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Abstract 40 

Phosphate is integral to numerous metabolic processes, several of which strongly predict 41 

exercise performance (i.e. cardiac function, oxygen transport and oxidative metabolism). 42 

Evidence regarding phosphate loading is limited and equivocal, at least partly because studies 43 

have examined sodium phosphate supplements of varied molar mass (e.g. mono/di/tribasic, 44 

dodecahydrate), thus delivering highly variable absolute quantities of phosphate. Within a 45 

randomized cross-over design and in a single-blind manner, sixteen well-trained cyclists (age 38 46 

± 16 y, mass 74.3 ± 10.8 kg, training 340 ± 171 min·week-1; mean ± SD) ingested either 3.5 g·d-1 47 

of dibasic sodium phosphate (Na2HPO4: 24.7 mmol·d-1 phosphate; 49.4 mmol·d-1 sodium) or a 48 

sodium chloride placebo (NaCl: 49.4 mmol·d-1 sodium and chloride) for 4 days prior to each of 49 

two 30-km time-trials, separated by a wash-out interval of 14 days. There was no evidence of 50 

any ergogenic benefit associated with phosphate loading.  Time-to-complete the 30-km time trial 51 

did not differ following ingestion of sodium phosphate and sodium chloride (3059 ± 531 s vs 52 

2995 ± 467 s). Accordingly, neither absolute mean power output (221 ± 48 vs 226 ± 48 W) nor 53 

relative mean power output (3.02 ± 0.78 vs 3.08 ± 0.71 W·kg-1) differed meaningfully between 54 

the respective intervention and placebo conditions. Measures of cardiovascular strain and ratings 55 

of perceived exertion (RPE) were very closely matched between treatments (i.e. average heart 56 

rate 161 ± 11 vs 159 ± 12 bpm; ∆ 2 bpm; and RPE 18 [14-20] vs 17 [14-20] units). In conclusion, 57 

supplementing with relatively high absolute doses of phosphate (i.e. >10 mmol daily for 4 days) 58 

exerted no ergogenic effects on trained cyclists completing 30-km time-trials.  59 

 60 

Keywords: Disodium hydrogen phosphate; exercise; oxygen; nutrition  61 



Introduction 62 

Phosphorous (P) is one of only six basic elements that comprise >99% of human body 63 

mass and occurs naturally in the form of phosphate within all living organisms (Emsley 1998). 64 

Phosphates are integral components of anatomical structures at many levels, forming the 65 

backbone of DNA within cells, the phospholipid membranes surrounding cells, and are a vital 66 

constituent of the skeletal system. Moreover, phosphate serves physiological functions across 67 

numerous tissues and organ systems, often involving the phosphorylation of proteins as a 68 

mechanism of metabolic regulation – with no compound more central to energy metabolism than 69 

that formed when phosphate groups interact with adenine and ribose (i.e. adenosine triphosphate; 70 

ATP; Heffernan 2019).  71 

 72 

In light of the fundamental importance of phosphorous throughout physiology, it is 73 

remarkable that so little research has explored the potential for dietary phosphate 74 

supplementation to improve physical function (i.e. performance). Almost 40 years ago, Cade et 75 

al (1984) first reported that phosphate loading for 4 days can increase both maximal oxygen 76 

uptake by 6-12% and resting erythrocyte 2,3-diphophoglycerate (RBC 2,3-DPG) from 13.00 to 77 

13.92 mg/Hb - which would be expected to improve tissue oxygen delivery via a reduction in 78 

haemoglobin oxygen affinity, promoting dissociation (see MacDonald, 1977 for a review). 79 

Notably, this role of phosphate in relation to exercise metabolism is distinct from the more recent 80 

implication of inorganic phosphate accumulation in the fatigue process (Westerblad et al, 2002). 81 

Whilst several other subsequent studies failed to replicate these initial observations (Duffy & 82 

Conlee 1986; Bredle et al 1988; Stewart et al 1990), other early investigations did echo the 83 

increases in maximal oxygen uptake, cardiac function, and blood haemoglobin content, which 84 



translated to improvements in both 5-mile run time and 40-km cycling time-trials (Kreider et al 85 

1990; Kreider et al 1992). The fact that such effects have not been consistently associated with 86 

changes in RBC 2,3-DPG may implicate other potential mechanisms of action. One possibility 87 

involves an increase in cardiac output resulting from greater ATP availability in the myocardium. 88 

