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Abstract 23 

This meta-analysis explored the effects of sodium bicarbonate supplementation on swimming 24 

performance. Seven databases were searched to find relevant studies. A random-effects meta-25 

analysis of standardized mean differences (SMD) was performed to analyze the data. Nine 26 

studies were included in the review. There was no significant difference between placebo and 27 

sodium bicarbonate when considering data from all included studies (SMD: –0.10; p = 0.208) 28 

or in the subgroup analysis for 91.4-m and 100-m swimming tests (SMD: 0.11; p = 0.261). In 29 

the subgroup analysis for 200-m and 400-m swimming tests, there was a significant ergogenic 30 

effect of sodium bicarbonate (SMD: –0.22; p < 0.001; –1.3%). Overall, these results suggest 31 

that sodium bicarbonate ingestion improves performance in 200-m and 400-m swimming 32 

events. The ergogenic effects of this supplement were small, but they may also be of 33 

substantial practical importance given that placings in swimming competitions are commonly 34 

determined by narrow margins. 35 

Keywords: ergogenic aid; data synthesis; NaHCO3; alkalosis  36 
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Introduction  37 

Competitive swimming is a single-bout event. It involves swimming at a varied distance using 38 

different techniques. As is the case with many sports, placings in competitive swimming are 39 

often determined by narrow margins. This is likely best illustrated by the 100-m butterfly 40 

finales race results at the 2008 Beijing Olympics, where the difference between the first and 41 

second place was only one-hundredth of a second (i.e., 50.58 seconds vs. 50.59 seconds). 42 

Given the small differences in placings commonly seen in competitive swimming, the use of 43 

ergogenic aids in this sport may be of substantial practical importance. 44 

 45 

One popular ergogenic aid is sodium bicarbonate (McNaughton, Gough, Deb, Bentley, & 46 

Sparks, 2016). The effects of sodium bicarbonate on exercise performance have been 47 

explored since the 1930s (Dennig, Talbott, Edwards, & Dill, 1931). Currently, sodium 48 

bicarbonate is considered a supplement with good evidence supporting its ergogenic effect on 49 

exercise performance (Maughan et al., 2018). Sodium bicarbonate primarily acts by 50 

increasing blood pH and bicarbonate levels, leading to an increased efflux of H+ from muscles 51 

active during exercise into circulation (Heibel, Perim, Oliveira, McNaughton, & Saunders, 52 

2018; Lancha Junior, de Salles Painelli, Saunders, & Artioli, 2015). The increase in H+ 53 

removal during high-intensity exercise contributes to intramuscular pH maintenance, a delay 54 

in fatigue, and performance improvements (Heibel et al., 2018; Lancha Junior et al., 2015). 55 

 56 

Even though sodium bicarbonate supplementation is commonly recommended for swimmers, 57 

there is no consensus regarding its ergogenic effects on swimming performance (Domínguez 58 

et al., 2017; Mujika, Stellingwerff, & Tipton, 2014). Several studies explored the effects of 59 

sodium bicarbonate on swimming performance, but the results reported in primary studies are 60 
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conflicting (Campos et al., 2012; de Salles Painelli et al., 2013; Joyce, Minahan, Anderson, & 61 

Osborne, 2012; Kumstát, Hlinský, Struhár, & Thomas, 2018; Lindh, Peyrebrune, Ingham, 62 

Bailey, & Folland, 2008; Mero et al., 2013; Pierce, Eastman, Hammer, & Lynn, 1992; 63 

Pruscino, Ross, Gregory, Savage, & Flanagan, 2008; Yong, Yin, & Hoe, 2018). For example, 64 

in one study that involved nine elite-level swimmers, sodium bicarbonate ingestion improved 65 

200-m freestyle swimming performance by 1.8 seconds (Lindh et al., 2018). However, a 66 

follow-up study that also involved elite swimmers and used the same swimming distance did 67 

not find a benefit of sodium bicarbonate ingestion (Joyce et al., 2012). One limitation of the 68 

studies on this topic is that they commonly include small sample sizes. For example, one 69 

study included only six participants (Pruscino et al., 2008). Due to the small sample sizes, it 70 

might be that some of the studies conducted on the topic were statistically underpowered to 71 

find small but practically meaningful ergogenic effects of sodium bicarbonate.  72 

 73 

The limitation of small sample sizes in primary studies may be addressed by conducting a 74 

meta-analysis that allows combining data from different studies on a given topic to obtain a 75 

pooled estimate. Several meta-analyses explored sodium bicarbonate’s effects on different 76 

exercise tasks and outcomes (Christensen, Shirai, Ritz, & Nordsborg, 2017; Grgic et al., 77 

