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ABSTRACT 

Background: Athletes continue to strive for an edge over the competition. In recent years, 

dietary nitrate supplementation, particularly in the form of beetroot juice, has been shown to 

improve oxygen cost economy in endurance-focused submaximal intensity exercise and extend 

the time to exhaustion during maximal intensity exercise. However, scarce literature exists on the 

effects of nitrate supplementation on sports that focus mainly on strength and power. CrossFit is 

a sport that relies on strength, power, and endurance, and incorporates high-intensity, Olympic-

based lifting and interval training exercises. Purpose: To investigate the effects of six days of 

dietary nitrate supplementation on strength, power and endurance in CrossFit athletes. Methods: 

Twelve male CrossFit athletes (age, 23 ± 5 years; CrossFit training > 3 days/week for at least 4 

months) participated in this randomized, crossover, double-blind, placebo-controlled study. After 

familiarization, baseline testing for peak aerobic capacity (VO2peak), anthropometrics, and body 

composition (BodPod®) was performed. A three-day food log was completed both before and 

after the completion of the study. The food consumed 24 hours before the first trial was followed 

for each subsequent trial. Day 1 baseline testing included a blood draw for plasma nitrate and 

nitrite, as well as strength (Biodex), power (Wingate), and endurance (2K row) tests. Day two 

consisted of a sport-specific CrossFit circuit known as Grace. After testing, participants 

consumed either 8 mmol potassium nitrate (N) or 8 mmol of potassium chloride (PL) in pill form 

for six days. After this period, the participants returned for post-testing, had a 10-day washout 

period, and then returned for baseline and post-testing consuming the opposite supplement. 

Repeated measures of analysis of variance and a Student’s T-test (SPSS Version 21, Cary, NC) 

were used to compare results. Results: There were no significant differences in dietary intake 

except for fiber (PRE: 22 ± 9 vs POST: 27 ± 11 g, P = 0.03). Plasma nitrate did not significantly 
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change in N (PRE: 146.77 ± 69.48 vs POST: 192.05 ± 69.48 nM, P = 0.07) but did significantly 

increase in PL (PRE: 140.96 ± 59.98 vs POST: 204.82 ± 64.82 nM, P = 0.02). There were no 

significant differences for isokinetic strength measurements, but for isometric extension 60° 

there was a main effect of time (P = 0.03) which equated to a 17.23 ± 13.04 Nm (10.19 ± 36.60 

%) increase in force in N and a 10.65 ± 6.42 Nm (6.11 ± 17.36 %) increase in PL. The Wingate 

power test resulted in a main effect of time, but no group x time effect. However, N increased 

58.92 ± 7.11 W (6.62 ± 3.96 %), but PL only increased 6.92 ± 26.01 W (0.77 ± 14.19 %; P = 

0.08). No significant differences between groups were measured for the 2000-m rowing test. 

While not statistically significant, the time to complete the Grace circuit improved on average by 

-32.35 ± 53.24 sec (-8.94 ± 31.14 %) in N compared to a -10.83 ± 12.68 sec (-3.84 ± 8.94 %) in 

PL. Conclusion: Consuming dietary nitrate in the potassium nitrate salt form did not statistically 

improve strength, power, or endurance in male CrossFit athletes. However, while not statistically 

significant, the improvement in the time to complete the sport specific Grace test using N may be 

meaningful during competition.  
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CHAPTER 1 

INTRODUCTION 

Background 

As humans surpass the proposed limits of sports performance, athletes of all experience 

and skill levels continue to seek an edge over the competition by the use of various training 

modalities and nutritional manipulations. Ergogenic aids have become increasingly popular over 

the recent years, and sales of sports nutrition products is estimated at over $3 Billion annually67.  

One product that moved to the forefront of performance enhancement is beetroot juice61. 

Beetroots are nitrate-rich, root vegetables that grow in the ground53. Beetroot was originally used 

in clinical and Chinese medicine (i.e. blood pressure reduction and preventing coronary artery 

disease61.More recently, dietary nitrate using beetroot juice has been reported to lower the energy 

cost during submaximal exercise2,3, 42, 43, 47, 77 and increase the time to exhaustion (TTE) during 

maximal exercise2, 3, 10, 34, 35, 41, 76. In addition to beetroot, studies have also utilized nitrate salt 

pills in the form of potassium or sodium nitrate44-47, 63. The salt version may have some 

advantages over the beetroot, in that it may be more feasible to take a pill than to drink a 

beverage before exercising and it may not have any confounding compounds in its composition 

that may mask the beneficial effects of nitrate61.  

The majority of dietary nitrate supplementation research has focused on endurance 

exercise2, 3, 42, 43, 45, 47, 63, 77, 83, and very few studies have focused on strength and/or power2, 70, 71. 

Furthermore, no studies have investigated dietary nitrate’s role in sports that combine strength, 

power and endurance. CrossFit is a sport incorporates exercises that stress all three aspects of 

performance.  Therefore, the purpose of this study is to determine if six days of dietary nitrate 
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supplementation improves strength, power, and endurance measurements in male CrossFit 

athletes. 

Specific Aims and Research Hypotheses 

Specific Aim 1: To determine the extent to which dietary nitrate supplementation for six days 

improves isokinetic and isometric strength (Dynamometer, Biodex Medical Systems, Shirley, 

New York) compared to a placebo group. 

 Isokinetic: Five knee extension and flexion repetitions 60°/sec and 180°/sec with five sec 

rest in between each repetition.  

 Isometric: Five five-second knee extension and flexion repetitions at 60° with five sec rest 

in between each repetition.  

Hypothesis 1: The nitrate group will have significant improvements in both isokinetic and 

isometric strength compared to a placebo group. 

Specific Aim 2:  To determine the extent to which dietary potassium nitrate supplementation for 

six days improves peak and average power output using a Veletron cycle ergometer (RacerMate, 

Inc., Seattle, WA) compared to a placebo group.  

 30 sec, 100 % intensity sprint using individually weight-adjusted resistance.  

 Weight Adjusted Resistance = Body weight (kg) * 0.075. 

Hypothesis 2: The nitrate group will have significant improvements in peak and average power 

output compared to a placebo group.  

Specific Aim 3: To determine the extent to which dietary nitrate supplementation for six days 

improves the time to complete a 2000-m (2K) rowing ergometer test compared to a placebo 

group.  
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 The test will be performed at an open stroke rate at 100 % intensity at a 3-5 resistance level 

on a rowing ergometer.  

Hypothesis 3: The nitrate group will have a significant improvement in the time to complete the 

2K rowing ergometer test compared to a placebo group. 

Specific Aim 4: To determine the extent to which dietary nitrate supplementation for six days 

improves a CrossFit specific circuit workout compared to a placebo group.  

 The CrossFit circuit will be “Grace”. It consists of 30 clean-and-jerks at 61.37kg for time.  

Hypothesis 4: The nitrate group will significantly improve the time to complete the CrossFit 

circuit compared to a placebo group. 

Assumptions 

 
1. Participants consumed at least 90 % of their supplement, as directed for six days.  

2. Participants put forth their maximal effort during both the baseline and post-supplementation 

testing sessions. 

3. Participants had a washout period for any previous supplements taken for a minimum of four 

weeks. 

4. Participants provided truthful answers on all questionnaires and logs. 

5. All laboratory equipment was accurate and was used properly by researchers. 

6. Participants followed instructions provided by researchers. 

Delimitations 

1. Participants with existing thyroid and/or kidney diseases that could affect nitric oxide synthesis 

and/or metabolism were not able to participate.  

2. Participants who had any illness, injury, or daily allergies were not able to participate.  

3. Participants who smoked or took other medications that would affect supplementation were not 

able to participate.  
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4. Participants who took any other supplements at the time of the study except protein or 

multivitamin were not able to participate or had to go through a 4-week washout period.  

5. Participants engaging in less than three CrossFit workouts per week for at least four months 

were not able to participate.  

6. Participants over the age of 35 was not able to participate.  
 

Limitations 

1. Dietary intake, training regimen, and supplementation adherence outside of testing sessions 

was unable to be controlled 

2. Participants who have previously taken performance supplements in the past may have 

detected whether they were taking the supplement or not based on their past experiences with 

supplements. 

3. Participants did not have the same fitness levels.  

Definition of Terms and Abbreviations 

1. Clean-and-Jerk: A movement where a barbell is pulled from the floor and received in a 

front squat position with the object resting on one's shoulders and then the object is 

heaved from the shoulders and caught overhead, with arms locked out. The movement is 

finished when hips and legs fully extend.  

2. Endurance: The ability to exert a submaximal amount of force over a period of time54. 

3. Grace: The CrossFit circuit that consists of 30 clean-and-jerks at 61.37kg for time.   

4. Hypoxia: Oxygen-depleted environments54. 

5. Nitrate: A compound that can be consumed predominantly from vegetables that gets 

converted to nitric oxide in the stomach to produce ergogenic effects during submaximal 

and maximal intensity exercise 3,23,51,56.  
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6. Nitrite: The reduced form of nitrate that may serve as a mechanistic component to the 

exercise benefits described in this paper56.  

7. Nitric Oxide: The gaseous reduced form of nitrite that can be synthesized endogenous or 

exogenous pathways, depending on the conditions of the environment56.  

8. Power: The ability to exert force rapidly over a period of time54.  

9. Strength: Maximal force produced by a muscle54. 

10. Oxygen Consumption (VO2): A measurement of energy expenditure expressed as the 

amount of oxygen taken up and utilized by the body per minute54.  
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CHAPTER 2 

REVIEW OF LITERATURE 

History and Background  

Nitrate has been identified to exist in two different forms: organic and inorganic. The 

organic form, which is synthetically produced by nitroxylation60, has held clinical significance in 

the Western world as early as the 19th century to treat heart failure, coronary artery disease, and 

other cardiovascular related diseases60. Other benefits of organic nitrates include anti-

inflammatory properties and pulmonary vasodilation, thus lowering the stress of oxygen demand 

on the heart60,81. Of greater interest, however, is the inorganic or dietary nitrate form. Based on 

historical accounts, inorganic nitrate has been used as early as the eighth century by the Chinese 

to cure angina12,68. Today, inorganic nitrate has evolved from its original use in food preservation 

to clinical medicine and has been documented to assist symptoms in patients with epilepsy, 

cardiovascular diseases, pulmonary disorders, and even as a diuretic60,68.  

 Endogenously, NO is synthesized from the amino acid L-arginine through a group of 

enzymes called endogenous nitric oxide synthase (eNOS)49. More importantly, however, NO is 

synthesized from exogenous dietary nitrate supplementation, complementing the L-arginine 

pathway49,50. Since nitrate is water-soluble and is produced by atmospheric fixation of nitrogen 

and oxygen60, this reactive product can be found in the soil, and taken up by vegetables, most 

commonly in the beetroot11,12,60.  In the past, dietary nitrate, and its reduced form, nitrite, were 

both thought to be inert components of NO metabolism50,51. However, it has been recently 

suggested that these two compounds can be reduced to NO in the stomach, particularly when the 

conventional L-arginine NO synthesis pathway becomes compromised in oxygen-depleted 

situations (hypoxia) during maximal intensity exercise16,43 (Figure 1). 
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Since dietary nitrate is 100 % bioavailable in the mouth75 natural salivary bacterial flora 

on the tongue reduce the dietary nitrate to nitrite via nitrate reductase23,50,52,61. Nitrite is then 

further reduced to NO in the acidic environment of the stomach by first becoming protonated 

nitrous acid, which then decomposes to NO and other metabolites through nitrite reductase23,51,52. 

NO is then transported to systemic regions leading to vasodilation, and remaining nitrate and 

nitrite is absorbed in the small intestine and ultimately excreted by the kidneys51. NO synthesis 

Figure 1. The exogenous formation of nitric oxide (Adapted from 

Lundberg et al., 2008).  
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has recently been discovered to be synthesized under hypoxic conditions using the enzyme 

xanthine oxidoreductase and deoxyhemoglobin combined with nitrite,, in the presence of 

nicotinamide adenine dinucleotide (NAD) deoxyhemoglobin and deoxygenated erythrocytes, 

respectively20,57.  

Clinical Benefits  

The traditional use of medicinal and supplemental dietary nitrate was to treat 

cardiovascular related diseases. However, as research continued throughout the decades, the 

benefits of dietary nitrate have extended to various applications in other facets of physiological 

processes. Dietary nitrate supplementation, both in the salt forms of sodium nitrate44 and beetroot 

juice (BRJ) have been shown to lower blood pressure40, 78, 81, 85, lower triglyceride levels8, 84, and 

act as an effective treatment for strokes in human and animal trials83.   

Zand et al., (2011) recruited 30 participants with three or more cardiovascular risk factors 

including hypertension, obesity, hyperlipidemia, smoking, sedentary lifestyle, family history of 

cardiovascular disease, and diabetes. Twenty-three participants consumed nitrate supplements 

(Neo40 Daily®, Solara Inc, Miami, Florida) and seven patients consumed a placebo (PL) twice a 

day for 30 days. The results indicated that 27 % of the participants on the nitrate supplement 

experienced a significant reduction in triglycerides after 30 days, (Nitrate: 168 ± 17 vs PL: 232 ± 

19 mg/dl, P = 0.02)84.  

 Webb and colleagues (2008) randomly assigned 14 healthy participants to drink either 

0.5 L BRJ or 0.5 L water in this crossover study. Blood pressure was measured every 15 min 

from one hour pre-consumption to three hours post-consumption, and then every hour up to six 

hours, with a final reading at 24 hours post-consumption81. Blood pressure began to differ 

significantly between the groups after one hour post-consumption and the difference in systolic 
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blood pressure peaked 2.5 hours post-ingestion81. Systolic blood pressure decreased by10.4 ± 3.0 

mm Hg (P < 0.01) where diastolic blood pressure and mean arterial pressure were at their lowest 

point at three hours post-consumption dropping by 8.1 ± 2.1 mm Hg and 8.0 ± 2.1 mm Hg, 

respectively (P < 0.01)81. At 24 hours post-consumption, only the systolic blood pressure 

differed between the two groups (P < 0.01)81.   

Kapil and colleagues (2010) had 21 healthy participants, including both men and women 

consume either potassium nitrate (24 mmol nitrate) or potassium chloride in this double-blind, 

crossover study. After the measurements were taken, systolic blood pressure did decrease 

significantly (-9.4 ± 1.6 mm Hg, P < 0.001) after six hours, but neither the diastolic blood 

pressure nor mean arterial pressure decreased significantly40. However, in this study, women and 

menstrual cycles were not controlled for in the study design40.   

