the amount of O2 consumed at the tissue level,
and is indirectly measured by RER (Jeukendrup & Wallis, 2005). The concomitant
appearance of H+ ions with lactate accumulation can theoretically influence RER by
displacing CO2 from bicarbonate ions, increasing VCO# and thus RER, though this effect
is likely minor (Frayn, 1983; Kalsen et al., 2014). If reuptake of lactate by the working
muscles were decreased following βAR stimulation, as suggested by Hamman et al.
(2001), lactate levels in the blood – which increase stoichiometrically with H+ (Robergs,
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Ghiasvand, & Parker, 2004) – might exceed those which represent carbohydrate
utilization. If so, the effect of H+ on CO2 excretion may cause RER to increase to a
greater extent than would be suggested by [La]b. Therefore, in the present study, this
phenomenon could lead to a slight increase in carbohydrate oxidation, causing the nonsignificant increase in [La]b but statistically significant increase in RER through the
endurance bout.
Contrary to the [La]b values, RER in the present study was not increased in the
salbutamol condition at the onset of exercise. Respiratory measurements in the initial few
minutes of exercise cannot be considered steady-state values and are often deleted to
limit error (Kalsen et al., 2014; Sporer et al., 2007a). The lack of difference between the
salbutamol and placebo conditions may be explained by this inherent error but may also
be explained by an increase in total energy consumption. β2AR stimulation has been
shown to increase total energy consumption by mobilizing glucose as well as free fatty
acids (FFA) (Price & Clissold, 1989). Such an effect would not alter RER and has been
found in several studies. In untrained men, Schiffelers et al. (2001) and Hoeks et al.
(2003) demonstrated an increase in energy expenditure, fat oxidation, and plasma FFA
concentration at rest using varying doses of salbutamol. This effect has been seen during
exercise by Collomp et al. (2000) after oral salbutamol but not by Van Baak et al. (2004
and 2000) using 800µg inhaled salbutamol and oral salbutamol, respectively. The time
course of the different metabolic effects of salbutamol is unclear. It appears that
salbutamol may have increased general energy consumption initially with a greater effect
on carbohydrate metabolism. These alterations in metabolism diminished over time,
probably due to rapid β2AR desensitization to agonist binding (Luttrell & Lefkowitz,
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2002) or reduced glycogenolytic response to prolonged cAMP levels (Chasiotis (1983) in
Kalsen et al. (2014)). The duration of action for salbutamol is approximately 4-6 hours
with no appreciable drop in serum concentration occurring within the initial 2 hours
following inhalation (Cazzola et al., 2012; Elers, Pedersen, Henninge, Hemmersbach,
Dalhoff, & Backer, 2012b). Accordingly, a decrease in systemic potency is likely not the
cause of a diminishing effect on metabolism.
Sex-based differences in lactate and RER response
No effect of sex was detected for [La]b. There was an apparent difference in RER
response to salbutamol during exercise between men and women. Because mean RER
was not significantly different during the placebo condition, the response to salbutamol in
RER between men and women could be explained by the higher relative dose
administered to the female (M = 26.6, SD = 3.4 µg ∙ kg 01 ) versus male athletes (M =
22.1, SD = 2.7 µg ∙ kg 01 ), p = 0.002. A weak, positive relationship between dose per kg
and change in RER after salbutamol versus placebo was found (r = 0.30) however this
relationship was not significant (p = 0.200). An effect of relative dose on the ergogenic
effect of oral or inhaled salbutamol has not previously been identified. Because the
swallowed component of the inhaled dose undergoes extensive first-pass metabolism
after absorption into the blood it is difficult to quantify the extent to which a small
increase in relative dose would affect systemic bioavailability. Furthermore, there is no
available literature quantifying a difference in metabolism of salbutamol between men
and women. The current literature contains very few direct comparisons of the effect of
salbutamol on male and female athletes. Similar to our study, using a dose of 1600µg
Koch et al. (2015) found no change in RER in male athletes during a 10km TT but female
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athletes were not tested using that dose. Koch et al. (2014) found a decrease in cycling
economy after inhalation of 400µg salbutamol in female athletes versus no change in
male athletes in a comparable study (Koch et al. (2013)). In the female athletes, a
statistically lower RER was reported in the first 2 km and a trend towards lower RER
persisted through the 10 km TT in the salbutamol condition (Koch et al. 2014). RER was
not reported in the equivalent study of male athletes (Koch et al., 2013). In the work by
Koch et al. (2013, 2014), not only was dose lower but the exercise bout was more intense
than in the present study, using a time trial format lasting between 15.8 and 19.5 minutes.
One possible explanation for the discrepancy between male and female athletes in the
current study is the individual and sex-based variation in density and sensitivity of
β2ARs. Slow-twitch muscle (soleus) contains three times more βARs than does fasttwitch muscle (vastus lateralis) (Martin, Murphree, & Saffitz, 1989). Women have
greater Type I fibre area than men and therefore higher capillary density and more β2ARs
(Hunter, 2014). Women are more sensitive to the hypokalemic and vasodilatory effects of
β2AR agonists (Kneale et al., 2000; Rahman, McDevitt, Struthers, & Lipworth, 1992).
These results, along with the finding that receptor-coupled adenylyl cyclase activity is
higher in women versus men suggests that the sensitivity of β2AR may be higher in
women compared to women (Kneale et al., 2000; Mills, Ziegler, & Nelesen, 1996). With
respect to bronchodilatory response to β2 agonists, Lima et al. (2000) suggest that it is
receptor genotype, and not sex, that determines change in FEV1 following IBA use.
Accordingly, our results suggest no difference in FEV1 response to salbutamol inhalation.
Regardless of bronchodilatory response, it appears that β2AR in women are more
sensitive and exist in greater density in women compared to men. This difference could
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therefore explain the greater increase in carbohydrate utilization seen in women,
characterized by an increase in RER during the salbutamol trial. Ruby, Coggan, and
Zderic (2002) found that the relative contribution of carbohydrates to total energy
expenditure during exercise at 90% lactate threshold was not significantly different
between the sexes. However, they found that the relative contribution to total
carbohydrate oxidation was lower and higher for glycogen and blood glucose,
respectively, in women compared to men. Ruby and colleagues (2002) suggested that this
result may be due to the suppression of glycogen utilization by 17β-estradiol or glucose
transport by other ovarian hormones. Therefore, adrenergic stimulation may have
competed against these inhibitory mechanisms, increasing the relative contribution of
carbohydrates to total energy consumption to a greater extent than in men. Lastly,
females are more sensitive to the effects of insulin, the release of which is increased by
βAR stimulation, which would result in a more significant blood glucose uptake in
women compared to men (Price & Clissold, 1989; Geer & Shen, 2009).
The effect of EIB status on lactate and RER
No treatment effect was found for EIB with respect to RER. Although a main
effect was found for EIB, mean RER during the placebo condition did not differ
significantly between those with and without EIB (p = 0.074). The increase in RER
during the salbutamol condition seen in EIB- athletes is likely due to the higher number
of female athletes in that group versus the EIB- group. A significant interaction effect
was found between sex, treatment, and EIB status such that mean lactate was
significantly greater in the salbutamol condition compared to placebo in EIB- women but
not in any other group. One possible mechanism for this difference could be βAR
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desensitization due to previous IBA use (Johnson, 2001), however, only one of the three
female EIB+ athletes reported infrequent use of an IBA (formoterol and budesonide
combination). She stated that the most recent dose was administered five days prior to the
salbutamol trial and short-term receptor desensitization is quickly reversed following
removal of the agonist (Johnson, 2001). Furthermore, corticosteroids, such as
budesonide, may be protective against β2AR downregulation (Mak, Nishikawa,
Shirasaki, Miyayasu, & Barnes, 1995). Cycling cadence could affect muscle metabolism
and lactate production, however, in EIB- women no difference in cadence was found at
any time point between salbutamol and placebo. In lymphocytes, β2AR density and
cAMP response to agonists vary within women depending on the menstrual cycle (Mills
et al., 1996; Wheeldon et al., 1994). This variation in response to adrenergic stimulation
may explain the divergent lactate response seen between EIB+ and EIB- women.
However, as the menstrual phase was not controlled for during this study its effect
remains unknown. The small sample size of EIB+ women (n = 3) does not support a
strong difference in lactate response to salbutamol between those with and without EIB.
Heart Rate
Tachycardia is a well-known side effect of salbutamol administration due to this
IBA’s relatively low selectivity (Lee, Day, Greenfield, & Ho, 2013). Incidental
stimulation of cardiac β1ARs, as well as the small proportion of cardiac β2AR causing
dose-related increases in heart rate have been seen at rest after oral, intravenous, and
inhaled administration of salbutamol (Price & Clissold, 1989). In lower doses (200µg),
this resting tachycardia has not been seen (McKenzie, Rhodes, & Stirling, 1983). During
exercise, an increase in heart rate following inhaled salbutamol has been identified in a
78

minority of studies (Fleck, Lucia, & Storms, 1993; Koch et al., 2015) while the majority
of studies have not demonstrated it (Goubault et al., 2001; Koch, MacInnis, Sporer,
Rupert, & Koehle, 2013; McKenzie et al., 1983; Sporer, Sheel, & McKenzie, 2007b; van
Baak et al., 2000). This inconsistency is likely due to the relatively low administered dose
in these studies, as discussed previously. Most studies administered a dose of 800µg or
less, and the small number of those that administered a higher inhaled dose or an oral
dose did not report HR during exercise. After inhaling 5mg of nebulized salbutamol, no
statistical effect was found for treatment during a stepwise VO#$%& test, though heart rate
during the salbutamol was consistently higher (Freeman, Packe, & Cayton, 1989). After
4mg oral administration of salbutamol, Van Baak et al. (2000) found no increase in heart
rate during approximately 50 minutes of cycling to exhaustion at 70% Wmax.
Experimental results, however, suggest that βAR stimulation controls exercising heart
rate in some capacity. Infusion of salbutamol caused an increase in heart rate relative to
baseline and, after blockade of β1AR stimulation, heart rate decreased but remained
elevated compared to baseline (Schiffelers, van Harmelen, de Grauw, Saris, & van Baak,
1999). Joyner et al. (1986) found that maximum heart rate was lower during general βadrenergic blockade than after β1AR blockade alone. These results suggest that heart rate
and contractility are mediated by β1ARs but also by β2 and β3ARs. Salbutamol is also
thought to increase heart rate via a reflexive tachycardia in response to vasodilation and a
drop in peripheral resistance (Cazzola, 2012).
The explanation for the discrepancy between the current result and the findings of
the few studies investigating heart rate during exercise after salbutamol administration is
unclear. The output of the sympathetic nervous system increases during exercise causing
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a number of physiological changes one of which is an increase in heart rate. This
increased output is achieved through increased direct sympathetic nerve input to the heart
as well as release of epinephrine and norepinephrine (Fisher, Young, & Fadel, 2015),
both of which act as agonists to βARs (Tank & Wong, 2015). The extent of the
contribution of the β-adrenergic system to heart rate during varying intensities of exercise
is unclear. This contribution is measured by assessing the effect of β-adrenergic
blockade; some studies suggest that blockade of the β-adrenergic system lowers heart rate
during exercise or at maximal exercise while others report no effect (Fisher et al., 2015).
The effect of additional sympathetic stimulation – increased input to the β-adrenergic
system – during exercise is not available. Because the intensity of exercise during the
cited studies was higher than the current study – ramp exercise to exhaustion and
70%Wmax for Freeman et al. (1989) and Van Baak et al. (2000) versus 40-60% Wmax in
the present study – there may have been a ‘ceiling effect’ of β-adrenergic stimulation
during these studies; a point above which further β-adrenergic stimulation could not
increase heart rate. This potential effect may also explain the lack of change in HR seen
in the studies using supratherapeutic inhaled doses (800µg) because the exercise
challenges were of a higher intensity than the one used in the present study (10km time
trial in Koch et al. (2014), 20km time trial in Sporer et al. (2007)). In support of this
‘ceiling effect’ is the lack of cardiac drift seen during the salbutamol condition. In control
conditions, a slow, continuous increase in heart rate during prolonged moderate-intensity
exercise is expected. Cardiac drift was clearly seen during the placebo trial. Our observed
increase of 5.9% is slightly lower than the 9.3% found in the study of Ekelund (1967).
The values in the present study were computed as the difference between the first and last
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25-minute interval. As cardiac drift begins after approximately 10 minutes of prolonged
exercise, this is an imperfect measure and the percent change would likely be higher had
the heart rate at the end of exercise been compared to that found in the first 10 minutes
(Coyle & González-Alonso, 2001). Traditionally this phenomenon is thought to be due to
a decrease in central blood volume and an increase in cutaneous blood flow leading to
reduced ventricular filling and stroke volume (SV), resulting in an increase in heart rate.
More recently it has been shown that there is a distinct lack of correlation between skin
blood flow and change in stroke volume during moderate exercise (Coyle & GonzálezAlonso, 2001; González-Alonso, Mora-Rodriguez, & Coyle, 2000). After the initial
increase in heart rate in the first 15 minutes of exercise, cardiac drift was prevented
during exercise at ~57% VO#'(%) after β1-blockade, despite normal cutaneous blood flow
and blood volume (Fritzsche, Switzer, Hodgkinson, & Coyle, 1999). This result suggests
that the decline in SV seen during cardiac drift is due to reduced systolic filling time as a
result of an increase in HR (Coyle & González-Alonso, 2001). The increase in HR during
steady-state exercise is thought to be mediated by a reduction in cardiac parasympathetic
input and a concomitant increase in sympathetic input (Fisher et al., 2015). This suggests
that, in the present study, endogenous β-adrenergic stimulation had no further
chronotropic effect on top of that caused by salbutamol administration.
Core temperature and cardiac drift are strongly correlated and the rise in HR
during exercise is a sympathetic response to an increase in core temperature (Coyle &
González-Alonso, 2001; Fritzsche et al., 1999; Goodman, Busato, Frey, & Sasson, 2009).
When cutaneous blood flow is restricted via α-adrenergic vasoconstriction during
exercise in the heat, hyperthermia and an increase in heart rate is seen, while an
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attenuation of vasoconstriction and increase in peripheral and cutaneous blood flow (via
glucose infusion) prevents hyperthermia. This increase in cutaneous blood flow coincided
with a decrease in HR relative to control however it is unclear the extent to which HR
was affected by a reduced core temperature or by hyperglycemia (Mora-Rodriguez,
González-Alonso, Below, & Coyle, 1996). In dogs, cutaneous blood flow was shown to
increase after isoproterenol infusion – a general βAR agonist (Mark, Abboud, Schmid,
Heistad, & Mayer, 1972). Beta-blockade prevents an increase in skin blood flow during
blushing (Drummond, 1997). It is thereby possible that β-adrenergic stimulation, via
vasodilation, increases blood flow to the skin and mitigates hyperthermia and ultimately
cardiac drift, or a portion thereof. The study by Mora-Rodriguez et al. (1996) was
conducted in the heat (~33°C) and the effects of manipulating cutaneous blood flow in a
normal temperature range are unknown. Furthermore, there are several other factors that
may contribute to cardiac drift. Dehydration greatly affects cardiac drift by decreasing
blood volume, resulting in a decreased SV, and may promote hyperthermia by cutaneous
vasoconstriction. We cannot be certain that the lack of cardiac drift in the salbutamol
condition is not an artefact of a difference in hydration status. As a difference in cardiac
drift was not foreseen, several sources of error are apparent. Subjects were permitted to
drink ad libitum at 25-minute intervals therefore hydration status was not closely
monitored. Ambient temperature and skin airflow due to fan preferences during exercise
were not standardized, and core temperature was not monitored.
Kimura et al. (2010) showed an increase in blood volume in resting muscles
during prolonged exercise and found a positive correlation between that blood volume
and HR. This finding suggests that blood pooling in quiescent muscle may contribute to

