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Introduction
Research into Sodium Bicarbonate (NaHCO3) and supplementation for sport has been extensive, with evidence supporting its use across a range of exercise distances and durations (Grgic et al., 2021a). NaHCO3 supplementation has primarily been studied during high-intensity events lasting between 30 seconds and 12 minutes, and elevated blood lactate and H+ ion accumulation during these events have been associated with a significant decline in performance (Grgic et al., 2021; (Carr et al., 2012). NaHCO3 functions as an extracellular buffering agent, raising blood bicarbonate concentration to offset the rise in intramuscular H+ ion accumulation during anaerobic exercise (Grgic et al., 2021a). This process attenuates intracellular acidosis, thereby preserving glycolytic enzyme function and sustaining contractile muscle capacity (Hadzic, Eckstein and Schugardt, 2019). Ingesting 0.3g/kg body mass of NaHCO3 between 60 and 180 minutes prior to exercise has been shown to optimally elevate blood bicarbonate concentrations before competition (Siegler et al., 2012). 

The relevance of NaHCO3 supplementation in a 2000m Rowing time trial lies in its effects on high-intensity performance under conditions of metabolic acidosis (Boegman et al., 2020).  Rowing has been shown to engage a high proportion of total body musculature in a coordinated stroke pattern, placing substantial demand on both aerobic and anaerobic energy systems (Grgic et al., 2021a). In a 2000m time trial, the high-intensity effort required rapidly builds up lactate and H+ ions via anaerobic glycolysis, with research reporting that post-race blood pH can fall as low as 6.74, impairing ATP production and enzyme function, ultimately limiting performance (Treff, Winkert and Steinacker, 2021). 

In this experiment, the performance metrics of row time, blood lactate (BL) concentration, and mean heart rate (HR) were selected to assess the effect of NaHCO3 supplementation, as these variables collectively reflect performance outcome, metabolic demand and exercise intensity. These measures were compared across placebo and supplement conditions to determine between–condition differences. It was hypothesised that NaHCO3 would reduce 2000m row time compared to placebo, due to its extracellular buffering capacity, thereby delaying H+-induced fatigue. 
Method
Participants
Five trained male athletes (age 21 – 45 years: Height: 1.89 ± 0.15 m; Body mass: 100 ± 25 kg) participated in this study. Inclusion criteria were: (i) Aged between 21 and 45 years, (ii) Free from injury or illness, (iii) Acceptance of the potential risk of GI distress from NaCHO3 supplementation, and (iv) Engagement in ≥ 150 hours of moderate or 75 minutes of vigorous physical activity per week. Ethical approval was secured from the UWTSD Ethics committee, and informed consent was obtained from each participant prior to this study by teaching on the supplement, and participants then decided to proceed.

Experimental Design
An open-label, non-randomised crossover trial was conducted over two weeks. Participants completed two 2000m rowing time trials on a Concept2 ergometer (Model D, Concept2 Inc., Morrisville, VT, USA) in a controlled university gym environment. Trials were separated by 7 days to allow for recovery. The supplement condition was completed second to allow familiarisation with the protocol. Participants were instructed to maintain a standardised diet and sleep pattern and avoid strenuous exercise prior to each trial. Participants were monitored for gastrointestinal side effects for 90 minuets post-ingestion. 

Ingestion Strategy
Participants consumed the Maurten Bicarb System 19 (19g sodium bicarbonate in hydrogel; Maurten AB, 2026, Gothenburg, Sweden) 90 minuets prior to exercise, following manufacturer instructions. Participants were instructed not to chew the tablets. Dosing was absolute due to a supply issue on the day.  

2000m Rowing Time Trial
Participants complete a standardised 10-minute warm-up consisting of 5 minuets at 50% maximum effort followed by 5 minutes at 70% maximum effort, with 2 x 30-second intervals at 90% effort. The 2000m time trial commenced immediately after the warm-up, with participants instructed to complete the distance “as fast as possible”. Mean Heart Rate (HR) was recorded using a Polar Heart Rate monitor (Polar Electro, Warwick, UK). Total time to completion was the primary performance outcome. 

Blood Lactate Test 
Capillary blood lactate was measured 5 minuets post-trial using a fingertip prick (Autolet Impression lancet; Owen Mumford, Oxfordshire, UK). A sample was analysed immediately using a Lactate Plus analyser (Nova Biomedical, Waltham, MA, USA), a portable device validated against laboratory reference methods with the highest retest reliability (Hart et al., 2013).

