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Abstract

Dietary nitrate (NO3™) supplementation via beetroot juice has been shown to increase the exercise
capacity of younger and older adults. The purpose of this study was to investigate the effects of
acute NO3™ ingestion on the submaximal constant work rate exercise capacity of COPD patients.
Fifteen patients were assigned in a randomized, single-blind, crossover design to receive one of
two treatments (beetroot juice then placebo or placebo then beetroot juice). Submaximal constant
work rate exercise time at 75% of the patient’s maximal work capacity was the primary outcome.
Secondary outcomes included plasma NO3™ and nitrite (NO,™) levels, blood pressure, heart rate,
oxygen consumption (VO,), dynamic hyperinflation, dyspnea and leg discomfort. Relative to
placebo, beetroot ingestion increased plasma NO3™ by 938% and NO,™ by 379%. Median (+
interquartile range) exercise time was significantly longer (p = 0.031) following the ingestion of
beetroot versus placebo (375.0 + 257.0 vs. 346.2 + 148.0 sec., respectively). Compared to placebo,
beetroot ingestion significantly reduced iso-time (p = 0.001) and end exercise (p = 0.008) diastolic
blood pressures by 6.4 and 5.6 mmHg, respectively. Resting systolic blood pressure was
significantly reduced (p = 0.019) by 8.2 mmHg for the beetroot versus the placebo trial. No other
variables were significantly different between the beetroot and placebo trials. These results
indicate that acute dietary NO3~ supplementation can elevate plasma NO3~ and NO,™
concentrations, improve exercise performance, and reduce blood pressure in COPD patients.
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1.0 INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a progressive lung disease affecting the
airways and/or lung parenchyma of primarily older adults that results in a mostly irreversible
airway obstruction (31, 43). Pathophysiological consequences of COPD include skeletal
muscle deconditioning, ventilatory and gas exchange impairments resulting in tissue
hypoxia, and psychological disturbances all of which result in a shortness of breath
(dyspnea) and a poor exercise tolerance. Because of these problems, COPD patients engage
in lower levels of physical activity as compared to age-matched controls (38, 49, 50). This
reduction in activity leads to further cardiovascular and musculoskeletal system
deconditioning and increases in activity-related dyspnea thus provoking further decreases in
physical activity. Unless interrupted, this spiral of dyspnea, inactivity, and deconditioning
ultimately leads to the inability of COPD patients to perform basic activities of daily living.
This loss of physical function has the potential to further increase the risk of morbidity and
mortality as well as healthcare costs. Exercise (5, 6, 45) and optimal pharmacological
management (28, 33) have both been shown to improve the exercise capacity and physical
function of COPD patients.

Recently, dietary nitrate (NO3™) has been shown to be a nutraceutical that can improve
exercise capacity in young healthy individuals (3, 9, 20). Dietary NO3™ supplementation has
been shown to exert its effects as a result of its conversion to NO,™ and then to NO. NO is
recognized as an endogenous effector molecule that has a role in a variety of physiological
functions including vasoregulation, vascular homeostasis, neurotransmission, cellular
metabolism and immune function (24, 55). Following NO3~ consumption, it is absorbed in
the stomach and small intestines. While approximately 75% of the NO3™ is excreted by the
kidneys, the remainder is taken up by the salivary glands and concentrated in the saliva (47).
Salivary NO3™ is then reduced to NO,™ via facultative bacteria found in the oral cavity (39).
Once swallowed and within the acidic environment of the stomach, NO,™ is then converted
to NO (4, 25). This NO3™—NO,"-—NO pathway has been proposed as a complementary
pathway to the L-arginine nitric oxide synthase (NOS) system as a source of NO (24). Given
the L-arginine NOS system is oxygen dependent, whereas activity of the NO3™—NO,™-
—NO pathway increases as oxygen tensions decrease, the latter pathway can be viewed as a
back-up system for NO production during hypoxic conditions, which can occur in COPD
patients and during exercise.

Vegetables are a primary source of NO3™ in the human diet. In particular, green leafy
vegetable and beetroots have a high NO3™ concentration. Nitrate supplementation via
beetroot juice has been shown to reduce oxygen consumption (VO,) during submaximal
exercise and increase the time to exhaustion during high intensity exercise in young healthy
subjects (3, 23). Vanhatalo et al. recently found that in young healthy subjects NO3~
supplementation via beetroot juice reduced muscle metabolic perturbations during hypoxic
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exercise and restored exercise tolerance and oxidative function to values observed in
normoxia (52). These results suggest that stimulating the NO3™—NO,™-—NO pathway via
ingestion of dietary NO3™ may have important therapeutic applications for improving
muscle energetics and functional capacity during hypoxic conditions such as exercise in
patients with cardiovascular, pulmonary and/or sleep disorders.

