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Abstract 7 

The aim of this study was to investigate the effect of 3-day serial sodium bicarbonate 8 

ingestion on repeated sprint and jump performance. Fifteen female university basketball 9 

players (23.3±3.4 years; 173.1±5.8 cm; 65.8±6.3 kg; 23.6±4.9% body fat) ingested 0.4 g·kg-1 10 

of body mass of sodium bicarbonate or placebo for 3 days (split in 3 equal daily doses), 11 

before completing a simulated basketball exercise. Sprint and circuit times, jump heights, 12 

performance decrements and gastrointestinal (GI) side effects were recorded during the test 13 

and blood lactate concentration was measured pre- and post-test. Sodium bicarbonate 14 

supplementation led to significant decreases in mean sprint times (1.34±0.23 vs. 1.70±0.41 s, 15 

p=0.008, 95% CI: -0.54 to -0.10 s) and mean circuit times (30.6±2.0 vs. 31.3±2.0 s, p=0.044) 16 

and significantly greater mean jump height (26.8 (range 25.2-34.2) vs. 26.0 (range 25.6-33.6) 17 

cm, p=0.013) compared to placebo. Performance decrement was significantly less for sprints 18 

with sodium bicarbonate compared to placebo (9.9 (range 3.4-37.0) vs. 24.7 (range 4.1-61.3) 19 

%, p=0.013), but not different for jumps (13.1±4.5vs. 12.5±.3.1%, p=0.321) between 20 

conditions. No differences in GI side effects were noted between conditions. Significantly 21 

greater post-exercise blood lactate concentrations were measured in the sodium bicarbonate 22 

condition compared to the placebo condition (8.2±2.8 vs. 6.6±2.4 mmol.L-1, p=0.010). This 23 

study is the first to show that serial loading of sodium bicarbonate is effective for basketball 24 

players to improve repeated sprint and jump performance during competition, or withstand 25 

greater training load during practice sessions without any GI side effects.  26 

 27 
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Introduction 29 

Sodium bicarbonate (NaHCO3) supplementation has been widely studied as a strategy to 30 

delay metabolic acidosis in the muscles during high-intensity short duration (<10 min) 31 

exercise (McNaughton et al., 2016). Ingestion of NaHCO3 results in a greater concentration 32 

of bicarbonate (HCO3
-) in the blood by 4-8 mmol.L-1, which in turn buffers hydrogen (H+) 33 

ions and increases blood alkalosis  (Jones et al., 2016). Kemp et al. (2006) suggested that this 34 

alkaline environment in the extracellular fluid increased the efflux of H+ out of the working 35 

muscles, hence reducing intracellular metabolic acidosis. 36 

 37 

These chemical changes were associated with better performance during several types of 38 

high-intensity exercise (e.g., Bishop et al., 2003). In particular, significant improvements in 39 

repeated sprint ability (RSA) performance were observed following acute doses of NaHCO3 40 

ranging from 0.3-0.4 g.kg-1 body mass (Bishop et al., 2004; Bishop & Claudius, 2005; Afman 41 

et al., 2014; Miller et al., 2016). However, the extent of improvement in RSA performance 42 

varied in these studies, and some even reported no improvements in specific parameters 43 

(Afman et al., 2014; Miller et al., 2016). These discrepancies could be explained by various 44 

exercise protocols (Afman et al., 2014), dosage (Douroudos et al, 2006), gastrointestinal 45 

problems (Burke & Pyne, 2007) or sub-optimal timings of ingestion/individual variation in 46 

response to supplementation (Sparks et al., 2016).  47 

 48 

While most studies used laboratory tests to study the effects of NaHCO3on RSA, these are 49 

largely influenced by pacing strategy (Billaut et al., 2011) and lack ecological validity 50 

(cycling for team sport players, Bishop et al., 2004; Miller et al., 2016). In contrast, Afman et 51 

al. (2014) tested the effectiveness of 0.4 g.kg-1 body mass NaHCO3 ingestion on the 52 

performance of basketball players during a 60-min simulated basketball exercise. The main 53 
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limitation of this study was the reliance of limited basketball-specific movement patterns 54 

(forward runs/walks, lay-ups and changes of direction). Indeed, basketball incorporates jumps 55 

(35 to 43 per match), and high-intensity shuffles (22 to 58 per match) (Matthew & Delextrat, 56 

2009; Narazaki et al., 2009; Delextrat et al., 2015; Scanlan et al., 2015a, 2015b). While the 57 

metabolic demands of shuffling is not known, Buchheit (2010) showed that adding jumps to a 58 

repeated sprint sequence resulted in greater cardiorespiratory and metabolic demand (+4% 59 

oxygen uptake and +0.8 mmol.L-1 blood lactate concentration). It is therefore essential to 60 

investigate the effects of NaHCO3 in simulated basketball by incorporating repeated sprints, 61 

jumps and shuffles. Another discrepancy in the literature is the dose of NaHCO3 used for 62 

supplementation. While a dose of 0.3 g.kg-1 body mass is usually recommended (Burke & 63 

Pyne, 2007), higher doses are likely to lead to greater performance improvements 64 

