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Abstract 27 

Sodium bicarbonate is an ergogenic extracellular buffering agent that has recently garnered more 28 

interest due to novel formulations purported to mitigate gastrointestinal symptoms, thereby 29 

increasing use with high-profile athletes. The effects of sodium bicarbonate on various aspects of 30 

exercise performance have been explored in hundreds of scientific articles. However, questions 31 

persist about aspects of its effectiveness and the potential side effects associated with the 32 

extracellular buffer. In this review, we provide answers to several questions related to sodium 33 

bicarbonate supplementation. These questions covered include: (1) What are sodium bicarbonate’s 34 

proposed mechanisms for enhancing performance? (2) Does sodium bicarbonate cause 35 

gastrointestinal symptoms, and why? (3) What are the different ways in which sodium bicarbonate 36 

can be ingested, and how does this affect blood bicarbonate changes, side effects, and exercise 37 

performance? (4) How does sodium bicarbonate affect performance in short-duration exercise 38 

(≤10 min)? (5) How does sodium bicarbonate affect performance in long-duration exercise, and 39 

should it be used before and during such events? (6) Is there a potential rationale for sodium 40 

bicarbonate use at altitude? (7) Is it worth ingesting sodium bicarbonate for exercise in the heat? 41 

(8) When is the best time to take sodium bicarbonate before exercise? When does blood 42 

bicarbonate peak in the blood? (9) What happens when taking sodium bicarbonate after exercise 43 

instead of before? (10) Should sodium bicarbonate be taken throughout training, or can it be taken 44 

just during the day of a competition/game/race? Are there benefits of taking sodium bicarbonate 45 

for training adaptations? (11) Which sports mainly benefit from sodium bicarbonate 46 

supplementation? (12) Should one worry about the sodium dose? (13) How does extracellular 47 

buffering compare to intracellular buffering agents such as beta-alanine? (14) Is there a possible 48 

placebo effect with sodium bicarbonate? (15) Are the ergogenic effects of sodium bicarbonate sex-49 
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specific? To address these questions, we conducted an evidence-based review of the literature on 50 

sodium bicarbonate supplementation with contributions from several invited experts. 51 

Comprehensive answers are provided alongside suggestions for future research.  52 

 53 

54 
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Introduction  55 

Sodium bicarbonate (SB), commonly known as baking soda, is an extracellular buffering 56 

agent with increasing research evidence supporting its use as an ergogenic aid. It is commonly 57 

ingested in doses from 0.2-0.5 g·kg-1 body mass (BM) and intended to improve performance that 58 

utilizes non-oxidative metabolism. Its body of research in exercise performance began nearly a 59 

century ago by Dennig et al. at the Harvard Fatigue Laboratory [1]. Using a single healthy male 60 

participant , the researchers induced acidosis by ingesting ammonium chloride (NH4Cl-) and 61 

alkalosis with SB. These authors measured blood pH, carbon dioxide (CO2) production, “lactic 62 

acid” accumulation, and work performance during treadmill running [1]. These results showed that 63 

the acidosis response associated with the exercise task significantly reduced the blood’s buffering 64 

capacity and its ability to buffer the increase in hydrogen ions (H+) associated with lactate 65 

accumulation, resultantly limiting the runner’s endurance capacity. Since this time, a position 66 

paper by the International Society of Sports Nutrition (ISSN) concluded that SB supplementation 67 

(0.2–0.5 g·kg-1 BM) enhances performance in high-intensity exercise lasting 30 s to 12 min, 68 

including muscular endurance and combat- or sprint-based sports. This ergogenic aid benefits both 69 

men and women in single and repeated efforts. The optimal single dose is 0.3 g·kg-1 BM, taken 70 

60–180 min before exercise (depending on ingestion form), whereas higher doses offer no added 71 

benefit and increase side effects (e.g., bloating, nausea). Multi-day loading (0.4–0.5 g·kg-1 BM per 72 

day for 3–7 days), divided into smaller doses, can improve performance and reduce discomfort 73 

[2].  74 

1. There is robust evidence supporting the ergogenic effects of SB on exercise performance 75 

[3]; however,  the potential gastrointestinal symptoms (GIS) associated with the 76 

compound likely reduces its usage amongst athletes [5]. Strategies, however, have been 77 
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developed and researched to mitigate the GIS associated with the extracellular buffer [6–78 

8]. To further address issues related to SB use during exercise, we conducted a narrative 79 

review of the literature to provide an evidence-based assessment of common 80 

misconceptions about its use, as SB supplementation strategies have been innovated since 81 

the publication of the aforementioned position stand. What are sodium bicarbonate’s 82 

proposed mechanisms for enhancing performance? 83 

The ergogenic effects of SB ingestion on high-intensity exercise performance are primarily 84 

attributed to an improved extracellular buffering capacity, which helps maintain acid-base balance 85 

by attenuating the decline of intracellular pH. Ingestion of SB elevates extracellular bicarbonate 86 

([HCO3-]) concentration, with increases of +5 mmol·L-1 typically associated with these ergogenic 87 

effects [14]. Since the sarcolemma is impermeable to bicarbonate, SB ingestion widens the 88 

electrochemical pH gradient between the intra- and extracellular regions [15], providing further 89 

protection against intramuscular acidosis [16,17]. This corresponding increased gradient also 90 

stimulates the lactate/H+ co-transporter, mediated by two isoforms of the monocarboxylate (MCT) 91 

transporters (MCT-1,4) [18], thereby enhancing the lactate and H+ efflux from the contracting 92 

muscle fibers [17,19]. Given that the accumulation of H+ (i.e. acidosis) is considered a primary 93 

contributor to muscle fatigue during high-intensity exercise (though this remains debated) [20–94 

22], the ergogenic effects of SB ingestion are therefore largely attributed to enhanced extracellular 95 

buffering capacity and H+ efflux [23]. Furthermore, maintaining intramuscular pH following SB 96 

ingestion may preserve important metabolic processes that are impaired by H+ accumulation, 97 

including key glycolytic enzyme activity (i.e. phosphofructokinase), sarcoplasmic reticulum 98 

calcium (Ca2+) release [24,25], Ca2+ binding affinity to troponin [26] and the actin-myosin cross-99 
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bridge cycling [27,28]. Collectively, SB ingestion likely delays the onset of fatigue during high-100 

intensity exercise by reducing H+ accumulation and preserving intramuscular pH.  101 

In addition to its buffering effects, SB ingestion alters the movement and distribution of strong 102 

ions (i.e. Na+, K+, Cl-, and Ca2+), consequently influencing the extracellular strong ion difference 103 

(SID), a major element of acid-base balance homeostasis [29], which has important implications 104 

for fatigue during high-intensity exercise performance. Indeed, the changes in SID, led 105 

predominantly by increases in extracellular [Na+] and reductions in extracellular [Cl-] contributes 106 

to alkalosis (increase in blood pH and blood HCO3
-) and facilitates H+ efflux out of the cell [30,31]. 107 

Furthermore, the intra- and extracellular equilibrium of these ions is crucial for maintaining 108 

skeletal muscle excitability and contractile function [32]. Increased extracellular [K+] efflux during 109 

intense muscle activity can cause membrane depolarization, consequently weakening muscle 110 

excitability and impairing tetanic force production [33,34]. The ingestion of this alkalizing agent 111 

has been shown to attenuate increases in extracellular [K+] during both short [35,36], intermittent 112 

[37], and prolonged [38] bouts of high-intensity exercise; however, this is not always observed 113 

[39]. Such inconsistent findings may reflect differences in exercise modality, participant 114 

characteristics, supplementation strategies, and demands of the exercise protocol. For example, 115 

Newbury et al. [39] demonstrated that SB increased [HCO3-] but did not attenuate K+ 116 

accumulation or improve performance. As such, modulation of extracellular K+ may be context-117 

dependent, and its contribution to the erogenicity of SB may be secondary to its established 118 

extracellular buffering capacity. 119 

Previous work comparing SB during repeated swimming bouts did not find differences in 120 

performance or apparent SID compared to placebo, including no reduction in extracellular [K⁺] 121 

[39]. The lack of an ergogenic effect may reflect the minimal change in SID, as insufficient shifts 122 
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in strong ions after ingestion may not have meaningfully influenced fatigue-related muscle 123 

excitability. Nonetheless, the corresponding reductions in extracellular [K+] observed from 124 

previous work demonstrating ergogenic effects of SB [35,36,38] also occurred concomitantly with 125 

decreases in extracellular [Cl-], likely suggesting intracellular uptake to preserve excitation-126 

contraction coupling [32]. Similarly, increased intracellular [Cl-] and [K+] uptake was observed 127 

during exhaustive finger flexion exercise; however, these authors also observed a greater [K+] 128 

efflux [40]. Despite this, the elevated [K+] efflux likely reflected the ~25% greater work output 129 

following induced alkalosis when compared to the control trial. It is probable that SB ingestion 130 

facilitates greater intracellular [K+] influx while limiting the [K+] efflux into the extracellular 131 

compartment [40], helping maintain cell membrane excitability during repeated high-intensity 132 

muscle contractions [41]. Although evidence regarding the specific role of extracellular [Cl-] on 133 

fatigue during high-intensity exercise is limited, the interactions between [K+] and [Cl-] likely 134 

influence muscle excitability during high-intensity exercise [42]. This suggests that SB ingestion 135 

improves extracellular buffering capacity and strong-ion regulation which helps uphold membrane 136 

excitability to support this alkalizing agent’s ergogenic effects on high-intensity exercise 137 

performance.   138 

Outside of the well-established peripheral effects associated with SB ingestion, limited 139 

evidence suggests that SB-induced alkalosis may attenuate central fatigue by decreasing rating of 140 

perceived exertion (RPE) [43–45]. Improvements in leg-RPE recovery were observed during 141 

repeated cycling bouts at 90% peak oxygen uptake (VO2Peak) following SB ingestion when 142 

compared to placebo, but a split-dose of SB did not reduce perceived effort, leaving its efficacy in 143 

this regard unclear [45]. However, in later work measuring central drive via voluntary activation 144 

during an integration of ischemia and peak contractions, SB ingestion preserved voluntary 145 
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activation to a greater magnitude (76 ± 5%) when compared to control (57 ± 8%) [46]. Preserved 146 

voluntary activation following SB ingestion may stem from a reduction in group III and IV afferent 147 

fibers when acidosis is attenuated, as these fibers are stimulated by elevated intracellular H+ [47]. 148 