2020a; Grgic et al., 2020b; Lopes-Silva, Reale, & Franchini, 2019). However, none of these 78 

analyses focused specifically on swimming performance. Therefore, to address this gap in the 79 

literature, the aim of this review was to perform a meta-analysis on sodium bicarbonate’s 80 

effects on swimming performance. 81 

 82 

Methods 83 

Search strategy 84 
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For this review, seven databases were searched, including: CINAHL, Networked Digital 85 

Library of Theses and Dissertations, Open Access Theses and Dissertations, 86 

PubMed/MEDLINE, SPORTDiscus, Scopus, and Web of Science. In all of these databases, 87 

the following search syntax was utilized: ("NaHCO3" OR "sodium bicarbonate" OR 88 

alkalosis) AND (swim OR swimming). The search was carried out on December 8th, 2020. In 89 

addition to the primary search, secondary searches were performed by examining: (i) studies 90 

that cited the included studies in Google Scholar and Scopus; and (ii) reference lists of 91 

included studies. The search for studies was performed independently by the two authors of 92 

the review. 93 

 94 

Inclusion criteria 95 

Studies that satisfied the following criteria were included: (i) explored the effects of isolated 96 

sodium bicarbonate ingestion on single-bout swimming performance, expressed as the time 97 

needed to complete a given event; (ii) utilized a randomized, double-blind, crossover and 98 

placebo-controlled study design; and (iii) included humans as study participants. Studies were 99 

excluded if they used repeated-bout swimming tests due to ecological validity, as 100 

competitions in this sport only include single-bout swimming. Still, studies that used a 101 

repeated-bout test were considered as long as they presented performance data for each bout 102 

separately. For example, one study used two 100-m freestyle swims and presented data for 103 

each 100-m bout separately (Mero et al., 2013). In this case, this study was included in the 104 

review, but only the first 100-m was considered for data analysis. Another study used eight 105 

25-m front crawl maximal effort sprints, each separated by 5 seconds (Siegler & Gleadall-106 

Siddall, 2010). However, this study was not included, as the authors only presented the total 107 

time needed to complete all eight sprints. 108 
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 109 

Data extraction 110 

The two authors independently extracted the following data from the included studies: (i) lead 111 

author name and year of publication; (ii) participants characteristics; (iii) sodium bicarbonate 112 

supplementation protocol (e.g., dose, the timing of ingestion); (iv) changes blood bicarbonate 113 

from baseline levels to levels pre-exercise (if measured); (v) swimming test; and (vi) study 114 

findings. For studies that presented the data in the form of figures, Web Plot Digitizer 115 

software (https://apps.automeris.io/wpd/) was used to extract the necessary data. Standard 116 

errors (SEs) presented in one study (Pierce et al., 1992) were converted to standard deviation 117 

(SD). 118 

 119 

Methodological quality 120 

The methodological quality of the included studies was evaluated using the PEDro checklist 121 

(Maher, Sherrington, Herbert, Moseley, & Elkins, 2003). The PEDro checklist has 11 items 122 

that assess different methodological aspects, such as inclusion criteria, randomization, 123 

allocation concealment, blinding, attrition, and data reporting. Each item is scored with “1” 124 

provided the criterion is satisfied; if the criterion is not satisfied, the item is scored with “0”. 125 

The first item on the PEDro checklist does not contribute to the total score, and therefore, the 126 

maximum possible number of points is 10. Studies were classified as excellent, good, fair, and 127 

poor methodological quality if they scored 9–10 points, 6–8 points, 4–5 points, and ≤3 points, 128 

respectively (Grgic et al., 2020b). The two authors of the review independently conducted the 129 

quality assessment. Upon completion, any discrepancies between the authors in the scores 130 

were resolved through discussion and agreement. 131 

 132 

https://apps.automeris.io/wpd/
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Statistical analysis 133 

The swimming performance data were converted to standardized mean differences (SMD) 134 

and are presented with their respective 95% confidence intervals (CI). The performance mean 135 

± SD data, total sample size, and inter-trial correlation are used to calculate SMDs. The 136 

included studies did not present inter-trial correlation, and therefore, correlation values were 137 

estimated as suggested in the Cochrane Handbook (Higgins & Altman, 2008). Two studies 138 

evaluated swimming performance under multiple sodium bicarbonate conditions (Joyce et al., 139 

2012; Yong et al., 2018). To account for these correlated effects within the same study, we 140 

first calculated SMDs and variances for each comparison and then used the average values in 141 

the main analysis. In addition to the main analysis, two subgroup analyses were performed. 142 

