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Abstract
It is known that beetroot supplements may improve exercise economy and blood pressure, but this has
mainly been studied in males. Given that older female athletes are underrepresented in the literature,
we aimed to determine if acute beetroot supplementation (BRS) improves exercise economy and blood
pressure in masters female athletes (swimmers) during a treadmill exercise test. Methods: 11 partici-
pants (57.8±10.5 y) underwent 2 randomized, double-blinded trials, ingesting beetroot (BE) or placebo
(PL). Salivary NO2- (sNO2-) and blood pressure (BP) were measured pre-ingestion (Base), pre-exercise
(Pre), and 5 min post-exercise (Post). Oxygen consumption (VO2) was measured during the modified
Balke test until HR reached 85% of age-predicted maximum. Exercise economy (ExEc) was defined
as the average relative VO2 during min 3-4.5 of the test. sNO2- was determined using NO2- detection
strips. Results: sNO2- increased from Base to Post in BE vs PL (32.5±7.0 vs 2.7±3.9% change, p =
0.001). No treatment differences existed for ExEc (BE: 15.51±0.47 vs PL: 15.71±0.53 ml·kg-1·min-1,
p = 0.48). Diastolic BP was significantly lower in BE vs PL (Base: 74.6±1.7 vs 73.2±2.3, Pre: 73.6±1.8
vs 74.5±2.1, Post: 74.5±1.7 vs 76.1±2.2 mmHg, p = 0.03, treatment by time). Conclusion: Acute BRS
lowered diastolic BP, but did not improve exercise economy in these trained, normotensive athletes.
Further research is warranted in menopausal and post-menopausal females, including those who are
hypertensive, and in other female masters athlete groups.
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1 Introduction

Beetroot supplements are popular among ath-
letes who seek to improve endurance exercise per-
formance and older adults who desire to lower
blood pressure. Beetroot supplements (BRS) are
high in dietary nitrate (NO3- ), which circulates
in the plasma after ingestion; a portion of this
NO3- enters the entero-salivary circulation and
is concentrated in the saliva (Spiegelhalder et al.,
1976). The salivary NO3- is then reduced to ni-
trite (NO2- ) by bacteria on the surface of the
tongue (Webb et al., 2008). When this NO2- is
swallowed and enters the stomach, some is fur-
ther reduced in the acidic environment to nitric
oxide (NO), while some enter the systemic circula-
tion, increasing circulating NO (Lundberg & Gov-
oni, 2004). NO is a powerful signaling molecule
that lowers resting blood pressure by increasing
vasodilation and may reduce the oxygen cost of
submaximal exercise, improving exercise perfor-

mance (Jones, 2014).

The effects of BRS on exercise economy have
been widely investigated, with several investiga-
tions reporting improvements (i.e., reduced oxy-
gen cost of exercise) with BRS (Bailey et al., 2009;
Larsen et al., 2007; Pinna et al., 2014; Wal-
dron et al., 2018), while others have not found
significant improvements with BRS compared to
placebo (Rokkedal-Lausch et al., 2021; Wickham
et al., 2019). The blood pressure-lowering ef-
fects of BRS have also been widely studied, with
many investigations reporting that BRS is effec-
tive in lowering resting blood pressure (Bailey et
al., 2009; Lansley et al., 2011b; Stanaway et
al., 2019; Vanhatalo et al., 2010; Waldron et al.,
2018; Webb et al., 2008).

Despite the plethora of research on the effects
of BRS on exercise economy and on blood pres-
sure, there are notable gaps. Firstly, most in-
vestigations have been conducted using mostly
or exclusively male participants. Females, es-
pecially older female athletes, are vastly under-
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represented in the currently published investiga-
tions concerning dietary NO3- supplementation
(Wickham & Spriet, 2019). Therefore, studying
BRS in females could lead to a better understand-
ing of the effects of BRS in this population.

In addition, many of the studies of BRS are con-
ducted using recreationally active participants
rather than well-trained individuals (Bailey et al.,
2009; Perez et al., 2019; Vanhatalo et al., 2010;
Waldron et al., 2018; Wickham et al., 2019). Of
the studies that focus on trained athletes, most
used cyclists (Lansley et al., 2011a; Rokkedal-
Lausch et al., 2021) or runners (Boorsma et al.,
2014; de Castro et al., 2019). A few studies have
examined BRS with swimmers (Esen et al., 2019;
Pinna et al., 2014; Pospieszna et al., 2016), but
the participants were generally young (average
age of 20-22 yrs.) (Esen et al., 2019; Lowings
et al., 2017; Pospieszna et al., 2016), or were
all male (Pinna et al., 2014). To our knowledge,
the effects of BRS on exercise economy and blood
pressure have not been studied exclusively in fe-
male masters (defined as age 35 yrs and older)
athletes, especially in those that are swimmers.

