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Extended Abstract

Background and Purpose

Beetroot juice (BRJ) is rich in dietary nitrates (NOs~) and has gained popularity for its potential
ergogenic properties. Nitrates are converted to nitric oxide (NO) in the body, which enhances blood
flow, oxygen delivery, and mitochondrial efficiency, potentially improving exercise performance.
While BRJ has been extensively studied for its effects on aerobic performance, its impact on
anaerobic performance—characterized by short-duration, high-intensity activities—remains less
understood.

Anaerobic performance metrics, such as peak power, minimum power, mean anaerobic power, and
fatigue index, are critical for athletes in sports requiring explosive strength and speed. Despite the
growing interest in BRJ as a performance-enhancing supplement, there has been no systematic
evaluation of its acute effects on anaerobic performance in trained individuals.

This study aims to systematically review and meta-analyze the existing literature to determine
whether acute BRJ supplementation influences anaerobic performance indicators in trained subjects.

Materials and Methods

This systematic review and meta-analysis were conducted in accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. A comprehensive literature
search was performed across several electronic databases, including PubMed, Web of Science,
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Google Scholar, SID, and Magiran, encompassing studies published in English and Persian up to
September 2024.

To ensure the inclusion of high-quality and relevant data, studies were selected based on the following
criteria: they had to involve trained participants, employ a crossover experimental design, and report
anaerobic performance indicators such as peak power, minimum power output, mean anaerobic
power, or fatigue index.

Data extracted from each eligible study included participant characteristics (age, sex, and body mass
index), details of beetroot juice (BRJ) supplementation (type, dosage, and protocol), as well as
outcomes related to anaerobic performance.

Effect sizes were calculated using a random-effects model, with standardized mean differences
(SMDs) and corresponding 95% confidence intervals (CIs) reported. Heterogeneity among studies
was assessed using the |2 statistic, and potential publication bias was examined by means of funnel
plot analysis and Egger’s regression test.

Results
A total of 11 studies involving 140 participants (42 women and 98 men) met the inclusion criteria.
The average age of participants ranged from 20.3 to 30.86 years, and BMI ranged from 20.41 to
24.21. Among them, Hassanpour et al. investigated both 70 mL and 140 mL doses of beetroot juice;
Hashemifard et al. examined a 100 mL dose; and Conger et al. assessed a single dose of beetroot juice
powder. Seven studies evaluated a 70 mL dose of beetroot juic. Tatlict and Cakmakci administered
beetroot supplementation at a dose of 2 grams per kilogram of body weight, and Baumann examined
beetroot juice in volumes ranging from 235 to 355 mL.
Five studies administered the supplement dose three hours prior to the experimental protocol, while
three studies administered it two hours before the protocol. Additionally, Hashemi Fard et al.
administered the dose 1.5 hours before the experimental protocol; Tatlici et al., 2.5 hours before; and
Baumann et al., between 2.5 to 3 hours prior to the experimental procedure. Key results are as below:

1. Peak Power: [SMD =-0.109 (-0.33 to 0.11), P = 0.33], 1>=32.703, P=0.12

2. Minimum Power: [SMD = -0.120 (-0.32 to -0.08)], P = 0.25, 1>=0.00, P=0.53

3. Mean Anaerobic Power: [SMD = -0.134 (-0.30 to -0.03), P=0.13], 1=3.922, P=0.40

4. Fatigue Index: [SMD = -0.105 (-0.46 to -0.25), P=0.56], 1>=53.807, P=0.04
Subgroup Analyses demonstrated that variations in BRJ consumption timing and dosage did not
influence outcomes. Also, consistent results were observed across studies using standardized tests
like the Wingate Anaerobic Test (WANT) and Running-Based Anaerobic Sprint Test (RAST).
Heterogeneity was moderate to high (12 = 45-65%); and, funnel plots and Egger's test indicated no
significant publication bias.

Conclusions

The findings suggest that acute BRJ supplementation does not significantly enhance anaerobic
performance in trained individuals. While BRJ is rich in nitrates, which are known to improve blood
flow and oxygen delivery, these effects may not translate to short-duration, high-intensity activities
that rely primarily on anaerobic energy systems.

Duration of Activity: Anaerobic performance relies on immediate energy sources (e.g., ATP-PCr and
glycolytic systems), which may not benefit significantly from increased NO availability.
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Timing of Supplementation: Acute BRJ consumption may not provide sufficient time for nitrate
conversion to NO and subsequent physiological effects.