(Douroudos et al., 2006). However, high, acute doses of NaHCO3 could induce gastro-65 

intestinal (GI) complaints (Burke & Pyne, 2007; Afman et al., 2014). Consequently, serial 66 

loading (i.e. ingesting smaller doses across multiple days before exercise) could be a good 67 

alternative to acute loading. Another advantage of serial loading is that HCO3- levels stay 68 

elevated in the blood for longer after the last ingestion, compared to acute loading 69 

(McNaughton and Thompson, 2001), which could avoid the large inter-individual variability 70 

in response to acute ingestion of HCO3- recently reported in the literature (McNaughton et 71 

al., 2016; Sparks et al., 2016; Gough et al., 2017). 72 

 73 

Within this context, the aim of the present study was to investigate the effects of 3-day serial 74 

NaHCO3ingestion on repeated sprint and jump ability and physiological parameters during 75 

simulated basketball exercise in female collegiate basketball players. 76 

 77 

 78 
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Methods 79 

Participants 80 

Fifteen female university basketball players (23.3 ± 3.4 years; 173.1 ± 5.8 cm; 65.8 ± 6.3 kg; 81 

23.6 ± 4.9% body fat) volunteered to take part in the study. The sample included six guards, 82 

five forwards and four centres. At the time of the study, participants were undertaking two 2-83 

h practice sessions and one match weekly. Participants who had used nutritional supplements 84 

in the past two months or had any metabolic, endocrine or orthopaedic problems were 85 

excluded. Prior to participation, participants were fully informed about all procedures and 86 

gave informed written consent. In addition, approval for the study was granted by the local 87 

ethical committee (DREC 0413_30). 88 

 89 

Procedures 90 

Design and overview 91 

The study used a double-blind, cross-over design. Participants first took part in a preliminary 92 

session consisting of anthropometric measurements (height: Harpenden stadiometer, UK, 93 

body mass and body fat: Tanita BC 418 MA Segmental Body Composition Analyser, Tokyo, 94 

Japan) and familiarisation with the simulated basketball exercise. Subsequently, they 95 

performed two test sessions on an indoor  basketball court (temperature 20º±2ºC, humidity: 96 

45±4%) at the same time of day to control for circadian variations and one week apart, each 97 

preceded by supplementation of either NaHCO3or placebo. In the 24-h before the first 98 

session, participants recorded food and fluid consumption in a diary and were required to 99 

replicate this diet before the next test session (Hill & Davies, 2012). Participants were 100 

requested not to consume any caffeine and/or alcohol 24-h before tests (Lavender and Bird, 101 

1989; Wang et al., 1995; Bishop et al., 2004; Stuart et al., 2005). Although caffeine could 102 
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cause withdrawal in regular caffeine consumers, only 6 of the 15 participants were habitual 103 

users and reported to have a maximum of two daily cups (less than 300-mg caffeine). 104 

 105 

Supplementation  106 

Participants were administered capsules (MyProtein gelatin caps, Cheshire, UK) containing 107 

either NaHCO3 (Dr Oetker, Leyland, UK) or calcium carbonate (Sigma-Aldrich Co. LLC., 108 

Dorset, UK, Stephens et al., 2002) with a daily dose of 0.4 g·kg-1 body mass for three days 109 

before testing. Indeed, it has been recommended to use higher quantities than the 0.3 g·kg-1 110 

body mass commonly administered, while serial loading avoids the GI disturbances usually 111 

reported with such doses ingested acutely (Burke & Pyne, 2007). In addition, capsules were 112 

preferred to powder to mask the taste of the substances ingested and allow blinding of the 113 

participants to the experimental conditions. Capsules were consumed in three equal amounts 114 

throughout the day (during breakfast, lunch and dinner), with the last ingestion at 7pm on the 115 

day before the test. During the supplementation period, participants also reported any 116 

gastrointestinal (GI) side effects on a 10-point Likert scale (Jeukendrup et al., 2000). 117 

 118 

Basketball simulation protocol: the modified Basketball Exercise Stimulation Test (modified 119 

BEST) 120 

The BEST was validated by Scanlan et al. (2012, 2014), (Figure 1). We slightly modified this 121 

test, designed for men, to better fit the characteristics of female European basketball players 122 

(circuits lasting 35-s to account for the lower match activity frequencies in women and longer 123 

recovery periods to reflect the different work:rest ratio of 1:4.3 vs. 1:3.6 in women vs. men, 124 

Ben Abdelkrim et al., 2010; Delextrat et al., 2015,  and a total number of circuits of 17 to 125 

reflect the duration of a quarter in European basketball). Before each test session participants 126 
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completed a 10-min warm-up which was typical of their normal pre-game routine involving 127 

jogging, short high-intensity sprints, lay ups and stretching.  128 

 129 

---------------------Figure 1 here: please refer to appendix----------------------- 130 

 131 

Outcome measures 132 

During the modified BEST, time to complete the initial sprint of each circuit was recorded 133 

with timing gates (Wireless speedtrap 2, Brower Timing Systems, Draper, Utah, USA), and 134 

the mean of all sprint times (ST) during all circuits was calculated. Subsequently Ideal Time 135 

(IT, s) was calculated as the best average of two sprint efforts (ST2) multiplied by the number 136 

of sprint means (Scanlan et al., 2012), and Total Time (TT, s) was calculated as the sum of 137 

ST2 plus the 17th ST (due to the odd number of sprints). Circuit times were recorded with a 138 

digital stopwatch, and the mean circuit time (s) over all circuits calculated. A jump mat 139 