One subgroup analysis examined the effects of sodium bicarbonate on performance in short-143 

distance swimming tests (i.e., 91.4-m and 100-m). The second subgroup analysis explored the 144 

effects of sodium bicarbonate on performance in middle distance swimming tests (i.e., 200-m 145 

and 400-m). In this subgroup analysis, a sensitivity analysis was performed by excluding one 146 

study that used a 400-m swimming test. All meta-analyses were performed using the random-147 

effects model. SMD values were interpreted as: trivial (<0.20), small (0.20–0.49), medium 148 

(0.50–0.79), and large (≥0.0.80), according to Cohen (1992). Negative SMD values indicate 149 

improvements in swimming performance (i.e., decreased time needed to complete a given 150 

test). Heterogeneity was explored using the I2 statistic. I2 was interpreted as low (<50%), 151 

moderate (50–75%), and high heterogeneity (>75%). The statistical significance threshold 152 

was set at p < 0.05. All analyses were performed using the Comprehensive Meta-analysis 153 

software, version 2 (Biostat Inc., Englewood, NJ, USA).  154 

 155 

Results 156 
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Search results 157 

In the primary search, there was a total of 221 results; 204 results were excluded after reading 158 

the title or abstract (Figure 1). After reading 17 full-text papers, nine studies were found that 159 

satisfied the inclusion criteria (Campos et al., 2012; de Salles Painelli et al., 2013; Joyce et al., 160 

2012; Kumstát et al., 2018; Lindh et al., 2008; Mero et al., 2013; Pierce et al., 1992; Pruscino 161 

et al., 2008; Yong et al., 2018). There was an additional 818 search results in the secondary 162 

search, but there were no additional studies that met the inclusion criteria. 163 

 164 

Summary of studies 165 

Sample sizes in the included studies ranged from 6 to 13 participants (median: 8 participants). 166 

All studies included swimmers as study participants, even though they differed in their 167 

competitive levels (i.e., junior-standard swimmers, nationally ranked swimmers, varsity 168 

swimmers, or recreationally active swimmers). One study used a 91.4-m swimming distance, 169 

two studies used 100-m, five studies used 200-m, and one study used 400-m (Table 1). Doses 170 

of sodium bicarbonate ranged from 0.2 g·kg-1 to 0.3 g·kg-1. Timing of ingestion ranged from 171 

60 to 120 minutes before exercise. One study also used a chronic sodium bicarbonate 172 

ingestion protocol, where a daily dose of 0.3 g·kg-1 was ingested for 3 days before the 173 

swimming test (Joyce et al., 2012). Performance data are reported in Table 2.  174 

 175 

Methodological quality 176 

All included studies scored either 9 or 10 points and were classified as being of excellent 177 

methodological quality (Table 1).  178 

 179 
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Meta-analysis results  180 

In the main meta-analysis that considered data from all included studies, there was no 181 

significant difference between placebo and sodium bicarbonate (SMD: –0.10; 95% CI: –0.25, 182 

0.06; p = 0.208; percent change: –0.8%; I2 = 0%; Figure 2). In the subgroup analysis for 91.4-183 

m and 100-m swimming tests, there was no significant difference between placebo and 184 

sodium bicarbonate (SMD: 0.11; 95% CI: –0.09, 0.31; p = 0.261; percent change: 0.6%; I2 = 185 

14%; Figure 2). In the subgroup analysis for 200-m and 400-m swimming tests, there was a 186 

significant ergogenic effect of sodium bicarbonate (SMD: –0.22; 95% CI: –0.35, –0.10; 187 

percent change: –1.3%; p < 0.001; I2 = 0%; Figure 2). These results remained consistent in the 188 

sensitivity analysis where the study that used 400-m swimming test was excluded (SMD: –189 

0.22; 95% CI: –0.35, –0.09; average percent change: –1.4%; p = 0.001; I2 = 0%). 190 

 191 

Discussion  192 

In the primary meta-analysis that considered the data from all included studies, there was no 193 

significant difference between placebo and sodium bicarbonate. Additionally, there was no 194 

significant difference between sodium bicarbonate and placebo for short-distance swimming 195 

tests (i.e., 91.4-m and 100-m). However, when analyzing the data from studies using 200-m 196 

and 400-m swimming tests, sodium bicarbonate ingestion improved swimming performance 197 

by decreasing the time needed to complete the swimming event. Even though the effect size 198 

of sodium bicarbonate on swimming performance may be classified as small, it may also be 199 

of substantial practical importance given that placings in swimming competitions are 200 

commonly determined by narrow margins. 201 

 202 
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The exercise tasks’ duration is an important methodological consideration when discussing 203 

the ergogenic effects of sodium bicarbonate. The International Olympic Committee concluded 204 

that sodium bicarbonate is ergogenic for exercise tests lasting between 1 and 10 minutes 205 

