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Abstract: This brief report presents a comparative analysis to examine differences in the mean dose of nitrate 

supplementation between studies with positive and negative results on exercise performance. Protocols of at 

least six days that had positive results used lower nitrate doses (~7.7 mmol), whereas those with negative 

results used higher doses (~10.2 mmol), showing a statistically significant difference (p < 0.05). These findings 

suggest long-term supplementation with higher doses (~10.2 mmol) may not improve exercise performance. 

Further research is essential to understand the underlying mechanisms. 
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Introduction 

Exercise performance is influenced by various factors, including the utilization of ergogenic aids, 

such as nutritional compounds. Within the realm of sports nutrition, determining optimal dosages 

for these compounds remains an essential area of interest [1]. Consequently, much research has been 

conducted to explore the effects of different compounds and their dosages on exercise performance 

[2]. Nitrate, for instance, has garnered significant attention [3] due to its potential to enhance 

performance in exercise [4]. 

Nitrate can be found in vegetables like radishes, beetroot, and dark leafy greens. It is widely 

known that nitrate ingestion can stimulate endogenous nitric oxide synthesis [5]. As a result, nitrate 

intake not only aids in reducing blood pressure [6,7] but also holds promise for individuals striving 

to improve their athletic performance. Previous studies have demonstrated the effectiveness of 

nitrate in increasing power output [8] and extending time to exhaustion [9]. These findings have been 

further substantiated by a recent study published in Advances in Nutrition [10]. While this meta-

regression showed a diminishing effect of nitrate at higher doses after a two-day ingestion period 

[10], exploring the data from an alternative perspective can offer valuable insights and contribute to 

a broader understanding of nitrate consumption's impact on exercise performance [11].  

Accordingly, it would be relevant to group the data points from primary studies based on the 

observed outcomes (i.e., significant improvement versus no significant improvement) and conduct a 

comparative analysis of the mean doses. This approach would enhance the certainty of the previous 

systematic review findings, particularly concerning the effectiveness of nitrate supplementation 

above 9.9 mmol for long-term use [10]. Additionally, investigating the possible disparity in the 

optimal dosage between shorter-term and long-term nitrate ingestion will contribute to a broader 

scientific understanding of the optimal nitrate dose, potentially guiding dosing strategies in the 

sports nutrition field. 

Therefore, here I aimed to evaluate the mean supplemented doses of studies that showed 

significant improvement with those that did not have statistically significant improvements. 
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Methods 

The data points were obtained from the result table of a previous systematic review [10]. Only 

exercise performance outcomes were included in the analysis, such as exercise tolerance, time-to-

completion, and power output. As a result, physiological variables, including blood pressure, heart 

rate, oxygen saturation, and oxygen consumption, were excluded [10]. The data points were then 

categorized into three different ranges of supplementation duration in days (1 day; 2 to 5 days; ≥ 6 

days). I tested all continuous variables for normality using the Shapiro-Wilk test, recognized for its 

robustness [12]. Subsequently, data points from the primary studies were categorized by outcome, 

and mean doses were subjected to comparison using a t-test for independent samples. Specifically, I 

examined whether there was a significant difference in the mean dose between data points with 

favorable outcomes (i.e., statistically significant improvement in exercise performance with p ≤ 0.05) 

and those manifesting unfavorable outcomes (i.e., no statistically significant improvement in exercise 

performance with p > 0.05). In the event of non-parametric variables (i.e., those not following a normal 

distribution), appropriate non-parametric tests, such as the Mann-Whitney U test, would be 

employed for their analysis [13]. Data points with unavailable doses and those analyzed using the 

magnitude-based inference method were excluded due to concerns about the potential for increased 

type I error [14–17]. All analyses were performed using SPSS software (version 25). 

Results 

A total of 231 data points were used to perform comparisons. There were no significant 

differences between the means of supplemented doses in the categories of 1 day (Mean ± SD, 

Favorable result: 10.4 ± 3.9 mmol; Unfavorable results: 9.2 ± 4.4 mmol; [t(116) = -1.211; p-value = 0.228]; 

Figure 1A) or 2 to 5 days of supplementation (Mean ± SD, Favorable result: 8.4 ± 3.0 mmol; 

Unfavorable results: 8.5 ± 2.3 mmol; [t(38) = 0.101; p-value = 0.357]; Figure 1B). On the other hand, 

there was a significant difference in mean doses when comparing studies with a duration of ≥ 6 days 

(Mean ± SD, Favorable result: 7.7 ± 2.5 mmol; Unfavorable results: 10.2 ± 3.6 mmol; [t(71) = 2.913; p-

value = 0.005]; Figure 1C).  