82

the decline in SV. If a decline in preload is accepted as a mechanism of CD, it might be
expected to be limited by the vasodilatory effects of salbutamol. Systemic vasodilation
after α-blockade via phentolamine infusion decreases total peripheral resistance (Singer,
Allen, Webb, & Bennett, 1991). Similarly, by inducing vasodilation, salbutamol infusion
decreases total peripheral resistance and increases cardiac index at rest (Gratze et al.,
1999). Salbutamol increases systolic blood pressure and reduces diastolic blood pressure
(Price & Clissold, 1989). The vasodilatory actions of salbutamol result in an increase in
venous return and stroke volume due to an increase in cardiac filling (Daly, Farmer, &
Levy, 1971). Furthermore, salbutamol-induced pulmonary vasodilation increases right
ventricular ejection fraction and decreases afterload (Mols et al., 1988). The decline in
stroke volume suggested as a cause of cardiac drift during exercise might be ameliorated
after salbutamol administration due to increased cardiac performance. The studies
discussed, however, were performed at rest and therefore the effect of salbutamol on
cardiac function during prolonged exercise is largely unknown.
A higher cycling cadence during the warm-up in the salbutamol trial may have
increased heart rate at the beginning of the exercise trial. The RPM data are not available
from the warm-up however a decrease in blood lactate would be expected as a result of
increased cycling cadence which contradicts the finding from the current study (Lucia et
al., 2004). Secondarily, an increased cadence during the 15-minute warm-up would likely
not cause an increase in heart rate 50 minutes into a steady-state exercise bout. This
suggests that cadence during the warm-up did not affect exercising heart rate in the
salbutamol trial. Although differing pedaling cadences can affect heart rate during steady
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state exercise (Gottshall, Bauer, & Fahrner, 2007) no effect of treatment was found for
cadence during the exercise bout.
Sex-based differences in heart rate response to salbutamol
Mean HR increased between all time points in males while it only increased
between the first and second intervals in females. In women, mean HR increased 3.4 bpm
across the three time intervals while HR in men increased 6.9 bpm. During the placebo
condition, the increase in HR during the 75 minutes was roughly the same in men (9.2
bpm; 6.3%) and women (7.9 bpm; 5.4%). In the salbutamol condition, HR remained
unchanged in women across the 75 minutes but increased by 4.6 bpm (3.0%) in men; this
difference was statistically significant. Despite this difference, no interaction effect was
found for treatment and sex with respect to change in HR. There was a complete lack of
CD seen in women in the salbutamol trial while men exhibited a reduced CD.
Several reasons may account for the sex-based difference in CD after salbutamol
administration. Women rely more heavily on withdrawal of parasympathetic tone to
increase exercise HR and have reduced cardiac sympathetic responsiveness than men
(Wheatley, Snyder, Johnson, & Olson, 2014). Women may also have greater baroreceptor
reflex inhibitory control of sympathetic activity (Hogarth, Mackintosh, & Mary, 2007).
This may account for the absence of CD seen after salbutamol inhalation due to an
increased inhibitory effect of βAR stimulation in response to exercise. If a ceiling effect
for sympathetic stimulation of heart rate were reached after salbutamol inhalation women
may have a smaller capacity for sympathetic stimulation at a given workload than men.
Women are also less sensitive to norepinephrine-induced vasoconstriction and more
sensitive to β2AR-mediated vasodilation (Kneale et al., 2000). Therefore, salbutamol may

84

prevent a decline in stroke volume during exercise to a greater extent in women
compared to men. If a portion of CD were due to decreased thermoregulation as a result
of cutaneous vasoconstriction, a phenomenon that could be prevented by β2AR agonist
administration, women might be more sensitive to this preventative mechanism.
Dehydration may affect the development of hyperthermia and resultant cardiac drift and
women exhibit less fluid loss than men during prolonged exercise (Coyle & GonzálezAlonso, 2001; Eijsvogels, Scholten, van Duijnhoven, Thijssen, & Hopman, 2013).
Furthermore, the combined effect of dehydration and hyperthermia on SV and HR are
greater than the sum of their effects alone (Coyle & González-Alonso, 2001). Therefore,
the prevention of hyperthermia via cutaneous vasodilation combined with a lesser degree
of hypovolemia may explain the lack of CD seen in women versus only a diminished CD
seen in men in the salbutamol trial. As mentioned, however, fluid intake, core
temperature, and skin airflow were not tightly monitored therefore a strong conclusion
cannot be drawn.
Heart rate was increased by salbutamol administration and the typical rise in heart
rate during prolonged exercise was not seen. Three main mechanisms may explain this
result: (1) there is a ceiling effect for sympathetic stimulation that is reached when
salbutamol is combined with exercise, (2) salbutamol prevented cardiac drift by
improving thermoregulation through increased cutaneous vasodilation, and (3)
salbutamol mitigated the typical mechanism of cardiac drift by limiting the fall in stroke
volume due to an improvement in cardiac contractility.
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Ventilation
Concerning minute ventilation (V> ), the results of the present study are similar to
the findings of some investigations but not others. Kalsen et al. (2014) found an increased
V> at all time points during 60 minutes of cycling at 65-70% VO#$%& following
terbutaline inhalation. Goubault et al. (2001) found an increase in V> after either 200µg or
800µg inhaled salbutamol during an exhaustive test at 85% VO#$%& . Using 1200µg
salbutamol Sandsund et al. (1998) found an increase in V> in crosscountry skiers at
VO#$%& in -15ºC but not at lower intensities. During a 10km TT, no change in V> was
found between placebo and 400µg salbutamol for male or female athletes (Koch et al.,
2013, 2014). Similarily, Sporer et al. (2007) found no effect of 200, 400, or 800µg
salbutamol on V> during a 20km TT. V> was not reported in the methodologically similar
studies that were previously discussed (Arlettaz et al., 2008; Collomp, Candau, Collomp,
et al., 2000a; van Baak et al., 2000; 2004). The divergent results between the current
study and those showing no change in V> are likely due to the relatively smaller dose and
higher exercise intensity used in those studies.
Salbutamol inhalation is known to increase V> at rest. Several mechanisms have
been proposed including increased anaerobic glycolysis leading to increased CO2
production, increased lactate production, stimulation of peripheral chemoreceptors, and
stimulation of central chemoreceptors (Tobin, Pellizzer, & Santamaria, 2006). Breathing
100% oxygen has been shown to dampen the expected ventilatory response during βadrenergic stimulation while more recently this has not been found (Heistad, Wheeler,
Mark, Schmid, & Abboud, 1972; Tobin et al., 2006). Beloka et al. (2011) found no
change in muscle sympathetic nerve activation or central chemosensitivity and an
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increase in peripheral chemosensitivity at rest after intravenous salbutamol
administration. The absence of adrenergic stimulation during β-blockade does not alter
chemosensitivity (Beloka et al., 2008). These divergent responses suggest that the
increase in V> is due to a combination of enhanced chemosensitivity through modulation
of carotid body responsiveness and indirect stimulation of the central and peripheral
chemoreceptors by increasing CO2 and H+ in the blood (Beloka et al., 2011; Tobin et al.,
2006). This is also the probable mechanism for the increase in exercise hyperpnea seen
during β-adrenergic stimulation. Although the mechanism of exercise hyperpnea is not
fully understood it is likely that a number of redundant systems contribute, such as neural
feed-forward mechanisms, skeletal muscle afferents, and central and peripheral
chemoreceptors. Though humoral stimuli acting on chemoreceptors are likely not the
primary mediators of ventilation during exercise they form part of the redundant system
(Forster, Haouzi, & Dempsey, 2012). The observed increase in RER, lactate, and V> ∙
+
VCO01
# , interpreted as an increase in CO2 production and blood [H ], suggests that the