This increases contractility and generates a higher stroke volumes for a given heart rate 89 

(O’Connor et al 1977). Moreover, inorganic phosphate has postulated direct effects on glycolysis 90 

and oxidative phosphorylation (Chasiotis, 1988; Lichtman et al 1971). Theoretically, an increase 91 

in the concentration of intra- and extra-cellular inorganic phosphate would improve the rate of 92 

ATP resynthesis and oxidative energy metabolism (Kreider et al, 1992). 93 

 94 

 There has been a resurgence of interest in this area over the past 10 years, with some 95 

studies reporting improvements in tests of both exercise capacity (i.e. maximal oxygen uptake; 96 

(Brewer et al 2013; Czuba et al 2008; Czuba et al 2009)) and exercise performance (i.e. 10-mile 97 

cycling time-trial and repeated sprints; Folland et al 2008; Brewer et al 2015). Again, however, 98 

at least as many papers show no clear effects of phosphate loading when using similar tests of 99 

either aerobic capacity, repeated sprint ability or high-intensity time-trials of circa 4-, 10- and 100 

20-km (Brennan and Connolly 2001; Brewer et al 2014; Brown and Glaister 2019; Kopec et al 101 

2016; Ploszczyca et al 2022; West et al 2012). The reasons for these seemingly inconsistent 102 

findings are not immediately apparent and many authors have discounted the possibility of dose-103 

dependent effects on the basis that most studies have adopted very similar supplementation 104 

protocols – typically prescribing circa 3-5 g·d-1 of phosphate supplements for 4-6 days. 105 

However, the specific source of phosphate prescribed is rarely considered, with past studies 106 

reporting use of mono-, di- and tri-basic sodium phosphate, dodecahydrates and dicalcium 107 



phosphate (or failing to identify the source). These different forms of phosphate have quite 108 

varied molar masses and therefore the seemingly similar dose of weighed supplement in fact 109 

delivers highly variable absolute chemical amounts of phosphate (i.e. studies have typically 110 

prescribed 4-24 mmol·d-1). 111 

 112 

When re-evaluating the balance of available data with due consideration of supplement 113 

source (where reported) and therefore molar masses, it appears that higher absolute doses of 114 

phosphate are associated with superior mean power outputs during time-trials, with the largest 115 

and most consistent effects on performance apparent when the quantity of phosphate ingested 116 

exceeds 10 mmol·d-1 (e.g. Keider et al 1992). Moreover, the most consistent, and largest, 117 

ergogenic effects have been observed during longer compared to shorter tests (e.g. Kreider et al 118 

1992 ES: 1.22, Buck et al 0.031) and so we have chosen to perform a 30-km time-trial. A 30-km 119 

time-trial also provides ecological validity as it is a commonly cycled distance during time-trials.  120 

 121 

The present study will therefore examine the effects of phosphate loading for 4 days 122 

using a relatively large absolute dose of dibasic sodium phosphate (24.7 mmol·d-1 phosphate) in 123 

relation to 30-km cycling time-trial performance. 124 

 125 

 126 

 127 

 128 



Methodology 129 

Approach to the Problem 130 

Consistent with the rationale set-out in the introduction, the present study provided a high 131 

absolute dose of phosphate – i.e. previous research has provided absolute doses in the range 4-24 132 

mmol·d-1, whereas we slightly exceeded the upper-end of that range (24.7 mmol·d-1). This was 133 

consumed in the form of dibasic sodium phosphate, both because this equates to ingestion of a 134 

feasible amount of powdered supplement (3.5 g/day) and because (unlike other forms of sodium 135 

phosphate seemingly ingested in other studies) food-grade dibasic sodium phosphate was 136 

available. Nonetheless, the product used in this study is a laboratory-grade chemical and we 137 

tested for purity in-house via mass spectrometry (spectra were consistent with the powder 138 

containing only the specified ingredients). 139 

  140 

To achieve the prescribed phosphate intake of 24.7 mmol·d-1, phosphate loading was 141 

sustained for 4 days, with daily supplements divided equally across 4 doses per day, ingested at 142 