Training Status: Trained individuals may already have optimized physiological adaptations, limiting
the ergogenic potential of BRJ.

Unlike aerobic performance, which benefits from enhanced oxygen utilization and mitochondrial
efficiency, anaerobic performance is less dependent on these mechanisms. This may explain the lack
of significant effects observed in this study. The study had some limitations that may affect he results,
included: Variability in study designs, BRJ dosages, and participant characteristics may have
influenced results; The limited number of studies and participants may reduce the generalizability of
findings; The review focused on acute effects, leaving the potential benefits of chronic BRJ
supplementation unexplored.

Keywords: Beetroot Juice, Dietary Nitrates, Anaerobic Performance, Peak Power, Fatigue Index,
Trained Individuals

Article Message

The findings of the present study indicate that acute beetroot supplementation cannot be considered
a definitive strategy for enhancing anaerobic performance in trained individuals. Therefore, it is
suggested that although trained individuals who are eager to benefit from the remarkable effects and
therapeutic properties of beetroot—and athletes and coaches who, in line with the International
Olympic Committee's position, seek to observe improvements in anaerobic performance and its
related indices—may be interested in its use, the current evidence does not support the efficacy of
acute supplementation in this population. It is likely that short-term or chronic supplementation
protocols, administered over longer durations or at higher doses, may be required to achieve
meaningful effects.
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Table 1- Search command

Databases  Search strategy Limits Results
PubMed ("Nitrate" or "beet juice™ or "nitric oxide" or "beetroot"” or "beetroot Humans, 611

juice" or "nitrite") AND ("anaerobic performance” or "peak English, 1181

anaerobic power" or "mean anaerobic power" or "anaerobic physical Persian

activity" or "anaerobic exercise" or "aerobic fitness" or "anaerobic

fitness" or "aerobic performance™ or "aerobic physical activity" or

"aerobic exercise" or "sports performance™ or “anaerobic capacity"

or "fatigue index" or "physical performance” or "vo2max" or

"exercise training" or " exercise adaptation" or "physical capacity")
Web of (ALL= ("Nitrate" or "beet juice" or "nitric oxide" or "beetroot" or Article, 1623
science "peetroot juice" or "nitrite")) AND ALL= ("anaerobic performance™ English 2128

