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Abstract

Purpose: This study investigated the effect of induced alkalosis on the curvature constant (W”) of the power-
duration relationship under normoxic and hypoxic conditions. Methods: Eleven trained cyclists (mean + SD)
Age: 32 £ 7.2 yrs; body mass (bm): 77.0 £ 9.2 kg; VOypear: 59.2 £ 6.8 ml-kg"-min™") completed seven laboratory
visits which involved the determination of individual time to peak alkalosis following sodium bicarbonate
(NaHCO;) ingestion, an environment specific ramp test (e.g. normoxia and hypoxia) and four x 3 min critical
power (CP) tests under different experimental conditions. Participants completed four trials: alkalosis normoxia
(ALN); placebo normoxia (PLN); alkalosis hypoxia (ALH); and placebo hypoxia (PLH). Pre-exercise
administration of 0.3 g.kg” BM of NaHCO; was used to induce alkalosis. Environmental conditions were set at
either normobaric hypoxia (FiO,: 14.5%) or normoxia (FiO;: 20.93%). Results: An increase in W’ was observed
with pre-exercise alkalosis under both normoxic (PLN: 15.1 + 6.2 kJ vs. ALN: 17.4 + 5.1 kJ; P = 0.006) and
hypoxic conditions (ALN: 15.2 + 4.9 kJ vs. ALN: 17.9 = 5.2 kJ; P < 0.001). Pre-exercise alkalosis resulted in a
larger reduction in bicarbonate ion (HCOj5") concentrations during exercise in both environmental conditions (p <
0.001) and a greater blood lactate accumulation under hypoxia (P = 0.012). Conclusion: Pre-exercise alkalosis
substantially increased W’, and therefore may determine tolerance to exercise above CP under normoxic and
hypoxic conditions. This may be due to NaHCOj; increasing HCO;™ buffering capacity to delay exercise-induced

acidosis, which may therefore enhance anaerobic energy contribution.
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INTRODUCTION

Fatigue is determined by an array of factors that are suggested to originate from afferent/efferent feedback from
the central nervous system (i.e. central fatigue), and/or metabolic and biochemical alterations in the intramuscular
regions (Ament and Verkerke, 2009). The mediators of fatigue are, however, predominantly dependant on exercise
intensity and as such, the physiological response and tolerance to exercise can be clustered into distinct domains
(Burnley and Jones, 2007). Tolerance within the severe intensity domain can be described by a mathematical
hyperbolic curve known as the power-duration relationship (Jones et al. 2010; Poole et al. 2016). This hyperbolic
curve can be categorised into the asymptote and the curvature constant, which in the power-duration relationship
are known as critical power (CP) and W’, respectively. The CP signifies the greatest intensity where a
physiological steady state can be maintained (Poole et al. 1988); whilst also defining the boundary between heavy
and severe exercise intensity domains (Burnley and Jones 2007). The range of exercise intensities between CP
and the power output at peak oxygen uptake (VOypea) represent the W’. This quantifies a fixed work constant
(measured in kilojoules (kJ)) available for exercise within the severe exercise intensity domain (Jones et al. 2010;
Poole et al. 2016); and therefore, enables the prediction of time to exercise exhaustion at any given power output
above CP. Exercise within the W’ range is associated with a distinct physiological response that are associated
with fatigue (Poole et al. 1988; Burnley and Jones 2007; Jones et al. 2008). This includes, muscle metabolite
perturbations, such as an exponential rise in muscle hydrogen cations (H") and phosphocreatine (Pcr) breakdown

(Jones et al. 2008); as wel as the development of a substantial VO, slow component (Murgatroyd et al. 2011).

The power-duration relationship has varying applications to healthy, patient and athletic populations. More
specifically this includes; the normalisation and prescription of exercise intensities (Ferguson et al. 2013), a
method to predict exercise performance capabilities (Black et al. 2014) and inform athletic pacing strategies
(Vanhatalo, Jones and Burnley 2011). Furthermore, the critical power concept has been cited as a method that can
assess the effect of interventions by providing both functional exercise capacity data and associated physiological
benefits (Whipp and Ward, 2009; Jones et al. 2010). Therefore, greater mechanistic appreciation of the
physiological components that determine CP and W’ may improve the practical application of this power-duration
model. Critical power is sensitive to manipulation in O, availability with hypoxic exposure diminishing CP
(Derkerle, Mucci and Carter 2012; Simpson et al. 2015) and hyperoxic exposure increasing CP (Vanhatalo et al.
2010). As such CP is suggested to be predominantly comprised of oxygen dependant, acrobic energy sources

(Poole et al. 2016). In comparison, the determinants of W’ are less clear (Jones et al. 2010; Poole et al. 2016) as
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interventions that increase CP can concurrently reduce W’ (Vanhatalo et al. 2010). This may indicate that W’ may
not only represent the finite anaerobic energy contribution, as originally proposed, but rather an interplay of

aerobic and anaerobic energetic factors.

Muscle metabolite disturbances are closely linked with W’ (Jones et al. 2008) and the exogenous manipulation of
metabolite disturbances can enhance W’; such as creatine ingestion to increase PCr resynthesise and thus W’
(Miura et al. 1999). This, however, has not been consistently demonstrated, as pre-exercise alkalosis (through
NaHCO; supplementation) was shown not to alter W, despite the alleviation of H" accumulation during all-out
exercise (Vanhatalo et al. 2010). Indeed, there is considerable debate regarding the involvement of acidosis in
fatigue and exercise performance (Westerblad 2016; Fitts 2016), which may explain the lack of improvement
reported in W’. Morales-Alamo et al. (2015) observed that sprint performance following exhaustive exercise
recovered at a faster rate than muscular acidosis (i.e. removal of H"). This suggests a close temporal relationship
between acidosis and whole body exercise performance may not coexist. Furthermore, performance recovery was
faster with hypoxic exposure, with the authors suggesting central fatigue mechanisms may have a more prominent
role in fatigue in comparison to normoxia. This is despite acute hypoxia eliciting an additive acidic stress during
exercise (Hogan, Cox and Welch 1983), which is identified as a factor contributing to the diminished exercise
performance under this environmental stressor (Clarke et al. 2007). While, NaHCOj; supplementation is shown to
be an effective ergogenic aid by acting to delay the onset of acidosis during exercise (McNaughton et al. 2008;
2016), suggesting acid-base balance is implicated with exercise performance and fatigue. Furthermore, exercise
above CP is associated with an increase in H" and therefore, the hypothesis identifying acidosis as a physiological

determinant of W’ utilisation cannot be dismissed.

