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1. OVERVIEW 
 

Sodium phosphate (SP) supplementation may have an ergogenic effect on exercise 

performance. In particular, loading with ~4 g/d of SP for 3–6 days may improve 

endurance exercise performance (events > 20-min in duration). The mechanisms 

involved in potential performance improvements are varied, and include a greater 

oxidative capacity (facilitated by an increased concentration of 2, 3 

diphosphoglycerate), more availability of intracellular and extracellular phosphate, 

which may allow for greater energy production, a faster resynthesis of ATP and PCr, 

plus enhanced cardiac muscle contractility and muscle buffering capacity. However, 

literature relating to SP supplementation is limited in regard to whether SP 

supplementation can enhance shorter duration (< 15-min) maximal exercise efforts 

and/or repeated high intensity efforts (separated by lower intensity “recovery” periods) 

that closely mimic the physiological requirements of actual sporting events, such as 

cycling road races. Further, little is known about the time frame (days/weeks) of any 

ergogenic benefits after loading. 

 

The purpose of this thesis was to investigate the effects of 6 days of SP supplementation 

(50 mg·kg·FFM-1·day-1) on various types of maximal exercise performances and 

associated oxygen consumption ( O2) responses in well-trained male cyclists. 

Specifically, study one investigated the effect of repeated SP loading (two phases of SP 

supplementation and 1 placebo phase, in randomised order) on 1000 kJ cycling time-

trial performance and O2peak. Study two examined the effect of SP supplementation on 

100 kJ and 250 kJ cycling time-trial performances and O2 1 and 8 days post-loading. 

Finally, study three evaluated whether SP supplementation could improve performance 

in a cycling race simulation involving repeated sprint and time-trial efforts 1 and 4 days 

post-loading. 

  

Overall, results indicated significantly improved cycling race simulation (repeated 

sprints and short time-trials) performance and O2peak. Additionally, results indicated 

that supplementing with SP for 6 days showed trends towards improved performance 

(~2 %) for 250 and 1000 kJ cycling time-trials (repeatable for the 1000 kJ), with no 

benefit for a shorter duration 100 kJ effort. Further, after loading with SP for 6 days, 

some physiological and performance benefits were still noted at 4 and 8 days post-

loading. 
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10.1 BACKGROUND 

Supplementation with sodium phosphate (SP) has been proposed to enhance a number 

of physiological mechanisms involved in energy metabolism and oxygen uptake of the 

body, which in turn may improve exercise performance. Specifically, SP has been 

reported to influence processes integral to energy metabolism, with increased 

intracellular and extracellular phosphate availability allowing for greater 

glycogenolysis, glycolysis and oxidative phosphorylation, since each of these processes 

compete for phosphates and are limited by phosphate availability (Brazy & Mandel, 

1986; Chasiotis, 1988; Lichtman et al., 1971). Supplementation with SP has also been 

suggested to increase 2, 3 diphosphoglycerate (DPG) concentrations, which may 

facilitate a greater release of oxygen from haemoglobin (Hb) to the muscle (Chanutin 

and Curnish, 1967), thereby allowing greater oxygenation of the working muscles. 

Along with increases in intramuscular concentrations of ATP, PCr and inorganic 

phosphate, these adaptations may allow for a more rapid restoration of these molecules 

during aerobic and anaerobic exercise (Chasiotis, 1983).  Further mechanisms for the 

ergogenic effect of SP may include increased buffering of hydrogen ions, both in the 

plasma and within the cell (phosphate buffer; Avioli, 1988; Stryer, 1988) and increased 

cardiac muscle contractility (Kreider et al., 1992).  

 

Importantly, there is evidence to suggest that ingesting ~4 g/d of SP for 3–6 days may 

enhance exercise performance through some or all of above-mentioned mechanisms 

(Czuba et al., 2008; Czuba et al., 2009; Folland et al., 2008; Kreider et al., 1990; 

Kreider et al., 1992). However, published literature relating to SP supplementation is 

inconsistent, with some studies reporting increased maximal oxygen uptake ( O2max: 3-

12 %; Cade et al., 1984; Czuba et al., 2009; Kreider et al., 1992; Stewart et al., 1990), 

while other studies have reported no effect on O2 (Brennan and Connolly, 2001; 

Thompson et al., 1990; West et al., 2012). Studies investigating the effects of SP on 

endurance performance (> 20-min) have also varied, with reports of both significantly 

improved (Folland et al., 2008; Kreider et al., 1992) and unchanged results (Kreider et 

al., 1990). Importantly, research is currently limited regarding repeatability 

(reproducing similar results in consecutive and/or subsequent tests) in any ergogenic 

effects of exercise performance. Further, little is known about the effect of SP 

supplementation on shorter duration (< 15-min) maximal exercise tests and 

performances that closely mimic the physiological requirements of endurance sporting 

events. 

V

V
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10.2 STATEMENT OF THE PROBLEM 

The overall aim of this thesis was to investigate the effects of 6 days of sodium 

phosphate supplementation (6 days, 50 mg·kg·FFM-1·day-1) on various types of 

maximal exercise performances and associated O2. A further aim was to determine 

whether these effects were repeatable and reproducible in the several days following 

loading and/or after a washout period and subsequent loading phase. 

 

10.3 SPECIFIC AIMS OF THE STUDIES 

Chapter Three: Effect of repeated sodium phosphate loading on cycling time-trial 

performance and O2peak 

This study aimed to determine the effect of SP supplementation on 1000 kJ cycling 

time-trial performance. Participants completed a baseline trial (1000 kJ time-trial and  

O2peak tests separated by 48 h), followed by one placebo and two SP trials in a 

randomised, double blind, crossover design and separated by a 14-day washout period. 

The second SP phase was used to determine if there was a repeatable/additive effect 

from further SP supplementation. 

 

Chapter Four: Effect of sodium phosphate supplementation on cycling time-trial 

performance and O2 1 and 8 days post loading 

The purpose of this investigation was to explore whether SP supplementation would 

affect higher intensity, shorter duration (~3-4-min: 100 kJ or ~10-12-min: 250 kJ) 

cycling time-trials than used in the first study, and whether any improvements in 

performance or O2 persisted for 8 days after cessation of loading. Participants 

completed either the 100 or 250 kJ trial in a randomised, double blind, crossover design 

with a 28-day washout period separating trials. 

 

Chapter Five: Effect of sodium phosphate supplementation on repeated high 

intensity cycling efforts 

This study examined the effect of SP supplementation on a simulated road cycling race, 

which involved repeated high intensity efforts comprising 4 sets of 6 x 15-s sprints and 

2 sets of a 5-min time-trial, all interspersed with periods of active recovery. Participants 

either supplemented with SP or a placebo, and completed trials at baseline, then 1-day 

and 4-days after loading. 

 

V

V

V

V
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10.4 CONTRIBUTIONS OF THIS RESEARCH 

The findings of this thesis should improve the body of knowledge available to sport 

scientists, coaches and athletes relating to the effects that SP supplementation may have 

on exercise performance. Importantly, this research can potentially contribute to the 

scientific knowledge in the literature regarding the exercise durations over which the 

effects of SP loading may be effective, together with exercise tasks such as repeat sprint 

efforts that replicate the demands of typical competitive situations.  
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11.1 INTRODUCTION 

To compete at the highest level of sport, elite athletes will seek the greatest 

physiological, technical and psychological gains to performance.  To date, considerable 

research has focused on legal and medically safe nutritional supplements, which may 

lead to improved exercise performance with-minimal or no negative side effects.  One 

such supplement is phosphate. Historically, descriptive reports of improvements in 

physical working capacity associated with phosphate supplementation date back to the 

1920’s (Embden et al., 1921).  More recently, well controlled studies have reported 

improvements in aerobic capacity following phosphate loading in the 1980-90’s and the 

late 2000’s (Cade et al., 1984; Stewart et al., 1990; Kreider et al., 1992; Folland et al., 

2008; Czuba et al., 2009). 

 

The purpose of this review is to examine the literature with respect to the effect of 

phosphate loading on exercise performance in athletes.  Different types of phosphate 

supplements and loading procedures will be described, along with the physiological 

mechanisms proposed to result in improved exercise performance.  Finally, the effects 

of sodium phosphate (SP) loading (the most commonly used and successful type of 

phosphate supplement) on various physiological variables and exercise performance 

will be described. 

 

11.2 PHOSPHATE: DIETARY SOURCES AND ROLE IN THE BODY 

Phosphorus exists principally as phosphate within the body and is an essential-mineral 

that must be obtained from the diet, as it not produced by the body (Berner & Shike, 

1988).  Foods abundant in phosphorus include red meat, fish, poultry, milk products, 

eggs, cereal and vegetables (Lee, 1981; Stoff, 1982).  The current recommendations for 

daily dietary phosphorus intake are: (a) 0 to 6 months: 100 mg (provided by human 

milk); 6 to 12 months: 275 mg (provided by milk plus food); (b) 1 to 8 years: 460 to 

500 mg; (c) 9 to 18 years: 1250 mg; (d) 19 to 70 years: 700 mg; and during pregnancy 

or lactation: 1250 mg (Shils & Shilk, 2006).  Food and drinks that contain adequate 

amounts of protein and calories typically also contain ample phosphorus, and as such, 

phosphate deficiency from dietary sources is uncommon (Harrison, 1984; Lee, 1981).  

 

Within the body, phosphate performs many fundamental roles, being integral in many 

of the body’s structural components and processes, including skeletal bone remodelling 

(Silverberg et al., 1986; Takeda et al., 2000), cell membranes and intracellular 
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organelles (in the form of phospholipids), and as a constituent of highly active 

intracellular compounds (nucleic acids) in DNA and RNA (Berner & Shike, 1988).  

Phosphate also plays an important role in energy metabolism, with the release of high-

energy phosphates by hydrolysis of adenosine triphosphate (ATP) providing energy for 

metabolic processes and muscular contraction (Berner & Shike, 1988; Takeda et al., 

2000).  Within the mitochondria, proteins containing phosphates play integral roles in 

the electron transport system, while phosphate is also associated with the important 

secondary messenger, cyclic adenosine monophosphate, which mediates the 

intracellular effects of different hormones such as parathyroid hormone (PTH), anti-

diuretic hormone and epinephrine (Lau, 1986; Tsuboi & Fukunaga, 1965).  Further, 

many intracellular metabolic processes, such as oxidative metabolism and solute 

transport compete for inorganic phosphate (Pi), with these processes regulated, in part, 

by phosphate availability (Brazy & Mandel, 1986). Given these important roles of 

phosphate in metabolism, the potential ergogenic effect of phosphate supplementation 

for athletic performance has received attention in the scientific literature. 

 

11.3 REGULATION OF PHOSPHATE LEVELS IN THE BODY 

Normal levels of blood phosphate in a sedentary adult range between 0.97 to 1.5 

mmol·L-1 (Shils & Shilk, 2006). Endurance athletes have been reported to have higher 

resting blood phosphate levels compared with their sedentary counterparts (being in the 

upper part of the normal range), either as a response to training, reflecting an increased 

need for phosphate by the body during exercise, or perhaps due to a genetic 

predisposition (Dale et al., 1981; Kreider et al., 1990). 

 

In the body, phosphate levels are maintained through interactions between intestinal 

absorption, exchange with intracellular and bone storage pools and renal tubular 

reabsorption (Takeda et al., 2004). In this regulation, PTH plays an important role, with 

decreased reabsorption of phosphate when serum phosphate levels are elevated 

(Almaden et al., 1996). Accordingly, phosphate supplementation must be undertaken 

carefully, as excessive doses may induce a large PTH response, which will decrease the 

level of phosphate in the blood (in response to levels becoming too high), returning the 

body to homeostasis (Berner & Shike, 1988; Lau, 1986; Tremblay et al., 1994). 

Conversely, a dose that is too small is unlikely to result in any ergogenic effect. 
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11.4 PHOSPHATE SUPPLEMENTATION PROTOCOLS 

Studies investigating the potential benefits of phosphate supplementation for athletic 

performance have used a variety of compounds (i.e. forms of phosphate administration), 

dosages and durations of supplementation. Previous studies have administered 

phosphate in the form of calcium phosphate (Bredle et al., 1988; Galloway et al., 1996; 

Mannix et al., 1990), potassium phosphate (Goss et al., 2001), SP (Ahlberg et al., 1986; 

Brennan & Connolly, 2001; Cade et al., 1984; Czuba et al., 2008; Czuba et al., 2009; 

Folland et al., 2008; Kreider et al., 1990; Kreider et al., 1992; Stewart et al., 1990; 

Thompson et al., 1990; Tourville et al., 2001; Wallace et al., 1997; Weatherwax et al., 

1986), or a mixture of these compounds (Duffy & Conlee, 1986; Kraemer et al., 1995).  

Of these, SP supplementation appears to be most commonly associated with enhanced 

physiological parameters and/or exercise performance (Cade et al., 1984; Czuba et al., 

2008; Czuba et al., 2009; Folland et al., 2008; Kreider et al., 1990; Kreider et al., 1992; 

Wallace et al., 1997).  This may be due to SP being more readily absorbed and utilised 

by the body (as a result of sodium’s role in phosphate absorption), compared with 

alternate forms of phosphate supplementation.  Specifically, phosphate absorption 

involves sodium dependent active transport in the proximal intestines, which can be 

enhanced through increased 1, 25 dihydroxyvitamin D [(OH)2D; the most active 

vitamin D metabolite: Kabakoff et al., 1982] and is linearly related to sodium 

concentration in the gastrointestinal lumen (Danisi & Straub, 1980).  In contrast, 

calcium ingestion may impair phosphate absorption due to the formation of insoluble 

complexes between calcium and phosphate in the intestinal lumen, which may hinder 

absorption of both calcium and phosphate (Clark, 1969).  Furthermore, an abundance of 

serum calcium may decrease phosphate absorption, as there appears to be an inverse 

relationship between concentrations of serum calcium and vitamin D [and therefore 

1,25(OH)2D: Clark, 1969; Hollick & Clark, 1978]. 

 

In addition to variations in the type of supplement administered, a number of studies 

have examined the effects of various doses and timing of phosphate supplementation for 

inducing optimal physiological and exercise performance improvements.  Many studies 

have employed a supplementation protocol consisting of ingestion of 3-4 g/d for 3 to 6 

days, split over 4 equal doses taken throughout the day (Ahlberg et al., 1986; Brennan 

& Connolly, 2001; Cade et al., 1984; Duffy & Conlee, 1986; Folland et al., 2008; 

Kreider et al., 1990; Kreider et al., 1992; Stewart et al., 1990; Tourville et al., 2001; 

Wallace et al., 1997; Weatherwax et al., 1986).  Phosphate powder is typically taken in 
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capsule form with ~300 ml of water (Kreider et al., 1992; Folland et al., 2008), or by 

emptying capsules into fruit juice prior to consumption (Kreider et al., 1990). 

 

Studies examining the acute effects of a one-off dose of oral phosphate (1-22 g), taken 1 

to 3 h pre-exercise, generally report no improvement in exercise performance (Duffy & 

Conlee, 1986; Galloway et al., 1996; Mannix et al., 1990).  For example, Galloway et 

al. (1996) had 6 trained and 6 untrained participants consume a drink containing 22.2 g 

of dibasic calcium phosphate or a placebo (PL; calcium carbonate) 90-min prior to 

exercise. They observed no significant effect of calcium phosphate ingestion on 

exercise performance, or blood lactic acid concentrations and oxygen consumption        

( O2) in response to exercise. Further, Mannix et al. (1990) reported no significant 

change in oxygen delivery or cardiac output during sub-maximal exercise following 

ingestion of 129 mmol·L-1 of phosphorus complexed with 5 g of calcium and 50 µg of 

vitamin D taken 3 h prior to sub-maximal exercise.  Duffy and Conlee, (1986) 

administered 1.24 g of Stim-O-Stam, consisting of 200 mg dibasic SP, 186.8 mg of 

monobasic SP, 27.5 mg tribasic potassium phosphate and 30 mg of vitamin C, 1 h prior 

to two endurance treadmill runs and two leg power tests.  These investigators reported 

no significant differences in O2 or exercise performance between the PL and 

phosphate conditions.  Based on these studies, it appears unlikely that an acute dose of 

phosphate is beneficial to exercise performance.  However, it is important to note that 

the type of supplement used (SP over calcium phosphate) and exercise protocol 

(maximal intensity exercise test versus sub-maximal exercise tests) administered may 

have limited the findings of the studies mentioned above.  With this in-mind, there may 

still be scope for future studies to examine the capacity for acute phosphate loading to 

induce improvements in exercise performance. 

 

Improvements in O2max and endurance exercise have generally been associated with 

longer periods of supplementation (i.e. 3-6 days) with SP (Czuba et al., 2008; Czuba et 

al., 2009; Kreider et al., 1992), rather than an acute dose.  Well controlled studies using 

3-4 g of SP per day for 3 to 6 days, commonly report a significant increase in O2max 

following supplementation, in conjunction with improvements in a number of other 

important variables, including anaerobic threshold (AT) (Cade et al., 1984; Czuba et al., 

2008; Czuba et al., 2009; Wallace et al., 1997), cardiac output (Kreider et al., 1992) and 

endurance exercise performance (Folland et al., 2008; Kreider et al., 1992). 
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Studies investigating physiological responses to phosphate loading have also often 

measured serum phosphate as a key marker indicating a dose response.  Significant 

increases in serum phosphate have been suggested to represent the magnitude by which 

phosphate loading has increased intracellular phosphate levels (Kreider et al., 1992), 

while an abundance of extracellular phosphate, as a result of phosphate loading, is 

proposed to enhance mechanisms normally limited by phosphate supply, such as an 

improved resynthesis of ATP and PCr (Chasiotis, 1988; Stryer, 1988).  Accordingly, 

several studies have reported the measurement of this key variable before and after a 

period of phosphate supplementation.  Cade et al. (1984) reported a significant increase 

in serum phosphate levels (from 3.62 mg·dL-1 to 3.79 mg·dL-1) following three days of 

loading with 4 g/d of SP.  Further studies to report significant increases in serum 

phosphate after SP loading (for 3-6 days with a dosage of 3-4 g/d) include Cortes et al. 

(1991; 0.95 ± 0.20 mmol·L-1 to 1.11 ± 0.40 mmol·L-1), Czuba et al. (2008; 0.80 ± 0.16 

mmol·L-1 to 1.00 ± 0.22 mmol·L-1), Kreider et al. (1990; 1.40 ± 0.30 mmol·L-1 to 1.48 ± 

0.30 mmol·L-1), Kreider et al. (1992; 0.95 ± 0.19 mmol·L-1 to 1.01 ± 0.12 mmol·L-1) 

and Wallace et al. (1997; 3.30 ± 0.80 mg·dL-1 to 3.80 ± 1.30 mg·dL-1).  However, it is 

important to note that not all studies have reported increases in serum phosphate after 

SP loading.  For example, Stewart et al. (1990) reported no significant change in serum 

phosphate following 3 days of supplementing with 3.6 g/d of SP.  Similarly, 

Weatherwax et al. (1986) reported no change in phosphorus levels after 4 days of 

loading with 4 g/d of SP.  The reason for these contrasting findings is unclear given that 

similar supplementation protocols were employed in many of these studies.  West et al. 

(2012) suggested that it is possible that only certain individuals respond positively to 

phosphate supplementation after they also observed no significant change in serum 

phosphate following 6 days of supplementation, yet observed a positive relationship 

between the magnitude of change in serum phosphate concentrations following 

supplementation and the change in O2peak between phosphate and PL trials. 

 

11.5 SIDE EFFECTS OF EXCESSIVE PHOSPHATE CONSUMPTION 

One safety concern that may arise from prolonged phosphate salt absorption is 

disturbance to the phosphate-calcium balance within the body.  To investigate this issue, 

Czuba et al. (2009) measured serum concentrations of calcium and non-organic 

phosphates in response to 6 days of SP supplementation of 50 mg·kg·FFM-1·day-1 

followed by a 3-week dose of 25 mg·kg·FFM-1·day-1.  These researchers reported no 

significant differences in serum calcium after the 6 days of supplementation with 50 
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mg·kg·FFM-1·day-1, but after the 3-week dose of 25 mg·kg·FFM-1·day-1, levels of 

serum calcium had decreased significantly. This may have implications for bone health 

in the long term, given that an increased dietary intake of phosphate can disrupt the 

calcium homeostatic mechanisms and lead to lowered bone mass over time (Anderson, 

1996).  Another potential side effect of phosphate supplementation is gastrointestinal 

distress (Folland et al., 2008; West et al., 2012), however this effect is uncommon in the 

literature. Any such side effect has been reported to be-minimised by dissolving the 

contents of SP capsules in a liquid solution prior to ingestion, rather than having 

participants ingest it in concentrated capsule form (West et al., 2012).  Importantly, no 

research has investigated whether the sodium component of SP has any negative health 

effects, such as an increase in blood pressure. 

 

11.6 PROPOSED MECHANISMS FOR THE ERGOGENIC EFFECTS OF SODIUM 

PHOSPHATE ON EXERCISE PERFORMANCE  

Several mechanisms have been proposed to explain the ergogenic effects of SP 

supplementation on exercise performance.  Briefly, these include: increased 2, 3 

diphosphoglycerate (DPG) concentration, which enhances oxygen unloading; 

cardiovascular effects such as improved heart contractility; enhanced energy 

metabolism through increased phosphate availability, and improvements in buffering 

capacity.  These proposed mechanisms will be described in greater detail below. 