Therefore, this mechanism could contribute to reduced central fatigue and lower perceived 149 

effort. Similarly, recent research has demonstrated improvements in prolonged high-intensity 150 

exercise performance after SB ingestion with a reduced relative oxygen cost, likely suggesting 151 

enhanced gross economy and efficiency [38]. Nonetheless, further work is needed to clarify the 152 

potential central-related and reduced relative oxygen cost that may contribute to the ergogenic 153 

effects of SB ingestion on high-intensity exercise performance beyond its widely recognized role 154 

in H+ buffering. Collectively, SB ingestion likely improves exercise performance through a 155 

combination of peripheral and central mechanisms that help maintain muscle function and neural 156 

drive under high-intensity conditions.  157 

Summary: Acute SB ingestion enhances high-intensity exercise performance primarily by 158 

increasing extracellular buffering capacity which subsequently promotes greater H⁺ efflux, thereby 159 

preserving intramuscular pH and key metabolic and contractile processes. The ingestion of this 160 

ergogenic substance also influences the equilibrium of strong ions, which helps maintain muscle 161 

excitability during repeated high-intensity efforts. Beyond these peripheral effects, limited 162 

evidence suggests that SB may also reduce central fatigue by preserving voluntary activation and 163 

lowering perceived exertion. 164 

2. Does sodium bicarbonate cause gastrointestinal symptoms, and why?  165 

The most documented adverse side-effects from SB supplementation are GIS [2], particularly 166 

when ingested in an aqueous solution or gelatin capsules [48]. The presence of GIS may cause SB 167 

to be ergolytic in certain individuals [49], while others still show ergogenic benefits from the 168 
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alkalizing agent in spite of GIS. Despite its effects on performance remaining equivocal, GIS may 169 

prevent athletes and coaches from administering SB and provide practical limitations when 170 

administering SB in multi-day sporting events.  171 

Gastrointestinal symptoms are often prevalent when ingesting SB in solution or non-gastro-172 

resistant capsules, as the interaction of the supplement with stomach acid contributes to the 173 

accumulation of CO2 in the gastrointestinal tract, thereby causing nausea, bloating, vomiting and 174 

abdominal pain [5]. Importantly, these adverse effects may be dose-dependent [50,51], especially 175 

when ingested in solution or non-gastro-resistant capsules. Several studies show that SB 176 

supplementation (0.3 g·kg-1 BM) can interfere with exercise performance, possibly due to GIS 177 

associated with supplementation [49,52,53]. Therefore, lower doses of SB supplementation (< 0.3 178 

g·kg-1 BM) may serve as an alternative intervention to attenuate GIS over time if choosing such 179 

ingestion forms. Another possible strategy to help alleviate potential adverse effects associated 180 

with SB supplementation is related to the timing of ingestion. For example, Siegler et al. [54] 181 

showed that SB supplementation 3 h before repeated trials of sprint exercise in healthy young 182 

males resulted in lower GIS compared to ingestion 1 h and 2 h before exercise. Furthermore, Carr 183 

et al. [48] showed that the greatest incidence of GIS occurred 1.5 h after supplementing with 0.3 184 

g·kg-1 BM of SB, whereas the lowest incidence occurred 2 h after ingestion. In contrast, chronic 185 

SB ingestion strategies have been explored to reduce the GIS response, particularly in wrestling 186 

[55]. Similarly, progressive chronic dose strategies over a 10-day period prior to exercise have 187 

been employed [56]. Although this research is scarce, ergogenic effects in Cross-Fit-like 188 

performance have been observed without any significant differences in GIS when compared to 189 

placebo [56]. Importantly, without a trial comparing this SB ingestion strategy to typically 190 
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employed acute SB ingestion strategies, it is not possible to elucidate the superiority of the 191 

progressive dose strategy and instead provides a future avenue for further research. 192 

In addition to the timing of ingestion, there is evidence to suggest that the delivery method of 193 

SB may help reduce the incidence of adverse effects. Although based on a small sample of 194 

research, there is evidence that the co-ingestion of SB with a high-carbohydrate meal (1.5 g·kg-1 195 

BM) induces alkalosis while also reducing GIS [48]. Additionally, while issues are predominantly 196 

observed following ingestion of SB in forms that are susceptible to interaction with stomach acid, 197 

consuming SB in enteric-coated capsules or delayed release capsules appears to minimize the 198 

incidence of GIS [6]. Such capsules are encapsulated in an enteric coating, which is designed to 199 

reduce interaction with stomach acid [6]. Finally, the Maurten Bicarb System (SBH) (Maurten AB, 200 

Gothenburg, Sweden) has been designed to minimize GIS through a novel delivery system, 201 

delivering SB mini-tablets in a patented carbohydrate (CHO) hydrogel [8,57]. Briefly, ingestion 202 

form may have a large impact on subsequent GIS; however, SB’s various forms are more 203 

thoroughly discussed in question #3.  204 

Summary: Taken together, there is evidence that SB supplementation in some forms can result 205 

in adverse effects, primarily involving GIS. These effects are more evident at a dose of 0.3 g·kg-1 206 

BM (or higher) as well as in non-gastro-resistant formulations. Alterations in the relative dose, 207 

timing of ingestion, and delivery method of SB supplementation should be considered to alleviate 208 

possible GIS-related side effects. Additionally, athletes should experiment with different forms and 209 

ingestion strategies in practice to avoid GIS in competition. Athletes and coaches should be 210 

mindful that competition itself may also cause some GIS, so they should employ the SB ingestion 211 
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strategy that provides the lowest possible GIS in training, in the knowledge that GIS may 212 

be more severe in competition. 213 

3. What are the different ways in which sodium bicarbonate can be ingested and how 214 

does this affect blood bicarbonate changes,  and exercise performance?  215 

Sodium bicarbonate is a well-established extracellular buffering agent; however, its 216 

effectiveness and practicality may depend on its form of ingestion. For example, SB can be 217 

ingested in aqueous solution, non-gastro-resistant capsules (vegetarian or gelatin capsule), gastro-218 

resistant capsules (delayed release and enteric coated capsules) or newer, commercially available 219 

hydrogel delivery systems (e.g., SBH). Each form may subsequently affect blood bicarbonate 220 

changes, side effects, and performance enhancement.  221 

Sodium bicarbonate has most commonly been ingested when dissolved in water or in numerous 222 

gelatin capsules [3]. In both cases, SB is released into the stomach within minutes, as conventional 223 

hard gelatin capsules disintegrate rapidly under gastric conditions [58]. Nonetheless, there appears 224 

to be differences in the pharmacokinetics of circulating bicarbonate between these ingestion 225 

methods. For example, the mean individual time-to-peak (ITTP) blood bicarbonate concentration 226 

is likely to emerge faster (≤100 min) following ingestion of 0.3 g·kg -1 BM in solution [35,59,60] 227 

when compared to ingesting SB in size 00 gelatin capsules (>100 min) [61,62]. Still, there is a 228 

large inter-individual component with both forms [59,62] and even capsule size might also modify 229 

this response [63]. Interestingly, while ITTP has been shown to be consistent following SB 230 

consumption via solution [59], the same has not been shown for capsules [61]. Nonetheless, the 231 

need for ITTP strategies has been questioned [3,61]. Importantly, it has been proposed that a 5 232 

mmol·L
-1

 increase is necessary to improve performance, particularly when ingesting SB in 233 
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solution or gelatin capsules. Consequently, blood bicarbonate increases of >5 mmol·L
-1

 are 234 

commonly achieved ~60 min after ingestion of SB in solution [59,62] and 75 min after ingestion 235 

of SB in non-gastro-resistant capsules [61] and remain elevated above these thresholds for several 236 

hours, suggesting a prolonged ergogenic window of opportunity with both of these forms.   237 

Novel encapsulated ingestion forms designed to minimize GIS-related side-effects include 238 

delayed release [64] and enteric coated [65] capsules. In previous research, delayed release 239 

capsules slowed down the onset of blood bicarbonate increases (32 vs. 20 min) and ITTP (120 vs. 240 

72 min) compared to a solution [64], without the observation of any absolute change in blood 241 

bicarbonate. Similarly, enteric capsules delayed the ITTP blood bicarbonate response when 242 

compared to ingestion of SB in gelatin capsules (110 vs. 90 min) without any differences in peak 243 

blood bicarbonate concentrations [65]. A mini-tablet formulation that is ingested with a patented 244 

CHO hydrogel system (SBH) helps deliver the mini-tablets directly through the pyloric sphincter 245 

because of their small size, avoiding interaction with stomach acid [8]. A time course study 246 

comparing this formulation to ingestion of SB in vegetarian capsules (size 00) showed modestly 247 

greater overall blood bicarbonate responses (+0.95 mmol·L-1) and faster ITTP increases (42.5 min) 248 

with this novel system. Nonetheless, while small differences may exist, all available SB forms 249 

increase blood bicarbonate concentration sufficiently over several hours to enhance exercise 250 

performance particularly if GIS are not experienced.  251 

 Irrespective of ingestion form, SB appears to improve exercise performance as evidenced by 252 

several systematic reviews and meta-analyses [3,48,67,68]. Individual studies have shown 253 

performance benefits following ingestion in solution [51,69–72], gelatin capsules [16,43,73–76], 254 

delayed release or enteric capsules [64,65,77] and SBH [38,57]. A meta-analysis showed ingestion 255 

in solution leads to modestly greater performance benefits than capsules [3], though these data 256 
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combined all extracellular buffers (SB, sodium citrate and sodium/potassium lactate). Since 257 

dissolving SB in solution may lead to impaired blinding [78], placebo effects may account for the 258 

greater benefits seen with solution [79] in studies that did not sodium match their placebo. 259 

Traditional intake methods (e.g., solution or standard capsules) may be more suited to acute, high-260 

intensity exercise bouts, whereas formulations with comparatively longer pharmacokinetic curves 261 

(e.g., delayed release or SBH) could also provide sustained elevations in blood bicarbonate and 262 

thereby confer greater benefits during prolonged exercise. It is unclear if the variability in exercise 263 

responses to SB [49,53] is due to the ingestion form (capsules) or a true intra-individual response. 264 

Avoiding side-effects may be key in optimizing the beneficial effects of SB [53,80]; however, all 265 

forms of SB have the potential to improve performance.  266 

Summary: While ingestion form my lead to some differences in the blood bicarbonate 267 

pharmacokinetics, each form of SB can induce alkalosis to a degree deemed necessary to improve 268 

exercise performance (e.g., 5 mmol·L-1 increase in blood bicarbonate). Regardless of ingestion 269 

form, SB ingestion improves high-intensity exercise performance; however, forms of SB that 270 

interacts with stomach acid (i.e. solution, gelatin capsules) are more susceptible to GIS,Therefore, 271 

selecting a form of SB that reduces the interaction with stomach acid  will enhance practicality 272 

and will likely optimize performance to a greater degree.  273 

4. How does sodium bicarbonate affect performance in short-duration exercise (≤10 274 

min)?  275 

Athletes, sport practitioners, and coaches often implement SB supplementation prior to high-276 

intensity exercise. Although discussed in more detail in Question 1, SB ingestion is more likely to 277 

benefit high-intensity exercise, which is more reliant on non-oxidative metabolism. Such exercise 278 

produces large quantities of lactate and protons in the intracellular compartment, facilitating 279 
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greater efflux of these ions, which supports extracellular H+ buffering [23]. Additionally, during 280 

high-intensity exercise, extracellular K⁺ increases contribute to the impairment of muscle 281 

excitability. However, SB ingestion can limit this strong ion’s efflux by preserving this electrolyte’s 282 

influx in the intracellular compartment, and instead, aid in the protection of muscle excitability 283 

[32]. Since SB ingestion exerts its ergogenic effects by enhancing extracellular buffering under 284 

conditions of large H⁺ accumulation and extracellular K⁺, supplementation with this extracellular 285 

buffer benefits high-intensity exercise performed within 30 s to 10 min. Consequently, SB 286 

ingestion has since demonstrated performance improvements corresponding to this range, 287 

including 4 km cycling time trial (TT) performance [65,69], 2 km rowing performance [81], and 288 