Kelly et al. hypothesized that NO3~ supplementation may also provide beneficial effects for
older adults because of the age associated decline in NO signaling (18). This NO defect is a
result of reduced availability of L-arginine or the cofactor tetrahydrobiopterin, reduced
endothelial NOS activity and/or increased superoxide production (44, 48). Kelly et al.
reported that dietary supplementation of NO3™ over a 2.5 day period significantly increased
plasma NO,™ levels and decreased resting blood pressure and the mean response time of
VO, in healthy older adults (18). These results suggest that dietary NO3™ intake has the
potential to improve the exercise capacity of older adults.

Given COPD patients experience greater degrees of tissue hypoxia, have a decreased
exercise capacity, are often older and the fact that dietary NO3™ has been shown to improve
exercise performance, it was the purpose of this investigation to examine the effects of acute
NO3™ supplementation, via beetroot juice consumption, on submaximal constant work rate
exercise in patients with COPD. If NO3™ supplementation can increase exercise tolerance in
COPD patients by reducing the oxygen cost of exercise at a given work rate, this molecule
could potentially serve as a therapeutic agent allowing these patients to retain physical
function and remain active thus delaying or even preventing the loss of physical function
and independence.

2.0 METHODS

2.1 Design and Overview

This investigation was a single-blind, placebo-controlled, cross over study with submaximal
constant work rate exercise time as the primary outcome. Patients completed four visits as
part of the study protocol. During visit 1, patients completed baseline pulmonary function
testing, health status questionnaires, had a brief medical examination and completed an
incremental exercise test on an electronically braked cycle ergometer to determine their
maximal exercise work rate. Visit 2 was performed approximately one week later and
consisted of additional pulmonary function and lung volume testing, as well as a
familiarization submaximal constant work rate exercise test on an electronically braked
cycle ergometer at 75% of patients’ maximal work rate. This type of exercise test has been
used in previous trials with COPD patients examining the effects of pharmaceutical agents
on exercise performance and is designed to exhaust the patient between four and ten minutes
(33, 37, 42). Upon successful completion of visits 1 and 2, patients were randomized into the
single-blind, cross-over treatment segment of the study. In this part of the study, patients
were randomly assigned to one of two treatments, beetroot juice (visit 3) and placebo (visit
4) or placebo (visit 3) and beetroot juice (visit 4). Visits 3 and 4 were separated by at least a
seven day wash-out period. All visits were performed at a similar time in the morning.
While patients were informed that the purpose of the study was to examine the effects of
dietary NO3~ on exercise performance, they were not informed by the study staff as to
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which beverage was high in NO3™. Investigators collecting study related data and supplying
the beverages to the patients were not aware of the beverage supplied to the patient.
Additionally, all patients were asked not to inform the study staff as to which beverage they
had consumed when they returned for follow-up testing on visits 3 and 4. A schematic of the
study visits is shown in Figure 1.

The study sample consisted of fifteen COPD patients; eleven white males, one African-
American male and three white females. Subjects were recruited from previous exercise
interventions with COPD patients as well as newspaper adverts. All subjects who agreed to
participate signed an informed consent form approved by the Institutional Review Board at
Wake Forest University. Exclusion criteria and screening methods are listed in Table 1.

2.3 Study Procedures

2.3.1 Visit 1—After signing the informed consent, patients completed pulmonary function
tests to determine if they qualified to participate. These tests were conducted according to
the American Thoracic Society/European Respiratory Society standards (30). Those who did
qualify then completed a medical history questionnaire and a physical examination. Patients
then performed an incremental exercise test on a Velotron Rehab electronically braked cycle
ergometer (RacerMate Inc.) at a pedal rate between 50 and 70 rpm. The exercise test began
with three minutes of quiet breathing followed by one minute of pedaling at five watts (W).
The work rate was then increased by 10 or 15 W each minute thereafter until volitional
exhaustion. Patient’s maximum work rate was defined as the highest work rate (watts)
maintained for = 30 seconds. Heart rate, arterial oxygen saturation levels and ratings of
perceived dyspnea and leg discomfort were obtained at rest and each minute of the test.
Blood pressure was assessed at rest and every two minutes thereafter. Oxygen consumption
was monitored continuously throughout the test. Testing instructions and encouragement
were standardized throughout all aspects of the testing for each patient. At the conclusion of
Visit 1, patients were given a food log and instructed to record all foods and beverages
consumed in the 24 hours prior to visit 2. The food log also contained a list of foods high in
NO3~ which patients were instructed to avoid 48 hours prior to subsequent visits. The food
list was also used as a reference to replicate a similar dietary pattern before subsequent
visits. To prevent the elimination of NO3™ reducing oral bacteria, patients were instructed to
avoid the use of mouthwash for 48 hours prior to and on the day of subsequent visits.
Subjects were also instructed to maintain their normal medication routines.