4-h intervals during the wake cycle in each 24-h period. The rationale for this supplementation 143 

protocol was based on the hypothesis that phosphate incorporation into RBC 2,3-DPG is subject 144 

to a negative feedback loop such that acute ingestion of sodium phosphate in high doses can 145 

activate renal phosphate clearance and thus attenuate any net increase in endogenous phosphate 146 

status (MacDonald 1977). Division of sodium phosphate dibasic provides an additional practical 147 

benefit. Consumption of smaller quantities of sodium phosphate dibasic minimizes the potential 148 

for gastrointestinal discomfort increasing the feasibility of supplementation. 149 

  150 



Sodium chloride was chosen as the placebo to allow for equimolar amounts of sodium to 151 

be consumed in both conditions (49.40 mmol·d-1), given the known influence of sodium on 152 

numerous physiological responses pertinent to exercise (Thomas et al 2016; Munson et al 2020). 153 

Sodium ingestion maintains osmotic pressure and plasma volume which ultimately contributes to 154 

reduced fatigue and loss of homeostasis during exercise (Sawka & Montain, 2000). These 155 

physiological mechanisms have the potential to translate to ergogenic effects (e.g. Del Coso et 156 

al., 2016) and are therefore imperative to control should we wish to isolate the influence of 157 

phosphate. Additionally, the consumption of chloride has no known ergogenic benefits and 158 

therefore is unlikely to influence results. 159 

  160 

The required wash-out period following phosphate loading is uncertain, with most 161 

previous studies implementing an interval between repeated trials of between 4 and 14 days 162 

(Cade et al 1984; Kreider et al 1990; Kreider et al 1992; Schenck et al 1991; Stewart et al 1990; 163 

Tremblay et al 19). Cade et al (1984) found serum phosphate remained elevated 1 week after 164 

loading and suggested that longer washouts may be necessary to avoid carry-over effects. 165 

Therefore we required at least 14 days between participants first and second exercise tests.  166 

 167 

The present study tested approximately twice as many participants as most studies in this 168 

area and only recruited well-trained cyclists (as verified by training diaries). Most previous 169 

sodium phosphate research employed relatively small sample sizes (n<10) and/or tested 170 

untrained participants. This may further account for some of the inconsistencies in the literature 171 

due to the combination of low statistical power, low reliability and potentially treatment effects 172 



that may be small and highly variable. Certainly, other authors have hinted at the possibility of 173 

responders and non-responders to phosphate loading (Płoszczyca et al 2022). Whilst the 174 

necessary replicated controlled trials to test this hypothesis have yet to be conducted (Atkinson et 175 

al 2015), this suggestion does reflect the fact that responses are at least quite variable and so may 176 

warrant larger and/or more homogenously trained participants as are presented here. 177 

 178 

Finally, it should be noted that data collection for this study was completed during the 179 

peak of the first COVID-19 pandemic in 2021 and thus required field-based trials. This presents 180 

several threats to internal validity by limiting some laboratory controls and standardization, but 181 

the field-based nature of the work also provides ecological validity to results.   182 

 183 

Participants and Sample Size Estimations 184 

Eighteen participants began the study and sixteen participants (males n = 15; females n = 185 

1; see Table 1 for characteristics) completed the protocol. Participants were self-reported trained 186 

cyclists and voluntarily participated in the study following recruitment from local cycling and 187 

triathlon clubs. Exclusion criteria were: aged <18 years; <60 kg body mass, habitual smoker 188 

within the past five years, a history of any metabolic or respiratory disease, BMI >30 kg/m2, and 189 

the use of nutritional supplements within 2 months prior to testing. The mean change in 190 

individual participant’s body mass across trials was ± 0.2 kg suggesting participants were weight 191 

stable (0.27% of mean body mass). Ethical approval was granted by The University of Bath 192 

Research Ethics Approval Committee for Health (16/10/2020; MSES 19/20-020).  193 

 194 



Table 1. Participant characteristics 

n  16 

Age (years)   38 ± 16  

Height (cm)   175.2 ± 6.6 

Mass (kg)   74.3 ± 10.8  

Training (hours·week-1) 5.67 ± 2.85 

Data are means ± SD.   195 

 196 

Study Design 197 

 A repeated-measures, crossover, randomized, single-blind design was implemented as 198 

recommended by Betts et al (2009) for nutritional research. Simple randomisation was 199 

employed, and an equal number of participants were allocated to each condition. A washout 200 

period of fourteen days (Cade et al 1984) preceded the subsequent supplementation period to 201 

minimise any crossover effects from sodium phosphate dibasic. As data collection took place in 202 

the peak of the COVID-19 pandemic, the only method of data collection involved the 203 

implementation of a field-based experimental design as opposed to the originally planned 204 

laboratory setting. Participants conducted the experimental protocol (below) remotely after 205 

receiving strict instruction from the experimenters. Protocol is depicted in Figure 1. 206 