400 m [82] and 1500 m [52] running performance. Despite these positive findings which 289 

demonstrate the ergogenic effects of SB ingestion for high-intensity exercise performance up to 290 

10 min in duration, this is not always observed [76,80,83]. In some cases, the lack of an 291 

improvement in high intensity performance may be attributed to ingestion strategies that failed to 292 

coincide with peak alkalotic concentrations, thereby limiting the ergogenic potential of the 293 

extracellular buffering agent [84]. Other reasons underpinning the lack of a performance benefit in 294 

some studies may be attributed to the variability in ingestion strategies that may have induced GIS, 295 

potentially even resulting in ergolytic performance responses [5,49,80].  296 

It is possible that the ergogenic effects of SB on high-intensity exercise lasting between 30 s - 297 

1 min in duration are smaller, given the limitations imposed by its mechanism of action. For 298 

example, supramaximal exercise lasting approximately 30 s is associated with a rapid and 299 

pronounced decline in intramuscular pH, which can saturate MCTs with H⁺. This corresponding 300 

saturation further limits proton efflux and likely nullifies the beneficial effects of increased 301 

circulating bicarbonate, arguably reducing the capacity for SB ingestion to exert ergogenic benefits 302 
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[28]. This may help elucidate why meta-analytical data did not find an ergogenic effect of SB 303 

ingestion compared with placebo on 30 s high-intensity cycling performance (30 s Wingate test), 304 

with a trivial standardized mean difference (SMD = 0.02) [85]. Nonetheless, previous research has 305 

demonstrated ergogenic effects of SB ingestion within the 30 s - 1 min duration in exercise such 306 

as standalone and repeated 30 s cycling bouts (e.g., Wingate test) [86,87], 2 x 100 m swimming 307 

bouts [88], and 4 x 50 m swimming bouts (4 x 30 s) [89]; however, this is not always the case 308 

[71,90–92]. Collectively, these findings suggest that while SB ingestion may generate ergogenic 309 

benefits during some high-intensity exercise bouts lasting 30 s - 1 min, these effects are less 310 

consistent and generally smaller compared with longer-duration efforts, likely due to mechanistic 311 

constraints on proton efflux and extracellular buffering. 312 

Summary:  313 

Sodium bicarbonate ingestion is renowned for improving high-intensity exercise performance up 314 

to 10 min in duration. This contrasts to high intensity exercise up to 30 s in duration, whereby the 315 

rapid decline in intracellular pH inhibits sufficient extracellular buffering since the MCT 316 

transporters become saturated with H⁺ and subsequently diminishes the ergogenic capacity of SB 317 

ingestion. Therefore, SB ingestion enhances high-intensity exercise performance up to 10 min in 318 

duration, with reduced benefits during very short bouts of exercise (< 30 s) due to an attenuation 319 

in proton buffering.  320 

5. How does sodium bicarbonate affect performance in long-duration exercise, and 321 

should it be used before and during such events?  322 

Historically, the ergogenic benefits of SB ingestion have been associated with short (< 10 min) 323 

high-intensity exercise, with most research focusing on exercise of this duration, as evidenced in 324 

a recent meta-analysis [3]. Despite extensive research examining SB on short high-intensity bouts, 325 
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widespread anecdotal reports also suggest its benefits extend to long-duration events such as Grand 326 

Tour cycling stages and trail ultra-running events. Indeed, case report data may support its use in 327 

long-duration events, given that blood lactate concentrations in an elite ultra-endurance athlete 328 

have been measured as high as 19 mmol·L-1 late in an ultramarathon event [93], an acid-base stress 329 

that may benefit from an extracellular buffer. Indeed, as discussed in question 1, one of the primary 330 

mechanisms for SB’s ergogenic effects is its ability to buffer disproportionate H+. Although short-331 

duration exercise is typically associated with the accumulation of this intramuscular metabolite, 332 

this does not eliminate prolonged high-intensity exercise as a condition by which disturbances in 333 

acid-base balance may also contribute to exercise-induced fatigue and performance impairment. 334 

Importantly, the degree by which H+ accumulates is largely dependent on the exercise intensity 335 

[94], with greater perturbations in acid-base balance occurring when exercise is performed at or 336 

above heavy and severe domain intensities. Accordingly, exercise performed within the heavy-337 

domain may be sustained for prolonged durations (up to 3-4 h) [94] whereas exercise above the 338 

critical power (i.e. severe-domain) can usually be sustained for several minutes (~2-15 min) [95]. 339 

Given the competitive demands of outperforming residual competitors, particularly during end-340 

spurts or final sprints, athletes are therefore more than likely to perform within heavy- and severe-341 

intensity domains, where these athletes may benefit from enhanced extracellular buffering 342 

capacity. Consequently, there is increasing evidence to support SB’s efficacy on prolonged high-343 

intensity exercise performance [7,38,77,96–98]; however, this is not always observed [99–101]. 344 

These contrasting findings may, however, be attributed to differences in experimental design, 345 

especially regarding the variety of ingestion strategies that have been employed.  346 

Stephens et al. [101] did not find a performance benefit when SB was ingested in gelatin 347 

capsules 120 min before 30 min exercise bout at ~80% VO2Peak, likely missing peak alkalosis (60-348 
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90 min) [48,65], and hence diminishing the potential of an ergogenic effect. McNaughton et al. 349 

[98] and Egger et al. [97] observed improvements in 1 h TT performance and cycling at 110% of 350 

individual anaerobic threshold (IAT) following the ingestion of SB in aqueous solution, which 351 

elevates blood bicarbonate at a quicker rate when compared to capsules [64], likely aligning the 352 

start of exercise (60 min post-ingestion) closer to peak alkalosis. This is similar to recent work, 353 

where researchers have made concerted attempts to align exercise with ITTP alkalosis following 354 

ingestion, which has likely assisted in improving prolonged bouts such as 3.5 km TT running 355 

performance [102], and 16.1 km [77] and 40 km [38] cycling TT performance. It is therefore 356 

possible that the timing of SB ingestion has important implications for aligning peak alkalosis with 357 

exercise onset [84], which may be important for maximizing its ergogenic effects for prolonged 358 

high-intensity exercise. However, without a study design that directly compares a standardized 359 

ingestion strategy vs an ITTP ingestion strategy on prolonged high-intensity exercise performance, 360 

it is not possible to elucidate whether one is superior. Conversely, previous research has suggested 361 

that ITTP strategies may not be necessary given that, in gelatin capsules, Bayesian modeling 362 

indicates that more than 80% of the sample population will achieve a 5 mmol⋅L-1 increase in blood 363 

bicarbonate between 75 and 240 min after SB ingestion [61]. Given this wide timeframe by which 364 

participants will achieve a meaningful increase in blood bicarbonate after the ingestion of SB in 365 

traditional capsules, the practical necessity of precisely individualizing ingestion timing using this 366 

form of SB could be reduced.  367 

This is comparable to recent research investigating a novel commercially available ingestion 368 

system (SBH) [57], in which all participants (n = 10) achieved a 5 mmol·L-1 increase in blood 369 

bicarbonate by 90 min. Taken together, it is possible that these data suggest that an ITTP ingestion 370 

strategy is not necessary with some supplementation forms, which is, however, contingent upon 371 
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the assumption that the magnitude of the observed increase in blood bicarbonate is directly 372 

associated with the ergogenic potential of SB ingestion. Therefore, the aforementioned 373 

improvements in prolonged high-intensity exercise performance after SB ingestion using these 374 

forms [38,77] may be less attributed to the optimization of peak alkalosis, given that it is probable 375 

that standardized timing protocols may be sufficient in inducing alkalosis to thresholds associated 376 

with the ergogenic effects of SB ingestion. Nonetheless, mixed findings in prolonged high-377 

intensity exercise performance after SB ingestion may be attributed to laboratory-based exercise 378 

protocol or differences in supplementation strategies used.  379 

Exercise protocol type may further play a role in whether SB will improve long-duration 380 

exercise performance. For example, the protocols showing benefits from SB supplementation 381 

[38,77,102] utilized ecologically valid TT protocols, which better represent races than time-to-382 

exhaustion (TTE) protocols and demonstrate a lower coefficient of variation [103]. 383 

Mechanistically, TT protocols may better reveal SB’s ergogenic effects, as TTs involve intensity 384 

fluctuations that increase reliance on extracellular buffering. Indeed, varying pacing has been 385 

shown to produce greater muscular fatigue, blood lactate, heart rate, ventilation, and oxygen 386 

consumption when compared to a steady, workload-matched bout [104,105]. Previous 387 

investigations [100,106] did not report an improvement; for example, following SB ingestion, the 388 

extracellular buffer did not improve TTE at 110% IAT after running at 95% IAT for 30 minutes. 389 

However, these findings differ to those by Egger et al. [97], where a ~4.5 min improvement in TTE 390 

was observed following SB ingestion compared to placebo. Future research should therefore aim 391 

to clarify these contrasting effects while utilizing prolonged, high intensity, and ecologically valid 392 

protocols.  393 
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Gastrointestinal symptoms warrant consideration when administering SB for prolonged high-394 

intensity exercise, as such exercise may be more susceptible to GIS in comparison to short duration 395 

exercise. Furthermore, the variability of GIS responses may contribute to inconsistent performance 396 

outcomes [100]. Previous long-duration SB research has also implemented various ingestion 397 

strategies to mitigate GIS, as Dalle et al. [7] found a performance improvement accompanied by 398 

minimal GIS in sprint performance during a 3 hour simulated cycling race after ingesting SB (0.3 399 

g·kg-1 BM) with a "split-dose" protocol (i.e., over the course of several hours). Additionally, using 400 

gastro-resistant forms of SB, sich as delayed-release and enteric-coated capsules has led to 401 

observations of improvements in prolonged running [102] and cycling performance [77]. These 402 

encapsulation methods, however, require the inconvenient ingestion of up to 20-25 capsules for a 403 

70-75 kg athlete, potentially rendering this ingestion method impractical. Alternatives like SBH 404 

have demonstrated reductions in GIS in comparison to encapsulated SB at rest [8] while enhancing 405 

short [57] and prolonged [38] high-intensity cycling performance. Nonetheless, little research 406 

exists directly comparing the effects of SBH with other SB formulations on exercise performance, 407 

limiting conclusions regarding the potential superiority of any specific delivery method. Taken 408 

together, SB ingestion likely enhances prolonged high-intensity exercise performance; however, 409 

its effectiveness may depend on timing, protocol design, and ingestion form. Overall, this 410 

alkalizing agent may be a valuable ergogenic aid for long-duration high-intensity exercise when 411 

both physiological and logistical considerations are addressed and optimized.  412 

Summary: Sodium bicarbonate has predominantly been examined in short-duration high-intensity 413 

exercise, yet emerging evidence suggests it may also improve prolonged high-intensity 414 

performance. Mixed findings likely reflect differences in the timing of ingestion, ingestion form, 415 



20 
 

   
 