Lansley, et al (2011b) had nine physically active, healthy males complete a six-day 

randomized double-blind crossover study with a ten day washout period in between trials, and 

had the participants consume either 0.5 L of BRJ (containing 6.2 mmol of nitrate) or a nitrate-

depleted BRJ placebo (PL) (containing 0.003 mmol of nitrate). The participants performed two 

six-min bout of moderate-intensity running and one six-min bout of sever intensity running 

which were separated by 10 minutes of walking at 4 km/hour43. Consumption of BRJ 

significantly reduced systolic blood pressure by 4 % relative to PL (PRE: 129 ± 9 vs POST: 124 

± 10 mmHg, P < 0.01), whereas mean arterial pressure and diastolic blood pressure did not 

change significantly43. Based on these three studies, dietary nitrate supplementation using BRJ 

appears to positively influence the individual components of blood pressure. However, 

differences in study design make it difficult to compare results. 
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Submaximal Intensity Exercise  

Dietary nitrate supplementation has been shown to lower the energy cost of oxygen 

consumption (VO2) during exercise, which is particularly important for the elderly or individuals 

with other restrictions that may prevent high-intensity levels of exercise, and can thus still 

receive benefits from dietary nitrate2,3,42,43,47,77. In a double-blind crossover placebo-control study 

by Bailey et al., (2010) eight recreationally active men (VO2max 49 ± 5 ml/kg/minute) consumed 

0.5 L/day of either BRJ (containing 11.2 ± 0.6 mmol of nitrate) or PL (Blackcurrant cordial with 

insignificant nitrate content) for six consecutive days with a 10 day washout period in between 

trials. The participants then performed a series of graded cycling exercises during the final three 

days of supplementation3. Compared to control, overall VO2 was reduced by approximately 5 %, 

while fractional oxygen, or the percentage of oxygen concentration participating in gas 

exchange, was significantly reduced in BRJ (BRJ: 78 ± 34 vs PL: 88 ± 38 absorbance units, P < 

0.05)3. In addition, the rate of pulmonary VO2 was reduced by 19  % (BRJ: 521 ± 153 vs PL: 640 

± 146  ml/min, P < 0.01), and the absolute VO2 value over the final 30 seconds of moderate 

exercise was also significantly lower following BRJ ingestion (BRJ: 1,448 ± 129 ml/min vs PL: 

1,517 ± 123, P < 0.01)3. This reduced VO2, which equates to a lower cost of energy expenditure 

(37), has also been preserved in other studies2,42,43,77. Importantly, the sample size for this study 

was very small and only included men, so it cannot be assumed that these results apply to all 

populations.  

The aforementioned study by Lansley et al., (2011b) also found reduced oxygen 

consumption for walking at a very-slow intensity pace by 12 % (0.70 ± 0.10 and 0.87 ± 0.12 

L/min in BRJ and PL, respectively, P < 0.01). For a full review, please see Ormsbee et al., 

(2013)61.  
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A study by Pinna et al., (2014) tested the effects of six days of BRJ consumption (0.5 

L/day containing 5.5 mmol of nitrate) on 14 moderately-trained participants during an 

incremental swimming test. The participants were attached to a waist-tension belt, which kept 

the participants stationary, and was attached to a dynamometer that could increase or decrease 

tension by having the research move the pole attached to the tension belt backwards or forwards, 

respectively.y64. The participants were notified of tension changes by following a coloring signal 

pattern and the tension on the belt began at a workload of three kg and was increased 

progressively by one kg/min until the athletes were no longer able to maintain their position and 

follow the colored signal for 30 sec64.  The control was having the swimmers perform the same 

test prior to BRJ supplementation. Results showed that the energy cost at a submaximal 

workload was significantly reduced (BRJ: 1.7 ± 0.3 vs PL: 1.9 ± 0.5 kcal/kg/hour, P = 0.04)64. 

This result may explain the significantly increased resistance at anaerobic threshold on BRJ 

compared to PL (6.7 ± 1.1 and 6.3 ± 1 kg, respectively, P < 0.05), which suggests that there was 

an improvement in the capacity to perform work independently from anaerobic energy sources 

with the BRJ64. These three studies highlight the evidence that dietary nitrate supplementation in 

the form of BRJ improves aerobic efficiency during submaximal intensity exercise.  

Proposed Submaximal Intensity Exercise Mechanisms 

While the mechanism as to how the improvement VO2 occurs is still unclear, several 

theories have been proposed that may explain these findings. Nitrite, as noted previously, can be 

converted to NO, which has also been shown to act as an alternative final electron acceptor in the 

electron transport chain by inhibiting cytochrome c oxidase, an electron carrier within the 

electron transport chain, during oxidative phosphorylation19. This nitrite substitute replaces 

oxygen as the final electron acceptor and thus preserves VO2
2, 9, 19, 45. Another theory focuses on 
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the skeletal myocytes and posits that the VO2 can be altered by reducing the VO2 slow-

component which most likely occurs by lowering the cost of adenosine triphosphate (ATP) force 

production by inhibition at the enzymatic level2,3,29,79. Calcium pumping during muscle 

contraction is predominantly controlled by actinomyosin ATPase in the lateral sacs of the 

sarcoplasmfreic reticulum. Adverse energy-costing reuptake by calcium-ATPase accounts for up 

to 50 % of ATP turnover3,5. NO may protect the calcium-channel from oxidative release, without 

altering channel function, by slowing the cross-bridge kinetics between actin and myosin29,31,79. 

Additionally, NO may blunt the accumulation of adenosine diphosphate and inorganic 

phosphate, while attenuating the degradation of phosphocreatine (PCr), which all lead to a 

decreased stimulus for oxidative phosphorylation, thus reducing the cost of ATP and preserving 

oxygen2. Finally, there may be an increase in mitochondrial efficiency, as nitrate 

supplementation has been shown to inhibit cytochrome oxidase c, an important protein for proton 

conductance, which results in a decrease in adenosine nucleotide translocase (ANT), which 

facilitates a decrease in proton leakage, as ANT is a structural component of the mitochondrial 

permeability pore that can open and lead to proton slippage45. This decrease in H+ ions allows for 

particles to remain in the innermembrane space of the mitochondria and create a gradient for 

them to ultimately pass through ATP synthase and generate more ATP for an overall more 

efficient oxidative phosphorylation process45.  

Dietary Nitrate during Prolonged Exercise  

While many investigations have shown that dietary nitrate supplementation improves the 

energy cost at submaximal intensities of exercise, prolonged exercise may negate these benefits. 

In a double-blind crossover study, Wilkerson et al. (2012) had 8 well-trained male cyclists 

consume 0.5 L of either BRJ (6.2 mmol of nitrate) or PL (BRJ containing 0.005 mmol of nitrate) 
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and then complete a 50-km cycle time trial at submaximal intensity levels during this 

randomized, single-blind, crossover study with a 7 day washout period. While there was a 

tendency for VO2 to be lower following BRJ consumption, these reductions were not 

significantly different between PL and BRJ groups82. This could be due to the fact that the study 

protocol was over 120 min long, and thus the general effects of dietary nitrate may have been 

diminished by the long bout of aerobic exercise, which may explain why there was no difference 

between the treatment groups. Additionally, in this study, there were several “non-responders”, 

in which case the BRJ consumption did not elevate plasma nitrite unlike in other studies which 

show an increase in plasma nitrite after dietary nitrate consumption from 16-197 % in 

“responders”41,63. Even those that were “responders” in this study only showed a mean non-

significant time reduction for the 50-km timed trial by an average of 2 %82. Thus, dietary nitrate 

supplementation may only be beneficial for submaximal exercise if plasma nitrite levels are 

increased and not during prolonged exercise. Table 1 below details a summary of the effects of 

dietary nitrate supplementation during submaximal intensity exercise. 

Training Status and Dietary Nitrate  

Moreover, training status may diminish the effects of dietary nitrate supplementation on 

exercise performance. Christensen et al., (2013) examined the effects of six days of dietary 

nitrate supplementation in elite male cyclists. The study was a double-blind, randomized, 

crossover intervention, which had 10 cyclists consume 0.5 L of BRJ (5.9mmol) or 0.5 L of an 

isocaloric PL drink for six days with a 14 day washout period. The exercise protocol included a 

120-minute bout of submaximal intensity exercise followed by a 400-kcal time-trial12. The data 

indicated no significant difference in VO2 kinetics, with similar completion times of the time-

trial following the 120-min session (BRJ: 18:20 vs PL: 18:37 min:sec), as well as no difference 
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in peak power (BRJ: 746 ± 111 vs PL: 745 ± 121 Watts [W]) or mean power (BRJ: 630 ± 84  vs 

PL: 630 ± 92 W) between the PL and BRJ groups during the sprints (14). 

Peacock and colleagues (2012) tested 10 elite male cross-country skiers in endurance 

running in this randomized, double-blind design. Each participant was randomly assigned to 

supplement with either 1 g of potassium nitrate in an opaque gelatin capsule (9.9 mmol giving 

614 mg nitrate) or a PL capsule containing 1 g of maltodextrin63. Each trial consisted of two 5-

minute submaximal running tests on a treadmill followed by a 5-km running time trial on an 

indoor track63. Nitrate supplementation did not significantly reduce the energy cost of running or 

significantly improve trial times (Nitrate: 1005 ± 3 vs PL: 996 ± 49 sec, P = 0.12)63.  

The results of these two studies in elite athletes contradict other studies that have 

demonstrated lower VO2 kinetics such as a reduced slow component and final VO2 and thus a 

lower cost of energy expenditure following dietary nitrate supplementation2,3,42-46,77. This could 

be due to the fact that the participants in the experiments by Christensen et al. (2013) and 

Peacock et al. (2013) were of elite status, with VO2max levels of 72 ± 4 mL oxygen/kg/minute, 

where as other studies had less trained participants with VO2max levels at lower levels such as 55 

± 7 ml/kg/min2,3,42,43,45,46,76,77. Additionally, Peacock et al., (2013) had the participants use 

running as the testing protocol, but they were not as well trained in the study protocol, since 

running which involves a smaller muscle mass activation than cross-country skiing, and thus a 

lower VO2max, potentially altering the accuracy of results63.   

The data suggest that the elite athletes might not respond to the dietary nitrate 

supplementation as well as untrained individuals, possibly due to the fact that they have higher 

resting levels of eNOS as well as higher capillary density, allowing more oxygen to be extracted 

without the supplementation with nitrates78. These higher levels of endogenous enzymes may 
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have prevent a more robust response to the dietary nitrate compared to the less-trained 

participants.  

Maximal Intensity Exercise 

 
Not only does NO assist with submaximal exercise, but it also helps with levels of 

exercise at maximal intensity, most notably by extending the time to exhaustion by 15-25  

%2,3,45,76. In an acute double-blind randomized crossover, Vanhatalo et al.,(2011) tested 9 

moderately-trained volunteers (seven men and two women) completed knee-extension exercise 

once in normal oxygen conditions (20.9 % oxygen; control) and twice in hypoxia (14.5 % 

oxygen), to exhaustion. Twenty four hours prior to the tests the participants either drank 0.75 L 

of nitrate-rich BRJ (9.3 mmol nitrate) or 0.75 L of PL (0.01 mmol nitrate-depleted BRJ)60. The 

time to exhaustion was greater in the nitrate group by 21 % (BRJ: 477 ± 200 vs PL: 393 ± 169 

sec, P < 0.05), and the speed of recovery of PCr from intense exercise, was faster in the nitrate 

group compared to the PL group by 16 %76. 

 
Table 1. Summary of studies on the effects of dietary nitrate during submaximal intensity exercise   

 

Author Number of 

Participants 

Study Design Dietary Nitrate 

Supplement 

Main Findings 

 Bailey et 

a.l,  2009 

8 Double-blind, 

PL- 

controlled 

crossover 

(0.5 L BRJ/day, 

5.5 mmol/day; 

or PL (low-

calorie black 

currant juice 

cordial with 

little nitrate 

content) 

1. Increased plasma nitrite 

by 96 % and reduced 

systolic blood pressure 

2. 19 % redu tio  i  the 
a plitude of the 
pul o ar  V̇O2 response 

and 10 % reduction in VO2 

over final 30s 

3. Gross cost of oxygen 

during exercise was 

reduced by 5 % 
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Table 1. Continued 

Author Number of 

Participants 

Study Design Dietary Nitrate 

Supplement 

Main Findings 

Larsen et 

al, 2007 

9 Double-blind 

PL-controlled 

cross-over 

design 

Sodium nitrate 

(0.1 mmol/kg/d

ay) or PL (NaCl) 

 1. Reduced submaximal 

cycling cost of oxygen at 

work rates expected to 

require 45–80 % VO2max  

2.  Gross efficiency 

increased from 19.7 ± 1.6 

during PL to 21.1 ± 1.3 % 

during nitrate 

Larsen  et 

al.,  2011 

9 Double-blind, 

cross-over 

trial  

Sodium nitrate 

(0.1 mmol/kg/d

ay) or PL (NaCl) 

1. The respiratory control 

ratio value was higher (8.5 

± 0.7) in the 

mitochondria  

 2. The P/O ratio during 

submaximal ADP 

stimulation was increased 

by 19 % 

3. The maximal rate of ATP 

production was increased 

by 23 % 

Bailey et 

al., 2010 

7 Randomized, 

double-blind, 

crossover  

0.5 L BRJ/day 

(5.1 mmol/day) 

and PL (black-

currant juice 

cordial) 

1. Pul o ar  V̇O2 from rest 

to low-intensity exercise 

was reduced by 25 %  

2. E d-e er ise V̇O2 was 

also reduced by 11 % 

Lansley et 

al., 2011a 

9 Double-blind, 

crossover 

design 

BRJ (0.5 Ll/day, 

containing 6.2 

mmol of nitrate) 

and PL (0.5 

L/day, 

containing 0.003 

mmol of nitrate) 

1. Reduced completion 

time by 2.8 % (4km time 

trial)  

2. Increased P/O ratio by 

11 % (16 km TT) 

3. Reduced timing 2.7 % 

and power output 

increased by 6 % (16km TT) 
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Table 1. Continued 

Author Number of 

Participants 

Study Design Dietary Nitrate 

Supplement 

Main Findings 

Lansley et 

al., 2011b 

 

9 Double-blind, 

crossover  

BRJ (0.5 L/day, 

containing 6.2 

mmol of nitrate) 

and PL (0.5 

L/day, 

containing 0.003 

mmol of nitrate) 

1. Systolic blood pressure 

by 4 %  

2.12 % reduction in the VO2 

of walking, at very-low 

intensity  

3 The a solute V̇O2 values 

over the final 30 were 

reduced by 7 % at 

moderate-intensity 

4. Redu tio  i  the 
a plitude of the 
pul o ar  V̇O2 response (4  

%) at moderate-intensity 

Wilkerson 

et al., 2012 

8 Randomized, 

single-blind  

0.5 L of BRJ ( 6.2 

mmol nitrate) or 

0.5 L of PL 

(0.0047 mmol 

nitrate-depleted 

BRJ)  

1.  Reduction in completion 

time for the 50-km time 

trial of 0.8 % or 1.2 min (P > 

0.05)   

2. BRJ supplementation 

increased the mean P/O  

significantly by 3  % 

Larsen et 

al., 2010 

9 Double-blind 

PL-controlled 

cross-over  

Sodium nitrate 

(0.1 mmol/kg/d

ay) or PL (NaCl) 

1. VO2 decreased from 1.45 

± 0.08 to 1.37 ± 0.09 L/min 

(P < 0.05)  

Pinna et 

al., 2014 

14 Cohort study 0.5 L/day  BRJ 

(5.5 mmol 

nitrate) or 0.5 

L/day PL 

1. BRJ significantly 

improved aerobic cost of 

oxygen at submaximal 

workloads (BRJ: 1.7 + 0.3 vs 

PL: 1.9 + 0.5 kcal/kg/hour; 

P = 0.040) 

 

 

 

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial 

pressure; BRJ, beetroot juice; PL, placebo; VO2, oxygen uptake and utilization; P/O, 

phosphorus/oxygen; ADP, adenosine diphosphate; ATP, adenosine triphosphate. Adapted 

from Ormsbee et al., 2013 
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Recently, Kelly et al. (2013) had nine regularly active males complete a randomized, 

double-blind, study that involved drinking 0.5 L/day of BRJ providing a total of 8.2 mmol nitrate 

per day or a nitrate-depleted PL (0.5 L/day  0.01 mmol nitrate/day) with a three day washout 

period in between trials. The participants completed four bouts of high intensity exercise sprints 

at different percentages of their individual VO2max
41. The results confirmed that time to 

exhaustion increased at 60 % (BRJ: 696 ± 120 vs PL: 593 ± 68 sec, P < 0.05), 70 % (BRJ: 452 ± 

106 vs PL: 390 ± 86 sec, P < 0.05) and 80 % (BRJ: 294 ± 50 vs PL: 263 ± 50 sec, P < 0.05)  of 

VO2 max, but not 100 % (BRJ: 182 ± 37  vs PL: 166 ± 26 sec, P = 0.10) of VO2 max
41. For a full 

review please see reference Ormsbee et al., (2013)61. 

