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1. Introduction 
Evaluation of Sodium Bicarbonate as an Ergogenic Aid on High-Intensity Rowing Performance
Sodium bicarbonate (NaHCO₃) is a well-established ergogenic aid widely used to enhance high-intensity exercise performance. Its primary mechanism involves increasing extracellular buffering capacity, thereby reducing the accumulation of hydrogen ions (H⁺) associated with anaerobic metabolism. During high-intensity exercise, the rapid breakdown of ATP through glycolysis leads to the production of H⁺ ions, contributing to metabolic acidosis and fatigue (Carr et al., 2011). This reduction in pH negatively affects muscle contraction and energy production.
Sodium bicarbonate supplementation increases blood bicarbonate (HCO₃⁻) concentration, enhancing the body’s ability to buffer H⁺ ions and delay fatigue (Siegler et al., 2016). As a result, athletes may be able to sustain higher intensities for longer durations, particularly in activities lasting between 1 and 10 minutes. However, recent research suggests that its benefits may extend to longer-duration high-intensity exercise, such as time trials (Grgic et al., 2021).
The relevance of sodium bicarbonate supplementation is particularly high in sports involving repeated or sustained high-intensity efforts, including rowing, cycling, and middle-distance running. Rowing performance, especially over distances such as 2 km, relies heavily on anaerobic energy systems and is therefore highly susceptible to metabolic acidosis.
The present study aimed to investigate the effect of sodium bicarbonate supplementation on rowing performance using a controlled experimental design. The chosen performance outcome was time to complete a rowing effort, as this provides a reliable and sport-specific measure of performance.
Understanding the effectiveness and practical application of sodium bicarbonate supplementation is important for athletes and practitioners. While laboratory research supports its use, factors such as gastrointestinal discomfort and individual variability must also be considered when applying supplementation strategies in real-world settings.

2. Methodology Summary
A small-scale controlled experiment was conducted to investigate the effects of sodium bicarbonate supplementation on rowing performance. A total of five participants were included in the study, all of whom were physically active individuals with prior experience in rowing-based exercise. This ensured familiarity with the testing protocol and reduced the likelihood of performance improvements due to learning effects.
A within-subject design was used, whereby each participant completed two trials: a control condition and a sodium bicarbonate condition. This design allowed for direct comparison of performance outcomes within individuals, reducing the influence of inter-individual variability. Furthermore, this approach increases the sensitivity of the study to detect small performance changes, which are often meaningful in sport performance contexts.
In the sodium bicarbonate condition, participants ingested a pre-determined dose of sodium bicarbonate prior to exercise. The control condition involved no supplementation. While a placebo was not used, efforts were made to standardise testing conditions to minimise bias.
Participants completed a rowing performance test, with total time recorded as the primary outcome measure. Additional physiological variables, including heart rate and blood lactate concentration, were also recorded to provide further insight into physiological responses and to support interpretation of performance outcomes.
To ensure consistency, all participants followed the same warm-up protocol and completed testing under similar environmental conditions. Participants were instructed to maintain consistent dietary intake and avoid strenuous exercise prior to testing to minimise external influences on performance.
Ethical considerations were addressed by obtaining informed consent from all participants. The study adhered to standard laboratory guidelines, ensuring participant safety throughout.
Although the study design was relatively simple, it reflects practical constraints commonly encountered in applied sport science settings. Therefore, the findings provide valuable insight into the real-world effectiveness of sodium bicarbonate supplementation. While the absence of a placebo condition represents a limitation, the within-subject design reduces inter-individual variability and strengthens the reliability of observed performance changes.