β2AR-stimulated rise in ventilation may be a result of increased metabolism and
chemosensitivity. As this may result in a shift in the V> ∙ VCO01
# relationship, the
implications and details of an increase in chemosensitivity are further discussed in a later
section.
Another way in which salbutamol may increase V> is via the muscle chemoreflex.
Group III and group IV muscle afferents detect chemical and mechanical changes due to
locomotion and blood flow that may contribute to exercise hyperpnea though their
cumulative contribution is not known (Sheel & Romer, 2012). An increase in cardiac
output and metabolism due to β-adrenergic stimulation may have increased this neural
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feedback. Though it was not measured in this study, a fall in potassium in the blood is an
expected result of β-adrenergic stimulation due to an increase in uptake by cellular
Na+/K+ATPase (Leitch, Clancy, Costello, & Flenley, 1976; van Baak et al., 2000; Wong,
Pavord, Williams, Britton, & Tattersfield, 1990). As suggested by Beloka et al. (2011), a
decrease in potassium, which may sensitize the chemoreflex at normal levels, could have
counteracted the effect of salbutamol on chemosensitivity. The link between plasma K+
and ventilation is not clear, however, and likely not causal (Sheel & Romer, 2012).
Dyspnea was not affected by treatment or EIB status, which is unexpected given
the increase in V> . It is unclear if salbutamol or adrenergic stimulation have an affect on
perceived exertion that may mask the expected increase in dyspnea with increase
ventilation by facilitating an increase in respiratory work (Koch et al., 2015). Blood
lactate and CO2 production rose at the beginning of the exercise bout and remained
elevated throughout the 75 minutes. Though a number of factors contribute to exerciseinduced hyperpnea, an increase in metabolic rate and possibly an increase in sensitivity of
peripheral chemoreceptors are likely responsible for the increase in exercise ventilation
during β2-adrenergic stimulation.
EIB Status and Ventilation
Though no effect of EIB status was found for V> , one of its components,
respiratory rate (RR), was significantly increased by salbutamol in EIB+ athletes only.
This result was statistically significant at the first and third time intervals. Koch et al.
(2013 and 2014) found no difference in respiratory rate between athletes with and
without EIB after salbutamol inhalation. Salbutamol has not been shown to increase
respiratory rate in non-asthmatic athletes during exercise (Sporer, Sheel, & McKenzie,
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2007b). Following administration of 1600µg of salbutamol, Koch et al. (2015) found an
increase in V> and RR in both EIB+ and EIB- men during a 10km TT after 1600µg
salbutamol. In nonasthmatic males, Kalsen et al. (2015) found an increase in V> and RR
during submaximal exercise after terbutaline inhalation. At rest, after intravenous
salbutamol, RR increased in asthmatic subjects but the increase was not statistically
significant (Tobin et al., 2006). The increase in RR following salbutamol administration
might suggest that EIB+ athletes were either unable to increase tidal volume (VT) to
match ventilatory demand resulting in a disproportionate increase in RR or that they
employed a different breathing strategy than EIB- athletes during a period of increased
ventilation. Koch et al. (2015) reported that the increase in V> was due to respiratory rate,
not VT in both EIB- and EIB+ athletes. In that study, mean VT was significantly higher in
EIB- athletes compared to EIB+ while mean RR was lower in EIB- versus EIB+ athletes,
though the RR difference was not significantly different. The ventilatory demand of
exercise in the study of Koch et al. (2015) was significantly higher than that imposed by
the endurance bout in the current study. When VT was estimated (using V> / RR) no
difference was found between EIB+ and EIB- athletes in the current study. Though VT
was not recorded in this study, comparing the present results to Koch et al. (2015)
suggests that for a given ventilatory demand, be it imposed pharmacologically or via
exercise, EIB+ athletes selectively increase respiratory rate rather than VT. Breathing
strategy naturally occurs in a pattern in which lung compliance is highest and energy
expenditure is lowest (Sheel et al., 2009). During exercise above 50% VO#$%& , asthmatic
subjects exhibit an increase in end-expiratory lung volume (EELV) which prevents full
expiration before onset of inspiration (Johnson, Scanlon, & Beck, 1995). In asthmatics,
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EELV may remain elevated even after bronchodilator inhalation (Martin, Powell, Shore,
& Emrich, 1980). Maximal expiratory flow at lower lung volumes are still diminished in
asthmatics, even when they exhibit normal FEV1 (Johnson, Scanlon, & Beck, 1995).
These observations suggest that, during increased ventilatory demand, EIB+ athletes
might maintain a higher EELV than their EIB- counterparts to avoid flow limitation at
low lung volumes and do so by strategically increasing RR over VT. This only occurred
during the salbutamol trial, the reason for which is unclear. It may be that the salbutamolmediated increase in V> , as a function of %V>$%& , crossed a threshold after which this
breathing strategy is necessary. This threshold may explain the trend towards an increase
in RR over VT seen in both the placebo and salbutamol trials of Koch et al. (2015) as the
exercise intensity was significantly higher in that study. Also, inflammatory responses
and epithelial remodeling following repeated airway damage may alter the structure and
function of asthmatic lungs and varies with sport, temperature, pollutants, and training
(Sheel & Romer, 2012). The impact of these structural changes on breathing strategy
during adrenergic stimulation is not clear. Furthermore, the effect of the refractory period
in EIB+ athletes induced by the warm-up on breathing strategy is not known (Koch et al.,
2015). Entrainment of respiratory and locomotor rhythms can alter the breathing pattern
during exercise however there was no difference in entrainment between any subgroups
or between conditions (Sheel & Romer, 2012; Sporer et al., 2007a).
Oxygen Consumption and Carbon Dioxide Output
At rest, both VO# and VCO# increase during salbutamol infusion or inhalation
(Amoroso, Wilson, Moxham, & Ponte, 1993; Tobin et al., 2006). The lack of difference
in oxygen consumption between salbutamol and control condition in the present study is
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in keeping with previous studies (Elers, Mørkeberg, Jansen, Belhage, & Backer, 2012a;
Goubault et al., 2001; Kalsen et al., 2014; Koch et al., 2013; Norris et al., 1996; Sandsund
et al., 1998; Sporer, Sheel, & McKenzie, 2007b). Both the ventilatory equivalent for O2
and CO2 were increased in the salbutamol condition due to the increase in V> . Beloka et
al. (2011) also found an increase in V> ∙ VCO01
# during exercise following salbutamol
infusion. The ventilatory equivalent for CO2 (V> ∙ VCO01
# ) can be used as a measure of
ventilatory efficiency. Adrenergic stimulation increases ventilation while β-blockers
decrease ventilation and increase ventilatory efficiency during exercise (Wolk et al.,
2005). V> ∙ VCO01
# is a function of partial pressure of arterial CO2 (PaCO2) and
deadspace-tidal volume ratio (VD/VT) (Sun, Hansen, Garatachea, Storer, & Wasserman,
2002). In the current study, V> ∙ VCO01
# is directly measured using V> and FECO2 but may
still identify changes in ventilatory efficiency.
High VD /VT – due to poor perfusion or alveolar ventilation – may result in an
increased V> ∙ VCO01
# (Caiozzo, Davis, Berriman, Vandagriff, & Prietto, 1987; Sun et al.,
2002). Poor perfusion of ventilated alveoli raises VD as these units are inefficient at
eliminating CO2 (West, 2008). In asthmatics, the use of inhaled β2AR agonists has also
been associated with an increase in ventilation-perfusion (VA/Q) mismatching at rest
(Rodrigo & Nannini, 2006). Through pulmonary arterial dilation, βAR agonists can cause
an increase in VA/Q mismatching in asthmatics by increasing blood flow to poorly
ventilated regions of the lung which may result in decreasing arterial oxygen saturation
(Cazzola et al., 2012). Given its mild β1AR agonist effect, intravenous salbutamol was
found to increase VA/Q mismatching and cardiac output without affecting PaO2 while
600µg inhaled salbutamol did not adversely affect VA/Q in asthmatics (Ballester et al.,
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1989). In the current study, no difference in V> ∙ VCO01
# was found during the placebo or
salbutamol condition between athletes with and without EIB. This result suggests that
EIB+ athletes did not have an increased VA/Q mismatch during exercise compared to
EIB- athletes, nor was such a mismatch exacerbated by salbutamol inhalation. This result
was expected as those with EIB do not bronchoconstrict – and may dilate – during
exercise, but constrict following cessation of exercise (Young, Corte, & Schoeffel, 1982).
The degree to which ventilatory constraints affect EIB+ athletes during exercise is a
function of baseline airflow limitation, bronchodilation during exercise, and ventilation
for a given workload (Haverkamp et al., 2005).
Physiologically, the combination of changes in gas exchange and ventilation, an
increase in V> and VCO# with no increase in VO# , suggests a disturbance in the
ventilation-perfusion ratio (West, 2008). On the other hand, this increase in V> ∙
VCO01
# after salbutamol inhalation may be explained by an increase in chemosensitivity.
The carotid body, which detects changes in O2, CO2, and pH, and integrates with the
respiratory control centre in the brainstem, is thought to be modulated by adrenergic
stimulation (Gonzalez, Almaraz, Obeso, & Rigual, 1994). This is indicated by an increase
in V> seen during isocapnic hypoxia after salbutamol infusion (Beloka et al., 2011). Other
researchers suggest salbutamol does not alter chemosensitivity (Tobin et al., 2006).
Isoprenaline, a β1AR agonist, increased ventilation but the response was abolished by
deactivating the peripheral chemoreceptors with hyperoxia (Heistad et al., 1972).
Isoprenaline also increased chemosensitivity to hypoxia and hypercapnia in an animal
model (Folgering, Ponte, & Sadig, 1982). Dobutamine, which primary interfaces with β1
but also β2AR, enhances V> during normoxia and the ventilatory and sympathetic
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response to hypoxia (Pathak, Velez-Roa, Xhaet, Najem, & vande Borne, 2006; VelezRoa et al., 2003). This response is mostly mediated by β1 stimulation as the effects of
dobutamine are blunted by a β1 blockade (Pathak et al., 2006). Yoshiike et al. (1995)
found that fenoterol, a selective β2AR agonist with some β1 activity, increased both
central and peripheral ventilatory chemosensitivity. It is also important to recognize that
the input of the chemoreceptors to the brain stem is integrated into the respiratory centre
with numerous other inputs and the direct effect of chemosensitivity modulation during
exercise is not clear.
The above studies have used infusion or oral administration of adrenergic agents
to elicit a ventilatory response, therefore their effect on chemosensitivity will be much
more pronounced than the current study. Because of the relatively low intensity of the
exercise bout and the lack of evidence for an increase in ventilation-perfusion
mismatching, the observed increase in V> ∙ VCO01
# is probably due to an increase in
chemosensitivity. A time dependent-increase in V> and therefore V> ∙ VCO01
# is expected
with prolonged submaximal exercise as a result of an increase in respiratory rate with a
constant tidal volume, known as tachypnea (Sheel & Romer, 2012). Because the normal
tachypneic breathing pattern is not seen in the salbutamol condition there may be a
ceiling effect preventing this well-documented rise in V> with prolonged exercise.
Temperature, [La]b, and catecholamines have all been identified as potential causes of
this V> drift (Martin, Morgan, Zwillich, & Weil, 1981). Hayashi et al. (2006) found that
V> drift is prevented if there is no rise in core temperature. The mechanism for this
correlation is unclear however Hayashi’s group suggested that this finding might be due
to augmentation of central command signaling, muscle afferents, or increased
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chemosensitivity. Furthermore, a decrease in blood volume with prolonged exercise may
increase peripheral chemosensitivity (Koehle, Giles, Walsh, & White, 2010). Various
stimuli interact at the carotid body and modulate its nerve discharges (Gonzalez et al.,
1994). The impact of the multiple stimuli affecting chemosensitivity is unknown however
it may be that the adrenergic stimulation after salbutamol inhalation competes with the
stimuli that typically increase V> and V> ∙ VCO01
# during prolonged exercise. Salbutamolinduced stimuli may decrease chemosensitivity, such as decreased [K+]b, which may
compete negatively against the tachypneic stimuli at the carotid body (Paterson, 1996;
Pathak et al., 2006). Furthermore, one study showed an absence of tachypneic shift in
professional road cyclists suggesting that a training adaptation occurs, although the
mechanism for this adaptation is not clear (Lucia, Carvajal, Calderón, Alfonso, &
Chicharro, 1999). The alternative scenario is that the effect of salbutamol on V>
diminished with time. Although respiratory rate increased across the exercise bout in both
the salbutamol and placebo trials, V> was not increased in the latter portion of exercise
during the salbutamol trial, suggesting a fall in tidal volume. No difference in the effect
of time on estimated VT was found between the salbutamol and placebo trials. Estimated
VT, however, was significantly higher than placebo only in the first two time intervals.
The diminishing difference in V> ∙ VCO01
# between the placebo and salbutamol condition
nearing the end of the endurance bout further suggests that the pulmonary effects of
salbutamol were reduced with time.
Sex-based differences
For female athletes, CO2 output and RER increased in the salbutamol condition.
In male athletes, however, an increase in VCO# was seen without a significant increase in
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RER. Mathematically, this implies that VO# must have increased though this change was
slight and not statistically significant. This sex-based difference likely has a small effect,
if any, due to the lack of interaction effect found for treatment and VO# in either sex. V> ∙
VO01
# was significantly increased by salbutamol in women but not in men. This ratio is
not reported in available or comparable studies so it is difficult to assess whether this
finding is consistent. Given that VO# was relatively unchanged by salbutamol inhalation
and V> was significantly increased, an increase in V> ∙ VO01
# is expected. Because of the
increased metabolic response seen in women, as shown by RER, a more significant
01
increase in V> ∙ VO01
# in women is logical. Sun et al. (2002) reported a higher V> ∙ VCO#