2.3.2 Visit 2—Upon arrival for visit 2, patients completed lung volume and diffusion
capacity testing according to the American Thoracic Society/European Respiratory Society
standards (26, 53). A submaximal constant work rate exercise test was then performed. The
exercise test began with three minutes of quiet breathing followed by three minutes of
pedaling at five W, after which the work rate was increased to 75% of the patient’s maximal
work rate. If this constant work rate was not maintained for at least four minutes, a 10%
decrease in work rate was applied for visits 3 and 4. Conversely, if patients were able to
maintain 75% of their maximum work rate for more than 10 minutes, a 10% increase in
work rate was applied for visits 3 and 4. Throughout the test (rest, 5 W pedaling and 75% of
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max work rate), the patient’s VO, was monitored continuously and recorded as 30 second
averages. During the second minutes of the rest and the 5 W exercise period, blood pressure
and arterial O, saturation were measured. During the final minute of the 5 W exercise
period, the inspiratory capacity was measured. During minute two and every subsequent
third minute thereafter of the constant work rate exercise test, blood pressure and arterial O,
saturation were measured. During minute three and every subsequent third minute thereafter
of the constant work rate exercise test, ratings of dyspnea and leg discomfort were
measured. Following completion of the exercise test, patients were randomly assigned to
one of two treatments - beetroot juice (visit 3) then placebo (visit 4) or placebo (visit 3) then
beetroot juice (visit 4). At the conclusion of visit 2, patients received either the beetroot or
placebo beverage from a member of the study staff. Patients were then given another food
log and instructed on a dietary pattern to follow for the 48 hours prior to visit 3. Lastly,
patients were instructed to ingest their beetroot or placebo beverage two and a half hours
prior to their scheduled visit 3. The beetroot juice was administered in the form of two 70 ml
bottles of commercially available beetroot juice (Beet It Stamina Shot, James White Drinks),
each containing 3.79 millimoles of NO3™. Therefore, patients who received the beetroot
beverage consumed a total of 7.58 millimoles of NO3™ prior to study visit 3. The placebo
beverage was administered in the form of one 163 ml can of commercially available prune
juice (Sunsweet) which contained less than 0.01 millimoles of NO3™. The prune juice was
selected as the placebo due to the fact that it had minimal levels of NO3™~, had a similar
consistency and similar levels of fiber and carbohydrates. The beetroot juice contained 1
gram of fiber, 32 grams of sugar and a total of 32 grams of carbohydrates. The prune juice
contained 1 gram of fiber, 16 grams of sugar and a total of 28 grams of carbohydrates.
Patients were again reminded to avoid foods high in NO3™ and the use of mouthwash for 48
hours prior to visit 3.

2.3.3 Visit 3—Upon arrival for visit 3, one 4 mL venous blood sample was obtained to
determine plasma NO3~ and NO5™ levels. A submaximal constant work rate exercise test
was then performed at either 75% of the patient’s maximal work rate as determined from
visit one or at an adjusted rate based on the results of visit two. The exercise test followed
the same procedures described for visit 2. At the end of testing, patients were provided with
their beverage for visit 4, a food log, and were again reminded to avoid foods high in NO3~
and the use of mouthwash for 48 hours prior to visit 4.

2.3.4 Visit 4—All study procedures followed during study visit 3 were followed during
study visit 4.

2.4 Study Outcomes

2.4.1 Primary Outcome—The primary outcome for this investigation was exercise time
(in seconds) measured during the submaximal constant work rate exercise tests performed
during visits 3 and 4. Exercise time was recorded as the time in seconds from the start of the
75% of max work rate to the point of symptom limitations. Standardized encouragement
was provided throughout all tests.
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2.4.2 Secondary Outcomes—Secondary outcomes included plasma NO3™ and NO,~
levels, VO, rate of perceived dyspnea and leg discomfort, systolic and diastolic blood
pressure, heart rate and dynamic hyperinflation. The evaluation of secondary outcomes was
done at three time points during the constant work rate tests of visits 3 and 4. These were at
rest, iso-time exercise and at the end of exercise. Iso-time exercise was defined as the last
minute of the shortest exercise time during either visit 3 or 4. Values were then matched
with those obtained at the same time from the subsequent longer duration exercise test. End
of exercise blood pressure, inspiratory capacity and arterial oxygen saturation levels were
measured as the last set of data collected during each of the tests. Oxygen consumption
values were the final complete 30 second values collected. Heart rate, dyspnea and leg
discomfort were obtained at the end of exercise.