GIS, and exercise protocol. However, when these factors are optimized, SB appears to be a viable 416 

ergogenic aid for long-duration high-intensity exercise.  417 

6. Is there a potential rationale for sodium bicarbonate use at altitude?  418 

Whilst the ergogenic effects of SB ingestion are well-established at sea level, its benefits are less 419 

understood in extreme environments, such as altitude. Given that many major international 420 

competitions, such as World Championships and the Olympic Games, are frequently hosted in 421 

locations involving exposure to altitude, it is paramount to understand if SB ingestion can provide 422 

ergogenic effects under this stressor. A recent narrative review [107] assessed the effects of 423 

buffering agents at altitude on exercise performance, including sodium citrate (n = 3), beta-alanine 424 

(n = 2), and sodium bicarbonate (SB; n = 8). Across these included studies conducted under 425 

hypoxic conditions (n = 13; mean ± standard deviation simulated elevation = 3181 ± 1024 m), only 426 

23% reported ergogenic effects. These findings highlight the necessity of elucidating the 427 

physiological mechanistic rationale for SB ingestion at altitude before its ergogenic potential in 428 

this condition can be fully understood.  429 

Previous research has demonstrated performance improvements in acute normobaric hypoxia 430 

following SB ingestion [35,108–111]; however, this is not always observed [112,113]. The 431 

improvements in exercise performance following SB ingestion in acute normobaric hypoxia have 432 

predominantly been observed for short high-intensity exercise [108,109,113], although recent 433 

evidence suggest that these ergogenic benefits extend to prolonged high-intensity exercise 434 

performance [110]. Additionally, apart from Saunders et al. [112] and Shannon et al. [110], each 435 

of the studies investigating SB ingestion in acute normobaric hypoxia has adopted a simulated 436 

altitude of ~3000 m, which is a height that is unlikely to experience by athletes since most training 437 
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camps and competition venues are situated < ~2000 m [107]. Nonetheless, the improvements in 438 

performance after SB ingestion are likely attributed to an enhanced extracellular buffering capacity 439 

pre-exercise, given the exacerbated accumulation of H+ in this environment and the subsequent 440 

need for extracellular buffering sources [114]. Conversely, acute sojourns to altitude result in 441 

respiratory alkalosis due to hyperventilation associated with increased ventilatory drive caused by 442 

a lower partial pressure of oxygen (PO2). Over the course of hours to days, the kidneys decrease 443 

the rate of bicarbonate reabsorption to return pH back to normal (in the process lowering baseline 444 

levels of bicarbonate) [115]. The extent and effect of these acid-base adjustments would most 445 

likely vary across individual athletes and altitudes, which therefore requires serial measurements 446 

to better track changes in blood buffering across training or competition cycles at various heights. 447 

This may also explain the disparate findings in the literature regarding prolonged exposure and SB 448 

supplementation [116,117]. Conversely, SB supplementation early in the exposure period and 449 

during acute repeated, high-intensity training may provide athletes with supplemental bicarbonate 450 

to overcome any existing blood buffering deficit [108,113,118], which may, at least, partially 451 

explain the improvements in high-intensity exercise performance. Ultimately, it is still unclear 452 

whether use of SB supplementation (acutely or chronically) at altitude will improve performance 453 

or training adaptations in athletes, warranting further research in this area. 454 

Summary: There is a physiological rationale for the use of SB at altitude. It is likely that SB 455 

ingestion at altitude will provide supplemental bicarbonate to alleviate the potential reduction in 456 

blood bicarbonate commonly observed at altitude; however, its effects on exercise performance 457 

and training adaptations in this environment are less clear. Similarly, most of the research 458 

assessing SB’s ergogenic potential at altitude has occurred at heights less likely to be experienced 459 

by athletes, and more research elucidating SB’s effectiveness at externally valid heights is required.  460 
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7. Is it worth ingesting sodium bicarbonate for exercise in the heat?  461 

Like sea-level, the effects of SB are well-established in temperate environmental conditions; 462 

however, there have been few concerted efforts to investigate this extracellular buffer’s ergogenic 463 

potential in the heat. Accordingly, Carr et al. [107] demonstrated in a recent narrative review that 464 

only five investigations (sodium citrate, n = 3; SB, n = 2) studied the effects of extracellular 465 

buffering supplementation in the heat (mean ± standard deviation temperature = 31.4 ± 2.2 °C), 466 

and only one of these included studies observed ergogenic effects. Despite the lack of research and 467 

observed ergogenic effects of SB on exercise performance in the heat, SB ingestion may serve 468 

additional purposes outside of improving exercise.   469 

Recently, the use of SB supplementation for the purpose of either hyperhydrating or expanding 470 

plasma volume to mitigate the effects of heat stress during prolonged exercise has been explored 471 

[20]. Interestingly, the amount of sodium (Na+) ingested with a typical dose of SB is nearly 472 

equivalent to Na+ levels used during salt-only hyperhydration studies [119,120], and the resulting 473 

plasma volume expansion is similar (~ 6 to 8%) [20]. However, whether this expansion benefits 474 

cardiovascular performance and/or thermoregulation during exercise in the heat remains unclear. 475 

Preliminary evidence suggests performance benefits under heat stress, with Mündel et al. [87] 476 

reporting improved recovery and repeated anaerobic capacity during Wingate testing in the heat 477 

following SB ingestion, and Gough et al. [121] demonstrating enhanced 4 km cycling TT 478 

performance using an ITTP ingestion strategy in hot conditions (30° C). Supplementary to these 479 

performance-related studies, while investigating cycling in the heat (35° C) for 60 min at 50% 480 

VO2Peak, Katagiri et al. [122] demonstrated reduced minute ventilation in the SB condition (57.1 ± 481 

9.1 L•min-1) when compared to placebo (62.1 ± 9.1 L•min-1) at the end of exercise. Similarly, these 482 

authors also observed significantly reduced RPE after the ingestion of SB (15.6 ± 1.8 AU) in 483 
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comparison to placebo (16.0 ± 1.8 AU), suggesting that this extracellular buffer reduces heat-484 

induced hyperventilation. More work has been done with both SB and sodium citrate in the area 485 

of rehydration after rapid body mass loss (e.g., making weight in wrestling or combat sports), with 486 

both agents demonstrating greater efficacy in increasing plasma volume, body mass, and water 487 

consumption when compared to water-only controls [123–125]. Another potential use of SB 488 

supplementation during heat stress is to reduce the risk of acute kidney injury by potentially 489 

preserving acid-base balance and lowering the kidney’s energy requirements for bicarbonate 490 

reabsorption, reducing the damage caused by the breakdown of muscle tissue (e.g., 491 

rhabdomyolysis), or improve renal function directly via the high sodium content [126]. In this 492 

context, SB supplementation may be considered for both athletes competing for prolonged periods 493 

in the heat (e.g., marathon or ultras) or occupations where recurring prolonged heat exposures 494 

persist (e.g., construction, firefighters, etc.).  495 

Summary: Although research investigating SB in hot conditions is limited and its ergogenic effects 496 

in this environment are limited, this extracellular buffer’s purpose may serve beyond just for 497 

exercise performance. Given its heightened sodium content, SB may promote plasma-volume 498 

expansion and hyperhydration when compared to traditional salt-loading strategies, which may 499 

subsequently support cardiovascular function and thermoregulation during heat stress. 500 

Preliminary work also demonstrates improvements in high-intensity exercise performance, 501 

reduced perception of effort, and lower ventilation. Overall, further research is necessary to 502 

elucidate the efficacy of SB ingestion for improving hydration status, cardiovascular and 503 

thermoregulatory function, exercise performance, and renal function during prolonged exercise 504 

and occupational heat exposure in hot environments.  505 
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8. When is the best time to take sodium bicarbonate before exercise? When does blood 506 

bicarbonate peak in the blood?  507 

Since the work of Dennig et al. [1] using split-day fluid SB ingestion, a considerable 508 

number of ingestion methods and protocols have been used to deliver SB prior to exercise. 509 

Typically, either an acute single bolus ingestion prior to exercise, or “split” dosing strategies are 510 

employed. The rationale for splitting doses, either across multiple days [127] or into smaller doses 511 

across the pre-exercise period [128] were first used to offset or limit some of the GIS that can 512 

impact some participants when SB is ingested in a single large bolus. This was particularly relevant 513 

when traditional SB ingestion forms such as fluid and gelatin capsules were the typical methods 514 

of delivery [129]. Since then, a variety of strategies have been employed (and developed) to limit 515 

the GIS (further discussed in question #2) by reducing or eliminating the interaction of SB with 516 

gastric acid [57,65] subsequently enabling large single volumes of SB to be ingested and tolerated. 517 

This diversification in ingestion type also brings specific considerations for the nutrition 518 

practitioner and athlete, since each has different impacts on the subsequent blood bicarbonate 519 

response and potentially the optimal timing of intake. Such considerations are also further 520 

compounded by the variety of ingestion doses, timings of ingestion (Table 1), and individual 521 

responses that have been reported in the literature, and indeed, which athletes often experiment 522 

with. From a practitioner’s perspective, considerable confusion exists among athletes and coaches 523 

about the difference between ingestion forms of SB and the specific pre-exercise ingestion 524 

considerations for each.  525 

***[Insert Table 1]*** 526 

An acute single SB dose of 0.3 g·kg-1 is most widely used in the literature as it was 527 

identified as “optimal” in a dose response study by McNaughton [51]. However, since then, Jones 528 
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et al. [62] demonstrated that there is considerable inter-individual variability in the blood 529 

bicarbonate response across doses and individuals, making it difficult to recommend an optimal 530 

pre-exercise ingestion time for SB. Research on this individual variability concept was further 531 

developed by both Miller et al.[60] and Sparks et al.[130] with the establishment of the ITTP 532 

alkalosis ingestion strategy. The premise of this strategy was to determine when alkalosis peaks 533 

(via blood pH) following SB ingestion, with the assumption that the largest increase in blood pH 534 

may provide the greatest likelihood of an ergogenic effect [18]. Subsequent work by Gough et al. 535 