at the anaerobic threshold in women compared to men however a statistical comparison
was not reported. In the current study, a higher V> ∙ VCO01
# in women compared to men
regardless of treatment was seen, discussed below.
2.5.6 Salbutamol-independent, sex-based differences in endurance variables
Men cycled at a higher relative intensity (W ∙ kg 01 ) compared to women. This is
due to the larger relative skeletal muscle mass found in men versus women (Hunter,
2014). Mean minute ventilation was significantly higher in men compared to women at
all time intervals. This result is expected due to the larger body mass and lung size of the
male subjects compared to the female ones. Both the ventilatory equivalents for oxygen
and carbon dioxide were higher in women compared to men at all time points. V> ∙
VCO01
# at the ventilatory threshold is typically lower in men versus women, as is the V> ∙
VCO01
# slope relationship (Habedank et al., 1998; Sun, Hansen, Stringer, Ting, &
Wasserman, 2001). Neder et al. (2001) reported a statistically higher V> ∙ VCO01
# in
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females versus males and identified a more tachypneic breathing pattern in females (a
smaller V^ ∙ V>01 ). This shallow breathing pattern found in women is likely tied to the
narrower conducting airways and higher work of breathing found in women (Dominelli et
al., 2015).
As their VT1 was observed at a significantly higher percentage of Wmax, men
cycled at a higher %Wmax than women. This disparity may be due to differences in the
maximal exercise test performed on the screening day. Women reached a slightly, yet
statistically significant, higher RER at max. Thus, women may have reached a higher
relative Wmax, which in turn would lower the %Wmax during the endurance bout. This,
however, was not reflected in the %VO#$%& during the endurance cycling component of
the study. Furthermore, men reported greater dyspnea than women throughout the
endurance bout, regardless of treatment. The difference in dyspnea suggests that the male
athletes in the study were either cycling at a higher relative intensity than the female
cyclists or had a different subjective experience of the exercise. Anatomical differences
between males and females would suggest that women may experience greater dyspnea
than men for a given workload (Sheel, Foster, & Romer, 2011). This supports the
suggestion that men cycled at a higher intensity than women, relative to their
performance at VO#$%& . There was, however, no difference found between the sexes for
RPElegs. The equivalent ratings of exertion between the sexes are similar to the results of
Demello et al. (1987) in which there was no sex-based difference in general RPE at
lactate threshold or VO#$%& .
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2.5.7

Salbutamol-independent effect of EIB status on endurance variables
Although the ANOVA did not detect a difference in oxygen consumption, a

significant interaction between EIB status and time was found. There was a significant
increase between mean values at each time point in EIB- athletes but not in EIB+ athletes
for both relative VO# and %VO#$%& . Though there was no interaction effect found for
treatment and time, looking at the change in VO# over time in each condition is helpful in
understanding the source of this difference. When broken down into placebo and
salbutamol trials, relative oxygen consumption increased marginally across the entire 75minute bout in the placebo trial (~1.2 mL ∙ kg 01 ∙ min01 ) and not at all during the
salbutamol trial in EIB+ athletes. In EIB- athletes, oxygen consumption increased across
all time points in the placebo (2.2 mL ∙ kg 01 ∙ min01 ) and salbutamol (2.0 mL ∙ kg 01 ∙
min01 ) trials. When expressed as a percent change from the first time interval to the last,
only the difference between those with and without EIB during the placebo trial was
found to be significant. A difference in VO# drift during prolonged cycling may be due to
a change in fuel consumption, differences in fibre type distribution, or differences in
exercise intensity. During 60 minutes of cycling at maximal lactate steady state, Lajoie
and colleagues (2000) found a significant increase in %VO#$%& after 50 minutes. The
authors concluded that this was likely due to a change in muscle metabolism. This change
in metabolism may be a result of an increase in fat utilization which increases oxygen
demand and lowers RER (Lajoie et al., 2000). RER significantly decreased with time,
regardless of treatment, in the current study, which supports this mechanism. With
respect to RER, no interaction effect was found for EIB or treatment and time in the
current study, suggesting that change in fat utilization was not mediated by EIB status.
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Alternatively, a progressive increase in recruitment of the less-efficient type II fibers
could account for the increase in oxygen consumption (Lajoie et al., 2000). During
intense exercise, the percentage of Type I fibers is negatively correlated with the
magnitude of VO# drift (Barstow, Jones, Nguyen, & Casaburi, 1996). As muscle biopsies
were not performed, the second mechanism cannot be confirmed. Furthermore, due to the
relatively small sample sizes for each sex when partitioned by EIB status, a difference in
fibre type unrelated to EIB status in one or two subjects could have produced the
observed result. Mean RER was significantly higher in EIB- athletes during the first two
time intervals. Therefore, EIB+ athletes may have utilized a greater percentage of Type I
fibers for a longer portion of the endurance bout compared to EIB- athletes, prolonging
the transition to less efficient Type II fibers. The alternative scenario is that EIB+ athletes
exercised at a relatively easier exercise intensity. As fatigue decreases mechanical
efficiency during cycling (Bini, Diefenthaeler, & Mota, 2010), a more intense exercise
bout would be expected to increase oxygen consumption through a decrease in efficiency.
Although there was no statistically significant difference, RERmax was lower in EIB+
athletes. The fact that both EIB+ and EIB- groups were comprised of men and women
makes comparison of ventilatory equivalents difficult; there was no difference in V> ∙
01
01
VO01
# at VT1 or V> ∙ VO# and V> ∙ VCO# during the endurance bout. These findings do

not support an easier endurance bout for EIB+ athletes. An increase in oxygen cost of
breathing, discussed previously, could have increased oxygen consumption initially in
EIB+ athletes. However, the warm-up utilized in this study was designed for asthmatics
therefore it is unlikely there was an increased oxygen cost of breathing associated with
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the exercise following the warm-up. The most likely scenario is that this 2-3% difference
in change in VO# across the endurance bout is spurious and due to Type 1 error.

2.5.8 The effect of salbutamol on Wingate outcomes
Based on the coefficients of variation (CV) found by Astorino and Cottrell (2011)
for reliability of the Wingate test on the Velotron – 13.7 and 8.9% for peak and mean
power – threshold v alues for benefit and harm were ±6.85% and ±4.45% for peak and
mean power, respectively. The CV used to infer practical significance is substantially
higher than those from reproducibility studies using the Monark bike (1.5-4.6% for peak
power; 0.9-5.8% for mean power). Accordingly, even those groups with changes that
could be considered practically significant in a race were deemed negligible. The limited
reliability of power measurements during the Wingate using the Velotron clearly restricts
its ability to detect meaningful change. The reliability data by Astorino and Cottrell
(2011) utilized a heterogeneous group of recreationally active participants as well as
cyclists and included both men and women. These factors would contribute to increase
the CV and the CV in the current study would likely be lower however the magnitude of
this difference is unknown (Hopkins et al., 2001). The limitations and future directions
pertaining to the current study are discussed at the end of this document.
The lack of statistically significant changes in Wingate outcomes following
salbutamol inhalation mirrors the review of Pluim et al. (2001). The review found no
significant effect of inhaled β2AR agonists on Wingate peak or mean power but that
systemic doses of β2 agonists may increase peak power. The observed 0.6% change in
peak power seen in men is similar to the results of other studies using IBA (salmeterol,
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salbutamol, or formoterol), ranging from -1.5 to 1.1% (Lemmer et al., 1995; McDowell et
al., 1997; Meeuwisse et al., 1992; Stewart, Labreche, & McKenzie, 2002). No available
studies using IBA reported mean power however a rough comparison can be made to
total work measurements. The -1.3% change seen in mean power with salbutamol is
marginally lower than the 0.4 – 2.2% change observed in other studies (Lemmer et al.,
1995; McDowell et al., 1997; Meeuwisse et al., 1992). There are no available studies
investigating the effect of IBA on Wingate performance in female athletes. Other studies
have utilized different exercise protocols to measure sprint performance. In a group of
men and women, Signorile et al. (1992) found a statistically significant 3.30% increase in
peak power during a 15-second sprint following inhalation of 180µg of salbutamol. Oral
doses of 4 mg salbutamol have been shown to increase Wingate outcome, rough
estimates of these improvements are; 6.26% for peak power, 4.73% for mean power in
women, 9.45% for peak power and 9.43% for mean power in men (Collomp et al., 2005;
Le Panse et al., 2007). Oral salbutamol has been shown to increase the force-velocity
relationship during cycle sprints (Sanchez et al., 2012). The lack of significant
improvement in Wingate performance may simply be a result of a lower systemic dose.
The serum concentration of inhaled versus oral salbutamol is roughly equivalent for the
same dose (Elers, Pedersen, Henninge, Hemmersbach, Dalhoff, & Backer, 2012b; Elers
et al., 2010). This relationship means that the dose administered in the present study
equates to ~1.5-1.6mg oral salbutamol, less than half of the dose used by Le Panse (2007)
and Collomp (2005). It is recognized that short-term – 2-4 weeks – administration of
high-dose β2AR agonist may increase sprinting performance however the ergogenic
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effect is likely via hypertrophy and anabolic mechanisms (Collomp, Candau, Lasne, et
al., 2000b; Hostrup et al., 2015; Le Panse et al., 2006).
β2-adrenergic stimulation is thought to increase sprint performance by improving
Ca2+ release and reuptake by the sarcoplasmic reticulum, resulting in increased
contractile force and shortened half-relaxation time (lusitropic effect). This ergogenic
effect may vary with training status and fiber type composition (Hostrup, Kalsen,
Ørtenblad, et al., 2014c). The increase in sprint performance induced by β2AR agonists,
however, is reduced or ameliorated with fatigue. Hostrup et al. (2014a) found that
although oral salbutamol increased Wingate peak power by 4.1%, it had no effect on two
subsequent Wingate tests. In a separate study, Hostrup et al. (2014c) found that the
increase in SR Ca2+ handling and MVC seen after terbutaline administration were
reduced to similar levels to placebo during fatigue. A similar reduction in the lusitropic
effect of oral salbutamol in fatigued versus non-fatigued muscle was seen by Crivelli et
al. (2011). Accordingly, Hostrup et al. (2014) suggested that the positive Ca2+ handling
and contractile effects of β2AR stimulation are blunted by fatigue and outlined several
mechanisms by which this may occur. A higher Ca2+ transient induced by β2AR
stimulation at the onset of exercise my reduce Ca2+ handling later and a reduction in the
overall size of Ca2+ transients may increase fatigue resistance in animals (Seebacher,
Pollard, & James, 2012). There is a strong relationship between reduction in muscle
glycogen and a decrease in Ca2+ release during fatigue (Nielsen, Cheng, Ørtenblad, &
Westerblad, 2014). Because the endurance bout used in this study was not to exhaustion
we cannot be confident that there was sufficient glycogen depletion to induce such an
effect but the increased glycolytic flux caused by salbutamol may have limited the
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adrenergic effect on Ca2+ release later in exercise. By increasing calcium handling, β2adrenergic stimulation would have elevated ATP utilization by contractile components
(myosin-ATPase, Ca2-ATPase) and by Na+/K+ATPase. ATP depletion during fatigue can
cause decreased Ca2+ handling by the SR as a protective mechanism to avoid metabolic
catastrophe and does so by regulating Ca2+ release from the ryanodine receptor. Ca2+
handling may also be limited by a reduction in membrane excitability. Activation of K+
channels to increase efflux may directly compete with the increase K+ influx induced by
β2AR-stimulated increase in Na+/K+ATPase (MacIntosh, Holash, & Renaud, 2012). As
with the glycogen depletion, we cannot be sure that a sufficient degree of ATP utilization
was induced by the submaximal endurance bout in order to activate such control
mechanisms. Therefore, the fatigue induced by the 75 minutes of cycling may have
limited the ergogenic effects of salbutamol during the Wingate. This is speculative as
there are a lack of studies using high-dose inhaled or low-dose oral (~2mg) β2AR agonist
on Wingate performance.
The effects of salbutamol may have diminished before the onset of the Wingate
test. This could occur by a declining concentration of salbutamol in the blood or due to
receptor downregulation. Three studies looked at the peak serum concentration of
salbutamol in high doses (>800µg) and peak concentrations were identified at 13, 30, 60,
and 180 minutes post-administration (Du et al., 2002; Elers et al., 2010; Elers, Pedersen,
Henninge, Hemmersbach, Dalhoff, & Backer, 2012b). These studies all showed a gradual
decline in serum concentration following the peak. It is likely that the peak concentration
of salbutamol was reached before the onset of the Wingate (~2 hours postadministration). Furthermore, the plasma half life of salbutamol is 4-6 hours, meaning it
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is reasonable to assume that a considerable portion of the drug was present in the blood at
the time of the Wingate test (Elers, Mørkeberg, Jansen, Belhage, & Backer, 2012a).
Serum salbutamol concentrations also vary from person to person (Elers et al., 2010).
Receptor downregulation and desensitization may also have limited the ergogenic
potential of salbutamol. Desensitization occurs via uncoupling of the receptor from
adenylate cyclase, internalization of the receptor, and phosphorylation of the receptors
once sequestered. Long-term desensitization occurs via receptor downregulation and
varies between tissues. Bronchial smooth muscle is though to be resistant to
desensitization, evidenced by a decrease in side-effects but maintenance of
bronchodilation with chronic, regular βAR agonist treatment (Johnson, 2001). More
recently, however, the bronchodilatory response to IBA has been shown to be affected by
receptor downregulation (Haney & Hancox, 2006). In the current study, there was no
significant difference in change in FEV1 after salbutamol between those with and without
EIB. Short-term desensitization occurs via receptor phosphorylation by PKA-dependent
protein kinase and G protein receptor kinase as well as subsequent internalization of the
phosphorylated receptor (Evans, Sato, & Sarwar, 2010). The extent to which receptors
are desensitized depends on the duration and degree of βAR activation such that a partial
agonist induces less receptor desensitization than a full agonist (Johnson, 2001). These
desensitization studies have been done ex vivo and the magnitude of the effect of receptor
desensitization on the extrapulmonary effects of salbutamol inhalation during exercise is
not known.
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Sex-based differences in Wingate outcomes following salbutamol inhalation
The difference between the 1.4% increase and the 1.3% decrease in mean power
seen in men and women, respectively, was found to be statistically significant. Because
mean power represents glycolytic power and women rely more heavily on blood glucose
during moderate-intensity exercise they may have had greater relative glycogen stores
compared to men, the oxidation of which could be increased by salbutamol, resulting in
greater increase in mean power compared to men (Astorino & Cottrell, 2011; Ruby et al.,
2002). Another explanation for this difference may lie in the fiber type composition
disparity between men and women. Type-I fibers occupy a greater relative proportion of
skeletal muscle in women compared to men (Staron et al., 2000). β2AR exist in greater
density in type-I fibers than in type-II fibers (Roatta & Farina, 2010). The βAR-mediated
increase in skeletal muscle half-relaxation time is due to phosphorylation of
phospholamban on the SR Ca2+ ATPase that is only present in slow twitch fibers (Crivelli
et al., 2011; 2013; Hostrup, Kalsen, Ørtenblad, et al., 2014c). Mean power would be
improved by an increased half-relaxation time therefore a fibre type-mediated increase in
mean power might be expected in women rather than men. However, such a sex-based
difference is not seen when the results of Le Panse et al. (2007) and Collomp et al. (2005)
are compared. In those studies, women showed a 4.7% increase while men showed an
increase of 9.4% in mean power after 4mg oral salbutamol. Interestingly, the relationship
between the increase in peak (6.3%) versus mean power (4.7%) in women after oral
salbutamol found by Le Panse et al. (2007) is similar to the present study (2.9% for peak
and 1.3% for mean power). Theoretically, this may be due to the weakening of twitch
force due to increase relaxation rate in type-I fibres (Crivelli & Maffuiletti, 2014).
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However, the increase in mean power in the present study was not found to be
statistically significant. The percent change in mean power is also completely within the
90% CI for MP on a Velotron. Thus, this difference cannot be considered significant.