In an acute, double-blind, cross-over study conducted by Thompson and colleagues 

(2015) the researchers tested the effects of 0.5 L of BRJ (5 mmol nitrate) or PL (50 ml low 

calorie blackcurrant cordial, 45 mL pressed apple juice, 405 mL H2O, containing negligible 

nitrate) in 16 healthy, recreationally active males (VO2max 47.3 ± 6.3 ml/kg/min) on an 

incremental cycle test to failure with a washout period of seven days in between trials. Results 

showed that time-to-exhaustion at 90 % VO2peak was 16 % longer with BRJ compared to PL (185 

± 122 vs 160 ± 109 sec, respectively, P = 0.01)71. These studies reinforce the evidence that 

dietary nitrate can improve work performance at high-intensity exercise across different 

modalities.  

Proposed Maximal Intensity Exercise Mechanisms 

While the mechanism(s) for the beneficial results during high-intensity exercise are not 

clear, several possibilities exist, and may be a combination of several conjectures. It is likely that 

dietary nitrate attenuates the increase in metabolites such as adenosine diphosphate (ADP) and 

H+, and may help to preserve PCr and maintain the acidity (pH) of the environment, enabling a 
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longer time to exhaustion2,3,35,38,62. It has been noted in previous studies9,41,46 that lactate levels 

do not significantly differ between treatment and PL groups during maximal intensity exercise, 

and so exercise improvements may not be attributed to the reduction in H+ ions. Another 

possibility suggested by Bailey et al., (2009) is that tissue s-nitrosothiols, which elevate with 

dietary nitrate supplementation, may prevent those same thiol compounds from being subject to 

reverse oxidative modification from reactive oxygen species, which compromise skeletal force 

production25,37-38. An additional plausible explanation for the benefits of dietary nitrate during 

maximal intensity exercise could be that the creation of an acidic and hypoxic environment 

during this high intensity puts the muscle cells (myocytes) distant from the capillary beds at a 

disadvantage to receive oxygen3. This consequence might induce the reduction of nitrate to NO, 

which would then create an oxygen concentration gradient that would enable a uniform 

distribution of oxygen to all myocytes regardless of proximity to the capillary beds3.  It is 

possible that there may be an augmented release of Ca2+ with nitrate supplementation by 

increasing the expression of the proteins that release calcium from the sarcoplasmic reticulum to 

fast-twitch muscles which would allow for more binding to troponin C which would thus lead to 

enhanced muscle contractility36,39,76,79.  

Improvement in VO2 Kinetics during Maximal Intensity Exercise 

Potentially, the enhanced tolerance to exercise may be due to improvement changes in 

VO2 kinetics. Some maximal intensity exercise studies have shown that dietary nitrate 

supplementation lowers the slow-component of VO2 thus extending the time it takes to reach 

VO2max, and allowing the person to reach a steady-state level of exercise faster2,3. However, other 

studies have countered that the slow-component amplitude does not change42-43. This variation 

within the literature, concerning the VO2 kinetics, could be due to a potential genetic difference 
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in Type II muscle (fast-twitch) fibers among the participants in the studies, as an enhanced 

delivery of oxygen to these muscle fibers would extend the tolerance of exercise by the projected 

mechanisms detailed earlier37,41. Other explanations could be the fitness level of the participants 

recruited, the dose of the nitrate and the modality of the tests used in the studies. Larsen et al., 

(2010), utilized both the leg and arm crank machine to test VO2max, which effectively engages the 

upper and lower body. However, other studies used knee extensor tests that only incorporated the 

lower body, and a single leg, which may have caused a lower measurement of true VO2max 

compared to full-body activation2,3.  

Some investigations demonstrated that VO2max was reduced by as much as 7 % following 

dietary nitrate supplementation during maximal effort exercise6,41. Inconsistencies regarding VO2 

kinetics may be due to two processes working simultaneously: one that reduces VO2max while 

another that causes the increase in time to exhaustion up to a certain threshold41. The discrepancy 

has only been expressed in full-body exercises, such as the arm-and-crank exercises since this 

did not occur in studies which utilized lower-body exercises like cycling as their mode of 

testing3,76. Additionally, the study of elite athletes by Bescós et al., (2011) had many shortfalls, 

as the researchers did not use powerful statistical models, did not use sufficient rest time among 

trials, consisting of only a five-min rest between four six-min cycling tests at moderate intensity 

exercise and an incremental test until exhaustion at high intensity7. Additionally, they used elite 

athletes as participants, and only used single transitions at four intensities, which could affect 

power output and VO2 components due to exhaustion of the participants and inapplicable results 

to recreational populations7. Table 2 below summarizes the effects of dietary nitrate 

supplementation during maximal intensity exercise. 
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Table 2: Summary of studies on the effects of dietary nitrate during maximal intensity exercise 

 

Author Number of 

Participants 

Study Design BR Supplement Main Findings 

Bailey et 

al., 2009 

8 Randomized,  

crossover  

 BRJ (0.5 L/day; 5.5 

mmol nitrate/day; or 

PL (Low-calorie black 

currant juice cordial 

with negligible 

nitrate content)  

1. Plasma nitrite 

increased by 96 %, 

and reduced SBP 

2.VO2 slow-

component lowered 

by 23 % 

3. Increased TTE 

Vanhatalo 

et al., 2010 

8. Balanced 

Crossover 

0.5 L BR (5.2 

mmol/day nitrate) or 

PL 

1. Plasma nitrite was 

elevated by 36 %  

2. Mean SBP, DBP 

and MAP all were 

significantly lowered      

3. Increase in peak 

power output both 

not after 2.5 hour 

and 15 days of 

supplementation  

4. V̇O2max was 

increased by 140 

ml/min after 15 days 

of nitrate 

supplementation 

Vanhatalo  

et al., 2011 

9 Randomized, 

double-blind  

0.75 L of nitrate-rich 

BRJ (9.3 mmol 

nitrate) or 0.75 L of 

nitrate-depleted BRJ 

as PL (0.006 mmol 

nitrate) 

1. Plasma [nitrite] 

was elevated (P < 

0.01 

2. The [PCr] recovery 

time constant was 

lowered in BRJ group 

3. Improvement in 

TTE with BRJ 

4. Blood pH was 

maintained 

significantly more 

with BRJ 
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Table 2. Continued 

Author Number of 

Participants 

Study Design Dietary Nitrate 

Supplement 

Main Findings 

Bailey et 

al., 2010 

7 Randomized, 

double-blind, 

cross-over  

BRJ (0.5L/day, 5.1 

mmol nitrate) and PL 

(Low-calorie black-

currant juice cordial 

with negligible 

nitrate content) 

1. The a plitude of 
the V̇O2 slow 

component was 

significantly reduced 

(by 52 %)  

2. Redu ed V̇O2 at 

360 se o ds ut 
there was o 
sig ifi a t differe e 
i  V̇O2 at the limit of 

tolerance 

 

Lansley et 

al., 2011a 

9 Double-blind, 

crossover 

(0.5 L/day, 6.2 mmol 

of nitrate) and PL 

(0.5 L/day, 0.003 

mmol of nitrate) 

1. A 7 % redu tio  i  
the e d-e er ise V̇O2 

during the 6-min 

severe-intensity 

running bouts (3.77 

± 0.57 L/min vs 3.50 

± 0.62 L/min, P < 

0.01)  

2. The V̇O2 obtained 

at task failure was 6 

% lower, but no 

change in VO2 slow 

component.  

Larsen et 

al., 2010 

9 Double-blind PL-

controlled cross-

over   

Sodium nitrate 

(0.1 mmol/kg/day) or 

PL 

1. Decrease in DBP 

two min after max  

2. VO2max was 

reduced from 3.72 ± 

0.33 to 3.62 ± 0.31 

L/min (P < 0.05) 

3. TTE was extended 

with nitrate 

compared to PL 
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Table 2. Continued 

Author Number of 

Participants 

Study Design Dietary Nitrate 

Supplement 

Main Findings 

Kelly et al., 

2013 

9 Double-blind 

randomized 

crossover  

0.5 L of BRJ (8.2 

mmol nitrate per 

day) or nitrate-

depleted PL,  

(0.5L/day,  0.006 

mmol nitrate).  

1. Increased plasma 

nitrite by 197 %  

2. Reduced SBP 

3. Improved time to 

exhaustion at 60 %, 

70 % and 80 %, but 

not significantly at 

100 % peak VO2   

Thompson 

et al., 2014 

16 Double-blind, 

crossover 

0.5 L of BRJ (5 mmol 

nitrate) or PL (50 ml 

low calorie 

blackcurrant cordial, 

45 mL pressed apple 

juice, 405 mL H2O, 

containing negligible 

nitrate) 

TTE at 90 % VO2peak 

was 16 % longer with 

BRJ compared to PL 

(185 + 122 sec vs 160 

+ 109 sec, 

respectively, P = 

0.01) 

 

 

 

 

 

 

Time-to-Exhaustion vs Time-Trials 

 
Even though the time-to-exhaustion studies during high intensity exercise show a 

significant improvement in particular areas of performance, evidence has shown that these types 

of studies have low validity and poor applicability and only translates 0.5-2 % in improvement in 

an actual sport setting22,24,36,48. Thus, a time-trial would be more accurate in determining the true 

effects of NO22,58 and should provide a more applicable scenario to test the physiological 

responses during actual sport performance.  

Lansley et al. (2011a) conducted a randomized, double-blind, crossover study on acute 

dietary nitrate supplementation in nine competitive cyclists who each completed two 4-km cycle 

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial 

pressure; BRJ, beetroot juice; PL, placebo; TTE, time to exhaustion; VO2, oxygen uptake and 

utilization; PCr, phosphocreatine. Adapted from Orsmbee et al., 2013 
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tests and two 16-km cycle tests with a washout period of 48-72 hours before each test. Two 

hours before the test the cyclists either drank 0.5 L of BRJ (6.2 mmol of nitrate) or PL (0.01 

mmol of nitrate). The results of the study showed that the BRJ improved the 4-km time of all 

nine cyclists by an average of 2.8 % (BRJ: 6.27 ± 0.35 min, P < 0.05) and increased mean power 

output by 5 % compared to the PL (BRJ: 292 ± 44 vs PL: 279 ± 51 W, P < 0.05); there was no 

significant time-improvement in the PL group (PL: 6.45 ± 0.42 min, P > 0.05)42. As for the 16-

km trial, findings were similar in that no significant time difference was observed for the PL 

group (PL: 27.7 ± 2.1 min, P > 0.05), a reduced trial completion time in all nine participants of 

2.7 % (BRJ: 26.9 ± 1.8 min, P < 0.01) and power output increased of 6 % in the BRJ group vs 

PL, (BRJ: 247 ± 44 vs PL: 233 ± 43 W, P < 0.01) were observed42.  

Acute vs Multi-Day Supplementation 

The effects of long-term dietary nitrate supplementation use is widely under-investigated. 

Thus, Vanhatalo et al., (2010) sought to determine the effects of acute and multi-day dietary 

nitrate supplementation in this balanced, randomized, double-blind, crossover study with a 

washout period of 10 days in between the trials using BRJ (0.5 L/day containing 5.2 mmol of 

nitrate) and PL (0.5 L/day low-calorie blackcurrant cordial juice)) in eight healthy participants 

performing incremental ramp cycle tests. The participants had testing done at 2.5 hours, 5 days, 

and 15 days of supplementation and the authors acute supplementation reduced VO2 by 

approximately 4 % at 2.5 hours post-ingestion (95 % confidence interval [CI] −1.7 to −0.17 

ml/kg/min, P < 0.05); similar results were seen with longer supplementation at days five (95 % 

CI −1.8 to −0.49 ml/kg/min, P < 0.05) and fifteen (5 % CI −1.7 to −0.54 ml/kg/min, P < 0.05), 

respectively77. Additionally, peak power output was both increased significantly by acute 

supplementation at 2.5 hours after consumption (95 % CI 0.84 to 11.9 W P < 0.05) as well as 
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during longer supplementation at fifteen days (95 % CI 5.4 to 11 W, P < 0.001)77. It must be 

noted that dietary nitrate intake outside of the study was not controlled, which questions whether 

the benefits exhibited are truly from the study or the outside nitrate source.  

Bescós et al., (2011) had elite athletes drink water with sodium nitrate (NaNO3 10 mg/kg 

of body mass) or a PL (NaCl) three hours before exercise. In this case, unlike the other study, 

VO2 was not reduced during submaximal exercise nor was there an improvement in tolerance to 

exercise (NaNO3: 416 ± 32 vs PL: 409 ± 27 sec) or an increase in power output during maximal 

intensity exercise7. However, as previously addressed, the participants in this study were of elite 

training status, so this lack of beneficial results from the acute supplementation of nitrate, but 

may have been due to the performance status of the participants in the study. In addition, one 

might argue that it was the type of nitrate supplementation that could have caused the 

discrepancy in results. On the other hand, Larsen et al., (2007) in a randomized, double-blind, 

placebo-controlled, crossover study had 9 participants complete two separate three-day sodium 

nitrate or sodium chloride supplements with a 10 day washout period in between trials and then 

performed a cycle ergometer test at submaximal exercise levels. This study demonstrated that the 

sodium nitrate effectively reduced VO2 by an average of 0.16 L/min47. These studies thereby 

suggest that results are difficult to compare due to the differences in the characteristics of the 

participants, such as training status, and the duration and concentration of the nitrate supplement.   

Gender Differences in Response to Dietary Nitrate  

The effects of dietary nitrate supplementation have been extensively studied in men, but 

few studies have involved women participants. Furthermore, no studies have specifically 

investigated whether gender differences exist in response to dietary nitrate. Forte and colleagues 

(1998) recruited 24 healthy participants (13 men aged 22 to 40 years and 11 women aged 23 to 
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42 years) with the women between the 7th and 14th days of their menstrual cycles. They found 

that NO synthesis was two-fold higher in the women than in the men at baseline without 

supplementation26. The group suggested that, measurement techniques, or even habitual food 

intake, may influence the nitrate-nitrite-NO pathway26 may explain the gender differences. 

Furthermore, Kapil et al. (2010) who tested dietary nitrate supplementation on blood 

pressure measurements reported that women had a six-fold higher plasma nitrite concentration 

compared to men after consuming equal quantities of supplemental dietary nitrate in the 

potassium salt form. In additions to the possible explanations by Forte et al., (1998), the authors 

suggest that gender differences may be due to different levels of the salivary bacteria or other 

enzymatic processes that ultimately reduce nitrate to nitrite to NO40. It was also suggested that 

the gender difference in nitrite levels may reflect the difference in body composition, as the 

women had a lower body mass index (BMI) than the men (21.4 ± 0.7 vs 24.2 ± 1.0 kg/m2, P < 

0.05, respectively)40.  