Statistical analysis 
Data were analysed using IBM SPSS Statistics Version 31 (IBM Corp., Armonk, NY, USA). Shapiro-Wilk tests confirmed normality for all variables (p > 0.05 for all). Paired-samples t-tests were therefore conducted to compare conditions for row time, mean heart rate, and blood lactate concentration. Effect sizes were calculated using Cohen’s d, interpreted as small, moderate or large. Statistical significance was set at p < 0.05. Data presented as mean ± standard deviation (SD). 

Control of variables
Participants were asked to maintain similar diet and sleep patterns before trials. Testing was conducted at the same time of day in the same order. A warm-up was conducted before the trials, and participants were instructed to row to the best of their ability. Stroke rate was not formally controlled.  
Results
This section presents descriptive statistics, normality testing, and inferential statistical analyses for row time, mean heart rate, and blood lactate concentration across the placebo and NaHCO3 conditions. 

Experimental Trials
Descriptive statistics
Table 1:  Descriptive statistics (mean ± SD) and percentage change for all dependent variables across placebo and NaHCO3 conditions. 
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Table 1 shows the mean and standard deviation of all dependent variables across conditions, along with the % change between trials. Row time was slightly faster in the sodium bicarbonate condition. Mean heart rate and blood lactate were both higher than in the placebo condition. 
Normality Testing
Prior to inferential analysis, the Shapiro-Wilk test was conducted, and it was confirmed that all variables were normally distributed. Row Placebo W (5) = .931 p = .605, through to BL SB W (5) = .935W (5) = .935, p = .634, As all p-values exceeded the 0.05 threshold, a paired samples t-test was deemed appropriate for all comparisons (Table 2). 

Table 2:  Shapiro-Wilk results for all dependent variables
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Table 2 shows that all variables had Shapiro-Wilk significance values above 0.05, indicating that the data is normally distributed and that a paired t-test was appropriate. 


Paired Samples T Test and effect sizes
Table 3: Paired Samples t-test results and Cohen’s d effect sizes for all dependent variables
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Table 3 presents the paired-samples t-test results for row time, mean heart rate, and blood lactate, showing that none of the variables reached statistical significance at the 0.05 level.

Table 4: Cohen’s D Table for effect sizes for each variable
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Table 4 summarises the practical magnitude of the differences between conditions, with the largest effect size being noted for mean heart rate. 

[image: ]
Figure 1: individual participant 2000m row times (seconds) in the placebo (1) and NaHCO3 (2) conditions (n=5)/ Connected lines represent the within-participant change between conditions. 

Discussion
Main findings
The present study investigates the effects of NaHCO3 supplementation on 2000m rowing time-trial performance in trained male athletes. A mean reduction of 6.4 seconds (-1.4%) was observed in the NaHCO3 condition, consistent with the recommended loading dose of 0.3g/kg body mass consumed 60 – 180 minuets prior to exercise (Grgic et al., 2021a). The findings in this experiment are broadly consistent with previous research; for example, Carr et al., (2012) demonstrated that NaHCO3 supplementation improved 2000m rowing ergometer performance, with the greatest benefit occurring in the latter stages of the trial. Similarly, (Zheng et al., 2023), reported a 2.24% improvement in 2000m rowing time following enteric-coated NaHCO3 supplementation, comparable in magnitude to the 1.4% improvement observed in the present study. However, both studies employed larger, double-blind designs (n = 12-20), limiting direct comparison with the present study's smaller sample size and open-label protocol. 

Heart Rate findings
Notably, mean heart rate was significantly elevated in the NaHCO3 condition (173.0 ± 17.2 bpm) compared to the placebo condition (161.8 ± 9.9 bpm), approaching statistical significance (p = .057) with a large effect size (d = -1.19). The elevation in heart rate could indicate that the athletes were able to work at a higher intensity for longer under the supplementation condition, potentially due to the buffering capacity attenuating the inhibitory effects of H+ ion accumulation on muscle contractility (Boegman et al., 2020). This aligns with the ISSN position stand, which identifies elevated exercise intensity and increased work capacity as key markers of NaHCO3 efficacy during high-intensity exercise (Grgic et al., 2021a). Notably, despite the non-significant p-value, the large effect size (d = -1.19) exceeds the conventional threshold for a large effect (d > 0.8), suggesting that the absence of significance is more likely attributable to the small sample size than a true lack of effect. 