Therefore, the primary purpose of this study was
to determine if acute BRS improved the oxygen
cost of submaximal exercise (i.e., exercise econ-
omy, ExEc) in female masters swimmers during
an incremental treadmill test. We also aimed to
determine if acute BRS lowered blood pressure
(BP). We hypothesized that acute BRS would im-
prove exercise ExEc and reduce pre- and post-
exercise BP compared to a placebo treatment in
our population of trained female masters swim-
mers.

2 Methods

2.1 Experimental Design
This study used a randomized, double-blind,
crossover design. Participants underwent two
randomly ordered, double-blinded trials in which
they ingested either 10 oz of BRS (BE) or placebo
(PL) 30 min before performing a modified Balke
treadmill test. Baseline BP and salivary NO2- lev-
els were measured pre-ingestion (Base), 25 min
after ingestion, which was 5 min pre-exercise
(Pre), and post-exercise (Post). Oxygen consump-
tion (VO2) was measured every 15 sec, and HR
and RPE were measured every 60 sec of the tread-
mill test until participants reached 85% of their
APMHR. Dependent variables were salivary NO2-
response, BP, HR, ExEc, RPE, and treadmill test
time.
The protocol for the experimental trials is shown

in Figure 1.

2.2 Participants

Eleven female masters swimmers (age 57.8±10.4
yrs.; height: 167.8±5.5 cm; body mass:
66.7±11.0 kg) enrolled in and completed the
study. Each had trained consistently and com-
peted in swimming events for at least the last
year. Participants were recruited via emails to
local masters swimming groups and clubs in
the Minneapolis/Saint Paul, Minnesota, USA,
metropolitan area. All participants provided vol-
untary written informed consent to participate
in the study, which was approved by the Ham-
line University Institutional Review Board (2019-
05-27ET). Prior to testing, participants were
screened for any cardiorespiratory or muscu-
loskeletal issues that would put them at greater
risk of an adverse event through a health his-
tory questionnaire and a resting electrocardio-
gram (ECG), which was read by a cardiologist.
Prior to recruitment, a power analysis was per-
formed using G-Power 3.1.9.2 software (Dussel-
dorf University, Germany; (Faul et al., 2007)).
The minimum number of participants needed for
a two-tailed alpha level of 0.05 and desired power
value of 0.80 was 10.

2.2.1 Pre-Trial Diet and Nitrate/Nitrite
Washout

Participants completed a 3-day food and exer-
cise log before the first trial and were asked to
replicate the same diet and exercise schedule
during the 24-hr period prior before the second
trial. They were asked to avoid nitrate and nitrite-
containing foods for the 24 hrs. prior to each
trial, and a list of nitrate and nitrite-containing
foods was provided to them at their screening
session. Participants were also asked to avoid
mouthwash and chewing gum for 24 hrs. prior
to each trial and compliance was checked by in-
vestigators.

2.2.2 Experimental Beverages

The BE (BeetElite, HumanN Co, Austin, TX, USA)
and PL ingredients were obtained in powder form
and mixed in the laboratory by a laboratory mem-
ber not involved in data collection. Both were
mixed into 10 oz of water in an opaque sports
bottle. The placebo beverage matched the BE in
energy and electrolyte content and in color.

Journal of Kinesiology and Wellness



Journal of Kinesiology and Wellness 3

Figure 1: Experimental protocol

Notes. Participants ingested either 10 oz of beetroot supplement or placebo 30 min before performing
a modified Balke treadmill test. The 3-time points (Base, Pre, and Post) for saliva sampling and seated
blood pressure and heart rate measurements are shown. Peak VO2, HR, and RPE were recorded at
the end of the treadmill test.

2.3 Measurements

2.3.1 Salivary NO2- Response

The salivary NO2- response was used as an indi-
rect indicator of the systemic NO response to the
treatments. Saliva samples (0.5 mL) were taken
via passive drool into a collection tube (Salimet-
rics, State College, PA) at each of the 3-time
points (Base, Pre, Post). Changes from baseline
in salivary NO2- response was determined using
commercially available NO indicator strips (Nitric
Oxide Indicator Strips, HumanN , Austin, TX) and
a quantification and analysis protocol developed
in our lab. Because the manufacturer’s instruc-
tions were not sufficiently standardized for labo-
ratory use, we previously developed a process to
ensure validity and reliability of test strips across
the 3-time points.
Briefly, this protocol was as follows: 2 min prior
to each saliva collection, participants rinsed their
mouths with a small amount of water, and the
collection was taken via passive drool. A test
strip was exposed to the sample for 2 sec. Im-
ages were taken at 60-sec post-collection with
an iPad Mini on an image capture station (Fig-
ure 2A). Each sample test strip pad was placed
between a standard (dark pink intensity) and a
background reference (white pad) strip, and an
image showing all 3 test strip pads was taken
at each time point (Figure 2B). After each trial,
the images were downloaded to a lab computer,

and the color intensity of the standard, sample,
and background pads in each image was ana-
lyzed using ImageJ (Schneider et al., 2012). The
ImageJ results were exported into Microsoft Ex-
cel 2016 (Microsoft Corp., Redmond, WA, USA),
where the background values were subtracted,
and the absolute sample color intensity values
were converted to percentage of the standard in-
tensity value.