Adverse Effects of Dietary Nitrate Supplementation  

 Alas, two major health concerns come into play in regards to dietary nitrate consumption. 

The first is methemoglobinemia (Blue Baby Syndrome)53. Despite the consequences of this 

condition, it is often rare that nitrite reaches these detrimental levels, even after prolonged 

ingestion, since the evidence that supports this proposed harmful effect is based on animals and 

thus may not be physiologically appropriate for humans53.Methemoglobinemia occurs after 

nitrate is reduced to nitrite, as the reduced form is responsible for oxidizing the ferrous (Fe2+) 

form of the heme group in hemoglobin to the ferric form (Fe3+)53. Fe3+
 convert hemoglobin to 

methemoglobin, which cannot bind to oxygen, thus preventing the delivery of oxygen, to the 
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tissue, turning the victim blue53. Thus, it seems likely that methemoglobinemia does not pose a 

serious threat to the average person taking physiological safe doses of nitrate supplementation.  

  The second concern for nitrate supplementation is its link to carcinogenesis. Nitrite is 

known to cause a reduction in erythrocyte functionality which is readily detected by the immune 

system which could have caused those systems to become depressed in order to maintain red 

blood cell life59.  . Consequently, this depression of the immune system leading to 

overcompensation, thereby causing immune cells to proliferate at higher rates which may result 

in cancerous tumor cells being produced59. Newberne (1979) fed 18 groups that each contained 

136 animals except for two groups of spontaneous-tumor forming rats sodium nitrate or water at 

0, 250, 1000, and 2000 parts per million. The results indicated that lymphoma increased in all of 

the rat groups, including the control group 5.4 % in 573 control rats and 10.2 % in 1383 treated 

rats59. The proposed mechanism of the cancer induction did not appear to be through the 

formation of nitrosamines, but through a more direct effect of nitrite on the lymphocyte through 

the addition of NO-containing groups known as nitrosation59. However, there are two 

considerations. First, they studied rats that were known to have spontaneous tumors regardless of 

their treatment, which explains the cancer formation in the control group59. Secondly, this study 

was conducted in rats, not humans, so it is very possible that these results do not apply to human 

populations.  

Notably a study by Maekawa et al., (1982) has refuted the potential carcinogenic effect of 

dietary nitrate. This study also included spontaneous tumor-forming rats, where sodium nitrite 

was administered in the drinking-water for two years at 0.125 % or 0.25 % for the rats in the 

low-dose group for two years in the diet at for the rats in the high-dose group at 2.5 or 5 %53. The 

authors found that the sodium nitrite significantly reduced the amount of tumors formed in the 
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female rats in the high-dose group and a significant decrease in the number of cell leukemias in 

both experimental groups53. These findings contradict the results of the previous study53.  

In a large prospective cohort study in humans that surveyed AARP members between the 

ages of 50-71 years of age living in 6 US states, totaling 303,156 participants (176,842 men and 

126,314 women) between the years 1995 - 2006, the researchers evaluated the relationship 

between dietary nitrate and nitrite to pancreatic cancer risk1. From this epidemiological analysis, 

1728 accounts of pancreatic cancer were counted, but there was no association between oral 

nitrate or nitrite intake and pancreatic cancer in men or women1. Additionally, the authors found 

that no correlations between adult or adolescent nitrate or nitrite intake from processed meats and 

only a minimal risk of pancreatic cancer for men in the highest quartile of dietary nitrate 

consumption (94.8 to 150.3 mg nitrate/1000kcal) from processed meats (Hazard ratio = 1.18; P = 

0.11)1. From these results, it is clear that more research needs to be carried out in humans to test 

the true carcinogenic effects of nitrates in the diet, as there are no studies that investigate the 

potential effects of long-term dietary nitrate supplementation.  

The studies that have used BRJ have reported pink-hued urine, known as beeturia, but 

that is a result of drinking the beetroot juice2,3,34,77. No adverse effects, such as gastrointestinal 

issues or beeturia, have been associated with the salt form of dietary nitrate supplementation.  

Rationale and Conclusions 

In some studies, dietary nitrate supplementation has demonstrated to have some benefits 

to the components of exercise at both submaximal and maximal intensity. However, since the 

majority of dietary nitrate supplementation focuses on endurance, its effects on strength and 

power is under-investigated. Furthermore, studies primarily use BRJ, but the salt form has also 

been used and is easier to blind and is potentially more pure than BRJ. Lastly, research is 
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warranted for understanding the effects of dietary nitrate supplementation in regards to CrossFit 

specific workouts.  

It is clear that many factors play a critical role in supporting the benefits of dietary 

nitrate. These variables include, among others, testing modality and intensity, duration and 

concentration of supplementation, training status, gender of the participants, and dietary control 

for external nitrate intake. With the effects and functions of dietary nitrate supplementation being 

relatively novel to the scientific field, more research is clearly warranted to understand its 

benefits for practical sport application, especially for athletes with particular focus on the 

combination of strength, power, and endurance.  
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CHAPTER 3 

MATERIALS AND METHODOLOGY 

Participants  

 Twelve CrossFit trained men between the ages of 20 and 35 years were recruited to 

participate in this study. All of the participants were healthy (i.e. Free of thyroid and kidney 

diseases that could affect NO synthesis and/or metabolism, free of any illness or daily allergies, 

and non-smoking), not taking medications, uninjured, well-trained, but not elite, CrossFit 

athletes. Additionally, the participants were not taking any other supplements at the time of the 

study with the exception fish oil, protein and/or multivitamin. If participants were taking 

supplements and wanted to participate, a four-week washout period was implemented before 

they could participate. The participants were training in a CrossFit facility for at least three days 

per week, and must have already completed at least four months of CrossFit training prior to the 

study. The study lasted approximately 40 days and training was not altered over the duration of 

the study. This study was approved by the Florida State University Institutional Review Board 

(see Appendix A) and written and verbal consent was obtained prior to commencement of the 

study (see Appendix B). The participants were notified of all of the potential risks and benefits 

associated with the study. 

Research Design  

 In this randomized, double-blind, crossover study, participants were randomly assigned 

to one of two treatments: 1 serving (2 capsules) per day of potassium nitrate (N) (8 mmols 

nitrate) or 1 serving (2 capsules) per day of the nitrate-free PL potassium chloride (8 mmol KCl) 

for six days. Both N and PL were prepared by the Shaklee Corporation®. There have been no 

risks, discomforts, or side-effects associated with taking either supplement. The participants 
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visited the laboratory a total of ten times, with no rest days between visits one and two to 

complete a battery of performance tests (Figure 2). 

 

 
 
 
 
 

 
All laboratory visits took place at the Institute of Science and Sports Medicine (ISSM) at 

FSU and all tests were completed within ± 2 hours of each other. The participants arrived fasted 

for at least three hours on all testing days. Water was allowed Ad Libitum. During the tests, 

participants were prohibited from seeing their results and/or time to complete certain testing 

procedures, but they were permitted see how much distance, repetitions, or time remained for 

respective tests. To prevent confounding variables other than the supplement, no encouragement 

was given and no music was allowed during the tests.  

 During the study period, participants were instructed to follow their normal dietary 

N = PM supplement intake; M = AM supplement intake 

 Figure 2. Timeline of events of the experimental protocol for either nitrate or 
placebo group. The protocol will last for approximately 40 days total. Note: 
After washout period, the protocol will be repeated using the opposite supplement 
originally assigned. 
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habits, but were provided with a list of foods high in dietary nitrate and asked to not consume 

these foods throughout the duration of the study (see Appendix C). The list was provided to 

control nitrate intake that could interfere with any potential effects of supplement. Prior to the 

study, participants filled out a three-day food log (2 weekdays, 1 weekend day) and a copy was 

provided back to them so that 24 hours before each testing day they were asked to consume the 

foods on their log (See Appendix D). A second three-day food log was filled out at the end of the 

entire study to track any dietary changes. The participants were also asked to avoid strenuous 

exercise, alcohol, and caffeine 24 hours prior to each testing session. Furthermore, the 

participants were requested to abstain from using antibacterial mouthwash and chewing gum. 

Agents in these products have been shown to attenuate the effects of dietary nitrate 

supplementation by preventing the conversion of nitrate to nitrite in the saliva, which 

significantly attenuates the rise in plasma nitrite, and thus nitric oxide31. The participants were 

also asked to arrive at each testing session normally hydrated (i.e. without subjective feeling of 

thirst) and were asked to wear athletic clothing such as gym shorts, t-shirts, and athletic shoes. 

Chalk was prohibited, but participants were allowed to use exercise aids such as tape or wrist 

wraps, but had to utilize them for all of the trials throughout the study duration to be consistent.  

Baseline Day 

This first meeting with the participants served as an information session that allowed 

participants to understand all aspects of the study and their role as well as the restrictions 

required of them throughout the study. Participants completed the informed consent and medical 

history questionnaire and screening protocol questionnaire (see Appendices E and F, 

respectively) at this time and were instructed on how to fill out their three-day food logs and 

given the foods high in dietary nitrate to avoid during supplementation periods. 



33 
 

Familiarization Day  

The familiarization day, which occurred two days after the baseline day, allowed the 

participants to try all testing modalities and become familiar with the equipment. The 

participants arrived fasted (> 3 hours) and did not exercise or consume caffeine or alcohol 24 

hours prior to this day. However, they were allowed to drink water freely prior to testing.  During 

this session, height (centimeters) and weight (kilograms) were obtained with the use of a wall-

mounted SECA 216 stadiometer and a digital scale (SECA, Hamburg, Germany). Body 

composition was determined using air displacement plethysmography (BodPod ® ; Cosmed 

USA Inc., Chicago, IL). These measurements were taken without shoes, and wearing only 

compression shorts.  Additionally, a VO2peak test on a motor driven treadmill (Woodway® 

Waukesha, WI, USA), was performed. The speed of the treadmill was set at 6.0 mile/hour at 0 % 

grade. The grade then increased by 2 % every minute until volitional exhaustion occurred. The 

sign for volitional exhaustion was when the participants could no longer keep pace with the 

treadmill belt and they indicated to the researcher with a “thumbs down” hand signal that they 

desired to stop the test. The VO2peak and body composition served only as markers of fitness, and 

were not repeated during further testing.  

Visit 1 

 Visit 1 served as the first day of pre-testing measurements. A fasted (> 3 hours) blood 

sample (10 ml) was collected into EDTA tubes (Vacutainer, Becton Dickinson, New Jersey, 

USA) from the anticubital space by trained phlebotomists in order to assess nitrate and nitrite 

content in the blood prior to supplementation. Vacutainers were placed on ice for 15 min and 

then centrifuged for 15 min at 3500 revolutions per minute at a temperature of 4°C (Thermo 
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Scientific, Sorvall ST16R Centrifuge, Waltham, MA). Plasma was separated into 300 ml aliquots 

and immediately frozen at -80°C for later analysis of [nitrate/nitrite].  

Isokinetic and isometric extension and flexion strength testing was then performed on a 

dynamometer (Biodex system 3, Biodex medical systems, Shirley, New York). The participants 

were seated with their dominant leg strapped in at a 90° angle. The participants were also 

strapped in with a lap belt and two crossing belts over the chest. The participants were asked to 

cross their arms and keep their hands flat against the chest belts so as not to induce isopressor 

increases in blood pressure or give extra leverage to give higher force production. On the 

dynamometer, the isokinetic extension and flexion contractions consisted of two sets of five 

repetitions at both 60°/sec and 180°/sec with one minute of rest in between each set. The 

isometric contractions consisted of two sets of five extension and flexion repetitions, but was 

performed at 60° with five seconds rest in between each repetition, and one minute of rest in 

between each set. Participants were only made aware of how many repetitions they had 

remaining in each set 

After 10 min of passive rest, where the participants could drink water ad libitum, power 

was measured via a Wingate test on a Veletron cycle ergometer (RacerMate, Inc., Seattle, WA). 

The test consisted of a 30-sec warm-up period and then a 30-sec maximal sprint at an 

individually adjusted resistance based on body mass. The formula for this resistance was body 

weight (kg) * 0.75. The height of the seat was individually adjusted to hip height, so that there 

was a slight leg bend when pedaling. The length of the top tube was also individually adjusted so 

that the elbows had a slight bend when reaching forward. The participants were asked to remain 

seated during the test and to not come out of the saddle. The fatigue index formula for this test is 

defined as: 
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(highest 5-sec peak power – lowest 5-sec peak power)/(highest 5-sec peak power x 100). 

After a 15-minute passive rest where the participants could drink water ad libitum, a 2K 

rowing time trial was completed (Concept II, Model D, Morrisville, VT) at a self-selected stroke 

rate at a resistance level of 3-5 at 100  % intensity. The participants were seated on the rowing 

ergometer and feet were strapped down. The warm-up consisted of three min of 10 hard strokes 

at every minute of the warm-up. A good stroke consisted of the body progressing forward up the 

slide as far as possible and then driving back with the legs, back and arms, in that order, at the 

top of each stroke. Relative time was calculated from a weight-adjustment factor18:  

[body mass in pounds/270]0.222 x raw time (sec); The relative power refers to power 

(Watts)/body mass (kg). 

Visit 2 

The next day, the CrossFit circuit commonly known as “Grace” that consisted of 30 

clean-and-jerk repetitions at 61.37 kg, was completed as fast as possible in a fasted state (> 3 

hours). The participants were allowed to warmup with the bar by itself and with weights if 

desired. A complete repetition included the elbows being locked out when the bar came above 

the head and then plates had to touch the ground when bringing the bar downwards for the next 

repetition.  

After the Grace test, participants were randomly assigned to the supplement with either N 

or PL. Participants consumed their assigned supplement for six days (beginning the evening of 

laboratory Visit 2). The participants took one pill in the evening, 30-60 min before bed each 

night and another pill 30-60 min before they ate their first meal of the day each morning. The 

supplement protocol was identical to previous research29,77 that tested the effects of dietary 

nitrate supplementation for 15 days. Furthermore, we did not want any potential supplement-
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food interaction that could have diminished the effects of the nitrate nor did we want to not 

induce gastrointestinal discomfort due to the relatively high dose compared to previous 

research2,3,29,76,77 .  Empty supplement bottles were returned to the research staff to verify 

compliance after six days of supplementation.  During the supplementation period, the 

participants were only allowed to exercise for four days. The exercises were different among the 

participants during these days since some participants were following their own programs, and 

others were following the “Workout of the Day” posted by the gyms from where the participants 

were recruited. However, this variability is inherent to the nature of CrossFit, as the design of the 

program is based on randomized workouts.  Compliance was confirmed with a training log by a 

phone call to remind participants of the supplementation and training instructions.  

After the six day supplement period, participants returned to the laboratory for post-

testing laboratory Visit 3 and 4, which were identical to Visit 1 and 2. Visit 3 also included a 

fasted blood draw using the same procedures as described previously.  

Following a ten-day washout period, participants were assigned the opposite supplement 

that they took for the first 6 days, and repeated laboratory Visits 1 through 4 as described above.   

Dietary Analysis 

All pre-test and post-test dietary food logs were analyzed by the same researcher using 

The Food Processor software (ESHA Research, Salem, OR). 