Theoretically, NaHCO; may enhance W’ by increasing the availability of blood HCO;5™ and strengthen the
physiochemical buffering capacity, which acts to dampen the rate of H" accumulation during exercise (Carr et al.
2011). More recent methodological developments in NaHCO; administration suggest an inter-individual
variability in extracellular peak blood alkalosis, which ranges from 10-140 min (Stannard et al. 2016; Miller et al.
2016). Consequently, previous research utilising standard ingestion times across all participants may not have
induced individual peak alkalosis, such as that used by Vanhatalo et al. (2010). Thereby limiting the potential to
attain an accurate representation of the effect of alkalosis. The purpose of this study was therefore, to investigate
the effect of individualised pre-exercise NaHCO; supplementation on CP and W’ during the 3 min critical power

test under normoxic and hypoxic conditions.



METHODS
Participants

Eleven male trained cyclists volunteered to participate in this study with the following mean + SD physical
characteristics, age 32 = 7.2 yrs; body mass 77.0 £ 9.2 kg; VOnpea 59.2 = 7.4 ml-kg™"-min™'; peak power output
391.3 + 43.7 W. Participant inclusion was determined by age (18-40 years), training history (minimum of two
years cycling and a seven hrs-week™ minimum training volume) and previous altitude exposure (not resided at
altitude for the previous six months). Written informed consent was obtained from all participants after
explanation of test procedures and associated risks. Ethical approval was obtained for the study from the
Departmental Research Ethics Committee and the study was conducted in accordance with the Declaration of

Helsinki.
Experimental overview

Participants visited the laboratory on seven separate days at the same time of day (+ 1 hr), with visits separated
by at least two, but no more than seven days. Participants were instructed to refrain from strenuous exercise and
alcohol 24 hrs prior to each trial; while participants abstained from caffeine on the day of testing. Dietary intake
was recorded 24 hrs preceding the initial trial, which was replicated for subsequent visits and confirmed verbally
on the commencement of each trial. Participants were instructed to arrive in a 3 hrs postprandial state and a
euhydrated state by maintaining fluid intake prior to arrival to limit confounding nutritional effects on exercise

performance.

During the first visit, individual time to peak blood alkalosis was established from the ingestion of 0.3 g-kg™' body
mass of NaHCOj; through mapping time course of blood response over 90 min (Miller et al. 2015). Capillary blood
samples (70 pul) were taken prior to NaHCOj; ingestion followed by samples every 10 mins for 60 min post
ingestion and then every 5 min from 60-90 mins. Samples were collected in a seated position from a sterilised
finger into a capillary tube (Electrolyte balanced heparin clinitube, Radiometer, Denmark). Arterialisation was
attained using an electric heated blanket (45 °C) for 5 min prior to sample collection (Yang et al. 2012). Samples
were analysed for blood pH (Radiometer ABL90 Flex, Denmark) to determine the time taken for peak pH to

transpire. This formed the timescale for individualised NaHCO; ingestion during subsequent experimental trials.



Exercise trials were all conducted within a normobaric environmental chamber (Model S016r-7-sp TISS, UK),
with ambient temperature (21 °C) and humidity (40%) regulated throughout. Fractional inspired oxygen (FiO,%)
was adjusted for normoxic (FiO, = 20.93%) and hypoxic (FiO, = 14.5%) environmental conditions, which are
equivalent to sea level and 3000 m, respectively. Environmental conditions were single blind and randomised
during experimentation. A ‘sham hypoxic’ condition was created during the normoxic trials to mask the
environmental conditions. This involved maintaining the oxygen (O;) controls to replicate auditory cues between
conditions, a procedure previously used by Gallagher et al. (2014). Participants entered the chamber 10 min prior

to exercise to allow equilibrium between atmospheric and body O, stores (Andreassen and Rees 2005).

The first two exercise trials consisted of an incremental ramp test assigned in a single-blinded, random order to
either the normoxic or hypoxic environmental condition. A randomised, cross-over design was employed for the
following four experimental trials under different environmental conditions. All exercise tests were performed to
replicate the original ramp and 3 min all-out critical power test performed by Vanhatalo et al. (2007) to maintain
the validity of the CP and W’ measured. The four experimental conditions were: alkalosis normoxia (ALN),
placebo normoxia (PLN), alkalosis hypoxia (ALH), and placebo hypoxia (PLH). Supplements were administered
in a double-blinded manner prior to exercise at the time to peak alkalosis identified in the initial trial. Participants
ingested 0.3 g-kg™' body mass of NaHCOjs or a placebo of sodium chloride (NaCl) at 0.21 g-kg”' body mass, which
was calculated as an equimolar sodium concentration to the NaHCO; dose. Supplements were mixed with 400 ml
of water and 50 ml of sugar free orange flavoured cordial, which were ingested within a five min period. Capillary
blood samples were taken during experimental trials on three occasions (Pre-supplement, Pre-exercise and within
1 min Post exercise) using the method described earlier. Samples were analysed for blood H' concentrations ([H']).
bicarbonate ions concentration ((HCOj3]), blood lactate concentration ([bla]) and O, saturation percentage (SpO,),

blood oxygen (PO,) and carbon dioxide (PCO,) partial pressure (Radiometer ABL90 Flex, Denmark).

Determination of VO jpear and Ventilatory Threshold 1

All exercise trials were conducted using an electromagnetically braked cycle ergometer (Lode Excalibur Sport,
Groningen, The Netherlands). Participants adjusted the ergometer seat and handle bars to maximise comfort, this
was recorded in the first trial and replicated for all subsequent trials. The incremental ramp test was performed
with the ergometer in isokinetic mode and was proceeded by a 5 min unloaded warm up. The test commenced at
75 W for 1 min and followed by continuous increase of 1 W every 2 s (30 W-min™). Participants selected a

preferred cadence (80 rpm, n = 5; 90 rpm, n = 6) to maintain throughout the test until volitional exhaustion. This
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test was terminated when cadence fell by more than 10 rpm from the preferred cadence for more than 5 s, despite

strong verbal encouragement.

Breath-by-breath pulmonary gas exchange and heart rate was measured throughout the incremental ramp test, and
all subsequent trials, using a free standing metabolic gas analyser (K5, Cosmed, Italy). Calibration was performed
prior to every test in accordance with manufacturer’s instructions. Pulmonary gas exchange data was initially
smoothed, by 4 standard deviations from the mean, to remove errant data points caused by coughing or
swallowing. Data was then averaged to 10 s bins for the identification of the first ventilatory threshold (VT1). The
VT1 was detected through inflection points on gas exchange graphs using the following criteria: 1) the v-slope
method through the breakpoint in VCO,/VO, against time; 2) an increase in Vg/VO, but no increase in Vg/VCOy;
and 3) an increase in PgrO, without a decline in PgrCO, (Beaver, Wasserman and Whipp 1986). The subsequent
power output associated with the VT1 was then used to determine the linear factor for the 3 min critical power
test (as described below). Peak power output (PPO) was defined as the greatest power output attained at the
termination of the test. Peak oxygen uptake was defined as the highest 5 s rolling average of VO,. Furthermore,
cardiopulmonary data including peak Vg and RER; and average Vg/VCO,, Vg/VO,, PgrCO, and Pg1O, were

documented.