2.3.2 Blood Pressure

Blood pressure (BP) was measured manually at
the 3-time points (Base, Pre, Post) using a cuff
and sphygmomanometer (752M Mobile Aneroid;
American Diagnostic Corporation, Hauppauge,
NY, USA). Participants rested, seated, for 5 mins
before BP was measured in the dominant arm. 3
mins later, BP measurement was repeated on the
other arm. The highest of the 2 values was used
for analysis.

2.3.3 Treadmill Testing

The modified Balke protocol was performed on
a Trackmaster TMX425C treadmill (Full Vision,
Newton, KS, USA) and consisted of a 2 min warm-
up at 3.0 mph, then a testing portion at 3.5 mph
in which the grade increased by 2% every 2 min
until the participant reached 85% of their age-
predicted maximum heart rate (APMHR) using
the formula (HRmax= 208 - 0.7 x age) (Tanaka
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et al., 2001); the duration of this testing portion
was recorded as the treadmill test time. Once
APMHR was achieved, the incline was lowered to
0% grade and speed was reduced to 2.0 mph for
a 5-minute cool down. During each trial, the lab-
oratory temperature was maintained at approxi-
mately 21°C, and a fan was directed toward the
participant to reduce thermal stress. Consistent
verbal encouragement was given to all partici-
pants by the same investigators during each trial.

2.3.4 Exercise Economy

Oxygen consumption (VO2) was continuously
measured throughout the treadmill test, with val-
ues recorded every 15 sec. Participants breathed
through a Hans Rudolph valve, and expired gases
were directed to a mixing chamber for the anal-
ysis of oxygen and carbon dioxide (ParvoMedics
TrueOne 2400, Parvo Medics, Sandy, UT, USA).
Exercise economy (ExEc) was defined as the av-
erage VO2 relative to body mass (mL·kg-1·min-1)
between minutes 3 and 4.5 of the treadmill test
(Losnegard et al., 2014).

2.3.5 Heart Rate

HR was recorded using a heart rate monitor (Po-
lar Electro Oy, Kempele, Finland). HR was mea-
sured at each of the 3 time points (Base, Pre,
Post), as well as every minute during the tread-
mill test and the cool down.

2.3.6 Rating of Perceived Exertion

RPE was assessed every 2 min during the tread-
mill test using a 1-10 scale, with 1 indicating no
effort at all, and 10 indicating maximal effort. A
color-coded chart was displayed on the treadmill
control panel and its use was explained to the
participants before each trial. This allowed par-
ticipants to relay their RPE physically by point-
ing.

2.4 Statistical Analyses
ExEc, RPE, and treadmill time were analyzed
using two-tailed paired t-tests. Salivary NO2-
levels, SBP, DBP, and HR were analyzed with
two-way (treatment x time) repeated measures
ANOVA. Post hoc analysis was performed using
a Bonferroni correction when significance was
found. The significance level for all analyses was
determined at p ≤ 0.05. All data were expressed
as mean ± SE. SPSS Version 26 software (IBM
Corp., Armonk, NY) was used for all statistical
analysis.

3 Results

3.1 Blood pressure

As shown in Figure 3A, no treatment differences
in systolic BP were found between BE and PL
(Base: 116.6 ± 1.5 vs. 115.5 ± 1.6, Pre: 115.0
± 1.7 vs. 116.0 ± 1.7, Post: 116.5 ± 1.4 vs.
118.3 ± 1.5 mmHg, respectively, p = 0.71), al-
though trends towards significance existed for
differences by time (p = 0.059), and treatment by
time (p = 0.053). Significant differences in dias-
tolic BP Figure 3B) existed between BE and PL by
time (Base: 74.6 ± 1.7 vs. 73.2 ± 2.3, Pre: 73.6
± 1.8 vs. 74.5 ± 2.1, Post: 74.5 ± 1.7 vs. 76.1
± 2.2 mmHg, p = 0.035) and treatment by time
(p = 0.026), although treatment-only differences
were not significant (p = 0.79).

3.2 Salivary NO2-

As shown in Figure 4, salivary NO2- levels, an
indirect indicator of the systemic NO response,
increased significantly from Base in BE (Base:
26.1% ± 3.1%, Pre: 52.0% ± 4.2%, Post 58.5%
± 6.8%), but not in PL (Base: 25.4% ±2.1%, Pre:
31.9% ± 3.7%, Post: 28.1% ± 3.7%, p = 0.001),
with significant time and treatment by time ef-
fects (p = 0.000).

3.3 Exercise Economy

There were no significant differences between
treatments in ExEc (BE: 15.51±0.47 vs. PL:
15.71±0.53 ml·kg-1·min-1, p = 0.48, Fig. 5A).
There was also no significant difference in tread-
mill test time between BE and PL (BE: 15.5 ± 1.9
vs. PL: 15.4 ± 1.8 min, p = 0.92, Fig. 5B).