 207 

 Data on time-trial completion time, power output, heart rate, and rating of perceived 208 

exertion (RPE) were collected. Due to the remote nature of the study, invasive techniques, such 209 

as collection of blood samples, were not feasible.  210 

 211 



Experimental Protocol 212 

 Participants completed two experimental trials separated by a fourteen-day washout 213 

period (Cade et al 1984) in a single-blinded manner. These trials followed four consecutive days 214 

consuming sodium phosphate dibasic (Sigma-Aldrich, UK; Table 2) or a sodium-matched 215 

placebo (sodium chloride, SAXA, UK; Table 2). All supplements were prepared in house using 216 

electronic scales (Mukaet, China) and were accurate to 0.001 g. Doses of similar magnitude have 217 

elicited the greatest effect sizes in the available literature (Cade et al 1984; Kreider et al 1992). 218 

To minimise gastrointestinal discomfort, supplements (powdered form) were consumed in four 219 

doses alongside 300 ml water and food, separated by 4 hours. Gastrointestinal discomfort was 220 

assessed following the fourth day of supplementation using a qualitative questionnaire (see 221 

Appendix A for post-testing questionnaire). 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 



Table 2. Nutritional supplement information 232 

  233 

Upon commencement of both trials, height (via tape measure) and weight (via electronic 234 

scales) were self-recorded. Following this, participants performed a maximal 30-km cycling 235 

time-trial using their preferred home set-up. Each participant maintained an identical set up 236 

between conditions which had previously been used throughout their training; this included 237 

bicycle, turbo trainer, saddle height, handlebar position, cycling shoes, and cooling device (or 238 

absence of cooling device n = 4). Equipment was calibrated following manufacturer instructions 239 

and set to most closely replicate a flat, outdoor environment. Participants’ personal road bicycle 240 

and turbo-trainer were used (smart n = 15; standard power meter n =1; see Appendix B for a list 241 

of power meters). Similar set ups have been found to have error rates close to that of laboratory-242 

based cycle ergometers (Peiffer and Losco, 2011), acceptable test-retest reliability (CV: 2.6%; 243 

Peiffer and Losco, 2011), and adequate level of reliability for the assessment of cycling 244 

performance (Hoon et al 2016). Speed was determined by several factors including power output 245 

and rider weight using Zwift software (Zwift, United States). Participants were free to view 246 

speed, power, and distance throughout the time-trial.  Riders also monitored total trial distance 247 

Nutritional 
supplement 
(trial) 

Chemical 
formula 

Molecular 
weight 
(g·mol-1) 

Absolute 
dose (g·d-1) 

Absolute 
phosphate 
dose 
(mmol·d-1) 

Absolute 
sodium dose 
(mmol·d-1) 

Sodium 
phosphate 
dibasic 

Na2HPO4 142.0 3.5 24.7 49.4 

Sodium 
chloride 
(PLA) 

NaCl 58.4 2.8 N/A 49.4 



through the use of Garmins and other cycling computers. Immediately following the time-trial, 248 

participants sent all relevant information to researchers. Throughout each time-trial, participants 249 

were free to consume fluids ad libitum and were permitted to change cadence and gears ad 250 

libitum. Time-trials were performed at the same time of day and in a fed state which was 251 

standardised for the second trial. All trials were performed free from verbal encouragement, 252 

caloric intake, and music.  253 

  254 

 Immediately post time-trial, completion time, average power output, and RPE were 255 

recorded by participants. Overall RPE was measured using a 6-20 scale (Borg, 1982). Heart rate 256 

data were collected continuously throughout each trial via telemetry. Wireless telemetry has been 257 

shown to have high accuracy, resembling the readings of an electrocardiogram most closely 258 

