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ABSTRACT

Introduction: Beetroot Juice (BJ) contains dietary nitrates that
increase the blood Nitric Oxide (NO) level, decrease Blood
Pressure (BP), increase athletic performance and improve
cognitive functions but the mechanism remains unclear.
Ultrasonographic measurement of middle cerebral artery blood
flow velocity with computation of Cerebral Augmentation Index
(CAlx) is a measure of the reflected flow signal, modulated by
changes in cerebrovascular resistance and compliance.

Aim: This pilot study tests the hypothesis that ingestion of an
amount of BJ sufficient to raise the blood NO level two-to three-
fold, decreases Transcranial Doppler (TCD) measured CAlx.

Materials and Methods: Ten healthy young-adult African-
American women were studied at two levels of submaximal
exercise, 40% and 80% of their predetermined peak oxygen
consumptions. The subjects ingested nitrate-free orange juice

INTRODUCTION

Nitric Oxide (NO) is a ubiquitous molecule required for multifarious
physiological functions in all vertebrates, including neurovascular
coupling in the mammalian brain [1,2]. Neurovascular coupling is
on important function of NO because the human brain comprises
merely 2%-3% of body weight but consumes 20%-25% of the
oxygen supply [3]. NO ensures matching of the brain’s energy
supply with neuronal activity, glutamatergic uptake by astrocytes,
increased transport of glucose and delivery of lactate to neurons
to protect against insufficient ATP for energizing neuronal signaling
[4]. Dietary nitrate supplementation is a recently popularized
method for increasing the blood level of NO, purported to decrease
oxygen consumption, lessen muscle fatigue and improve athletic
performance [5]. The blood pressure-lowering and haemodynamic
effects of Beetroot Juice (BJ), a nitrate-rich beverage, is shown to
decrease blood pressure in healthy individuals, but may not be
useful as an adjunct to antihypertensive treatments in patients
diagnosed with hypertension [6,7]. BJ-induced improvement in
cognitive functions is reported to accompany improvement in
cerebrovascular haemodynamics [8].

Augmentation Index (Alx), measured by sphygmomanography is
reported to be an indicator of arterial stiffness, cardiovascular aging
and risk for cardiovascular disease [9,10]. A modification of the Alx
measurement technique used to correlate stiffness of the radial
artery associated with aging has been applied for computation
of CAlx [11]. This method has been used to demonstrate greater
cerebral arterial stiffness and CAlx in a group of postmenopausal
women compared to a group of premenopausal women [12].

Hypertension is associated with cerebral blood vessel stiffening,
indirectly measured by decreased compliance of cerebral blood
vessels and impaired autoregulation of cerebral blood flow [13].
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(OJ, control) and an isocaloric BJ beverage (1.5 mg/mL nitrate,
220 Cal), on different days, 1-2 weeks apart.

Results: The BJ treatment increased blood NO and decreased
systolic BP at rest and at the two levels of exercise. The BJ
treatment decreased CAlx only at the two levels of exercise (from
79 + 2% to 62 + 2% and from 80 + 2% to 60 + 3%, p<0.05).
Exercise increased TCD-measured resistance and pulsatility
indices (RIx, PIx) without changing Alx. The BJ treatment had
no effect on RIx and PIx.

Conclusion: These findings suggest that decreased CAlx
associated with aerobic exercise reflects the change in cerebral
haemodynamics resulting from dietary nitrate supplementation.
Future studies should determine whether the BJ-induced
decrement in CAlx is correlated with an improvement in brain
function.

Keywords: Aerobic exercise, Blood pressure, Nitric oxide

Impairment of neurovascular coupling between cerebral blood flow,
oxygen consumption and the brain’s electrical signaling networks
may explain why stiffness of cerebral blood vessels is associated
with cognitive decline [14]. Some predilections for hypertension
appear to involve interactions between the genetic loci for NO
synthase-3 and the beta-2 adrenergic receptor [15]. A nitrate-
rich dietary treatment, such as BJ, which increases blood NO
might, therefore, protect against both hypertension and cognitive
decline [8]. We have previously shown that a single BJ treatment
decreases myocardial oxygen demand during aerobic exercise
[16-18] and that BJ decreases vascular resistance index measured
in the Middle Cerebral Artery (MCA) by TCD ultrasonography [16].
TCD-measured resistance and pulsatility indices are increased
by aerobic exercise. Inverse associations between carotid flow
pulsatility index and brain volumes and between pulsatility index
and cognitive function are thought to arise from an impedance
mismatch in the cerebral microcirculation [19]. It is noteworthy that
pulsatility index is positively correlated with the volume of white-
matter hyperintensity, in elderly subjects associated with aging
[20]. Ultrasonographic measurement of MCA blood flow velocity
(MCAV) with computation of CAlx, a measure of the reflected flow
signal, is shown to be modulated by changes in cerebrovascular
resistance and compliance, a putative effect of dietary nitrate
supplementation [20].