Critical power test

The CP test consisted of an initial 3 min unloaded baseline pedalling at a preferred cadence followed by the
commencement of the 3 min maximal sprint phase. On the sprint phase the ergometer was set on the linear mode
which provides a fixed resistance. This linear factor (linear factor = power/cadence) was calculated to determine
a fixed resistance that results in the participants preferred cadence (used during the incremental ramp protocol) to
be attained at a power output that corresponds to the mid-point of peak power output and the VT1 intensity. This
linear factor was determined for the respective environmental condition to avoid substantially larger
determinations of W’ under hypoxia (Simpson et al. 2015). During the last 10 s of unloaded pedalling, participants
were asked to increase cadence to 120 rpm_and given a countdown into the commencement of the sprint phase.
Participants were instructed to attain a peak power on sprint phase initiation and hold the cadence as high as
possible throughout test duration. Strong verbal encouragement was provided by the same researcher throughout
the study and information of cycling cadence was given during the test, whilst information related to performance
and time elapsed was withheld, to avoid pacing. Familiarisation to the critical power test was conducted following

a 30 min recovery after the second incremental ramp test, a design that has previously been shown to retain the
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validity of the 3 min CP test (Constantini et al. 2014). The determination of CP and W’ using the 3 min test has
been subject to criticism due to the suggested overestimation of the CP parameter (Bergstrom et al. 2013),
therefore, a minimal 30 s rolling average was taken as CP and the total work performed above CP as W’. This
replicates the analysis previously used by Shearman et al. (2015) who found a lower intensity than the original
CP determination method, thus limiting the risk of overestimation. In addition, the original identification of CP
through last 30 s end power output, and the total work performed above this power output, was calculated for
comparative purposes and defined as EP and W’gp. The PPO was determined as the greatest 5 s average power
output recorded during the CP test. While, heart rate was recorded throughout the exercise test (T31, Polar,
Finland) and participant were asked to rate perceived exercise (RPE) using the 6-20 point Borg scale at the end

of exercise.

Statistical Analysis

The Shapiro-Wilk test provided no evidence to reject the hypothesis that all data was normally distributed. A two-
way ANOVA (condition [normoxia vs. hypoxia] x time] was used to compare power outputs of VT1 and PPO
during the incremental ramp test, whilst cardiopulmonary variables between environmental conditions were
compared using a paired t-test. A two-way (treatment [alkalosis vs. placebo] x condition [normoxia vs. hypoxia])
repeated measures ANOVA was used to compare means for dependant variables within the 3 min CP test (CP,
W’, total work done (TWD), PPO, and HR) and RPE. A three way (treatment [alkalosis vs. placebo] x condition
[normoxia vs. hypoxia] x time [pre-supplementation vs. pre-exercise vs. post exercise]) repeated measures
ANOVA was conducted to compare blood [HCO;] and [H+], PO, and PCO,, whilst further comparison of change
in blood [HCO;7], [H'] and lactate during exercise were conducted through a two-way ANOVA. Furthermore, a
comparison of CP to EP and W’ to W’gp was performed using a two-way ANOVA. Where significant main effects
were found, a Bonferroni correction was used for post-hoc pair-wise analyses. Effect size were calculated using
partial eta squared (np”) and interpreted as small (< 0.01), medium (0.01 - 0.06) and large effect (> 0.14) (Cohen
1988). Pearson correlations were performed to examine the relationship between the effect of NaHCO; on TWD
and the effect on W’ and CP, under both environmental conditions. A magnitude based inferences approach was
used to detect the likely practical outcome of the intervention (Batterham and Hopkins 2006). The smallest
meaningful change was assessed against a Cohen unit of 0.2. This contemporary statistical inference method
provides an interpretation on the magnitude of an effect against a pre-determined smallest meaningful effect from

the treatment. This, therefore, substantiates inferences from null hypothesise significance testing and effect sizes,



whilst also reducing inferential error rates (Hopkins and Batterham, 2016). The following qualitative descriptors
were applied to quantitative percentile scores: (1) 25-75% possible; (2) 75-95% likely; (3) 95-99% very likely and
(3) >99% most likely. Instances where the likelihood of a beneficial or negative effect were >5%, the qualitative
interpretation was deemed to be unclear. Descriptive data is presented as mean + SD and statistical significance
accepted at p < 0.05. Data were analysed using SPSS v22 for Windows (SPSS Inc., Chicago, IL, USA), except
for magnitude based inferences which were calculated through an online spreadsheet (Batterham and Hopkins

2006).

Results

During the preliminary trial, time to peak pH following 0.3 g-kg”' bm of NaHCOs ingestion ranged between 40-
70 min (mean: 50 £ 9.6 min). Ingestion of NaHCO; during subsequent trials demonstrated a good correlation with
the individualised dose response trial with an ICC of 0.6; and a standard error of measurement as 0.007 and 0.006
for trials ALN and ALH, respectively. A significant interaction between environment was found (p = 0.005; np’
= 0.57) on peak power during the ramp test (Table 1). This was represented in peak power output reducing by
10% (p <0.001) between normoxia to hypoxia; although power output at VT1 was similar between environmental
conditions (p = 0.38). There was also a significant 18% reduction in VOype between normoxic to hypoxic

environment (p = 0.001)

Pre-exercise alkalosis had a significant main effect on W’ (p < 0.001; np2 = 0.7) (Figure 1) and TWD (p = 0.015;
np” = 0.46) (Figure 2). This represents a 14% increase in W’ under normoxic (p = 0.006) and an 18% increase
under hypoxic (p = 0.001) conditions with NaHCO; compared to placebo. Accordingly, magnitude based
inferences determined a very likely effect under normoxia and most likely effected under hypoxia (Table 3). Pre-
exercise alkalosis also elicited a positive effect on TWD, with post hoc comparisons showing a 5.5% (p = 0.048)
and 4.8% (p = 0.01) increase under normoxic and hypoxic environments, respectively. In contrast, there was no
supplement effect on CP (p = 0.41; np® = 0.06). Critical power was, however, effected by the environmental
conditions (p < 0.001; np” = 0.8), with an overall mean reduction of 44.5 + 23.2 W (Table 2). Similarly, an overall
significant environmental effect on TWD was found (p < 0.001; np” = 0.8) with hypoxia eliciting a mean 10.7%
reduction. Conversely, W’ was not influenced by the environmental conditions (p = 0.59; np2 = 0.02). Comparison
of CP to EP demonstrated an overall significant main effect across conditions (p = 0.004; np” = 0.73), although
pairwise comparisons were non-significant; while W and W’gp did not differ (p = 0.210; np” = 0.15). Pearson’s

correlation between the effect of alkalosis reported a significant relationship between the effect on TWD and the
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effect on CP under normoxic (r = 0.92; p < 0.001) and hypoxic environments (r = 0.83; p = 0.001). Whereas, the
relationship between the effect on TWD and W’ was not significantly different under normoxia (r = 0.52; p =

0.09) and hypoxia (r=0.2; p = 0.54).