Plasma Nitrate/Nitrite Analysis 

 Plasma nitrate/nitrite was analyzed using an enzyme-linked immunosorbent assay 

Nitrate/Nitrite Colorimetric Assay Kit (REF KA1342, LOT 0466828) per manufacturing 

instructions (Abnova Corporation, Walnut, CA). Briefly, 96 samples were divided into two 96 

well-plates and brought to room temperature.  An 8-fold dilution (100 microliters [L] sample 
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and 700L buffer) for a total of 800L volume of diluted sample was used. The plates were set 

up with two designated absorbance blanks. The absorbance of these wells were subtracted from 

the absorbance measured in other wells.  

 In order to quantify sample nitrate and nitrite concentrations, a nitrate standard curve was 

performed. This was achieved by adding 0.9 mL of assay buffer to 0.1 mL of plasma nitrate and 

this 1.0 mL solution was vortexed, which gives a stock standard concentration of 200 

micromoles (M). Five times this volume was used to account for duplication and the use of two 

well-plates.  

 To perform the assay, the 800L diluted sample had 10 L of the Enzyme Cofactor 

Mixture and 10 L of the Nitrate Reductase mixture added to each of the wells. The plate was 

covered and incubated at room temperature for three hours. After the incubation time, 50L of 

Griess Reagent R1 and 50 L of Griess Reagent R2 were added to each of the wells (standards 

and unknown) except for blanks. Color was allowed to develop for 10 min at room temperature.  

To measure nitrite, the identical protocol was followed as that with nitrate, however, 

there was no incubation time and the Enzyme Cofactor Mixture nor the Nitrate Reductase 

Mixture was utilized.  

To calculate the concentration of nitrate or nitrite concentrations, the average absorbance 

value of the blank wells was subtracted from the absorbance values of all the other wells. 

Standard curves were plotted by making a plot of absorbance at 540-550 (A540) nanomoles (nM) 

as a function of nitrate or nitrite concentration. This nitrate standard curve was used to determine 

total nitrate + nitrite concentration, whereas the nitrite standard curve was used to determine 

nitrite alone. To determine sample concentrations, the following equations were used:  

[Nitrate + Nitrite] (M) = 
� 0−�−� 200 �  �   � � ��� �  
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[Nitrite] (M) = 
� 0−�−� 200 �  �   � � ��� �  

[Nitrate] (M) = (Nitrate + Nitrite) – (Nitrite) 

Statistical Analysis  

 Participants were randomized using computer software to randomly assign 12 variables 

into two separate columns that represented N and PL groups65. The average number of 

participants from studies that demonstrated significant performance with dietary nitrate 

supplementation was used to estimate sample size. The average number of participants in 

previous research was between 8-1410-77. Thus, 12 participants were recruited to account for any 

non-compliance.  

To analyze the pre-test and post-test food logs, a Student’s t-test was utilized. To 

calculate the average training duration per day during each six day supplementation period, the 

average duration in minutes training each day that included recorded training duration were 

averaged. Duration for individual training days were excluded if they did not include a recorded 

time (ex. CrossFit circuit that was not completed for time). The times were rounded to the min 

below if the times were below the 30 sec mark, and the times were rounded to the min above if 

the times were above the 30 sec mark.  

For the six day supplementation period, a two-way repeated measures analysis of 

variance was conducted (N/PL x time (pre vs post)). When significant values were identified, a 

student’s t-test utilized to identify differences. All analyses were completed on SPSS version 22 

(IBM, Armonk, NY). Values were presented as mean ± SD and significance was accepted as P < 

0.05.   

A secondary analysis was completed to analyze differences between responders vs non-

responders determined by plasma dietary nitrate concentrations.  Non-responders were 
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determined by removing the participants that had below 100nM of plasma nitrate both in the pre- 

and posttest of N. Two of the twelve participants were removed from the data, and subsequent 

analysis (as described above) were re-analyzed.  
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CHAPTER 4 

 

RESULTS 

Participant Characteristics 

Twelve moderately-trained male CrossFit athletes (age: 23.00 ± 5.17 years, height: 

175.85 ± 7.37 cm, body mass 82.71 ± 13.49 kg, VO2peak 48.48 ± 6.97 ml/kg/min) training in the 

sport at least three days per week for at least four months from the Tallahassee, FL area 

volunteered to participate in this study. 12 participants were recruited and there were no dropouts 

and thus there as 100% retention in this study. Participants were healthy and not taking any 

supplements at the time of study. If they were taking supplements prior to testing, they had to go 

through a washout period beforehand. However, no supplement use was reported by the 

participants (Table 3).  

Table 3. Participant characteristics (N = 12) 

Variables Values 

Age (yrs) 23.00 + 5.17 

Height (cm) 175.85 + 7.37 

Body Mass (kg) 82.71 + 13.49 

Fat Free Mass (kg) 70.63 + 7.21 

Fat Free Mass (%) 86.13 + 5.71 

Fat Mass (kg) 12.08 + 7.81 

Fat Mass (%) 13.88 + 5.71 

VO2Peak (ml/kg/min) 48.48 + 6.97 

Values are present mean + standard deviation. VO2Peak, peak oxygen uptake  

 

Dietary Analysis 

 
The pre-test and post-test food log analyses are represented below. There were no 

significant differences between any nutrients except for fiber (PRE: 22.41 ± 8.99 vs POST: 26.64 

± 11.32g, P = 0.03) (Table 4). 
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Table 4. Participant dietary analysis (N = 12)  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Values are present mean + standard deviation. W, Watts 

Pre refers to before entire study; Post refers to after entire study 

* Significance is accepted as P-value < 0.05 

 

 

Plasma Nitrate/Nitrite Analysis 

 
A significant increase in plasma nitrate was determined for the PL (PRE: 140.96 ± 59.98 

vs POST: 204.82 ± 64.82 nM, P = 0.02) and a non-significant increase in N (PRE: 146.77 ± 

69.48 vs POST: 192.05 ± 111.91 nM, P = 0.07). Individual changes in plasma nitrate for both PL 

and N are reported were also reported. For PL, 10 of the 12 participants exhibited an increase in 

plasma nitrate, whereas in N, seven of the 12 participants demonstrated an increase. In the 

secondary analysis, when the same two non-responders in both PL and N are removed from the 

analysis, there is a significant increase in N (PL: 171 ± 41.18 vs POST: 228.10 ± 81.48 nM; P = 

0.05) compared to PL (PRE: 164.31 ± 27.14 vs POST: 207.51 ± 71.08 nM; P = 0.07). 

Measurement Pre Post P Value 

Total Kcals 2209 + 607 2423 + 996 0.30 

Total Fat (kcals) 825 + 426 923 + 562 0.42 

Total Fat (g) 92+ 47 103 + 62 0.42 

 % Fat 36 + 10 37 + 9 0.75 

Saturated Fat (kcals) 258 + 158 270 + 202 0.68 

Saturated Fat (g) 29 + 18 30 + 22 0.68 

 % Saturated Fat 11 + 4 11 + 4.0 0.65 

Protein (g) 145 + 58 145 + 71 0.95 

 % Protein 27 + 8 26 + 9 0.75 

Carbohydrate (g) 203 + 41 234 + 74 0.11 

 % Carbohydrate 38 + 8 43 + 13 0.11 

Fiber (g) 22 + 9 27 + 11 0.03* 

 

Sugar (g) 65 + 34 65 + 30 0.93 

Omega-3 Fatty Acid 

(g) 

3 + 6 1 + 1 0.33 

Omega –6 Fatty Acid 

(g) 

8 + 7 11 + 7 0.37 

Alcohol (g) 0.44 + 2 0.40 + 1 0.34 

Caffeine (mg) 75 + 109 64 + 70 0.61 
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Additionally, even with removing the two non-responders and reanalyzing the data, with 10 

subjects, there were no significant changes to any outcome variable other than the plasma nitrate 

itself (Figure 3, Figure 4, Table 5, Table 6).  

Average Training Duration per Day during Six Days of Ingesting PL or N  

 
There were no significant differences related to the average training time between the 

 
treatment groups where N exercised for 22.50 ± 12.50 min and PL exercised for an average of 

24.50 ± 11.57 min during supplementation (P = 0.23) (Table 7). 

 

 

 

 

 

 

Figure 3. Average plasma nitrate concentration changes A.) All participants (N = 

12); B.) Responders (N = 10). PL, placebo; N, nitrate; nM, nanomoles. * Indicates 

significant difference (P = 0.02) † Indicates trending significant difference. Data are 
presented as mean ± standard deviation.  

A.  

B.  
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Isokinetic and Isometric Strength 

 
A main effect of time was detected for Isometric extension 60° (P = 0.03). No other 

values were statistically significant, however, with isokinetic extension180°/sec a 7.88 ± 4.04 

there was nM (6.55 ± 11.20 %) increase in N whereas there was a 3.14 ± 7.01 Nm (2.68 ± 16.56 

%) in force in PL. Furthermore, with isokinetic 180°/sec flexion there was a 0.33 + 1.83 Nm 

(0.42 ± 12.91 %) increase in force in N, compared to a 0.58 ± 7.16 Nm (0.77 ± 25.95 %) increase 

in force in PL Additionally, there was a 17.23 ± 13.04 (10.19 ± 36.60 %) increase in force in N  

Figure 4. Individual plasma nitrate concentration A.) All Participants (N = 12); 

B.) Responders (N = 10).  PL, placebo; N, nitrate; nM, nanomoles. Data are presented 

as mean ± standard deviation.  

 

B.  

A.  
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Table 5. Average plasma nitrate analysis (n = 12) 

 

Measurement 

PL N 

Pre Post    

(%) 

P 

Value 

Pre Post    

(%) 

P 

Value 

Plasma 

Nitrate 

(nM) 

140.96       

    +           

59.98 

204.82       

    +        

64.82 

63.86 

+ 

4.84 

45.30 

+ 

 8.07 

0.02* 146.77  

    +    

69.48 

192.05 

     + 

111.91 

45.28 

+ 

42.43 

30.85 

+ 

61.07 

0.07† 

Values are presented mean + standard deviation. PL, placebo; N, nitrate; nM, nanomoles 

Pre-Test is defined as the beginning of the supplement trial for each participant; Post-Test is defined 

as the end of the supplement trial for each participant 

*Significance is accepted as P < 0.05 

 

Table 6. Average plasma nitrate analysis in responders (N = 10) 

 

Measurement 

PL N 

Pre Post    

(%) 

P 

Value 

Pre Post   

 (%) 

P 

Value 

Plasma 

Nitrate 

(nM) 

164.31 

    +           

27.14 

207.51     

    +        

71.08 

43.20 

+ 

66.24 

27.63 

+ 

 

39.95 

0.07† 171.82  

    +    

41.18 

228.10 

     + 

81.48 

56.27 

+ 

80.61 

37.09 

+ 

49.69 

0.05* 

Values are presented mean + standard deviation. PL, placebo; N, nitrate; nM, nanomoles 

Pre-Test is defined as the beginning of the supplement trial for each participant; Post-Test is defined 

as the end of the supplement trial for each participant 

*Significance is accepted as P < 0.05 

 
Table 7. Average training duration per day during six days of ingesting PL or N 

Measurement PL (N = 11) N (N = 11) P-Value 

 

24.50 ± 11.57 

 

22.50 ± 12.50 

 

0.23 Time (min) 

Values are presented mean + standard deviation. PL, placebo; N, nitrate; nM, nanomoles 

 

 

for the Isometric extension 60° and a 10.65 ± 6.42 (6.11 ± 17.36 %) increase in PL (Table 8; 

Figure 5; Figure 6; Figure 7).   

Wingate Power Test 

 
A main effect of time was measured for peak power (P = 0.03) as well as a non-

significant group x time effect for peak power (P = 0.08). Additionally, there was both a main 

effect of time and group for average power (P = 0.05). While not statistically significant, peak 

power increased by 58.92 ± 7.11 W (6.62 ± 3.96 %) in N compared to a 6.92 ± 26.01 W (0.77 ± 
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14.19 %) increase in PL. Average power, on the other hand increased 13.42 ± 9.00 W (1.85 ± 

8.19 %) in N compared to a 33.00 ± 6.35 W (4.69 ± 6.25 %) increase in PL (Figure 8; Figure 9; 

Table 9).  

 
Table 8. Biodex dynamometer test measurements (N = 11 for isokinetic; N = 12 for isometric) 

 

Measurement 

PL N P Value 

Pre Post   

 (%) 

Pre Post   

 (%) 

Time 

Effect 

Group 

Effect 

Group 

x 

Time 

Isokinetic 

Extension 

◦/sec 

(N x m) 

184.07 

+ 

48.53 

179.31  

+ 

 44.09 

-4.76 

+ 

4.44 

-2.59 

+ 

9.15 

174.61 

+ 

41.03 

167.76 

+ 

50.14 

-6.85 

+ 

9.11 

-3.92 

+ 

22.20 

0.34 0.58 0.86 

Isokinetic 

Flexion 

◦/sec 

(N x m) 

106.40 

+ 

24.54 

103.59 

 +  

25.12 

-2.81 

+ 

0.58 

-2.64 

+ 

2.36 

103.73 

+ 

21.32 

102.19 

+ 

26.41 

-1.54 

+ 

5.09 

-1.48 

+ 

23.87 

0.57 0.84 0.87 

Isokinetic 

Extension 

8 ◦/sec 

(N x m) 

120.14 

+ 

42.32 

123.28  

+  

35.31 

3.14 

+ 

 -

7.01 

2.68 

+ 

16.56 

120.33 

+ 

35.98 

128.21 

+ 

31.95 

7.88 

+ 

4.04 

6.55 

+ 

11.20 

0.28 0.87 0.63 

Isokinetic 

Flexion 

8 ◦/sec 

(N x m) 

75.65 

+ 

27.59 

76.23  

+ 

 20.43 

0.58 

+ 

7.16 

0.77 

+ 

25.95 

79.35 

+ 

14.17 

79.68 

+ 

16.00 

0.33 

+ 

1.83 

0.42   

+ 

12.91 

0.91 0.65 0.97 

Isometric 

Extension ◦ 

(N x m) 

174.15 

+ 

36.99 

184.80 

 + 

 43.41 

10.65 

+ 

6.42 

6.11 

+ 

17.36 

169.06 

+ 

35.63 

186.29 

+ 

48.67 

17.23 

+ 

13.04 

10.19 

+ 

36.60 

0.03* 0.91 0.60 

Isometric 

Flexion ◦ 

(N x m) 

119.83 

+ 

16.62 

125.53  

+  

19.66 

5.70 

+ 

3.04 

4.76 

+ 

18.29 

116.82 

+ 

21.35 

118.95 

+ 

26.51 

2.13 

+ 

5.16 

1.82 

+ 

24.17 

0.18 0.57 0.53 

Values are presented mean + standard deviation. PL, placebo; N, nitrate; N x m, Newton x meter 

Pre-Test is defined as the beginning of the supplement trial for each participant  

Post-Test is defined as the end of the supplement trial for each participant 

*Significance is accepted as P < 0.05 
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Figure 5. Biodex isokinetic 60°/second strength measurements pre to post six day 

placebo or nitrate supplementation. PL, placebo; N, nitrate; N x m, Newton x meter, 

IsokinExt, Isokinetic Extension; IsokinFlex, Isokinetic Flexion. Data are presented as mean ± 

standard deviation.  