2.6 Summary
This study found that salbutamol inhalation did not improve Wingate performance
following 75 minutes of submaximal cycling. Mean power during the Wingate was
increased in female athletes compared to male athletes after salbutamol inhalation but the
increase was not significant. Prior to exercise, salbutamol inhalation improved lung
function in both sexes and in those with and without EIB. An increase in RER and lactate
throughout the exercise bout suggests that salbutamol increased carbohydrate utilization,
an effect which was more pronounced in female compared to male cyclists. Salbutamol
increased heart rate during exercise and mitigated the appearance of cardiac drift. Minute
ventilation was increased following salbutamol inhalation, resulting in a decrease in
ventilatory efficiency (increased V> ∙ VCO01
# ) and modulation of the expected tachypneic
breathing pattern. Oxygen consumption was not altered by salbutamol inhalation and V> ∙
VO01
# was increased in female athletes. As a response to the increased ventilatory drive
resulting from salbutamol inhalation, EIB+ athletes may have selectively increased
respiratory rate over tidal volume to achieve an equivalent minute ventilation. Salbutamol
may decrease both metabolic and ventilatory efficiency during prolonged, submaximal
exercise and appears to do so to a greater extent in female athletes. This sex-based
difference is likely a product of a higher relative dose and an increase in density and
sensitivity of β2AR in women. The systemic effects of salbutamol may have diminished
over time as a result of declining bioavailability and receptor desensitization.
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3 Conclusion
The objective of this was study was to investigate the ergogenic effects of highdose inhaled salbutamol on sprint performance following a prolonged, individualized,
steady-state exercise bout. Secondarily, this study endeavoured to identify the systemic
effects of salbutamol during steady-state exercise that may explain such an ergogenic
finding.
Salbutamol inhalation did not significantly improve peak or mean power during
the Wingate test. During the 75-minute endurance bout, carbohydrate utilization, heart
rate, and minute ventilation were increased while ventilatory efficiency was decreased. In
general, the effects of salbutamol were more pronounced in women relative to men while
no impactful differences were found as a function of EIB status. Though it did not change
peak or mean power during the Wingate test, this study suggests that, at high doses and
during prolonged exercise, salbutamol may have a negative effect on performance.

3.1 Thesis hypotheses conclusions
Hypothesis 1: Wingate outcomes
Contrary to our primary hypothesis, neither peak nor mean power were increased
after salbutamol inhalation. This finding is in keeping with several other studies that
examined the effect of inhaled salbutamol, salmeterol, or formoterol on Wingate
outcomes (Lemmer et al., 1995; McDowell et al., 1997; Meeuwisse et al., 1992; Pluim et
al., 2011; Stewart et al., 2002).
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Hypothesis 2: Anaerobic sparing
RER and lactate were not lower during the salbutamol trial versus placebo. These
variables were found to be increased, suggesting an increase in anaerobic energy
utilization and thus rejecting our secondary hypothesis. This finding is similar to that of
the recent publication by Kalsen et al. (2014).
Although a specific hypothesis was not formulated regarding sex-based differences
in salbutamol response, several were identified. The measured systemic responses were,
in general, more distinct in women compared to men. Such a trend has not been well
studied but is supported by the comparison of cycling economy in male and female
cyclists following salbutamol inhalation by Koch et al. (2013, 2014).

3.2 Strengths, limitations and future directions
This is the first known study to utilize an individualized, prolonged steady-state
exercise bout followed by a Wingate test to study the potential ergogenic effect of highdose inhaled salbutamol in a sport-specific context. Aside from the ecological validity of
this study, it also utilized the highest known dose of inhaled salbutamol during a Wingate
test. Furthermore, this study joins a select few studies that administered the maximum
daily dose permitted by WADA making it a valuable addition to the understanding of
salbutamol and other IBAs from the perspective of doping control (Dickinson et al.,
2014a; Dickinson, Molphy, Chester, Loosemore, & Whyte, 2014b; Koch et al., 2015).
There are several limitations of the current study. The most apparent limitation is
the inherent error of the Velotron in collecting power measurements during sprinting
exercise. The experimenter-induced error in the lactate measurements, specifically the
first and last sample, limits the applicability of this result. The lack of control of water
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intake and ambient temperature prevents the ability to make meaningful conclusions
about how salbutamol affects cardiac drift. Both β2AR density and their cellular effects
may be altered depending on the menstrual phase and failure to control for this resulted in
another source of error (Mills et al., 1996). As with other studies utilizing high-dose
inhaled salbutamol, blinding of the participants to treatment administration is extremely
difficult due to common side-effects such as tachycardia and tremor (Koch et al., 2015).
Aside from the blinding process, the current limitations could be easily rectified.
The CV of the Velotron during prolonged constant power cycling is less than 1%,
making it ideal for the first portion of the protocol (Abbiss, Quod, Levin, Martin, &
Laursen, 2009). Utilization of a Monark cycle to collect Wingate outcomes would be
advisable in order to limit variability if the transition from the Velotron to Wingate cycles
could be standardized. If the Velotron were to be used for the Wingate portion, a
reliability assessment to determine the CV would improve our ability to make magnitudebased inferences about the effect of salbutamol. As there is evidence that time of day may
affect Wingate performance, standardized timing is recommended (Souissi et al., 2007).
Water intake, ambient temperature, and airflow are easily regulated; such modifications
would improve the applicability of the findings to prolonged exercise training and
competition (Coyle & González-Alonso, 2001; Kalsen, Hostrup, Bangsbo, & Backer,
2013). Error in lactate measurements is easily limited by standardization of timing.
Anecdotally, lactate samples taken from the earlobe are easier to collect during prolonged
exercise and such a change in protocol would be advisable for a similar study. The effects
of the menstrual cycle on response to adrenergic stimulation can be standardized by
testing during the same phase, such as the follicular phase (Kalsen et al., 2013).
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Beyond the limitations identified upon completion of data collection and analysis,
several improvements could be made in terms of the collected variables. Periodic muscle
biopsies would be useful in understanding the effects of salbutamol on those with
differing fibre type composition as well as on the glycolytic pathway (Kalsen et al.,
2014). Analysis of blood samples taken prior to, throughout, and following exercise
would further elucidate the metabolic effects of salbutamol as well as the interaction with
other humoral factors such as endogenous catecholamines and insulin (Collomp, Candau,
Collomp, et al., 2000a; Kalsen et al., 2014; van Baak et al., 2004). Serum concentrations
of salbutamol from blood samples would allow confident prediction of systemic effects
(Elers, Pedersen, Henninge, Hemmersbach, Dalhoff, & Backer, 2012b). Collection of
salbutamol remaining in the chamber and mouthpiece would increase confidence in the
fraction of deposition (Silkstone, Corlett, & Chrystyn, 2002). The comparison of the
present outcomes to those collected from a Wingate test alone would be extremely useful
in order to identify a potential ergogenic benefit in short sprints and to understand how
prolonged exercise might mitigate such an ergogenic benefit. Further comparisons could
be made to Wingate and endurance outcomes following an equivalent oral dose (1.6mg)
to identify resulting differences in metabolism of the drug. Finally, as this study was one
of the first to compare the effects of IBA during exercise between males and females,
weight-matched participants for each sex would help identify the source of the sex-based
differences seen in the current study by eliminating differences in relative dose.
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Appendices
A Eucapnic Voluntary Hyperpnoea Test Results
Table A.1: Eucapnic voluntary hyperpnoea test results
Statistic
FVC

Perc.
Pred.

FEV1

Perc.
Pred.

FVC/
FEV1

Perc.
Pred.