A significant two-way [supplement x time] interaction was detected on [HCO5] (p < 0.001; np* = 0.19) and [H']
(p <0.001; np* = 0.78), indicating NaHCOs supplementation had a significant effect on blood [HCO;] and [H']
(p <0.001) as displayed in figure 2. A significant main effect with alkalosis was evident on change in [HCO]
during exercise (p < 0.001; np” = 0.68), although the environmental effect was not significant (p = 0.615; np” =
0.02). Further, pairwise comparisons revealed a 28% (p < 0.001) and 27% (p < 0.001) greater increase in [HCO']
reduction with pre-exercise alkalosis in the respective normoxic and hypoxic trials, compared to placebo (Figure
2). Equivalently, blood [lactate] change during exercise was significantly increased with alkalosis by 10% under
normoxia and 15% under hypoxia (Table 2) (p = 0.005; np” = 0.54) but environmental conditions had no influence
(p = 0.41; np* = 0.06). Despite this, the significant supplement effect on change in [bla] only manifested during
hypoxic conditions (mean difference = - 2.22 nM; p = 0.012) but not during normoxic conditions (mean difference
= - 1.58 nM; p = 0.08). In contrast, change in [H'] from pre to post exercise did not change with neither a
supplement (p = 0.82; np® = 0.01) nor environment (p = 0.38; np” = 0.07) effect (Figure 2). Furthermore, mean

values of PO, and PCO, across conditions are reported in table 4.

Discussion

This study was designed to determine the effect of NaHCO; on the W’ parameter of power-duration relationship.
The principle and novel finding was that attaining individualised peak blood alkalosis, appears to enhance the
magnitude of W’ under both normoxic and hypoxic conditions. Furthermore, an increase in total work done across
the 3 min exercise period was evident; along with greater reduction in blood [HCO] and increased [bla] during
exercise with pre-exercise NaHCOs treatment. This investigation also revealed the magnitude of CP declines under
moderate hypoxic exposure, supporting previous research (Dekerle et al. 2012; Simpson et al. 2015; Shearman et
al. 2016). However, manipulation of acid-base status was deemed to have no effect on CP determination.
Therefore, NaHCO; may be an effective ergogenic aid by increasing work performed above CP and, also, the total

work performed in the severe intensity domain.

The primary finding of the study is in contrast with previous research by Vanhatalo et al. (2010), who, in a

normoxic environment, reported no effect with NaHCOj; ingestion on the W’ parameter. The exercise protocols



in both studies were matched, although the calculation of W’ did however differ, with W’ determined from the
final 30 sec power output by Vanhatalo et al. (2010) whereas the present study used the lowest 30 s average power
output. There were no significant differences in the current study, however, in W’ between the methods of
calculation and therefore this is not likely to explain the differences. There are, however, two main methodological
differences that may explain the opposing finding. Recent research has identified exogenous NaHCOj; ingestion
is subject to inter-individual variance in blood pH and HCO;™ (Miller et al. 2016, Stannard et al. 2016). The current
investigation accounted for this varied blood analyte response through individualised NaHCO; administration
prior to exercise, which ranged from 40 to 70 min and represented a significant increase in blood alkalinity and
[HCO;7] prior to exercise (figure 2). The only previous investigation to employ this NaHCO; administration
protocol reported a larger variance between 10 to 90 min to peak alkalinity within in a recreationally active cohort
(Miller et al. 2016). On this premise, it is reasonable to suggest that the standardised 60 min pre-exercise ingestion
used by Vanhatalo et al. (2010) may not have induced maximal peak alkalosis within all participants; thereby
masking the influence of alkalosis on W’. The differing results with the current study could also be attributed to
the training status of participants used, as the ergogenicity of NaHCO; has been suggested to be greater in trained
individuals (Carr, Hopkins and Gore, 2011; McNaughton et al. 2016). Alternatively, the differing results could be
attributed to the recently identified inter-individual variability in performance response to NaHCO;

supplementation (Saunders et al. 2014a; Dias et al. 2016)

The magnitude based inference analysis determined the ergogenic effect of sodium bicarbonate on W’ to be ‘very
likely’ and ‘most likely’ under normoxic and hypoxic conditions, respectively. The current investigation is the
first to demonstrate a significant and meaningful improvement in performance from NaHCOj; under acute hypoxic
conditions, in contrast with as previous investigations reporting no effect (Saunders et al. 2014b; Flinn et al. 2014).
The conflicting results to previous investigations may be attributed to the intensity and type of exercise, which
were supra-maximal and intermittent in both previous studies, or the training status of participants, who were
recreationally trained. Furthermore, it should be acknowledged that acidosis is suggested not to be an important
contributor to fatigue at hypoxia; indeed, maximal repeated sprint performance is shown to be independent of the
presence of muscular acidosis following exhaustive exercise (Morales-Alamo et al. 2015). While other
investigations have reported findings in direct contract by suggesting acidosis can better maintain performance at
hypoxia (Schone et al. 1983; Fulco et al. 2006). Therefore, importance of alkalosis on exercise performance cannot
be concluded from the observations of the current study and both acidosis and alkalosis may be beneficial to

performance though differing mechanism of action. Interestingly, the magnitude based inferences revealed a
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larger effect of NaHCOj; under hypoxia compared to normoxia, which may be due to the greater acidic stress and
the subsequent increased reliance on the HCO5 buffering system during exercise. However, 3 min CP protocol
was not primarily designed as a sensitive measure to detect changes in overall performance but rather establish
CP and W’. Therefore, the use of fixed intensity exercise tolerance protocol, such as the Cycling Capacity Test
110% (Saunders et al. 2014a), may provide a more appropriate high-intensity protocol to test the difference in

efficacy of NaHCOj; between hypoxic and normoxic environments.