(Ergojump, Globus Inc., Treviso, Italy) was used to record jump height (cm) for every circuit. 140 

The jump performed was a countermovement jump with the hands on hips (Buchheit, 2010). 141 

Finally, sprint and jump performance decrements (Sprint PD and Jump PD) were calculated 142 

by the following equations (Glaister, 2008):  143 

Sprint PD (%) = [(TT/IT) x 100) – 100] 144 

Jump PD (%) = [100 - (final jump height/Initial jump height) x 100)] 145 

 146 

Fingertip capillary blood samples were taken at rest, prior to the warm-up, as well as 147 

immediately on completion of the modified BEST (within the first min), with blood lactate 148 

concentration (LA, mmol·L-1) measured using a portable analyzer (Lactate Pro, Arkray, 149 

Tokyo, Japan). 150 

 151 
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Statistical Analyses 152 

Shapiro-Wilk tests revealed that mean sprint and circuit times, TT, jump PD and LA were 153 

normally distributed. Therefore differences in these outcome measures between NaHCO3 and 154 

placebo conditions were assessed by Student T-tests for paired samples, and values were 155 

expressed as mean±SD with 95% confidence intervals (95%CI). The remaining outcome 156 

measures were not normally distributed, and for these measures, non-parametric Wilcoxon 157 

rank-sum tests were used to evaluate differences between conditions, and data were 158 

expressed as median and range. An alpha level of p <0.05 was accepted as statistically 159 

significant. Effect sizes were calculated as Cohen’s d (parametric data) and r (non-parametric 160 

data, calculated as z/√n), and interpreted as small (>0.1), medium (>0.3) and large (>0.5) 161 

(Cohen, 1988; Rosenthal, 1994). Finally, the test-retest reliability of the modified BEST was 162 

assessed on 8 participants by the Pearson correlation coefficient (r), reliability coefficient 163 

(Mueller & Martorell, 1988), and intraclass correlation coefficient (ICC) for relative 164 

reliability and the technical error of measurement (TEM) and coefficient of variation (%CV) 165 

for absolute reliability. All statistical analyses were performed on IBM SPSS version 22 166 

software, except TEM (Microsoft Excel). 167 

 168 

Results 169 

NaHCO3supplementation resulted in significant decreases in mean sprint times (-0.36 s, t: -170 

3.106, p=0.008, d=1.08, 95% CI for the difference: -0.54 to -0.10, Table 1) and mean circuit 171 

times (-0.7-s, t:-2.209, p=0.044, d=0.39, Table 1). Variables calculated from the mean sprint 172 

times averaged every two sprints also showed significant differences between conditions, 173 

with lower IT (-1.62 s, z = -2.482, p=0.013, d=0.77, Table 1), TT (-3.24 s, t: -3.106 p=0.008, 174 

d=1.09, 95% CI for the difference: -4.79 to -0.88 s, Table 1), and sprint PD (-14.8%, z = 175 

2.329, p=0.013, d=0.79, Table 1) shown in the NaHCO3 condition compared to the placebo 176 
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condition. NaHCO3supplementation also resulted in a significantly greater mean jump height 177 

compared to placebo (+0.8 cm, z = -2.481, p=0.013, d=0.78, Table 1), with no significant 178 

difference between conditions in jump PD (-0.6%, t: 2.109, p=0.321, Table 1). Reliability 179 

measures for the modified BEST were r = 0.78 to 0.91, R = 0.82 to 0.90, TEM = 0.20 to 0.32, 180 

%CV = 3.5 to 5.2, ICC = 0.81 to 0.93. 181 

 182 

---------------------Insert Table 1 here: please refer to appendix ----------------------- 183 

 184 

While no significant difference between conditions was shown in pre-exercise LA 185 

concentrations (p=0.283), significantly greater post-exercise LA was evident in 186 

NaHCO3condition compared to placebo (+1.6-mmol.L-1, t: 2.954, p=0.010, d=0.49, 95% CI 187 

for the difference: 0.35 to 2.21, Figure 2).  188 

 189 

---------------------Insert Figure 2 here: please refer to appendix ----------------------- 190 

 191 

No, or very limited, GI adverse effects were reported by participants, with no significant 192 

difference between NaHCO3and placebo (median scores of 1 (range 1-3) vs. 1 (range 1-3), 193 

respectively, p=0.987). 194 

 195 

Discussion 196 

The results from the present study demonstrate that 3-day serial NaHCO3 ingestion improved 197 

repeated sprint and jump performance and increased post-exercise LA in female university 198 

basketball players. This is the first study to investigate the effect of serial loading of sodium 199 

bicarbonate supplementation on basketball-specific performance. 200 

 201 
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We showed significant improvements in mean sprint and jump performance and TT and IT 202 

following NaHCO3 supplementation, with medium to large effect sizes. These results are in 203 

accordance with findings from previous studies using short repeated sprint protocols (<10-204 

min, Zajac et al., 2009; Bishop et al., 2004; Ducker et al., 2013). For example, a significant 205 

improvement (+5.1%) in total work (kJ) performed on a cycle ergometer during five repeated 206 