Blood samples were collected in a 4 mL lithium heparin vial from the patient’s antecubital
vein to determine plasma NO3™ and NO,™ levels during visits 3 and 4. The blood samples
were centrifuged at 5000 rpm for two minutes, the plasma was removed and immediately
frozen on dry ice in aliquots with 0.4 mL of plasma, and stored in a —80° C freezer for
subsequent analysis. NO3™ and NO,™ levels were determined by nitric oxide analyzer
ENO-20 (EICOM, CA), designed specifically for measuring nitrite and nitrate, used
routinely for plasma samples and based on the colorimetric Greiss assay. Standard curves
were obtained for all measurements and used for quantitative measurements. All pulmonary
function and lung volume testing was performed using a Medical Graphics Corporation Elite
series body plethysmograph. Oxygen consumption data was collected using a Medical
Graphics Corporation Ultima series cardiorespiratory gas exchange system. Dynamic
hyperinflation was determined from changes in the inspiratory capacity of patients between
5 W pedaling and the end of exercise values. Inspiratory capacity was measured according
to the methods of O’Donnell et al (35). Perceived dyspnea and leg discomfort were
measured with the Borg 10 point scale (8). Blood pressure was measured manually using the
auscultatory method with an appropriately sized blood pressure cuff and the same aneroid
sphygmomanometer and stethoscope throughout all testing. Patients were sitting on the bike
at all times with their feet resting on the pedals. Only a single measurement was made at
each time point throughout the exercise tests. Blood pressure was measured in the upper arm
with the stethoscope over the brachial artery by the same experienced examiner. The
subject’s wore loose clothing so that the cuff could be placed directly against the skin and
the arm was supported at the level of the heart by the examiner. In most instances, blood
pressure was measured in the right arm of the subject unless blood had been drawn from that
arm for the nitrate and nitrite determinations. Arterial O, saturation was obtained using a
Nonin 7500 digital pulse oximeter.

2.5 Statistical Analyses

Data were analyzed using SPSS version 22.0. Normalcy of data were first assessed by visual
inspection of normal quantile plots. Suspected deviations from normalcy were subsequently
tested using a Shapiro Wilk test. For variables found not to be normally distributed, a
Wilcoxon signed rank test was used to test for differences between the placebo and the
beetroot juice trials (constant work rate exercise time, nitrite levels, iso-time VO, leg
discomfort and end of exercise inspiratory capacity). For all other variables, dependent t-
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tests were used to test for differences between the placebo and beetroot juice trials. All tests
were two-sided and significance was set at p < 0.05. All normally distributed outcome
variables are reported as means and 95% confidence intervals (CI). Non-normally
distributed variables are reported as medians and interquartile ranges (IQR).

3.0 RESULTS

3.1 Baseline descriptive statistics (mean + SD) for the fifteen patients are presented in Table
2.

3.2 Ingestion of beetroot juice resulted in significantly greater levels of plasma NO3™ (p <
0.001) and NO,™ (p = 0.001) as compared to placebo ingestion. Figure 2 shows the mean +
SEM and individual patient NO3~ levels for both the beetroot juice and placebo trials.
Plasma NO3™~ levels were elevated by 938% when comparing the beetroot juice trial to the
placebo trial. Figure 3 shows the median, IQR and 10t and 90™ percentile levels for NO,~
levels for both the beetroot juice and placebo trials. Plasma NO,™ levels were elevated by
379% when comparing the beetroot juice trial to the placebo trial.

3.3 Figure 4 show the median, IQR and 10t and 90™ percentile ranges for the submaximal
constant work rate exercise times for both the beetroot and placebo juice trials. Median
submaximal constant work rate exercise time was 28.8 sec longer (p = 0.031) following
NO3~ ingestion.

To test for an order effect, we also compared the submaximal constant work rate exercise
times obtained during visit 3 against those from visit 4. There were no significant
differences (p = 0.609) in median exercise times when comparing visit 3 and visit 4. Median
and IQR exercise times for visit 3 and 4 were 350.0 + 175.0 and 346.2 + 232.0 seconds,
respectively.

3.4 Rest, iso-time exercise and end of exercise values for heart rate, oxygen consumption,
systolic and diastolic blood pressures and arterial oxygen saturation levels during the
placebo and beetroot juice trials are shown in Table 3. Heart rates were not significantly
different between the beetroot and placebo trials at rest, iso-time exercise or end exercise.
Oxygen consumption values were not significantly different between the beetroot and
placebo trials at rest, iso-time or end exercise. Resting systolic blood pressure was
significantly lower during the beetroot trial versus the placebo trial. There was a trend (p =
0.065) for resting diastolic blood pressure values to be lower during the beetroot trial as
compared to the placebo trial. Diastolic blood pressures at iso-time exercise and end
exercise were significantly lower following beetroot ingestion as compared to placebo
ingestion. Arterial O, saturation levels were not different between the beetroot juice and the
placebo trials at baseline, iso-time or at the end of exercise.

The percent decrease in inspiratory capacity, as a measure of dynamic hyperinflation, was
not significantly different when comparing the beetroot juice trial to the placebo trial at iso-
time exercise (15.1 [8.7, 21.4] vs. 16.5 [10.3, 22.7] % (mean [95% CI]), respectively, p =
0.704) or at the end of exercise (18.5 + 11.0 vs. 19.0 + 18.5 % (median + IQR), respectively,
p = 0.889). Dyspnea ratings were not significantly different when comparing the beetroot
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juice trial to the placebo trial at iso-time exercise (5.0 [4.1, 5.9] vs. 5.2 [4.2, 6.2],
respectively, p = 0.582) or at the end of exercise (5.9 [4.7, 7.2] vs. 5.6 [4.6, 6.6],
respectively, p = 0.454). Perceived leg discomfort ratings were not significantly different
when comparing the beetroot juice trial to the placebo trial at iso-exercise time (5.0 + 3.0 vs.
5.0 + 3.0 (median + IQR), respectively, p = 0.601) or at the end of exercise (6.6 [5.3, 7.9] vs.
6.2 [5.0, 7.4], respectively, p = 0.305).