This study provides a unique mechanistic insight into the determinants of W’, which is subject to uncertainty
within scientific literature (Poole et al. 2016), given the multi-faceted central and peripheral mechanisms of
exercise tolerance and fatigue (Amet and Verkerke, 2009). Using *'P magnetic resonance spectroscopy (MRS)
muscle metabolite responses to exercise above CP have been characterised, with a rapid accumulation of H" and
P; observed (Jones et al. 2008). Acidosis is associated with exercise above CP and is likely to, at least in part,
contribute to exercise intolerance at intensities within the severe intensity domain. Moreover, alleviating acidosis
is shown to result in increased muscle glycogen utilisation (Hollidge-Horvat et al. 1999; Percival et al. 2015), and
given the association between glycolytic flux and W’ (Miura et al. 2000), it is conceivable that increased glycolysis
with alkalosis may contribute to an increased W’. Pre-exercise NaHCO5 supplementation enables an increased H"
efflux from the intramuscular regions to the extracellular blood compartments (Roth and Brooks 1990), which
corresponds to a reduction in the rate of intramuscular H' accumulation during exercise (Stephens et al. 2002) and
a concomitant increase in intramuscular glycogen utilisation (Percival et al. 2015). Therefore, the overall
improvement in W’ and total work done in this study could be attributed to the blood acid-base biochemical
changes during exercise. Indeed, a significantly greater reduction in blood [HCO] during exercise with alkalosis
is indicative of a superior HCO; buffering activity during exercise. Thereby, attenuating the rate of H'
accumulation and thus, actively delaying acidosis development. Furthermore, a significant increase in [bla] was
evident following NaHCO; treatment in comparison to placebo by 15% under hypoxic conditions and non-
significant difference of 10% under normoxia. This enhanced lactate accumulation presents an indirect biomarker
of upregulated glycolytic flux during exercise, which has been cited as the mechanism by which NaHCOj; is
ergogenic (Hollidge-Hovart et al. 1999). This significant [bla] increase under hypoxia may also explain the greater
magnitude of effect in hypoxia. Accordingly, it is proposed that a combination of enhanced intramuscular H"
efflux and increased glycolytic flux offers mechanistic explanations to the enhanced W’ and improved TWD with

NaHCO3.
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Nevertheless, this study did not directly quantify anaerobic energy contribution and therefore, the improved W’
and TWD cannot be directly attributed to an increased glycolytic flux. Despite lactate cited as an indirect marker
of glycolysis, the increase observed could also be explained by a reduction in lactate uptake by inactive tissue
(Grainier et al. 1996) or an increased lactate efflux working intramuscular regions to extracellular space (Bishop
et al. 2006) from the supplementation of NaHCOj;. Furthermore, a recent investigation has suggested anaerobic
exercise is not hindered with acidosis (Morales-Alamo et al. 2015) and therefore without assessment of
appropriate glycolytic enzyme activity and muscle glycogen utilisation in this study, the increased anaerobic
energy contribution can only be hypothesised. While it may be intuitive to identify W’ as an indicator of anaerobic
energy supply, more recent definitions have suggested a relationship with VO, kinetics (Poole et al. 2016). As
such, alterations in O, delivery and utilisation may also effect W’. Indeed, Nielson et al. (2002) found an improved
maintenance in SPO, during a maximal 2000 m rowing with constant infusion of HCO; to maintain homeostatic
pH during exercise; which the authors cited as a reason for the improved exercise performance. In the current
study, end exercise SPO, did not differ between conditions, however, this may be due to constant infusion of
HCOj5' in the previous study compared to a single pre-exercise bolus in the current investigation. It is conceivable
that differences in SPO, response during exercise may have occurred in the current study. However, continuous
measurement of SPO, were not taken and therefore increased O, delivery during exercise cannot be ruled out as

a potential mechanism for the improved W’ and TWD.

An interesting observation in this study was the strong correlation between the effect of alkalosis on TWD and on
CP under normoxia and hypoxia. Therefore, highlighting the substantial effect changes in CP can have on TWD,
which may be explained as CP represented a larger proportion of intensities up to VOypear, in comparison to the
severe intensity domain alone (Burnley and Jones, 2016). However, no significant main effect of induced alkalosis
on CP was noted, suggesting pre-exercise alkalotic inducement has no clear benefit on exercise performance at
intensities at or below CP. This is expected, given a steady state of [H'] is maintained within 3 min of exercise at
the CP intensity (Jones et al. 2008). Nonetheless, pre-exercise NaHCO; supplementation has been demonstrated
to improve exercise tolerance at CP by 23.5% (Mueller et al. 2013). Supporting research addressing the ergogenic
effect of induced alkalosis on lower intensity exercise performance is scant; however, research does suggest
alkalosis can improve performance up to 60 min (McNaughton, Dalton and Palmer 1999). Despite the results of
the current investigation, the ergogenic effect of longer duration activities at or below CP intensity cannot be
dismissed; although potential ergogenic benefits are likely to more efficacious within W’ exercise intensity ranges.

Equally, the likelihood of alkalosis to exhibit a negative impact on CP should not be dismissed. Alkalosis increases
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muscle glycogen utilisation (Percival et al 2015), and due to the association between low muscle glycogen and a
lower CP (Muira et al. 2000), it is appropriate to hypothesise NaHCO3; may diminish CP further during prolonged

exercise.

The current study was designed to determine the effect of NaHCO; on the W’ parameter of the power-duration
relationship under normoxia and acute hypoxia. However, the use of a single acute hypoxic magnitude may limit
the generisability of the results to alternative hypoxic doses. Indeed, medium term (3 days) severe altitude
exposure (5050 m) is suggested to negatively impair both CP and W’ (Valli et al. 2011). Therefore, the response
to NaHCO; may be different under more severe hypoxic exposures and with a prolonged exposure. Nevertheless,
the current study provides an insight into the NaHCO; under an acute moderate hypoxic dose, common to
environments athletes may train. A further limitation is that respiratory data was not collected during the 3 min
CP test and therefore, the cardiopulmonary response to the environmental and supplemental interventions cannot
be distinguished. Nevertheless, HR s and RPE did not differ between conditions suggesting exercise intensity
was equivalent between conditions. It should also be highlighted that the low PO, values were not reflective of an
arterialised blood sample, suggesting our arterialisation technique was not effective. Nevertheless, blood gas
parameters (e.g. pH and HCO5') are suggested to unaltered between arterialised and non-arterialised blood samples
(Stannard et al. 2016) and therefore, the results remain valid; while also remaining consentient with previous
scientific literature (Flinn et al. 2014; Saunders et al. 2014a; Sauders et al. 2014b; Dias et al. 2016; Miller et al.
2016) Furthermore, it is suggested future investigations should consider obtaining muscle biopsy and

arteriovenous balance analysis to understand the metabolic response to NaHCOj; ingestion on W’.