[69], however, observed that measuring peak blood bicarbonate was a more reliable method than 536 

measuring peak blood pH, and later showed that adopting an strategy based on ITTP blood 537 

bicarbonate improved 4 km cycling TT performance, whereas this was not the case for 538 

standardized ingestion timing [131,132]. Indeed, direct comparison of an ITTP ingestion to 539 

standardized ingestion time was shown by Boegman et al. [84] to provide an advantage; however, 540 

the standardized ingestion time of 60 min adopted in this study was unlikely to induce alkalosis to 541 

a sufficient degree in comparison to other standardized times such as 90 min. Similarly, other 542 

instances observing ITTP alkalosis may be less reliable when ingesting SB using gelatin (or 543 

similar) capsules. This is likely the result of capsule aggregation in the stomach potentially 544 

reducing the ergogenic effect of individual timing [61] and impacting bicarbonate absorption rates 545 

which can also be affected by capsule size [63]. Whilst the ITTP strategy may provide a 546 

performance advantage in some instances, it is time consuming and requires access to a blood gas 547 

analyzer, limiting its practicality for some athletes. 548 

Employing gastro-resistant capsules or tablets to reduce GIS may allow more bicarbonate 549 

to be delivered, whilst lowering the peak and lengthening the time after ingestion that the highest 550 

blood bicarbonate response is observed [6]. This may however also allow blood bicarbonate to be 551 
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elevated for considerably longer than with a fluid ingestion strategy, so while the 3 h post ingestion 552 

area under the blood bicarbonate curve is smaller with enteric coated capsules (Figure 1), it is 553 

likely larger over >5 h after ingestion and may therefore be more suitable for longer duration 554 

exercise [77]. More recently, a SB ingestion system using mini-tablets and a CHO hydrogel (SBH) 555 

has been shown to elevate blood bicarbonate considerably greater than a traditional capsule form 556 

and for prolonged periods, whilst almost eliminating GIS [8,57]. The use of ITTP with this form 557 

of SB [38] has been shown to have less inter-individual variability and similar performance 558 

improvement effects when compared to a standardized ingestion time of 90 min [110]. This 559 

suggests that for this method of SB ingestion, ITTP is likely to provide a smaller additional 560 

ergogenic effect for traditional SB ingestion forms. For the application of SB in prolonged 561 

exercise, where there is a repeated need for high intensity efforts, or when the main exertion in the 562 

race may occur at the end of a 3-5 h bout, it is important to use an ingestion form that can achieve 563 

this. Therefore, some individual assessment of when to ingest may be beneficial, and this should 564 

also consider event tactics, dynamics, and topography as this could impact when the initial peak 565 

in blood bicarbonate might be needed.  566 

Some endurance and ultra-endurance athletes are also experimenting with in-race “top-up” 567 

doses of SB in a variety of forms. There is anecdotal evidence of ingestion of SB using liquid, 568 

capsule, SBH, and commercially available gels, being used to deliver a variety of in-race doses of 569 

SB. While the inspiration for such a strategy is likely the work of Dalle at al. [7], who used three 570 

split doses of SB during a 3 h cycle race simulation, this dosing strategy has not yet been evidenced 571 

in the literature as being more ergogenic than just a single optimal pre-exercise dose, and if it is 572 

useful, it is likely to be so for those SB ingestion forms that are not gastro-resistant or gastro-573 
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evasive, as these deliver less total SB (Figure 1) and the recovery of blood bicarbonate is less 574 

effective [8]. 575 

Summary: The diversification of existing SB ingestion modes produces contrasting peak blood 576 

bicarbonate responses, thereby necessitating different recommended pre-exercise ingestion times. 577 

Consequently, it is possible that the need to individualize pre-exercise SB consumption may be 578 

limited to SB forms that demonstrate large inter-individual variability in peak blood bicarbonate 579 

responses , whereas standardized pre-exercise ingestion timing strategies may be sufficient for 580 

other forms, such as SB mini-tablets in a CHO hydrogel. These findings provide valuable 581 

information for sport practitioners, nutritionists, and athletes considering SB ingestion as a pre-582 

exercise ergogenic aid.  583 

9. What happens when taking sodium bicarbonate after exercise instead of before?  584 

While the majority of scientific work has focused on the efficacy of SB as a pre-exercise 585 

buffering aid, there is also scope for ingesting it after an initial exercise bout to improve recovery 586 

[133]. Rather than exogeneous bicarbonate being utilized during exercise, this approach aims to 587 

maximize one’s extracellular capacity to buffer H+ throughout the subsequent recovery period and 588 

accelerate the restoration of blood acid-base balance back to baseline levels or beyond [134,135]. 589 

This would be of practical significance for any athletes performing multiple events on the same 590 

competition day, where accelerated early-phase recovery is beneficial for performance. For 591 

instance, BMX cycling events involve repeated qualification rounds separated by as little as 15 592 

min, or swimming medal competitions comprised of heats and finals, or races in different stroke 593 

disciplines, within ~30–90 min of each other. For example, at the Paris 2024 Olympics, some 594 

swimmers had as little as 82 min between the men’s 200 m breaststroke and 200 m butterfly 595 

semifinals, leaving minimal time to recover between events. Furthermore, rationale exists as to 596 
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why SB could also improve longer-phase recovery, ranging from a few hours up to several days 597 

post-exercise. Mechanistic studies have shown that pre-exercise SB ingestion attenuates cellular 598 

stress (e.g., intracellular heat shock protein-72, [HSP72]) [136–138] and augment mitochondrial 599 

biogenesis via expression of peroxisome proliferator-activated receptor-γ coactivator 1-alpha 600 

(PGC-1α) [139] during recovery from strenuous exercise, which can likely be explained by 601 

enhanced H+ efflux from the muscle [133]. Consuming SB following the initial exercise bout 602 

instead could therefore alleviate cellular stress and promote cell repair from follow-up exercise 603 

performed on the same day, in turn accelerating recovery time and reducing the decline in 604 

functional capacity for athletes. Future studies are however warranted to further examine the 605 

effectiveness of post-exercise SB in optimizing recovery and elucidating the involved 606 

mechanisms.  607 

A small body of work exists examining the effects of post-exercise SB ingestion through the 608 

medium of traditional ingestion modes (e.g., aqueous solution and capsules) on restoration of 609 

blood acid-base balance and subsequent exercise performance after a short recovery 610 

[36,134,135,140]. In two similarly designed studies, Gough et al. [36,134] observed that SB 611 

consumed acutely following an initial exhaustive bout increased bicarbonate and blood pH (~7 612 

mmol·L-1, ~0.10 pH units higher) 75–90 min post-exercise compared to a placebo. These 613 

elevations translated to greater exercise capacity for SB during follow-up TTE protocols (~20%). 614 

Gurton et al. [135] did not find benefits of post-exercise SB supplementation when repeated 615 

exhaustive treadmill tests were separated by 40 min, with GIS more severe throughout the 616 

subsequent 24 h. Acute SB ingestion after exercise appears more effective when sufficient recovery 617 

is available (e.g., ~60–75 min), otherwise a pre-exercise strategy should be favored to diminish 618 

the initial disturbances in blood acid-base balance that impair subsequent performance [141]. Dalle 619 
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et al. [140] found that split-dose SB supplementation across a 9 h period after repeated “all-out” 620 

cycling efforts separated by 3 h improved performance (mean power was 1.9% higher) and led to 621 

gradual increases in bicarbonate (7.6 mmol·L-1 greater at end point, p < 0.05) compared to a 622 

placebo, without any significant differences in GIS. A split-dose post-exercise SB ingestion 623 

strategy could therefore be particularly beneficial for athletes competing in sports comprising 624 

multiple qualification rounds on a single day who are concerned about GIS impairing repeated 625 

bout performance.  626 

Research investigating the application of post-exercise SB ingestion for accelerating recovery 627 

up to a few days after an initial exercise bout is scarce. This may be especially relevant for athletes 628 

competing in prolonged competitive scenarios (e.g., multi-week tournaments) where optimizing 629 

recovery is prioritized over long-term physiological adaptations. Gurton et al. [142] reported that 630 

SB ingested after a 40 x 15 m repeated sprint protocol (aimed to induced muscle damage) did not 631 

attenuate reductions in vertical jump height or alleviate muscle soreness through a 3-day recovery 632 

period. These authors did, however, observe that a second dose of SB consumed before a follow-633 

up soccer-specific testing battery (~72 h post-exercise-induced muscle damage) attenuated the 634 

drop-off in Illinois Agility (4.0% less) and improved Yo-Yo IR2 (24.0% greater) performance 635 

compared to a placebo. While performance benefits may be advantageous during competitive 636 

periods, there is also a rationale that supplementation could attenuate post-exercise metabolic 637 

disturbances that contribute to physiological adaptations. Consequently, SB ingestion during off-638 

season training blocks may be counterproductive, as the primary goal is long-term physiological 639 

development rather than minimizing small transient impairments in performance [133]. Other 640 

studies exploring the effectiveness of SB for accelerating functional and biochemical indices of 641 

recovery after eccentric or metabolic challenging exercise across a 24 h period have shown 642 
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equivocal results [136–139,143]. Additional work examining the influence of post-exercise SB 643 

ingestion on cellular and adaptive responses (e.g., HSP72, PGC-1α).From The application of post-644 

exercise SB ingestion should be considered on a case-by-case basis, as accelerated recovery is 645 

most likely to be beneficial in acute performance settings where small decrements in performance 646 

between closely scheduled events or matches may determine competitive outcomes.    647 

    648 

Summary: Post‑exercise SB supplementation may enhance recovery by accelerating blood 649 

acid‑base restoration, reducing cellular stress, and improving subsequent performance, 650 

particularly when sufficient recovery time is available or with stacked dosing strategies. However, 651 

evidence remains limited and mixed, with benefits more apparent in short‑term repeated events 652 

than in prolonged recovery, while concerns exist around impeding long-term physiological 653 

adaptations. This highlights the need for further research on its physiological and practical 654 

applications, especially when adopting SB delivery forms designed to reduce GIS. 655 

 656 

10. Should sodium bicarbonate be taken throughout training or can it be taken just 657 

during the day of a competition/game/race? Are there benefits of taking sodium 658 

bicarbonate for training adaptations?  659 

Conceptually, like caffeine, SB provides near-immediate performance benefits, unlike 660 

supplements such as beta-alanine that may require weeks of use to be ergogenic [144,145]. Thus, 661 

from a mechanistic standpoint, SB may enhance performance even if consumed only on the day 662 

of the race or competition. While athletes may experience an ergogenic effect even if SB is first 663 

introduced on the day of the event without prior experimentation, they also risk impaired 664 

performance. Impaired performance may result from GIS caused by SB particularly when ingested 665 
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in liquid or simple capsule form, and may include bloating, nausea, vomiting, and abdominal pain, 666 

due to the accumulation of CO2 in the gut [5]. For some individuals, these side effects may 667 

outweigh the performance benefits, leading to a net neutral or even negative effect. In one study 668 

including 12 athletes, SB supplementation improved 1500 m run performance in all but two 669 

participants [52]. Both participants reported abdominal discomfort and diarrhea, which potentially 670 

contributed to their non-responsiveness. Similarly, another study reported an ergogenic effect of 671 

SB only after excluding participants (4 out of 21) who experienced GIS from the analysis [49]. 672 

Therefore, athletes are strongly advised to test SB supplementation during training sessions. 673 

Testing SB in training may help: (a) identify ideal supplementation protocols; (b) become 674 

accustomed to supplementation in case of side effects; and (c) increase the chances of realizing 675 

performance benefits on competition day. 676 

Beyond acute performance enhancement, an important consideration is whether SB ingestion 677 

before every intense exercise session also enhances training adaptations. The current evidence is 678 

mixed, but points toward a possible benefit. For instance, one study employed an 8-week high-679 

intensity cycling program (three sessions per week) and administered 0.4 g·kg-1 of SB 30-90 min 680 

before each session [146]. Compared to placebo, greater improvements in lactate threshold and 681 

cycling time to fatigue were found for those taking SB, even though total work was matched 682 

between groups [146]. Due to the work-matched design, the benefits are unlikely to stem from 683 

acute exercise performance improvements. Instead, these benefits may reflect reduced metabolic 684 

disturbance and enhanced mitochondrial respiration in the SB group [146,147]. Another study 685 

found greater improvements in Wingate peak power in the group taking 0.2 g·kg-1 BM of SB 60-686 

90 min before every exercise session over a 6-week high-intensity interval training program (three 687 
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sessions per week) [148]. As total work was not matched, the benefits may be due to the 688 

accumulation of acute performance enhancements across sessions in the group taking SB.  689 