FEV1
EIB

Fall
Index

(L)

(%)

(L)

(%)

(%)

(%)

(L)

(%)

Mean

6.07**

107.6

4.65**

100.8*

77.4

93.9

4.10*

12.1

SD

0.91

9.0

0.66

9.5

8.7

9.8

0.76

8.9

Max

7.44

122.2

6.08

122.1

92.2

109.6

5.45

30.9

Min

4.43

89.3

3.97

92.2

64.0

77.2

2.89

1.0

Men (n = 10)

Women (n = 10)
Mean

4.65**

116.6

3.74**

110.3*

80.9

94.7

3.38*

9.2

SD

0.58

11.4

0.35

9.6

5.9

5.5

0.45

13.2

Max

5.56

137.6

4.19

124.3

93.8

107.0

3.98

33.4

Min

3.66

103.4

3.12

95.1

72.1

88.4

2.53

-14.4

EIB+ (n = 3 women, n = 6 men)
Mean

5.83

110.9

4.49

103.4

77.4

93.1

3.63

19.9***

SD

0.96

6.4

0.75

9.9

7.4

8.0

0.93

8.2

Max

7.44

122.2

6.08

122.1

87.2

103.9

5.45

33.4

Min

4.60

102.3

3.80

92.3

64.0

77.2

2.53

10.4

EIB- (n = 7 women, n = 4 men)
Mean

4.97

113.1

3.96

107.3

80.6

95.2

3.82

3.0***

SD

0.98

13.9

0.57

11.2

7.5

7.8

0.50

6.2

Max

6.83

137.6

5.08

124.3

93.8

109.6

4.92

8.8

Min

3.66

89.3

3.12

92.2

67.7

83.1

3.19

-14.4

Note: Cyc. Exp.: cycling experience; Perc. Pred.: percent predicted; FVC: forced vital capacity; FEV1: forced expiratory volume in
one second; FEV1/FVC: fraction of FVC expired in 1s; FEV1 EVH: post-EVH FEV1 measurement; Fall Index: percent drop in FEV1
after EVH test
* p < 0.05, ** p < 0.01, *** p < 0.001
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B Wingate Outcomes
Table B.1: Primary outcomes collected during the Wingate test in the salbutamol and
placebo trials for male and female athletes
Statistic

PP
PLA

PP
SAL

MP
PLA

MP
SAL

(W)

(W)

(W)

(W)

FI
PLA

FI
SAL

PP
PLA

PP
SAL

MP
PLA

MP
SAL

(W/kg)

(W/kg)

(W/kg)

(W/kg)

Men (n = 10)
Mean

956**

959**

636***

628***

16.6*

16.8*

12.9***

12.9***

8.6***

8.5***

SD

136.7

115.3

67.5

70.4

4.0

2.8

1.0

0.9

0.4

0.4

Max

1131

1126

730

722

22.7

20.5

14.7

14.3

9.3

9.0

Min

735

765

519

494

10.5

11.5

11.8

11.8

7.8

7.9

Women (n = 10)
Mean

678**

700**

451***

458***

12.0*

12.7*

11.2***

11.5***

7.5***

7.6***

SD

109.7

133.8

57.8

60.9

3.0

4.0

0.7

0.7

0.4

0.5

Max

940

1048

605

616

18.7

22.7

12.5

12.3

8.0

8.2

Min

556

589

409

394

8.0

8.9

10.5

9.9

6.9

7.0

Total (n = 20)
Mean

817

829

543

543

14.3

14.8

12.0

12.2

8.0

8.0

SD

187.0

180.1

113.0

108.5

4.2

4.0

1.2

1.1

0.7

0.6

Max

1131

1126

730

722

22.7

22.7

14.7

14.3

9.3

9.0

Min

556

589

409

394

8.0

8.9

10.5

9.9

6.9

7.0

Note: PP PLA: peak power in placebo trial; PP SAL: peak power in salbutamol trial; MP PLA: mean power in placebo trial; MP SAL:
mean power in salbutamol trial; FI PLA: fatigue index in placebo trial; FI SAL: fatigue index in salbutamol trial
* p < 0.05, ** p < 0.01, *** p < 0.001
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Table B.2: RPM data collected during the Wingate test in the salbutamol and placebo
trials for male and female athletes
Statistic

Peak RPM
PLA

Peak RPM
SAL

Mean RPM
PLA

Mean RPM
SAL

(W)

(W)

(W)

(W)

Men (n = 9)
Mean

173.6*

172.8*

142.0*

140.2*

SD

8.4

5.2

7.6

5.4

Max

182

181

153

149

Min

158

165

128

133

Mean

152.1*

150.6*

123.8*

124.7*

SD

10.6

11.3

6.9

6.7

Max

166

169

131

133

Mean

133

135

111

114

Mean

162.3

161.1

132.4

132.1

SD

14.5

14.3

11.7

7.0

Max

182

181

153

149

Mean

133

135

111

144

Women (n = 10)

Total (n = 19)

Note: Peak RPM PLA: peak Wingate cycling rate in placebo trial; Peak RPM SAL: peak Wingate cycling rate in salbutamol trial;
Mean RPM PLA: mean Wingate cycling rate in placebo trial; Mean RPM SAL: mean Wingate cycling rate in salbutamol trial
*p < 0.001
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Table B.3: Change in primary Wingate outcomes from placebo to salbutamol for male,
female, EIB+, and EIB- athletes
Statistic

Δ PP

Δ MP

Δ FI

(%)

(%)

(%)

Mean

0.57

-1.27*

2.94

Lower 90% CI

-3.50

-2.66

-5.67

Upper 90% CI

4.64

0.11

11.55

Mean

2.92

1.44*

4.53

Lower 90% CI

-0.48

-0.34

-3.10

Upper 90% CI

6.32

3.21

12.16

Mean

-0.23

-1.26

-0.80

Lower 90% CI

-3.63

-3.16

-7.74

Upper 90% CI

3.17

0.64

6.13

Mean

3.36

1.18

7.45

Lower 90% CI

6.13

-0.24

-0.70

Upper 90% CI

-7.74

2.60

15.59

Men (n = 10)

Women (n = 10)

EIB+ (n = 9)

EIB- (n = 11)

Note: Δ PP: change in peak power from placebo to salbutamol trial; Δ MP: change in mean
power placebo to salbutamol trial; Δ FI: change in fatigue index placebo to salbutamol trial
* p < 0.05
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C Endurance Variables
Table C.1: Blood lactate collected during placebo and salbutamol trials in male,
female, EIB+, and EIB- athletes
Time

0 min

25 min

Salbutamol Trial
EIB+ (n = 3 female, n = 6 male)
Mean
4.1
2.3
SD
2.3
0.8
EIB- (n = 6 female, n = 3 male)
Mean
4.3
2.8
SD
1.3
1.0
Male (n = 9)
Mean
4.1
2.6
SD
2.0
0.9
Female (n = 9)
Mean
4.3
2.7
SD
1.7
1.2
Total (n = 18)
Mean
4.2*
2.6
SD
1.8
0.9
Placebo Trial
EIB+ (n = 3 female, n = 6 male)
Mean
3.0
2.0
SD
1.9
0.8
EIB- (n = 6 female, n = 3 male)
Mean
2.9
2.2
SD
1.2
0.7
Male (n = 9)
Mean
3.2
2.3
SD
1.8
0.9
Female (n = 9)
Mean
2.6
1.9
SD
1.3
0.6
Total (n = 18)
Mean
2.9*
2.1
SD
1.6
0.7

50 min

75 min

PostWingate

2.2
1.0

2.1
0.9

6.4
1.2

2.3
0.5

2.2
0.6

7.3
2.3

2.5
0.8

2.4
0.7

7.0
2.2

2.1
0.7

1.8
0.6

6.7
2.4

2.3**
0.8

2.1
0.7

6.8*
1.9

1.8
0.8

1.7
0.8

8.1
2.3

1.8
0.7

2.2
1.0

7.9
2.5

2.1
0.8

1.9
0.7

8.1
1.5

1.5
0.5

2.0
1.1

8.0
3.0

1.8**
0.7

2.0
0.9

8.0*
2.3

Note: Blood lactate in units of mmol/L. Values significantly greater at T = 0, 50, and post-Wingate
* p < 0.01, ** p = 0.053
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Table C.2: Ratings of perceived exertion for the legs on a ten-point Borg scale during
the salbutamol and placebo trials in male, female, EIB+, and EIB- athletes
Time
Salbutamol Trial
EIB+
Mean
SD
EIBMean
SD
Male
Mean
SD
Female
Mean
SD
Total
Mean
SD
Placebo Trial
EIB+
Mean
SD
EIBMean
SD
Male
Mean
SD
Female
Mean
SD
Total
Mean
SD

0 min

25 min

50 min

75 min

2.6
0.9

3.9
0.8

5.1
1.6

5.8
1.8

2.5
0.9

4.1
1.3

5.0
1.5

5.6
2.0

2.5
0.9

4.4
1.2

5.5
1.6

6.2
2.0

2.6
0.8

3.8
1.2

4.6
1.3

5.3
1.7

2.5
0.9

4.1
1.1

5.0
1.5

5.7
1.9

2.6
0.9

4.2
1.2

5.3
1.7

5.5
2.0

2.4
0.8

3.9
0.7

5.0
1.2

5.7
1.4

2.6
0.8

4.1
1.0

5.6
1.1

6.1
1.4

2.4
0.8

4.0
1.0

4.6
1.5

5.2
1.8

2.5
0.8

4.1
0.9

5.1
1.4

5.6
1.7
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Table C.3: Ratings of perceived exertion for the lungs on a ten-point Borg scale during
the salbutamol and placebo trials in male, female, EIB+, and EIB- athletes
Time
Salbutamol Trial
EIB+
Mean
SD
EIBMean
SD
Male
Mean
SD
Female
Mean
SD
Total
Mean
SD
Placebo Trial
EIB+
Mean
SD
EIBMean
SD
Male
Mean
SD
Female
Mean
SD
Total
Mean
SD

0 min

25 min

50 min

75 min

2.2
0.9

3.3
1.1

3.9
1.9

4.3
2.4

2.0
1.3

3.2
0.8

3.5
0.5

4.0
0.8

2.4
1.4

3.6
1.1

4.2*
1.6

4.9*
2.0

1.8
0.6

3.0
0.6

3.2*
0.6

3.3*
0.7

2.1
1.1

3.3
0.9

3.7
1.3

4.1
1.7

2.2
1.2

3.6
1.6

4.2
1.8

4.5
2.0

1.9
1.0

3.2
1.3

3.8
1.0

4.1
1.2

2.2
1.3

3.8
1.7

4.8*
1.4

5.1*
1.7

1.9
0.8

2.9
1.0

3.2*
0.8

3.5*
1.1

2.0
1.1

3.4
1.4

4.0
1.4

4.3
1.6

Note: Mean values (placebo plus salbutamol) are significantly greater in men compared to women at T = 50 and T = 75,
* p < 0.05
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Table C.4: Mean respiratory exchange ratio recorded during the salbutamol and
placebo trials in male, female, EIB+, and EIB- athletes
Time Interval

0-2 min

2-25 min

25-50 min

50-75 min

0.90
0.03

0.90
0.03

0.89
0.03

0.88
0.05

0.94
0.02

0.94
0.02

0.92
0.02

0.85
0.02

0.92
0.03

0.91
0.03

0.90
0.03

0.87
0.06

0.93*
0.03

0.92**
0.03

0.91**
0.02

0.86
0.04

0.92
0.03

0.92
0.03

0.90
0.03

0.85
0.04

0.90
0.04

0.89
0.04

0.88
0.04

0.86
0.02

0.93
0.03

0.91
0.03

0.90
0.03

0.86
0.03

0.92
0.04

0.91
0.04

0.90
0.04

0.85
0.03

0.91*
0.03

0.89**
0.04

0.88**
0.03

0.86
0.03

0.92
0.03

0.90
0.04

0.89
0.04

Salbutamol Trial
EIB+
Mean
0.84
SD
0.02
EIBMean
SD
Male
Mean
SD
Female
Mean
SD
Total
Mean
SD
Placebo Trial
EIB+
Mean
SD
EIBMean
SD
Male
Mean
SD
Female
Mean
SD
Total
Mean
SD

Note: Mean RER was significantly higher at T = 2-25 (p = 0.004) and T = 25-50 (p = 0.016) in EIB- versus EIB+
* p < 0.05, ** p < 0.01
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Table C.5: Mean relative oxygen consumption recorded during the salbutamol and
placebo trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

40.5

41.2

41.3

39.7

40.5

41.1

SD

7.0

7.4

7.9

7.6

7.9

8.2

EIB+

EIBMean
SD

38.9**

40.5**

40.9**

38.2**

39.5**

40.2**

5.9

5.9

6.2

5.9

5.9

6.1

43.6*

44.7*

45.2*

42.7*

43.9*

44.8*

5.0

5.6

5.9

5.2

5.2

5.4

35.6*

37.0*

37.0*

35.0*

36.0*

36.4*

4.8

4.8

5.2

5.7

5.7

5.7

Mean

39.6

40.8

41.1

38.8

39.9

40.6

SD

6.3

6.4

6.8

6.6

6.7

6.9

Male
Mean
SD
Female
Mean
SD
Total

Note: units in mL/kg/min. Mean VO2 increased significantly across all time intervals in EIB- but not EIB+ athletes. Mean VO2 was
significantly higher in men versus women.
* p < 0.01
** p < 0.001
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Table C.6: Mean absolute oxygen consumption recorded during the salbutamol and
placebo trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

2.9

2.9

2.9

2.8

2.9

2.9

SD

0.6

0.7

0.7

0.6

0.7

0.7

Mean

2.5

2.6

2.7

2.5

2.6

2.6

SD

0.7

0.7

0.7

0.7

0.7

0.7

Mean

3.2*

3.3*

3.3*

3.2*

3.3*

3.3*

SD

0.5

0.5

0.5

0.5

0.5

0.5

Mean

2.2*

2.2*

2.2*

2.1*

2.2*

2.2*

SD

0.3

0.3

0.3

0.3

0.3

0.3

Mean

2.7

2.8

2.8

2.6

2.7

2.8

SD

0.7

0.7

0.7

0.7

0.7

0.7

EIB+

EIB-

Male

Female

Total

Note: units in L/min. Mean VO2 was significantly higher in men compared to women.
* p < 0.001
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Table C.7: Mean carbon dioxide production recorded during the salbutamol and
placebo trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