3.4 Heart Rate

The heart rate response to acute BRS did not dif-
fer between BE and PL (Base: 62.0 ± 2.4 vs 63.6
± 2.1, Pre: 63.2 ± 2.5 vs 65.4 ± 2.2, and Post:
72.6 ± 3.2 vs 74.6 ± 2.4 bpm, respectively, p =
0.12), although the time effect was significant as
expected (p = 0.00). The treatment by time inter-
action was not significant (p = 0.86).

3.5 Rating of Perceived Exertion

Peak RPE was not significantly different between
treatments (BE: 6.2 ± 0.5 vs. PL: 6.5 ± 0.5, p =
0.25).
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Figure 2: Image capture system for determination of the salivary nitrite response

Notes. A. Side view of the image capture station. B. Example of an image on the iPad Mini screen, as
is captured during an experimental trial. The standard is the top (darkest) pad, the reference pad is
the bottom, and the test strip (labeled) is in the middle. Quantification and analysis were performed
post-trial using ImageJ.

Figure 3: Systolic (A) and diastolic (B) blood pressure was measured at 3 time points during each
trial (Base, Pre, and Post).

Notes. A. Systolic blood pressure. B. Diastolic blood pressure (*treatment by time, p = 0.026;). A
significant time effect was present for diastolic blood pressure (p = 0.035), whereas there was a trend
toward a significant time effect for systolic blood pressure (p = 0.059). The systolic blood pressure
treatment by time interaction also trended toward significance at p = 0.053. Values are mean ± SE.

4 Discussion

The primary purpose of this study was to de-
termine if acute beetroot supplementation (BRS)

lowered the oxygen cost of exercise (improved
ExEc) in female masters swimmers during an in-
cremental submaximal treadmill test. We also
aimed to determine if acute BRS lowered BP in
our study group. The most noteworthy finding of
this study was that although ExEc did not differ
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Figure 4: Salivary nitrite response at 3-time
points during each trial (Base, Pre, and Post).

Note. Significant effects were found for treatment
(*p = 0.012), time (p = 0.000), and treatment by
time (p = 0.001). Values are mean ± SE.

between the BRS and placebo treatments, post-
exercise diastolic BP was significantly lower with
the BRS treatment (BE) compared to placebo (PL).
To our knowledge, this was the first investigation
to examine the effects of BRS on ExEc and BP in
female masters athletes (i.e., over the age of 35
yrs.).

In the present study, BRS did not improve ExEc,
which is in disagreement with several other stud-
ies that reported either improved ExEc (Mug-
geridge et al., 2013; Vanhatalo et al., 2010) or im-
proved power output at the same VO2 (Lansley et
al., 2011a) with acute BRS compared to placebo.
However, these 3 previous investigations used ei-
ther exclusively or mostly male participants. Our
finding of no improvement in ExEc with BRS
agrees with that of Wickham et al. (Wickham et
al., 2019), who also used a submaximal exercise
protocol with an exclusively female study popula-
tion (n=12), although the participants were recre-
ationally active and young (average age of 23 yrs.).
Considering that both Wickham et al. (Wickham
et al., 2019) and the present study found no dif-
ference in ExEc with BRS, sex differences should
be considered as a possible explanation, at least
in part, for the conflicting findings. However, it is
likely that additional methodological differences
between studies underlie the conflicting findings
across investigations, as is discussed below.

The secondary aim of the present study was
to determine the effects of BRS on resting and
post-exercise BP in our study participants. Al-
though there was no treatment difference at
baseline or pre-exercise, post-exercise diastolic
BP was significantly lower with BE compared
to PL. This contrasts with that of Amaral and
colleagues (2019), who investigated the effects

of acute BRS on post-exercise BP in 13 female
participants (average age 58 yrs.) and reported
no difference in post-exercise BP between treat-
ments. In the present study, 7 of our partic-
ipants were postmenopausal and 4 were peri-
menopausal, but were all healthy, trained indi-
viduals, whereas Amaral et al.’s participants were
all post-menopausal, but were untrained and hy-
pertensive. It is unclear why diastolic BP was
reduced in our normotensive population but not
in the hypertensive population in Amaral et al.
(Amaral et al., 2019). It is important to study
females who are peri-menopausal, menopausal,
and post-menopausal, since menopause is as-
sociated with a 2-fold greater risk of hyperten-
sion (Barton & Meyer, 2009); finding ways to re-
duce risk of developing hypertension and reduc-
ing overall cardiovascular disease risk is of great
public health importance for this significant por-
tion of the population.

Stanaway and colleagues (Stanaway et al., 2019)
investigated differences in the BP response to
BRS in older (age 56 yrs.) vs younger (age 25
yrs.) male and female adults, and found that
while resting systolic and diastolic BP was de-
creased to the same extent in both age groups
with BRS compared to placebo, the decrease in
diastolic BP was significantly greater in the older
compared to the younger group. In the present
study, the treatment difference in systolic BP ap-
proached significance at p = 0.053 (treatment by
time), while diastolic BP was significantly low-
ered. Taken together, the findings of Stanaway
et al. (2019) and those of the present study sug-
gest that BRS may benefit older individuals to a
greater extent for blood pressure reduction pur-
poses, particularly in lowering diastolic BP.