4.0 DISCUSSION

The results of this investigation showed that acute ingestion of NO3™-rich beetroot juice as
compared to a placebo drink 1) increased plasma NO3~ and NO,™ concentrations, 2)
extended exercise time during submaximal constant work rate cycle ergometer exercise, 3)
reduced resting systolic blood pressure, and 4) reduced iso-time and end of exercise diastolic
blood pressure in older adults with COPD. To our knowledge, this is the first study to
demonstrate beneficial effects of dietary NO3™ supplementation on exercise performance
and blood pressure in patients with COPD. These findings are similar to those of previous
studies in both young and old healthy subjects where NO3~ was shown to positively
influence exercise outcomes and reduce blood pressure (2, 18-20, 51, 57). Nitrate
supplementation was not found to significantly affect heart rate, VO, inspiratory capacity,
arterial O, saturation levels or perceptions of dyspnea and leg discomfort.

4.1 Effects of Dietary Nitrate Supplementation on Plasma Nitrite Levels

Following beetroot juice supplementation, plasma NO,™ levels increased by 379% relative
to those following placebo ingestion. These findings are consistent with previous studies
reporting significant elevations in plasma NO,™~ concentration after supplementation with
dietary NO3™ in both young (2, 52, 57) and older adults (18, 29). Surprisingly, plasma NO,~
concentrations during the placebo trial were similar to those in young healthy subjects (57).
Previous research suggests that in the absence of supplementation, lower NO,™
concentrations can be expected in older adults due to the increased oxidative stress
associated with aging (46). Other mechanisms suggested for the blunted NO,™ values
reported in older adults include changes in oral bacteria colonization and increased gastric
pH (40).

4.2 Effects of Dietary Nitrate Supplementation on Exercise Capacity

The finding of a significant improvement in constant work rate exercise time may be of
importance to COPD patients, since these patients often present with significant reductions
in their exercise capacity. These reductions in exercise capacity can lead to losses of
physical function and a subsequent inability to perform activities of daily living. Presently,
the use of exercise training, pharmacotherapy, and/or surgery are the only interventions that
have been shown to positively affect exercise tolerance in these patients. Our results add
dietary NO3™ to this list of interventions that may improve the exercise capacity of these
patients. Considering poor exercise capacity is a common condition affecting a large number
of COPD patients, any intervention that improves exercise performance should be
considered in the management of these patients.
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We chose to use a submaximal constant work rate exercise test at 75% of the patient’s
maximal work rate, as it has been shown to be reproducible and highly responsive to
therapeutic interventions such as drug therapies and exercise rehabilitation in individuals
with COPD (37, 41, 42). We found the median exercise time to be almost 29 seconds longer
when patients had ingested the NO3™ rich beetroot juice as compared to the placebo. It
should be noted that the individual patient exercise responses during the beetroot juice and
placebo trials were extremely variable; two patients had large improvements, eleven showed
slight improvements, and two patients showed a slight decrease in exercise time. Puenta-
Maestu et al. reported that the minimum clinically important difference for exercise time
during a constant work rate exercise test at 75% of COPD patient’s maximal power output to
be approximately 101 seconds or 33% of the patient’s baseline value (42). Five of the fifteen
patients had an improvement in exercise time that exceeded the minimum clinically
important difference of 101 seconds when comparing the beetroot and the placebo trails. In a
large scale study investigating the effect of the bronchodilator tiotropium bromide,
O’Donnell and colleagues found that tiotropium use increased post-dose constant work rate
exercise endurance time by 40 seconds following an acute exposure to the drug (33). Our
finding of a 29 second increase in endurance time with a single dose of beetroot juice
compares favorably to that which was seen with acute bronchodilator use.

The reason for the highly variable responses among our patients is unclear. It should be
noted, however, that studies examining the exercise responses to NO3~ supplementation
have produced variable results. In studies involving healthy, recreationally active young
adults, NO3™ supplementation has been shown to improve exercise performance during
moderate to high intensity exercise (9, 57). Interestingly, investigations using more highly
trained, but still relatively young, subjects have not shown improvements in exercise
performance following NO3™ supplementation (7, 11, 12, 56).

The one patient in this investigation that exhibited the greatest increase in exercise time
following consumption of beetroot juice showed an increase of 902 seconds. While this
improvement is of a much greater magnitude than that of the other patients in this study and
may be considered an outlier, we chose not to remove it from our analysis for several
reasons. First, the improvement in exercise time was not a data error. We observed the
increase in exercise time in this patient, and, while we were blinded to which beverage the
patient had received, we distinctly remember being impressed with the length of time this
patient exercised. It was this patient’s fourth visit, and we examined both the familiarization
and third visit exercise times and they were within the 4 to 10 minute window we had
targeted. Additionally, this patient’s VO, was similar among the three exercise trials. As
such we did not feel that we had underestimated this patient’s 75% work load. A second
reason for not removing the data point is that this improvement is lower than values reported
in the literature for a pharmacological intervention. Maltais and colleagues reported that
following 42 days of treatment with the long acting bronchodilator tiotropium bromide, two
patients increased their exercise times during a constant work rate test at 75% of maximum
work capacity by more than 3,000 seconds (27).