(Pasadyn et al 2019). Following the completion of both trials, a post-testing questionnaire was 259 

administered to assess the effectiveness of blinding methods. Nine participants successfully 260 

identified trial condition.  261 

 262 

 Participants were required to perform both trials at the same time of day to account for 263 

circadian variation and ‘normal’ diet and ‘normal’ training volume were maintained throughout 264 

the study. Participants recorded their training and diet for 24-hours immediately prior to the first 265 

time-trial and replicated this for the 24-hours preceding the second. Alcohol consumption within 266 

the 24-hours prior to trials was prohibited. Caffeine was allowed providing consistency between 267 

trials.  268 

 269 



Statistical Analyses 270 

Descriptive statistics were conducted to summarise data. A Shapiro-Wilk test determined 271 

the appropriate measures for central tendency and distribution, and unless stated otherwise, data 272 

are presented as (mean ± SD, mean difference (∆), ± normalised confidence intervals (nCIs)). 273 

The effect of treatment on outcome variables was delineated through nCIs. Means whose nCIs 274 

overlap by no more than half of one side of an interval would typically be deemed statistically 275 

significant (p ≤ 0.05) through traditional t-testing. The smallest difference in performance 276 

deemed to be worthwhile was derived from the recent paper by Borg et al (2018), which 277 

concluded that a meaningful change in cycling within the context of this experiment would be in 278 

the range of 4.1-4.9 %. This roughly equates to a difference in absolute mean power of at least 279 

10 W (〜0.1 W/kg) and therefore approximately 125-150 seconds difference to complete a 30-280 

km time-trial. Pearson r or Spearman R were used to explore correlations between normal and 281 

non-normally distributed data respectively. Analyses were conducted in IBM SPSS Statistics 282 

(version 28.0; IBM, Armonk, NY, USA) and Microsoft Excel (version 16.58; Microsoft, 283 

Redmond, WA, USA).  284 

 285 

 286 

 287 

 288 

 289 

 290 



Results 291 

Performance Data 292 

Time-trial completion time was not meaningfully different following the consumption of 293 

sodium phosphate dibasic when compared to placebo (3059 ± 531 s; 2995 ± 467 s; ∆ 64 s; ± 47 s 294 

Figure 2 a & b). This is unsurprising as absolute mean power (221 ± 48 W; 226 ± 48; ∆ 5 W; ± 295 

7 W Figure 3 a & b) and relative mean power (3.02 ± 0.78 W·kg-1; 3.07 ± 0.71 W·kg-1; ∆ 0.05 296 

W·kg-1; ± 0.09 W·kg-1 Figure 4 a & b) remained unchanged following supplementation.  297 

 298 

Physiological and Perceptual Data 299 

Heart rate data are summarised in Figure 5 and RPE and gastrointestinal discomfort in 300 

Table 3. Ingestion of sodium phosphate dibasic did not affect average heart rate (161 ± 11 bpm; 301 

159 ± 12 bpm; ∆ 2 bpm; ± 3 bpm Figure 5) or maximum heart rate (176 ± 12; 174 ± 12; ∆ 2 302 

bpm; ± 2 bpm Figure 5). Similarly, RPE did not differ between conditions (median [range]; 18 303 

[14-20]; 17 [14-20]; median difference [range], 0 [-1, 3]; Table 3).  304 

 305 

 306 

 307 

 308 

 309 

 310 



Table 3. Perceptual Responses  311 

 
Sodium phosphate dibasic Placebo 

RPE 18 [14-20] 17 [14-20] 

Gastrointestinal Discomfort 2 2 

Data shown are medians [range] for RPE and total number of participants reporting distress for 312 

Gastrointestinal Discomfort  313 

 314 

Trial Order Effects 315 

 Individual performances are illustrated on figures with first and second trials identified 316 

separately to enabled consideration of potential trial order effects for each participant. In 317 

summary, the mean time-trial performance was 67 ± 124 s (2.2 %) slower for trial 1 than for trial 318 

2, so is very similar to the 63 ± 126 s (2.1 %) difference between experimental treatments that 319 

was considered not to be practically meaningful. We also applied the statistical analysis 320 

advocated by Welleck and Blener (2012) to explore possible 2-way interactions between 321 

experimental condition and trial sequence, revealing no statistically significant main effects or 322 

interactions (all p ≥ 0.2). 323 

 324 

 325 

 326 

 327 



Discussion 328 

The primary aim of the current study was to determine whether sodium phosphate 329 

supplementation provides a meaningful improvement to 30-km cycling time-trial performance. 330 