Conclusion

This study is the first to demonstrate that pre-exercise alkalosis has a beneficial effect on W’ under normoxic and
hypoxic conditions. This was accompanied by a greater blood [HCO] reduction and an increased [bla] during
exercise with alkalosis, which present indirect markers of HCO;™ buffering activity and glycolytic flux. Taken
together, it suggests W’ may be enhanced through improved regulation of acid-base status during exercise, which
may mediate an increase in anaerobic energy contribution. Furthermore, this study also demonstrated that
individualised NaHCOj; ingestion improved TWD during the 3 min exercise test, whilst also being the first

investigation to report the ergogenic effects of NaHCOj; under acute hypoxia.

Conflict of Interest

13



The authors declare that they have no conflict of interest.

References

Allen DG, Lamb GD, Westerblad H (2008). Skeletal muscle fatigue: cellular mechanisms. Physiol Rev

88:287-332. doi: 10.1152/physrev.00015.2007.

Amann M, Romer LM, Subudhi, AW, Pegelow DF, Dempsey, JA (2007). Severity of arterial hypoxaemia
affects the relative contributions of peripheral muscle fatigue to exercise performance in healthy humans. J

Physiol 581:389-403.

Ament W, Verkerke GJ (2009). Exercise and fatigue. Sports Med 39:389-422. doi: 10.2165/00007256-

200939050-00005.

Andreassen S, Rees SE (2005). Mathematical models of oxygen and carbon dioxide storage and transport:

interstitial fluid and tissue stores and whole-body transport. Crit Rev Biomed Eng 33:265-98.

Batterham AM, Hopkins WG (2006). Making meaningful inferences about magnitudes. Int J Sports Physiol

Perform 1:50-7.

Batterham AM, Hopkins WG (2016). Error Rates, Decisive Outcomes and Publication Bias with Several
Inferential Methods. Sports Med. 46(10):1563-73. doi: 10.1007/s40279-016-0517-x.

Beaver WL, Wasserman K, Whipp BJ (1986). A new method for detecting anaerobic threshold by gas

exchange. J Appl Physiol 60:2020-7.

Bellinger PM, Howe ST, Shing CM, Fell JW (2012). Effect of combined B-alanine and sodium bicarbonate
supplementation on cycling performance. Med Sci Sports Exerc 44:1545-51. doi:

10.1249/MSS.0b013e31824cc08d.

Bergstrom HC, Housh TJ, Zuniga JM, Traylor DA, Lewis RW, Camic CL, Schmidt RJ, Johnson GO
(2013). Responses during exhaustive exercise at critical power determined from the 3-min all-out test. J

Sports Sci 31:537-45. doi: 10.1080/02640414.2012.738925.

Bishop D, Edge J, Davis C, Goodman C (2004). Induced metabolic alkalosis affects muscle metabolism and

repeated-sprint ability. Med Sci Sports Exerc 36:807-13.

14



Black MI, Durant J, Jones AM, Vanhatalo A (2014). Critical power derived from a 3-min all-out test
predicts 16.1-km road time-trial performance. Eur J Sport Sci 14:217-23. doi:

10.1080/17461391.2013.810306.

Burnley M, Jones AM. Oxygen uptake kinetics as a determinant of sports performance. Eur J Sports Sci.

2007;7(2):63-79. Doi: 10.1080/17461390701456148.

Carr AJ, Slater GJ, Gore CJ, Dawson B, Burke LM (2011). Effect of sodium bicarbonate on [HCO3-], pH,

and gastrointestinal symptoms. Int J Sport Nutr Exerc Metab. 21:189-94.

Clark SA, Bourdon PC, Schmidt W, Singh B, Cable G, Onus KJ, Woolford SM, Stanef T, Gore CJ, Aughey
RJ (2007). The effect of acute simulated moderate altitude on power, performance and pacing strategies in

well-trained cyclists. Eur J Appl Physiol 102:45-55.

Constantini K, Sabapathy S, Cross TJ (2014). A single-session testing protocol to determine critical power

and W'. Eur J Appl Physiol. 114:1153-61. doi: 10.1007/s00421-014-2827-8.

de Lucas RD, de Souza KM, Costa VP,. Gross T, Guglielmo LGA (2013), Time to exhaustion at and above
critical power in trained cyclists: The relationship between heavy and severe intensity domains. Science &

Sports. doi:10.1016/j.scispo.2012.04.004.

Dekerle J, Mucci P, Carter H (2012). Influence of moderate hypoxia on tolerance to high-intensity exercise.

Eur J Appl Physiol. 112:327-35. doi: 10.1007/s00421-011-1979-z.

Driller MW, Gregory JR, Williams AD, Fell JW (2012). The effects of serial and acute NaHCO3 loading in

well-trained cyclists. J Strength Cond Res 26:2791-7.

Ferguson C, Wilson J, Birch KM, Kemi OJ (2013). Application of the speed-duration relationship to
normalize the intensity of high-intensity interval training. PLoS One 8:¢76420. doi:

10.1371/journal.pone.0076420.

Dias G, da Eira Silva V, de Salles Painelli V, Sale C, Giannini Artioli G, Gualano B, Saunders B (2015).
(In)Consistencies in Responses to Sodium Bicarbonate Supplementation: A Randomised, Repeated

Measures, Counterbalanced and Double-Blind Study. PLoS One. 2 doi: 10.1371/journal.pone.0143086.

15



Fitts RH. The role of acidosis in fatigue: pro perspective. Med Sci Sports Exerc 48(11):2335-2338. doi:

10.1249/MSS.0000000000001043

Flinn S, Herbert K, Graham k, Siegler JC (2014). Differential effects of metabolic alkalosis and hypoxia on
high-intensity cycling performance. J Strength Cond Res 28(10):2852-8. doi:

10.1519/JSC.0000000000000489

Gallagher CA, Willems ME, Lewis MP, Myers SD (2014). Effect of acute normobaric hypoxia on the

ventilatory threshold. Eur J Appl Physiol 114:1555-62. doi: 10.1007/s00421-014-2882-1.

Hogan MC, Cox RH, Welch HG (1983). Lactate accumulation during incremental exercise with varied

inspired oxygen fractions. J Appl Physiol Respir Environ Exerc Physiol 55:1134-40.

Hollidge-Horvat MG, Parolin ML, Wong D, Jones NL, Heigenhauser GJ (2000). Effect of induced
metabolic alkalosis on human skeletal muscle metabolism during exercise. Am J Physiol Endocrinol Metab

278:E316-29.