Figure 6. Biodex isokinetic 180°/second strength measurements pre to post six day 

placebo or nitrate supplementation. PL, placebo; N, nitrate; N x m, Newton x meter, 

IsokinExt, Isokinetic Extension; IsokinFlex, Isokinetic Flexion. Data are presented as mean ± 

standard deviation.  
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Figure 7. Biodex isometric 60° strength measurements pre to post six day placebo or 

nitrate supplementation. PL, placebo; N, nitrate; N x m, Newton x meter, IsomExt, 

Isometric Extension; IsomFlex, Isometric Flexion. * Indicates main effect of time (P = 0.03). 

Data are presented as mean ± standard deviation.  

Figure 8. Wingate power test fatigue index pre to post six day placebo or nitrate 

supplementation. PL, placebo; N, nitrate. Fatigue Index is defined as: (highest five-second 

peak power – lowest five-second peak power)/(highest five-second peak power x 100). Data 

are presented as mean ± standard deviation.  
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Table 9. Wingate power test measurements (N = 12) 

Measurement PL N P Value 

Pre Post    

(%) 

Pre Post   

 (%) 

Time 

Effect 

Group 

Effect 

Group 

x 

Time 

Fatigue Index 

( %) 

14.74   

+    

6.00 

15.25   

+    

5.82 

0.51 

 + 

0.18 

3.46 

 + 

3.00 

16.56   

+    

9.43 

17.85  

+    

8.55 

1.29 

 + 

0.88 

7.79 

 + 

9.33 

0.47 0.45 0.75 

Peak Power 

(W) 

898.08 

+ 

183.24 

905.00 

+ 

157.23 

6.92 

 + 

26.01 

0.77 

+ 

14.19 

889.17 

+ 

179.69 

948.08 

+ 

186.80 

58.92 

+ 

7.11 

6.62 

 + 

3.96 

0.03* 0.81 0.08† 

Average 

Power (W) 

703.08 

+ 

101.66 

736.08 

+  

95.31 

33.00 

+ 

6.35 

4.69 

 + 

6.25 

724.17 

+ 

109.93 

737.58 

+ 

118.93 

13.42 

+ 

9.00 

1.85 

 + 

8.19 

0.05† 0.05† 0.40 

Values are present mean + standard deviation. W, Watts; PL, placebo; N, nitrate. Fatigue Index is 

defined as: (highest five-sec peak power – lowest five-sec peak power)/(highest five-sec peak power x 

100) 

Pre-Test is defined as the beginning of the supplement trial for each participant 

Post-Test is defined as the end of the supplement trial for each participant 

*Significance is accepted as P-value < . ; †, Indicates trending effect 

 

Figure 9. Wingate power test measurements pre to post six day placebo or nitrate 

supplementation. PL, placebo; N, nitrate; PP, peak power; AP, average power. * Indicates 

main effect of time (P = 0.03); # Indicates trending main effect of time (P = 0.05); † Indicates 
trending group x time effect (P = 0.08). Data are presented as mean ± standard deviation.  
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2K Rowing Ergometer Test  

 
A main effect of time was observed for average stroke rate (P = 0.01). There was a group 

x time effect for the average power (P < 0.05), where PL increased by 6.50 ± 4.62 W (2.86 ± 

10.59 %) and N decreased by -9.34 ± 7.96 W (-3.93 ± 20.62 %). Finally, there was a non-

significant group x time effect for relative average power (P = 0.07). While not statistically 

significant, the time to complete the rowing test increased by 2.17 ± 0.37 sec (0.47 ± 1.57 %) in 

N while it improved by -5.20 ± 3.60 sec (- 1.12 ± 12.65 %) in PL. Furthermore, when utilizing 

the weight-adjustment factor, no difference in time to complete the test was recorded. Both raw 

and relative peak power decreased for both groups but interestingly both raw and relative 

average power decreased for N [-9.34 ± 7.96 W (-3.93 ± 20.62 %) and -0.11 ± 0.13 W (-3.77 ± 

24.53 %), respectively] and the raw and relative average power increased for PL [6.50 ± 4.62 W 

(2.86 ± 10.59 %) and 0.07 ± 0.07 W (2.49 ± 10.94 %), respectively] (Table 10; Figure 10; Figure 

11; Figure 12; Figure 13).  

Grace CrossFit Circuit 

There were no interactions for the Grace CrossFit circuit. However, the magnitude of the 

change in time to complete the circuit was greater in N which showed an average time 

improvement of -32.25 ± 53.24 sec (-8.94 ± 31.14 %) (PRE: 295.92 ± 170.98 vs POST: 263.67 ± 

117 .74 sec). PL, on the other hand, demonstrated an average time improvement of -10.83 ± 

12.68 sec (-3.84 ± 8.94 %) (PRE: 281.75 ± 141.84 vs POST 270.92 ± 129.16 sec). (Table 11; 

Figure 14).  

Adverse Effects 

Adverse events were reported for both N (n = 5) and PL (n = 3). Slight nausea and 

gastrointestinal discomfort were reported upon morning supplement consumption in N, but these 
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subsided once food was consumed. Similarly, slight gastrointestinal discomfort was reported 

upon morning supplement consumption in PL, but these subsided once food was consumed. 

 

Table 10. 2K rowing ergometer test (N = 12) 

 

Measurement 

PL N P Value 

Pre Post   

 (%) 

Pre Post   

 (%) 

Time 

Effect 

Group 

Effect 

Group 

x 

Time 

Average 

Stroke Rate 

(SPM) 

28.08   

+     

3.40 

28.92 

+   

2.43 

0.84  

+  

0.97 

2.99 

+ 

28.53 

28.17 

+   

2.69 

29.08 

+   

2.81 

0.91 

+ 

0.12 

3.23 

+ 

4.46 

0.01* 0.91 0.88 

Time  

(sec) 

465.07 

+ 

28.45 

459.87 

+ 

24.85 

-5.20 

+ 

3.60 

-1.12 

+ 

12.65 

457.57 

+ 

23.56 

459.73 

+ 

23.93 

2.17 

+ 

0.37 

0.47 

+ 

1.57 

0.55 0.71 0.15 

Relative Time 

(sec) 

392.43 

+ 

79.51 

387.26 

+ 

71.09 

-5.17 

+ 

8.42 

-1.31 

+ 

10.59 

384.78 

+ 

66.59 

387.40 

+ 

72.44 

2.62 

+ 

5.85 

0.68 

+ 

8.78 

0.59 0.90 0.11 

Peak Power 

(W) 

265.00 

+ 

48.86 

261.00 

+ 

40.35 

-4.00 

+ 

8.51 

-1.51 

+ 

17.41 

264.25 

+ 

43.49 

258.17 

+ 

45.27 

-6.08 

+ 

1.78 

-2.30 

+ 

4.09 

0.33 0.92 0.84 

Relative Peak 

Power 

(W) 

3.26   

+   

0.68 

3.21   

+   

0.57 

-0.05 

+ 

0.11 

-1.53 

+ 

16.18 

3.24   

+   

0.63 

3.19   

+   

0.71 

-0.05 

+ 

0.08 

-1.54 

+ 

12.70 

0.69 0.93 0.97 

Average 

Power  

(W) 

227.33 

+ 

43.63 

233.83 

+ 

39.01 

6.50 

+ 

4.62 

2.86 

+ 

10.59 

237.42 

+ 

38.60 

228.08 

+ 

46.56 

-9.34 

+ 

7.96 

-3.93 

+ 

20.62 

0.71 0.90 0.05‡ 

Relative 

Average 

Power  

(W) 

2.81   

+   

0.64 

2.88   

+   

0.57 

0.07 

+ 

0.07 

2.49 

+ 

10.94 

2.92   

+   

0.53 

2.81   

+   

0.66 

-0.11 

+ 

0.13 

-3.77 

+ 

24.53 

0.71 0.94 0.07† 

Values are present mean + standard deviation. SPM, Strokes per Minute; W, Watts; PL, placebo; N, 

nitrate. Relative time refers to weight-adjusted formula: [body mass in pounds/270]0.222 x raw time 

(sec); Relative power refers to power (Watts)/body mass (kg)  

Pre-Test is defined as the beginning of the supplement trial for each participant  

Post-Test is defined as the end of the supplement trial for each participant 

* Significance is accepted as P-value < 0.05 

†, Indicates trending effect 

 

 
These results are surprising because there have been no side-effects to consuming the 

potassium salt form of nitrate which was given at a higher concentration in a previous study 

compared to the present study that used sodium nitrate (9.9 mmol vs 8.0 mmol, respectively)52 .  
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Figure 10. 2K rowing ergometer test average stroke rate measurements pre to post six 

day placebo or nitrate supplementation. PL, placebo; N, nitrate. * Indicates main effect of 

time (P < 0.01). Data are presented as mean ± standard deviation.  

Figure 11. 2K rowing ergometer test time measurements pre to post six day placebo or 

nitrate supplementation. PL, placebo; N, nitrate. Data are presented as mean ± standard 

deviation.  



52 
 

 

Figure 12. 2K rowing ergometer test relative time measurements pre to post six day 

placebo or nitrate supplementation. PL, placebo; N, nitrate. Relative refers to weight-

adjustment formula: [body mass in pounds/270]222 x raw time (seconds). Data are presented 

as mean ± standard deviation.  

Figure 13. 2K rowing ergometer test A. Peak power measurements; B.) Average power 

measurements; C.) Relative peak power measurements; D.) Relative average power 

measurements pre to post six day placebo or dietary nitrate supplementation. PL, 

placebo; N, nitrate; PP, peak power; AP, average power. Realtive refers to the power 

(Watts)/body mass (kg). † Indicates trending group x time effect (P = 0.07); ‡ Indicates group 
x time effect (P < 0.05). Data are presented as mean ± standard deviation.  
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Values are present mean + standard deviation; PL, placebo; N, nitrate; Grace is defined as 30 clean-

and-jerks for time 

Pre-Test is defined as the beginning of the supplement trial for each participant; Post-Test is defined 

as the end of the supplement trial for each participant 

Significance is accepted as P-value < 0.05 

†, Indicates trending effect 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Measurement 

PL N P Value 

Pre Post    

(%) 

Pre Post   

 (%) 

Time 

Effect 

Group 

Effect 

Group 

x Time 

Time  

(Sec) 

281.75      

+ 

141.84 

270.92  

+ 

129.16 

-10.83 

 +  

12.68 

-3.84 

+  

8. 94 

295.92  

+ 

170.98 

263.67  

+ 

117.74 

-32.25 

+ 

53.24 

-8.94 

+ 

31.14 

0.10† 0.95 0.40 

Table 11. Grace CrossFit circuit test (N = 12) 

 

Figure 14. Grace CrossFit circuit time changes pre to post six day placebo or 

nitrate supplementation. PL, placebo; N, nitrate. Grace is defined as 30 clean-

and-jerks for time at 61.37 kilograms. # Indicates trending main effect of time (P = 

0.10). Data are presented as mean ± standard deviation.  
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CHAPTER 5 

 

DISCUSSION  
 

To our knowledge, this is the first study to investigate the effects of six days of potassium 

nitrate on both aerobic and anaerobic sport-specific exercise tests in male CrossFit athletes. 

Previous research has established that dietary nitrate improves performance in submaximal and 

maximal intensity endurance exercise, as well as strength and power, but never in a sport that 

combines these elements. The primary finding from this study is that dietary nitrate 

supplementation for six days did not significantly improve performance in recreationally trained 

CrossFit athletes. However, small, but statistically significant differences were noted for 

isometric extension 60° and Wingate power test peak power. Likewise, while not statistically 

significant, there was a trend for a main effect of time and N improved the Grace CrossFit circuit 

performance by 32.25 ± 53.24 sec (8.94 ± 31.14 %) compared to 10.83 ± 12.68 sec (3.84 ± 8.94 

%) improvement in PL (P = 0.10). 

Dietary Analysis 

 
The only significant difference measured between pre- and post-testing was fiber intake. 

Interestingly, group averages for dietary fat (PRE: 36 ± 10 vs POST: 37 ± 9 %) and protein 

(PRE: 27 ± 8 vs POST: 26 ± 9 %) intake were above the acceptable macronutrient distribution 

range (AMDR) (20-35 and 10-25 %, respectively)72. Carbohydrate group averages (PRE: 38 ± 8 

vs POST: 43 ± 13 %), on the other hand, were below the AMDR (45-65 %) at both pre- and 

post-testing trials72.  Since humans oxidize carbohydrates when respiratory exchange ratio (RER) 

is above 1.005, and this RER value is common during high-intensity exercise like those 

completed during CrossFit training5, it is logical to conclude that CrossFit athletes should be 

consuming more carbohydrates than they report. As represented by our participants, many 
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CrossFit athletes follow the “paleo” diet that is traditionally lower in carbohydrates and higher in 

fat.  If more CrossFit athletes were to increase their carbohydrate intake, then perhaps they could 

increase glycogen stores and theoretically perform better during the typical high-intensity 

CrossFit workout routines. Similarly to the present findings, Bond et al., (2012) reported that 

participants consumed approximately 53 % of their total energy from carbohydrates and 

approximately 19 % of their total energy from protein10. The higher carbohydrate intake may 

have contributed to an improvement in the time to complete 6 x 500 meters on the rowing 

ergometer (0.4 %, 95 % Confidence Limit, ± 1.0)10. The testing modality for this experiment was 

short and at a high intensity, as the average time to complete each 500 meter bout was 89.40 sec 

for BRJ and 90.19 sec for PL10. At this intensity, the participants were most likely oxidizing 

carbohydrates which reinforces the benefit of consuming the AMDR of carbohydrates.  

Plasma Nitrate/Nitrite Analysis 

Unexpectedly, plasma nitrate concentrations increased significantly with PL (45.30 ± 

8.07 %, P = 0.02), but not with N (30.85 ± 61.07 %, P = 0.07). While this phenomenon goes 

against the entire study, it is unlikely that in terms of practical application that there was a major 

difference, as the percentage change difference in plasma nitrate levels between both N and PL 

groups was relatively small (30.85 ± 61.07 vs 45.30 ± 8.07 %, respectively). A number of factors 

may have contributed to this finding. Previous research3,42,77 reported significant increases in 

plasma nitrate concentrations following six days of dietary nitrate, when blood was drawn just  

2.5 hours after the last supplement ingestion.  In the present study, blood was drawn more than 

14 hours after the final supplement was ingested. It has also been documented that plasma nitrate 

concentration peaks approximately five hours post-ingestion, and returns to baseline within 24 

hours after consumption40,81. Thus, we may have missed our opportunity to collect blood samples 
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with the highest plasma nitrate concentration, and thus did not maximize the potential of the 

supplement, as our performance testing was completed between 24 and 48 hours after the final 

dose of each supplement was ingested. Nevertheless, we observed no theoretical saturation of 

nitrate in the blood despite using 8 mmol of dietary nitrate compared to 5.0-9.7 mmol of dietary 

nitrate in previous studies3,32,42,77.  

The possibility exists that the PL group consumed unreported foods high in nitrate (ex. 

spinach or beets), despite being asked to avoid them during supplementation periods.  However, 

since the blood was drawn in the fasted state (> 3 hours), then this most likely would not have 

contributed to missing the peak plasma nitrate concentration window as well. Interestingly, the 

individual responses to both PL and N treatments (Figure 3) reveals that there are some 

participants with lower than normal nitrate concentrations in the N group.  In the secondary 

analysis, when reanalyzing the plasma nitrate values to include only the responders (10 

participants), there is a significant increase in N (PRE: 171.82 ± 41.18 vs POST: 228.10 ± 81.48 

nM; P = 0.05) and a trending significant increase in PL (PRE: 164.31 ± 27.14 vs POST: 207.51 ± 

71.08 nM; P = 0.07).  