6-s sprints was shown by Bishop et al. (2004) following NaHCO3 ingestion in physically 207 

active women. Our greater post-exercise LA with NaHCO3 could be explained by the fact 208 

that greater sprint speed commonly involves a rise in carbohydrate turnover, which increases 209 

lactate production in the muscle and its efflux into the blood (Saraslanidis et al., 2009). This 210 

suggests that participants were able to increase their speed thanks to a less acidic intracellular 211 

environment brought about by the extracellular buffering of H+ ions by HCO3-. However, 212 

when longer protocols are used, contrasting results are observed (Bishop & Claudius, 2005; 213 

Afman et al., 2014). Indeed, a recent study using acute NaHCO3 ingestion pre-exercise 214 

showed better 15-m sprint performance during a simulated basketball exercise test in the 215 

HCO3
- group from 45 to 60 min (Afman et al., 2014). In contrast, NaHCO3 ingestion had no 216 

significant effect on mean sprint times during a 72-min intermittent team-sport exercise in 217 

trained women (Bishop & Claudius, 2005). These contrasting results could be due to the 218 

greater contribution of the oxidative system and lower contribution of the glycolytic system 219 

in longer exercise protocols, while it cannot be excluded that less than optimal ingestion 220 

timings could also be responsible for the absence of significant results. In shorter high-221 

intensity intermittent efforts, the better performance with NaHCO3 ingestion has been linked 222 

to increases in blood pH and improvement in in vivo muscle buffer capacity (Bishop et al., 223 

2003). Kemp et al. (2006) suggested that metabolic acidosis was reduced after NaHCO3 224 

ingestion, thanks to increased alkalosis in the extracellular fluid, leading to a greater efflux of 225 
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H+ out of the muscle. Blood parameters were not measured in the present study, which limits 226 

the extent of our understanding of the mechanisms involved. 227 

 228 

The novel aspect of the present study was the incorporation of basketball-specific movement 229 

patterns (jumps and lateral shuffles) in our protocol, to replicated more closely the metabolic 230 

and cardiovascular demands of basketball (Buchheit, 2010). Present results showed that 231 

NaHCO3 supplementation resulted in significant improvements in mean jump height, 232 

showing the effectiveness of this nutritional strategy on basketball-specific effort. This 233 

finding is crucial as jumps are involved in a lot of technical actions in basketball, such as lay-234 

ups or rebounds, which can be decisive in the outcome of a match (Delextrat et al., 2015). 235 

Our findings showed that jump PD was not affected by NaHCO3 ingestion, which is 236 

somewhat surprising. One possible explanation is that only sprint, jump and overall circuit 237 

performance were measured, which might have encouraged participants to pace themselves 238 

in the tasks that were not specifically measured, and hence hindered the positive influence of 239 

NaHCO3 on some of the outcome variables. 240 

 241 

Several studies have shown the benefits of serial loading of NaHCO3 (doses ranging from 242 

0.3-0.5 g.kg-1 body mass), compared to a placebo on high-intensity cycling tests ranging from 243 

30-s to 4-min (McNaughton et al., 1999; McNaughton & Thompson, 2001; Douroudos et al., 244 

2006; Driller et al., 2012). The present study is the first to show the benefits of NaHCO3 245 

serial loading on repeated sprint and jump exercise. We used a 3-day serial loading of 0.4 246 

g·kg-1 NaHCO3, split into three equal doses in the three days preceding testing, as 247 

recommended by Burke and Pyne (2007). The benefit of serial compared to acute loading is 248 

the lower likelihood of adverse GI side effects (Driller et al., 2012), with similar effects on 249 

performance observed with both methods in the literature (Mc Naughton & Thompson, 2001; 250 
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Driller et al., 2012). Participants in the present study reported no GI distress, suggesting the 251 

practical benefits of this loading method. Another advantage of serial vs. acute loading of 252 

NaHCO3 is the fact that following serial loading, bicarbonate, pH and excess base changes in 253 

the blood are maintained after the supplementation has stopped (McNaughton et al., 1999; 254 

McNaughton and Thompson, 2001; Douroudos et al., 2006). McNaughton et al. (1999) 255 

suggested that the blood may store the extra HCO3
- provided and use it to improve 256 

performance on a subsequent day. This is a major difference to acute loading, where a single 257 

dose is taken, but very large inter-individual variations in the time to alkalotic peak of either 258 

blood por HCO3
- (10-180-min) were recently reported, highlighting the need for individual 259 

supplementation timings and blood measures (Miller et al., 2016; Sparks et al., 2016; Gough 260 

et al., 2017). Finally Driller et al. (2012) suggested a different mechanism of action of serial 261 

vs. acute loading after showing an improvement in 30-s cycle performance with serial loading 262 

of NaHCO3 without any improvement in buffering capacity, through a better perfusion of 263 

muscles thanks to the sodium ions (Na+), leading to improved oxygen delivery (Mitchell et 264 

al., 1990). This is an interesting mechanism to consider, and further studies should be 265 

conducted combining a control trial along with a placebo.   266 

 267 

Factors to be considered when assessing the effectiveness of NaHCO3 ingestion on repeated 268 

sprint performance include sex and training status. Women are usually characterised by 269 

greater resistance to fatigue (smaller PD) during repeated sprints (Laurent et al., 2010; 270 

Mageean et al., 2011). It appears that lower blood pressure, greater oxidative and lower 271 

glycolytic capacity, and neuromuscular factors could underpin these responses (Braun & 272 

Horton, 2001; Yoon et al., 2007). This greater resistance to fatigue suggests that females 273 

might not benefit from buffer systems as much as men. However, our results show that sprint 274 