Horscroft JA, Murray AJ (2014). Skeletal muscle energy metabolism in environmental hypoxia: climbing

towards consensus. Extrem Physiol Med. doi: 10.1186/2046-7648-3-19.

Jones AM, Vanhatalo A, Burnley M, Morton RH, Poole DC (2010). Critical power: implications for
determination of V'O2max and exercise tolerance. Med Sci Sports Exerc 42:1876-9. doi:

10.1249/MSS.0b013e3181d9cf71.

Jones AM, Wilkerson DP, DiMenna F, Fulford J, Poole DC (2008). Muscle metabolic responses to exercise
above and below the "critical power" assessed using 31P-MRS. Am J Physiol Regul Integr Comp Physiol.

294:R585-93.

McNaughton L, Dalton B, Palmer G (1999). Sodium bicarbonate can be used as an ergogenic aid in high-

intensity, competitive cycle ergometry of 1 h duration. Eur J Appl Physiol Occup Physiol 80:64-9.

McNaughton LR (1992). Sodium bicarbonate ingestion and its effects on anaerobic exercise of various

durations. J Sports Sci. 10:425-35.

16



McNaughton LR, Gough L, Deb S, Bentley D, Sparks SA (2016). Recent Developments in the Use of
Sodium Bicarbonate as an Ergogenic Aid. Curr Sports Med Rep 15:233-44. doi:

10.1249/JSR.0000000000000283.

McNaughton LR, Siegler J, Midgley A (2008). Ergogenic effects of sodium bicarbonate. Curr Sports Med

Rep 7(4):230-6. doi: 10.1249/JSR.0b013e31817ef530.

Miller P, Robinson AL, Sparks SA, Bridge CA, Bentley DJ, McNaughton LR (2016). The Effects of Novel

Ingestion of Sodium Bicarbonate on Repeated Sprint Ability. J Strength Cond Res 30:561-8.

Miura A, Kino F, Kajitani S, Sato H, Fukuba Y (1999). The effect of oral creatine supplementation on the
curvature constant parameter of the power-duration curve for cycle ergometry in humans. Jpn J Physiol

49:169-74.

Miura A, Sato H, Sato H, Whipp BJ, Fukuba Y (2000). The effect of glycogen depletion on the curvature

constant parameter of the power-duration curve for cycle ergometry. Ergonomics 43:133-41.

Morales-Alamo D, Losa-Reyna J, Torres-Peralta R, Martin-Rincon M, Perez-Valera M, Curtelin D, Ponce-
Gonzalez JG, Santana A, Calbet JA (2015). What limits performance during whole-body incremental

exercise to exhaustion in humans? J Physiol 593(20):4631-38. doi: 10.1113/JP270487

Mueller SM, Gehrig SM, Frese S, Wagner CA, Boutellier U, Toigo M (2013). Multiday acute sodium
bicarbonate intake improves endurance capacity and reduces acidosis in men. J Int Soc Sports Nutr. doi:

10.1186/1550-2783-10-16.

Murgatroyd SR, Ferguson C, Ward SA, Whipp BJ, Rossiter HB (2011). Pulmonary O2 uptake kinetics as a
determinant of high-intensity exercise tolerance in humans. J Appl Physiol (1985) 110(6):1598-606 doi:

10.1152/japplphysiol.01092.2010

Peart DJ, McNaughton LR, Midgley AW, Taylor L, Towlson C, Madden LA, Vince RV (2011). Pre-
exercise alkalosis attenuates the heat shock protein 72 response to a single-bout of anaerobic exercise. J Sci

Med Sport 14:435-40.

Percival ME, Martin BJ, Gillen JB, Skelly LE, MaclInnis MJ, Green AE, Tarnopolsky MA, Gibala MJ

(2015). Sodium bicarbonate ingestion augments the increase in PGC-1a mRNA expression during recovery

17



from intense interval exercise in human skeletal muscle. J Appl Physiol (1985) 119:1303-12. doi:

10.1152/japplphysiol.00048.2015.

Poole DC, Burnley M, Vanhatalo A, Rossiter HB, Jones AM (2016). Critical Power: An Important Fatigue

Threshold in Exercise Physiology. Med Sci Sports Exerc. 2016: [Epub ahead of print].

Poole DC, Ward SA, Gardner GW, Whipp BJ (1988). Metabolic and respiratory profile of the upper limit

for prolonged exercise in man. Ergonomics 31:1265-79.

Roth DA, Brooks GA (1990). Lactate and pyruvate transport is dominated by a pH gradient-sensitive

carrier in rat skeletal muscle sarcolemmal vesicles. Arch Biochem Biophys 279:386-94.

Saunders B, Sale C, Harris RC, Sunderland C (2014a). Sodium bicarbonate and high-intensity-cycling

capacity: variability in responses. Int J Sports Physiol Perform 9:627-32. doi: 10.1123/ijspp.2013-0295.

Saunders B, Sale C, Harris RC, Sunderland C (2014b). Effect of sodium bicarbonate and Beta-alanine on
repeated sprints during intermittent exercise performed in hypoxia. Int J Sport Nutr Exerc Metab.

24(2):196-205. doi: 10.1123/ijsnem.2013-0102.

Shearman S, Dwyer D, Skiba P, Townsend N (2016). Modeling Intermittent Cycling Performance in
Hypoxia Using the Critical Power Concept. Med Sci Sports Exerc 48:527-35. doi:

10.1249/MSS.0000000000000794.

Simpson LP, Jones AM, Skiba PF, Vanhatalo A, Wilkerson D (2015). Influence of hypoxia on the power-
duration relationship during high-intensity exercise. Int J Sports Med 36:113-9. doi: 10.1055/s-0034-

1389943.

Stannard RL, Stellingwerff T, Artioli GG, Saunders B, Cooper S, Sale C (2016). Dose-Response of Sodium
Bicarbonate Ingestion Highlights Individuality in Time Course of Blood Analyte Responses. Int J Sport

Nutr Exerc Metab. [Epub ahead of print].

Stephens TJ, McKenna MJ, Canny BJ, Snow RJ, McConell GK (2002). Effect of sodium bicarbonate on

muscle metabolism during intense endurance cycling. Med Sci Sports Exerc 34:614-21.

18



Vanhatalo A, Doust JH, Burnley M (2007). Determination of critical power using a 3-min all-out cycling

test. Med Sci Sports Exerc 39:548-55.

Vanhatalo A, Fulford J, DiMenna FJ, Jones AM (2010). Influence of hyperoxia on muscle metabolic
responses and the power-duration relationship during severe-intensity exercise in humans: a 31P magnetic

resonance spectroscopy study. Exp Physiol 95(4):528-40. doi: 10.1113/expphysiol.2009.050500.