 

11.6.1 Increased 2, 3 diphosphoglycerate (DPG) concentrations 

As a component of red blood cells (RBC), 2, 3 DPG facilitates the release of oxygen to 

the tissues.  Accordingly, higher levels of 2, 3 DPG can result in greater off-loading of 

oxygen from haemoglobin (Hb) to the working muscles during exercise, which is 

facilitated by a rightward shift in the oxygen-Hb dissociation curve (Cade et al., 1984; 

Chanutin & Curnish, 1967; Farber et al., 1987; Gibby et al., 1978; Lunne et al., 1980; 

Mannix et al., 1990; Moore & Brewer, 1980). Increased 2, 3 DPG concentrations have 

been suggested to be an important contributing factor to improvements in aerobic 

capacity observed following SP supplementation (Cade et al., 1984; Lunne et al., 1980; 

Czuba et al., 2009). In support of this notion, some studies have reported significant 

increases in Hb 2, 3 DPG concentration after SP supplementation (13.00 vs. 13.92 mg·g 

Hb-1; Cade et al., 1984) and significant correlations between increases in resting 2, 3 

DPG concentrations and O2max (r = 0.47, p = 0.01), as well as between serum 

phosphate and resting 2, 3 DPG concentrations (r = 0.49, p = 0.01) (Czuba et al., 2009). 
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Other studies have reported no change in 2, 3 DPG levels after SP supplementation 

(Czuba et al., 2008; Kreider et al., 1992; Stewart et al., 1990; Thompson et al., 1990) or 

neglected to measure this variable, making it difficult to draw firm conclusions 

regarding this potential mechanism.    Of note, some studies report changes in 2, 3 DPG 

from pre- to post-exercise, rather than at rest (Kreider et al., 1990). Such measures may 

be confounded given the expected changes in plasma volume, together with changes in 

blood pH in response to exercise.  Bard & Treasdale, (1979) showed that for every 

decrease of 0.01 units in pH, there was a 4 % decrease in 2, 3 DPG levels.  Given these 

considerations, resting measures of 2, 3 DPG levels before and after SP loading (not 

pre- and post-exercise) appear to be a better indicator of changes resulting from 

supplementation. 

 

With respect to exercise performance and increased 2, 3 DPG levels, potentially greater 

improvements in performance and/or O2 may be seen at higher intensities and near 

maximal workloads. This can be attributed to the proposed mechanism of increased 2, 3 

DPG concentrations in the blood, which involves a decreased affinity of Hb for oxygen 

(Benesch & Benesch, 1969; Chanutin & Curnish, 1967), facilitating enhanced 

oxygenation of the tissues during high metabolic demands. In support of this notion, 

both Cade et al. (1984) and Czuba et al. (2009) have reported strong/moderate 

correlations between RBC 2, 3 DPG levels and O2max (r = 0.81 and r = 0.47, p = 0.01, 

respectively).  Conversely, phosphate deficiency has been associated with decreased 

synthesis of 2, 3 DPG and ATP, which in turn increases the affinity of oxygen to Hb, 

thereby decreasing the availability of oxygen to the tissues (Lichtman et al., 1971).  This 

would potentially affect ATP production by causing irreversible degradation to 

adenosine monophosphate (AMP), leading to decreased energy metabolism (Farber, 

1973).  This suggests that-minor fluctuations to phosphate concentrations can affect red 

cell metabolism (Brain et al., 1972). 

   

11.6.2 Phosphate and energy metabolism 

Another potential mechanism to explain the ergogenic effect of phosphate 

supplementation is related to the vital role of phosphate in energy metabolism, 

particularly in relation to athletic performance. It is possible that increased availability 

of free phosphate (both intracellular and extracellular) in the body resulting from 

supplementation could potentially enhance the production of energy via the 
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phosphagen, glycolytic and aerobic energy systems during exercise. Cells derive their 

high-energy compounds through the glycolytic (anaerobic) and tricarboxylic (aerobic) 

pathways, which are rate limited by intracellular and extracellular phosphate levels 

(Brazy & Mandel, 1986; Brazy et al., 1984).  This may be due to the function and role 

of the rate limiting enzymes, such as phosphofructokinase (PFK; Eaton et al., 1969; 

Rose, 1970). Notably, low phosphate levels (particularly in cases of hypophosphatemia) 

impair the activity and regulation of hexokinase and PFK, resulting in low levels of 

ATP (Farber, 1973; Lichtman et al., 1971).  During exercise, muscles require large 

quantities of ATP (via aerobic and anaerobic sources) for muscle contraction, but also 

to maintain normal membrane potential and neurological function, electron transport 

and other biological reactions (Stoff, 1982).   Of relevance, decreased levels of 

intracellular ATP, caused by phosphate deficiency, are mediated by insufficient 

phosphate availability for conversion of AMP and adenosine diphosphate (ADP) to 

ATP (Berner & Shike, 1988).  Therefore, increasing the endogenous pool of phosphate 

has been reported to enhance metabolic processes such as oxidative phosphorylation 

(Bard & Treasdale, 1979; Chasiotis, 1988; Lichtman & Miller, 1970), and anaerobic 

glycolysis, potentially providing more available energy for both aerobic and anaerobic 

metabolism (Bremner et al., 2002; Goss et al., 2001). A role for phosphate availability 

in oxygen transport has also been reported, due to the interrelationship that RBC 

glycolytic rate, ATP, 2, 3 DPG and red cell survival have on oxygen delivery (Benesch 

& Benesch, 1969; Tsuboi & Fukunaga, 1965). Along with the importance of phosphate 

availability for oxidative metabolism, increased muscle ATP concentrations (Benesch & 

Benesch, 1969), and increased phosphocreatine (PCr) resynthesis (Bard & Treasdale, 

1979; Chasiotis, 1988) are additional mechanisms by which an ergogenic effect may 

occur during exercise. 

 

11.6.3 Cardiovascular effects 

Another mechanism by which SP loading may benefit exercise performance involves 

changes in the cardiovascular system. These include a greater cardiovascular capacity, 

through increased end diastolic volume, and hence stroke volume and cardiac output 

(Kreider et al., 1992). The potential for SP loading to affect the cardiovascular system 

was originally based on the observation that a low phosphate level (hypophosphatemia) 

was associated with decreased stroke volume (interpreted as cardiac contractility), 

possibly leading to cardiac failure in a clinical population (O’Connor et al., 1977).  Of 
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interest, O’Connor et al. (1977) observed an increase in left ventricle stroke volume in 

individuals with hypophosphatemia after an injection of potassium phosphate. 

 

To investigate the potential role of this mechanism in enhancing athletic performance, 

Kreider et al. (1992) used 2D-echocardiography and Doppler measurements to evaluate 

heart parameters during a 40-km cycling time-trial following daily supplementation 

with 4 g of SP for 3-4 days.  These researchers observed a significant increase in end 

diastolic volume, stroke volume, and cardiac output after supplementation compared 

with the PL trial.  The associated time–trial performance was also significantly 

improved.  Czuba et al. (2009) also reported significant improvements in oxygen pulse 

[O2/heart rate (HR)]; increase in O2max and a decrease in HRmax during maximal 

exercise (O2/HR; 27.7 ± 1.8 to 29.3 ± 1.6 ml·beat-1) before and after SP loading with 50 

mg·kg-1·day-1 for 6 days.  Moderate relationships were also found between oxygen pulse 

and serum Pi concentration (r = 0.59; p = 0.003), and resting values of 2, 3 DPG (r = 

0.60; p = 0.003) after supplementation.  

 

11.6.4 Buffering capacity 

Another mechanism by which phosphate supplementation may improve exercise 

performance is through the buffering of hydrogen ions (H+) in the blood.  Phosphates 

are natural buffers in the body, neutralising the acidic end products (H+) of energy 

metabolism and working to maintain acid/base balance (Avioli, 1988). The phosphate 

buffering process involves phosphoric acid (H3PO4) in equilibrium with dihydrogen 

phosphate ions (H2PO4
-) and H+ (Vander et al., 1994), with the buffering of H+ 

occurring in either the plasma or intracellular space, where the concentration of 

phosphates is much higher than in extracellular fluids (Avioli, 1988; Chasiotis, 1983).  

However, according to Vander et al. (1994), the phosphate buffer only plays a-minor 

role in the blood, because H3PO4 and H2PO4
- are found in very low concentrations, 

although an increased phosphate concentration may potentially enhance this buffering 

function. 
 

Some indirect evidence for improved buffering capacity after SP loading was 

demonstrated by Kreider et al. (1992), who reported that supplementation (4 g/d of SP 

taken for 3-4 days) resulted in a significant increase in time to onset of AT (p = 0.02; 

1.47-min) during an incremental exercise test to exhaustion, resulting in a 0.4 L·min-1 

higher absolute O2max, compared with a PL condition.  Post-test maximal blood 
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lactate levels (PL; 5.2 ± 1.6, SP; 5.1 ± 1.6 mmol·L-1) and respiratory exchange ratios 

(RER; 1.12 ± 0.08, 1.12 ± 0.10) were nearly identical between trials, suggesting similar 

metabolic demands despite trends (near significance) towards improved times to 

exhaustion (PL = 18.6 ± 2.1; SP = 19.8 ± 3.2-min; p = 0.12) and mean power output 

(PL = 267 ± 52; SP = 292 ± 59 W; p = 0.08), which show potentially meaningful trends 

towards improved performance.  The potential of SP loading to improve buffer capacity 

and raise AT was further indicated during a 40-km cycling time-trial performed in the 

same study, where SP supplementation resulted in participants performing at an 

intensity equivalent to 86 % O2max, while participants performed at 80 % O2max 

following PL supplementation. This created an absolute O2@AT difference of 0.71 

L·min-1, despite similar RER values (0.95 ± 0.03 and 0.94 ± 0.03) in the PL and SP 

conditions respectively.   

 

Similarly, Cade et al. (1984) reported lower submaximal blood lactate levels during an 

incremental treadmill O2max test after SP supplementation compared with baseline, 

while Czuba et al. (2009) noted that SP supplementation caused a 5.4 % (~15 W) 

upward shift in the ventilatory AT workload compared with a PL group.  These data 

again indirectly support the finding of Kreider et al. (1990) and Wallace et al. (1997), 

who both reported significant increases in ventilatory AT workloads with SP 

supplementation compared with PL.  Indirect evidence of this potential improvement in 

buffer capacity with SP loading was also found by Stewart et al. (1990), who reported 

increases in time to exhaustion (SP = 12.3 ± 3.3-min; control = 9.9 ± 3.0-min; PL = 10.6 

± 3.1-min) during an incremental exercise test, despite similar post-exercise blood 

lactate levels in all conditions (SP: 12.2 ± 1.9; control: 12.5 ± 2.2; PL: 13.0 ± 3.3 

mmol·L-1). However, to be more certain of the potential of SP loading to improve blood 

buffer capacity, exercise tests which specifically challenge this are required, such as 

performing sustained and/or short, repeated sprint efforts. 

 

11.7 EFFECTS OF SODIUM PHOSPHATE LOADING ON AEROBIC CAPACITY 

AND EXERCISE PERFORMANCE 

Most studies investigating the ergogenic effects of SP loading to date have examined 

the effect on aerobic capacity, with only a few studies investigating the specific effects 

on endurance exercise performance (Kreider et al., 1990; Kreider et al., 1992; Folland et 

al., 2008).  Further, only one prior study has investigated the effects of SP 

supplementation on sprint, rather than endurance performance (Tourville et al., 2001).   
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11.7.1 Sodium phosphate and aerobic capacity 

Several studies researching the effect of SP supplementation on aerobic capacity have 

reported increases in O2max.  For example, an early study by Cade et al. (1984) 

showed increases in O2max of 6 to 12 % from an initial control value during treadmill 

running in 10 well-trained distance runners, following three days of loading with 4 g/d 

of either a SP supplement compared with PL (double blind crossover design).  

Similarly, Stewart et al. (1990) reported a 10 % increase in O2max in 8 cyclists who 

supplemented with 3.6 g/d of SP for three days compared with control and PL 

conditions and Kreider et al. (1990) recorded a 10 % increase in O2max in 7 male 

competitive runners, who were supplemented with 4 g/d of SP for 6 days compared 

with PL.  In agreement, Kreider et al. (1992) and Wallace et al. (1997) both reported 9 

% increases in O2max during incremental exercise tests to exhaustion after SP 

supplementation compared with PL trials.  More recently, Czuba et al. (2009) reported 

significant increases in O2max (from 73.5 ± 4.5 to 77.5 ± 6.0 ml·kg-1·min-1) after 6 

days of SP (n = 10) loading with 50 mg·kg-1·day-1 of fat free mass (FFM) in well-

trained cyclists compared with the PL group (n = 9).  Of importance, this significant 

improvement was maintained following a further 3 weeks of loading with a lower SP 

dose of 25 mg·kg-1·day-1. Folland et al. (2008) also reported a trend (NS: p = 0.07) for 

increases in O2max following phosphate loading (4.16 ± 0.33 L·min-1) compared with 

control (4.00 ± 0.38 L·min-1) and PL conditions (3.99 ± 0.40 L·min-1). 

 

While the above-mentioned studies have demonstrated clear improvements in O2max 

following supplementation with 3-4 g/d of SP (or the FFM equivalent) for 3-6 days, 

other studies have reported contrasting results.  Thompson et al. (1990) found no 

significant change in O2max following SP loading (56.0 ± 8.3 ml·kg-1·min-1) compared 

with a control (51.6 ± 7.9 ml·kg-1·min-1) and PL (52.8 ± 7.5 ml·kg-1·min-1) conditions.  

However, loading was only 250 mg four times a day for 3 days, which may have been 

an insufficient quantity of SP to elicit a significant response. Other studies have 

reported no improvement in O2max during exercise following SP loading when 

compared with PL trials (Ahlberg et al., 1986; Brennan & Connolly, 2001; West et al., 

2012). Possible reasons for the lack of response in these studies were raised by Kreider 

(1992), who stated that in studies employing a washout period of less than 14-days, 
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subsequent results may have been influenced through residual influences of phosphate.  

Other potentially confounding factors include inadequate dosages and durations of 

supplementation, or the fitness level of participants.  In summary, many studies, using a 

well-accepted SP loading protocol (3-4 g/d for 3-6 days) and who have used trained 

athletes, have commonly reported increases in O2max after supplementation. 

 

11.7.2 Endurance performance 

Based on the number of studies that have reported improvements in aerobic capacity 

following SP loading (Cade et al., 1984; Czuba et al., 2008; Czuba et al., 2009; Kreider 

et al., 1992; Stewart et al., 1990; Wallace et al., 1997), it follows that endurance 

performance should also improve following supplementation.  However, to date, only 

three studies have assessed the effect of SP loading on endurance performance (Folland 

et al., 2008; Kreider et al., 1990; Kreider et al., 1992). 

 

An early study by Kreider et al. (1990) investigated the effects of SP supplementation (4 

g/d for 6-days) on 5 mile run performance.  Results showed faster (but non-significant) 

mean run times of ~11.8-s and mile split times compared with a PL condition, with 

individual times to completion ranging from 8-s slower to 35-s faster.  However, 

Kreider (1992) later suggested that participants here may have physiologically limited 

their performance during the run, as split times were called out to them throughout the 

test.  A follow up study by Kreider et al. (1992) reported a significant 3.5-min 

improvement in 40-km cycling time-trial performance in trained cyclists after loading 

with 4 g/d of SP for 3-4 days.  Likewise, Folland et al. (2008) reported a significant 

improvement in 16.1 km cycling time-trial performance (from ~22-min to ~21-min) 

after SP supplementation in well-trained cyclists when compared with a PL supplement.  

 

The exact mechanisms responsible for the improvements in endurance performance 

reported are difficult to determine, due to the many physiological and biochemical 

processes that are affected by SP supplementation (Czuba et al., 2009; Folland et al., 

2008; Kreider et al., 1992).  However, it is likely that in combination, all of the 

mechanisms previously discussed play a role to some degree.  In conclusion, the 

literature regarding the effect of SP supplementation on endurance exercise 

performance shows a trend for improved performance in well-controlled studies.  

 

11.7.3 Sprint performance  
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To date, only one study has assessed the effects of SP loading on sprint performance.  

Tourville et al. (2001) recruited 12 trained male cyclists to assess the effects of 

supplementation (4 g/d for 4-days) on a single 30-s maximal cycling sprint.  After 

supplementation, results showed a decrease (non-significant) in time to peak power (pre 

7.5-s; post 6.2-s) and an increase (non-significant) in peak power (pre 781 W; post 801 

W).  However, the results of this study must be interpreted with caution, as limited 

details regarding the washout period and the statistical power of the study were 

included. Future research efforts are warranted in this area, so that more definitive 

conclusions can be drawn as to the effectiveness of SP loading on single sprint and 

repeated sprint efforts. 

 

11.8 SUMMARY 

In conclusion, the literature regarding SP supplementation in well-controlled studies has 

commonly reported improvements in aerobic capacity ( O2max), however the reported 

effects on endurance and single and repeated sprint performance are limited. In 

addition, investigation into the duration that any potential ergogenic effect may last for, 

and whether repeated periods of loading might have a cumulative effect may be of 

practical value. Further research is needed to confirm whether SP has an ergogenic 

effect on these types of exercise tasks. Additionally, more investigation of the potential 

mechanisms underlying any noted performance improvements should also be targeted. 

 

It should also be noted that many of the aforementioned studies have failed to report or 

adhere to factors relating to the conduct of randomised, double blind, repeated measures 

crossover designs.  Further, adequate familiarisation to test protocols, plus 

environmental control and limits on the influence of confounding variables such as 

insufficient washout periods (for crossover designs), have also been lacking for some 

studies. Previous researchers have also proposed that an assurance that the independent 

variable (serum phosphate levels) has been significantly increased with supplementation 

is important to any experimental investigation (Kreider, 1992; Tremblay et al., 1994).  

Despite this, some studies have reported improvement in exercise performance and  

O2max without an associated increase in blood serum phosphate concentrations after 

SP supplementation (Folland et al., 2008, Stewart et al., 1990). 

 

Future research efforts should also focus on comparisons between elite/well trained and 

untrained athletes/participants, and associated factors such as loading protocol length, 
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effects of loading whilst training and potential combined effects, as when used with 

other supplements (for example, creatine, bicarbonate, caffeine, etc.).  In addition, more 

comparisons between males and females should be made, as female participants have 

not been widely used in SP loading studies.  
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12.1 ABSTRACT 

Research into supplementation with sodium phosphate has not investigated the effects 

of a repeated supplementation phase. Therefore, this study examined the potential 

additive effects of repeated sodium phosphate (SP) supplementation on cycling time-

trial performance and peak oxygen uptake ( O2peak). Trained male cyclists (n = 9, 

mean ± SD; O2peak 65.2 ± 4.8 ml·kg-1·min-1) completed baseline 1000 kJ time-trial 

and O2peak tests separated by 48 h, then ingested either 50 mg·kg·FFM-1·day-1 of 

tribasic sodium phosphate or a combined glucose and NaCl placebo (PL) for six days 

prior to performing these tests again. A 14-day washout period separated the end of one 

loading phase and the start of the next, with two SP and one PL phase completed in a 

counterbalanced order. Although time-trial performance (55.3-56.5-min) was shorter in 

SP1 and SP2 (~60-70 s), effect sizes and smallest worthwhile change values did not 

differ in comparison with baseline and PL. However, mean power output was greater 

than PL during time-trial performance at the 250 kJ and 500 kJ time points (p < 0.05) 

following the second SP phase. Greater mean O2peak values (p < 0.01) were recorded 

after the first phase of SP (3.5-4.3 %) compared with baseline and PL, with further 

improvements (p < 0.01) found in the second phase of SP (7.1-7.7 %), compared with 

baseline and PL. In summary, repeated SP supplementation, ingested either 15 or 35-

days after initial loading, can have an additive effect on 

O2peak and possibly time-trial performance. 

 

KEYWORDS: lactate, anaerobic threshold, heart rate, RPE 
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12.2 INTRODUCTION 

Considerable research has focused on legal and medically safe nutritional supplements 

(with-minimal or no negative side-effects), which may lead to improved exercise 

performance. One such supplement is phosphate, which may improve endurance 

exercise performance and peak aerobic capacity ( O2peak; Folland et al., 2008, Kreider 

et al., 1990; Kreider et al., 1992). Phosphate is an essential-mineral that must be 

obtained from the diet, with sources including red meat, fish, poultry, milk products, 

eggs, cereal and vegetables (Lee, 1981; Stoff, 1982). It is integral in many structural 

components of the body, including skeletal bone (Silverberg et al., 1986; Takeda et al., 

2000), cell membranes and intracellular organelles (in the form of phospholipids) and as 

constituents of highly active intracellular compounds in DNA and RNA (Berner & 

Shike, 1988). Importantly, phosphates are integral in the human energy production 

cycle, forming the basic structural components of phosphocreatine (PCr) and ATP, 

important components in oxygen transport within the red blood cell, including 2, 3 

diphosphoglycerate (DPG) and lactic acid buffering components (phosphate buffer). 