It has been noted in previous literature that there are responders vs non-responders with 

dietary nitrate supplementation, particularly during a long bout of endurance exercise of 50-km 

cycling82. Perhaps it is not the intensity that elicits a response to dietary nitrate, but numerous 

individual factors such as gender, training status, age, and diet.  

Average Training Duration per Day during Six Days of Ingesting PL or N  

Training is an imperative aspect to improving performance. While there were no 

significant differences in the duration of exercises between N and PL during supplementation (N: 

22.50 ± 12.50 vs PL: 24.50 ± 11.57 min; P = 0.23), it is unknown whether the volume was 
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different, due to the complex nature of the randomized CrossFit workouts. The participants were 

following different training regimens and exercise routines, so this inconsistency made it 

difficult to quantify and compare the more detailed components of a training regimen such as 

intensity, load, and volume. Thus, the authors have limited knowledge as to whether the training 

during supplementation periods affected the present study’s performance tests. Nonetheless, 

based on average time of training sessions, training differences were not different amongst 

groups and thus may not have affected performance of the tests in the study.  

Training restrictions during supplementation periods in previous studies have been 

different compared to the current study. In studies by Christensen et al., (2013), who investigated 

the effects of six days of 0.5 L BRJ (5.9 mmol nitrate) supplementation in elite cyclists, and 

Wilkerson et al., (2012), who tested the effects of a 0.5 L dose of BRJ (6.2 mmol nitrate) before 

a 50-km cycling tests, both had their participants record their training during the first six day 

intervention. The participants then repeated the same training for the crossover supplementation 

period14,82. However, this methodology is not pragmatic for the current study, since CrossFit is 

inherently randomized routines each day.  

Isokinetic and Isometric Strength 
 

Isokinetic and isometric tests demonstrated a main effect of time for isometric extension 

60° (P = 0.03), but there were no other significantly different values. These findings are 

inconsistent with previous research such as Coggan et al., (2014) where they did not find any 

significant differences in isometric performance; the present study is consistent with the same 

study in that there were no significant differences detected in isokinetic performance17. There 

were methodological differences such as the other study including women and using a different 

protocol that may have contributed to these differing results.  
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A proposed mechanism for improvements in isokinetic and isometric strength is 

highlighted by Bailey et al.,(2010),where seven participants consumed 0.5 L/day of BRJ (5.1 

mmol/day nitrate) or PL for six days and then performed low and high-intensity (15 % and 30 % 

maximal voluntary isometric contractions, respectively) knee extension tests. Results showed 

that the BRJ reduced phosphocreatine (PCr) degradation by 36 % in the low-intensity exercise 

and 59 % in the high-intensity exercise2. While the present study did not measure the PCr 

metabolite, it does agree with the study by Bailey and colleagues (2010) that there was 

improvement in isometric strength and possibly supports the mechanistic theory of PCr 

preservation2. 

Fulford et al., (2013) had eight participants consume 0.5 L/day of BRJ or PL for 15 days 

and then complete 50 isometric maximal voluntary contractions (MVCs) at 2.5 hours, 5 days, 

and 15 days after the start of supplementation. The researchers found that there was no 

significant reduction in force output in BRJ compared to PL for the peak contraction, the mean 

force, or the end force, which is in disagreement with the present study29. Interestingly, the study 

did find a nonsignificant, but potentially meaningful decrease in the PCr cost of exercise over all 

contractions in BRJ compared to PL (BRJ: 17.80 ± 4.50 vs PL: 16 ± 4.10 millimoles [mM], P = 

0.06), which also reinforces the preservation of PCr  mechanism to explain the improvement in 

isometric contractions in the present study29.  

Wingate Power Test 

 
The ability to generate short-duration, explosive power, is critical to performing well in 

CrossFit exercises. In the present study, peak power significantly increased 6.62 ± 3.96 % in N 

vs 0.77 ± 14.19 % in PL (P = 0.08). Similar to the current study, other studies that also 

investigated the effects of nitrate on power output increased. This includes Lansley et al., 
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(2011a) who saw a significant increase in power during a 4-km (BRJ: 292 ± 44 vs PL: 279 ± 51 

W, P < 0.05) and 16-km cycle time-trial (BRJ: 247 ± 44 vs PL: 233 ± 43 W, P < 0.01).  

Vanhatalo et al, (2010) also reported a significant increase in power output during acute and 15-

day supplementation of nitrate supplementation compared to baseline testing during a ramp 

incremental cycle test to exhaustion in eight healthy participants (95 % CI 0.84 to 11.9 W, P < 

0.05 and 95 % CI 2.9 to 15.3 W, P < 0.01, respectively). These findings align particularly well 

with the current study as the testing modalities are the same and thus reinforces that dietary 

nitrate can increase peak power in high-intensity cycling.  

While not statistically significant, the fatigue index increased by 7.79 + 9.33 % in N vs 

3.46 ± 3.00 % in PL indicating the participants may have exhibited a greater degree of fatigue in 

N compared to PL. This change may reflect an increase in the blood flow to the working muscle 

group that contain Type IIX muscle fibers, the recruitment of these muscle fibers, or increased 

delivery of calcium to those muscle fibers which are activated for high power exercises, but also 

have high fatigability24,39. Given these enhancements to Type IIX muscle fibers, these potential 

mechanisms may explain why there was a non-significant, but meaningful group x time effect 

increase in peak power in N compared to PL (P = 0.08), and thus a higher fatigue index and 

lower average power that subsequently could not be sustained as long in N vs PL. However, this 

is speculative because we did not measure muscle fiber recruitment. 

Fulford and colleagues (2013) measured fatigue index which was calculated based on the 

ratio of the mean force over the first 10 contractions to the mean force over the last 10 

contractions, multiplied by 100. Contrary to the present study, the fatigue index had a non-

significant lower percentage in BRJ compared to PL (BRJ: 49.3 ± 9.0 vs PL: 50.8 ± 14.5 %, P = 

0.05), indicating less fatigue in N compared to PL29. However Fulford et al., (2013), utilized a 50 
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MVC protocol, which is endurance-based, whereas the present study was looking at power in the 

30-sec Wingate test, which may explain the discrepancy in findings.  

Haider et al., (2014) studied 19 untrained men that consumed BRJ (9.7 mmol of nitrate). 

After seven days of supplementation a series of voluntary and involuntary electrically evoked 

unilateral isometric contractions of the knee extensors were completed32. The data indicate that 

maximal twitch improved in N vs PL (N: 149 ± 41 vs PL: 138 ± 37 Newtons [Ns], P = 0.01) and 

explosive (rising phase) force production during the first 50 ms of evoked maximal twitch and 

octet contractions (eight electrical impulses at 300 Hz) was also significantly greater in N vs PL 

(N: 118 ± 34 vs PL: 110 ± 28 Ns, P = 0.048)32.  

2K Rowing Ergometer Test 

Only one other study has investigated the effects of supplemental nitrate on a 2K rowing 

test. Hoon et al., (2012) reported that 8.4 mmol of nitrate improved the 2K rowing time trial by 

1.6 ± 1.6 sec vs PL (N: 06:21.9, min:sec ± 9.0 sec vs PL: 06:23.5,  min:sec ± 9.0 sec ± 90 % 

Confidence Limit)35. However, these researchers utilized an acute dose of BRJ two hours before 

the test, did not perform any other tests on the day of the row, and they were highly trained 

rowers practicing 17 hours/week who were accustomed to the 2K distance35. In contrast, most 

other research have shown that nitrate supplementation does not improve exercise performance 

in elite athletes. It is theorized that elite athletes have upregulated levels of endogenous nitric 

oxide synthase (eNOS), which desensitizes them to exogenous doses of nitrate7,35,63.  

Since the participants in the current study were untrained in rowing, it was hypothesized 

that their 2K time trial would improve, as previous research has demonstrated improved 

endurance and increased power in maximal intensity exercise in moderately trained 

individuals41,46. However, the opposite occurred where the participants increased the time to 
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complete the test in N by 0.47 ± 1.57 % (PRE: 457.57 ± 23.56 vs POST: 459.73 ± 23.93 sec) and 

improved the time to complete the test in PL by 1.12 ± 12.65 % (PRE: 465 ± 28.45 vs POST: 

459 ± 24.85 sec). Additionally, there was a significant difference in average power, which 

decreased in N by -3.93 + 20.62 % (PRE: 237.42 ± 38.60 vs POST: 228.08 ± 46.56 W) and 

increased in PL by 2.86 ± 10.59 % (PRE: 227.33 ± 43.63 vs POST: 233.83 ± 39.01 W). It is 

possible that these performance outcomes could be related to the PL plasma nitrate increasing 

more than N and that the  participants in the present study were not accustomed to the rowing 

distance and were not as efficient at strategizing and performing the test as those recruited by 

Hoon and colleagues35, despite the familiarization trial. Dietary nitrate supplementation did not 

improve 2K time trial performance nor did the plasma nitrate levels respond in N.    

Grace CrossFit Circuit 

It is well-established that dietary nitrate supplementation improves endurance 

performance across different modalities of exercise42,47,77-78. However, data regarding power and 

strength changes in response to nitrate supplementation is scarce in the literature.  In the research 

that does exist, those studies used elbow and knee-extension exercises, which are an excellent 

method to measure performance in the laboratory, but perhaps not as effective at determining 

practical application in true sport2,70,71. In the present study the CrossFit Grace test was used to 

incorporate both strength and endurance in an applied exercise. While not statistically 

significant, there was a wide margin of improvement following N vs PL (N: -32.25 ± 53.24 vs 

PL: -10.83 ± 12.68 sec, P = 0.40).  One other study has investigated CrossFit specific workouts 

following supplementation62. Although they did not use pure nitrate, the multi-ingredient 

performance supplement that they used included beetroot extract. The CrossFit workout protocol 

consisted of the participant completing a 500-meter row, 40 wall balls, 30 push-ups, 20 box 
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jumps, and 10 thrusters as quickly as possible62. Similar to our results, the supplementation did 

not provide a statistically significant difference in terms of improvement; however, the results 

are potentially meaningful specifically for trained CrossFit athletes, as concluded by the authors, 

due to the magnitude of change in both circuits when comparing N vs PL (N: -38.79 [5.85] vs 

PL: -8.62 sec [2.39 %], respectively)62.  

It is believed that N completed the Grace circuit faster than PL on average potentially due 

to the combination of aforementioned mechanisms. Perhaps there was an attenuation of the 

increase in metabolites such as ADP and H+, which helps to preserve PCr and maintain the pH of 

the environment2,3,37,40,61. Another possible explanation is that tissue s-nitrosothiols, which 

elevate with dietary nitrate supplementation, may act as an antioxidant and prevent those same 

thiol compounds from being subject to reverse oxidative modification from reactive oxygen 

species33. The reverse oxidation of thiol compounds has been demonstrated to induce muscle 

fatigue by forming disulfide bonds with muscle-derived oxidants and generate free radicals (e.g. 

sulfinic acid [-SO2H]) during intense exercise25. These ions can thus alter protein function by 

interfering with chemical reactions, altering structure, or the availability of regulatory sites in 

essential proteins that are involved in muscle contraction such as actin, myosin, tropomyocin, 

and Ca2+-ATPase25. Thus, preventing these free radicals from forming will stabilize the proteins, 

reducing oxidative damage and reduce the feeling of fatigue.  

Another potential mechanism may be the inducement of the reduction of nitrate to NO 

during high intensity exercise, when there is acidity and hypoxia, creates an oxygen 

concentration gradient that allows a uniform distribution of oxygen to all myocytes regardless of 

proximity to the capillary beds3. And so if there is more oxygen available, then theoretically 

there is more capacity do work. Finally, there may be an enhanced release of Ca2+ in fast-twitch 
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muscle fibers which would allow for more muscle contractility39. Again, these outcomes were 

not measured in the present study. Nonetheless, nitrate supplementation may serve a beneficial 

purpose for practical application for those who responded to the nitrate treatment, in regards to 

CrossFit performance, such as in a competition, especially in the context of CrossFit that is a 

game of seconds.  

Limitations 

As with any experimental investigation, the present study did have some limiting factors. 

First, blood sampling appears to have been collected after the time that dietary nitrate peaked in 

the blood, which subsequently lead to a significant increase in plasma nitrate in PL (P = 0.02) 

and only a trending significant increase in N (P = 0.07) As such, the lack of improvements in the 

present study may be related to the timing of the supplement and testing. However, other 

research has tested performance between 8 and 36 hours after final supplementation and 

observed significant improvements40. In addition, although participants were instructed to take 

their supplements at specific times of the day, we cannot be sure that all doses were ingested. 

However, we collected empty supplement containers and made a phone call to avoid compliance 

complications. Likewise, even though participants were asked to avoid foods high in dietary 

nitrate, compliance could not be verified. Even when the blood levels were not consistent, three-

day food records indicated no change in food intake for the duration of the study.  There was also 

a lack of standardization of training. The participants were free living and only asked to complete 

workouts on four out of the six days of supplementation. Yet, this randomization of training is 

inherent to the nature of CrossFit. Weight also may have been a limitation as the Grace circuit 

was not scaled for individual body mass, so the lighter participants may have had a more difficult 

time to complete the circuit than their heavier counterparts. Finally, not every participant had 
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equal experience with the Grace circuit, but we did control for a learned-effect by including a 

familiarization day for all laboratory performance tests. 
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CHAPTER 6  

CONCLUSION 

In summary, six days of dietary nitrate supplementation in male CrossFit athletes did not 

statistically improve strength, power, or endurance performance. Thus, we reject our hypotheses 

that dietary nitrate supplementation for six days improves strength on the biodex dynamometer, 

power on the Wingate power test, and the time to complete both the 2K test and Grace CrossFit 

circuit in CrossFit athletes. However, magnitude changes indicate that nitrate supplementation 

may translate performance enhancement for CrossFit specific events such as the Grace test. For 

future research considerations, it would be interesting to test whether long-term dietary nitrate 

supplementation provides a greater advantage to CrossFit athletes than seen in this study and if 

nitrate supplementation is beneficial to all types of CrossFit workouts in addition to Grace. It 

also may be of importance to research whether there is potential nitrate saturation in the blood 

that can transition into the next day to prevent gastrointestinal discomfort before sporting events. 

Furthermore, including more women in nitrate supplement studies that involves CrossFit would 

determine if there are gender differences within this particular group of athletes. Lastly, it would 

be wise to determine whether nitrate supplementation could help with tactical performance in the 

military, police, and firefighting. While there were no improvements seen in this study, there 

were no detrimental effects reported either. Since dietary nitrate is one of the few all-natural 

supplements available, it may be a useful aid to potentially elicit performance and overall health 

benefits.  
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 APPENDIX A  

 INSTITUTIONAL REVIEW BOARD APPROVAL LETTER AND 

APPLICATION 
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APPENDIX B  

FSU HUMAN SUBJECTS COMMITTEE APPROVED INFORMED 

CONSENT 
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APPENDIX C 

 

 HIGH-NITRATE FOODS TO AVOID 
 

Vegetable Group 
1. Eggplant  
2. Beetroot 
3. Broccoli 
4. Cabbage and kale 
5. Chard 
6. Cucumber 
7. Fennel 
8. Garlic 
9. Kohlrabi 
10. Lettuce especially rocket, iceberg, cos 
11. Pumpkin 
12. Radishes, especially black radish 
13. String beans 
 
Meat Group 
1. Hot dogs 
2. Sausage 
3. Cured/Processed cold cuts (ham, turkey, roast beef, etc) 
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APPENDIX D 

 THREE DAY FOOD RECORD 
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APPENDIX E 

MEDICAL HISTORY QUESTIONNAIRE 

 

Human Performance Laboratory 

Florida State University 

Nutrition, Food, and Exercise Sciences 

 

HEALTH AND FITNESS HISTORY QUESTIONNAIRE 

 

The following questions are designed to obtain a thorough preliminary medical history.  
The information you provide will help us to make the best determination about your 
eligibility for a particular study or other studies.  Please answer all questions and 
provide as much information as you possibly can.  This questionnaire, as well as any 
other medical information you provide will be kept confidential and will not be shared 
with any unauthorized person or organization unless you specifically request us to do 
so. 