Vanhatalo A, Jones AM, Burnley M (2011). Application of critical power in sport. Int J Sports Physiol

Perform. 6:128-36.

Vanhatalo A, McNaughton LR, Siegler J, Jones AM (2010). Effect of induced alkalosis on the power-
duration relationship of "all-out" exercise. Med Sci Sports Exerc 42:563-70. doi:

10.1249/MSS.0b013e3181b71a4a.

Valli G, Cogo A, Passino C, Bonardi D, Morici G, Fasano V, Agnesi M, Bernardi L, Ferrazza AM, Ward
SA, Palange P (2011). Exercise intolerance at high altitude (5050 m): critical power and W’. Respir Physiol

Neurobiol. 177(3):333-42. doi: 10.1016/j.resp.2011.05.014.

Westerblad H (2016) Acidosis is not a significant cause of skeletal muscle fatigue. Med Sci Sports Exerc

48(11):2339-2342. doi: 10.1249/MSS.0000000000001044

Whipp BJ, Ward SA (2009). Quantifying intervention-related improvements in exercise tolerance. Eur

Respir J 33:1254-60. doi: 10.1183/09031936.00110108.

Yang Y, Breen L, Burd NA, Hector AJ, Churchward-Venne TA, Josse AR, Tarnopolsky MA, Phillips SM
(2012). Resistance exercise enhances myofibrillar protein synthesis with graded intakes of whey protein in

older men. Br J Nutr 108:1780-8. doi: 10.1017/S0007114511007422.

Abbreviations:

bicarbonate ion concentration - [HCO;']
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Ventilatory Threshold 1 — VT1

hydrogen ion concentration — [H']

Oxygen — O,

Oxygen saturation — SPO,

peak oxygen uptake - VOspeax,

peak power output — POy,

phosphocreatine — PCr

sodium bicarbonate — NaHCO;

sodium chloride - NaCl

total work done- TWD

Kilojoules - kJ

Figure Legends

Figurel. Graph (a) displays W’ and graph (b) displays TWD. These figures represent the mean values in each
experimental condition, while the individual points and connecting lines represent the individual response to
alkalosis under the receptive environmental conditions. * represents significantly different to placebo condition

(» <0.05).

Figure 2. Graph (a) displays change in blood [H'] and graph (b) displays change in blood [HCO'] across three
time points during the four different experimental trials. Error bars are displayed as SEM. * represents
significantly different from pre-supplement and pre-exercise time points (p < 0.05); # represents significantly

different from placebo conditions at the same time point.
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Table 1. RAMP test result under normoxic and hypoxic conditions.

Variables Normoxia Hypoxia
VO, ... (mL.kg".min™) 59.3 +7.4% 48.5+6.0
PPO (W) 390.4 £45.0* 351.5+40.1
VT, pyer (W) 176.36 = 18.17 166.8 +19.4
VE, .. 151.2+34.2 151.3+35.3
RER 1.2+0.1 1.3+£0.2
VE/VCO, 24.6 £ 5.5% 314+6.8
VE/VO, 24.5+2.8% 28.6 4.4
PETO, (mm Hg) 87.1 £25.7* 60.8 £ 14.0
PETCO, (mm Hg) 47.3+3.9*% 350+6.7
HR, (bpm) 181+6.6 179+ 7.1

*denotes significantly different to Hypoxia (p < 0.05). Values reported as a mean + SD.
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Table 2. Overview of 3-min all-out critical power test data

Variables PLN ALN PLH ALH
CP (W) 304.2 £ 40.0% 3132+ 48.5% 2633 +343 264.8 £
W’ (kJ) 15.1£6.2" 17.4+5.1 152+4.9" 179+5
EP (W) 308.2+43.3 3142+55.5 267.0+31.7 267.1+2
W’ (kJ) 141+63 17.1+5.0 14.5+ 5.6 17.4+5
TWD (kJ) 69.9 +10.2%" 73.8 +10.5% 62.6+7.2" 65.6+6
PPO (W) 697 + 91 694 + 87 694 + 90 695 + 8
Blood Lactate (mmol-I') 13.9+52 15.5+7.0 147+ 6.4" 165+5
HR,.,, (bpm) 175.1+7.1 1753 + 6.8 175.8+7.4 176.1 +
SpO, (%) 94.0+£2.1* 93.7 42.3* 83.5+7.1 84.4+3
RPE 18.8+ 1.8 193+ 1.6 19.0+1.9 1931

PLN represents the placebo normoxia condition. ALN represents the alkalosis normoxia condition. PLH represents the

placebo hypoxia condition. ALH represents the alkalosis hypoxia condition. Blood lactate represents blood lactate

accumulation during exercise

*denotes significantly different to corresponding hypoxic trial (P < 0.001).
# denotes significance to corresponding alkalosis trial (p<0.001).

Values reported as a mean = SD.
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Table 3. Magnitude based inference of performance effects from sodium bicarbonate supplementation compared
to placebo at sea level and hypoxic environments

ENVIRONMENTAL VARIABLE MEAN DIFFERENCE NON-CLINICAL MBI
CONDITION (90% CONFIDENCE
INTERVAL
TWD (kJ) 39=3.1) Very likely
SEA LEVEL W’ (kJ) 23 (= 1.7) Very likely
CP (W) 9.0 (£14.9) Unclear
TWD (kJ) 3.0(£1.2) Most likely
HYPOXIA W’ (kJ) 28 (£ 1.1) Most likely
CP (W) 1.4 (£9.8) Unclear

Non-clinical magnitude based inferences are interpreted with the criteria outlined in the statistical analysis section.
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Table 4. Blood PO, and PCO, during the CP experimental trials

Variables PLN ALN PLH ALH
Pre-supplement PCO, (kPa) 53405 55+05 51+0.6 5.4+0.6*
Pre-exercise PCO, (kPa) 5.8+0.3 5.7+0.2 54+£04 57+0.5
Post-exercise PCO, (kPa) 52+04 54+0.5 5.1+£0.5 5.4 +£0.5%
Pre-supplement PO, (kPa) 9.0+1.5 87+13 83+1.5 83+20
Pre-exercise PO, (kPa) 82+1.3 8.6+£0.9 83+1.7 85+2.1

9.0+3.7 10.0 £ 2.1 9.0+2.0 7.6+1.4

Post-exercise PO, (kPa)

PLN represents the placebo normoxia condition. ALN represents the alkalosis normoxia condition. PLH represents the

placebo hypoxia condition. ALH represents the alkalosis hypoxia condition. * denote significant difference from placebo

condition in the same environmental condition
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