 

Based on these roles of phosphate in the body, many studies have examined the effects 

of various doses and timing of phosphate supplementation (in the form of sodium 

phosphate; SP) in an attempt to enhance exercise performance. Supplementation with 

SP typically involves ingestion of 3-4 g/d, split into 4 equal doses, for a period of 3 to 6-

days (Cade et al., 1984; Folland et al., 2008; Kreider et al., 1990; Kreider et al., 1992; 

Wallace et al., 1997). Such doses have been reported to result in improvements in 

 O2peak (Cade et al., 1984; Kreider et al., 1992; Wallace et al., 1997) and endurance 

performance (Kreider et al., 1992), although not all studies have observed ergogenic 

benefits following SP supplementation (Brennan & Connolly, 2001; Thompson et al., 

1990; West et al., 2012; Weatherwax et al., 1986). Nonetheless, multiple mechanisms 

for performance improvements following SP loading have been suggested, including 

increased 2, 3 DPG concentrations, leading to a greater unloading of oxygen from 

haemoglobin to the muscle (Cade et al. 1984; Chanutin & Curnish, 1967; Farber et al., 

1987); increased extracellular phosphate availability, resulting in greater intracellular 

diffusion and enhanced oxidative metabolism (Lichtman et al., 1971; Thomson et al., 

1990); increased anaerobic glycolysis, PCr resynthesis and ATP production (Brain and 

Card, 1972; Chanutin and Churnish, 1967; Lichtman and Miller, 1970); increased 

cardiac muscle contractility (Czuba et al., 2008; Czuba et al., 2009; Kreider et al., 1992) 

and increased buffering capacity (Avioli, 1988).  With so many potential mechanisms 
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by which phosphate loading may influence metabolism, it has yet to be conclusively 

determined to what extent phosphate loading may benefit exercise performance. 

Furthermore, no studies have trialled repeated loading phases and it is possible that 

additive effects could result from this supplementation regime, based on improvements 

seen by Czuba et al. (2009), who found increased power output following an extended 

period of loading (21-days) after an initial 6-day loading period. Therefore, the purpose 

of this study was to determine whether a second phase of 6-days of sodium phosphate 

ingestion might have an additive effect on endurance exercise performance and 

O2peak. 

 
12.3 METHODS 

12.3.1 Participants 

Twelve competitive male cyclists volunteered for this study, although three failed to 

complete all testing phases due to injury. The remaining nine participants (mean ± SD: 

O2peak 65.2 ± 4.8 ml·kg-1·min-1, years of competitive cycling 6.9 ± 3.8 y, age 32.6 ± 

7.4 y, body mass 77.8 ± 9.8 kg, height 179.0 ± 7.1 cm, body fat 13.4 ± 5.8 %, fat free 

mass 67.8 ± 6.0 kg) were not taking any nutritional supplements for at least 2 months 

prior to or during this study.  The Human Research Ethics Committee of the University 

of Western Australia (UWA) approved the study and all participants provided written 

informed consent. The study was conducted during the Western Australian competitive 

cycling season, with each participant required to maintain a consistent training volume. 

This meant that each participant trained for a mean (± SD) of 300 ± 97 km·wk-1, with an 

additional 6.6 ± 6.0 h of cross training in other physical activities. 

 

12.3.2 Experimental design 

Participants refrained from exercise for 24 h prior to each experimental session, with 

exercise testing taking place at the same time of day to control for circadian variation. A 

placebo (PL), counterbalanced, double-blind, crossover study was conducted over a 2-

month period. In an initial habituation trial, medical and training questionnaires were 

completed, anthropometric measurements (as above) were recorded, and body 

composition (fat free mass) was assessed using a dual energy X-ray absorptiometry 

(DEXA) scan (Lunar Prodigy, encore 2004, GE Medical Systems, Madison, Wis., 

USA). Participants then completed the initial stages of a graded exercise test (first three 

incremental intensities of exercise while breathing through a mouthpiece), and then 5-

min later a 1000 kJ cycling time-trial, in order to accustom themselves with the tests 
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and procedures to be used during the subsequent experimental trials. All exercise testing 

was performed on an air braked cycle ergometer (Evolution bicycles, Geelong, 

Australia), linked to a customised computer program for the determination of power 

output (Cyclemax version 6.3, School of Sport Science, Exercise and Health, University 

of Western Australia). This ergometer has fan blades attached to the fly-wheel which 

displace air as the wheel turns, making resistance proportional to pedalling rate. This 

reflects the type of resistance encountered during actual road cycling. This setup was 

intended to maximize ecological validity by replicating the variation in pedal rate and 

gearing experienced during a real cycling time-trial on the road. The cycling ergometer 

had 6 gears which participants were able to adjust, allowing for individual resistance 

and cadence to be set. 

 

Participants then completed four separate phases of testing, including a baseline trial, 

then a PL supplementation trial and two sodium phosphate supplementation trials (SP1, 

SP2) in a double-blind, counterbalanced, order. For the supplementation trials, 

participants completed six days of loading with either PL or SP, with the 1000 kJ 

cycling time-trial performed on the seventh day, followed 48 h later by a graded 

exercise test to exhaustion. A 14-day washout period beginning the day after 

supplementation then followed, before loading was commenced for the next phase of 

supplementation and testing.  

 

12.3.3 Supplementation 

Participants were given either tribasic sodium phosphate dodecahydrate (Challenge 

Chemicals Australia, Kwinana, Western Australia, 50 mg·kg·FFM-1·day-1) or a PL mix 

equivalent of glucose and table salt (ratio 9/1). The PL included salt in order to mask the 

taste of the supplement ingested, as SP has a slightly salty taste. Each supplement was 

ground into a fine powder to make them indistinguishable from each other. This daily 

amount was divided into four equal doses and ingested with meals over the course of 

each day (4-5 h interval) in opaque capsules (Melbourne Food Depot, East Brunswick, 

Victoria Australia) for a six-day period until 8 h prior to the scheduled exercise test.  

Each capsule dose was emptied into a glass and consumed with 15 g of Powerade 

powder (Coca-Cola Amatil, Australia) that had been dissolved with ~300 ml of water. 

This procedure was followed in order to prevent gastrointestinal upset (experienced in 

prior pilot testing with SP and reported by West et al., 2012) and to mask the taste. 

Participants consumed their normal diet during the supplementation period.  
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12.3.4 1000 kJ Time-trial 

Previous research has used 500 kJ to approximate a distance of 20-km (Peeling et al., 

2005), so the target total exercise amount of 1000 kJ was chosen to represent 

approximately 40-km, similar to the protocol of Ihsan et al. (2010). When performing 

the 1000 kJ time-trial, participants cycled in an isolated room with no outside 

influences. A computer screen allowed participants to see the amount of kJ left to 

complete (which counted down from 1000 kJ), but kept them blinded to their power 

output and duration of performance. Blood samples (35 μl) for lactate determination 

using a blood gas analyser (ABL 725, Radiometer, Copenhagen, Denmark) were 

collected from the earlobe at rest and immediately post exercise. Heart rate was 

measured (Polar Electro Oy Professorintie, Kempele, Finland) every 250 kJ during the 

time-trial. 

 

12.3.5 O2peak  protocol 

Peak aerobic capacity was assessed using a graded exercise test consisting of 

incremental stages of cycling starting at 150 W and increasing by 50 W every 3-min, 

with 1-min of rest between stages to allow for capillary blood to be sampled for lactate 

determination. The test was terminated when the participant could no longer maintain 

the required intensity of exercise. Measures of heart rate were made 30 s prior to the end 

of each 3-min exercise interval. During this test, participants breathed through a 

mouthpiece connected to a computerised gas analysis system consisting of a 

ventilometer (Universal ventilation meter, VacuMed, Ventura, California, USA), which 

was calibrated before the test using a 1-litre syringe. Expired oxygen and carbon 

dioxide concentrations were analysed using Ametek gas analysers (Applied 

Electrochemistry, SOV S-3A11 and COV CD-3A, Pittsburgh, PA, USA), which were 

calibrated immediately before and verified after each test using a certified beta-grade 

gravimetric gas mixture of known concentration (BOC Gases, Chatswood, Australia). 

Both the ventilometer and gas analysers were connected to a PC that measured and 

displayed variables every 15-s. Participant’s O2peak levels were calculated using the 

sum of the four highest consecutive 15-s O2  values recorded during the test. Heart 

rate, blood lactate concentration, O2 and power output at each individual’s AT were 

determined using the modified Dmax method. 
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12.3.6 Determination of serum phosphate 

Prior to the baseline time-trial and following each supplementation phase, a venous 

blood sample was taken from an antecubital vein into a BD Vacutainer SST II Advance. 

These were left to clot at room temperature for 60-min prior to being centrifuged at 

1000 g at 4°C for 15-min. The serum obtained was stored at -80°C for later analysis, 

with serum phosphate determined using an Abbott Architect c16000 analyser, using the 

specified Abbott reagents (Abbott Laboratories, Abbott Park, IL 60065, USA).  

Observed coefficients of variation were 4.2 % at a level of 0.95 mmol·L-1 and 2.0 % at a 

level of 2.95 mmol·L-1.  

 

12.3.7 Statistical Analysis 

The effect of SP supplementation on time-trial performance and O2peak was analysed 

by repeated measures analysis of variance (ANOVA) with LSD post hoc comparisons 

(SPSS 18.0 for Windows). Significance was accepted when p ≤ 0.05. Cohen’s d effect 

sizes [ES < 0.5, small; 0.5-0.79, moderate; ≥ 0.8, strong; Cohen, (1988)] were also 

calculated to examine trends in the performance data. Further analysis identified the 

smallest worthwhile change (SWC) in performance scores between baseline, PL, SP1 

and SP2, using the method outlined by Batterham and Hopkins (2005). The SWC value 

was set at a Cohen’s unit of 0.2, representing the hypothetical, smallest change in 

physiological measures that would benefit the athlete. Where the chance of benefit or 

harm was calculated to be > 5 %, the true effect was deemed unclear. When clear 

interpretation was definitively possible, a qualitative descriptor was assigned to the 

following quantitative chances of benefit: 25-75 %, benefit possible; 76-95 %, benefit 

likely; 96-99 %, benefit very likely; > 99 %, benefit almost certain (Batterham and 

Hopkins, 2005). In addition, Pearson’s correlation coefficients calculated the 

relationship between time-trial performance and O2peak, and between change (Δ) in 

time-trial performance and Δ in O2peak. 

 

12.4 RESULTS 

12.4.1 1000 kJ Cycling Time-trial 

Seven of the nine participants completed successive SP trials, with the PL trial coming 

before or after these. There was no effect of the order of administration of trials (p = 

0.788), indicating that any improvements were not due to further habituation with the 

exercise protocol independent of the type of supplementation ingested. Compared with 

baseline, seven of the nine participants had a shorter time-trial time-to-completion in 
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SP1, while five of the participants had a shorter time-trial time-to-completion in SP2. 

Despite SP1 and SP2 trials recording shorter time-trial times-to-completion than 

baseline and PL trials, no differences, nor moderate effect sizes or likely SWC 

probabilities were found (Table 1.1). Similar results were evident in the split times 

recorded at 250, 500, 750 and 1000 kJ time points, although mean power following SP2 

was greater (p < 0.05) than PL values at 250 and 500 kJ. Post-time-trial blood lactate 

values did not differ between trials and heart rate values were similar between trials, 

although SP2 recorded lower values than SP1 (750 kJ, p < 0.05) and baseline (1000 kJ, 

p < 0.05), and SP1 recorded a higher value than PL (750 kJ, p < 0.05). 

 
Effect Sizes  

 PL vs. Baseline SP1 vs. Baseline SP2 vs. Baseline SP1 vs. PL SP2 vs. PL SP2 vs. SP1 

Time-Trial 0.01 -0.14 -0.17 -0.14 -0.16 -0.03 

Mean Power 0.02 0.15 0.19 0.13 0.16 0.03 

 
Note. aSodium Phosphate  different to PL (p < 0.05) bSP1  different to SP2 (p < 0.05) cSP2 different to Baseline (p < 0.05) 

 

 

Table 1.1 Cycling time-trial results for baseline and supplementation with placebo (PL), sodium phosphate phase 1 (SP1) 

and sodium phosphate phase 2 (SP2) (n = 9; Mean ± SD). 

1000 kJ Time-Trial Baseline PL SP1 SP2 

 

Time-to-completion (min)          56.4 ± 6.9 56.5 ± 7.6 55.5 ± 6.8 55.3 ± 6.9 

Time to 250 kJ 13.6 ± 1.8 13.5 ± 2.0 13.1 ± 1.8 13.1 ± 1.8 

Time 250 to 500 kJ 14.2 ± 1.8 14.4 ± 1.9 14.1 ± 1.6 13.9 ± 1.6 

Time 500 to 750 kJ 14.7 ± 1.8 14.8± 2.0 14.5 ± 1.7 14.3 ± 1.7 

Time 750 to 1000 kJ 14.1 ± 1.8 13.9 ± 2.0 13.8 ± 1.9 14.0 ± 2.2 

Mean Power (W) 299 ± 36 300 ± 40 305 ± 39 306 ± 39 

Power Output at 250 kJ 312 ± 41 314 ± 50 324 ± 48 324 ± 47 a 

Power Output at 500 kJ 299 ± 37 293 ± 38 300 ± 36 303 ± 34 a 

Power Output at 750 kJ 288 ± 34 288 ± 36 291 ± 35 295 ± 35 

Power Output at 1000 kJ 301 ± 41 306 ± 43 308 ± 43 305 ± 47 

Lactate (post) mmol·L1 4.8 ± 3.8 4.8 ± 2.7 5.3 ± 3.5 4.5 ± 2.9 

Heart Rate (bpm) 

Heart Rate at 250 kJ 

 

157 ± 12 

 

154 ± 13 

 

155 ± 13 

 

153 ± 14 

Heart Rate at 500 kJ 156 ± 12 153 ± 12 157 ± 13 154 ± 14 

Heart Rate at 750 kJ 157 ± 9 155 ± 12 159 ± 12 a 154 ± 15 b 

Heart Rate at 1000 kJ 168 ± 11 166 ± 13 167 ± 14 163 ± 15 c 
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12.4.2 O2peak  

The effect of supplementation on O2peak is displayed in Table 1.2, which shows the 

ANOVA results, but not the SWC values (where relevant, these are included in the 

following text). Body mass measured prior to the O2peak test was not different 

between any of the trials. There was a main effect of supplementation (p =, % change, 

ES, SWC: beneficial/trivial/harmful) on O2peak, with greater mean O2peak values 

following SP1 (both L·min-1 and ml·kg-1·min-1) compared with PL (p = 0.005, 3.4 %, 

0.55, 83/17/0). Similarly, after SP2 supplementation, a greater mean O2peak was also 

observed compared with baseline (p = 0.005, 6.9 %, 0.95, 99/1/0) and PL (p = 0.001, 

7.1 %, 0.97, 100/0/0). Further, O2peak values for SP2 were greater than in SP1 (p = 

0.049, 3.6 %, 0.46, 88/12/1) suggesting that additional benefits were gained during the 

second supplementation phase. Despite these observed increases in O2peak, there was 

no effect in SP1 or SP2 on the mean power, O2 or heart rate at which the AT 

occurred. Post-test blood lactate values were greater (p < 0.05) in SP1 than in the 

baseline and SP2 trials. 

 

Shorter time-trial performance was associated with a higher O2peak (r = 0.823, p <0.01 

for pooled SP trial values vs. baseline), but Δ in time-trial performance and Δ in  

O2peak for SP1, SP2 and pooled values were not related (r = -0.210 to 0.105, p > 0.05).  

 

12.4.3 Serum Phosphate 

Results did not differ between any of the supplementation phases for serum phosphate 

values (mean ± SD: baseline 1.33 ± 0.19; P 1.30 ± 0.14; SP1 1.34 ± 0.13; SP2 1.31 ± 

0.21 mmol·L-1).  

 

Of note, in 13 of the 27 trials (48 %) participants correctly identified that they were 

ingesting SP. None of the participants reported any episodes of gastrointestinal upset 

during SP supplementation. 

 

12.5 DISCUSSION 

This is the first study to assess whether a second phase of SP supplementation might 

result in an additive effect on endurance performance and O2peak in well-trained, male 

cyclists.  While 1000 kJ time-trial time-to-completion decreased (58–69-s) and power
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Table 1.2 O2peak results for baseline and supplementation with placebo (PL), sodium phosphate phase 1 (SP1) and sodium 
phosphate phase 2 (SP2) (n = 9; Mean ± SD). 

 
 

 Baseline PL SP1 SP2 
Body Mass (kg) 77.5 ± 9.8 77.8 ± 9.7 77.0 ± 9.8 77.8 ± 9.9 

O2peak (L·min-1) 5.01 ± 0.60 5.00 ± 0.57 5.17 ± 0.60a 5.32 ± 0.62abc 

AT (La-) 3.4 ± 1.1 4.3 ± 3.2 3.3 ± 0.8 3.5 ± 1.1 
AT (L·min-1) 4.24 ± 0.48 4.23 ± 0.47 4.25 ± 0.48 4.33 ± 0.43 
AT (W) 339 ± 38 347 ± 39 337 ± 28 338 ± 39 
AT (Heart rate) 157 ± 12 157 ± 13 155 ± 10 155 ± 13 
Max E (L·min-1) 142.8 ± 21.2 146.8 ± 15.0 148.0 ± 20.8 148.3 ± 19.6 
La- Post 10.0 ± 2.8 11.3 ± 2.9 11.9 ± 2.3c 10.6 ± 2.5 b 
 

Effect Sizes  

    
    
 

PL vs. Baseline SP1 vs. Baseline SP2 vs. Baseline SP1 vs. PL SP2 vs. PL SP2 vs. SP1 

O2 (L·min-1) -0.02 0.27 0.58 0.30 0.60 0.31 
O2  (ml·kg-1·min-1) -0.08 0.49 0.95 0.55 0.97 0.46 

Note. O2peak = peak oxygen consumption; AT = anaerobic threshold; La- = lactic acid in the bloodstream; E = expired ventilation. 
aSodium Phosphate different to Placebo (p < 0.05). bSP1 different to SP2 (p < 0.05). cSodium Phosphate different to Baseline (p < 
0.05). 
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output increased (~5–7 W) following both SP trials compared with PL and baseline, the 

only significant results found were during the second SP phase for mean power at 250 

kJ and 500 kJ, compared with PL.  Further, while a single phase of SP supplementation 

resulted in a greater mean O2peak (L·min-1), compared with PL, a second phase of SP 

(ingested either 15 or 35-days later) resulted in a greater mean O2peak compared with 

all other trials. 

 

Results from previous studies assessing the effect of a single phase of SP 

supplementation on time-trial performance have been equivocal (Folland et al., 2008; 

Kreider et al., 1990; Kreider et al., 1992; Weatherwax et al., 1986).  Differences 

between results of these studies could relate to the mode of exercise used (cycling vs. 

running), the distance of the time-trial (range of 8-40-km) and the length of the washout 

period (9-17 days).  Notably, there was no conclusive benefit of SP1 on 1000 kJ time-

trial performance in the current study.  Differences between the results of the current 

study and those by Kreider et al. (1992), the only other study to assess the effects of SP 

on 40-km (or equivalent) cycle time-trial performance, could be due to the shorter 

washout period used in the current study (15 vs. 17-days) that may not have allowed for 

the complete elimination of SP, with this possibly benefiting subsequent PL trials.  For 

example, Cade et al. (1984) noted that it took approximately two weeks for RBC 2, 3 

DPG concentration to return to near baseline levels following 3-days of SP loading.  

Therefore, it is possible that a 6-day loading period, as used in the current study, may 

require a longer washout period in order to remove any carryover effects from 

phosphate supplementation.  Another explanation for differences in results between 

studies may be due to the different SP dosing protocols used (50 mg·kg·FFM-1·day-1, 

equating to ~3.4 g daily over 6-days in the current study vs. 4 g/d over 3-4 days for 

Kreider et al., 1992).  It is possible that the larger daily dose used by Kreider et al. 

(1992) is needed for an ergogenic effect to occur in respect to endurance exercise 

performance. Folland et al. (2008) also reported a benefit of 4 g/d of SP on 16.1 km 

cycle time-trial performance.   

 

The improved aerobic capacity following SP1 and SP2 found in the current study is 

supported by the majority of studies that have assessed the effect of SP loading on  

O2max during a running or cycling protocol (Cade et al., 1984; Czuba et al., 2009; 

Kreider et al., 1990; Kreider et al., 1992; Stewart et al., 1990).  Specifically, Czuba et al. 