3. Results Summary
The results demonstrated a clear improvement in rowing performance following sodium bicarbonate supplementation when the invalid trial was excluded. Mean performance time decreased from 445.5 seconds in the control condition to 432.8 seconds in the sodium bicarbonate condition, representing an average improvement of 12.8 seconds, or 2.87%. All remaining participants demonstrated improved performance, with reductions in completion time ranging from 1.65% to 4.39%. This indicates a consistent ergogenic effect across the sample and suggests that sodium bicarbonate supplementation may be effective across individuals when experimental validity is maintained.
Heart rate responses remained similar between conditions, suggesting that the observed improvements were not due to increased cardiovascular effort. Instead, this supports the notion that sodium bicarbonate enhanced exercise efficiency, allowing participants to sustain higher intensities without additional physiological strain. This is particularly important in performance settings, where improvements without increased perceived effort are highly advantageous.
Blood lactate levels were higher in the sodium bicarbonate condition, indicating an increased reliance on anaerobic metabolism. This supports the proposed buffering mechanism, whereby increased bicarbonate availability allows for greater tolerance of metabolic by-products. Elevated lactate concentrations also suggest that participants were able to perform at higher intensities before fatigue onset.
Overall, the findings suggest that sodium bicarbonate supplementation improves high-intensity rowing performance by enhancing the ability to sustain higher work rates, particularly when data validity is controlled. These improvements are likely to be practically meaningful in competitive environments where small performance gains can significantly influence outcomes. As shown in Figures 1–3, performance time decreased from the control condition to the sodium bicarbonate condition, alongside similar heart rate and increased lactate responses.
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Table 1: Individual and mean performance responses to sodium bicarbonate supplementation
	Participant
	Control Time (s)
	Bicarb Time (s)
	Change (s)
	% Change

	1
	467
	457
	-10
	-2.14%

	2
	456
	436
	-20
	-4.39%

	3
	435
	421
	-14
	-3.22%

	4
	424
	417
	-7
	-1.65%

	Mean
	445.5
	432.8
	-12.8
	-2.87%

	

	
	
	
	


One participant was excluded from the analysis due to adopting a different rowing technique during the second trial, which compromised the validity of the data. As a result, the observed increase in performance time cannot be attributed to the supplementation condition. Excluding this outlier ensures that the results more accurately reflect the true physiological effects of sodium bicarbonate supplementation. 
This highlights the importance of controlling for technical consistency in performance testing, as changes in movement patterns can significantly influence outcomes and reduce data reliability.

4. Discussion and Practical Implications
The findings of this study support the hypothesis that sodium bicarbonate supplementation enhances high-intensity exercise performance. The observed improvement of approximately 2.87% (following exclusion of the invalid trial) is consistent with previous research demonstrating similar performance gains in time trial-based exercise, where improvements of 1–3% are commonly reported. Although the magnitude of improvement may appear modest, such changes are highly meaningful within competitive sport, where performance margins are often minimal.
From a physiological perspective, the improvements can be attributed to increased extracellular buffering capacity. Sodium bicarbonate elevates blood bicarbonate levels, facilitating the removal of hydrogen ions (H⁺) from muscle cells and delaying the onset of metabolic acidosis (Siegler et al., 2016). As H⁺ accumulation is a key contributor to fatigue during high-intensity exercise, reducing its impact allows athletes to sustain higher power outputs for longer durations. This is particularly relevant in rowing, where performance is heavily dependent on the ability to maintain near-maximal effort over several minutes.
The increase in blood lactate observed in this study further supports this mechanism. Elevated lactate levels indicate increased glycolytic activity, suggesting that participants were able to tolerate higher levels of metabolic stress and continue producing energy anaerobically. This aligns with findings from Hollidge-Horvat et al. (2000), who reported increased lactate production following induced alkalosis, indicating that buffering capacity allows greater reliance on glycolytic pathways without premature fatigue. Therefore, sodium bicarbonate supplementation appears to enhance both performance and metabolic tolerance.
Importantly, performance improvements occurred without significant increases in heart rate or perceived effort. This suggests that the ergogenic effect is primarily metabolic rather than cardiovascular in nature, reinforcing the role of extracellular buffering mechanisms.
It also suggests that sodium bicarbonate enhances efficiency rather than increasing overall physiological demand. In other words, participants were able to produce greater work output for the same perceived effort. This is particularly valuable in endurance-based sports, where the ability to improve performance without increasing fatigue can provide a significant competitive advantage.
However, several limitations must be considered when interpreting these findings. The sample size was small, limiting the generalisability of results to wider populations. Additionally, participants were recreationally active rather than elite athletes, meaning the magnitude of improvement may differ in highly trained individuals. The absence of a placebo condition also represents a limitation, as participants may have been influenced by psychological factors such as expectancy effects. While the within-subject design reduces inter-individual variability, it does not fully eliminate potential bias.
Another important consideration is the exclusion of one participant due to inconsistent technique between trials. While this decision improves the validity of the data, it also highlights the importance of strict control over movement patterns during performance testing. Variations in technique can significantly influence outcomes and may confound the effects of supplementation. Therefore, ensuring consistency in both protocol and execution is essential for accurate interpretation of results.
Despite these limitations, the study provides valuable practical insight into the application of sodium bicarbonate supplementation. The magnitude of improvement observed is meaningful in competitive sport, particularly in events where outcomes are determined by small performance differences. This highlights the relevance of ergogenic aids in enhancing performance at both recreational and competitive levels.
In practical terms, sodium bicarbonate supplementation may be most beneficial for athletes competing in events involving sustained high-intensity efforts, such as rowing, cycling, and middle-distance running. These activities rely heavily on anaerobic glycolysis and are therefore most affected by metabolic acidosis. By enhancing buffering capacity, sodium bicarbonate may allow athletes to maintain higher intensities throughout competition.
However, supplementation should be individualised. Factors such as gastrointestinal tolerance, optimal dosing strategies, and timing of ingestion should be carefully considered. Sodium bicarbonate is commonly associated with gastrointestinal discomfort, which can negatively impact performance if not managed appropriately. Therefore, athletes should trial supplementation protocols during training to determine individual tolerance and optimise effectiveness.
Additionally, recent research suggests that individual variability in response to sodium bicarbonate may be influenced by factors such as baseline buffering capacity, training status, and nutritional habits. This further emphasises the need for personalised approaches rather than standardised protocols.
These findings demonstrate strong ecological validity, as the performance improvements observed align closely with real-world competitive margins, where differences of less than 1–2% are often decisive. Therefore, sodium bicarbonate supplementation represents a practical and evidence-based strategy for enhancing high-intensity exercise performance, particularly when applied within an individualised and well-controlled framework.