The methodological differences that likely un-
derlie the conflicting findings among studies of
BRS and exercise, BP, and ExEc include differ-
ences in the populations of interest and partic-
ipant characteristics (e.g., sex, training status,
and age), and the timing and frequency of supple-
ment ingestion. However, perhaps the most im-
portant difference between studies of acute BRS
is the NO3- content (i.e., dose) of the supple-
ments given. Gallardo and Coggan (2018) sug-
gested that the minimal effective NO3- dose to
impact exercise efficiency is at least 5.0 mmol;
they also analyzed the nitrate content of several
commercially available BRS, and determined that
the BRS used in the present study (BeetElite,
HumanN Co., Austin, TX, USA) contained only
2.16 ± 0.28 mmol NO3-. A recent review by
Macuh and Knep (2021) suggested that BRS is
an effective ergogenic aid when taken in the dose
range of 5 to 16.8 mmol, 2 to 3 hours before ex-
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Figure 5: Treadmill test time and peak oxygen consumption (VO2).

Note. (A) Total treadmill time; test was terminated, and the end time recorded, when participants
reached 85% of age-predicted maximum heart rate. No difference was found between treatments (p
= 0.915. (B) Peak VO2 during the treadmill test for each treatment; no difference was found between
treatments (p = 0.314). Values are mean ± SE.

ercise. Lorenzo Calvo and colleagues (2020) re-
ported a similar finding based on their system-
atic review, concluding that the effective range is
6 to 12.4 mmol taken 2 to 3 hours before exercise;
however, they reported that the effects of BRS on
ExEc are unclear, even when taken within the ef-
fective range. Therefore, our findings of no differ-
ence between BRS and placebo are likely due to
the minimal NO3- content and timing of dosage.
However, NO3- content differences do not solely
explain differences in findings between studies.
Wickham and colleagues (2019) found no differ-
ences in ExEc despite their BRS containing 26
mmol, and Amaral et al. (2019) reported no dif-
ference in post-exercise BP, despite administering
a relatively high dosage BRS (20.78 mmol).

Another factor that may explain differences in
findings is the timing of supplement administra-
tion. Most of the acute studies provide BRS 2
to 3 hours prior to exercise and/or resting BP
measurement (Amaral et al., 2019; Lansley et al.,
2011a; Muggeridge et al., 2013; Stanaway et al.,
2019; Vanhatalo et al., 2010; Wickham et al.,
2019). It has been reported that while plasma
NO3- concentrations rise rapidly within 30 min
of BRS ingestion and may peak as early as 1.5
h post-ingestion (Webb et al., 2008), the peak
plasma concentration most likely occurs closer to
3 h after ingesting a BRS containing 4 mmol or
greater NO3- (Kapil et al., 2010). Therefore, the
timing of our dose in the present study likely con-
tributed to the findings of no difference in ExEc.

There are limitations to the present study. First,
it is possible that starting our treadmill protocol
at 30-min post-supplementation may have been

too soon to detect an effect on oxygen consump-
tion. Second, we did not assess plasma nitrite
and nitrate levels, which would have given a more
accurate picture of the plasma response to the
treatments. Third, we used a treadmill exercise
test in trained swimmers rather than a swimming
test; however, this was done due to the significant
challenges associated with collecting VO2 data
during a swimming test. Lastly, the dietary ni-
trate content of the chosen supplement may have
simply been too low to elicit a physiological effect
on oxygen consumption.

5 Conclusion

Acute beetroot supplementation did not improve
exercise economy in this population of trained fe-
male masters athletes, although it did lower di-
astolic blood pressure in this healthy, normoten-
sive group. Further research is warranted in
menopausal and post-menopausal females, in-
cluding those who are hypertensive, and in other
female masters athlete groups.

Acknowledgments
The authors wish to thank our participants for
their time and dedication, Ambassador Ridgway
for the support of collaborative research (O.S),
and the HumanN Co., Austin, TX, for providing
the beetroot supplement.

Conflict of Interest
The HumanN Co., Austin, TX, provided the beet-
root supplement for the study.

Journal of Kinesiology and Wellness



Journal of Kinesiology and Wellness Eastman et al.

Funding Sources
This study was conducted with support from the
Hamline University Summer Collaborative Re-
search program.