2.6

2.6

2.6

2.5

2.6

2.6

SD

0.5

0.6

0.6

0.6

0.6

0.6

Mean

2.4

2.5

2.4

2.3

2.4

2.4

SD

0.7

0.7

0.7

0.7

0.7

0.7

Mean

2.9

3.0

3.0

2.9

3.0

3.0

SD

0.4

0.5

0.5

0.5

0.5

0.5

Mean

2.0

2.1

2.0

1.9

1.9

1.9

SD

0.3

0.3

0.3

0.3

0.3

0.3

Mean

2.5*

2.5**

2.5

2.4*

2.4**

2.5

SD

0.6

0.6

0.6

0.6

0.6

0.7

EIB+

EIB-

Male

Female

Total

Note: units in L/min. Mean VCO2 was significantly higher in men compared to women at all time points, p < 0.000. VCO2 was
increased in the salbutamol condition
* p < 0.05
** p < 0.01
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Table C.8: Mean ventilatory equivalent for oxygen recorded during the salbutamol
and placebo trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

26.9

27.2

27.1

25.8

26.1

26.1

SD

2.3

2.7

2.7

2.1

2.4

2.4

Mean

29.0

29.2

28.8

27.8

28.3

28.4

SD

3.9

3.9

3.7

2.9

3.2

3.1

Mean

26.1

26.3

26.1

25.4

25.8

25.8

SD

1.9

2.3

2.3

1.7

2.1

2.1

30.1*

30.3*

29.9*

28.4*

28.9*

28.9*

3.4

3.3

3.1

2.7

3.1

3.0

Mean

28.1

28.3

28.0

26.9

27.3

27.4

SD

3.4

3.5

3.3

2.7

3.0

3.0

EIB+

EIB-

Male

Female
Mean
SD
Total

Note: Mean Ve/VO2 was higher in women compared to men, p < 0.01. Ve/VO2 was increased in the salbutamol trial in women
* p < 0.01
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Table C.9: Mean ventilatory equivalent for carbon dioxide recorded during the
salbutamol and placebo trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

30.0

30.3

30.5

28.8

29.5

29.7

SD

2.2

2.6

2.7

2.0

2.1

2.1

Mean

31.0

31.3

31.4

30.1

31.0

31.6

SD

3.9

3.8

4.0

3.2

3.5

3.6

Mean

28.7

28.9

29.0

27.7

28.4

28.7

SD

2.1

2.4

2.5

1.6

2.0

2.0

Mean

32.4

32.8

33.1

31.3

32.1

32.7

SD

3.1

2.9

3.0

2.6

2.6

2.7

30.8*

31.0

30.3*

30.7

3.3

3.4

3.0

3.1

EIB+

EIB-

Male

Female

Total
Mean
SD

30.5**
3.2

29.5**
2.8

Note: Mean Ve/VCO2 higher in women compared to men at all time intervals, p < 0.05. Ve/VCO2 increased across all time intervals
in the placebo but not in the salbutamol trial, p < 0.01
* p < 0.05
** p < 0.001
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Table C.10: Mean minute ventilation recorded during the salbutamol and placebo
trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

76.9

79.3

79.3

72.4

75.2

76.3

SD

13.5

16.6

17.6

15.6

18.7

19.0

Mean

71.8

75.3

74.9

67.8

71.4

72.9

SD

15.0

16.0

16.3

14.4

14.7

15.4

Mean

84.0

87.0

87.4

80.1

84.0

85.7

SD

12.3

16.1

16.5

12.7

14.7

15.1

Mean

64.2

67.1

66.3

59.7

62.2

63.2

SD

7.5

7.7

7.8

8.1

9.0

9.2

EIB+

EIB-

Male

Female

Total
Mean

74.1***

77.1**

76.9*

69.9***

73.1**

74.4*

SD

14.2

15.9

16.6

14.7

16.3

16.8

Note: units in L/min. Minute ventilation increased between T=0-25 and T=25-50 in the salbutamol condition but increased across all
time points in the placebo condition. Mean minute ventilation was higher in men compared to women at all time points, p < 0.01
* p < 0.05
* p < 0.01
*** p < 0.001
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Table C.11: Mean respiration rate recorded during the salbutamol and placebo trials
in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

35.4*

38.0**

39.2

34.0*

36.7**

37.7

5.1

7.1

8.4

5.9

7.8

7.8

Mean

34.7

37.1

38.5

34.7

37.6

39.4

SD

7.6

8.6

8.8

7.4

8.2

8.4

Mean

34.3

36.5

37.6

33.6

36.3

37.4

SD

6.6

8.4

9.0

6.6

8.3

8.1

Mean

35.8

38.6

40.0

35.1

38.1

39.9

SD

6.6

7.4

8.0

6.9

7.7

8.0

Mean

35.0

37.5

38.8

34.3

37.2

38.6

SD

6.4

7.8

8.4

6.6

7.8

8.0

EIB+
Mean
SD
EIB-

Male

Female

Total

Note: units in breaths/min
* p < 0.05
** p = 0.052
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Table C.12: Mean heart rate recorded during the salbutamol and placebo trials in
male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

153

155

156

144

149

151

SD

15.1

15.7

16.4

16.3

16.5

17.0

Mean

155

156

156

148

153

157

SD

8.7

7.8

8.8

8.4

8.0

9.4

Mean

153

156

158

146

151

155

SD

9.1

10.0

9.9

12.5

7.9

8.5

Mean

155

155

155

146

150

154

SD

14.8

14.2

15.5

17.1

16.8

18.1

Mean

154*

155**

156

146*

151**

155

SD

11.8

11.8

12.6

12.5

12.5

13.5

EIB+

EIB-

Male

Female

Total

Note: units in beats/min. Heart rate increased between T=0-25 and T=25-50 (p < 0.01) and T=0-25 and T=50-75 (p < 0.05) in the
salbutamol condition. Heart rate increased across all time intervals in the placebo condition (p < 0.001).
* p < 0.001
** p < 0.05
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Table C.13: Change in heart rate recorded during the salbutamol and placebo trials in
male and female athletes
Time
Interval

Δ HR
SAL

Δ HR
PLA

Mean

3.0*

6.3

SD

1.4

2.9

Mean

-0.2*

5.4

SD

2.0

2.3

Mean

1.5**

5.9**

SD

2.3

2.6

Men (n = 10)

Women (n = 9)

Total (n = 19)

Note: units in percent change calculated as the difference between
heart rate at T=0-25 and T=50-75.
* p < 0.0001
* p < 0.05
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Table C.14: Mean estimated tidal volume recorded during the salbutamol and placebo
trials in male, female, EIB+, and EIB- athletes
Time
Interval

0-25 min
SAL

25-50 min
SAL

50-75 min
SAL

0-25 min
PLA

25-50 min
PLA

50-75 min
PLA

Mean

2.20

2.12

2.08

2.16

2.08

2.06

SD

0.42

0.47

0.51

0.41

0.44

0.44

Mean

2.16

2.12

2.03

2.05

1.99

1.94

SD

0.68

0.66

0.62

0.68

0.66

0.64

Mean

2.51

2.44

2.39

2.43

2.37

2.34

SD

0.48

0.49

0.47

0.43

0.45

0.43

Mean

1.85

1.80

1.72

1.76

1.69

1.64

SD

0.45

0.43

0.43

0.48

0.45

0.43

Mean

2.18*

2.12*

2.05

2.10*

2.03*

1.99

SD

0.56

0.56

0.56

0.56

0.56

0.55

EIB+

EIB-

Male

Female

Total

Note: units in L. Mean estimated tidal volume was greater in men compared to women at all time intervals, p < 0.01. Estimate tidal
volume was higher in the salbutamol condition
* p < 0.01
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D Consent Form

PARTICIPANT INFORMATION AND CONSENT FORM
Does Inhaled Salbutamol Increase Anaerobic Sprint Power Following Aerobic
Exercise in Trained Cyclists?
Principal Investigator:

Michael Koehle MD PhD
School of Kinesiology
Division of Sports Medicine
Faculty of Medicine
University of British Columbia
604.822.9331

Co-Investigator:
Sean Sinden BSc
School of Kinesiology
University of British Columbia
604.822.9331
Ben Sporer PhD
Dept. of Family Practice
University of British Columbia
Don McKenzie MD PhD
School of Kinesiology
Division of Sports Medicine
Faculty of Medicine
University of British Columbia
604.822.3513
Sponsors:
Competition)

None (current grant application being reviewed by the Partnership for Clean

Emergency Telephone Number:
hour, 7-days a week phone number)

778-231-2665 (24-

INTRODUCTION
You are being invited to take part in this research study with 40 participants because you are a
competitive cyclist or triathlete. You are between the age of 19 and 40 with no significant heart
and lung health problems.

YOUR PARTICIPATION IS VOLUNTARY
Your participation is entirely voluntary, so it is up to you to decide whether or not to take part in
this study. Before you decide, it is important for you to understand what the research involves.
This consent form will tell you about the study, why the research is being done, what will happen
to you during the study and the possible benefits, risks, and discomforts.
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If you wish to participate, you will be asked to sign this form. If you do decide to take part in this
study, you are still free to withdraw at any time and without giving any reasons for your decision.
If you do not wish to participate, you do not have to provide any reason for your decision not to
participate nor will you lose the benefit of any medical care to which you are entitled or are
presently receiving.
Please take time to read the following information carefully and to discuss it with your family,
friends, and doctor before you decide.

WHO IS CONDUCTING THE STUDY?
The study is being conducted by the University of British Columbia and is not receiving funding
from an external agency or sponsor, a grant application is currently submitted to the Partnership
for Clean Competition. There are no conflicts of interest amongst or between investigators.

BACKGROUND
Beta2-agonists are a type of medication that is commonly used in the treatment of asthma.
Beta2-agonists act on the body by stimulating the adrenergic system, the same system
stimulated by adrenaline, and induce a number of effects throughout the body via a variety of
cellular signalling pathways. The primary effect of Beta2-agonists is widening of the airways,
known as vasodilation. Secondary effects of these medications include increased heart rate,
dilation of blood vessels, and short-term alterations in metabolism. Due to these secondary
effects, they can have other actions other than treating asthma that may have the potential to
improve exercise performance.
In the past 25 years, there has been a trend for an increase in applications for permission to use
Beta2-agonists from athletes competing in Olympic Games. In fact, athletes that use these
agents win a disproportionately high number of medals. Previous research has generally found
no doping benefit from these agents. Recent research has shown that there may be a
performance enhancing effect of these drugs during an extended endurance exercise bout and/or
during a maximal sprint. We will compare exercise performance following the administration of a
Beta2-agonist. We hypothesize that athletes given Beta2-agonist will perform better than those
without the drug. If some athletes are achieving enhanced performance from asthma medication,
then the rules surrounding their use in sport will need to be reviewed.

WHAT IS THE PURPOSE OF THE STUDY?
The purpose of the proposed study would be to assess the effects of Beta2-agonists on both
endurance and sprint performance in trained cyclists.

WHO CAN PARTICIPATE IN THE STUDY?
To participate, you must be a 19 to 40 year old, male or female cyclist or triathlete who has
competed in a race within the last 2 years. You must be free of heart or uncontrolled lung disease
and you must be a nonsmoker. Those diagnosed with exercise-induced bronchoconstriction
and/or asthma are still eligible for this study.
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WHO SHOULD NOT PARTICIPATE IN THE STUDY?
Individuals with a history of uncontrolled respiratory or cardiac disease must not participate in the
study. If for any reason you are unable to perform a maximal cycling effort, you smoke or
currently use beta-blockers, you should not participate. If you use Beta2-agonists, including
salbutamol, terbutaline, formoterol, or salmeterol, you are asked to withhold from taking them 12
hours prior to testing. If you are unsure as to the nature of a prescribed inhalant please contact
the investigators to clarify prior to participating. If you are pregnant you should not participate in
the study. Individuals who are hypersensitive to this drug or to any ingredient in the formulation or
component of the container should also not participate in the study.
Because we do not know if or how an unborn baby/fetus could be harmed, you should avoid
becoming pregnant. Talk to your study doctor about the risks to your unborn baby/fetus if you did
get pregnant. Work with your study doctor to find the best solution to make sure you do not get
pregnant, if you wish to be in the study.