Contrary to the hypothesis, phosphate supplementation does not provide any practically 331 

worthwhile benefit to 30-km cycling performance when sodium intake is controlled for. This was 332 

true for all performance, physiological, and perceptual measures obtained throughout the trials; 333 

time-to-completion, mean power output (absolute and relative), heart rate (average and 334 

maximum), and RPE all remained unchanged. 335 

 336 

Time-trial completion and power output (absolute and relative) were the main 337 

performance measures assessed in the present study, and all remained unchanged between trials 338 

(i.e. the 2% change observed is less than half the 4-5 % effect considered to be practically 339 

meaningful). These results are surprising as, whilst data were far from conclusive, our a prior 340 

search of the literature suggested there exists a correlation between absolute sodium phosphate 341 

supplementation dose and performance enhancements. Previous studies indicated a positive 342 

correlation for time-trial completion (rs = 0.44) and average power output (rs = 0.58) with 343 

absolute sodium phosphate dose. Further strengthening this notion was the work of Kreider et al 344 

(1992). This is currently the only other study to use absolute phosphate doses in excess of 20 345 

mmol·d-1, and they reported markedly positive findings (time-trial ES: 1.22; average power ES: 346 

2.90).  347 

 348 



As previously stated, research considering sodium phosphate is limited and equivocal. 349 

The original findings of Cade et al (1984) presented a correlation between increases in 2,3-GDP 350 

concentration and improved time-trial performance (p < 0.01, r = 0.81) following provision of 4 351 

g tribasic sodium phosphate for 4 days. Similarly, Kreider et al (1992) reported performance 352 

benefits which are, to date, the greatest in magnitude. Following supplementation with 4 g 353 

tribasic sodium phosphate for 3 days, stark performance enhancement was seen compared to a 354 

glucose control. Completion time for a 40-km time-trial was improved by 210 s (ES: 1.22, p < 355 

0.02) and was accompanied by a large increase in V̇O2max (69.3 to 75.4 ml·kg-1·min-1) attributed 356 

to the reported increases in 2,3-GDP. However, Kreider et al (1992) failed to match conditions 357 

for sodium and therefore the impact of phosphate cannot be isolated. Conversely, Brewer et al 358 

(2013) failed to report any significant improvements on 1,000 kJ (~40-km) time-trial 359 

performance following 50 mg·kg-1 tribasic sodium phosphate supplementation when compared 360 

to a control of sodium chloride and glucose. These findings are not isolated, with several other 361 

studies reporting no ergogenic effect of sodium phosphate on time-trial performance or average 362 

power (e.g. Buck et al 2014; Brown and Glastier, 2019; Brewer et al 2014). In fact, at doses of 363 

25 mg/kg/day, Buck et al (2014) suggested the effects may even be deleterious. The current 364 

study adds to the body of literature which suggests sodium phosphate has no meaningful 365 

ergogenic effects.  366 

 367 

The previous research which has reported large effect sizes with substantial absolute 368 

sodium phosphate doses appear to have limitations. Preliminary findings produced by Cade et al 369 

(1984) suggested that, when compared to a control, sodium phosphate increased V̇O2max (p < 370 

0.02) and time to exhaustion (p < 0.05). However, Cade et al (1984) used relatively few 371 



participants and the washout period employed was also insufficient, lasting just 4 days. This 372 

presents the potential for a crossover effect from sodium phosphate supplementation. Similarly, 373 

the work of Kreider et al (1992) had an underpowered sample (n = 6) and used a glucose control. 374 

The limitations of previous research could have led to unacceptable type I error and our 375 

hypothesis may have been based on invalid and unreliable findings. In fact, to our knowledge, 376 

the only previous study to satisfy sample size requirements (n > 15) was that of Brown and 377 

Glaister (2019), who, like the present study, reported no effect of sodium phosphate 378 

supplementation. More sufficiently powered studies with sodium matched controls are required 379 

to provide conclusive evidence for the effects of sodium phosphate.  380 

 381 

Additionally, average HR in the current study remained unchanged (sodium phosphate 382 

dibasic, 161 ± 11; PLA, 159 ± 12 bpm; ∆ 2 bpm). This suggests that sodium phosphate dibasic 383 

supplementation does not have the proposed effect on myocardial efficiency. Such findings are 384 

concordant with many previous studies (Kreider et al 1990; Folland et al 2008; Brewer et al 385 