ORCiD
Lisa Ferguson-Stegall: https://orcid.org/0000-
0001-6155-8735

References

Amaral, A., Mariano, I., Carrijo, V., Souza, T.,
Batista, J., Mendonca, A., Souza, A.,
Caixeta, D., Teixeira, R., Espindola, F.,
Oliveria, E., & Puga, G. (2019). A single
dose of beetroot juice does not change
blood pressure response mediated by
acute aerobic exercise in hypertensive
postmenopausal women. Nutrients, 11(6).
https://doi.org/10.3390/nu11061327

Bailey, S., Winyard, P., Vanhatalo, A., Black-
well, J., Dimenna, F., Wilkerson, D., Tarr,
J., Benjamin, N., & Jones, A. (2009).
Dietary nitrate supplementation reduces
the O2 cost of low-intensity exercise and
enhances tolerance to high-intensity exer-
cise in humans. Journal of Applied Phys-
iology, 107(4), 1144–1155. https://doi.
org/10.1152/japplphysiol.00722.2009

Barton, M., & Meyer, M. (2009). Postmenopausal
hypertension: Mechanisms and therapy.
Hypertension (Dallas, Tex. : 1979), 54(1),
11–18. https : / / doi . org / 10 . 1161 /
hypertensionaha.108.120022

Boorsma, R., Whitfield, J., & Spriet, L. (2014).
Beetroot juice supplementation does not
improve performance of elite 1500-m run-
ners. Medicine and Science in Sports and
Exercise, 46(12), 2326–2334. https://doi.
org/10.1249/mss.0000000000000364

Castro, T., Assis Manoel, F., Figueiredo, D.,
Figueiredo, D., & Machado, F. (2019). Ef-
fects of chronic beetroot juice supplemen-
tation on maximum oxygen uptake, ve-
locity associated with maximum oxygen
uptake, and peak velocity in recreational
runners: A double-blinded, randomized
and crossover study. European Journal of
Applied Physiology, 119(5), 1043–1053.
https://doi.org/10.1007/s00421-019-
04094-w

Esen, O., Nicholas, C., Morris, M., & Bailey, S.
(2019). No effect of beetroot juice supple-
mentation on 100-m and 200-m swim-
ming performance in moderately trained

swimmers. International Journal of Sports
Physiology and Performance, 14(6), 706–
710. https : / / doi . org / 10 . 1123 / ijspp .
2018-0654

Faul, F., Erdfelder, E., Lang, A., & Buchner, A.
(2007). G*Power 3: A flexible statistical
power analysis program for the social, be-
havioral, and biomedical sciences. Behav-
ioral Research Methods, 39(2), 175–191.
https://doi.org/10.3758/bf03193146

Gallardo, E., & Coggan, A. (2018). What’s in your
beet juice? Nitrate and nitrite content
of beet juice products marketed to ath-
letes. International Journal of Sport Nutri-
tion and Exercise Metabolism, 1–17. https:
//doi.org/10.1123/ijsnem.2018-0223

Jones, A. (2014). Dietary nitrate supplemen-
tation and exercise performance. Sports
Medicine, 44 Suppl 1, 35–45. https://doi.
org/10.1007/s40279-014-0149-y

Kapil, V., Milsom, A., Okorie, M., Maleki-
Toyserkani, S., Akram, F., Rehman, F.,
Arghandawi, S., Pearl, V., Benjamin,
N., Loukogeorgakis, S., Macallister, R.,
Hobbs, A., Webb, A., & Ahluwalia, A.
(2010). Inorganic nitrate supplementa-
tion lowers blood pressure in humans:
Role for nitrite-derived NO. Hyperten-
sion (Dallas, Tex. : 1979), 56(2), 274–
281. https : / / doi . org / 10 . 1161 /
hypertensionaha.110.153536

Lansley, K., Winyard, P., Bailey, S., Vanhatalo, A.,
Wilkerson, D., Blackwell, J., Gilchrist, M.,
Benjamin, N., & Jones, A. (2011). Acute
dietary nitrate supplementation improves
cycling time trial performance. Medicine
and Science in Sports and Exercise, 43(6),
1125–1131. https://doi.org/10.1249/
MSS.0b013e31821597b4

Lansley, K., Winyard, P., Fulford, J., Vanhatalo,
A., Bailey, S., Blackwell, J., DiMenna, F.,
Gilchrist, M., Benjamin, N., & Jones, A.
(2011). Dietary nitrate supplementation
reduces the O2 cost of walking and run-
ning: A placebo-controlled study. Journal
of Applied Physiology, 110(3), 591–600.
https://doi.org/10.1152/japplphysiol.
01070.2010

Larsen, F., Weitzberg, E., Lundberg, J., & Ek-
blom, B. (2007). Effects of dietary nitrate
on oxygen cost during exercise. Acta Phys-
iologica (Oxf, 191(1), 59–66. https://doi.
org/10.1111/j.1748-1716.2007.01713.x

Lorenzo Calvo, J., Alorda-Capo, F., Pareja-
Galeano, H., & Jiménez, S. (2020). In-
fluence of Nitrate Supplementation on
Endurance Cyclic Sports Performance. A