(Maughan et al., 2018). This duration-dependent effect might explain why this meta-analysis 206 

found an ergogenic effect of sodium bicarbonate on middle distance (i.e., 200-m and 400-m), 207 

but not short-distance (i.e., 91.4-m and 100-m) swimming tests. The time needed for the 208 

participants among the included studies to complete 91.4-m or 100-m swimming tests was 209 

between 53 and 64 seconds. In contrast, 200-m and 400-m swimming tests lasted much longer 210 

and were completed between 113 and 270 seconds. Therefore, based on the results presented 211 

in this meta-analysis, it seems that sodium bicarbonate ingestion is ergogenic only for middle 212 

distance swimming tests. These findings also provided further support for the results 213 

presented by McNaughton (1992). This study explored the effects of sodium bicarbonate on 214 

performance in cycling tasks lasting 10 s, 30 s, 120 s, and 240 s. An ergogenic effect of 215 

sodium bicarbonate on total work and peak power was shown only for the two cycling tests of 216 

longer duration. It was concluded that sodium bicarbonate may not be ergogenic for exercise 217 

tasks of shorter duration, given that performance in these tasks is not likely to be limited by 218 

the accumulation of H+. These previous findings may explain why we observed an ergogenic 219 

effect of sodium bicarbonate only for middle distance swimming tests. Still, it should be 220 

considered that included studies used either short or middle distance swimming tasks. 221 

Therefore, this comparison is based on independent studies that also varied in other 222 

methodological aspects. Future studies that use different swimming tests are needed to 223 

directly establish the relationship between sodium bicarbonate’s ergogenic effect and the 224 

distance (and duration) of the test. 225 

 226 
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Maximum effort swimming tests may cause a considerable amount of fatigue. After a single 227 

200-m swimming event, several studies found very high blood lactate concentrations (~14 to 228 

18 mmol.L-1), which is indicative of acidosis (Kachaunov, 2018; Vescovi, Falenchuk, & 229 

Wells, 2011). Indeed, one study reported that pH is reduced from 7.4 (recorded during rest) to 230 

7.1 after maximum effort 200-m front crawl swimming (Kapus, Usaj, Strumbelj, & Kapus, 231 

2008). Muscle acidosis may cause fatigue because the accumulating H+ may impair muscle 232 

contractions (Lancha Junior et al., 2015). Additionally, acidosis is associated with an 233 

inhibition of phosphocreatine re-synthesis and inhibition of enzymes related to the glycolytic 234 

pathway (Lancha Junior et al., 2015). When sodium bicarbonate is ingested before an event, 235 

there is an increase in blood bicarbonate and pH levels (Bishop & Claudius, 2005; Lindh et 236 

al., 2008). Parallel with these physiological changes, there is an increase in extracellular 237 

buffering during high-intensity exercise, which ultimately contributes to pH maintenance and 238 

a delay in fatigue (Lancha Junior et al., 2015). These physiological mechanisms may explain 239 

the ergogenic effect of sodium bicarbonate found in this meta-analysis. 240 

 241 

It has been recently suggested that the increase in blood bicarbonate from baseline levels to 242 

those recorded directly before exercise is one of the key factors determining the ergogenic 243 

effects of sodium bicarbonate (Heibel et al., 2018). Specifically, one recent review suggested 244 

that an increase by 5 mmol.L-1 and 6 mmol.L-1 will lead to a likely and almost certain 245 

ergogenic effect of sodium bicarbonate (Heibel et al., 2018). Four studies included in this 246 

review did not measure blood parameters, and therefore the increase in blood bicarbonate 247 

levels remains unclear (Campos et al., 2012; de Salles Painelli et al., 2013; Pierce et al., 1992; 248 

Yong et al., 2018). Out of the five studies that assessed blood bicarbonate changes, all 249 

reported an increase of around 5 to 7 mmol.L-1. In four of these studies, the SMD was towards 250 

the “favors sodium bicarbonate” side of the forest plot, and the 95% CIs of these studies 251 
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overlapped (Joyce et al., 2012; Kumstát et al., 2018; Lindh et al., 2008; Pruscino et al., 2008). 252 

One study recorded an increase of 6 mmol.L-1, but this study’s effect was in the opposite 253 

direction and favored placebo (Mero et al., 2013). This might suggest that the changes in 254 

blood bicarbonate levels might not determine the ergogenic potential of sodium bicarbonate. 255 