(2009) reported a greater mean O2max and Emax, along with a lesser mean resting and 
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maximal heart rate in off road cyclists after 6-days of loading with tri-sodium phosphate 

(50 mg·kg·FFM-1·day-1). Moreover, similar to the current study, these researchers 

reported that a further 21-days of SP supplementation (25 mg·kg·FFM-1·day-1) resulted 

in further improvement in these variables compared with baseline.  In addition, Pmax 

(W) was greater and the ventilatory threshold shifted towards higher intensities of 

exercise (Czuba et al., 2009).  These changes were accompanied by greater mean values 

in serum concentrations of inorganic phosphate following both the 6 and 21-day loading 

protocols.  Reasons proposed by the researchers to explain the ergogenic effects of SP 

following both the 6 and subsequent 21-days of loading were varied.  Firstly, the 

increase in Emax seen immediately after the 6-day loading protocol, which continued 

to increase during the next 3 weeks of supplementation, was proposed by Czuba et al. 

(2009) to be a result of improved function of the diaphragm.  This suggestion is 

supported by Aubier et al. (1985), who reported a positive relationship (r = 0.73) 

between blood concentration of phosphates and transdiaphragmatic pressure. 

Furthermore, Aubier et al. (1985) noted that hypophosphatemia impaired the function of 

the diaphragm, with this suggesting that the reverse could apply with SP 

supplementation. Secondly, improved myocardial efficiency (i.e., increased stroke 

volume), as seen by decreased resting and maximal heart rate during the aerobic 

capacity test, was also proposed by Czuba et al. (2009) to reflect the ergogenic effect of 

SP loading on exercise performance. Thirdly, a tendency for an increase in erythrocyte 

2, 3 DPG concentration in the treatment group, reported by these researchers, raises the 

possibility of greater unloading of oxygen to the muscles and hence improved exercise 

performance.  Notably, Czuba et al. (2009) reported a relationship between serum 

phosphate concentrations and the level of 2, 3 DPG (r = 0.49, p = 0.01).  In addition, the 

greater mean serum phosphate concentrations they reported following both 

supplementation phases supports the notion of a larger phosphate energy pool being 

available for energy consumption, which in turn may have played a role in improving 

aerobic capacity.  Finally, a role for improved acid-base balance during intensive 

exercise due to enhanced buffering processes provided by SP supplementation was 

postulated by Czuba et al. (2009), but not confirmed by their results. 

 

Importantly, all the factors described by Czuba et al. (2009) as having a role in 

improving exercise performance following SP supplementation may be applicable to 

exercise benefits seen in the current study, particularly following the SP2 trial.  For 

example, evidence to support improved heart function is demonstrated by all heart rate 
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values being lower during the 1000 kJ time-trial following SP2, compared with all other 

trials for every time point assessed (apart from PL at 500 kJ), with this difference being 

lesser at the 750 kJ mark when compared with SP1 (154 ± 15 vs. 159 ± 12 bpm) and at 

the 1000 kJ mark, when compared with baseline (163 ± 15 vs. 168 ± 11).  Further, 

blood lactate values following the 1000 kJ time-trial were lower (NS) following SP2, 

compared with all other trials, despite a shorter completion time, suggesting a possible 

role for improved buffering capacity.  Furthermore, while a lack of change in serum 

phosphate levels recorded between trials in the current study makes it difficult to assign 

an ergogenic effect to an increased phosphate pool being available for energy 

consumption, the relationship between serum phosphate concentration and improved 

exercise performance is unclear.  For example, Kreider et al. (1992) found that resting 

serum phosphate levels did not differ between a phosphate and PL trial, yet reported 

improved aerobic capacity and time-trial performance following SP supplementation.  

Stewart et al. (1990) also reported an 11 % increase in O2max following SP 

supplementation, but without observable increases in resting or post exercise serum 

phosphate levels.  Consequently, Kreider et al. (1992) suggested that serum phosphate 

concentrations may not accurately assess the effects of phosphate loading on 

intracellular phosphate levels and oxidative metabolism.  Notably, serum phosphate 

levels following SP1 and SP2 in the current study were higher than those reported by 

Czuba et al. (2009) (1.34 and 1.31 mmol·L-1 for SP1 and SP2 vs. 1.00 and 1.10 mmol·L-

1 after 6 and 21-days of SP loading, respectively), with Czuba et al. (2009) suggesting 

that the effectiveness of phosphate loading may be dependent upon on the initial 

concentration of serum phosphate in the blood.  This premise may be particularly 

pertinent to endurance exercise performance.  Finally, while 2, 3 DPG concentration 

was not assessed in the current study, greater mean O2peak values for SP1 and SP2, 

despite similar Emax values for all trials, may suggest a role for greater oxygen 

extraction in the two SP trials, which may be indicative of an ergogenic effect 

associated with this mechanism.  

 

It is possible that the greater benefit associated with SP2 loading on exercise 

performance demonstrated here, may be a result of improved physiological function (as 

described above), which may have occurred as a result of mechanisms induced by SP1 

in the body being maintained and then enhanced by further SP supplementation.  This 

improvement may also be related to the washout period used, particularly when the SP2 

trial followed SP1.  As noted earlier, a 14-day washout period may not have been long 
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enough to eliminate the effects of SP1, with these effects possibly being augmented by 

the second phase of SP loading, resulting in an additive effect and improved exercise 

performance, as demonstrated by Czuba et al. (2009).  Of further interest is whether a 

single larger (fixed) dose of SP (i.e. 4 g/d as used in the studies by Kreider et al., 1992 

and Folland et al., 2008) could improve 1000 kJ time-trial performance, and whether a 

second phase of this larger dose would impart any further exercise benefits (i.e. an 

additive effect).  If an additive effect occurred, then further studies would be needed to 

determine the exact time period between the first and second phase of SP loading that 

resulted in optimal exercise performance. 

 

In conclusion, the current study has demonstrated that an initial SP loading significantly 

improved aerobic capacity in trained cyclists, while subsequent loading resulted in 

further greater mean O2peak values, as well as greater mean power during the early 

stages of a 1000 kJ time-trial.  These results suggest that a second supplementation 

period of SP should be performed prior to cyclists competing in time-trial events or that 

the initial SP dose should be larger than the 50 mg·kg·FFM-1·day-1 used here.  Further 

studies are needed to investigate these issues.  
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13.1 ABSTRACT 

To date, no research has assessed the effects of sodium phosphate (SP) loading on short 

duration (< 15-min) exercise performance.  Further, the duration of any ergogenic effect 

of SP supplementation is unclear.  This study examined the effect of 6-days of SP (50 

mg·kg·FFM-1·day-1) or placebo (PL) supplementation in trained cyclists on either 100 

kJ (~3-4-min) or 250 kJ (~10-12-min) time-trial performances, both 1 and 8-days post-

supplementation. Trials were performed in a counterbalanced crossover design, with a 

28-day washout period between supplementation phases.  No significant differences, 

moderate-large ES (d) or likely (or greater) smallest worthwhile change (SWC) values 

were recorded for time-to-completion and mean power output on days 1 and 8 post-

supplementation, both within and between SP and PL for either the 100 or 250 kJ trials.  

In the 100 kJ trial (only) first-minute O2 tended to be higher in SP8 than both PL8 (d 

= 0.60; 88/10/2 SWC) and SP1 (d = 0.47: 82/15/3 SWC), as was mean O2 (PL8: d = 

0.77; 93/6/1 SWC and SP1: d = 0.84; 90/8/3 SWC).  No significant differences were 

found for heart rate, ratings of perceived exertion and blood lactate post-exercise within 

or between any trials, while serum phosphate values were not different before or after 

supplementation with SP or PL.  In conclusion, this study showed a tendency for 

increased O2 in a short duration (100 kJ: ~3-4-min) cycling test on day 8 after SP 

supplementation, but no differences in 100 kJ or 250 kJ time-trial performance were 

observed.   

 

Keywords: serum phosphate, lactate, heart rate, RPE. 

V

V

V



 

 

 

59 

13.2 INTRODUCTION 

Sodium phosphate (SP) is an ergogenic aid that has previously been reported to improve 

aerobic capacity by 3.5-12 % (Brewer et al., 2013: Cade et al., 1984; Czuba, et al., 

2008; Czuba, et al., 2009; Kreider et al., 1990; Kreider et al., 1992; Stewart et al., 

1990), with some benefits also found for endurance performance (Folland et al., 2008; 

Kreider et al., 1992). In relation to these benefits, a number of possible mechanisms 

have been proposed.  Specifically, these are: (i) increased 2, 3 diphosphoglycerate 

(DPG) concentrations, which can ultimately facilitate a greater release of oxygen from 

haemoglobin (Hb) to the muscle (Cade et al., 1984; Chanutin and Curnish, 1967; Farber 

et al., 1987; Stryer, 1988); (ii) increased extracellular and intracellular phosphate 

availability, resulting in greater glycogenolysis, glycolysis and oxidative 

phosphorylation, which may increase the rate of ATP production and enhance cellular 

metabolism during exercise (Chasiotis, 1988; Lichtman et al., 1971; Thompson et al., 

1990); (iii) increased intramuscular concentrations of ATP, PCr and inorganic 

phosphate, allowing for more rapid restoration of these molecules during aerobic and 

anaerobic exercise (Chasiotis, 1988; Stryer, 1988); (iv) increased cardiac muscle 

contractility (Czuba et al., 2008, Czuba et al., 2009; Kreider et al., 1992); and (v) 

increased buffering capacity of hydrogen ions (Avioli, 1988).  

 

To date, only a few studies have investigated the effect of SP on actual exercise 

performance, with these typically limited to tasks of prolonged (> 20-min) duration, 

including a 5-mile run (Kreider et al., 1990), 16.1 km (Folland et al., 2008) and 1000 

kJ/40-km cycling time-trials (Brewer et al., 2013; Kreider et al., 1992).  Currently, no 

studies have investigated the effect of SP on exercise tasks of shorter duration, despite 

the potential for enhanced performance in these types of activities. Based on the 

proposed mechanisms of SP loading, such as increased H+ buffering, anaerobic 

glycolysis, PCr resynthesis and ATP production, athletes may benefit from exercise 

metabolism during shorter duration, higher intensity exercise.  In support of the above 

mechanisms, we recently reported significantly higher power outputs during the earlier 

stages of a 1000 kJ cycling time-trial (250 kJ and 500 kJ time points) following SP 

supplementation (Brewer et al., 2013).  This raises the question of whether SP loading 

may benefit exercise performance of < 15-min in duration. 

 

Another aspect of SP supplementation that remains unclear is the duration of any 

ergogenic effect.  Studies have typically employed a supplementation protocol 
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involving ingestion of 3-4 g/d, split into 4 equal doses, for a period of 3 to 6-days, with 

an exercise test completed on the following day (Cade et al., 1984; Folland et al., 2008; 

Kreider et al., 1990; Kreider et al., 1992; Wallace et al., 1997).  However, some 

research suggests that the effects of SP loading may persist for some time after ceasing 

supplementation.  For example, Cade et al. (1984) reported a lingering increase in 2, 3 

DPG levels up to two weeks post-supplementation. We also recently reported an 

additional increase in O2peak, compared with both baseline and the first phase of 

supplementation, following a second phase of supplementation with SP.  This second 

phase occurred either 15 or 35-days after the initial loading phase, indicating that the 

ergogenic effects may be maintained for an extended time and potentially additive upon 

subsequent supplementation (Brewer et al., 2013).  Czuba et al. (2009) also found that 

when SP supplementation (after initial loading) was continued at lower doses for a 

further 3 weeks, O2max was maintained at higher than pre-loading levels.  Whether SP 

supplementation can affect exercise performance for up to a week or more post-loading 

remains to be examined.  Therefore, the purpose of this study was to investigate the 

effects of 6-days of SP supplementation on short duration (~3-4-min and 10-12-min) 

cycling time-trial performance both 1 and 8-days post-loading. 

 

13.3 METHODS 

13.3.1 Participants 

Twenty-one competitive male cyclists volunteered for this study, although two failed to 

complete all testing phases due to unrelated injury.  Participants were randomised into 

two groups, with one group completing a 100 kJ time-trial protocol (n = 10, mean ± SD: 

age 30.2 ± 9.2 y; body mass 81.9 ± 10.2 kg; height 184.1 ± 8.2 cm; body fat 14.2 ± 5.2 

%; O2peak 5.29 ± 0.39 L·min-1; years of competitive cycling 4.9 ± 2.2 y) and the other 

a 250 kJ time-trial protocol (n = 9, mean ± SD: age 27.8 ± 8.8 y; body mass 79.6 ± 12.4 

kg; height 182.4 ± 8.7 cm; body fat 10.7 ± 4.4 %; O2peak 5.38 ± 0.63 L·min-1; years of 

competitive cycling 8.2 ± 5.9 y).  The Human Research Ethics Committee of the 

University of Western Australia (UWA) approved the study and all participants 

provided written informed consent.  None had taken any other nutritional supplements 

for at least 2 months prior to (or during) this study.  The study was conducted during the 

Western Australian competitive cycling season; each participant was required to 

maintain a consistent training volume over the study duration.  This comprised (mean ± 

SD) 271 ± 90 km·wk-1 (100 kJ group) and 289 ± 188 km·wk-1 (250 kJ group) of road 
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cycling, with an additional 8.6 ± 5.4 and 12.2 ± 4.1 h per week of cross training in other 

physical activities, for each group respectively. 

 

13.3.2 Experimental design 

Each participant completed an initial familiarisation session, followed 48 h later by a 

baseline assessment of O2peak.  Next, participants completed two separate phases of 

testing in a counterbalanced, double-blind, crossover design over a 3-month period. 

Each phase involved 6-days of supplementation with SP or placebo (PL), with either a 

100 kJ or 250 kJ cycling time-trial completed firstly on day 7 (i.e. the day after 

cessation of supplementation) and then repeated 7-days later (i.e. 7-days after finishing 

supplementation).  A 28-day washout period, beginning after the last day of 

supplementation, was completed before the next phase of supplementation and testing 

commenced.  

 

13.3.3 Familiarisation Session 

Here, medical and training questionnaires were completed, height and body mass were 

recorded, and body composition (percentage body fat and fat free mass) was assessed 

using a dual energy X-ray absorptiometry scan (DEXA; Lunar Prodigy, encore 2004, 

GE Medical Systems, Madison, Wis., USA).  Participants then completed the initial 

stages of a graded exercise test (first three incremental workloads while breathing 

through a mouthpiece), and following 5-min of recovery, completed either a 100 kJ or 

250 kJ cycling time-trial (depending on their randomisation) while breathing through 

the same mouthpiece, in order to become accustomed to the tests and procedures to be 

used during the subsequent experimental trials.  All exercise testing was performed on 

an air-braked cycle ergometer (Evolution bicycles, Geelong, Australia), linked to a 

customised computer program for the determination of power output and total 

mechanical work (Cyclemax version 6.3, School of Sport Science, Exercise and Health, 

University of Western Australia).  This ergometer has fan blades attached to a flywheel, 

which displaces air as the wheel turns, making resistance proportional to pedalling rate.  

In addition, the cycling ergometer had six gears which participants were able to adjust, 

allowing for individual resistance and cadence to be set independently for each 

performance test undertaken.  This setup was intended to maximize ecological validity 

by replicating the variation in pedal rate and gearing experienced during an actual road 

cycling time-trial.  
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13.3.4 Assessment of O2peak  

Peak aerobic capacity was assessed 48-h after the introductory session using an 

incremental cycling exercise test, starting at 150 W and increasing by 50 W every 3-

min, with 1-min of rest between stages to allow for capillary blood sampling for lactate 

determination (35 μl; ABL 725, Radiometer, Copenhagen, Denmark).  The test was 

continued until volitional exhaustion or when the participant could no longer maintain 

the required power output.  Heart rate was recorded 30 s prior to the end of each 3-min 

exercise interval.  During exercise, participants breathed through a mouthpiece 

connected to a computerised gas analysis system, incorporating a ventilometer 

(Universal ventilation meter, VacuMed, Ventura, California, USA), calibrated before 

the test using a 1-litre syringe according to manufacturer’s instructions.  Expired oxygen 

and carbon dioxide concentrations were analysed using Ametek gas analysers (Applied 

Electrochemistry, SOV S-3A11 and COV CD-3A, Pittsburgh, PA, USA), which were 

calibrated immediately before and verified after each test using a certified gas mixture 

of known concentrations (BOC Gases, Chatswood, Australia).  Both the ventilometer 

and gas analysers were connected to a computer that measured and displayed the 

variables measured every 15-s.  Individual O2peak values were calculated using the 

sum of the four highest consecutive 15-s O2 values recorded during the test.  

 

13.3.5 Supplementation Protocol 

Participants were given either tribasic sodium phosphate dodecahydrate (Challenge 

Chemicals Australia, Kwinana, Western Australia; 50 mg·kg·FFM-1·day-1) or a placebo 

(PL) mix of glucose and table salt (ratio 9/1).  The PL included salt in order to mask the 

taste of the supplement ingested, as SP has a slightly salty taste.  Each supplement was 

ground into a fine powder to make them indistinguishable from each other.  This daily 

amount was divided into four equal doses and ingested with meals, to ensure optimal 

absorption, over the course of each day (4-5 h interval) in opaque capsules (Melbourne 

Food Depot, East Brunswick, Victoria Australia) for a six-day period until 8 h prior to 

the scheduled exercise test.  Each capsule dose was emptied into a glass and consumed 

with 15 g of Powerade powder (Coca-Cola Amatil, Australia) that had been dissolved 

with ~300 ml of water.  This procedure was followed in order to prevent gastrointestinal 

upset (experienced in prior pilot testing with SP and reported by West et al., 2012) and 

to mask the taste.  
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13.3.6 100 kJ and 250 kJ Time-trial Protocol 

Participants refrained from exercise for 24 h prior to each time-trial, with exercise 

testing taking place at the same time of day (± 1 h) to control for circadian variation.  

They were also asked to record all food and drink intake, including the type of food, 

amount consumed and timing of consumption, in a diary for the 24 h prior to each time-

trial. Copies of this information from the first trial were provided to each participant 

prior to each subsequent trial, with the requirement for them to replicate this energy 

intake as closely as possible.  Compliance was confirmed upon arrival to the laboratory 

for each time-trial after inspection of the food diaries by the investigator. 

 

As previous research has used a 500 kJ cycling time-trial to approximate a distance of 

20 km (Peeling et al., 2005), target workloads of 100 kJ and 250 kJ were chosen to 

represent ~4 km and 10 km, respectively.  When performing each time-trial, participants 

cycled in an isolated room with no external influences (i.e. music or other distractions).  

A computer screen allowed participants to see the amount of kJ left to complete (which 

counted down from 100 kJ or 250 kJ), but kept them blinded to their power output and 

duration of performance.  During exercise, participants breathed continuously through a 

mouthpiece connected to a computerised gas analysis system (as described previously) 

for O2 measurement.   

 

Blood samples (35 μl) were collected from the earlobe at rest and immediately post-

exercise for measurement of lactate using a blood gas analyser (ABL 725, Radiometer, 

Copenhagen, Denmark). Heart rate (Polar Electro OyProfessorintie, Kempele, Finland) 

and rating of perceived exertion (RPE; 6-20 scale, Borg, 1982) were recorded 

immediately after each time-trial. 

 

13.3.7 Determination of serum phosphate 

Prior to the familiarisation time-trial and following each 6-day supplementation phase, a 

venous blood sample was taken from an antecubital vein (BD Vacutainer SST II 

Advance) to measure serum phosphate levels.  Samples were left to clot at room 

temperature for 60-min prior to being centrifuged at 1000 g at 4°C for 15-min.  The 

serum obtained was stored at -80°C for later analysis, with serum phosphate determined 

using an Abbott Architect c16000 analyser, using the specified Abbott reagents (Abbott 

Laboratories, Abbott Park, IL 60065, USA).  Observed coefficients of variation were 

4.2 % at a level of 0.95 mmol·L-1 and 2.0 % at a level of 2.95 mmol·L-1. 
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13.3.8 Statistical Analysis 

The post-supplementation trials were designated SP1 and PL1 (day 1 post 

supplementation) and SP8 and PL8 (day 8 post supplementation).  The effect of 

supplementation on time-trial performance and associated physiological and perceptual 

variables (HR, lactate, O2, E and RPE) was analysed using a 2-way, repeated-

measures ANOVA (SPSS 18.0 for Windows).  Significance was accepted when p ≤ 

0.05.  Cohen’s d effect sizes (ES < 0.5, small; 0.5-0.79, moderate; ≥ 0.8, strong) were 

also calculated to examine performance trends (Cohen, 1988).  Further analysis 

identified the smallest worthwhile change (SWC) in performance/physiological 

measures between SP and PL time-trials using the method outlined by Batterham and 

Hopkins (2005).  The SWC was set at a Cohen’s unit of 0.2, representing the 

hypothetical, smallest change in measures that would benefit the athlete.  Where the 

chance of benefit or harm were both calculated to be > 5 %, the true effect was deemed 

unclear.  When clear interpretation was definitively possible, a qualitative descriptor 

was assigned to the following quantitative chances of benefit: 25-75 %, benefit possible; 

76-95 %, benefit likely; 96-99 %, benefit very likely; > 99 %, benefit almost certain 

(Batterham and Hopkins, 2005).  