Journal of Kinesiology and Wellness

https://orcid.org/0000-0001-6155-8735
https://orcid.org/0000-0001-6155-8735
https://doi.org/10.3390/nu11061327
https://doi.org/10.1152/japplphysiol.00722.2009
https://doi.org/10.1152/japplphysiol.00722.2009
https://doi.org/10.1161/hypertensionaha.108.120022
https://doi.org/10.1161/hypertensionaha.108.120022
https://doi.org/10.1249/mss.0000000000000364
https://doi.org/10.1249/mss.0000000000000364
https://doi.org/10.1007/s00421-019-04094-w
https://doi.org/10.1007/s00421-019-04094-w
https://doi.org/10.1123/ijspp.2018-0654
https://doi.org/10.1123/ijspp.2018-0654
https://doi.org/10.3758/bf03193146
https://doi.org/10.1123/ijsnem.2018-0223
https://doi.org/10.1123/ijsnem.2018-0223
https://doi.org/10.1007/s40279-014-0149-y
https://doi.org/10.1007/s40279-014-0149-y
https://doi.org/10.1161/hypertensionaha.110.153536
https://doi.org/10.1161/hypertensionaha.110.153536
https://doi.org/10.1249/MSS.0b013e31821597b4
https://doi.org/10.1249/MSS.0b013e31821597b4
https://doi.org/10.1152/japplphysiol.01070.2010
https://doi.org/10.1152/japplphysiol.01070.2010
https://doi.org/10.1111/j.1748-1716.2007.01713.x
https://doi.org/10.1111/j.1748-1716.2007.01713.x


Journal of Kinesiology and Wellness 9

Systematic Review. Nutrients, 12(6), 1796.
https://doi.org/10.3390/nu12061796

Losnegard, T., Schäfer, D., & Hallén, J. (2014).
Exercise economy in skiing and running.
Frontiers in Physiology, 5, 5–5. https://
doi.org/10.3389/fphys.2014.00005

Lowings, S., Shannon, O., Deighton, K., Matu, J.,
& Barlow, M. (2017). Effect of dietary ni-
trate supplementation on swimming per-
formance in trained swimmers. Interna-
tional Journal of Sport Nutrition and Ex-
ercise Metabolism, 27(4), 377–384. https:
//doi.org/10.1123/ijsnem.2016-0251

Lundberg, J., & Govoni, M. (2004). Inorganic ni-
trate is a possible source for systemic gen-
eration of nitric oxide. Free Radical Biol-
ogy and Medicine, 37(3), 395–400. https:
/ / doi . org / 10 . 1016 / j . freeradbiomed .
2004.04.027

Macuh, M., & Knap, B. (2021). Effects of Ni-
trate Supplementation on Exercise Perfor-
mance in Humans: A. Narrative Review.
Nutrients, 13(9), 3183.

Muggeridge, D., Howe, C., Spendiff, O., Pedlar,
C., James, P., & Easton, C. (2013). The ef-
fects of a single dose of concentrated beet-
root juice on performance in trained flat-
water kayakers. International Journal of
Sport Nutrition and Exercise Metabolism,
23(5), 498–506. https : / / doi . org / 10 .
1123/ijsnem.23.5.498

Perez, J., Dobson, J., Ryan, G., & Riggs, A.
(2019). The effects of beetroot juice on
VO2max and blood pressure during sub-
maximal exercise. International Journal of
Exercise Science, 12(2), 332–342.

Pinna, M., Roberto, S., Milia, R., Marongiu, E.,
Olla, S., Loi, A., Migliaccio, G., Padulo,
J., Orlandi, C., Tocco, F., Concu, A.,
& Crisafulli, A. (2014). Effect of beet-
root juice supplementation on aerobic re-
sponse during swimming. Nutrients, 6(2),
605–615. https : / / doi . org / 10 . 3390 /
nu6020605

Pospieszna, B., Wochna, K., Jerszyński, D.,
Gościnna, K., & Czapski, J. (2016). Er-
gogenic effects of dietary nitrates in fe-
male swimmers. Trends in Sport Sciences,
1(23), 13–20.

Rokkedal-Lausch, T., Franch, J., Poulsen, M.,
Thomsen, L., Weitzberg, E., Kamavuako,
E., Karbing, D., & Larsen, R. (2021).
Multiple-day high-dose beetroot juice
supplementation does not improve pul-
monary or muscle deoxygenation kinetics
of well-trained cyclists in normoxia and
hypoxia. Nitric oxide : biology and chem-

istry, 111–112, 37–44. https://doi.org/
10.1016/j.niox.2021.03.006

Schneider, C., Rasband, W., & Eliceiri, K. (2012).
NIH Image to ImageJ: 25 years of image
analysis. Nature Methods, 9, 671. https:
//doi.org/10.1038/nmeth.2089

Spiegelhalder, B., Eisenbrand, G., & Preuss-
mann, R. (1976). Influence of dietary ni-
trate on nitrite content of human saliva:
Possible relevance to in vivo formation of
N-nitroso compounds. Food and Cosmet-
ics Toxicology, 14(6), 545–548.