However, it should also be considered that this study used a 100-m swimming distance while 256 

all other studies that measured blood bicarbonate used 200-m or 400-m swimming events, 257 

which might largely explain this variation in effects between studies. 258 

 259 

It has been suggested that the effects of sodium bicarbonate may be greater in smaller vs. 260 

larger muscle groups (Sostaric et al., 2006). This hypothesis is based on the higher blood flow 261 

in small muscle groups during exercise, which may be associated with a greater ion exchange 262 

within the muscle (Sostaric et al., 2006). Therefore, the effects of sodium bicarbonate on 263 

swimming performance, which is a whole-body exercise, might be smaller than the effects of 264 

sodium bicarbonate on predominantly lower-limb exercise (e.g., running or cycling). 265 

However, the pooled effect size and its corresponding 95% CI (SMD: 0.22; 95% CI: 0.09, 266 

0.35) observed in this meta-analysis largely overlaps with the ergogenic effects of sodium 267 

bicarbonate previously reported for Yo-Yo test (SMD: 0.36; 95% CI: 0.10, 0.63) and Wingate 268 

test performance (SMD: 0.09 to 0.62; 95% CI: 0.03 to 1.08) (Grgic, 2020; Grgic et al., 269 

2020a). Based on this comparison, it would seem that the ergogenic effects of sodium 270 

bicarbonate are not likely to be influenced by the size of the muscles activated during 271 

exercise. This is further supported by one meta-analysis that reported similar ergogenic effects 272 

of sodium bicarbonate on muscular endurance of small (SMD: 0.31; 95% CI: 0.04, 0.59) and 273 

large muscle groups (SMD: 0.40; 95% CI: 0.13, 0.66) (Grgic et al., 2020b). 274 

 275 
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Methodological quality 276 

All included studies utilized a randomized, double-blind design, which is considered the “gold 277 

standard” study design in sports nutrition (Maughan et al., 2018). Accordingly, all studies 278 

were classified as “excellent” methodological quality on the PEDro checklist. One limitation 279 

observed in the included studies is that they generally did not evaluate the effectiveness of the 280 

blinding to the placebo and sodium bicarbonate conditions. This should be highlighted given 281 

the recent findings that correct supplement identification may impact the outcome of an 282 

exercise task and lead to bias in the results (Saunders et al., 2017). Only one study explored 283 

the effectiveness of blinding and found that 60% of participants correctly identified the 284 

sodium bicarbonate condition (de Salles Painelli et al., 2013). Given that this procedure was 285 

employed only in one study, this limitation should be addressed in future research. On a final 286 

note, none of the included studies reported any funding from parties that might have had some 287 

financial interest, suggesting that the results presented in this review are not likely 288 

confounded by the inclusion of studies that might have been influenced by financial bias. 289 

 290 

Conclusion 291 

When considering the data from all available studies, there was no significant difference 292 

between placebo and sodium bicarbonate for swimming performance. Additionally, there was 293 

no significant difference in a subgroup analysis that considered short-distance swimming tests 294 

(i.e., 91.4-m and 100-m). Still, when considering data from studies that used 200-m and 400-295 

m swimming tests, this meta-analysis found that sodium bicarbonate ingestion improves 296 

swimming performance by decreasing the time needed to complete a given swimming event 297 

(SMD: –0.22; percent change: –1.3%). Even though the effect size of sodium bicarbonate on 298 

swimming performance may be classified as small, it may also be of substantial practical 299 
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importance given that placings in swimming competitions are commonly determined by 300 

narrow margins. 301 

 302 

Acknowledgments 303 

None. 304 

Disclosure statement 305 

No conflict of interest.  306 

Funding 307 

This investigation did not receive any funding. 308 

 309 

References 310 

Bishop, D., & Claudius, B. (2005). Effects of induced metabolic alkalosis on prolonged 311 

intermittent-sprint performance. Medicine and Science in Sports and Exercise, 37(5), 312 

759-767. 313 

Campos, E. Z., Sangali, E. B., Neto, J. G., Gobbi, R. B., Freitas Junior, I. F., & Papoti, M. 314 

(2012). Effects of sodium bicarbonate ingestion during an intermittent exercise on 315 

blood lactate, stroke parameters, and performance of swimmers. Journal of Exercise 316 

Physiology Online, 15(6). 317 

Christensen, P. M., Shirai, Y., Ritz, C., & Nordsborg, N. B. (2017). Caffeine and bicarbonate 318 

for speed. A meta-analysis of legal supplements potential for improving intense 319 

endurance exercise performance. Frontiers in Physiology, 8, 240. 320 

Cohen, J. (1992). A power primer. Psychological bulletin, 112(1), 155. 321 



16 
 

 

de Salles Painelli, V., Roschel, H., De Jesus, F., Sale, C., Harris, R. C., Solis, M. Y., ... & 322 