PD was significantly lower in NaHCO3 compared to placebo (9.9 vs. 24.7%, medium effect 275 
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size), suggesting that women could still benefit from this type of supplementation.  Another 276 

factor to consider is participants’ training status. Indeed, Joyce et al. (2011) compared the 277 

effect of acute and serial NaHCO3loading in well-trained swimmers and did not find any 278 

significant effect of either strategy on performance. They suggested that this population 279 

might already have a well-developed buffering capacity due to the specificity of their 280 

training, which may have masked the potential benefits of NaHCO3. 281 

 282 

In conclusion, 3-day serial NaHCO3 ingestion enhanced repeated sprint and jump 283 

performance during simulated basketball exercise in female collegiate basketball players 284 

compared to placebo. These findings were accompanied by greater post-exercise blood 285 

lactate concentrations with NaHCO3supplementation and no adverse GI side-effects. 286 

Consequently, serial HCO3
- loading may be an effective strategy administered before 287 

competition to increase performance, or before training to withstand greater training loads in 288 

female basketball players. Further studies should investigate if these observed benefits 289 

translate to basketball exercise conducted across entire match durations, as well as identifying 290 

the optimal dose-response of NaHCO3supplementation alone, or combined with other 291 

buffers, such as beta-alanine. 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

 300 



13 
 

 

Acknowledgements and authors contribution: 301 

 302 

The authors would like to thank the female basketball players who volunteered for this study. 303 

 304 

Authors’ contribution: AD, JC and AS were involved in the design, SM and LA in the 305 

testing, RR and AD in the statistical analysis and all authors contributed to the write-up. 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 



14 
 

 

References 326 

Afman, G., Garside, R.M., Dinan, N., Gant, N., Betts, J.A., & Williams, C. (2014). 327 

Effect of carbohydrate or sodium bicarbonate ingestion on performance during a 328 

validated basketball simulation test. International Journal of Sport Nutrition and 329 

Exercise Metabolism, 24(6), 632-644. 330 

Ben Abdelkrim, N., Castagna, C., El Fazaa, S., & El Ati, J. (2010). The effect of 331 

players' standard and tactical strategy on game demands in men's basketball. Journal 332 

of Strength and Conditioning Research, 24(10), 2652-2662.  333 

Billaut, F., Bishop, D.J., Schaerz, S., & Noakes, T.D. (2011). Influence of knowledge 334 

of sprint number on pacing during repeated-sprint exercise. performance Medicine 335 

and Science in Sports and Exercise, 43(4), 665-672.  336 

Bishop, D., Edge, J., Davis, C., & Goodman, C. (2004). Induced metabolic alkalosis 337 

affects muscle metabolism and repeated-sprint ability. Medicine and Science in Sports 338 

and Exercise, 36, 807-813. 339 

Bishop, D., & Claudius, B. (2005). Effects of induced metabolic alkalosis on 340 

prolonged intermittent-sprint performance Medicine and Science in Sports and 341 

Exercise, 37, 759-767. 342 

Bishop, D., Lawrence, S., & Spencer, M. (2033). Predictors of repeated-sprint ability 343 

in elite female hockey players. Journal of Science and Medicine in Sport, 6(2), 199-344 

209. 345 

Braun, B., & Horton, T. (2001). Endocrine regulation of exercise substrate utilization 346 

in women compared to men. Exercise and Sport Science Reviews, 29(4), 149-154.  347 

Buchheit, M. (2010). Performance and physiological responses to repeated 348 

sprint and jump sequences. European Journal of Applied Physiology, 110(5), 1007-349 

1018.  350 

http://www.ncbi.nlm.nih.gov/pubmed/20885192
http://www.ncbi.nlm.nih.gov/pubmed/20885192
https://www.ncbi.nlm.nih.gov/pubmed/20798658
https://www.ncbi.nlm.nih.gov/pubmed/20798658
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bishop%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12945626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawrence%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12945626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spencer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12945626
https://www.ncbi.nlm.nih.gov/pubmed/?term=bishop+predictors+hockey
http://www.ncbi.nlm.nih.gov/pubmed/11688786
http://www.ncbi.nlm.nih.gov/pubmed/11688786
http://www.ncbi.nlm.nih.gov/pubmed/20676896
http://www.ncbi.nlm.nih.gov/pubmed/20676896


15 
 

 

Burke, L.M., & Pyne, D.B. (2007). Bicarbonate loading to enhance training and 351 

competitive performance. International Journal of Sports Physiology and 352 

Performance, 2(1), 93-97. 353 

Cohen J. (1988). Statistical Power Analysis for the Behavioral Sciences. Hillsdale, 354 

NJ: Lawrence Earlbaum. 355 

Delextrat, A., Badiella, A., Saavedra, V., Matthew, D., Schelling, X., & Torres-356 

Ronda, L. (2015). Match activity demands of elite Spanish female basketball players 357 

by playing position. International Journal of Performance Analysis in Sport, 15, 687-358 

703. 359 

Douroudos, I.I., Fatouros, I.G., Gourgoulis, V., Jamurtas, A.Z., tsitsios, T., 360 

Hatzinikolaou, A., …, & Taxildaris, K. (2006). Dose-related effects of prolonged 361 