Although the precise mechanism to account for the improved exercise time following
ingestion of beetroot juice has yet to be identified, there are several biologically plausible.
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First, within the lung, nitrites have been shown to reduce pulmonary artery pressure during
hypoxia (16). Given pulmonary hypertension is a common complication of COPD and may
contribute to exercise intolerance (10), a reduction in pulmonary artery pressure may
improve exercise capacity. Second, nitrate ingestion has been linked to improved blood flow
and oxygen delivery in healthy older adults and those with peripheral artery disease (18, 19).
A final mechanism may be related to the fact that it has been reported that NO3™
supplementation in mice can increase force production and calcium handling in type Il fibers
(15). Since COPD patients have been reported to have an increased percentage of type Il
fibers (14), nitrate supplementation may exert is beneficial effect on those with the greatest
percent of type two fibers.

We are aware of only two other studies that have investigated the use of dietary NO3™ on
exercise performance in an older population. Kenjale and colleagues examined the effects of
NO3™ supplementation via beetroot juice on the exercise capacity of older adults with
peripheral arterial disease (19). These investigators found that NO3~ supplementation did
increase plasma NO,™ levels, and the change in NO,™ levels was positively associated with
improvements in walking time during a graded exercise test. Kelly et al. examined the
effects of dietary NO3™ supplementation on the O, uptake kinetics and distance walked in
six minutes in a group of healthy, older adults (18). These investigators found that NO3~
supplementation decreased the VO, mean response time in the transition from standing rest
to moderate intensity walking. It did not, however, result in differences in the distance
walked in six minutes. In contrast to the results of Kelly et al., our results and those of
Kenjale et al. suggest that NO3™ supplementation in the form of beetroot juice will increase
exercise performance in older adults. There are several possible reasons for these
differences. First, Kelly et al’s. lack of differences in exercise performance between the
NO3™ and placebo trial may be related to the exercise test used. The six minute walk test is
generally considered to be a submaximal test of a patient’s functional capacity (1) and may
be less responsive to an intervention as compared to a constant work rate test (37). In studies
examining changes in six minute walk distance following an intervention of either a
bronchodilator drug (37) or dietary NO3™ (18) with older adults, changes in walk distance
between the interventional agent and placebo were only about two percent. A second reason
may be related to the exercise intensities used in the various studies. In our investigation and
that of Kenjale et al., improvements in exercise capacity with NO3~ supplementation were
found during near maximal intensity levels. A final reason for the differences may be related
to differences in the fiber type distribution among healthy older adults versus those with
COPD or PAD. Both COPD and PAD patients have been reported to have a greater
percentage of type Il fibers, whereas healthy older adults have a greater percentage of type |
fibers. As previously mentioned, NO3~ supplementation has been reported to increase force
production and calcium handling in type |1 fibers (15). This coupled with the fact that our
patients and those of Kenjale et al. were exercising at near maximal levels where type 1l
fiber recruitment is greater may help explain these differences.
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4.3 Effects of Nitrate Supplementation on the O, cost of Submaximal Constant Work Rate

Exercise

Recent investigations with young healthy adults have shown that the consumption of dietary
NOj3™ results in a significant reduction in the O, cost of moderate and high intensity
exercise. The underlying mechanism responsible for this effect has been ascribed to an
increase in the efficiency of oxidative phosphorylation (13, 22) or a reduced energy cost of
muscular contraction (2). While the mechanism responsible for the lower O, cost has not
been clearly defined, it is thought to be linked to the NO3™—NO,™—NO pathway (17).
Lansley and colleagues demonstrated that NO3~ consumption resulted in a reduced O cost
of walking and moderate and severe intensity running in young, healthy, physically active
males (20). Wylie et al. also demonstrated a reduced O, cost of moderate intensity exercise
in young healthy physically active males (57). The reduced O, cost of exercise following
NO3™ supplementation has been reported in other studies with young healthy adults (3, 51).
We did not find significant differences in resting, iso-time or end of exercise VO, when
comparing the beetroot juice and placebo trials. Thus, it does not appear that a more efficient
aerobic metabolism during the exercise bout may have played a role in the improved
exercise time found during the beetroot juice trial. Our results are similar to those of Kelly et
al. who reported that dietary NO3~ supplementation had no effect on the O, cost of moderate
intensity walking in older adults (18). In contrast Kenjale et al. reported that the O, cost of
exercise in peripheral arterial disease patients was significantly lower following NO3~
ingestion (19). Kenhjale reported that these differences were noted during the initial stages
of a graded exercise test (19). Reasons for these differences may be due to the intensity at
which the exercise measurements are made and/or in the pathophysiology of older adults
versus those with a chronic disease such as COPD or peripheral arterial disease.