Artioli, G. G. (2013). The ergogenic effect of beta-alanine combined with sodium 323 

bicarbonate on high-intensity swimming performance. Applied Physiology, Nutrition, 324 

and Metabolism, 38(5), 525-532. 325 

Dennig, H., Talbott, J. H., Edwards, H. T., & Dill, D. B. (1931). Effect of acidosis and 326 

alkalosis upon capacity for work. The Journal of Clinical Investigation, 9(4), 601-613. 327 

Domínguez, R., Jesús-Sánchez-Oliver, A., Cuenca, E., Jodra, P., Da Silva, S. F., & Mata-328 

Ordóñez, F. (2017). Nutritional needs in the professional practice of swimming: a 329 

review. Journal of Exercise Nutrition & Biochemistry, 21(4), 1–10. 330 

Grgic, J. (2020). Effects of Sodium Bicarbonate Ingestion on Measures of Wingate Test 331 

Performance: A Meta-Analysis. Journal of the American College of Nutrition. Doi: 332 

10.1080/07315724.2020.1850370 333 

Grgic, J., Garofolini, A., Pickering, C., Duncan, M. J., Tinsley, G. M., & Del Coso, J. 334 

(2020a). Isolated effects of caffeine and sodium bicarbonate ingestion on performance 335 

in the Yo-Yo test: A systematic review and meta-analysis. Journal of Science and 336 

Medicine in Sport, 23(1), 41-47. 337 

Grgic, J., Rodriguez, R. F., Garofolini, A., Saunders, B., Bishop, D. J., Schoenfeld, B. J., & 338 

Pedisic, Z. (2020b). Effects of sodium bicarbonate supplementation on muscular 339 

strength and endurance: a systematic review and meta-analysis. Sports Medicine, 340 

50(7), 1361-1375. 341 

Heibel, A. B., Perim, P. H., Oliveira, L. F., McNaughton, L. R., & Saunders, B. (2018). Time 342 

to optimize supplementation: modifying factors influencing the individual responses to 343 

extracellular buffering agents. Frontiers in Nutrition, 5, 35. 344 



17 
 

 

Higgins, J. P., & Altman, D. (2008). Imputing standard deviations for changes from baseline. 345 

In Cochrane Handbook for Systematic Reviews of Interventions: Cochrane Book 346 

Series. Wiley, Chichester. 347 

Joyce, S., Minahan, C., Anderson, M., & Osborne, M. (2012). Acute and chronic loading of 348 

sodium bicarbonate in highly trained swimmers. European Journal of Applied 349 

Physiology, 112(2), 461-469. 350 

Kachaunov, M. (2018). Post-competition blood lactate concentration in swimmers. Journal of 351 

Applied Sports Sciences, 1, 30-36. 352 

Kapus, J., Usaj, A., Strumbelj, B., & Kapus, V. (2008). Can blood gas and acid-base 353 

parameters at maximal 200 meters front crawl swimming be different between former 354 

competitive and recreational swimmers? Journal of Sports Science & Medicine, 7(1), 355 

106. 356 

Kumstát, M., Hlinský, T., Struhár, I., & Thomas, A. (2018). Does sodium citrate cause the 357 

same ergogenic effect as sodium bicarbonate on swimming performance? Journal of 358 

Human Kinetics, 65(1), 89-98. 359 

Lancha Junior, A. H. L., de Salles Painelli, V., Saunders, B., & Artioli, G. G. (2015). 360 

Nutritional strategies to modulate intracellular and extracellular buffering capacity 361 

during high-intensity exercise. Sports Medicine, 45(1), 71-81. 362 

Lindh, A. M., Peyrebrune, M. C., Ingham, S. A., Bailey, D. M., & Folland, J. P. (2008). 363 

Sodium bicarbonate improves swimming performance. International Journal of Sports 364 

Medicine, 29(06), 519-523. 365 

Lopes-Silva, J. P., Reale, R., & Franchini, E. (2019). Acute and chronic effect of sodium 366 

bicarbonate ingestion on Wingate test performance: a systematic review and meta-367 

analysis. Journal of Sports Sciences, 37(7), 762-771. 368 



18 
 

 

Maher, C. G., Sherrington, C., Herbert, R. D., Moseley, A. M., & Elkins, M. (2003). 369 

Reliability of the PEDro scale for rating quality of randomized controlled trials. 370 