2013; 2014; Brown and Glaister, 2019). Unsurprisingly, given time-trial completion, heart rate 386 

(average and maximum), and average power output (absolute and relative) all remained 387 

unchanged, RPE was similar between trials. Almost all of the current literature agrees with this 388 

finding, with the exception of Brown and Glaister (2019), who found increased RPE following 389 

sodium phosphate supplementation (mean difference: 0.39; 95% CI: [0.04, 0.73]).   390 

 391 

Despite the findings of the present study concluding that sodium phosphate dibasic 392 

supplementation has no meaningful performance enhancing effects there are several limitations. 393 



One applicable criticism of the sodium phosphate literature was presented by Buck (2015). It 394 

was suggested that body size and composition (i.e. FFM) has not been sufficiently accounted for 395 

and this may alter the effect of loading protocols on serum phosphate concentration. As the 396 

current study administered a standardised, as opposed to relative, dose of sodium phosphate it 397 

could be argued that body mass influenced results. Post-hoc Spearman rank analysis indicated 398 

that this was not the case. No correlation between baseline body mass and changes in time-trial 399 

completion time (r = 0.04) or absolute mean power output (r = -0.25) were found. This suggests 400 

that the standardised dose provided was not the cause of the insignificant findings.  401 

 402 

Another limitation to the present study was the lack of a familiarisation trial. As our 403 

participants were trained cyclists, we would expect them to have deep-rooted, learned pacing 404 

strategies which would negate the need for a familiarisation (Mauger et al, 2010). This belief is 405 

supported by the literature, with previous studies reporting that, even without a familiarisation 406 

trial, time-trial completion and mean power are consistent between cycling time-trials in trained 407 

athletes (Sporer and McKenzie, 2007; Zavorsky et al, 2007). Indeed, no meaningful order effects 408 

were present. Whilst trial two was faster than trial one (3060 ± 539 vs 2993 ± 456 s), the 409 

difference was just 2.2%. This is remarkably similar to the difference between trials (2.1%) 410 

which was deemed insignificant, so it was concluded that order effects did not meaningfully 411 

impact the results.  412 

  413 

Our participants displayed a wide range of fitness levels, with time-trial completion 414 

ranging from 2574 to 4764 s. Individuals with higher maximal oxygen uptake values have 415 



greater 2,3-DPG concentrations (Remes et al, 1979), which may limit the ergogenic potential of 416 

sodium phosphate (Galloway et al, 1996; Tremblay et al, 1994). However, a correlation analysis 417 

suggested that less fit individuals did not respond any better than fitter individuals (time-trial: r = 418 

0.45, p = 0.08; relative average power: r = 0.33, p = 0.21).   419 

 420 

There were other limitations presented by the home-based nature of this study which 421 

could provide a threat to internal validity. Invasive data collection (such as blood samples) was 422 

not feasible and therefore we cannot be confident the current sodium phosphate dibasic protocol 423 

had the desired effects on serum phosphate concentration. Whilst Bremner et al (2002) found a 424 

30% increase in plasma phosphate and a 25% increase in 2,3-GDP following sodium phosphate 425 

loading, we cannot be sure the present protocol had the same effect.  The present study 426 

administered a large absolute dose of sodium phosphate dibasic (24.70 mmol·d-1), which is, to 427 

our knowledge, currently larger than any previous study. However, this could have potentially 428 

had an adverse influence on performance. Doses on this scale have been avoided in the literature 429 

to date. It has been hypothesised that following the provision of such quantity of sodium 430 

phosphate dibasic, a parathyroid response may be initiated (Kreider, 1999). In a negative 431 

feedback loop, the large rise in serum phosphate concentrations can lead to enhanced clearance 432 

by the kidneys, maintaining serum phosphate homeostasis. Whilst it therefore remains a 433 

possibility that the present intervention may have been excessive (i.e. eliciting the 434 

aforementioned negative feedback loop), the fact remains that previous research using this same 435 

absolute dose have detected meaningful effects.  Future research should ensure serum phosphate 436 

concentration is measured to allow confidence in the efficacy of loading protocol.  437 