 

13.4 RESULTS 

13.4.1 100 kJ Time-trial Performance 

There were no significant differences (p > 0.05), moderate or large effect sizes or likely 

(or better) SWC values found for time-to-completion or mean power output within and 

between SP and PL trials (Table 2.1).  There was also no difference in heart rate, RPE 

and blood lactate values within or between any trials.  Oxygen uptake was also similar 

between trials, although first-minute O2 tended to be higher in SP8 compared with 

both SP1 (p = 0.150; d = 0.47; ‘likely’ 82/15/3 SWC) and PL8 (p = 0.105; d = 0.60; 

‘likely’ 88/10/2 SWC), as was mean O2 (SP1: p = 0.103; d = 0.84; likely 90/8/3 SWC 

and PL8: p = 0.052; d = 0.77; ‘likely’ 93/6/1 SWC). Furthermore, first-minute E was 

higher for SP8 compared with PL8 (p = 0.140; d = 0.37; ‘likely’ 80/18/2 SWC).  Of 

note, the O2peak achieved during the time-trials were 96.0 % (SP1), 98.5 % (SP8), 

95.1 % (PL1) and 96.8 % (PL8) compared with the O2peak achieved during the 

incremental exercise test.   
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13.4.2 250 kJ Time-trial Performance 

There were no significant differences (p > 0.05), moderate or large effect sizes or likely 

(or better) SWC values for time-to-completion or mean power output within and 

between SP and PL trials (Table 2.2), despite a faster (~13-s) mean completion time and 

a slightly higher (~2 %) average power output in SP8.  Heart rate, RPE, blood lactate 

and O2 responses to exercise were also similar between trials (p > 0.05).  The 

O2peak achieved during the time-trials were 96 % (SP1; mean time = 674.9-s; mean 

power = 379 W), 94 % (SP8; mean time = 662.0 s; mean power = 386 W), 97 % (PL1; 

mean time = 673.7-s; mean power = 377 W) and 96 % (PL8; mean time = 674.4-s; 

mean power = 380 W) compared with the O2peak achieved during the incremental 

exercise test.  

 

Table 2.1: Mean (± SD) 100 kJ cycling time-trial results for supplementation with sodium phosphate (SP) or 
placebo (PL) 1 and 8 days post-loading (n = 10). 

100 kJ SP Day 1 SP Day 8 PL Day 1 PL Day 8 

Time-to-completion (s)              214.5 ± 34.6 211.9 ± 33.3 216.8 ± 35.9                 209.2 ± 38.1 

Average Power (W)              479 ± 85 482 ± 75 473 ± 79                 492 ± 87 

Heart Rate post (bpm)              178 ± 10  177 ± 7 175 ± 7                 175 ± 8 

Rating of Perceived Exertion              18 ± 2 18 ± 2 18 ± 2                 18 ± 2 

Blood Lactate Post (mmol·L-1)              9.1 ± 1.2 9.3 ± 2.8 9.0 ± 2.0                 9.4 ± 2.4 

Peak O2 (L·min-1)              5.08 ± 0.39 5.21 ± 0.37  5.03 ± 0.35                 5.12 ± 0.31 

1st-min O2 (L·min-1)              2.95 ± 0.37 3.14 ± 0.43  2.88 ± 0.33                 2.86 ± 0.50 

 
a (d = 0.47; 82/15/3 SWC)   

a (d = 0.60; 88/10/2 SWC) 

Ave O2 (L·min-1)               3.75 ± 0.22 3.94 ± 0.23  3.74 ± 0.18                  3.77 ± 0.21 

 
a (d = 0.84; 90/8/3 SWC)   

a (d = 0.77; 93/6/1 SWC) 

1st-min E (L·min-1)               82.5 ± 21.8 82.5 ± 13.8 80.3 ± 15.7                  76.3 ± 18.9 

    
a ( 80/18/2 SWC) 

Ave E (L·min-1)               123.6 ± 15.6 124.3 ± 10.4 121.0 ± 10.7                 122.3 ± 15.8 

a = compared with SP8: d = effect size, SWC = smallest worthwhile change probability. 

  

 

 

 

 

 

 

 

 

V V

V

V
V

V

V

V



 

 

 

66 

Table 2.2: Mean (± SD) 250 kJ cycling time-trial results for supplementation with 
sodium phosphate (SP) or placebo (PL) 1 and 8 days post-loading (n = 9). 

250 kJ SP Day 1 SP Day 8 PL Day 1 PL Day 8 

Time-to-completion (s) 674.9 ± 112.7 662.0 ± 104.2 673.7 ± 95.1 674.4 ± 117.8 

Average Power (W) 379 ± 57 386 ± 58 377 ± 47 380 ± 63 

Heart Rate post (bpm) 180 ± 16 179 ± 14 180 ± 14 180 ± 13 

Rating of Perceived Exertion 18 ± 1 18 ± 1 18 ± 1 19 ± 1 

Blood Lactate Post (mmol·L-1) 9.2 ± 4.2 9.1 ± 4.4 9.2 ± 3.1 8.3 ± 2.8 

Peak O2 (L·min-1) 5.18 ± 0.82 5.06 ± 0.85 5.21 ± 0.66 5.14 ± 0.78 

1st-min O2 (L·min-1) 2.54 ± 0.54 2.54 ± 0.51 2.53 ± 0.41 2.42 ± 0.40 

Ave O2 (L·min-1) 4.37 ± 0.63 4.45 ± 0.60 4.46 ± 0.51 4.41 ± 0.60 

1st-min E (L·min-1) 68.9 ± 22.3 67.7 ± 18.7 67.8 ± 21.9 68.1 ± 17.5 

Ave E (L·min-1) 125.0 ± 35.3 128.1 ± 27.3 125.5 ± 25.0 128.8 ± 27.1 

Note: No significant differences, moderate or larger effect sizes and likely or better smallest worthwhile 
effects were found. 

 

13.4.3 Serum Phosphate 

There were no differences (p > 0.05) in serum phosphate levels recorded with 

supplementation for either the 100 kJ (mean ± SD: baseline 1.27 ± 0.18; SP1 1.27 ± 

0.17; SP8 1.29 ± 0.12; PL1 1.25 ± 0.12; PL8 1.29 ± 0.18 mmol·L-1) or 250 kJ trials 

(mean ± SD: baseline 1.23 ± 0.17; SP1 1.24 ± 0.13; SP8 1.14 ± 0.08; PL1 1.26 ± 0.15; 

PL8 1.24 ± 0.18 mmol·L-1). 

 

13.5 DISCUSSION 

This is the first study to assess the effects of SP supplementation on shorter duration, 

higher intensity (100 kJ, ~3-4-min; and 250 kJ, ~10-12-min) exercise performance. In 

addition, it is the first study to examine exercise performance both 1 and 8-days post 

supplementation, to determine whether any effect of SP loading persists across this time 

frame.  Results showed that SP supplementation had no significant effect on either 100 

kJ or 250 kJ cycling time-trial performance on either day 1 or 8 after loading.  In 

addition, no effect on heart rate, RPE and blood lactate response to exercise was noted.  

Further, oxygen consumption was also similar between trials and days, although 

moderate effect sizes and SWC values indicated that first-minute and mean O2 during 

the 100 kJ time-trial tended to be higher in SP8 compared with both SP1 and PL8, with 

this reflected, in part, by higher first-minute mean E.  

 

 

V
V

V
V

V

V

V



 

 

 

67 

Results from some previous studies have shown benefits to endurance performance 

following supplementation with similar amounts of SP as used here. Specifically, 

Kreider et al. (1992) and Folland et al. (2008) have reported significantly faster 40-km 

(by ~8 %, 3.5-min) and 16.1 km (~3 %, 30-40-s) cycling time-trial performances 

respectively. We also recently found a (NS) decreased time-to-completion of ~60-70-s 

(~2 % faster) over a 1000 kJ (~40-km) cycling time-trial (Brewer et al., 2013). In the 

present study, 250 kJ time-trial performance was also ~13-s (~2 %) faster in SP8, but 

this result was also NS and not associated with any moderate (or better) effect sizes or 

likely (or better) smallest worthwhile (beneficial) change values.  

 

Collectively, these results suggest that the exercise duration is an important factor with 

regard to potential ergogenic benefits of SP supplementation. Here, the time-trials used 

took ~3-4-min (100 kJ) and ~10-12-min (~250 kJ) to complete, compared with ~26 to 

~55-min in studies demonstrating an ergogenic effect (Folland et al., 2008; Kreider et 

al., 1992). Specifically, the shorter duration and higher intensity endurance exercise 

protocols used here may not have allowed the potential aerobic benefits associated with 

SP loading (principally, greater unloading of oxygen due to increased 2, 3 DPG levels, 

enhanced myocardial efficiency and greater availability of phosphate for oxidative 

phosphorylation) to have any pronounced effect (Chasiotis, 1983; Czuba et al., 2008, 

Czuba et al., 2009; Kreider et al., 1990, Kreider et al., 1992). Possibly, the potential 

aerobic exercise benefits from SP supplementation (1-8 days later) may have a greater 

ergogenic role in longer duration (~25-min +), lower intensity distance efforts, where 

the percentage total aerobic energy contribution is greater, rather than shorter (< 15-

min), more intense, exercise tasks. The potential improvements in buffering capacity 

from SP supplementation may also have limited effects unless there are major 

disruptions to normal acid-base homeostasis. Here, although pH values were not taken, 

the indirect evidence of lactate accumulation being only ~9 to 10 mmol·L-1 after the 

time-trials may suggest that only a moderate challenge to acid-base balance was 

presented by these exercise challenges.  

 

In relation to the potential mechanisms of ergogenic effect with SP supplementation, 

this study found no difference in serum phosphate levels post-loading between trials.  

Notably, a review by Tremblay et al. (1994) emphasised the need for a measurable 

change in serum phosphate post-loading as evidence for an intervention effect to have 

occurred.  While this has been reported in some studies (Czuba et al., 2009; Kreider et 
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al., 1992), others have found improved aerobic capacity and exercise performance with 

no change between pre and post-loading resting serum phosphate levels (Brewer et al., 

2013; Stewart et al., 1990), suggesting that this measure may be inconsequential for any 

physiological and/or performance changes. The measurement of 2, 3 DPG levels before 

and after SP loading (unfortunately unavailable for this study) may be more compelling 

from a mechanistic standpoint than serum phosphate values, which have a wide range of 

pre loading levels (suggesting large individual variation) reported in the literature (~0.8 

to 1.4 mmol·L-1: Czuba et al., 2008; Kreider et al., 1990; Kreider et al., 1992). 

 

Interestingly, although no effect of SP supplementation on exercise performance was 

noted in the present study, first-minute and mean O2 in the 100 kJ time-trial tended to 

be higher in SP8 (3.14 L·min-1; 3.94 L·min-1 respectively) compared with both SP1 

(2.95 L·min-1; 3.75 L·min-1) and PL8 (2.86 L·min-1; 3.77 L·min-1) (based on moderate 

effect sizes and SWC values). Few SP loading studies have measured O2 during the 

actual performance test, but Kreider et al. (1992) reported an increased mean O2 

(from 80 to 86 % O2 max; from 4.13 to 4.82 L·min-1) and ventilation (125.1 to 144.1 

L·min-1) throughout a 40-km cycling time-trial and time to anaerobic threshold (14.86 

to 16.33-min) during an incremental exercise test. A 17 % (220 to 257 W) greater mean 

power output was also recorded, in conjunction with a significantly faster time-trial 

performance (45.75 to 42.25-min). Folland et al. (2008) have also reported a tendency 

(p = 0.07) for an increase in O2peak after SP supplementation during a 16.1 km time-

trial, in which mean power output was also ~10 % greater and completion time ~3 % 

faster.  

 

Similarly, in our study, mean O2 for SP8 was ~76 % O2peak compared with ~74 % 

O2peak in SP1 and PL8 in the 100 kJ time-trial. However, no other physiological or 

performance changes were seen in SP8, such that the increased O2 cannot be 

considered as beneficial, particularly as no greater mean power output was evident. 

Most SP loading studies have measured O2max in a separate incremental (rather than 

performance) test, with improvements reported both immediately after supplementation 

(Kreider et al., 1992) and over the next three weeks with continued lower doses (Czuba 

et al., 2009). Similarly, Brewer et al. (2013) found an increased O2peak with SP 

loading, initially by ~4 %, which then increased to ~8 % after a second loading phase 

either 15 or 35-days later.  
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Our rationale for measuring O2 during the time-trials was to obtain a simple 

indication of whether oxygen kinetics were altered by SP loading. Theoretically, SP 

supplementation could potentially facilitate faster oxygen kinetics, via the lowering of 

oxygen affinity caused by increased 2, 3 DPG levels (Cade et al., 1984; Chanutin and 

Curnish, 1967; Kreider et al., 1992). Although the 100 kJ time-trial here showed a 

greater first-minute O2 in SP8 compared with SP1 (likely SWC) and PL8 (medium 

ES and likely SWC), this was not similarly matched by a higher mean power output or 

faster time-to-completion, therefore no particular focus should be placed on this result. 

Lack of association between changes in O2 found in the current study and improved 

exercise performance may be due to the relatively greater anaerobic energy contribution 

required in the short-term, higher-intensity 100 kJ effort used here in comparison to 

previous studies using longer duration exercise tasks (Folland et al., 2008; Kreider et al., 

1992). Nevertheless, further research into SP supplementation should continue to 

explore any potential effects on oxygen kinetics, as well as aerobic capacity.   

 

13.6 CONCLUSION 

In conclusion, six days of SP supplementation did not affect shorter duration (<15-min) 

cycling time-trial performance, either 1 or 8-days after loading.  While oxygen kinetics 

(first-minute and average O2) were slightly greater on day 8 in the 100 kJ time-trial, 

the absence of any effect on mean power output or completion time suggests that no 

particular physiological significance should be ascribed to this result. Future studies 

should investigate the effect of SP loading on repeated sprints and simulated road race 

performance over extended durations (> 30-min), where SP may be likely to have a 

more beneficial effect (Brewer et al., 2013; Folland et al., 2008; Kreider et al., 1992).  
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14.1 ABSTRACT 

Limited research has investigated how sodium phosphate supplementation affects 

exercise performance typical of athletic competition and whether any effects linger 

in the short-term. This study examined the effect of sodium phosphate 

supplementation on a cycling protocol consisting of repeated sprint (4 sets of 6 x 15 

s) and time-trial (2 x 5 min) efforts on day 1 and 4 post-loading. Trained male 

cyclists ( O2peak 5.3 L·min-1) were randomised to 6 days of sodium phosphate 

supplementation (50 mg·kg·fat-free-mass-1·day-1; n = 7) or placebo (n = 10). 

Performance was assessed at baseline and 1 and 4 days post-supplementation on an 

air-braked cycle ergometer. Compared with baseline, the sodium phosphate group 

recorded significantly improved (p < 0.05) work and mean power output values in 

both the sprint (baseline, 259 kJ/719W; day 1, 271 kJ/754W; day 4, 271 kJ/753W) 

and time-trial (baseline, 225kJ/374W; day 1, 235kJ/398W; day 4, 236 kJ/393W) 

aspects of the performance test post-loading.  In the placebo group, no differences (p 

> 0.05) in total work or power output were noted in response to supplementation. In 

summary, sodium phosphate supplementation improved repeated sprint and time-

trial cycling efforts both 1 and 4 days post-loading in trained cyclists. 
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14.2 INTRODUCTION 

Sodium phosphate is an ergogenic aid that has been reported to improve maximal 

aerobic capacity (by 3.5 - 12%) (Brewer, Dawson, Wallman & Guelfi, 2013: Cade et 

al., 1984; Czuba, Zajac, Poprzecki & Cholewa, 2008; Czuba, Zajac, Poprzecki, 

Cholewa & Woska, 2009; Kreider, Miller, Williams, Somma, & Nasser, 1990; 

Kreider et al., 1992; Stewart, McNaughton & Davies, 1990), but associated benefit 

to endurance performance (i.e., ~21-56 min cycling and running time-trial efforts) 

has been equivocal (Brewer et al., 2013; Folland, Stern & Brickley, 2008; Kreider et 

al., 1990, Kreider et al., 1992). Notably, only one study has assessed the effect of 

sodium phosphate loading on sprint performance, with no benefit found for peak or 

mean power output during a 30 s Wingate test in trained male cyclists (Tourville, 

Brennan & Connolly, 2001).     

 

The assumption underlying sodium phosphate supplementation is that increased 

phosphate availability may enhance cellular metabolism. Specifically, phosphate is a 

basic structural component of phosphocreatine, ATP and rate limiting enzymes such 

as phosphofructokinase (Eaton, Brewer & Grover, 1969; Rose, 1970).  In red blood 

cells, phosphate is also a key component of 2, 3-diphosphoglycerate (2, 3-DPG; 

Cade et al., 1984; Chanutin & Curnish, 1967), which plays a vital role in oxygen 

delivery to the working muscles.  Importantly, all of these phosphate-related 

metabolites and enzymes directly affect the metabolic processes involved in ATP 

production by the phosphagen, glycolytic and oxygen energy systems (Brain & Card, 

1972; Chanutin & Curnish, 1967; Lichtman & Miller, 1970).  Accordingly, sodium 

phosphate supplementation has been proposed to facilitate energy metabolism during 

exercise (Chasiotis, 1983; Lichtman, Miller, Cohen & Waterhouse, 1971; Thompson 

et al., 1990), with further potential benefits to exercise performance via additional 

mechanisms such as increased hydrogen ion buffering in plasma and cells (Avioli, 

1988) and enhanced cardiac muscle contractility (Czuba et al., 2008; Czuba et al., 

2009; Kreider et al., 1992).  

 

Studies supplementing with sodium phosphate have typically used 3-4 g/day, split 

into four equal doses, for 3-6 days, with exercise tests conducted the following day 

(Brewer et al., 2013; Cade et al., 1984; Folland et al., 2008; Kreider et al., 1992).  
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However, some research suggests that sodium phosphate loading effects may persist 

for some time after supplementation ends.  Cade and colleagues (1984) reported that 

2, 3-DPG concentrations remained elevated for up to two weeks after 

supplementation with sodium phosphate.  However, whether or not any performance 

benefit is maintained over part or all of this period has yet to be investigated.  

 

Currently, there is a lack of research investigating how sodium phosphate 

supplementation affects actual or simulated exercise performance typical of athletic 

competition. In cycling road races, repeated maximal sprint and short time-trial 

efforts are regularly required across a continuous effort lasting for >1 h. Therefore, 

this study aimed to assess the effect of 6 days of sodium phosphate supplementation 

on cycling performance (incorporating repeated sprints and time-trial efforts) both 1 

and 4 days post-supplementation. Repeating the test protocol on day 4 following 

supplementation was included to determine if there was any persisting (short-term) 

ergogenic effect of sodium phosphate supplementation. 

 

14.3 METHODS 

14.3.1 Participants 

Twenty-one competitive male cyclists volunteered for this study: four failed to 

complete all testing phases due to unrelated illness and injury, leaving a final sample 

of n = 17.  After familiarisation, participants were randomised into sodium 

phosphate and placebo groups (Table 3.1). The study was conducted during the 

Western Australian competitive cycling season, with each participant required to 

maintain a consistent training volume over the study duration.  This consisted of 

(mean ± SD) 367 ± 144 km·wk-1 (sodium phosphate) and 310 ± 105 km·wk-1 

(placebo) of road cycling, with an additional 6.3 ± 6.7 and 3.6 ± 6.6 h·wk-1 of cross 

training in other physical activities respectively (no difference between groups; p > 

0.05). Participants were not taking any nutritional supplements for at least 2 months 

before or during the study. The Institutional Human Research Ethics Committee 

approved the study and all participants provided written informed consent. 
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14.3.2 Experimental design 

Participants first attended the lab for familiarisation and assessment of O2peak. 

Next, baseline cycling performance was measured (i.e. without supplementation), 

followed by 6 days of supplementation with either the sodium phosphate or placebo 

(double-blind design), with the exercise test repeated on day 1 and day 4 after 

ceasing supplementation.  

 

14.3.3 Familiarisation session and assessment of O2peak  

Medical and training questionnaires were first completed, then height and body mass 

were recorded and body composition (fat free mass) was assessed using dual energy 

X-ray absorptiometry (Lunar Prodigy, encore 2004, GE Medical Systems, Madison, 

Wis., USA).  Participants then completed the initial stages of a graded exercise test 

(first three incremental workloads while breathing through a mouthpiece) and after 5 

min of recovery, completed the full cycling race simulation (detailed below), to 

become accustomed to the tests and procedures to be used during the subsequent 

experimental trials.  All exercise testing was performed on an air-braked cycle 

ergometer (Evolution bicycles, Geelong, Australia), linked to a customised computer 

program for the determination of power output (Cyclemax version 6.3, School of 

Sport Science, Exercise and Health, UWA, Perth, Australia).  The ergometer has 6 

gear adjustments, allowing for individual resistance and cadence to be set, and the 

ergometer flywheel has fan blades attached, displacing air as the wheel turns, 

making resistance proportional to pedalling rate. This set up reflects the type of 

resistance normally encountered during road cycling and replicated the variation in 

pedal rate and gearing commonly experienced during races. All exercise testing was 

performed in a controlled laboratory environment (~ 23°C and 47 % RH). 

 

After 48 h, participants returned to the laboratory for an assessment of O2peak using 

the graded exercise protocol previously described by Brewer and colleagues (2013).     