Stanaway, L., Rutherfurd-Markwick, K., Page,
R., Wong, M., Jirangrat, W., Teh, K.,
& Ali, A. (2019). Acute supplementation
with nitrate-rich beetroot juice causes a
greater increase in plasma nitrite and re-
duction in blood pressure of older com-
pared to younger adults. Nutrients, 11(7),
1683. https : / / doi . org / 10 . 3390 /
nu11071683

Tanaka, H., Monahan, K., & Seals, D. (2001).
Age-predicted maximal heart rate revis-
ited. Journal of the American College of
Cardiology, 37(1), 153–156. https://doi.
org/10.1016/s0735-1097(00)01054-8

Vanhatalo, A., Bailey, S., Blackwell, J., DiMenna,
F., Pavey, T., Wilkerson, D., Benjamin, N.,
Winyard, P., & Jones, A. (2010). Acute
and chronic effects of dietary nitrate
supplementation on blood pressure and
the physiological responses to moderate-
intensity and incremental exercise. Amer-
ican Journal of Physiology - Regulatory,
Integrative and Comparative Physiology,
299(4), 1121–1131. https://doi.org/10.
1152/ajpregu.00206.2010

Waldron, M., Waldron, L., Lawlor, C., Gray,
A., & Highton, J. (2018). Beetroot sup-
plementation improves the physiological
responses to incline walking. European
Journal of Applied Physiology, 118(6),
1131–1141. https://doi.org/10.1007/
s00421-018-3843-x

Webb, A., Patel, N., Loukogeorgakis, S., Okorie,
M., Aboud, Z., Misra, S., Rashid, R., Miall,
P., Deanfield, J., Benjamin, N., MacAllis-
ter, R., Hobbs, A., & Ahluwalia, A. (2008).
Acute blood pressure lowering, vasopro-
tective, and antiplatelet properties of di-
etary nitrate via bioconversion to nitrite.
Hypertension (Dallas, Tex. : 1979), 51(3),
784–790. https : / / doi . org / 10 . 1161 /
hypertensionaha.107.103523

Wickham, K., McCarthy, D., Pereira, J., Cervone,
D., Verdijk, L., Loon, L., Power, G., &
Spriet, L. (2019). No effect of beetroot
juice supplementation on exercise econ-

Journal of Kinesiology and Wellness

https://doi.org/10.3390/nu12061796
https://doi.org/10.3389/fphys.2014.00005
https://doi.org/10.3389/fphys.2014.00005
https://doi.org/10.1123/ijsnem.2016-0251
https://doi.org/10.1123/ijsnem.2016-0251
https://doi.org/10.1016/j.freeradbiomed.2004.04.027
https://doi.org/10.1016/j.freeradbiomed.2004.04.027
https://doi.org/10.1016/j.freeradbiomed.2004.04.027
https://doi.org/10.1123/ijsnem.23.5.498
https://doi.org/10.1123/ijsnem.23.5.498
https://doi.org/10.3390/nu6020605
https://doi.org/10.3390/nu6020605
https://doi.org/10.1016/j.niox.2021.03.006
https://doi.org/10.1016/j.niox.2021.03.006
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.3390/nu11071683
https://doi.org/10.3390/nu11071683
https://doi.org/10.1016/s0735-1097(00)01054-8
https://doi.org/10.1016/s0735-1097(00)01054-8
https://doi.org/10.1152/ajpregu.00206.2010
https://doi.org/10.1152/ajpregu.00206.2010
https://doi.org/10.1007/s00421-018-3843-x
https://doi.org/10.1007/s00421-018-3843-x
https://doi.org/10.1161/hypertensionaha.107.103523
https://doi.org/10.1161/hypertensionaha.107.103523


Journal of Kinesiology and Wellness Eastman et al.

omy and performance in recreationally
active females despite increased torque
production. Physiological Reports, 7(2),
13982. https://doi.org/10.14814/phy2.
13982

Wickham, K., & Spriet, L. (2019). No longer beet-
ing around the bush: A review of poten-
tial sex differences with dietary nitrate
supplementation. Applied Physiology Nu-
trition and Metabolism, 44(9), 915–924.
https://doi.org/10.1139/apnm-2019-
0063

Corresponding Author
Lisa Ferguson-Stegall, PhD, FACSM
Hamline University
1536 Hewitt Ave, MS-B1807
Saint Paul, MN 55104-1284
Email: lstegall01@hamline.edu
Phone: +1 (651) 523-2147

Copyright Notice
©2023 by Alyssa Q. Eastman, Owen Sloop, Rohit
A. Gokhale and Lisa M. Ferguson-Stegall

License

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0
International License.

Journal of Kinesiology and Wellness

https://doi.org/10.14814/phy2.13982
https://doi.org/10.14814/phy2.13982
https://doi.org/10.1139/apnm-2019-0063
https://doi.org/10.1139/apnm-2019-0063
mailto:lstegall01@hamline.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Introduction
	Methods
	Experimental Design
	Participants
	Pre-Trial Diet and Nitrate/Nitrite Washout
	Experimental Beverages

	Measurements
	Salivary NO2- Response
	Blood Pressure
	Treadmill Testing
	Exercise Economy
	Heart Rate
	Rating of Perceived Exertion

	Statistical Analyses

	Results
	Blood pressure
	Salivary NO2-
	Exercise Economy
	Heart Rate
	Rating of Perceived Exertion

	Discussion
	Conclusion
	References