 438 



As serum phosphate homeostasis is tightly controlled by several mechanisms, there may 439 

be reason to investigate the influence of co-ingestion with other ergogenic aids. One regulatory 440 

of serum phosphate concentration is blood pH (MacDonald, 1977). In alkalosis, the rate of 441 

glycolysis is known to increase which inhibits the action of the enzyme DPG phosphatase. The 442 

overall response is an increase in the concentration of 2,3-DPG, potentially increasing the 443 

potency of the action of sodium phosphate in alkaline conditions. There appears to be reason to 444 

suggest sodium phosphate supplementation may benefit from an ergogenic aid which would 445 

increase the pH of the blood. Sodium bicarbonate, one of the most frequently studied and utilised 446 

supplements, is believed to do just this. Future research should investigate whether sodium 447 

phosphate and sodium bicarbonate co-ingestion could enhance the action of sodium phosphate 448 

supplementation.  449 

 450 

In conclusion, 4 days of sodium phosphate dibasic supplementation (24.70 mmol·d-1) 451 

does not improve any measures of 30-km cycling time-trial performance when compared to 452 

sodium chloride in trained cyclists. The findings indicates that even at high doses, sodium 453 

phosphate supplementation fails to manifest in an ergogenic benefit when sodium is controlled 454 

for.  455 

 456 

  457 
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Figure Legends 618 

Figure 1. Protocol Schematic. 619 

 620 

Figure 2. Mean ± nCI 30-km time-trial duration presented as bars. Individually paired data are 621 

presented as lines. Circles indicate the first trial; crosses indicate the second.  622 

 623 

Figure 3. Mean ± nCI 30-km absolute mean power presented as bars. Individually paired data 624 

are presented as lines. Circles indicate the first trial; crosses indicate the second.  625 

 626 

Figure 4. Mean ± nCI 30-km relative mean power presented as bars. Individually paired data are 627 

presented as lines. Circles indicate the first trial; crosses indicate the second.  628 

 629 

Figure 5. Mean ± nCI average (dark bars) and maximum (light bars) heart rate. Individually 630 

paired data are presented as lines. Circles indicate the first trial; crosses indicate the second.  631 

 632 
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Appendix A: Post-testing Questionnaire 681 

 682 

1. Could you tell the difference between the two supplementation trials? Yes or no? (If yes, 683 

please answer question 2, if no, please advance to question 3). 684 

 685 

2. Please list which supplement you believe you took for each of your two trials below. The 686 

supplements provided were sodium phosphate dibasic and sodium chloride. 687 

 688 

3. Did you perceive any performance benefits from either of the two supplements during the 689 

two trials? Yes or no? (If yes, please answer question 4 and 5, if no, please advance to 690 

question 6). 691 

 692 

4. In which trial did you perceive the supplement to provide a performance benefit. Please 693 

mark below. 694 

 695 

5. Please list the perceived benefits to performance below. 696 

 697 

6. Did you experience any negative side effects during the supplementation or exercise 698 

testing phases of either trial? Yes or no? (if yes, please answer question 7 and 8, if no, 699 

please ignore questions 7 and 8). 700 



 701 

7. Within which trials did you experience these negative side effects? 702 

 703 

8. Please list below the negative side effects experienced. 704 

 705 

 706 

 707 

 708 

 709 

 710 

 711 

 712 

 713 

 714 

 715 

 716 

 717 

 718 



Appendix B – Power Meters  719 

Table 4. Equipment (turbo trainers and power meters) used during time-trial performance testing 720 

 721 

Turbo trainer model (attached power meter) No. of participants using turbo trainer (No. of 

participants using power meter) 

Wahoo KICKR CORE Smart Trainer 5 

Wahoo KICKR Snap Smart Trainer 1 

Tacx Vortex Smart Trainer (Quarq D-zero) 2 (1) 

Tacx Neo 2T Smart Trainer 1 

Tacx Flux 2 Smart Trainer 1 

Elite Direto Smart Turbo Trainer (Garmin 

Vector 3) 

1 (1) 

Elite Suito Direct Drive Smart Turbo Trainer 1 

Elite Novo Smart Turbo Trainer 1 

Elite Qubo Digital Smart Trainer 1 

Wattbike Atom 1 

Bikemate Indoor Trainer (Garmin Vector 3) 1 (1) 

 722 

 723 