Although aforementioned research evidence suggestions improved training adaptations with 690 

pre-exercise SB, it is not always observed. For example, Siegler et al. [149] did not find additional 691 

benefits of SB ingestion across a 10-week period on mechanisms related to explosive power, with 692 

a lack of benefit potentially due to the small sample size (n = 8). Driller et al [150] also did not 693 

find an additive effect of SB ingestion compared to placebo on 2000 m rowing performance 694 

following 4 weeks of high-intensity interval training (2 sessions per week). The lack of an effect 695 

may be due to the short duration of 4 weeks. These results may indicate that the effects may depend 696 

on factors such as training type or individual responsiveness [149,150] as well as the exercise and 697 

ingestion protocols. 698 

 699 

Summary: Ingestion of SB on the day of competition may improve performance without the need 700 

for prior use in training. Still, testing SB supplementation in advance such as during training is 701 

advisable to minimize side effects, select the protocol or delivery method that works best for the 702 

athlete, and increase the likelihood of performance benefits. Preliminary evidence suggests that 703 

repeated use of SB during training may enhance adaptations through altered metabolic responses 704 

to exercise or accumulated acute performance improvements, although further research is needed. 705 

11. Which sports mainly benefit from sodium bicarbonate supplementation?  706 

An inherent part of sports is often the development of exercise-induced fatigue, which leads to 707 

a subsequent decline in performance, an increase in RPE, and an inability to perform the sport at 708 

the desired intensity [151]. As such, it would be beneficial to reduce both the development and 709 

perception of such fatigue during games, matches, or races. The supplementation with SB, 710 
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therefore, has been utilized across a range of sports and tasks to reduce this decline and 711 

subsequently enhance performance [152]. This extracellular buffer’s ergogenic mechanisms are 712 

discussed in detail under question 1; however, in essence, it is thought to improve performance via 713 

an increase in extracellular pH and a subsequent improved buffering capacity [15,152]. Although 714 

SB’s primary ergogenic effects are attributed to attenuating the reduction in intracellular pH during 715 

high-intensity exercise, some research also suggests that SB-induced alkalosis may contribute to a 716 

reduction in RPE [45,46], which may be particularly important for prolonging exercise 717 

performance. While SB has been studied under a variety of interventions, this section will focus 718 

on investigations that simulate sport performance, such as through a sport-specific performance 719 

test or a TT.  720 

Much of the literature surrounding sports performance and SB supplementation has focused 721 

on non-team sports, such as running, cycling, swimming, and rowing. The current body of 722 

literature suggests that SB (utilizing a 0.3 g·kg−1 BM dose) may aid performance in such sports 723 

during high-intensity intermittent protocols, such as 6 x 10 s maximal cycling bouts [60], 6 x 20 724 

m sprints [153], and both 4 x 50 m and 8 x 25 m front crawl swim intervals [89,154]. Moreover, 725 

such sports have also been investigated utilizing TT or distance-based protocols, which provide an 726 

ecologically valid assessment that reflects the effort and pacing strategy required during a race 727 

[103]. In such assessments, the latter half of 2 km rowing performance has been shown to improve 728 

after supplementation with an 0.3 g·kg−1 BM dose [76], perhaps reflecting an increased ability to 729 

maintain a high intensity at the end of an effort with SB. Additionally, performance has been shown 730 

to improve in a range of distances following ingestion SB. Indeed, 4 km, 16.1 km, and 40 km 731 

cycling TT performance have been shown to benefit from supplementation [38,69,77,121], as 732 

well as 800 m, 1500 m, and 3.5 km running TT performance [52,102,155]. All aforementioned 733 



34 
 

   
 

protocols used an 0.3 g·kg−1 BM dose; however, the 4 km protocols utilized both an 0.2 and 0.3 734 

g·kg−1 BM dose [69,121]. In contrast, there were no performance benefits of  an acute 0.3 735 

g·kg−1 BM dose of SB during exercise tasks involving: 40 km cycling (when supplemented 60 min 736 

pre-exercise, potentially missing the ergogenic window of SB) [99], 2000 m rowing [123,156], 737 

and 200 m or 400 m swimming [157]. Such investigations may not have found a benefit of SB 738 

ingestion due to the performance level of the participants [156] or the musculature used during the 739 

study [157].  740 

During team-based sports that possess a greater skill component than individually competed 741 

events, an increase in fatigue may harm decision-making and skill execution [15]. Consequently, 742 

SB supplementation may aid performance during such sports, as enhanced extracellular buffering 743 

capacity may delay fatigue and preserve motor control, reaction time, and cognitive function 744 

[2,129]. However, the effect of SB supplementation on performance in such sports has shown 745 

equivocal results. For example, there were no ergogenic effect of an 0.3 g·kg−1 BM dose of  SB on 746 

soccer [112], rugby [80], or water polo performance [158]. However, after ingesting SB (0.3 747 

g·kg−1 BM) improvements were found in boxing punch efficacy [72], the number of judo throws 748 

[159], repeated-sprint performance in soccer [37] as well as sustained tennis performance [160]. 749 

Given these contrasting findings and considering the development of SB delivery methods that 750 

reduce GIS, future research should expand to include a variety of team sports and testing protocols 751 

to best elucidate how potential benefits and mechanisms differ across contexts. 752 

Overall, the benefits of SB are equivocal across the range of sports; however, ergogenic effects 753 

have been observed during activities that are susceptible to high-intensity bouts, whether that be 754 

during a simulated soccer protocol, a 1500 m run, or a 40 km cycling TT [37,38,52,110]. The 755 

absence of an ergogenic effect of SB supplementation in certain sports is likely attributable to 756 
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sport-specific physiological demands. As highlighted herein, SB appears most effective for 757 

exercise modalities characterized by high-intensity efforts that elicit substantial metabolic 758 

perturbations. In contrast, when a sport does not fundamentally depend on such physiological 759 

stressors, SB supplementation is less likely to confer a performance benefit. While much of the 760 

literature suggests ergogenic effects during bouts lasting between 30 s and 12 min [2], future 761 

research should continue to investigate its benefits across a range of sports and exercise durations. 762 

Additionally, the ingestion form and ingestion strategy (further discussed in question #3) must be 763 

taken into account when considering supplementation, and athletes should test out various 764 

strategies in practice before utilizing the supplement in a competition.  765 

Summary: Supplementing with SB can reduce exercise-induced fatigue and enhance performance, 766 

particularly in high-intensity or sustained efforts such as cycling, running, swimming, and rowing, 767 

though results vary across studies and sports. Evidence in skill-based or team-sport simulations is 768 

mixed, with some protocols showing improved repeated-sprint ability or skill maintenance, and 769 

others reporting no significant differences. Overall, the benefits appear most consistent in 770 

activities involving intense bouts lasting 30s to 12 min, but responses depend on sport, protocol, 771 

and ingestion strategy. 772 

12. Should one worry about the sodium dose?  773 

The ingestion of SB carries a risk of a high daily sodium load that athletes and practitioners 774 

should consider as part of the ingestion strategy. Specifically, for a 70 kg athlete, a 0.3 g.kg-1 BM 775 

SB dose would equate to 21 g of total SB, where ~5.75 g is sodium. For context, this equates to 776 

more than double the recommended daily sodium intake of 2.4 g by the UK National Health 777 

Service for the general population [161]. Such high amounts of sodium may place the athlete’s 778 

health at risk through increased renal workload and exacerbate GIS  which could negatively 779 
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influence exercise performance [5,162,163]. Indeed, in one study administering a single 0.3 g.kg-780 

1 BM SB dose a significant increase in diastolic blood pressure was reported during rest, exercise, 781 

and recovery in healthy adults (~3-4 mmHg); however, this was not interpreted as being a clinically 782 

relevant change [5]. Based on this study, it is intuitive to suggest that chronically this might cause 783 

issues with physiological function. It is worth noting, however, that these studies are scant and 784 

have only been conducted in healthy individuals not in athletes with high training loads. This is 785 

problematic as athletes typically have a higher sodium turnover due to increased sodium sweat 786 

losses and therefore the high sodium load may not present an issue. On the balance of the limited 787 

evidence, a delicate interplay between the sodium intake (via diet and SB ingestion) and sodium 788 

losses (via exercise) needs to be considered to ensure the ergogenic benefits can be obtained 789 

without any potential negative physiological outcomes. 790 

Although concerns about SB often focus on its sodium load, its physiological impact can also 791 

be understood through its effects on strong-ion balance [29]. Albeit discussed more in question #1, 792 

SB ingestion increases extracellular Na⁺ and reduces Cl⁻, shifting the SID and contributing to the 793 

alkalosis that supports H⁺ efflux [30]. These ion shifts also interact with K⁺ regulation, which is 794 

central to maintaining membrane excitability [32,34]. This extracellular buffer has been shown to 795 

reduce the rise in extracellular K⁺ during high-intensity exercise by likely preserving intracellular 796 

K⁺ [35,38]; however, this is not always observed [111,164].  Still, rather than posing a risk due to 797 

sodium alone, SB influences a broader strong-ion response that helps preserve muscle excitability 798 

and may underpin its ergogenic effects. 799 

Practically, the sodium load should be considered as part of planning SB ingestion strategies. 800 

The priority actions alongside SB ingestion would be to monitor blood pressure and body mass 801 

changes (especially for weight category sports), GIS, and nutrition intake monitoring for sodium 802 
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and potassium intake (i.e., via dietary recall). Of course, the performance responses should also be 803 

monitored to ensure the SB is creating an ergogenic response. As most of these measurements are 804 

taken in practice settings with high performance athletes, it should not create too much of a 805 

measurement burden for both the practitioner and/or athlete. Since SB can also be used as a 806 

hyperhydration strategy and increase plasma volume [20,165], it is also important to monitor 807 

athletes’ use of sodium-based electrolyte products, as these will add further total sodium and are 808 

unlikely to be required given the already high sodium intake when using SB. These procedures 809 

will be more important for athletes who have a low sodium turnover, which is often seen in 810 

weightlifting type sports, whereas for endurance athletes there is less of a risk of negative 811 

consequences from SB use. These procedures may be important is during a race weekend, where 812 

there are heats and finals, and therefore, repeated dosing remains attractive to athletes. We would 813 

advise a cautious approach knowing that SB can improve multiple bouts of exercise with a 814 

recovery window of between 15 and 90 min [133].   815 

Summary: Ingesting SB risks exceeding the recommended daily sodium load and consequently 816 

increases the likelihood of raising GIS and renal function pressure. At present, there is no data 817 

that suggests increased blood pressure in athletes following SB use. However, given that some 818 

athletes have a high sodium turnover (i.e. endurance athletes) due to heightened exercise demands, 819 

it is possible that the elevated sodium load associated with a typical dose of SB (0.3 g·kg-1) may 820 

not pose a significant physiological issue. Nevertheless, greater attention to total sodium intake is 821 

warranted for athletes with lower sodium turnover (i.e., weightlifters), and repeated SB dosing 822 

should be done cautiously. Overall, where possible, sport practitioners should aim to monitor 823 

nutrition intake, GIS, blood pressure, and body mass as a means of managing the potential sodium-824 
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related risks associated with SB. More research is needed on the chronic use of SB in athletes for 825 

training and repeated competition events/days. 826 

13. How does extracellular buffering compare to intracellular buffering agents such as 827 

beta-alanine?  828 

Intra- and extracellular buffering systems protect against excessive accumulation of H+ and 829 

subsequent decreases in muscle pH during high-intensity exercise [166]. Beta-alanine (BA) is a 830 

non-essential amino acid that acts as the rate-limiting precursor to carnosine synthesis [167,168]. 831 