Blood Lactate findings
The lack of significant change in blood lactate concentration (t(4) = -0.581, p = .592, d = -0.26) does not necessarily indicate inefficacy. Sodium Bicarbonate supplementation enhances the activity of monocarboxylate transporters (MCT1/4), accelerating the efflux of lactate and H+ ions from working muscle into the bloodstream (Becker, Bröer and Deitmer, 2004). This mechanism can result in higher peripheral blood lactate levels despite improved intramuscular buffering, as lactate is successfully cleared from muscle fibres rather than accumulating intracellularly (Grgic et al., 2021). The observed inter-individual variability, with participant D showing lower lactate (21.7 – 24.8 mmol/L) and participant B showing a marked increase (20.1 vs 15.0 mmol/L), is consistent with previous research reporting differential lactate responses to NaHCO3 based on individual fitness levels and buffering capacity (Thomas et al., 2004). This aligns with the enhanced heart rate response (p = 0.057), suggesting participants sustained higher intensities under the supplement condition. 

Comparison to Literature
In contrast to the findings in the present study and those of Sale et al., (2011), who reported significant improvements in 20 athletic males, isolated NaHCO3 supplementation increased total work and time to fatigue. This discrepancy is likely explained by the substantially larger sample size used by Sale et al., (2011), providing sufficient statistical power to detect moderate effects, a power that the present study, with 5 participants, could not achieve. Additionally, the non-randomised open-label design of the present study introduces potential expectation bias, which may have influenced participant effort across trials. It is also noteworthy that the ISSN Grgic et al., (2021),  acknowledges that a portion of sodium bicarbonate’s ergogenic effect may be placebo-driven, further complicating interpretation in open-label studies such as this. 

Limitations
Several methodological limitations must be acknowledged when interpreting these findings. Firstly, the sample size used in this experiment (n = 5) is insufficient to achieve statistical power to detect significant differences. Furthermore, the non–randomised, open–label crossover design employed in the present study introduced the possibility of order effects and expectation bias. Participants were made aware of this by setting goals for themselves and not matching the same effort for each test. Another limitation of this experiment was that one of the participants (A) altered the rowing technique implemented across testing conditions, which represents a notable confounding variable, as changes in stroke mechanics would independently affect the energetic cost and row time. The sample size used in this experiment (n = 5) is insufficient. This was made clear to participants by limiting the results internal validity. This was made clear to participants by limiting the internal validity of their data. 

Overall, the findings of the present study provide tentative support for NaHCO3 supplementation in high-intensity rowing performance. However, further research with a larger sample size is required before a definitive recommendation can be made due to the inconsistent yet strong correlation with the benefits of this supplement working for enhancing sports performance. 

Ethical and safety considerations
A primary safety consideration associated with sodium bicarbonate is gastrointestinal distress, including nausea, bloating, diarrhoea, stomach pain and vomiting. In the present study, participants were informed of these risks before providing consent. This is important because tolerance can vary markedly between individuals and can influence whether the supplement is practical in sport. The Maurten Bicarb System (Maurten AB, 2026, Gothenburg, Sweden) was used to reduce GI symptoms by limiting direct contact with stomach acid, potentially improving tolerability compared with traditional bicarbonate solutions. 

Regarding anti-doping compliance, sodium bicarbonate is not listed on the WADA Prohibited List, so it is a legally permitted ergogenic aid under current rules. That means the main ethical issue is not doping status, but safe and informed use. Athletes should trial bicarbonate in training first, use an evidence-based dose, and monitor for GI side-effects before considering race-day use. In practice, this supports informed consent, athlete autonomy and responsible supplementation in line with good sport nutrition practice. 
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Appendix:
A) Individual Data Table:
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Variable Placebo Mean (SD) Sodium Bicarb Mean (SD) % Change

Row Time (s) 459.2 (+35.0) 452.8 (+47.5) -14%

Blood Lactate (mmol/L) 17.0 (x4.6) 179 (£3.7) 5.10%
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Variable Statistic df sig.

Row Placebo 0.931 5 0.605

HR Placebo 0.956 5 0.781

Blood Lactate Placebo 0.813 5 0.103
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Pair T df p (two-tailed)
Row Time t=0.953 4 p=.39%

Blood Lactate t=-0.581 4 p=.592
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Variable Cohen's d Interpretation

Row Time d=0.43 Moderate

Blood Lactate d=-0.26 small
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Figure 1: Individual 2000m Row Time by Condition
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