 

 

Name:  

Street Address: 

City, State, Zip code: 

Telephone Number:    H (      )                             W (      )  

Email address: _________________________________________________ 

 

Date of Birth:                          Age: 

                             (mm/dd/yy) 

Sex:    M           F 

Personal Physician’s Name:                                           Phone: (     )  
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           Address: 

 

Height                   in. ___________ cm 

Weight                   lb. __________  kg 

 

Social Security Number: 

 

Signature:   

 

 

 

 

 

Date:  __________       ID #:  __________ 

 

Occupation 

Current occupation: 

 

 

Race  ______________ 

 

 

 

Personal Health History 
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Have you ever been hospitalized or had surgery?  Yes____  No____ 

Please list all hospitalizations and surgeries to the best of your recollection. 

Hospitalized for                                                                             Age when 

Disease/Operation                          Duration                               hospitalized 

 

 

 

 

 

 

 

 

 

 

 

List any disease or illness you have had not listed above (e.g., mumps, measles, broken bones, 
etc.) 

 

 

 

Are you allergic, sensitive or intolerant of any foods or medications? Yes____    No____ 

 

If yes, please describe: 

 Food____________________________________________________________ 

 Medication _______________________________________________________ 

 Other  ___________________________________________________________ 

 

Are you currently seeing a doctor or other health care provider for any reason? 
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Yes______   No______ 

If yes, please explain: 

 

 

 

Date:  __________        ID #:  __________ 

 

 

 

 

1. Have you ever been diagnosed as having any of the following and if yes, how are you currently 

treating the condition? 

 

 Y  N High Blood Pressure 

   Please indicate last known reading: 

    Blood pressure: _____/_____ 

 

 Y  N High Cholesterol or High Triglycerides 

   Please indicate last known reading: 

    Cholesterol: _____ 

    Triglycerides: _____ 

 

 Y N Diabetes (Circle: Type 1 or Type 2)  

Note: Type 1 diabetes is insulin-dependent diabetes mellitus. It is typically 

diagnosed at an early age and requires insulin shots or an insulin pump 

immediately upon diagnosis.  Type 2 diabetes is often diagnosed at an older age 

(past age 20) and is usually initially treated with changes in diet and/or 

medication (pills). 
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 Y N Hypoglycemia (low blood sugar) 

 

 Y N Asthma 

 

2. Have you ever had a glucose tolerance test? Y N 

If yes, what were the results? 

 

 

3. Have you ever had a fasting blood sugar test? Y N 

If yes, what were the results? 

 

 

4. Does anyone in your family (immediate family including your grandparents) have a history of 

cardiovascular disease (heart attacks, stroke, etc.)? Please explain: 

 

 

5. Do you have any neurological problems including fainting, dizziness, headaches or seizures? 

 

 

6. Do you have any orthopedic or other health problems that may affect your ability to perform 

exercise? If yes, please explain: 

 

 

7. Do you smoke or use smokeless tobacco?  Y       N           If yes, how many cigarettes per day? ______ 

 

8. Do you drink coffee or other caffeinated beverages?  Y  N What kind, how much and how 

often? 

 

 

Date:  __________        ID #:  __________ 
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9. Please list all vitamins, minerals and herbs and other nutritional (performance) supplements as well as 

medications you are currently taking. How long have you been taking them and how frequently?  

 

 

 

 

 

    

 

Are you willing to stop taking all nutritional supplements you are currently on for the duration of this 

research study?  (Y/N) ___________________ 

 

10. Do you have any food allergies or intolerances (e.g., allergic to dairy or lactose intolerance)? Please 

describe: 

 

 

 

11. How would you describe the type of diet you currently eat?  Have you recently been on any special 

diets?  What kinds of diets have you used to lose weight or lower cholesterol?  Please list and describe: 

 

 

 

12. What changes have you made in your diet in the last 6 months? 

 

 

 

 Please list the 3 most current athletic events/competitions that you have participated in: 
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14. How long have you been participating in CrossFit training? 

a. 0-2 months 

b. 3-4 months 

c. 5-6 months 

d. > 6 months 

 

15. How many hours per week do you perform CrossFit 

a. 0-1 hour 

b. 1-2 hours 

c. 2-3 hours 

d. > 3 hours 

 

16. How many hours per week do you perform exercise routines outside of CrossFit? Please list the 

other activities 

a. 0-1 hour 

b. 1-2 hours 

c. 2-3 hours 

d. > 3 hours 

 

15. Have you had a physical exam in the past 2 years?  Y N  

     Please describe your assessment of your overall health: 
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APPENDIX F 

SCREENING PROTOCOL QUESTIONNAIRE 

 

The Florida State University 

Nutrition, Food, and Exercise Sciences 

Screening Process 

 

 

Name                              Date                                      ID ______________________ 

 

Phone screenings will be completed in order for the research team to understand if interested 

participants are eligible and to avoid any unnecessary time commitment for potential subjects. Because 

this study requires participants to be healthy endurance trained males and to be free from the use of 

performance enhancing supplements for at least 4 weeks, the researchers directly involved with this 

study (Dr. Ormsbee, Dr. Panton, and Emery Ward) will conduct a phone or email screening with the 

following questions. $222.49 + $196 

 

Nutritional Supplements and Medications 

Please list all vitamins, minerals and herbs and other nutritional (performance) supplements as well as 

medications you are currently taking.  (examples: creatine monohydrate, nitric oxide, hydroxy-beta-

methylbutyrate (HMB), androsterone derivatives, pharmacological agents including steroids) 

 

 

How frequently?  

 

 

If you are currently taking any of these supplements are you willing to stop taking them for a period of 

one month and through the duration of the five-week study and through pre and post testing?  

 

EXERCISE 

Do you exercise regularly?  
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How often? Please be detailed in a description of your average week of training.  What types of 

endurance training exercises do you typically perform (be specific). 

 

 

Please list the 3 most current athletic events/competitions that you have participated in: 

 

 

Do you have any current conditions that might prevent you from completing maximal strength testing , 

treadmill maximal oxygen uptake test, and a single bout of downhill running (examples: tendonitis, 

pulled muscle, torn ligament, knee or back problem)?  

 

 

MEDICAL  

Do you have uncontrolled hypertension (BP>160/100 mmHg)?  

Do you have diagnosed cardiovascular disease, stroke, or diabetes?  

Do you have thyroid or kidney dysfunction?  

Do you currently smoke or chew tobacco? How many/much? Frequency? 

Do you take cholesterol medication or blood pressure medication? If so, what do you take? 

Do you have any allergies to milk products?  
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APPENDIX G 

AVERAGE PARTICIPANT TRAINING LOG TIMES 

* Indicates no time noted for workout log 

CFBB 01 

Supplement Average Training Time per Day (min) 
N  

PL  

 

CFBB 02 

Supplement Average Training Time per Day (min) 

PL  

N  

 

CFBB 03 

Supplement Average Training Time per Day (min) 
PL  

N  

 

CFBB04 

Supplement Average Training Time per Day (min) 
PL  

N  

 

CFBB 05 

Supplement Average Training Time per Day (min) 
PL  

N  

 

CFBB 06 

Supplement Average Training Time per Day (min) 
PL  

N  

 

CFBB 07 

Supplement Average Training Time per Day (min) 
N  

PL  

 

CFBB08 

Supplement Average Training Time per Day (min) 
N  

PL  
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CFBB09 

Supplement Average Training Time per Day (min) 
N  

PL  

CFBB 10 

Supplement Average Training Time per Day (min) 
PL  

N  

 

CFBB11 

Supplement Average Training Time per Day (min) 

N  

PL  

 

CFBB12 

Supplement Average Training Time per Day (min) 

N  

PL  
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APPENDIX H 

 SUPPLEMENT DIRECTIONS 

 

Greetings! 
 
 
Thank you for taking part in this study on behalf of FSU, Dr. Ormsbee and Mr. Kramer 
 
You have been given one (1) capsule packet of either dietary nitrate supplement or an identical 
placebo to take for six (6) days. This is a “double-blind” study, which means that neither you or 
the researcher knows whether you are taking the supplement or placebo until the end of the study. 
This method is the “gold standard” in research; eliminating potential biases that could affect the 
outcome of the study. This study is also a “crossover” design, which means that you will ultimately 
consume both forms of the supplement for a period of six days each throughout the study.  
 
Directions: Take (2) capsules per day, once in the morning about thirty min before your first meal. 
 

If you have any questions regarding your assigned capsules or your participation in this 

research study, please contact: Sam Kramer 973-787-7318 
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APPENDIX I 

 ADVERSE EFFECTS REPORT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Signs/Symptoms Duration of 

Signs/Symptoms 

Number of 

Participants 
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APPENDIX J  

 

BIODEX DYNAMOMETER STRENGTH DATA COLLECTION SHEET 

 
The isometric and isokinetc dynamometer tests measure leg strength measured in units of force 
(Newtons[N] x meters[m[). For this study, we will be testing your isometric strength, which is 
where you will push your leg against a constant force, as well as isokinetic strength, which 
measures the force generated of extension and flexion against a constant velocity at certain 
angles. We ask that you use your dominant leg for these tests. If at any point you feel light-
headed or nauseous, please do not continue the test, however, we ask that you perform at 100 % 
intensity and effort.  
 
You will perform five (5) trials of isometric extension and flexion contractions. Each trial will be 
held for 5 seconds, extending the leg with as much force as possible and will be followed by five 
(5) seconds of rest after each contraction.  
 

Baseline Test #1: Isometric Strength 

 

 

 

 

 

 

 

 
 
You will also perform five repetitions of isokinetic extension and flexion contratctions at 
60°/second and 180°/second. Each of these repetions will be followed by five seconds of rest  
 

Baseline Test #1: Isokinetic Strength 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Trial Isometric Extension 

60° 

Isometric Flexion 

60° 

1   

2   

3   

4    

5   

Trial Isokinetic 

extension 

60°/second  

Isokinetic 

flexion 

60°/second  

Isokinetic 

extension 

180°/second 

Isokinetic 

extension 

180°/second 

1     

2     

3     

4     

5     
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Post-Test #1: Isometric Strength 

 

 

 

 

 

 

 

 

 

Post-Test #1: Isokinetic Strength 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
Baseline #2: Isometric Strength 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trial Isometric Extension 

60° 

Isometric Flexion 

60° 

1   

2   

3   

4    

5   

Trial Isokinetic 

extension 

60°/second 

Isokinetic 

flexion 

60°/second 

Isokinetic 

extension 

180°/second 

Isokinetic 

extension 

180°/second 

1     

2     

3     

4     

5     

Trial Isometric Extension 

60° 

Isometric Flexion 

60° 

1   

2   

3   

4    

5   
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Baseline #2: Isokinetic Strength  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Post-Test #2: Isometric Strength 

 

 

 

 

 

 

 

 

 

 

Post-Test #2: Isokinetic Strength 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trial Isokinetic 

extension 

60°/second 

Isokinetic 

flexion 

60°/second 

Isokinetic 

extension 

180°/second 

Isokinetic 

extension 

180°/second 

1     

2     

3     

4     

5     

Isometric Isometric Extension 

60° 

Isometric Flexion 

60° 

1   

2   

3   

4    

5   

Trial Isokinetic 

extension 

60°/second 

Isokinetic 

flexion 

60°/second 

Isokinetic 

extension 

180°/second 

Isokinetic 

extension 

180°/second 

1     

2     

3     

4     

5     
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APPENDIX K 

2K ROWING ERGOMETER DATA COLLECTION SHEET 

For this test we will be measuring your time to complete a 2000-meter rowing ergometer test. We 
will measure the total time to complete the test, as well as your peak and average power output. 
We ask that you row at no less than 28 strokes per minute, but no greater than 36 strokes per 
minute. Additionally, we request that the resistance drag factor be set from 3-5. If at any point you 
feel light-headed or nauseous, please do not continue the test, however, we ask that you perform 
at 100 % intensity and effort.  
 

 

Baseline Test #1:  

Participant ID # Average Score/500m 

(min:sec:tenth-sec) 

Peak Power 

Output 

(Watts) 

Mean Power 

Output 

(Watts) 

    

 
 

Post-Test #1:  

Participant ID # Average Score/500m 

(min:sec:tenth-sec) 

Peak Power 

Output 

(Watts) 

Mean Power 

Output 

(Watts) 

    

 

Baseline #2: 

 

Participant ID # Average Score/500m 

(min:sec:tenth-sec) 

Peak Power 

Output 

(Watts) 

Mean Power 

Output 

(Watts) 

    

 
 
Post-Test #2:  
 

Participant ID # Average Score/500m 

(min:sec:tenth-sec) 

Peak Power 

Output 

(Watts) 

Mean Power 

Output 

(Watts) 
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APPENDIX L 

 

 WINGATE POWER TEST DATA COLLECTION SHEET 
 

The Wingate Power Test consists of a 30-sec sprint on a cycle ergometer at a predetermined 
resistance based on body weight. Pedal as hard and fast as you can for the entire 30-seconds.  

 

Baseline Test #1:  

Participant ID # Relative Peak Power (Watts) Relative 

Average 

Power 

(Watts) 

Anaerobic 

Fatigue 

    

 
 

Post-Test #1:  

Participant ID # Relative Peak Power (Watts) Relative 

Average 

Power 

(Watts) 

Anaerobic 

Fatigue 

    

 

Baseline #2: 

 

Participant ID # Relative Peak Power (Watts) Relative 

Average 

Power 

(Watts) 

Anaerobic 

Fatigue 

    

 
 
Post-Test #2:  
 

Participant ID # Relative Peak Power (Watts) Relative 

Average 

Power 

(Watts) 

Anaerobic 

Fatigue 
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APPENDIX M 

GRACE CROSSFIT CIRCUIT DATA COLLECTION SHEET 

The “Grace” circuit consists of 30 clean-and-jerks at 135lbs (61.37kg). The goal of the test is to 

complete the sets in the fastest time possible. Your score will be recorded as min:sec (e.g. 07:52). 

If at any point you feel light-headed or nauseous, please do not continue the test, however, we 

ask that you perform at 100 % intensity and effort.  
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APPENDIX N  

MID-SUPPLEMENTATION PERIOD CALL LOG SHEET 

Participant Supplement Reminder Log 

Participant Contacted Day Time What was said 

    

    

    

    

    

    

    

 

Participant Training Reminder Log 

Participant Contacted Day Time What was said 

    

    

    

    

    

    

    

 

Contacting Sean to blacklist people if they try to come in more than 4/6 days 

supplementation 

Day Time What was said 
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