Physical Therapy, 83(8), 713-721. 371 

Maughan, R. J., Burke, L. M., Dvorak, J., Larson-Meyer, D. E., Peeling, P., Phillips, S. M., ... 372 

& Meeusen, R. (2018). IOC consensus statement: dietary supplements and the high-373 

performance athlete. International Journal of Sport Nutrition and Exercise 374 

Metabolism, 28(2), 104-125. 375 

McNaughton, L. R. (1992). Sodium bicarbonate ingestion and its effects on anaerobic 376 

exercise of various durations. Journal of sports sciences, 10(5),425-435. 377 

McNaughton, L. R., Gough, L., Deb, S., Bentley, D., & Sparks, S. A. (2016). Recent 378 

developments in the use of sodium bicarbonate as an ergogenic aid. Current Sports 379 

Medicine Reports, 15(4), 233-244. 380 

Mero, A. A., Hirvonen, P., Saarela, J., Hulmi, J. J., Hoffman, J. R., & Stout, J. R. (2013). 381 

Effect of sodium bicarbonate and beta-alanine supplementation on maximal sprint 382 

swimming. Journal of the International Society of Sports Nutrition, 10(1), 1-9. 383 

Mujika, I., Stellingwerff, T., & Tipton, K. (2014). Nutrition and training adaptations in 384 

aquatic sports. International Journal of Sport Nutrition and Exercise Metabolism, 385 

24(4), 414-424. 386 

Pierce, E. F., Eastman, N. W., Hammer, W. H., & Lynn, T. D. (1992). Effect of induced 387 

alkalosis on swimming time trials. Journal of Sports Sciences, 10(3), 255-259. 388 

Pruscino, C. L., Ross, M. L., Gregory, J. R., Savage, B., & Flanagan, T. R. (2008). Effects of 389 

sodium bicarbonate, caffeine, and their combination on repeated 200-m freestyle 390 

performance. International Journal of Sport Nutrition and Exercise Metabolism, 391 

18(2), 116-130. 392 



19 
 

 

Saunders, B., de Oliveira, L. F., da Silva, R. P., de Salles Painelli, V., Gonçalves, L. S., 393 

Yamaguchi, G., ... & Gualano, B. (2017). Placebo in sports nutrition: a proof‐of‐394 

principle study involving caffeine supplementation. Scandinavian Journal of Medicine 395 

& Science in Sports, 27(11), 1240-1247. 396 

Siegler, J. C., & Gleadall-Siddall, D. O. (2010). Sodium bicarbonate ingestion and repeated 397 

swim sprint performance. The Journal of Strength & Conditioning Research, 24(11), 398 

3105-3111. 399 

Sostaric, S. M., Skinner, S. L., Brown, M. J., Sangkabutra, T., Medved, I., Medley, T., ... & 400 

McKenna, M. J. (2006). Alkalosis increases muscle K+ release, but lowers plasma 401 

[K+] and delays fatigue during dynamic forearm exercise. The Journal of Physiology, 402 

570(Pt 1), 185-205. 403 

Vescovi, J. D., Falenchuk, O., & Wells, G. D. (2011). Blood lactate concentration and 404 

clearance in elite swimmers during competition. International Journal of Sports 405 

Physiology and Performance, 6(1), 106-117. 406 

Yong, G. Y., Yin, L. H., & Hoe, W. E. (2018). Effects of different dosage of sodium 407 

bicarbonate on 200-m freestyle swimming performance in recreational swimmers. 408 

International Journal of Life science and Pharma Research, 3, 66-71.  409 

 410 

  411 



20 
 

 

Figure 1. Flow diagram of the search process  412 

Figure 2. Forest plot presenting the results of the random-effects meta-analysis comparing the 413 

effects of placebo vs. sodium bicarbonate swimming performance (upper-section); comparing 414 
the effects of placebo vs. sodium bicarbonate swimming performance when considering only 415 
data from studies that used 91.4-m or 100-m swimming tests (middle-section); comparing the 416 
effects of placebo vs. sodium bicarbonate swimming performance when considering only data 417 
from studies that used 200-m or 400-m swimming tests (lower-section). Data are reported as 418 

standardized mean differences (SMD) and 95% confidence intervals (CIs). The diamond at 419 
the bottom presents the overall effect. The plotted squares denote SMD and the whiskers 420 
denote their 95% CIs.  421 
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Table 1. Summary of studies included in the review 

Reference Participants Sodium bicarbonate protocol Swimming test Changes in blood 

bicarbonatea 

Percentage 

change  

PEDro 

score 

Campos et al. 