 

Figure 1. Comparison of the mean nitrate dose between studies with favorable outcomes (represented 

by white bars) and unfavorable outcomes (represented by black bars) categorized by duration (A = 1 

day; B = 2 to 5 days; C = ≥ 6 days). *(p < 0.05) denotes a significant difference. 

This means that among studies with an ingestion protocol lasting at least six days, those that 

yielded favorable results employed lower doses (~ 7.7 mmol). Conversely, studies with unfavorable 

outcomes utilized higher doses (~ 10.2 mmol). 

Discussion 

This comparative analysis suggests that the optimal dosage of nitrate supplementation for 

exercise performance may vary depending on the duration of supplementation. The analysis revealed 

an inverse relationship between nitrate dose and exercise performance outcomes. Among trials 

lasting ≥ 6 days, those exhibiting favorable results utilized a lower mean nitrate dose (~7.7 mmol), in 

contrast to studies reporting unfavorable outcomes, which employed a higher mean dose (~10.2 
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mmol). This indicates that a lower nitrate dose may more effectively elicit performance 

improvements over longer-term ingestion. Furthermore, these results can inform evidence-based 

clinical recommendations and guide future research in sports nutrition. 

The subgroup meta-analysis in the previous systematic review demonstrated that nitrate 

supplementation with a dose above 9.9 mmol appears ineffective when used long-term [10]. 

Therefore, these current findings further underscore the significance and impact of this previous 

systematic review, suggesting that nitrate supplementation seems to be ineffective in improving 

exercise performance when used long-term with higher doses. 

Considering the outcomes outlined in the earlier systematic review [10] as well as those 

disclosed here, a thorough consideration of the supplemented dosage becomes paramount, especially 

during extended supplementation periods (≥ 6 days). These findings contribute to the ongoing 

scientific discourse and provide valuable insights that can inform future studies and 

recommendations regarding doses of nitrate intake. 

Practical Implications 

These findings have significant practical implications for athletes and individuals seeking to 

enhance exercise performance through nitrate supplementation. Understanding the optimal nitrate 

dose for longer-term use can guide evidence-based clinical recommendations and aid in the 

development of personalized supplementation regimens. Coaches, sports dieticians, and athletes can 

implement this knowledge to adapt nitrate intake and improve training outcomes. 

Limitations and Future Directions 

While this comparative analysis provides valuable insights, I acknowledge some limitations. The 

included studies may vary in their methodologies, subject populations, and dosages, which could 

influence the observed relationship. Future research should explore the mechanisms underlying the 

nitrate-dose-performance relationship further and investigate potential individual variability in 

responses to nitrate supplementation. 

Conclusion 

The current evidence suggests that long-term nitrate supplementation performed with higher 

concentrations may exhibit reduced effectiveness in improving exercise performance. Further 

investigations are warranted to elucidate the mechanisms underlying this observation. 

Author Contributions: KVCS conceived the research focus, goals, and methodology, managing and organizing 

all data for analysis. KVCS conducted analyses statistically and created all visual elements - figures. As the sole 

contributor, KVCS drafted the initial version of the manuscript and substantively edited and critically reviewed 

it. 

Funding: The author did not receive funding grants for this research from public, commercial, or not-for-profit 

sectors. 

Acknowledgments: I thank the Federal University of Goiás for its continuous support and conducive research 

environment. This work reflects the institution's commitment and quality in fostering scientific knowledge. I 

sincerely appreciate their contribution to the advancement of the academic field. 

Conflicts of Interest: The author declares he has no conflict of interest. 

References 

1. D.T. Thomas, K.A. Erdman, L.M. Burke, American College of Sports Medicine Joint Position Statement. 

Nutrition and Athletic Performance., Med. Sci. Sports Exerc. 48 (2016) 543–68. 

https://doi.org/10.1249/MSS.0000000000000852. 

2. R.J. Maughan, L.M. Burke, J. Dvorak, D.E. Larson-Meyer, P. Peeling, S.M. Phillips, E.S. Rawson, N.P. Walsh, 

I. Garthe, H. Geyer, R. Meeusen, L.J.C. van Loon, S.M. Shirreffs, L.L. Spriet, M. Stuart, A. Vernec, K. Currell, 

V.M. Ali, R.G. Budgett, A. Ljungqvist, M. Mountjoy, Y.P. Pitsiladis, T. Soligard, U. Erdener, L. Engebretsen, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 May 2024                   doi:10.20944/preprints202405.0125.v1

https://doi.org/10.20944/preprints202405.0125.v1


 4 

 

IOC consensus statement: dietary supplements and the high-performance athlete, Br. J. Sports Med. (2018) 

bjsports-2018-099027. https://doi.org/10.1136/bjsports-2018-099027. 

3. A. Kiss, Á. Temesi, O. Tompa, Z. Lakner, S. Soós, Structure and trends of international sport nutrition 

research between 2000 and 2018: bibliometric mapping of sport nutrition science., J. Int. Soc. Sports Nutr. 