Carnosine contains an imidazole ring (pKa: 6.83, close to physiological pH of muscle) that allows 832 

it to neutralize H+ in muscles during intense exercise [169]. Chronic BA supplementation increases 833 

intramuscular carnosine concentration, typically 18-26 mmol·kg-1 dry weight in human skeletal 834 

muscle [170], and acts as an intracellular buffer [171]. Conversely, SB serves as an extracellular 835 

buffering agent, as its dissociation increases blood bicarbonate concentration, which permits 836 

greater efflux of H+ out of the muscle cell that maintains intramuscular pH [23]. Despite 837 

similarities in the roles of BA and SB as buffers, their optimal dosing strategies differ. Chronic BA 838 

supplementation of 4–6 g·day-1 for ≥4 weeks is recommended [172]. Meanwhile, SB can be taken 839 

acutely (0.2–0.3 g·kg-1 BM), with pre-exercise ingestion time varying depending on form of 840 

administration (discussed in questions 3 and 7). From a practical perspective, SB can be 841 

strategically scheduled on an event day, whereas BA requires early, long-term planning consisting 842 

of daily supplementation for weeks, with no additional considerations on the day of competition. 843 

While carnosine content typically increases following BA supplementation, inter-individual 844 

variability likely exists. Baguet et al [171] observed high- and low-responders after 4.8 g·day-1 BA 845 

for 5-6 weeks, with carnosine washout periods ranging between 6 and 15 weeks. Inter-individuality 846 

of responses for BA might be related to muscle fiber composition or athletic status [173]. 847 
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Meanwhile, the efficacy of SB may range due to the large degree of variability in bicarbonate 848 

absorption rates [61,174], genetic variations affecting MCT transporters and subsequent H+ 849 

removal [18,175], and GIS [49], thereby affecting subsequent performance.  850 

Indeed, BA and SB have established side-effects that differ. For example, BA is commonly 851 

known to cause paresthesia, or tingling [172]. Symptoms typically appear when BA is given in a 852 

non-sustained release form [167], and disappear 60–90 min after supplementation [176]. 853 

Currently, there is no evidence to suggest that side-effects are harmful in the aforementioned doses 854 

administered [172,177,178]. Alternatively, SB ingestion, especially when administered in a non-855 

gastro-resistant form (simple capsule form or solution) may cause GIS, which can sometimes 856 

persist for ~90-120 min post-ingestion [80]. However, gastro-resistant forms of SB may reduce 857 

GIS substantially [8,65]. 858 

The duration of exercise that benefits most from BA or SB differs slightly. While both 859 

supplements have ergogenic effects for high-intensity exercise lasting 30 s -10 min [2,145], SB 860 

may be more effective for endurance activities, in part due to mechanisms outside buffering, such 861 

modulating hydration and strong ion changes [20,179]). Additionally, meta-analytical data 862 

suggests that BA appears to produce more consistent benefits for tests of exercise capacity than of 863 

exercise performance [145,180], with modest improvements typically observed for exercise 864 

lasting up to 25 min [172], but research investigating longer durations is limited [172,181]. 865 

Regarding SB supplementation, high-intensity exercise < 30 s may not induce sufficient H⁺ 866 

accumulation to justify SB supplementation, and the rapid intramuscular generation of H⁺ may 867 

surpass the transport capacity of MCTs, thereby limiting efflux into the extracellular space 868 

(discussed in more detail in question 5) [3,175]. Similarly, longer exercise duration examinations 869 
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are lacking, though some investigations have observed improvements during prolonged running 870 

[96,102] and cycling [38,77], or across simulated team sport match scenarios [37,75]. 871 

Despite BA and SB acting on different buffering systems, implying that greater effects might 872 

be observed by combining supplementation [145], evidence is equivocal whether co-ingestion of 873 

chronic BA and acute SB produces an additive benefit. Several studies have examined the 874 

combined effects of BA and SB, with mixed outcomes. Bellinger et al. [182] reported only a 875 

minimal additive effect on 4-min cycling (3.3% vs. 3.1% with SB alone), while Mero et al. [88] 876 

did not find a benefit beyond SB in sprint swimming. Similarly, Sale et al. [183] showed that BA, 877 

SB, and their combination all increased cycling TTE, but without significant differences between 878 

them; despite this, their combination resulted in a 16.2% change, whereas SB and BA had 6.5% 879 

and 12.1% changes, respectively. In contrast, Tobias et al. [184] observed an additive effect during 880 

repeated upper-body Wingate tests, with BA+SB improving total work by 14%, compared to 7% 881 

and 8% changes observed with BA and SB alone. More recently, a systematic review and meta-882 

analysis [185] reported that there was no ergogenic effect for BA or SB individually but did find a 883 

benefit when the two were combined. Taken together, while some protocols and pooled evidence 884 

suggest a potential additive benefit, the overall body of research remains inconsistent. 885 

Discrepancies in such results may originate from differences in protocol design and outcome 886 

measures, as well as small sample sizes and the small scale of work in the area.  887 

Both BA and SB enhance the intracellular and extracellular buffering capacity during intense 888 

exercise, though their dosing strategies and side effects differ. Although BA requires chronic 889 

loading and may cause paresthesia, it offers a longer-term option for athletes who are susceptible 890 

to GIS. Conversely, SB can be administered as an acute dose on a race/competition day but must 891 

first be trialed on an individual basis. Ultimately, both buffering agents have been shown to be 892 
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effective ergogenic aids. Therefore, the choice of buffering aid, or their combination, should be 893 

guided by the athlete’s competition demands, tolerance, and event duration, with empirical 894 

evidence supporting use during high-intensity exercise lasting 30 s-10 min [2,145], with potential 895 

increased scope for utilization of SB during endurance activities.  896 

Summary: Beta-alanine and SB both enhance buffering during high-intensity exercise, but BA 897 

works intracellularly through chronic loading of muscle carnosine, whereas SB acutely increases 898 

extracellular bicarbonate. Each supplement has distinct side effects and shows performance 899 

benefits mainly for high-intensity efforts lasting 30s-10 min, with SB potentially extending to 900 

longer endurance events. Combining them may offer additive effects, but more work is needed in 901 

the area to fully elucidate their effects. 902 

14. Is there a possible placebo effect with sodium bicarbonate? 903 

The established mechanisms of SB are discussed in greater detail in question #1; however, 904 

outside of its role as an extracellular buffer, increasing research evidence suggests that at least part 905 

of SB’s ergogenic effects may be attributable to psychological expectancy, or athletes’ beliefs 906 

about whether this alkalizing agent will help or hinder performance [2,186–188]. This placebo 907 

component has been demonstrated across several study designs, ranging from classical balanced 908 

placebo paradigms to modern mediation analyses. 909 

Early work by McClung & Collins [187] highlighted the substantial influence of expectancy 910 

on exercise performance, using a balanced placebo design in trained runners. These authors 911 

demonstrated that participants who believed they had ingested SB improved their 1000 m TT-run 912 

performance to a degree comparable to when they actually consumed the supplement. Conversely, 913 

when SB was administered but participants were led to believe they had not received the 914 



42 
 

   
 

extracellular buffer, no performance enhancement was observed. These findings suggest that 915 

expectancy alone can produce an ergogenic response similar in magnitude to the physiological 916 

effects of SB, whereas the absence of positive expectancy largely eliminates the benefit. This 917 

interpretation aligns with a recent meta-analysis by Marticorena et al. [197], who reported a small 918 

effect size, but statistically significant performance improvement following placebo ingestion 919 

(ES0.5 = 0.09; 95% credible interval [(CrI)], 0.01–0.17) and estimated that approximately 25% 920 

(75% CrI, 16% to 35%) of the performance gains typically attributed to buffering agents, including 921 

SB, may arise from placebo-related mechanisms rather than physiological buffering. 922 

More recent research has employed designs that enable clearer separation of the psychological 923 

and physiological components of SB’s effects on performance. Gurton et al. [186] examined both 924 

expectancy and changes in blood bicarbonate during TTE cycling. While SB improved 925 

performance in both solution and capsule forms, participants exhibited higher expectations of 926 

benefit when it was administered in solution (Median: 3.5 AU vs 2.5 AU, Z = 2.14, p = 0.033), 927 

likely due to the ‘poor’ taste of solution beverages [78]. This heightened expectancy predicted 928 

greater effort, which in turn produced a larger decline in blood bicarbonate during exercise 929 

(reflecting greater extracellular buffering use) (2.7 ± 2.1 mmol·L-1, p = 0.001). Mediation analyses 930 

revealed that expectancy partially explained the performance improvement, suggesting that 931 

psychological and physiological mechanisms interact rather than operate independently. 932 

The influence of belief becomes even clearer in research that manipulates expectancy directly. 933 

In a placebo–nocebo design, Zagatto et al. [188] informed participants that a supplement would 934 

have either ergogenic, inert, or harmful effects. In all conditions, SB induced metabolic alkalosis, 935 

but performance only improved when athletes were told the supplement would help, even when 936 
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performance changes occurred under placebo ingestion. Nocebo instructions eliminated 937 

performance benefits despite inducing alkalosis to a degree suggested to improve exercise 938 

performance, demonstrating that expectancy can override physiological readiness in short-939 

duration, high-intensity exercise. Similar findings have been reported with SHAM placebos. 940 

Higgins & Shabir [189] showed that a SHAM placebo designed to mimic SB-related GIS (SHAM: 941 

0.1 g·kg−1 NaCl, 4 mL·kg−1 carbonated water, and 1 mL·kg−1 sugar-free squash) improved cycling 942 

TTE by 9.5% when compared to a placebo (PLA: 0.1 g·kg−1  NaCl, 4 mL·kg−1 tap water, and 1 943 

mL·kg−1 sugar-free squash). Collectively, these studies indicate that psychological expectancy can 944 

meaningfully influence performance, and, at times, potentially overriding the physiological 945 

ergogenic mechanisms of SB ingestion in short, high-intensity exercise.  946 

Taken together, these findings support the position outlined in the ISSN Position Stand [2], 947 

which states that while SB reliably increases blood bicarbonate and enhances buffering 948 

capacity, “a portion of the ergogenic effect seems to be placebo-driven”. Expectancy, belief, GIS, 949 

taste cues, and blinding effectiveness all contribute to variability across the available studies and 950 

real-world outcomes. This does not diminish the physiological validity of SB supplementation, but 951 

instead, highlights the complex interplay between mind and body in externally valid performance 952 

settings. For practitioners, these findings emphasize the importance of appropriate education, 953 

individualized supplementation strategies, and avoiding unintentional nocebo effects when 954 

discussing potential side effects. 955 

Summary: The ingestion of SB enhances performance, but part of this effect appears to stem from 956 

psychological expectancy rather than physiological buffering alone. Studies using balanced-957 

placebo, mediation, and expectancy-manipulation designs show that simply believing one has 958 
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taken SB can produce performance improvements comparable to the supplement itself, while 959 

negative expectations can eliminate benefits even when alkalosis is achieved. This evidence 960 

suggests that placebo-related mechanisms meaningfully contribute to the variability in SB’s 961 

ergogenic effects. The form of SB also likely influences participant blinding and placebo effects, 962 

where SB in capsules reduces placebo responses when compared to aqueous solution due to 963 

increased uncertainty. Researchers and practitioners should remain cautious of the potential 964 

placebo-related effects of SB given that ingestion form can influence participant expectations, but 965 

more research is needed on these effects with GIS limiting SB ingestion forms.  966 