NaHCO3 ingestion during high intensity exercise. Medicine and Science in Sports 362 

and Exercise, 38, 1746-1753. 363 

Driller, M., Gregory, J., Williams, A.D.,  & Fell, J.W. (2012). The effects of serial 364 

and acute NAHC03 loading in well-trained cyclists. Journal of Strength and 365 

Conditioning Research, 26(10), 2791-2792. 366 

Ducker, K.J., Dawson, B., & Wallman, K.E. (2013). Effect of Beta alanine and 367 

sodium bicarbonate supplementation on repeated-sprint performance. Journal of 368 

Strength and Conditioning Research, 27(12), 3450-3460.  369 

Glaister, M. (2008). Multiple-sprint work: methodological, physiological, and 370 

experimental issues. International Journal of Sports Physiology and Performance, 371 

3(1), 107-112. 372 

Gough, L.A., Deb, S.K., Sparks, A.S., & McNaughton, L.R. (2017). The 373 

Reproducibility of Blood Acid Base Responses in Male Collegiate Athletes Following 374 

https://www.ncbi.nlm.nih.gov/pubmed/19255457
https://www.ncbi.nlm.nih.gov/pubmed/19255457
https://www.ncbi.nlm.nih.gov/pubmed/23524361
https://www.ncbi.nlm.nih.gov/pubmed/23524361
http://www.ncbi.nlm.nih.gov/pubmed/19193958
http://www.ncbi.nlm.nih.gov/pubmed/19193958
https://www.ncbi.nlm.nih.gov/pubmed/28229390
https://www.ncbi.nlm.nih.gov/pubmed/28229390


16 
 

 

Individualised Doses of Sodium Bicarbonate: A Randomised Controlled Crossover 375 

Study. Sports Medicine [Epub ahead of print]. 376 

Hill, R.J., & Davies, P.S. (2001). The validity of self-reported energy intake as 377 

determined using the doubly labelled water technique. British Journal of Nutrition, 378 

85(4), 415–430. 379 

Jeukendrup, A.E., Vet-Joop, K., Sturk, A., Stegen, J.H., Senden, J., Saris, W.H., … & 380 

Wagenmakers, A.J. (2000). Relationship between gastro-intestinal complaints and 381 

endotoxaemia, cytokine release and the acute-phase reaction during and after a long-382 

distance triathlon in highly trained men. Clinical Science (London), 98(1), 47-55. 383 

Jones, R.L., Stellingwerff, T., Artioli, G.G, Saunders, B., Cooper, S., & Sale C. 384 

(2016). Dose-Response of Sodium Bicarbonate Ingestion Highlights Individuality in 385 

Time Course of Blood Analyte Responses. International Journal of Sport Nutrition 386 

and Exercise Metabolism, 26(5), 445-453.  387 

Joyce, S., Minahan, C., Anderson, M., & Osborne, M. (2012). Acute and chronic 388 

loading of sodium bicarbonate in highly trained swimmers. European Journal of 389 

Applied Physiology, 112(2), 461-469.  390 

Kemp, G., Böning, D., Beneke, R., & Maassen, N. (2006). Explaining pH change 391 

in exercising muscle: lactic acid, proton consumption, and buffering vs. strong ion 392 

difference. American Journal of Physiology. Regulatory, Integrative and Comparative 393 

Physiol, 291(1), R235-R237; author reply R238-R239. 394 

Laurent, M., Green, J.M., Bishop, P., Sjökvist, J., Schumacker, R.E., Richardson, 395 

M.T., … & Curtner-Smith, M. (2010). Effect of gender on fatigue and recovery 396 

following maximal intensity repeated sprint performance. Journal of Sports Medicine, 397 

50(3), 243-253. 398 

https://www.ncbi.nlm.nih.gov/pubmed/28229390
https://www.ncbi.nlm.nih.gov/pubmed/28229390
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jeukendrup%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vet-Joop%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sturk%20A%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stegen%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=Senden%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saris%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagenmakers%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=10600658
http://www.ncbi.nlm.nih.gov/pubmed/?term=jeukendrup+2000+gastrointestinal
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=27098290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stellingwerff%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27098290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Artioli%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=27098290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saunders%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27098290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27098290
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sale%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27098290
https://www.ncbi.nlm.nih.gov/pubmed/?term=dose-response+of+sodium+bicarbonate+ingestion+highlights
https://www.ncbi.nlm.nih.gov/pubmed/?term=dose-response+of+sodium+bicarbonate+ingestion+highlights
https://www.ncbi.nlm.nih.gov/pubmed/21584683
https://www.ncbi.nlm.nih.gov/pubmed/21584683
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kemp%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16760335
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6ning%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16760335
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beneke%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16760335
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maassen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16760335
https://www.ncbi.nlm.nih.gov/pubmed/?term=kemp+pH+exercising+muscle+2006
https://www.ncbi.nlm.nih.gov/pubmed/?term=kemp+pH+exercising+muscle+2006
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sj%C3%B6kvist%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20842083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schumacker%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=20842083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richardson%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=20842083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Richardson%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=20842083
http://www.ncbi.nlm.nih.gov/pubmed/?term=Curtner-Smith%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20842083


17 
 

 