18 (2021) 12. https://doi.org/10.1186/s12970-021-00409-5. 

4. A.M. Jones, A. Vanhatalo, D.R. Seals, M.J. Rossman, B. Piknova, K.L. Jonvik, Dietary Nitrate and Nitric 

Oxide Metabolism: Mouth, Circulation, Skeletal Muscle, and Exercise Performance, Med. Sci. Sports Exerc. 

53 (2021) 280–294. https://doi.org/10.1249/MSS.0000000000002470. 

5. J.O. Lundberg, E. Weitzberg, M.T. Gladwin, The nitrate-nitrite-nitric oxide pathway in physiology and 

therapeutics, Nat. Rev. Drug Discov. 7 (2008) 156–167. https://doi.org/10.1038/nrd2466. 

6. Z. Bahadoran, P. Mirmiran, A. Kabir, F. Azizi, A. Ghasemi, The nitrate-independent blood pressure-

lowering effect of beetroot juice: A systematic review and meta-analysis, Adv. Nutr. 8 (2017) 830–838. 

https://doi.org/10.3945/an.117.016717. 

7. A.W. Ashor, J. Lara, M. Siervo, Medium-term effects of dietary nitrate supplementation on systolic and 

diastolic blood pressure in adults: A systematic review and meta-analysis, J. Hypertens. 35 (2017) 1353–

1359. https://doi.org/10.1097/HJH.0000000000001305. 

8. A.R. Coggan, S.R. Broadstreet, D. Mikhalkova, I. Bole, J.L. Leibowitz, A. Kadkhodayan, S. Park, D.P. 

Thomas, D. Thies, L.R. Peterson, Dietary nitrate-induced increases in human muscle power: high versus 

low responders, Physiol. Rep. 6 (2018) e13575. https://doi.org/10.14814/phy2.13575. 

9. M.W. Hoon, N.A. Johnson, P.G. Chapman, L.M. Burke, The Effect of Nitrate Supplementation on Exercise 

Performance in Healthy Individuals: A Systematic Review and Meta-Analysis., Int. J. Sport Nutr. Exerc. 

Metab. 23 (2013) 522-532 11p. https://doi.org/10.1123/IJSPP.2013-0207. 

10. K.V.C. Silva, B.D. Costa, A.C. Gomes, B. Saunders, J.F. Mota, Factors that Moderate the Effect of Nitrate 

Ingestion on Exercise Performance in Adults: A Systematic Review with Meta-Analyses and Meta-

Regressions., Adv. Nutr. 13 (2022) 1866–1881. https://doi.org/10.1093/advances/nmac054. 

11. H.G. Cheng, M.R. Phillips, Secondary analysis of existing data: opportunities and implementation., 

Shanghai Arch. Psychiatry. 26 (2014) 371–5. https://doi.org/10.11919/j.issn.1002-0829.214171. 

12. N.M. Razali, Y.B. Wah, Power comparisons of Shapiro-Wilk, Kolmogorov-Smirnov, Lilliefors and 

Anderson-Darling tests, J. Stat. Model. Anal. 2 (2011) 21–33. 

https://www.nbi.dk/~petersen/Teaching/Stat2017/Power_Comparisons_of_Shapiro-Wilk_Kolmogorov-

Smirn.pdf. 

13. E. McCrum-Gardner, Which is the correct statistical test to use?, Br. J. Oral Maxillofac. Surg. 46 (2008) 38–

41. https://doi.org/10.1016/j.bjoms.2007.09.002. 

14. A.H. Welsh, E.J. Knight, “Magnitude-based inference”: a statistical review., Med. Sci. Sports Exerc. 47 

(2015) 874–84. https://doi.org/10.1249/MSS.0000000000000451. 

15. K.L. Sainani, K.R. Lohse, P.R. Jones, A. Vickers, Magnitude-based Inference is not Bayesian and is not a 

valid method of inference., Scand. J. Med. Sci. Sports. 29 (2019) 1428–1436. 

https://doi.org/10.1111/sms.13491. 

16. K.L. Sainani, The Problem with “Magnitude-based Inference”., Med. Sci. Sports Exerc. 50 (2018) 2166–2176. 

https://doi.org/10.1249/MSS.0000000000001645. 

17. A.M. Nevill, A.M. Williams, C. Boreham, E.S. Wallace, G.W. Davison, G. Abt, A.M. Lane, E.M. Winter, Can 

we trust “Magnitude-based inference”?, J. Sports Sci. 36 (2018) 2769–2770. 

https://doi.org/10.1080/02640414.2018.1516004. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 May 2024                   doi:10.20944/preprints202405.0125.v1

https://doi.org/10.20944/preprints202405.0125.v1