4.4 Effects of Nitrate Supplementation on Blood Pressure

Dietary NO3™ have been proposed as a promising therapy for the treatment of arterial
dysfunction associated with aging (46). The NO3™—NO,"—NO pathway can increase NO
bioavailability resulting in smooth muscle relaxation via the synthesis of cyclic guanosine
monophosphate. Significant reductions in systolic and diastolic blood pressure have been
reported in young healthy volunteers, and this reduction has been directly linked to an
increase in NO availability following NO3™ ingestion (21, 54). Findings from our
investigation show a significant reduction in resting systolic (-8 mmHg) blood pressure and
a trend for a decrease in resting diastolic (-3 mmHg) blood pressure following ingestion of
beetroot juice, as compared to the placebo. In addition, iso-time and end of exercise diastolic
blood pressures were significantly reduced (-6 and -5 mmHg, respectively) during the
beetroot juice trial. These findings are very similar to those of a recent study in which NO3~
supplementation increased plasma NO,™~ levels and reduced resting systolic and diastolic
blood pressures in healthy older adults (18). Kenjale et al. reported that in patients with
peripheral arterial disease diastolic blood pressure was significantly reduced three hours post
NOj3™ ingestion and this reduction was maintained during the submaximal work rates of a
graded exercise test (19). Our study provides evidence that dietary NO3™ supplementation
can reduce systolic and diastolic blood pressure in COPD patients in a similar fashion as that
seen in young and older healthy adults and older adults with peripheral arterial disease.
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4.5 Effects of Nitrate Supplementation on Dyspnea and Dynamic Hyperinflation

Studies have shown that dynamic hyperinflation is a significant contributor to dyspnea and
exercise intolerance (35, 36). Given dyspnea is the most commonly reported exercise-
limiting symptoms for COPD patients, it should be regarded as an important outcome when
assessing the effect of interventions on the exercise capacity of COPD patients (34).
Previous studies using long-acting anticholinergic bronchodilators have shown that
reductions in dynamic lung hyperinflation can improve exercise performance in patients
with COPD (32, 33). In the present study, no effects on dynamic lung hyperinflation (as
measured by the percent drop in inspiratory capacity) were evident at either iso-time or end
exercise. Furthermore, ratings of dyspnea and leg discomfort during iso-time and end
exercise were not significantly different when comparing the beetroot juice and placebo
trials. These findings suggest that supplementation of NO3™-rich beetroot juice does not
affect dynamic lung hyperinflation in this population. Moreover, a reduction in dynamic
hyperinflation or an improvement in the patient’s perceptions of breathing and leg
discomfort do not appear to contribute to the improved exercise capacity in the present
study.

4.6 Limitations

Our study does have several limitations. First, in addition to NO3™~, beetroot juice contains
several potentially metabolically active compounds that may have an effect on physiological
function in COPD patients, both at rest and during exercise (e.g. polyphenols and/or
quercetin). We did not use a beetroot juice placebo (i.e. NO3™ depleted beetroot juice);
therefore, the beneficial effects of beetroot juice supplementation cannot be attributed
exclusively to its high NO3™ content. However, previous studies that have used NO3~
depleted beetroot juice have shown similar results which would suggest that it is the NO3™
in beetroot juice that is responsible for these beneficial effects (20). Second, the study
sample consisted of patients with mild or moderate disease severity. It is not known whether
acute NO3™ supplementation will improve the exercise capacity of patients with severe or
very severe COPD. Third, cycling is not a typical activity of daily living for these patients;
therefore, using a cycle ergometer for exercise testing may be a limitation. Fourth, resting
blood pressure measurements were not made in duplicate after five minutes of resting in a
seated position with the patient’s back supported. A single measurement was made after two
minutes of rest while sitting on the bicycle ergometer. Finally, it is also important to note
that the supplementation for this intervention was acute (a single dose consumed 2.5 hours
prior to exercise). Chronic NO3~ supplementation may evoke different physiological
responses in these patients. Future studies should investigate the benefits of longer-term
NO3™~ supplementation, in addition to the use of a NO3™-depleted beetroot juice placebo in
this population.