 

14.3.4 Supplementation protocol 

Participants were given either tribasic sodium phosphate dodecahydrate (Challenge 

Chemicals Australia, Kwinana, Western Australia; 50 mg·kg·fat-free-mass -1·day-1) 

or a placebo (mix of glucose and table salt: ratio 9/1).  The placebo included salt to 

V

V

V
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mask the taste of the supplement, as sodium phosphate has a slightly salty taste.  

Each supplement was ground into a fine powder to make them indistinguishable 

from each other.  The daily amount was divided into four equal doses and ingested 

with meals over the course of each day (4-5 h interval) in opaque capsules 

(Melbourne Food Depot, East Brunswick, Victoria Australia) for a 6-day period until 

8 h before the scheduled exercise test as per previous research investigating the 

ergogenic effect of sodium phosphate supplementation (Brewer et al., 2013; Czuba 

et al., 2008; Czuba et al., 2009).  Each capsule dose was emptied into a glass and 

consumed with 15 g of Powerade powder (Coca-Cola Amatil, Australia) that had 

been dissolved with ~ 300 ml of water.  This procedure was followed in order to 

mask the taste and prevent gastrointestinal upset (experienced in pilot testing and 

reported by West, Ayton, Wallman & Guelfi, 2012).  

 

14.3.5 Cycling race simulation protocol 

Participants refrained from exercise for 24 h before each exercise trial, with testing 

taking place at the same time of day (± 1 h) to control for circadian variation.  They 

also recorded all food and drink intake, including the type, amount and timing of 

consumption, in a diary for the 24 h period before each trial. Copies of this 

information from the first trial were provided to each participant before each 

subsequent trial, with the requirement for them to replicate this energy intake as 

closely as possible. Upon arrival at the laboratory for each trial, compliance was 

confirmed after inspection of the food diaries by the investigator. 

 

The test protocol comprised a combination of 4 sets of 6 x 15 s maximal sprints 

(with varying recovery durations) and 2 sets of 5-min maximal time-trials (Figure 1). 

All sets were separated by 3 min of active recovery, where participants were 

required to maintain 100 W of power output. The first and fourth sets consisted of 6 

x 15 s maximal sprints, separated by 45 s of active recovery.  The second and fifth 

sets consisted of 6 x 15 s maximal sprints separated by 15 s of active recovery.  The 

third and sixth sets consisted of the 5-min maximal time-trials.  Total trial 

completion time was 43 min. This protocol was modified from the cycling race 

simulation used by Vaile, Halson, Gill and Dawson (2008).  When performing the 
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trial, participants cycled in an isolated room with no outside influences.  A computer 

screen allowed them to see the amount of time left to complete each effort (which 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Cycling race simulation protocol  

 

counted down and reset continuously throughout each test) but kept them blinded to 

their power output.  Total work and mean power output during the whole test, as 

well as for the specific repeated sprints and time-trial sets were determined. In 

addition, heart rate (Polar Electro Oy Professorintie, Kempele, Finland), blood 

lactate (35 L; ABL 725, Radiometer, Copenhagen, Denmark) and ratings of 

perceived exertion (RPE; Borg, 1982) were measured immediately after each set of 

the test.  

 

14.3.6 Determination of serum phosphate 

Before each trial, a venous blood sample was taken from an antecubital vein (BD 

Vacutainer SST II Advance) to determine serum phosphate concentration.  Samples 

Set 6: 5 minute time trial 

3 minutes active recovery 

Set 5: 6 x 15 s sprints with 15 s active recovery 

3 minutes active recovery 

Set 4: 6 x 15 s sprints with 45 s active recovery 

3 minutes active recovery 

Set 3: 5 minute time trial 

3 minutes active recovery 

Set 2: 6 x 15 s sprints with 15 s active recovery 

3 minutes active recovery 

Set 1: 6 x 15 s sprints with 45 s active recovery 
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were left to clot at room temperature for 60-min before being centrifuged at 1000 g 

at 4°C for 15-min.  The serum obtained was stored at -80°C for later analysis, with 

serum phosphate determined using an Abbott Architect c16000 analyser, employing 

the specified Abbott reagents (Abbott Laboratories, Abbott Park, IL 60065, USA).  

Observed coefficients of variation were 4.2% at a level of 0.95 mmol·L-1 and 2.0% at 

a level of 2.95 mmol·L-1. 

 

14.3.7 Statistical analysis 

Independent samples t tests were used to test for physical and physiological 

differences between groups at baseline. Within groups (on statistical advice, as the 

sodium phosphate group finished with n = 7), the effect of supplementation on 

performance and physiological variables were analysed using one-way repeated-

measures (day; baseline, day 1 and day 4 post-supplementation) ANOVA or two-

way repeated measures ANOVA (day x set) as appropriate (SPSS 18.0 for 

Windows). Where indicated, Fisher’s LSD was used for post hoc analyses, with 

significance accepted when p ≤ 0.05.  Cohen’s d effect sizes (Effect size < 0.5, 

small; 0.5 - 0.79, moderate; ≥ 0.8, strong) were also calculated to examine data 

trends (Cohen, 1988). Only moderate or stronger effect sizes are reported here for 

ease of interpretation.  Further analysis identified the smallest worthwhile change in 

performance scores between sodium phosphate and placebo trials using the method 

of Batterham and Hopkins (2005).  The smallest worthwhile change was set at a 

Cohen’s unit of 0.2, representing the hypothetical, smallest change in performance 

measures that would benefit the athlete.  Where chances of benefit or harm were 

both calculated to be > 5%, the true effect was deemed unclear.  When clear 

interpretation was definitively possible, a qualitative descriptor was assigned to the 

following quantitative chances of benefit: 25-75%, benefit possible; 76-95%, benefit 

likely; 96-99%, benefit very likely; > 99%, benefit almost certain (Batterham & 

Hopkins, 2005).  Outcomes for smallest worthwhile change are presented as 

beneficial/trivial/harmful. 
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14.4 RESULTS 

At baseline, no significant differences existed between the sodium phosphate and 

placebo groups for age, height, body-mass, body fat, fat-free-mass, O2peak or years 

of competitive cycling (p > 0.05; Table 3.1). 

 

14.4.1 Cycling race simulation protocol 

The effect of sodium phosphate supplementation on performance is shown in Tables 

3.2-3.4.   

 

Table 3.1 Participant characteristics 
 Placebo (n = 10) Sodium phosphate (n = 7) 

Age (y) 35.6 ± 11.1 33.3 ± 3.3 

Height (cm) 176.9 ± 8 178.2 ± 4.8 

Body mass (kg) 74.5 ± 8.7 74.5 ± 5.3 

Body fat (%) 13.0 ± 5.8 10.8 ± 3.3 

Fat free mass (kg)  65.3 ± 8.6 67.4 ± 5.7 

O2peak (L·min-1) 5.1 ± 1.2 5.6 ± 1.0 

Years of competitive cycling  4.5 ± 3.5 6.6 ± 3.8 

Note: No significant differences were recorded between groups 

 

14.4.2 Total work  

Within groups, there was no significant difference in total work between baseline 

and day 1 for sodium phosphate, although smallest-worthwhile-change values 

suggested greater day 1 overall total work (77/22/1), overall sprint total (85/14/1), 

set 2 (78/21/1), set 4 (83/16/1) and set 5 (85/14/1) work scores. However, 4 days 

after loading, total work was significantly higher than baseline in the sodium 

phosphate group, with ‘likely’ chances of benefit, for overall total work (p = 0.033; 

smallest-worthwhile-change: 87/13/0), overall sprint total work (p = 0.018; smallest-

worthwhile-change 92/8/0), and work in set 2 (p = 0.007; smallest-worthwhile-

change: 94/6/0), set 4 (p = 0.037; smallest-worthwhile-change: 92/8/0; d  = 0.56), set 

5 (p = 0.039; smallest-worthwhile-change: 91/9/0) and set 6 (p = 0.030; smallest-

worthwhile-change: 89/11/0).  Day 4 time-trial total work also recorded a ‘likely’ 

smallest-worthwhile-change benefit (76/23/1) compared with baseline values.  No 

significant differences were recorded between day 1 and day 4 values in the sodium 

V
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phosphate group.  In contrast, no differences in total work were noted in the placebo 

group in response to supplementation (p > 0.05). However, there was a main effect 

of set on total work in the sprint sets in both sodium phosphate and placebo (p < 

0.001), with decreases observed as the test progressed. There was no effect of set on 

total work during the time trial component for either group. 

 

14.4.3 Power output  

Within groups, significantly greater mean power outputs (with ‘likely’ benefit) were 

recorded in the sodium phosphate group (compared with baseline) on day 1 for the 

whole test (p < 0.001; smallest-worthwhile-change: 86/13/1), overall sprint (p = 

0.001; smallest-worthwhile-change: 85/14/1) and overall time-trial (p = 0.031; 

smallest-worthwhile-change: 86/14/0) values.  Additionally, day 1 set 2, set 4, set 5 

and set 6 mean power values also recorded ‘likely’ smallest-worthwhile-change 

benefits compared with baseline (78/21/1, 83/16/1, 85/14/1, 89/10/1, respectively).  

The Day 4 values in the sodium phosphate group were similar, with significantly 

greater results and likely chances of benefit (compared with baseline) observed for 

the whole test (p < 0.001; smallest-worthwhile-change: 90/10/0), overall sprint (p = 

0.001; smallest-worthwhile-change: 92/8/0) and overall time-trial (p = 0.011; 

smallest-worthwhile-change: 76/23/1) mean power outputs, as well as for individual 

sets 2 (p = 0.007; smallest-worthwhile-change: 94/6/0), 4 (p = 0.037; smallest-

worthwhile-change: 92/7/1), 5 (p = 0.039; smallest-worthwhile-change: 91/9/0) and 

6 (p = 0.030; smallest-worthwhile-change: 89/11/0).  No significant differences in 

mean power output were found between day 1 and day 4 in the sodium phosphate 

group. No placebo within-group differences or benefits were found between days. 

For both sodium phosphate and placebo, there was a main effect of set on power 

output in the sprint sets (p < 0.001), with decreases observed as the test progressed. 

There was no effect of set on power output during the time trial component for either 

group. 

 

14.4.4 Heart rate, blood lactate and ratings of perceived exertion 

No significant differences or moderate-strong effect sizes were seen in heart rate in 

the sodium phosphate group (Table 3.4), while the placebo group, compared with 

baseline, had slightly lower heart rates on day 1 for the whole test (p < 0.05) and 
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overall sprint components (p < 0.05), and both day 1 and day 4 for the overall time-

trial component (p < 0.05). For lactate, the only within group difference for sodium 

phosphate was a lower concentration on day 4 compared with day 1 for the time-trial 

component (p < 0.05; d = 0.62). There were no differences in lactate noted within the 

placebo group. For RPE, no significant differences were recorded within either the 

sodium phosphate group or the placebo group (p > 0.05). 

  

14.4.5 Serum Phosphate 

No differences in baseline serum phosphate concentrations between the sodium 

phosphate (1.38 ± 0.13 mmol·L-1) and placebo (1.18 ± 0.26 mmol·L-1) groups (p = 

0.084) were recorded.  Day 1 (p = 0.433) and day 4 (p = 0.930) values were also 

similar between groups.  However, compared with baseline, post-loading serum 

phosphate was lower in the sodium phosphate group on day 1 (1.25 ± 0.13 mmol·L-

1; p = 0.038) and day 4 (1.16 ± 0.18 mmol·L-1; p = 0.004).  In comparison, serum 

phosphate concentrations in the placebo group remained unchanged over time (day 

1, 1.19 ± 0.19 mmol·L-1; day 4, 1.17 ± 0.23 mmol·L-1). 
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Table 3.2 Total work (kJ) recorded during a cycling race simulation performed at baseline (pre-supplementation) and 1 and 4 days after 

6 days of supplementation with sodium phosphate (SP, n = 7) or placebo (P, n = 10) (Mean ± SD). 

* indicates significant difference from baseline within groups (p < 0.05); 1 indicates moderate or strong effect size (d > 0.5)/beneficial 

smallest-worthwhile-change compared with sodium phosphate baseline.  

  
Baseline  

SP 

Day 1  

SP 

Day 4  

SP 

Baseline  

P 

Day 1  

P 

Day 4  

P 

Overall total 483 ± 66 506 ± 84 1 507 ± 77 *1 480 ± 85 479 ± 78 480 ± 86 

Overall sprint total 259 ± 31 271 ± 37 1 271 ± 32 *1 260 ± 50 257 ± 44 261 ± 51 

Set 1 76 ± 8 78 ± 8 77 ± 7 77 ± 16 71 ± 12 76 ± 16 

Set 2  59 ± 9 62 ± 11 1 62 ± 9 *1 60 ± 12 61 ± 13 60 ± 12 

Set 4  68 ± 9 72 ± 91 73 ± 9 *1 67 ± 14 67 ± 12  69 ± 14 

Set 5 56 ± 8 59 ± 10 1 60 ± 9 *1  56 ± 10 57 ± 11 56 ± 11 

Overall time-trial total 225 ± 37 235 ± 48 236 ± 451 220 ± 36 222 ± 36 220 ± 36 

Set 3 113 ± 18 118 ± 23 118 ± 22 111 ± 18 117 ± 21 113 ± 19 

Set 6 111 ± 19 116 ± 24  118 ± 23 * 112 ± 19 117 ± 22 113 ± 18 
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Table 3.3 Power output (W) recorded during a cycling race simulation performed at baseline (pre-supplementation) and 1 and 4 days 

after 6 days of supplementation with sodium phosphate (SP, n = 7) or placebo (P, n = 10) (Mean ± SD). 

* indicates significant difference from baseline within groups (p < 0.05); 1 indicates moderate or strong effect size (d > 0.5)/beneficial 

smallest-worthwhile-change compared with sodium phosphate baseline. 

 

 

 

 
Baseline  

SP 

Day 1  

SP  

Day 4  

SP  

Baseline  

P 

Day 1  

P 

Day 4  

P 

Overall   604 ± 195 635 ± 206 *1 633 ± 201 *1 604 ± 216 599 ± 200 605 ± 216 

Overall Sprint  719 ± 123 754 ± 134 *1 753 ± 119 *1 722 ± 167 713 ± 144 724 ± 166 

Set 1 841 ± 88 870 ± 93  851 ± 75 856 ± 175 792 ± 138 843 ± 175 

Set 2  656 ± 98 689 ± 1211  693 ± 99 *1 666 ± 132 680 ± 148 664 ± 134 

Set 4  757 ± 95 797 ± 1041  807 ± 95 *1  747 ± 154 747 ± 136 767 ± 153 

Set 5 621 ± 85 658 ± 1141  663 ± 104 *1 620 ± 114 631 ± 119 622 ± 119 

Overall Time-Trial  374 ± 59 398 ± 78 *1 393 ± 72 *1 367 ± 58 370 ± 60 366 ± 59 

Set 3 378 ± 61 394 ± 78 392 ± 75 367 ± 58 370 ± 63 361 ± 54 

Set 6 370 ± 62 402 ± 851  395 ± 76 *1 367 ± 61 371 ± 60 371 ± 66 
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Table 3.4 Heart rate, lactate and rating of perceived exertion (RPE) during a cycling race simulation performed at baseline (pre-

supplementation) and 1 and 4 days after 6 days of supplementation with sodium phosphate (SP, n = 7) or placebo (P, n = 10). Data 

presented are mean (± SD). 

 

 

a indicates significant difference (p < 0.05) from baseline within groups, b = significantly different from day 1 within groups (p < 0.05), 1 

= moderate or strong effect size (d > 0.5) compared with sodium phosphate day 1.

  
 Baseline  

SP 

Day 1  

SP 

Day 4  

SP 

Baseline  

P 

Day 1  

P 

Day 4  

P 

Heart Rate (bpm) Overall   165 ± 11 165 ± 12 165 ± 12 168 ± 10 165 ± 11a 166 ± 11 

 Overall Sprint  163 ± 11 164 ± 12 164 ± 11 166 ± 9 163 ± 10a 164 ± 9 

 Overall Time-Trial  168 ± 13 168 ± 12 168 ± 14 172 ± 11 168 ± 11a 168 ± 12a 

Lactate (mmol·L-1)  Overall   14.6 ± 3.7 15.2 ±2.9  13.8 ± 2.6 14.1 ± 2.8 13.5 ± 3.1 13.9 ± 3.5 

 Overall Sprint  14.3 ± 3.8 15.0 ± 3.1 13.7 ± 2.6 13.6 ± 2.4 12.7 ± 2.7 13.5 ± 3.1 

 Overall Time-Trial  15.2 ± 3.4 15.7 ± 2.5 14.0 ± 2.5b1 15.3 ± 3.7 15.1 ± 4.0 14.8 ± 4.5 

RPE   Overall   17 ± 1 17 ± 1 17 ± 1 17 ± 1 17 ± 1 17 ± 1 

 Overall Sprint  17 ± 1 17 ± 1 17 ± 1 17 ± 2 17 ± 1 17 ± 1 

 Overall Time-Trial 17 ± 1 17 ± 1 18 ± 1 17 ± 1 17 ± 2 17 ± 1 
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14.5 DISCUSSION 

This is the first study to assess whether sodium phosphate supplementation could 

improve performance in a continuous, prolonged exercise protocol including repeated-

sprint bouts and short duration time-trials, intended to simulate a cycling road race. In 

addition, the lingering (short-term) effect of sodium phosphate supplementation was 

examined by repeating the exercise trial 4 days after loading ceased. Supplementation 

with sodium phosphate resulted in several significant improvements in work and mean 

power output (with associated likely chances of benefit) for the whole test, plus overall 

sprint and time-trial efforts, as well as in individual sets during the exercise protocol on 

both days 1 and 4 after supplementation compared with baseline.  In contrast, in the 

placebo group, no differences were noted between baseline and day 1 and 4 values. The 

consistent benefits in work and power output observed within the sodium phosphate 

group suggest that the supplementation used here was able to enhance both repeated-

sprint and time-trial cycling performance. Further, no differences between day 1 and 4 

were observed, suggesting that any effect of sodium phosphate supplementation may 

linger for at least a few days after loading ceases. 

 

Of relevance, the nature of the simulated road cycling race protocol used here (43 min, 

consisting of repeated-sprint bouts, time-trials and active recovery periods with no 

passive rests) would have required metabolic contributions from all three energy 

systems, with a progressively greater emphasis on aerobic metabolism likely for both 

the repeated-sprint bouts and the time-trial efforts as the exercise protocol continued 

(Gaitanos, Williams, Boobis & Brooks, 1993; Gastin, 2001).  Notably, the mechanisms 

proposed to contribute to the benefit of sodium phosphate supplementation for exercise 

performance relate to all energy systems as discussed below (and reviewed in Buck et 

al., 2013).   

 

Improved cycling time-trial performance following sodium phosphate supplementation 

has been previously reported by both Kreider et al. (1992) and Folland et al. (2008).  

Kreider et al. (1992) proposed that the primary mechanism underlying this benefit was 

increased phosphate availability contributing to enhanced oxidative metabolism.  They 

also postulated that an increase in extracellular phosphate availability may be reflected 

by increases in serum phosphate levels following sodium phosphate supplementation.  

However, their study returned varying results after sodium phosphate loading, with 



 
 
 

 88 

serum phosphate concentrations showing no change before a 40-km time-trial, but 

significantly higher levels before a O2max test (compared with placebo).  

Consequently, Kreider et al. (1992) suggested that this measure may not accurately 

reflect the effects of sodium phosphate loading on intracellular phosphate levels and 

hence oxidative capabilities.  In support, Stewart et al. (1990) found an improved 

 O2max (11%) after sodium phosphate loading without any increases in resting serum 

phosphate, suggesting that this variable appeared unresponsive to supplementation.  

These reports are pertinent to our study, as serum phosphate concentration did not 

increase (but in fact, decreased) following sodium phosphate loading, despite improved 

work and power in these trials. The reason for this is unclear. Nevertheless, serum 

phosphate concentrations remained within the normal range for adults and it is still 

possible that increased cellular phosphate availability via sodium phosphate loading 

may have played some role in improving exercise performance here. 

 

Increased RBC 2, 3-DPG concentration after sodium phosphate supplementation has 

also been proposed as a contributing factor for improved endurance performance 

(Folland et al., 2008) and aerobic capacity (Stewart et al., 1990).  Studies have reported 

increases in haemoglobin (Hb) 2, 3-DPG concentrations after sodium phosphate 

loading, which were also associated with increases in O2max (Cade et al., 1984; Czuba 

et al., 2009; Stewart et al., 1990).  Increased 2, 3-DPG concentrations are proposed to 

decrease the affinity of Hb for oxygen, thus resulting in greater unloading of oxygen to 

the peripheral tissues (Czuba et al., 2009).  As we were unable to measure RBC 2, 3-

DPG concentrations in the current study (financial constraints), we can only surmise 

that this mechanism may have played some part in the improved exercise performance 

seen here.   