Lavender, G., & Bird, S.R. (1989). Effect of sodium bicarbonate ingestion upon 399 

repeated sprints. British Journal of Sports Medicine, 23(1), 41-45. 400 

Mageean, A.L., Alexander, R.P., & Mier, C.M. (2011). Repeated sprint performance 401 

in male and female college athletes matched for VO2max relative to fat free 402 

mass. International Journal of Exercise Science, 4(4), 229-237.  403 

Matthew, D., Delextrat, A. (2009). Heart rate, blood lactate concentration, and time-404 

motion analysis of female basketball players during competition. Journal of Sports 405 

Sciences, 27, 813–821. 406 

McNaughton, L.R., Gough, L., Deb, S., Bentley, D., & Sparks, S.A. (2016). Recent 407 

Developments in the Use of Sodium Bicarbonate as an Ergogenic Aid. Current Sports 408 

Medical Reports, 15(4), 233-244.  409 

Mc Naughton, L., & Thompson, T. (2001). Acute versus chronic sodium bicarbonate 410 

ingestion and anaerobic work and power output. Journal of Sports Medicine and 411 

Physical Fitness, 41(1), 456-462. 412 

Miller, P., Robinson, A.L., Sparks, S.A., Bridge, C.A., Bentley, D.J., & McNaughton, 413 

L.R. (2016). The Effects of Novel Ingestion of Sodium Bicarbonate on Repeated 414 

Sprint Ability. Journal of Strength and Conditioning Research, 30(2), 561-568.  415 

Mitchell, T.H., Abraham, G., Wing, S., Magder, S.A., Cosio, M.G., Deschamps, A., 416 

…, & Marliss, E.B. (1990). Intravenous bicarbonate and sodium chloride both 417 

prolong endurance during intense cycle ergometer exercise. American Journal of the 418 

Medical Sciences, 300(2), 88-97. 419 

Mueller, W. & Martorell, R. (1988) Reliability and accuracy of measurement. In: 420 

Anthropometric standardization reference manual. Ed: Lohman TG, R.A., Martorell 421 

R,. Champaign: Human Kinetics Books. 83-86.  422 

https://www.ncbi.nlm.nih.gov/pubmed/27399820
https://www.ncbi.nlm.nih.gov/pubmed/27399820
https://www.ncbi.nlm.nih.gov/pubmed/26815179
https://www.ncbi.nlm.nih.gov/pubmed/26815179
https://www.ncbi.nlm.nih.gov/pubmed/2403123
https://www.ncbi.nlm.nih.gov/pubmed/2403123


18 
 

 

Narazaki, K., Berg, K., Stergiou, N., & Chen, B. (2009). Physiological demands of 423 

competitive basketball. Scandinavian Journal of Medicine and Science in Sports, 424 

19(3): 425-432. 425 

Rosenthal, R. (1994). Parametric measures of effect size. In H. Cooper & L. V. 426 

Hedges (Eds.), The handbook of research synthesis. (pp. 231-244). New York: 427 

Russell Sage Foundation. 428 

Sale, C., Saunders, B., Hudson, S., Wise, J., Harris, R., & Sunderland, C. (2011). 429 

Effect of beta-Alanine Plus Sodium Bicarbonate on High-Intensity Cycling 430 

Capacity. Medicine and Science in Sports and Exercise, 43(10): 1972-1978.  431 

Saraslanidis, P.J., Manetzis, C.G., Tsalis, G.A., Zafeiridis, A.S., Mougios, V.G., & 432 

Kellis, S.E. (2009). Biochemical evaluation of running workouts used in training for 433 

the 400-m sprint. Journal of Strength and Conditioning Research, 23(8), 2266-2271.  434 

Scanlan, A.T., Dascombe, B.J., Kidcaff, A.P., Peucker, J.L., & Dalbo, V.J. (2015). 435 

Gender-specific activity demands experienced during 436 

semiprofessional basketball game play. International Journal of Sports Physiology 437 

and Performance, 10(5), 618-625.  438 

Scanlan, A.T., Dascombe, B.J., Reaburn, P.R.J. (2012). The construct and 439 

longitudinal validity of the basketball exercise simulation test. Journal of Strength 440 

and Conditioning Research, 26(2), 523-530. 441 

Scanlan, A.T., Dascombe, B.J., Reaburn, P.R.J. (2014). Development of the 442 

Basketball Exercise Simulation Test: A match-specific basketball fitness test. Journal 443 

of Human Sport and Exercise, 9(3), 700-712. 444 

Scanlan, A.T., Tucker, P.S., Dascombe, B.J., Berkelmans, D.M., Hiskens, M.I., 445 

Dalbo, V.J. (2015). Fluctuations in Activity Demands Across Game Quarters in 446 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Saraslanidis%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=19826299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manetzis%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=19826299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsalis%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=19826299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zafeiridis%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=19826299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mougios%20VG%5BAuthor%5D&cauthor=true&cauthor_uid=19826299
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kellis%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=19826299
http://www.ncbi.nlm.nih.gov/pubmed/19826299
http://www.ncbi.nlm.nih.gov/pubmed/25561579
http://www.ncbi.nlm.nih.gov/pubmed/25561579
http://www.ncbi.nlm.nih.gov/pubmed/25932983


19 
 

 

Professional and Semiprofessional Male Basketball. Journal of Strength and 447 

Conditioning Research, 29(11), 3006-3015. 448 

Sparks, A., Williams, E., Robinson, A., Miller, P., Bentley, D.J., Bridge, C., …, & Mc 449 