or "peak anaerobic power" or "mean anaerobic power" or "anaerobic

physical activity™" or "anaerobic exercise™ or "anaerobic fitness™" or

"sports performance™ or "anaerobic capacity” or "fatigue index" or

"physical performance” or "exercise training"™ or " exercise

adaptation” or "physical capacity")
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Table 2- Inclusion and exclusion criteria of studies
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Table 3- Characteristics of subjects and protocol of exercise training and consumption of beet juice supplement
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Table 3- Characteristics of subjects and protocol of exercise training and consumption of beet juice supplement
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Model Study name Statistics for each study Std diff in means and 95%Cl
Std diff ~ Standard Lower Upper
in means error Variance  limit limit ~ Z-Value p-Value
Hassanpour et al. 2022 A 0.018 0.447 0200 -0.859 0.895 0.040 0.968
Hassanpour etal. 2022B  -0.097 0.501 0251 -1.080 088 -0.194 0846
Hashemi fard et al. 2022 -1112 0.402 0162 -1.901 -0.324 -2765  0.006
Cuenca et al. 2018 -0.245 0.262 0069 -0.759 0268 -0936 0349
Dominguez et al. 2016 -0.348 0.266 0071 -0.869 0174 -1.307 0191
Jodra et al. 2020 -0.450 0.271 0073 -0981 0081 -1661 0097
Martin et al. 2014 -0.027 0.250 0063 -0517 0463 -0.108 0914
Conger et al. 2021 A 0.094 0.379 0143 -0.648 0837 0.248 0.804
Conger et al. 2021 B 0.019 0.378 0143 -0722 0760 0.049 0961
Smith et al. 2019 0.453 0.303 0092 -0.141 1048 149% 0135
Tatlici & Cakmakei. 2019 0.604 0.384 0148 -0.150 1.357 1570 0.116 —
Baumann et al. 2021 -0.097 0.236 0056 -0560 0366 -0411 0681
Random -0.109 0.113 0013 -0330 0112 -0963 0336
-2.00 -1.00 0.00 1.00 2.00
Beetroot Placebo
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Figure 2- Forrest plot diagram. The effect of red beet juice supplement consumption on maximal strength in
trained people and athletes
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Model - Study name_ Statistics for each stud: _Std diff in means and 95%Cl_
Std diff  Standard Lower  Upper
inmeans  error  Variance limit  limit Z-Value p-Value
Hassanpour etal. 2022A  -0.001 0.447 0200 -0.878 0875 -0003 0997
Hassanpour etal. 20228 -0.001 0.500 0250 -0981 0979 -0002 0.999
Hashemifardetal. 2022  -0.737 0357 0127 -1436 -0.038 -2067 0039 —t—
Cuenca et al. 2018 -0.278 0.263 0069 -0.794 0238 -1056 0291
Dominguez et al. 2016 -0.082 0.259 0067 -0589 0425 -0318 0.751
Jodra et al. 2020 -0.234 0.262 0.068 -0.747 0279 -0894 0.371
Conger etal. 2021 A 0321 0.388 0150 -1081 0438 -0.829 0407 -
Conger et al. 2021 B 0.176 0.381 0145 -0570 0923 0463 0643
Baumann et al. 2021 0.253 0.239 0057 -0216 0722 1057 0291
Random -0.120 0.104 0011 -0324 008 -1145 0.252
-2.00 -1.00 0.00 1.00 2.00
Beetroot Placebo
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Figure 3- Forrest plot diagram. The effect of red beet juice supplement consumption on minimum
power in trained people and athletes
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Model  Study name Statistics for each study Std diff in means and 95%Cl
Std diff ~ Standard Lower Upper
in means error Variance  limit limit ~ Z-Value p-Value
Hassanpour et al. 2022 A -0.016 0.447 0.200 -0.893 0.860 -0.037 0.971
Hassanpour et al. 2022 B -0.051 0.500 0250 -1.031 0930 -0.101 0.919
Hashemi fard et al. 2022 -1.062 0.395 0.156 -1.837 -0.287 -2.685 0.007
Cuenca et al. 2018 -0.261 0.263 0.069 -0.776 0.254 -0.994 0.320
Dominguez et al. 2016 -0.345 0.266 0.071 -0.866 0.176 -1.297 0.195
Dumar et al. 2021 -0.608 0.344 0.118 -1.283 0.067 -1.767 0.077 -
Jodra et al. 2020 -0.139 0.259 0.067 -0647 0370 -0535 0.593
Martin et al. 2014 -0.027 0.250 0.063 -0517 0463 -0.108 0.914
Conger et al. 2021 A -0.040 0.378 0.143 -0.781 0701 -0.106 0.916
Conger et al. 2021 B 0.009 0.378 0.143 -0.732 0.750 0.024 0.981
Smith et al. 2019 0.284 0.294 0.087 -0.293 0.861 0.965 0.334
Tatlici & Cakmakei. 2019 0.281 0.360 0.130 -0.426 0.987 0.779 0.436
Baumann et al. 2021 0.015 0.236 0.056 -0.447 0.477 0.063 0.950
Random -0.134 0.088 0.008 -0.307 0039 -1514 0.130
-2.00 -1.00 0.00 1.00 2.00
Beetroot Placebo
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Figure 4- Forrest plot diagram. The effect of red beet juice supplement consumption on average
anaerobic power in trained and athletic people
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Model - Study name. Statistics for each stud _Std diff in means and 95%Cl
Std diff  Standard Lower  Upper
inmeans  error  Variance limit  limit Z-Value p-Value
Hassanpour etal. 2022A  0.000 0.447 0200 -0877 0877 0000  1.000
Hassanpour etal. 2022B  0.000 0.500 0250 -0.980 0.980 0.000  1.000
Hashemifard etal. 2022 -1.272 0.425 0181 -2105 0438 -29%0  0.003 +
Cuenca et al. 2018 0.000 0.258 0.067 -0506 0506 0.000  1.000
Dominguez et al. 2016 -0.168 0.260 0068 -0678 0342 -0.646 0518
Smith etal. 2019 0.608 0314 0099 -0008 1224 1935 0.053
Baumann et al. 2021 -0.146 0.237 0056 -0610 0318 -0.616 0538
Random -0.105 0181 0033 -0461 0250 -0580  0.562
-2.50 -1.25 0.00 1.25 2.50
Beetroot Placebo

S5 59 90055 0y p03 O Bl 30 (Kiws aSLs 1 30,8 yaske O JoSo B pan 73l By oyl loges —0 JS
Figure 5- Forrest plot diagram. The effect of red beet juice supplement consumption on fatigue index in
trained people and athletes
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