WHAT DOES THE STUDY INVOLVE?
This study will take place in the Environmental Physiology Laboratory in the Biological Sciences
Building at the University of British Columbia in Vancouver.

Overview of the Study
You will be requested to come to the laboratory on three occasions. The first visit will consist of
an asthma test and a graded exercise test on a stationary bicycle to determine your maximal
oxygen consumption (VO2max), which is defined as the maximal rate of oxygen consumption
during exercise, and power output at VO2max. After completing the VO2max test, you will be
asked to perform a practice Wingate anaerobic test. This is for you to become familiar with the
bike ergometer and the Wingate test. The final two visits will consist of an endurance bout of
cycling for 75 minutes at a resistance previously determined during the graded exercise test. This
endurance bout will be immediately followed by a Wingate test. Prior to the 75-minute bout, you
will take a dose (1600 micrograms) of asthma medication (called salbutamol) or a placebo. The
order of placebo and asthma medication, a single dose of either 1600mcg, will be randomized.
This means that the order of the inhaled medication or placebo will be determined completely by
chance. Similarly to flipping a coin, a computer program will choose the order of the inhaled
dosage of the medication. You will not know if salbutamol or placebo was inhaled on which day
until the end of the study. The placebo is an inactive substance that looks identical to salbutamol
but contains no therapeutic or experimental ingredients. Health Canada has approved the sale
and use of salbutamol to treat asthma and bronchoconstriction.

If You Decide to Join This Study: Specific Procedures
If you agree to take part in this study, the procedures and visits you can expect will include the
following:
This study is double-blind, meaning that neither you nor the investigators will know if salbutamol
or placebo was inhaled on which day. However this information is available in case of an
emergency.
Study Visits
Day 1 will consist of some baseline measurements and a graded exercise test on a stationary
bicycle.
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The baseline measurements involve using a machine (called a spirometer) to measure your
breathing function. This will involve taking a series of breaths (at rest) as instructed to by the
investigators. You will breathe out into a machine that measures the amount of air that you
breathe out. You will do this lung function measurement again after breathing a gas mixture (5%
CO2, 21% O2, 74% N) for 6 minutes. While you are breathing this gas mixture you will be
encouraged to breathe at a relatively fast rate (the same as you would during heavy exercise).
The graded exercise test starts with a 15-minute warm-up. Then you will begin cycling at 0 Watts
(for women) or 100 Watts (for men). This resistance will increase by 1 watt every 2 seconds. You
will cycle as long as you can until you feel you can ride no longer. At that point the test is
complete, and you can do warm down however you like. During the test, you will wear a
facemask which will be connected to a metabolic cart via a hose to measure data about your
breathing and oxygen utilization.
If your maximal oxygen consumption (VO2max) is less than 60 or 50mL/kg/min (relative) or less
than 5 or 4L/min (absolute), as a male or female, respectively, you will not be able participate in
the study. VO2max is defined as the maximum rate of oxygen consumption during exercise.
Day 2 and 3 will be very similar to each other in that you will perform the same procedures.
Exercise will consist of an endurance bout of cycling for 75 minutes at a resistance previously
determined during the graded exercise test. During this phase of exercise you will be able to
select your own cadence but will be unable to change resistance or gearing. This endurance bout
will be immediately followed by a Wingate test. The Wingate test involves a 10 second period of
cycling against no resistance to reach maximal RPMs followed by an addition of resistance
(relative to your weight) which you will ‘sprint’ against for 30 seconds, trying to maintain your
cadence for as long as possible. Prior to the 75-minute bout, you will take a dose (1600
micrograms) of asthma medication (called salbutamol) or a placebo. The order of placebo and
medication will be randomized. You will not know if salbutamol or placebo was inhaled on which
day until the end of the study. Right before and 15 minutes after the inhalation of the asthma
medication or placebo you will be asked to perform a lung function test called “forced expiratory
volume in 1 second”. You will be familiarized with this test on day one, the screening day. Before
and after inhalation of the medication or placebo we will also measure blood lactate by collecting
a small sample of blood as well as ratings of perceived exertion (RPE) for legs and lungs. The
test consists of a small finger prick and the collection of a small droplet of blood using a handheld
analyzer. Lactate samples will be taken at 25-minute intervals during the endurance bout and
immediately following the Wingate test. There will be no biobanking of collected blood and all
samples will be disposed of following lactate analysis. RPE will be measured on a 10-point scale
on which you will be asked to rate your perceived exertion from no effort to maximal effort.
During exercise you will wear your own exercise clothing, and a heart rate monitor. This is a strap
that goes around your chest and monitors your heartbeat. During exercise, you will breathe out
into a machine that measures the amount and contents of air that you breathe out. Your name
and all information provided throughout this study will be linked with a special code to protect your
privacy.

WHAT ARE MY RESPONSIBILITIES?
On days prior to your appointments you will be asked to drink 3 liters of clear fluids within 16
hours prior to the testing. You will also refrain from eating a large meal 2 hours prior to visiting the
laboratory. In the 24-hour period leading up to both testing days you will be asked to eat the
same, or similar, meals. Additionally you should not exercise in the mornings before the
treatment. This is necessary to make sure that our measurements are not influenced by any
physical activity prior to testing. If you use Beta2-agonists, you are asked to withhold from taking
them 12 hours prior to testing, however, those taking any inhaled corticosteroids (such as
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budesonide or beclomethasone dipropionate) and/or leukotriene antagonists (such as
montelukast or zafirlukast) are permitted to continue using them.

WHAT ARE THE POSSIBLE HARMS AND SIDE EFFECTS OF
PARTICIPATING?
The main risks of the exercise are those of stationary cycling. To participate you must be a
trained cyclist/triathlete, so will likely be used to stationary cycling, and this exercise should not
introduce any appreciable risk. You will be cycling as hard as you would in a real race during the
75-minute bout. The Wingate test is a maximal sprinting test but this intensity of exercise would
be experienced during competitive racing. The risks of completing the test are similar to those
involved in an intense bout of exercise.
The breathing test where you are breathing as fast as you would during exercise, can feel odd. It
feels odd, because you are not used to breathing so much while at rest, not because anything
untoward is happening. The gas that you breathe is actually mixed so that you will not get
lightheaded (as you would if you were just breathing room air that fast).
Common side effects of salbutamol, the asthma medication you will be asked to inhale, are
temporary involuntary muscle movements, dizziness, sensations of irregular heartbeats, dry
mouth, and nausea. Additional common side effects are an unusual taste and a feeling of
nervous unease. If you experience those side effects, they will be temporary and will resolve
without further treatment.
For the event of an emergency during exercise, all personnel involved will be trained in basic
cardiopulmonary resuscitation (CPR) and automated external defibrillator (AED) use. Emergency
equipment, including an AED, oxygen masks, blood pressure cuff and stethoscope, will be readily
available and working properly. UBC Hospital is approximately 250 meters from the laboratory. If
a problem occurs during exercise testing, the supervising physician will be summoned
immediately. The physician will decide whether to call for evacuation to the nearest hospital. If a
physician is not available and any questions exist as to the status of the patient, then emergency
transportation to the closest hospital will be summoned immediately.

WHAT ARE THE BENEFITS OF PARTICIPATING IN THIS STUDY?
No one knows whether or not you will benefit from this study. There may or may not be direct
benefits to you from taking part in this study. You will get a complementary graded exercise test
and Wingate test which will give you an objective measure of your aerobic fitness and sprinting
power. We hope that the information learned from this study can be used in the future to benefit
competitive athletes by increasing our knowledge of potential doping methods in sport. You will
be given an honorarium of $50 for each visit to partially compensate for your time.

WHAT HAPPENS IF I DECIDE TO WITHDRAW MY CONSENT TO
PARTICIPATE?
Your participation in this research is entirely voluntary. You may withdraw from this study at any
time without giving reasons. If you choose to enter the study and then decide to withdraw at a
later time, you have the right to request the withdrawal of your information collected during the
study. This request will be respected to the extent possible. Please note however that there may
be exceptions where the data [and/or samples] will not be able to be withdrawn for example
where the data [and/or sample] is no longer identifiable (meaning it cannot be linked in any way
back to your identity) or where the data has been merged with other data. If you would like to
request the withdrawal of your data [and/or samples], please let the investigators know. If your
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participation in this study includes enrolling in any optional studies, or long term follow-up, you will
be asked whether you wish to withdraw from these as well.

WHAT HAPPENS IF SOMETHING GOES WRONG?
By signing this form, you do not give up any of your legal rights and you do not release
the study doctor, participating institutions, or anyone else from their legal and
professional duties. If you become ill or physically injured as a result of participation in
this study, medical treatment will be provided at no additional cost to you. The costs of
your medical treatment will be paid by your provincial medical plan and/or by the study
sponsor [insert name of sponsor].
CAN I BE ASKED TO LEAVE THE STUDY?
If you are not complying with the requirements of the study or for any other reason, the
investigators may withdraw you from the study.

WILL MY TAKING PART IN THIS STUDY BE KEPT CONFIDENTIAL?
Your confidentiality will be respected. However, research records and health or other
source records identifying you may be inspected in the presence of the Investigator or
his or her designate by representatives of the Partnership for Clean Competition, Health
Canada, and the UBC Clinical Ethics Research Board for the purpose of monitoring the
research. No information or records that disclose your identity will be published without
your consent, nor will any information or records that disclose your identity be removed
or released without your consent unless required by law.
You will be assigned a unique study number as a participant in this study. This number
will not include any personal information that could identify you (e.g., it will not include
your Personal Health Number, SIN, or your initials, etc.). Only this number will be used
on any research-related information collected about you during the course of this study,
so that your identity will be kept confidential. Information that contains your identity
will remain only with the Principal Investigator and/or designate. The list that matches
your name to the unique study number that is used on your research-related
information will not be removed or released without your consent unless required by
law.
Your rights to privacy are legally protected by federal and provincial laws that require
safeguards to insure that your privacy is respected. You also have the legal right of
access to the information about you that has been provided to the sponsor and, if need
be, an opportunity to correct any errors in this information. Further details about these
laws are available on request to your study doctor.
Your participant code will also be provided if requested by the sponsor or responsible
regulatory agency.
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WHOM DO I CONTACT IF I HAVE QUESTIONS ABOUT THE STUDY
DURING MY PARTICIPATION?
If you have any questions or desire further information about this study before or during
participation, you can contact Sean Sinden at 604-822-9331.

WHOM DO I CONTACT IF I HAVE ANY QUESTIONS OR CONCERNS
ABOUT MY RIGHTS AS A PARTICIPANT DURING THE STUDY?
If you have any concerns or complaints about your rights as a research participant and/or your
experiences while participating in this study, contact the Research Participant Complaint Line in
the University of British Columbia Office of Research Ethics by e-mail at RSIL@ors.ubc.ca or by
phone at 604-822-8598 (Toll Free: 1-877-822-8598).

AFTER THE STUDY IS FINISHED
Upon completion of the study, you may request any data obtained during testing including
maximal aerobic power, lactate measurements, heart rate data, peak power, mean power, and
fatigue index. You will be contacted, if you wish, and supplied with the results of the study. The
results of the study are intended to be published in a peer-reviewed journal within the following 2
years.
Future Contact
Do you wish to be contacted with the study results following completion of the study?

Yes ☐
Do you wish to be contacted in the future for participation in similar studies?

Yes ☐
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Does inhaled salbutamol increase anaerobic sprint power following aerobic
exercise in trained cyclists?
PARTICIPANT CONSENT
My signature on this consent form means:
•
•
•
•
•

•
•
•

I have read and understood the participant information and consent form.
I have had sufficient time to consider the information provided and to ask for advice if
necessary.
I have had the opportunity to ask questions and have had satisfactory responses to my
questions.
I understand that all of the information collected will be kept confidential and that the
result will only be used for scientific objectives.
I understand that my participation in this study is voluntary and that I am completely free
to refuse to participate or to withdraw from this study at any time without changing in any
way the quality of care that I receive.
I understand that I am not waiving any of my legal rights as a result of signing this
consent form.
I understand that there is no guarantee that this study will provide any benefits to me.
I have read this form and I freely consent to participate in this study.

SIGNATURES

I will receive a signed copy of this consent form for my own records.
I consent to participate in this study.

Participant’s Signature

Signature of Person
Obtaining Consent

Printed name

Printed name

Study Role

Date

Date
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