4.7 Conclusions

In conclusion, acute dietary NO3™ supplementation increased plasma NO3™ and NO,™
concentrations, extended the time-to-exhaustion during submaximal constant work rate
exercise, reduced resting systolic blood pressure, and reduced exercise diastolic blood
pressure in mild to moderately diseased COPD patients. COPD is associated with a number
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of functional and structural changes to the pulmonary and muscular systems that alter
oxygen delivery and utilization resulting in greater amounts of tissue hypoxia and a
decreased exercise tolerance. Given dietary NO3™ has been shown to improve the
physiological responses to exercise, some patients with COPD may benefit from the effects
of dietary NO3™ on exercise capacity.
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Illustrates plasma nitrate concentrations expressed as uM of plasma. Both individual and
mean + SEM concentrations are shown for the beetroot juice (BRJ) and placebo trials.
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Figure 3.
Illustrates plasma nitrite concentrations expressed as nM of plasma for both the beetroot

juice and placebo trials. Boxes represent the interquartile ranges with the line within each
representing the median value. The error bars project to the 101 and 90t percentiles with
the circles at each end representing the smallest and largest values..
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Figure 4.
Illustrates submaximal constant work rate exercise time in seconds for both the beetroot

juice and placebo trials. Boxes represent the interquartile ranges with the line within each
representing the median value. The error bars project to the 101 and 90t percentiles with
the circles at each end representing the smallest and largest values.
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Table 1
Exclusion criteria and screening methods
CRITERIA EXCLUSIONS SCREENING METHODS
Health Patients with a significant disease or condition other than COPD which, inthe | Medical history, Physical
opinion of the investigators, may have (i) put the patient at risk because of exam, Graded Exercise
participation in the study, (ii) influenced the results of the study, or (iii) caused | Test, Personal Physician
concern regarding the patient’s ability to participate in the study.
Patients who required the use of supplemental oxygen therapy.
Patients who had a limitation of exercise performance as a result of factors
other than fatigue or exertional dyspnea, such as arthritis in the leg, angina
pectoris, claudication or other conditions.
Patients who had previously been randomized in this study or are currently
participating in another interventional study.
A respiratory infection or COPD exacerbation in the six weeks prior to Visit 1.
6 Patients with contraindications to exercise:
7 Oxygen saturation value less than 88% during exercise testing.
COPD FEV1/FVC > 70%, FEV; < 20% of predicted Pulmonary function tests,

History

Smoking History

Present Smoker

Questionnaire

Ability to comply
with exercise
interventions

Inability to perform exercise due to physical
disability

History/physical exam

Inability to
complete study

Unwilling and/or unable to participate in all aspects
of the study, i.e., randomization, exercise and
pulmonary function testing, consumption of study
beverages and blood draw

History and questionnaire

Pharmacological

On nitroglycerine or NO3 preparations used with
angina, phosphodiesterase type 5 (PDE5) inhibitors,
including sildenafil (Viagra®), medications to alter
stomach pH (antacids, proton pump inhibitors).

Questionnaire
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Descriptive statistics for patients.

Mean + SD
Age (yr) 69.6 + 8.5
Height (cm) 1732+7.1
Weight (kg) 88.0+18.4
BMI (kg/m?) 29.2+55
FEV (1) 18+04
FEV; (% predicted) 61.8+17.2
FEV1/FVC (%) 55.4+10.3
TLC () 65+1.1
RV (1) 32+10
RV/TLC (%) 46.0 +8.8
VO, max (MI*kg™*min~1) 13.9+35
Maximum Work Rate (watts) | 92.6 + 31.6

Table 2

Page 23

BMI — body mass index. VO2 max — maximum volume of oxygen uptake. FEV1 — forced expiratory volume in one second. FVC — forced vital

capacity. TLC — total lung capacity. RV - residual volume. All values are mean + SD.
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Table 3

Secondary outcome variables at baseline, I1so-time exercise and the end of exercise during the beetroot and
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placebo trials

Beetroot Placebo P

Heart Rate, bpm

Rest 70 [62, 78] 69 [61, 77] 0.707

Iso-time 110 [97, 123] 112 [99, 124] 0.300

End Exercise 117 [100, 137] 123[103, 142] 0.475
Oxygen Consumption, ml*kg=1*min-1

Rest 41[33,4.8] 4.0[3.4,4.6] 0.925

*Iso-time 141+54 13.4+55 0.099

End Exercise | 14.1[11.8, 16.4] 14.4[12.4, 16.4] 0.436
Systolic Blood Pressure, mmHg

Rest 124.3[115.2,133.4] | 132.5[121.7,143.4] | 0.019

Iso-time 160.1 [147.8, 172.5] 167.1 151.7, 182.4] 0.137

End Exercise | 164.0 [147.5,180.5] | 170.4 [153.9, 186.9] | 0.296
Diastolic Blood Pressure, mmHg

Rest 77.2[71.8, 82.6] 80.9[75.3,86.6] | 0.065

Iso-time 79.9 [72.8, 86.9] 86.3[79.6, 92.9] 0.001

End Exercise | 80.0[72.9, 87.1] 85.6[79.7,91.5] | 0.008
Arterial O, Saturation, %

Rest 95.4 [94.4, 96.5] 95.4[94.2, 96.7] 1.0

Iso-time 95.1[93.9, 96.2] 95.1[94.0, 96.2] 0.895

End Exercise | 95.2[93.9, 96.5] 95.2 [94.1, 96.3] 1.0

*
Non-normally distributed variables. Normally distributed va ues are presented as means and [95% confidence intervals]. Non-normally distributed

variables are presented as medians and interquartile ranges.

Nitric Oxide. Author manuscript; available in PMC 2016 August 01.