(2012) 

10 competitive swimmers 

(7 male, 3 female) 

0.3 g·kg-1 ingested 60 minutes before 

exercise 

100-m front 

crawl 

Not assessed ↑ 0.9% 9 

de Salles 

Painelli et al. 

(2013) 

14 junior-standard 

swimmers (7 male, 7 

female)b 

0.3 g·kg-1 ingested 90 minutes before 

exercise 

200-m freestyle Not assessed 200-m: ↓ 2.4% 9 

Joyce et al. 

(2012) 

8 highly trained male 

swimmers 

Acute: 0.3 g·kg-1 ingested 120-90 

minutes before exercise 

Chronic: daily dose of 0.3 g·kg-1 

ingested for 3 days before exercise; 

0.1 g·kg-1 ingested 120-90 minutes 

before exercise 

200-m using 

preferred stroke 

Acute: ~6 mmol.L-1 

Chronic: ~3 

mmol.L-1 

Acute: ↑ 0.3% 

Chronic: ↓ 0.6% 

10 

Kumstát et al. 

(2018) 

6 nationally ranked male 

swimmers 

0.3 g·kg-1 ingested 90 minutes before 

exercise 

400-m freestyle ~ 5 mmol.L-1 ↓ 0.3% 9 

Lindh et al. 

(2008) 

9 male elite-standard 

swimmers 

0.3 g·kg-1 ingested 90 minutes before 

exercise 

200-m freestyle ~ 6 mmol.L-1 ↓ 1.6% 9 

Mero et al. 

(2013) 

13 competitive male 

swimmers 

0.3 g·kg-1 ingested 60 minutes before 

exercise 

100-m freestyle ~ 6 mmol.L-1 ↑ 0.9% 9 

Pierce et al. 

(1992) 

7 male varsity swimmers 0.2 g·kg-1 ingested 60 minutes before 

exercise 

91.4-m freestyle Not assessed ↓ 0.8% 9 

Pruscino et al. 

(2008) 

6 elite male freestyle 

swimmers 

0.3 g·kg-1 ingested 90 minutes before 

exercise in seven smaller doses 

200-m freestyle ~ 7 mmol.L-1 ↓ 0.6% 9 

Yong et al. 

(2018) 

8 recreationally active 

male swimmers 

0.2 g·kg-1 or 0.3 g·kg-1 ingested 90 

minutes before exercise 

200-m freestyle Not assessed 0.2 g·kg-1: ↓ 4.1% 

0.3 g·kg-1: ↓ 1.3% 

9 

achanges in blood bicarbonate from baseline values to values pre-exercise; bdata from only 7 participants were included in the analysis: ↑ increase in the time 

needed to complete the swimming event (favoring of placebo); ↓ decrease in the time needed to complete the swimming event (favoring of sodium bicarbonate) 
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Table 2. Data reported in the included studies  

Study Swimming test Sodium bicarbonate 

dose 

Swimming time 

(sodium 

bicarbonte)* 

Swimming time 

(placebo)* 

Campos et al. (2012) 100-m front crawl 0.3 g/kg pre-exercise 63.0 ± 2.37 s 62.4 ± 2.65 s 

de Salles Painelli et al. 

(2013) 

200-m freestyle 0.3 g/kg pre-exercise 135.4 ± 10.0 s 138.7 ± 11.4 s 

Joyce et al. (2012) 200-m using 

preferred stroke 

0.3 g/kg pre-exercise  119.57 ± 6.21 s 119.2 ± 5.82 s 

200-m using 

preferred stroke 

0.3 g/kg consumed for 

3 days pre-exercise 

118.53 ± 5.64 s 119.2 ± 5.82 s 

Kumstát et al. (2018) 400-m freestyle 0.3 g/kg pre-exercise 269.48 ± 2.8 s 270.21 ± 2.7 s 

Lindh et al. (2008) 200-m freestyle 0.3 g/kg pre-exercise 112.2 ± 4.7 s 114.0 ± 3.6 s 

Mero et al. (2013) 100-m freestyle 0.3 g/kg pre-exercise 57.6 ± 2.47 s 57.1 ± 2.47 s 

Pierce et al. (1992) 91.4-m freestyle 0.2 g/kg pre-exercise  53.63 ± 2.22 54.08 ± 2.33 s 

Pruscino et al. (2008) 200-m freestyle 0.3 g/kg pre-exercise 123.01 ± 3.68 s 123.77 ± 3.21 s 

Yong et al. (2018) 200-m freestyle 0.2 g/kg pre-exercise 162 ± 12 s 169 ± 17 s 

200-m freestyle 0.3 g/kg pre-exercise 164 ± 17 s 169 ± 17 s 

* Data are reported as mean ± standard deviation 

 

 

 