 

Improved myocardial efficiency, via sodium phosphate supplementation, is another 

proposed mechanism which could impart ergogenic benefit during exercise by 

providing a greater stroke volume (and hence cardiac output), resulting in greater and 

more efficient oxygenation of the exercising muscles (Kreider et al., 1992). Using 

cardiac ultrasound and colour flow Doppler technology, these authors reported that 

sodium phosphate loading significantly improved cardiac function (end diastolic 

volume, stroke volume and cardiac output) during a maximal exercise test and 40-km 

cycle time-trial, compared with placebo.  These improvements were associated with 
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increases in sodium phosphate time-trial mean power output (17%) and maximal 

oxygen uptake (9%) (Kreider et al.,1992). Czuba et al. (2009) also reported significant 

increases in O2max (5.3%) following six days of sodium phosphate supplementation 

compared with placebo, and suggested that enhanced myocardial contractility, resulting 

in increased stroke volume was a likely mechanism (although this parameter was not 

measured). They also reported significant decreases in resting and maximal exercise 

heart rates following sodium phosphate supplementation. In the present study, we found 

no differences in heart rate after sodium phosphate supplementation, despite greater 

work and power scores.  As heart rate values alone are unlikely to be a reliable indicator 

of improved myocardial efficiency, whether this mechanism may have benefited 

exercise performance in the current study remains uncertain. 

 

Enhanced hydrogen ion (H+) buffering (Czuba et al., 2009) is another mechanism 

associated with sodium phosphate loading that may have enhanced exercise 

performance in the current study, particularly in respect to the repeated-sprint bouts.  

Evidence for the use of anaerobic glycolysis here is reflected by blood lactate 

concentrations of ~13 -16 mmol·L-1 during the exercise protocol.  In part, enhanced 

buffering of H+ in the current study is indirectly supported by improved overall mean 

power output and work values following sodium phosphate supplementation, despite no 

difference in final blood lactate concentrations. These results may reflect an improved 

buffering capacity and/or a greater aerobic energy contribution (Gaitanos et al., 1993) 

occurring in the latter sets of the cycling protocol.  However, measuring exercising 

intramuscular pH values, both before and after sodium phosphate loading, is necessary 

so that more definitive comments can be made about whether enhanced buffering 

capacity from sodium phosphate supplementation impacts repeated sprint performance.  

The only other study to examine the effects of sodium phosphate supplementation on 

sprint performance (a single Wingate 30 s test, with no effect seen), did not report any 

lactate or pH values (Tourville, Brennan and Connolly, 2001). 

 

Lastly, the similar improvements in exercise performance recorded here on day 1 and 4 

after sodium phosphate loading suggest that any ergogenic effect lingers for at least a 

few days after supplementation ceases.  Cade et al. (1984) reported that it took 

approximately two weeks for RBC 2, 3-DPG concentration to return to baseline 

following only 3 days of sodium phosphate loading.  This suggests that any aerobic 
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benefits associated with this particular mechanism may still be in effect four days after 

sodium phosphate loading, particularly as a longer loading period (6 days) was used 

here.  Evidence for an additive effect of repeated or continued sodium phosphate 

supplementation has been provided by Brewer et al. (2013) and Czuba et al. (2009).  

Brewer et al. (2013) employed a second sodium phosphate loading phase, with 14 days 

separating the end of one loading phase and the beginning of the next, (both 50 

mg·kg·fat-free-mass -1·day-1 for 6 days), which resulted in additional improvement in  

O2peak (~7%) compared with benefits seen following the first loading phase (~4%).  

Czuba et al. (2009) recorded further improvements in cycling power output after an 

extended (21 day) loading period, which followed an initial 6 days of supplementation.  

Further research is needed to probe how long any initial effect of sodium phosphate 

supplementation may last, as well as the potential benefits of repeated or continued 

loading on exercise performance. 

 

In conclusion, 6 days of sodium phosphate supplementation resulted in enhanced 

performance (greater work and power outputs) during a simulated high intensity road 

cycling protocol incorporating repeated-sprints and short duration time-trial efforts.  

These benefits were still evident 4 days after supplementation had finished, with no 

performance differences found between day 4 and day 1 post-loading.  Information 

from this study may be pertinent to cyclists who compete in road tour events, where 

competition continues over several days.  Future studies should investigate mechanisms 

associated with these benefits, as well as how long these exercise performance benefits 

last following sodium phosphate loading. 
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15.1 THESIS SUMMARY 

Several well-controlled studies suggest that supplementation (3-4 g/d for 3-6 days) with 

SP may have positive ergogenic effects for endurance exercise (> 20-min) and aerobic 

capacity. The purported mechanisms behind these improvements involve a variety of 

physiological processes, including: increased phosphate availability, leading to 

enhanced energy metabolism and resynthesis of PCr and ATP; increased concentrations 

of 2, 3 DPG, leading to enhanced oxygen unloading; improved cardiac contractility, 

leading to greater stroke volume, and an improved buffering of hydrogen ions. In 

contrast, other studies have reported no changes in exercise performance, aerobic 

capacity, serum phosphate levels and/or 2, 3 DPG concentrations as a result of 

supplementation with SP.  In addition, whether repeated periods of loading can have an 

additive effect remains unclear, as does the short-term duration that any effects may last 

for following cessation of supplementation. Of further interest is whether SP 

supplementation affects shorter duration (< 15-min) endurance exercise performance or 

longer exercise tasks involving high intensity repeated sprints and short time-trials, 

interspersed with lower intensity recovery periods. To address these shortcomings in the 

literature, three experimental studies using SP supplementation were completed. 

Specifically, this thesis investigated the effects of 6 days of SP supplementation (50 

mg·kg·FFM-1·day-1) on various types of maximal exercise performances and associated 

oxygen consumption ( O2) responses in well-trained male cyclists. 

 

The first study of this thesis investigated the effect of 6-days of SP supplementation (50 

mg·kg·FFM-1·day-1) on 1000 kJ (simulated 40-km) cycling time-trial performance and 

O2peak in well-trained male cyclists. A secondary aim was to determine whether a 

second (“repeated”) phase of supplementation with SP had any additive (or detrimental) 

effects. Although time-trial performance was shorter in SP1 and SP2 (by ~60-70 s), ES 

and SWC values did not support any differences with baseline and PL times. However, 

SP mean power output was greater than PL during time-trial performance at the 250 kJ 

and 500 kJ time points (p < 0.05) following the second SP loading phase. Further, 

greater mean O2peak values (p < 0.01) were recorded after the first phase of SP (3.5-4.3 

%) compared with baseline and PL, with further improvements (p < 0.01) found in the 

second phase of SP (7.1-7.7 %). It was concluded that repeated SP supplementation 

(either 15 or 35-days after initial loading), can have an additive effect on O2peak and 

possibly time-trial performance. 
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Given the higher cycling power outputs observed during the earlier stages of the 1000 

kJ cycling time-trial following SP supplementation (i.e. at 250 kJ and 500 kJ), this 

finding raised the possibility that SP may also benefit exercise performance in activities 

< 15-min in duration. Accordingly, the second study of this thesis examined the effect 

of 6-days of SP (50 mg·kg·FFM-1·day-1) or PL supplementation on 100 kJ (~3-4-min) 

and 250 kJ (~10-12-min) time-trial performance in trained cyclists, both 1 and 8-days 

post-supplementation, with O2 also measured throughout the exercise tests. Here, no 

effects of SP loading on performance were found, and no significant differences, 

moderate-large ES or likely (or greater) SWC values for time-to-completion and mean 

power output on days 1 and 8 post-supplementation were recorded, both within and 

between SP and PL for either the 100 or 250 kJ trials. In the 100 kJ trial, the first-

minute and average O2 were slightly greater on day 8 after SP loading, but this was 

not matched by any change in power output or performance time. It was concluded that 

SP supplementation has no effect on shorter duration (< 15-min) exercise performance 

tests.  

 

The aim of the third study of this thesis was to examine the effect of SP 

supplementation (50 mg·kg·FFM-1·day-1 for 6-days) on exercise that simulated some of 

the demands of a cycling road race. This was achieved by having well-trained cyclists 

perform a 43-min exercise test consisting of 4 sets of 6 x 15-s repeated-sprints separated 

by varying recovery periods (15-s or 45-s) and 2 x 5-min time-trials interspersed with 5 

x 3-min of active recovery. This test was completed both 1 and 4-days post loading with 

SP or PL. Compared with baseline, the SP group recorded several significantly greater 

work and mean power output values (with associated moderate-large ES/likely SWC of 

benefit), for overall test performance and overall sprint and time-trial efforts, plus in 

individual sets, on both days 1 and 4 after loading. No differences were found in the SP 

group between day 1 and 4.  In the PL group, a lower work score in set 4, day 4 

compared to baseline was the only significant difference found. It was concluded that 

SP supplementation improved repeated sprint and time-trial cycling efforts both 1 and 4 

days post-loading in trained cyclists. 
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15.2 SYNTHESIS OF RESULTS 

Results from the three studies described in this thesis suggest that the greatest ergogenic 

potential of SP supplementation may be seen when performing high-intensity exercise 

for durations greater than 15-min (Folland et al., 2008; Kreider et al., 1992). This 

especially seems to be the case where repeated maximal intensity short sprints and time-

trials are interspersed with lower intensity exercise to simulate the exercise demands 

commonly experienced during actual cycling races. In contrast, shorter duration 

continuous endurance exercise performance of ~3-4-min (100 kJ) and ~10-12-min (250 

kJ) in length may not be significantly improved with SP supplementation. Furthermore, 

no changes in mean or peak O2 were reported throughout these particular tests, 

whereas small increases in O2peak were associated with SP loading in the first study. It 

may be that there needs to be a pronounced and prolonged aerobic energy contribution 

necessary in the exercise performance for SP supplementation to be effective, as was 

the case in the studies by Folland et al. (2008) and Kreider et al. (1992), and in the 

repeated short sprints and time trial efforts performed here in Study 3. 

 

Possible reasons for the lack of improvement in the SP group in the shorter time-trials 

(< 12-min) may have resulted from a higher contribution of anaerobic energy being 

used in this type of performance, meaning that less benefit might be gained from SP 

supplementation. The blood lactate accumulation measured in study 2 after the 100 kJ 

(~3-4-min) and 250 kJ (~10-12-min) time-trials does reflect a higher anaerobic energy 

contribution, as these values (~9-10 mmol·L-1) are approximately twice as great as 

recorded after the 1000 kJ (~55-min) time-trial in study 1. It may be that the potential 

effects of SP loading on anaerobic energy provision and/or the buffering of H+ are less 

powerful than the mechanisms relating to aerobic energy supply, such as improved 2, 3 

DPG concentrations and cardiac function. In the third study there was more opportunity 

for the potential mechanisms of improved PCr replenishment and/or buffering of H+ 

ions to occur, given the repeated short sprint and time-trial tasks used in this test. Blood 

lactate accumulation was ~14-16 mmol·L-1 and there were in total 24 repeated 15-s 

sprints and 2 x 5-min time-trials which were interspersed with lower intensity exercise 

periods during which the buffering of H+ ions and the replenishment of PCr could occur.  

 

In addition, the exercise duration in study 3 was approximately 43-min and the recovery 

periods allowed between 15-s sprints were either 15 or 45-s, which is insufficient time 
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for full recovery of the PCr stores. Therefore, as Gaitanos et al. (1993) have shown, it is 

likely that the aerobic energy contribution would have risen across each set of sprints 

(as well as the 5-min time-trial efforts), perhaps affording the opportunity for improved 

2, 3 DPG concentrations and/or cardiac function to also potentially assist exercise 

performance. However, these potential mechanisms, for both the aerobic and anaerobic 

energy systems requires further research in which high levels of lactic acid are 

accumulated, and buffer capacity, O2, 2, 3 DPG concentrations and cardiac 

parameters such as stroke volume are measured. The data from study 3 may also 

suggest a greater potential effect of SP in repeated sprints sets where the recovery is 

shorter (15 s) rather than longer (45 s), and in the latter stages of exercise, where 

cumulative fatigue effects are more apparent. This should be investigated more closely 

in future research. 

  

Another focus of this series of studies was to examine the duration of time that SP 

supplementation may provide benefits following cessation of loading, as this has not 

been well addressed in the literature.  The first study of this thesis found that 

 O2peak increased after both an initial and subsequent loading phase, performed either 

15 or 35-days later. Of interest, the increase after the second loading period (~7-8 %) 

was greater than the improvement seen after the first loading phase (~3-4 %). Although 

not significant, trends for faster 1000 kJ time-trial performance (~2 %) were also seen 

after both the first and second loading periods. In support of a lingering effect of SP 

supplementation occurring, the second study of this thesis also revealed a trend towards 

improved (~2 %) 250 kJ time-trial performance 8-days after loading. Similarly, the third 

study found improved sprint and time-trial performance 4-days after loading. 

Previously, both Cade et al. (1984) and Czuba et al. (2009) have reported some 

persisting benefits of single and additional SP loading periods over 2-3 weeks. Taken 

together, these findings, plus those from this thesis, suggest that some short-term, 

lingering benefits of SP supplementation may be apparent for 1-2 weeks, and that 

additional loading may further augment these effects, particularly with respect to  

O2peak. The implication of these findings is that athletes may reasonably assume that 

the effects of a single SP loading phase may persist for 1-2 weeks and that further 

supplementation is not needed across this time. However, additional supplementation, 

comprising either the same or a lower (maintenance) dose may be beneficial in 

improving O2peak, which may assist exercise performance > 15-min in duration.  
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Finally, all three studies in this thesis used the same SP loading protocol (50 

mg·kg·FFM-1·day-1) for 6-days; this regime produced mean serum phosphate 

concentrations in the first and second studies (~1.2 to 1.3 mmol·L-1) which were 

unchanged by supplementation. In the third study, the pre-supplementation levels were 

similar, but were then found to significantly decrease with loading in the SP group, 

which was an unexpected result (although the absolute values were still within the 

normal range). While several studies have reported both increases (Cade et al., 1984; 

Cortes et al., 1991; Czuba et al., 2008; Kreider et al., 1990; Kreider et al., 1992) and no 

change (Stewart et al., 1990; Weatherwax et al., 1986; West et al., 2012) in serum 

phosphate concentrations after loading with similar doses of SP to those used here, a 

decrease in levels after loading has not been reported and it is unclear why this response 

was seen. However, it was noted (see raw data in Appendices) that a wide range of 

serum phosphate concentrations were found in individual participants in all three studies 

(~0.8 to 1.6 mmol·L-1) and many instances existed of values being lower than at 

baseline after SP loading. West et al. (2012) have suggested that not all individuals 

respond positively to SP supplementation (for unexplained reasons) and Czuba et al. 

(2009) have proposed that the effectiveness of SP supplementation may be dependent 

upon the initial serum concentration, with lower values leading to greater changes with 

loading. While further research is required to investigate these contentions, the results 

here would suggest that serum phosphate concentrations are not necessarily reflective of 

an ergogenic response with SP loading, as O2peak and performance parameters were 

positively affected without any increase noted in serum phosphate. Future research 

should instead concentrate on measures of stroke volume and cardiac output, 2, 3 DPG, 

buffering capacity and energy metabolism responses to SP loading to assist in 

explaining any exercise performance improvements.  

 

In conclusion, SP supplementation appears to have ergogenic potential in endurance 

exercise performances > 15-min in duration, as well as prolonged exercise tasks 

involving high intensity repeated sprint and time-trial efforts. These effects may persist 

for up to 4-8 days post-loading, and measures of serum phosphate may not be reflective 

of any ergogenic effects that SP supplementation may produce. 
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15.3 PRACTICAL APPLICATIONS 

The following practical recommendations can be made based on the findings of this 

thesis: 

 A dose of 50 mg·kg·FFM-1·day-1 of tribasic SP dodecahydrate taken over a 

period of 6-days as 4 split doses per day and mixed with 15 g of Powerade 

powder and ~300 ml of water is well tolerated in male athletes, with no noted 

side effects.  

 Supplementation with SP has a tendency to improve long duration time-trial 

exercise performances, and can significantly improve O2peak values. 

 The benefits of SP supplementation on aerobic capacity appear to be repeatable, 

suggesting that similar ergogenic gains can be expected each time it is used. 

 Supplementation with SP may not be an effective ergogenic aid in shorter 

duration, continuous endurance exercise (< 15-min). 

 The performance demands experienced during prolonged repeated sprint and 

time-trial efforts may be improved with SP supplementation. 

 

15.4 FUTURE RESEARCH DIRECTIONS 

Future research may be directed in the following areas: 

 The potential additive effects from long-term SP supplementation during 

successive training phases (as suggested in Study 1) should be confirmed by 

further studies. 

 The use of different SP dosages in well-trained male athletes, to determine the 

optimal dose and duration of loading. Here, a consistent dose of 50 mg·kg·FFM-

1·day-1 of SP was used in all three studies: whether this is optimal remains to be 

determined. 

 The range and type of exercise tasks and durations over which SP loading may 

lead to potential exercise improvements. In particular, using repeated high 

intensity exercise models (as in Study 3) should be further investigated, as little 

SP research has targeted these exercise efforts, which may then extend to actual 

sporting races and games, including team sports. 

 The specific investigation of the possible mechanisms, which may assist 

exercise performance after SP supplementation, including improved cardiac 

function, 2, 3 DPG concentrations, buffer capacity and phosphate levels within 

the body (both intracellular and extracellular). 
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16.1 APPENDIX A 

 
PARTICIPANT INFORMATION SHEETS AND INFORMED CONSENT  

 

 

 

PARTICIPANT INFORMATION SHEET – STUDY ONE  

 

INFORMED CONSENT FORM – STUDY ONE 

 

PARTICIPANT INFORMATION SHEET – STUDY TWO 

 

INFORMED CONSENT FORM – STUDY TWO 

 

PARTICIPANT INFORMATION SHEET – STUDY THREE 

 

INFORMED CONSENT FORM – STUDY THREE 
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16.1.1 Repeatability of Performance Gains in a 1000 kJ Cycling Time-

trial Following Sodium Phosphate Supplementation (Study 1) 
 

~ Information Sheet ~ 
 

 

PURPOSE OF THE STUDY 

To gain an edge over their competitors, athletes often seek natural, legal supplements to 

improve their exercise performance. Sodium phosphate is a supplement that has been 

previously reported to benefit athletic performance in endurance based aerobic exercise. 

However, whether this beneficial effect is consistent and repeatable remains to be 

determined. Therefore, the aim of this study is to test whether sodium phosphate 

supplementation can repeatedly improve cycling time-trial performance when the cycle 

test is repeated over two separate time periods, or if the supplement has less effect with 

subsequent use. 

 
WHAT DOES THE STUDY INVOLVE? 

You will be asked to visit the School of Sport Science, Exercise and Health at the 

University of Western Australia on 9 different occasions. During the first visit you will 

be familiarised with the cycling time-trial procedure in order to become accustomed to 

the cycling equipment and practice your pacing strategy for the future trials. The time-

trial involves the completion of a 1000 kJ of work (equivalent to 40-km/60-min) on a 

stationary cycle ergometer in the shortest time possible. In addition, a full body DEXA 

scan will be conducted to measure your body composition (i.e. the amount of fat and 

lean muscle in your body). This is necessary so that appropriate amounts of sodium 

phosphate can be prescribed, based on the amount of lean muscle mass in your body. 

The DEXA scan will take about 10-minutes and require you to lie still on a scanning 

bed with light clothing, while a low dose x-ray is administered to determine the amount 

of fat and muscle mass in the body.  

 

Six days after the familiarisation session, another 1000 kJ cycling time-trial will be 

completed. This test will be considered your baseline performance and will be 

undertaken without any supplementation. Forty eight hours later, a baseline O2max test V
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will be completed. This will involve cycling on the same stationary cycle ergometer for 

approximately 20-minutes while breathing through a mouthpiece to allow for the 

collection of your expired air for analysis. The resistance on the cycle ergometer will be 

increased every 3-minutes, until voluntary exhaustion is achieved (i.e. you can’t 

continue any longer). 

 

Following these baseline tests, you will complete three separate loading phases (6-days 

each), with performance tests at the end of each phase. The term ‘loading’ refers to the 

regular ingestion of a supplement. Two of the loading phases will involve 

supplementation with sodium phosphate, while the other loading phase will involve 

supplementation with a placebo (PL; glucose/sugar). The order of loading phases will 

be random and blinded so that you will not be aware which supplement you are taking 

at which time to-minimise any conscious alterations in exercise performance. During 

the loading phase, you will consume 50 mg/kg of muscle mass of either sodium 

phosphate (tri-sodium phosphate dodecahydrate) or the PL (glucose) four times daily in 

equal doses for a period of six days. After the six days of loading, you will complete 

another 1000 kJ cycling time-trial followed 48 hours later by another O2max test to see 

how your performance is changed. In addition, resting venous blood samples (8mL) will 

be taken from an antecubital vein on 6 occasions (twice for each loading phase, prior to 

the first day of loading with the supplement and after the sixth day of loading) in the 

crease of the elbow by a trained phlebotomist. Also, 35 μL capillary blood samples will 

be obtained from the finger tip before, during and after each exercise performance test. 

This blood is necessary to measure blood lactate levels to determine whether 

supplementation has an effect on your anaerobic threshold. 