15. Are the ergogenic effects of sodium bicarbonate sex-specific?  967 

While the potential effects of SB for high intensity efforts are well understood [2], one question 968 

that arises is whether this extracellular buffer’s ergogenic benefits are sex-specific. The majority 969 

of research investigating SB ingestion on exercise performance has been largely conducted in 970 

biological male samples. The most recent, and comprehensive position stand on this subject 971 

highlighted that from 124 studies reviewed, only eight focused on female participants, with a 972 

further 14 studies involving mixed cohorts [2]. This contrasts with 101 studies focusing on solely 973 

male participants. In context, a total of 170 female participants were included in studies reviewed 974 

involving SB, compared to 1246 male participants. It is therefore evident that broader research 975 

into the effects of SB for women is clearly required, as supported elsewhere [68]. 976 

Doses of 0.2-0.5 g·kg-1 BM are well established to enhance short-term high-intensity exercise 977 

including peak anaerobic power and anaerobic capacity [2,190], as well as muscular endurance in 978 

activities lasting up to 12 min [2] through H+ buffering. Although the ergogenic benefits of SB 979 

ingestion have been demonstrated in women, it is reasonable to suggest that women may respond 980 

differently to extracellular buffering given established physiological sex-based differences. 981 
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Specifically, women typically exhibit lower overall muscle mass [191], a lower proportion of type 982 

II muscle fibers [192,193], and reduced glycolytic capacity associated with diminished glycolytic 983 

enzyme activity [194] which likely contributes to decreased high-intensity exercise performance 984 

when compared to men [195]. Given these differences, it is plausible to suggest that women may 985 

have a reduced ergogenic response to SB ingestion in comparison to men. Furthermore, in a recent 986 

study, significant sex-based differences in blood bicarbonate concentrations were observed 987 

between men and women, even following the ingestion of SB in a relatively liquid small dose of 988 

0.15 g·kg fat free mass (FFM-1) [196]. For females, doses of 0.25 g·kg FFM-1 were required to 989 

reach an increase in blood bicarbonate considered potentially ergogenic (5 mmol·L-1), whereas 990 

male participants reached this same potentially ergogenic threshold despite using a smaller dose 991 

[196]. This also corresponded with improved mean and peak sprint power for male participants, 992 

potentially highlighting that ergogenic buffering via SB may lead to a greater performance-993 

enhancing effect in men. A similar finding has also been reported for high intensity performance 994 

in wrestlers [197], again indicating that low dose SB may be less effective in female athletes. 995 

Furthermore, it is possible sex-specific GIS differences may influence absorption and 996 

metabolism of SB which may suggest a reduced buffering capacity. Recently, it has been reported 997 

that GIS (observed with increasing dose) may be greater in women, which may impact on both 998 

nutrient absorption and relative tolerance to SB [202]. This may be particularly relevant when 999 

considering that a SB dose of 0.3 g·kg-1 is recommended for acute ergogenic benefits [145], and 1000 

higher total daily intakes (0.4-0.5 g·kg-1) may be pertinent when considering multi-day protocols. 1001 

However, further research is warranted to corroborate such mechanisms. 1002 

It is important to highlight that despite the potential for sex-related differences, ergogenic 1003 

effects of SB have still been observed in women with doses ranging 0.2-0.4 g·kg-1 BM 1004 
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[75,81,198,199]. For example, following maximal efforts (60 s cycling), consumption of 0.3 g·kg-1005 

1 SB improved both total work (26.9 ± 0.6 vs. 24.5 ± 0.7 kJ) and peak power (769.4 ± 28 vs. 727.1 1006 

± 33 W) compared to placebo in moderately trained women [198]. Similarly, and through use of 1007 

enteric-coated SB, a dose of 0.3 g·kg-1 BM resulted in a ~2% improvement in 2 km rowing 1008 

performance (~15.6 s faster) in CrossFit® female athletes [81]. Similar ergogenic benefits have 1009 

been shown in extended short (3-day) and longer-term (8-week) supplementation periods 1010 

[146,199] impacting high intensity efforts (sprint times, jump height, circuit times), lactate 1011 

threshold and time to fatigue. However, such findings have not been replicated elsewhere in 1012 

competitive female athletes [117,157], although the latter study may be confounded by inclusion 1013 

of a mixed-sex cohort. 1014 

Summary: Most of the research with female, as well as male participants, would suggest that SB 1015 

is ergogenic for high-intensity exercise performance in both sexes. However, additional research 1016 

is needed to further explore the effect of SB ingestion on biological female athletes. Future research 1017 

should explore the effects of SB ingestion on metabolism and exercise performance across 1018 

menstrual phases to explore whether it affects extracellular buffering capacity, and consequently, 1019 

the ergogenic effects of SB.  1020 

Conclusion  1021 

Based on our evidence-based evaluation of the literature, we conclude that: 1022 

• Sodium bicarbonate enhances high-intensity exercise performance primarily by increasing 1023 

extracellular buffering capacity which subsequently promotes greater H⁺ efflux, thereby 1024 

preserving intramuscular pH and key metabolic and contractile processes. 1025 
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• There is evidence that SB supplementation can result in adverse effects, primarily 1026 

involving GIS. These effects are more evident at a dose of ≥0.3 g·kg-1 BM as well as in 1027 

non-gastro-resistant formulations (i.e. aqueous solution, gelatin/vegetarian capsules).  1028 

• Regardless of ingestion form, SB ingestion increases blood bicarbonate and improves high-1029 

intensity exercise performance; however, side effects are exacerbated when SB interacts 1030 

with stomach acid, particularly in non-gastro-resistant forms (e.g., solution, gelatin 1031 

capsules). Therefore, selecting a form of SB that reduces the side effects associated with 1032 

this extracellular buffer will enhance practicality and will likely optimize performance.  1033 

• Most evidence suggests that SB ingestion enhances high-intensity exercise performance up 1034 

to 10 min in duration, with reduced benefits during very short bouts of exercise (< 30 s) 1035 

likely due to an attenuation in proton buffering.  1036 

• Sodium bicarbonate has predominantly been examined in short-duration high-intensity 1037 

exercise, yet an increasing body of evidence suggests it may also improve prolonged high-1038 

intensity performance.  1039 

• There are plausible uses for SB ingestion in extreme environments, namely altitude and 1040 

heat. It is likely that SB ingestion at altitude will provide supplemental bicarbonate to 1041 

alleviate the potential reduction in bicarbonate commonly observed at altitude; however, 1042 

its ergogenic effects in this environment are less clear. 1043 

• The preponderance of evidence suggests that consuming SB 60-120 min pre-exercise is an 1044 

effective strategy to observe an ergogenic effect, but this can be specific to the ingestion 1045 

form. 1046 
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• Post‑exercise SB supplementation may enhance recovery by accelerating blood acid‑base 1047 

restoration, reducing cellular stress, and improving subsequent performance, particularly 1048 

when sufficient recovery time is available between exercise (e.g., between heats and finals).  1049 

• Sodium bicarbonate supplementation on the day of competition may improve performance 1050 

without the need for prior use in training. However, experimentation during training is 1051 

recommended to identify optimal supplementation protocols. Preliminary evidence 1052 

suggests that repeated use of SB during training may enhance adaptations through altered 1053 

metabolic responses to exercise or accumulated acute performance improvements, 1054 

although further research is needed. 1055 

• Sodium bicarbonate supplementation can reduce exercise-induced fatigue and enhance 1056 

performance, particularly in high-intensity or sustained efforts such as cycling, running, 1057 

swimming, and rowing, though results vary across studies and sports. 1058 

• High doses of SB, such as 0.3 g·kg-1 BM, can deliver high levels of sodium (i.e. about 1059 

5.75 g for a 70 kg athlete), which likely causes athletes to exceed the recommended daily 1060 

intake. This may cause some renal function strain, and ingestion form-related GIS. At 1061 

present the effects on the blood pressure are not adequately evidenced, so caution is 1062 

warranted; however, in otherwise healthy endurance athletes, this is unlikely to be an issue. 1063 

• Beta-alanine and SB both enhance buffering during high-intensity exercise, but BA works 1064 

intracellularly through chronic loading of muscle carnosine, whereas SB acutely increases 1065 

extracellular bicarbonate. Each has distinct side effects and shows performance benefits 1066 

mainly for efforts lasting 30s-10 min, with SB potentially extending to longer endurance 1067 

events.  1068 
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• There is evidence that suggests that placebo-related mechanisms meaningfully contribute 1069 

to the variability in SB’s ergogenic effects.  1070 

• SB improves exercise performance in males and females. However, given that the majority 1071 

of currently available research is conducted among male samples, future research is needed 1072 

to explore different aspects of SB supplementation among females.  1073 
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Tables and Figures 1099 

Table 1. Pre-Exercise Ingestion Time Recommendations and Considerations for a Variety of 1100 

Sodium Bicarbonate (SB) Intake Forms.  1101 

  SB in 

Solution  

Gelatin & 

Vegetarian 

Capsules  

Enteric  

Coated 

Capsules  

Delayed 

Release 

Capsules  

SBH 

  

Ingestion Time (min)  

  

  

60-90  

  

70-100  

  

120-140  

  

110-130  

  

90-120  

Benefit of using ITTP  

  

Yes  Likely  Possibly  Possibly  Possibly  

Likelihood of GIS1  

  

High  High  Low/Moderate  Low/Moderate  Low  

Likely Severity of 

GIS  

High  High  Moderate2  Moderate2  Low  
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Footnote: (1) Likelihood is based on those that are sensitive to or have a history of gastrointestinal 1102 

symptoms (GIS) following SB ingestion. (2) Based on anecdotal reporting from participants and 1103 

athletes several hours after exercise. SBH= Sodium Bicarbonate Minitablets in Patented 1104 

Carbohydrate Hydrogel (Maurten Bicarb System). ITTP = Individual time to peak.   1105 

  1106 

 1107 

Figure 1. Mean change (D) in blood bicarbonate concentrations over 3 h at rest following 1108 

ingestion of 0.3 g·kg-1 sodium bicarbonate and area under the blood bicarbonate curve  in a 1109 

variety of frequently used ingestion types. ENT = enteric coated 1110 

capsules, GEL = gelatin capsules, DEL = delayed release capsules, SOL = solution, SBH =  1111 

Sodium Bicarbonate Mini-tablets in Patented Carbohydrate Hydrogel (Maurten Bicarb 1112 

System). Data redrawn from Hilton et al [65] and Gough and Sparks [8].   1113 
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