Naughton, L.R. (2017). Sodium bicarbonate ingestion and individual variability in 450 

time-to-peak pH. Research in  Sports Medicine, 25(1), 58-66.  451 

Stephens, T.J., McKenna, M.J., Canny, B.J., Snow, R.J., & McConell, G.K. (2002). 452 

Effect of sodium bicarbonate on muscle metabolism during intense 453 

endurance cycling. Medicine and Science in Sports and Exercise, 34(4), 614-621. 454 

Stuart, G.R., Hopkins, W.G., Cook, C., Cairns, S.P. (2005). Multiple effects of 455 

caffeine on simulated high-intensity team-sport performance. Medicine and Science in 456 

Sports and Exercise, 37(11):1998-2005. 457 

Wang, M.Q., Nicholson, M.E., Richardson, M.T., Fitzhugh, E.C., Reneau, P., & 458 

Westerfield C.R. (1995). The acute effect of moderate alcohol consumption on 459 

cardiovascular responses in women. Journal of Studies on Alcohol, 56(1), 16-20. 460 

Yoon, T., Schlinder Delap, B., Griffith, E.E., & Hunter, S.K. (2007). Mechanisms of 461 

fatigue differ after low- and high-force fatiguing contractions in men and women. 462 

Muscle Nerve, 36(4), 515-524. 463 

Zajac, A., Cholewa, J., Poprzecki, S., Waskiewicz, Z., & Langfort, J. (2009). Effects 464 

of sodium bicarbonate ingestion on swim performance in youth athletes. Journal of 465 

Sports and Science in Medicine, 8(1), 45-50.  466 

 467 

 468 

 469 

 470 

 471 

http://www.ncbi.nlm.nih.gov/pubmed/25932983
https://www.ncbi.nlm.nih.gov/pubmed/27934546
https://www.ncbi.nlm.nih.gov/pubmed/27934546
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stephens%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=11932569
https://www.ncbi.nlm.nih.gov/pubmed/?term=McKenna%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=11932569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canny%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=11932569
https://www.ncbi.nlm.nih.gov/pubmed/?term=Snow%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=11932569
https://www.ncbi.nlm.nih.gov/pubmed/?term=McConell%20GK%5BAuthor%5D&cauthor=true&cauthor_uid=11932569
https://www.ncbi.nlm.nih.gov/pubmed/?term=stephens+bicarbonate+cycling
https://www.ncbi.nlm.nih.gov/pubmed/16286872
https://www.ncbi.nlm.nih.gov/pubmed/16286872
https://www.ncbi.nlm.nih.gov/pubmed/?term=stephens+bicarbonate+cycling
https://www.ncbi.nlm.nih.gov/pubmed/?term=stephens+bicarbonate+cycling
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20MQ%5BAuthor%5D&cauthor=true&cauthor_uid=7752627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicholson%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=7752627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richardson%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=7752627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fitzhugh%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=7752627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reneau%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7752627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Westerfield%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=7752627
https://www.ncbi.nlm.nih.gov/pubmed/?term=effect+of+acute+alcohol+consumption+on+aerobic+performance
http://www.ncbi.nlm.nih.gov/pubmed/17626289
http://www.ncbi.nlm.nih.gov/pubmed/17626289
https://www.ncbi.nlm.nih.gov/pubmed/24150555
https://www.ncbi.nlm.nih.gov/pubmed/24150555


20 
 

 

Table 1. Performance and physiological characteristics during the modified Basketball 472 

Exercise Simulated Test (BEST) in the bicarbonate and placebo conditions. 473 

 
Sodium bicarbonate Placebo 

 
Mean±SD# Mean±SD# 

Mean sprint time (s) 1.34±0.23** 1.70±0.41 

Mean circuit time (s) 30.58±2.03* 31.3±1.96 

Mean jump height (cm) 26.8(25.2-34.2)* 26.0(25.6-33.6) 

Ideal Sprint Time (s) 10.22(8.81-12.87)* 11.84(9.50-17.01) 

Total Sprint Time (s) 12.07±2.06** 15.31±2.66 

Sprint performance 
decrement (%) 9.9(3.4-37.0)* 24.7(4.1-61.3) 

Jump height decrement 
(%) 13.1±4.5 12.5±3.1 

 474 

#: median (range): for non-parametric data (mean jump height and sprint performance 475 

decrement) 476 

*: significantly better (shorter time, smaller decrement or greater jump height) than the 477 

placebo condition, p<0.05. 478 

**: significantly better (shorter time, smaller decrement or greater jump height) than 479 

the placebo condition, p<0.01. 480 

 481 
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Figure captions 482 

Figure 1. The layout of the basketball exercise simulation test (BEST). 483 

Figure 2. Blood lactate concentrations before and immediately on completion of the 484 

modified Basketball Exercise Simulated Test (BEST) in the sodium bicarbonate (black) and 485 

placebo (black) conditions. 486 

*: significantly different from the placebo condition, p<0.05. 487 
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Figure 1. The layout of the basketball exercise simulation test (BEST). 507 
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Figure 2. Blood lactate concentrations before and immediately on completion of the 522 

modified Basketball Exercise Simulated Test (BEST) in the sodium bicarbonate (black) and 523 

placebo (white) conditions. 524 

 525 

 526 

*: significantly different from the placebo condition, p<0.05. 527 
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