 

Between each loading phase, there will be a 14-day washout period in which no 

supplementation will take place. Following the washout period, you will switch 

supplementation regimes, repeating the same protocol, (starting with the six days of 

loading and then performance tests). Following the second washout period, you will 

load for a third time and the same protocol will be repeated (i.e. 6-days of loading prior 

to performance tests). All time-trials will be undertaken at the same time of the day to-

minimise any effects of circadian rhythms. No food and/or caffeine intake will be 

permitted for two hours prior to all exercise testing. Food and training diaries will be 

recorded throughout the testing periods to ensure consistency between tests.  

V
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BENEFITS 

This study will provide you with information about your body composition, including 

levels of muscle and body fat. In addition, O2max tests will provide you with 

information about your aerobic fitness levels and anaerobic thresholds. By participating 

in this study, you may see improvements in your exercise performance from sodium 

phosphate supplementation. This may possibly result in better exercise performance 

results during competition.  

 
RISKS 

There is-minimal risk of bruising and slight discomfort at the site of venous sampling. 

In addition, you may experience slight discomfort when completing the O2max test and 

cycling time-trials, as this type of exercise testing is designed to push you to your 

maximum performance. It is important to note that both the exercise testing and blood 

collection procedures are commonly performed in our laboratory. Also, the DEXA 

machine that measures the amount of muscle and fat in your body uses a small amount 

of radiation, so there is-minimal risk. The DEXA tests involve the use of a low dose x-

rays about equal to one thousandth of the background radiation you would receive in 

one year living in Perth.  The total background radiation in Western Australia is about 

2mSv per year.  The radiation dose from cosmic rays from flying in a jet from Perth to 

London is approximately 0.1 mSv.  You will be able to withdraw at any time and will 

be reminded of this at every visit.  

 
CONFIDENTIALITY 

All data collected from the participants will be stored in a locked filing cabinet 

accessible only to the chief investigators and the research student (Cameron Brewer) 

involved in the study.  

 
PARTICIPANT RIGHTS 

Participation in this research is voluntary and you are free to withdraw from the study at 

any time without prejudice. You can withdraw for any reason and you do not need to 

justify your decision. If you withdraw from the study we may wish to retain the data 

that we have recorded from you, but only if you agree, otherwise their records will be 

V

V
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destroyed. Your participation in this study does not prejudice any right to compensation 

that you may have under statute of common law.  

 

If you have any questions concerning the research, please feel free to ask the researcher 

who has contacted you about your concerns. Further information regarding this study 

may be obtained from Cameron Brewer (0416200744 or email: 

brewec01@student.uwa.edu.au), Winthrop Professor Brian Dawson (6488 2276), 

Associate Professor Karen Wallman (6488 2304) and Assistant Professor Kym Guelfi 

(6488 2602). 

 
The Human Research Ethics Committee at the University of Western Australia requires that all 

participants are informed that, if they have any complaint regarding the manner, in which a research 

project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research 

Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway, Crawley, WA 

6009 (telephone number 6488-3703). All study participants will be provided with a copy of the 

Information Sheet and Consent Form for their personal records. 
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16.1.2 Repeatability of Performance Gains in a 1000 kJ Cycling Time-

trial Following Sodium Phosphate Supplementation (Study 1) 
 

~ Consent Form ~ 

I ____________________ have read the information provided and any questions I have 

asked have been answered to my satisfaction.  I agree to participate in this activity, 

realising that I may withdraw at any time without reason and without prejudice.  

 

I understand that all information provided is treated as strictly confidential and will not 

be released by the investigator unless required to by law. I have been advised as to what 

data is being collected, what the purpose is and what will be done with the data upon 

completion of the research. 

 

I agree that research data gathered for the study may be published provided my name or 

other identifying information is not used.  

 

_____________________________  _________________________________ 

Name       Signature                        

____________________   

Date 

 

_____________________________  _________________________________ 

Phone      Email 

 

 
The Human Research Ethics Committee at the University of Western Australia requires that all 

participants are informed that, if they have any complaint regarding the manner, in which a research 

project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research 

Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway, Crawley, WA 

6009 (telephone number 6488-3703). All study participants will be provided with a copy of the 

Information Sheet and Consent Form for their personal records.  
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16.1.3 Effect of Sodium Phosphate Supplementation on Cycling Time-

Trial Performance and O2 1 and 8 Days Post Loading  (Study 2) 
 

~ Information Sheet ~ 

 

PURPOSE OF THE STUDY 

In order to gain an edge over their competitors, athletes often seek natural, legal 

supplements to improve their exercise performance. Sodium phosphate is a supplement 

that has been previously reported to benefit athletic performance in endurance based 

aerobic exercise. However, whether this beneficial effect occurs over shorter durations 

of exercise (i.e. 30-min or less) has yet to be determined. Therefore, the aim of this 

study is to assess the effects of sodium phosphate ingestion on cycling time-trial 

performance of different durations. 

 
WHAT DOES THE STUDY INVOLVE? 

You will be asked to visit the School of Sport Science, Exercise and Health at the 

University of Western Australia on 6 different occasions, firstly for a familiarisation 

session of the cycling test involved in this study. During the first visit you will be 

familiarised to the cycling time-trial procedure in order to become accustomed to the 

equipment and practice your pacing strategy for the future trials. You will be split into 

one of two groups and required to undertake a cycling time-trial where your target will 

be either 100 kJ (~4 km/5-min) or 250 kJ (~10km/15-min). You will have a mouthpiece 

in during this protocol to measure the amount of oxygen consumed during the trial. 

Also during this session, 3 stages of a O2max test will also be completed, where the 

resistance on the cycle ergometer will be increased every 3-minutes, starting at a low 

resistance, which will be increased every stage. This will be to familiarise you to the 

mouthpiece and protocol of the test. In addition, a full body DEXA scan will be 

performed to measure your body composition (i.e. the amount of fat and muscle in your 

body). This is necessary so that appropriate amounts of sodium phosphate can be 

prescribed, based on the amount of muscle mass in your body. The DEXA scan will 

take about 10-minutes and require you to lie still on a scanning bed with light clothing, 

while a low dose x-ray is administered to determine the amount of fat and muscle mass 

in the body. A baseline O2max test will be performed 24 hours later.  

V

V

V
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Following these initial sessions, you will complete two separate loading phases (6-days 

each), after which the time-trial will be performed to see the effect of supplementation 

on your performance. One week later, you will repeat the time-trial. The term ‘loading’ 

refers to the regular ingestion of a dietary supplement. One of the loading phases will 

involve supplementation with sodium phosphate, while the other loading phase will 

involve supplementation with a placebo (PL; glucose/sugar). During each loading phase 

you will consume 50 mg/kg of muscle mass of either sodium phosphate (tri-sodium 

phosphate dodecahydrate) or the PL (glucose) split four times daily in equal doses for a 

period of six days, after which the three cycling time-trials will be completed. Between 

the two loading phases, there will be a 21-day washout period in which no 

supplementation will take place. Following the washout period, you will switch 

supplementation regimes, repeating the same protocol, (starting with the six days of 

loading and then performance tests).  

 

Resting venous blood samples (8mL) will be taken from an antecubital vein on 5 

occasions (one at familiarisation and twice for each loading phase, prior to the time-trial 

after 6-days of loading and again before the time-trial one week later) in the crease of 

the elbow by a trained phlebotomist. In addition, 35 μL capillary blood samples will be 

obtained from the ear lobe before and after the performance tests. This blood is 

necessary to measure your blood lactate to determine whether supplementation has an 

effect on your anaerobic threshold. During the loading phase, you will consume 50 

mg/kg of muscle mass of either sodium phosphate (tri-sodium phosphate 

dodecahydrate) or the PL (glucose) four times daily in equal doses for a period of six 

days. All time-trials will be undertaken at the same time of the day to-minimise the 

effects of circadian rhythms. No food and/or caffeine intake will be permitted for two 

hours prior to the exercise test and a food diary will be recorded so that dietary intake 

can be repeated for each trial leading up to the tests. 

 
BENEFITS 

This study will provide you with information about your body composition, including 

levels of lean muscle and body fat. In addition, as a participant in this study you will 

receive a record of your fitness levels ( O2max). The results of this test will show the 

maximum amount of oxygen your body can use during exercise and your anaerobic 

V



 
 
 

 112 

threshold, giving you a record of your current fitness level and a comparison to the 

general population.  Furthermore, by participating in this study, you may see 

improvements in your exercise performance from sodium phosphate supplementation. 

This may possibly result in better results during competition.  

 
RISKS 

There is-minimal risk of bruising and slight discomfort at the site of venous sampling. 

In addition, you may experience slight discomfort when completing the O2max test and 

cycling time-trials, as this type of exercise testing is designed to push you to your 

maximum performance. It is important to note that both the exercise testing and blood 

collection procedures are commonly performed in our laboratory. Also, the DEXA 

machine that measures the amount of muscle and fat in your body uses a small amount 

of radiation so there is-minimal risk. The tests involve the use of a low dose x-rays 

about equal to one thousandth of the background radiation you would receive in one 

year living in Perth.  The total background radiation in Western Australia is about 2mSv 

per year.  The radiation dose from cosmic rays from flying in a jet from Perth to London 

is approximately 0.1 mSv. You will be able to withdraw at any time and reminded of 

this at every visit. 

 

CONFIDENTIALITY 

All data collected from the participants will be stored in a locked filing cabinet 

accessible only to the chief investigators and the research student (Cameron Brewer) 

involved in the study.  

 
PARTICIPANT RIGHTS 

Participation in this research is voluntary and you are free to withdraw from the study at 

any time without prejudice. You can withdraw for any reason and you do not need to 

justify your decision. If you withdraw from the study we may wish to retain the data 

that we have recorded from you, but only if you agree, otherwise their records will be 

destroyed. Your participation in this study does not prejudice any right to compensation 

that you may have under statute of common law.  

 

V
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If you have any questions concerning the research, please feel free to ask the researcher 

who has contacted you about your concerns. Further information regarding this study 

may be obtained from Cameron Brewer (0416200744 or email: 

brewec01@student.uwa.edu.au), Winthrop Professor Brian Dawson (6488 2276), 

Associate Professor Karen Wallman (6488 2304) and Assistant Professor Kym Guelfi 

(6488 2602). 

 
The Human Research Ethics Committee at the University of Western Australia requires that all 

participants are informed that, if they have any complaint regarding the manner, in which a research 

project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research 

Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway, Crawley, WA 

6009 (telephone number 6488-3703). All study participants will be provided with a copy of the 

Information Sheet and Consent Form for their personal records. 

 

 

 

  

mailto:brewec01@student.uwa.edu.au
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16.1.4 Effect of Sodium Phosphate Supplementation on Cycling Time-

Trial Performance and O2 1 and 8 Days Post Loading  (Study 2) 
 

~ Consent Form ~ 

 

 

I ____________________ have read the information provided and any questions I have 

asked have been answered to my satisfaction.  I agree to participate in this activity, 

realising that I may withdraw at any time without reason and without prejudice.  

 

I understand that all information provided is treated as strictly confidential and will not 

be released by the investigator unless required to by law. I have been advised as to what 

data is being collected, what the purpose is and what will be done with the data upon 

completion of the research. 

 

I agree that research data gathered for the study may be published provided my name or 

other identifying information is not used.  

 

 

_____________________________  _________________________________

            

Name       Signature              

   

_______________ 

Date 

 

_____________________________  _________________________________ 

Phone      Email 

 
The Human Research Ethics Committee at the University of Western Australia requires that all 

participants are informed that, if they have any complaint regarding the manner, in which a research 

project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research 

Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway, Crawley, WA 

6009 (telephone number 6488-3703). All study participants will be provided with a copy of the 

Information Sheet and Consent Form for their personal records.  

V
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16.1.5 Effect of Sodium Phosphate Supplementation on Repeated High 

Intensity Cycling Efforts (Study 3) 
 

~ Information Sheet ~ 
 

PURPOSE OF THE STUDY 

In order to gain an edge over their competitors, athletes often seek natural, legal 

supplements to improve their exercise performance. Sodium phosphate is a supplement 

that has been previously reported to benefit athletic performance in endurance based 

aerobic exercise. However, whether this beneficial effect is applicable to prolonged 

repeated sprint performance remains to be determined. Therefore, this study aims to 

investigate the effects of sodium phosphate supplementation on prolonged repeated 

short sprint performance. 

 
WHAT DOES THE STUDY INVOLVE? 

You will be asked to visit the School of Sport Science, Exercise and Health at the 

University of Western Australia on 5 different occasions. During the first visit you will 

be familiarised with the repeated sprints procedure in order to become accustomed to 

the format and practice your pacing strategy for the future trials. The repeated sprints 

protocol will involve completing a 10-minute warm up, followed by 6 x 15-s maximal 

sprints with 45-s rest between, 3-minutes active recovery, 6 x 15-s maximal sprints with 

15-s recovery between, followed by 3-minutes active recovery, a five-minute maximal 

time-trial, followed by 3-minutes recovery, 6 x 15-s maximal sprints with 45-s rest 

between, 3-minutes active recovery, 6 x 15-s maximal sprints with 15-s recovery 

between, followed by 3-minutes active recovery and a final five-minute maximal time-

trial, followed by 5-minutes warm down. The protocol will be used to replicate the 

demands of a cycling road race. In addition, a full body DEXA scan will be conducted 

to measure your body composition (i.e. the amount of fat and muscle in your body). 

This is necessary so that appropriate amounts of sodium phosphate can be prescribed, 

based on the amount of muscle mass in your body. The DEXA scan will take about 10-

minutes and require you to lie still on a scanning bed with light clothing, while a low 

dose x-ray is administered to determine the amount of fat and muscle mass in the body.  
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A baseline O2max test will then be completed. This will involve cycling on the same 

stationary cycle ergometer for approximately 20-30-minutes while breathing through a 

mouthpiece to allow for the collection of your expired air for analysis. The resistance on 

the cycle ergometer will be increased every 3-minutes, until voluntary exhaustion is 

achieved (i.e. you can’t continue any longer). 

 

Following this, a baseline repeated sprint cycling test will be conducted, after which you 

will complete one loading phase (6-days) of EITHER sodium phosphate OR placebo 

(PL). The repeated sprint protocol will be repeated twice more, one-day post loading 

and 4 days post loading. The term ‘loading’ refers to the regular ingestion of a dietary 

supplement. The type of supplementation you will take will be random and blinded so 

that you will not be aware which supplement you are taking in order to-minimise any 

conscious alterations in exercise performance. During the loading phase, you will 

consume 50 mg/kg of muscle mass of either sodium phosphate (tri-sodium phosphate 

dodecahydrate) or the PL (glucose) four times daily in equal doses for a period of six 

days. All exercise testing will be undertaken at the same time of the day to-minimise 

any effects of circadian rhythms. No food and/or caffeine intake will be permitted for 

two hours prior to the exercise test.  

 

Resting venous blood samples (8 mL) will be taken from an antecubital vein on 3 

occasions (baseline, trial one and trial two) in the crease of the elbow by a trained 

phlebotomist. In addition, 35 μL capillary blood samples will be obtained from the 

fingertip before and after each exercise performance tests. This blood is necessary to 

measure blood lactate levels to determine whether supplementation has an effect on 

your anaerobic threshold. 

 
BENEFITS 

This study will provide you with information about your body composition, including 

levels of muscle and body fat. In addition, O2max tests will provide information about 

your aerobic fitness levels and anaerobic thresholds. By participating in this study, you 

may see increases in your exercise performance from sodium phosphate 

supplementation. This may possibly result in better results in competition.  

 

V

V
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RISKS 

There is-minimal risk of bruising and slight discomfort at the site of venous sampling. 

In addition, you may experience slight discomfort when completing the O2max test and 

repeated sprint exercise protocol, as this type of exercise testing is designed to push you 

to your maximum performance. It is important to note that both the exercise testing and 

blood collection procedures are commonly performed in our laboratory. Also, the 

DEXA machine that measures the amount of muscle and fat in your body uses a small 

amount of radiation so there is-minimal risk. The tests involve the use of a low dose x-

rays about equal to one thousandth of the background radiation you would receive in 

one year living in Perth.  The total background radiation in Western Australia is about 

2mSv per year.  The radiation dose from cosmic rays from flying in a jet from Perth to 

London is approximately 0.1 mSv.  You will be able to withdraw at any time and 

reminded of this at every visit.  
 

CONFIDENTIALITY 

All data collected from the participants will be stored in a locked filing cabinet 

accessible only to the chief investigators and the research student (Cameron Brewer) 

involved in the study.  

 
PARTICIPANT RIGHTS 

Participation in this research is voluntary and you are free to withdraw from the study at 

any time without prejudice. You can withdraw for any reason and you do not need to 

justify your decision. If you withdraw from the study we may wish to retain the data 

that we have recorded from you, but only if you agree, otherwise their records will be 

destroyed. Your participation in this study does not prejudice any right to compensation 

that you may have under statute of common law.  

 

If you have any questions concerning the research, please feel free to ask the researcher 

who has contacted you about your concerns. Further information regarding this study 

may be obtained from Cameron Brewer (0416200744 or email: 

brewec01@student.uwa.edu.au), Winthrop Professor Brian Dawson (6488 2276), 

Associate Professor Karen Wallman (6488 2304) and Assistant Professor Kym Guelfi 

(6488 2602). 

 

V
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The Human Research Ethics Committee at the University of Western Australia requires that all 

participants are informed that, if they have any complaint regarding the manner, in which a research 

project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research 

Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway, Crawley, WA 

6009 (telephone number 6488-3703). All study participants will be provided with a copy of the 

Information Sheet and Consent Form for their personal records.  
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16.1.6 Effect of Sodium Phosphate Supplementation on Repeated High 

Intensity Cycling Efforts (Study 3) 
~ Consent Form ~ 

 

 

I ____________________ have read the information provided and any questions I have 

asked have been answered to my satisfaction.  I agree to participate in this activity, 

realising that I may withdraw at any time without reason and without prejudice.  

 

I understand that all information provided is treated as strictly confidential and will not 

be released by the investigator unless required to by law. I have been advised as to what 

data is being collected, what the purpose is and what will be done with the data upon 

completion of the research. 

 

I agree that research data gathered for the study may be published provided my name or 

other identifying information is not used.  

 

 

_____________________________  _________________________________

            

Name       Signature              

   

 

_______________ 

Date 

 

_____________________________  _________________________________ 

Phone      Email 

 
The Human Research Ethics Committee at the University of Western Australia requires that all 

participants are informed that, if they have any complaint regarding the manner, in which a research 

project is conducted, it may be given to the researcher or, alternatively to the Secretary, Human Research 

Ethics Committee, Registrar’s Office, University of Western Australia, 35 Stirling Highway, Crawley, WA 

6009 (telephone number 6488-3703). All study participants will be provided with a copy of the 

Information Sheet and Consent Form for their personal records. 



 
 
 

 120 

 

 

 

 

 

 

 

 

 

 

16.2 APPENDIX B 

 
RAW DATA 

 

RAW DATA – STUDY ONE – CHAPTER THREE 

 

RAW DATA – STUDY TWO– CHAPTER FOUR 

 

RAW DATA – STUDY THREE – CHAPTER FIVE 
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16.2.1 RAW DATA – STUDY ONE – CHAPTER THREE 

 
Effect of Repeated Sodium Phosphate Loading on Cycling Time-Trial Performance and 

O2peak 

 

  

V
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Study 1 O2peak, body mass, anaerobic threshold (AT), ventilation expired (VE) 

and lactate post (La-) results 
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1000 kJ time-trial results 
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1000 kJ time-trial results for power 
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1000 kJ time-trial results for lactate (post) and heart rate 
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Study 1 Participant’s physical/physiological/training variables and serum phosphate samples 
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16.2.2 RAW DATA – STUDY TWO – CHAPTER FOUR 

 

 

Participant physical/physiological/training variables and serum phosphate samples 
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100 kJ cycling time-trial data for sodium phosphate and placebo trials 
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250 kJ cycling time-trial data for sodium phosphate and placebo trials 
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16.2.3 RAW DATA – STUDY THREE – CHAPTER FIVE 

 

 

 

 

 

Physical/physiological/training variables and serum phosphate samples for Sodium Phosphate and Placebo groups. 
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Cycling race simulation baseline results sets 1-6 (kJ) and summed totals for Sodium Phosphate and Placebo groups. 
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Cycling race simulation day 1 post results sets 1-6 (kJ) and summed totals for Sodium Phosphate and Placebo groups. 
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Cycling race simulation day 4 post sets 1-6 (kJ) and summed totals for Sodium Phosphate and Placebo groups. 
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Cycling race simulation baseline results sets 1-6 (W) and summed totals for Sodium Phosphate and Placebo groups. 
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Cycling race simulation day 1 post results sets 1-6 (W) and summed totals for Sodium Phosphate and Placebo groups. 
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Cycling race simulation day 4 post results sets 1-6 (W) and summed totals for Sodium Phosphate and Placebo groups. 

 

 
 

 

 



 
 
 

 137 

Cycling race simulation baseline results for heart rate, lactate and rating of perceived exertion (RPE) for Sodium Phosphate and 

Placebo groups. 
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Cycling race simulation day 1 results for heart rate, lactate and rating of perceived exertion (RPE) for Sodium Phosphate and Placebo 

groups. 
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Cycling race simulation day 4 results for heart rate, lactate and rating of perceived exertion (RPE) for Sodium Phosphate and Placebo 

groups. 
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