5. Ethical and Safety Considerations
Sodium bicarbonate is not prohibited by WADA and is widely considered safe when used appropriately. However, its use is associated with potential side effects, particularly gastrointestinal discomfort (Kahle et al., 2013). Symptoms such as nausea, bloating, and diarrhoea can negatively impact performance and may outweigh any ergogenic benefits, particularly if supplementation is poorly timed or incorrectly dosed. Therefore, athletes should test supplementation protocols in training environments before using them in competition.
Another consideration is individual variability in response. Some individuals may experience significant benefits, while others may show minimal improvement, potentially due to differences in buffering capacity, training status, or tolerance. This highlights the importance of personalised supplementation strategies rather than a one-size-fits-all approach.
Additionally, appropriate dosing strategies (typically ~0.3 g·kg⁻¹ body mass) and timing of ingestion are critical to maximise effectiveness while minimising adverse effects. Ethically, participants must be fully informed of potential risks prior to participation in research or supplementation. In applied settings, practitioners must ensure that supplementation is evidence-based, monitored, and appropriate for the athlete’s health and performance goals.

6. Conclusion
In conclusion, sodium bicarbonate supplementation was shown to improve high-intensity rowing performance, with an average improvement of approximately 2.87%. This enhancement is likely due to increased extracellular buffering capacity, allowing athletes to tolerate higher levels of metabolic stress and delay the onset of fatigue. As a result, participants were able to sustain higher work rates throughout the performance test.
The findings are consistent with existing literature and support the use of sodium bicarbonate as an effective ergogenic aid for high-intensity exercise. This reinforces its relevance within sports that rely heavily on anaerobic metabolism.
However, limitations such as small sample size and lack of placebo control must be acknowledged, as these factors may influence the reliability and generalisability of the results. Additionally, individual variability and potential side effects, particularly gastrointestinal discomfort, should be considered when applying supplementation strategies in practice.
Overall, sodium bicarbonate represents a practical and evidence-based intervention for improving performance in high-intensity sports when applied appropriately. Collectively, these findings reinforce the importance of evidence-based supplementation strategies within applied sport science, particularly when small performance gains can have significant competitive implications.
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