AIM

The present study was designed to test the hypothesis that a
single BJ treatment may decrease CAlx, thereby suggesting a
mechanism for improvement in cognitive functions associated
with dietary nitrate supplementation.
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MATERIALS AND METHODS

This study used a crossover design where participants were
randomly assigned to receive either a placebo control OJ or a
BJ treatment. The subjects were of African-American descent
and physically active but were not involved in a regular physical
exercise training program, were not users of tobacco products
or consumers of alcohol and were disease-free. The Institutional
Human Participants Review Board of Howard University, USA had
approved the study protocol.

The rationale for restricting the study to women was: 1) Women
are at higher risk for poor outcome from strokes than men [21]
and there is a paucity of research on healthy women subjects; 2)
Plasma estrogen levels are correlated with transcranial Doppler
pulsatility index [22] and no such relationship has been shown for
men with respect to plasma testosterone in men; 3) Estrogen is
a potent vasodilator and we predicted that, by increasing blood
NO, the effects of a BJ treatment would be enhanced in women
compared to men, related to the relatively higher plasma estrogen
levels.

All the participants were explained of the experimental procedures
and study risks and were enrolled after they gave their written
informed consent. Percentage of body fat was measured by
dual energy X-ray absorptiometry (GE Lunar, Madison, WI). The
potential for bias was controlled by presenting this study to the
participants as a procedure measuring their energy expenditure
during exercise after ingesting and metabolizing two different
beverage energy substrates in the form of BJ and OJ.

Subjects arrived at the laboratory on two separate days, (Jan-
Dec, 2013) approximately 1-2 weeks apart in a fasting condition.
Subjects were instructed to refrain from exercise for 12 h and
upon arrival to the laboratory were placed in a sitting position while
ingesting the 500 mL Beetroot Juice (BJ) or Orange Juice (OJ),
consisting of 220 Cal according to the suppliers. The BJ treatment
contained 1500 mg/L nitrate (CAJ Food Products, Inc., Fishers,
IN); nitrate in the OJ is nil (Tropicana Products, Inc., Bradenton,
FL). In order to digest, absorb and metabolize the beverages, they
were ingested 120 minutes before the testing [23-25]. During the
postprandial period, before testing, the subjects remained under
supervised conditions of rest in the laboratory and did not ingest
food or fluid.

Exercise Protocol and Ergometry Tests: All subjects performed
a progressive exercise test of peak oxygen consumption (VO2peak
on an electronically-braked leg cycle ergometer (Lode Corival,
Groningen, Netherlands). The initial workload began at a level of
20 W for 3 min and was increased by equal work intensities every
3 min to volitional fatigue. Before the study, the cycle ergometer
was calibrated for power outputs of 10-1000 W. During the test,
Blood Pressure (BP) was determined noninvasively using the
SunTech 4240 (SunTech Medical, Inc., Morrisville, NC) automated
sphygmomanometric device which measures BP by gating the
R-wave with the Korotkoff sounds. Heart rate (HR) was measured
by an electrocardiogram with three electrodes placed at the
RL, LA, and V5 anatomical sites connected to the automated
BP monitor. In the exercise tests, oxygen consumption (VO,),
minute ventilation (V.E), the carbon dioxide excretion rate (VCO,),
and the respiratory exchange ratio (R) were measured breath-
by-breath by a computerized metabolic system (Physio-Dyne
Max Il, Quogue, NY). The VO, measured during the last minute
of the progressive exercise test was defined as peak oxygen
consumption (VOZDW). Prior to each test, the gas analysers
and respiratory flow meters were calibrated with high-precision
calibration gases (20.99% + 0.01% O, and 5.00% = 0.01% CO,;
Scott Medical Products, Plumsteadville, PA) and a 3-L calibration
syringe (Hans Rudolph, Shawnee, KS), respectively. After the VO,
test, the subjects performed two separate submaximal ergometry
tests under identical conditions on different days, after ingestion
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of the experimental supplement BJ or the control OJ. Five min
after sitting rest, baseline measures of heart rate, systolic and
diastolic BP, and VO, were recorded. The subjects then completed
three bouts of exercise at the constant submaximal workloads
corresponding to 40% and 80% of their predetermined VO,
values with every workload lasting 5 min. The cardiovascular
and cerebrovascular responses to the three submaximal aerobic
exercise workloads were measured in a stepwise fashion, with
no rest intervals in between, by maintaining constant ergometer
settings corresponding to 40% and 80% of each subject’s
predetermined VO, , for 5 min. Heart rate (HR), BP and VO,
were measured at min 4 and 5 of each exercise workload, with the
mean values used for analysis. All the submaximal ergometry tests
were performed during the luteal phase of the menstrual cycle
to eliminate confounding influences of hormonal changes on BP
[17,18].

Cardiac Output Measurement: Cardiac output was measured
noninvasively by using the CO, rebreathing technique. End-tidal
partial pressure of CO, (PCO,) was measured using a rapid-
response infrared CO, analyser (PHYSIODYNE Instrument Corp.,
Quogue, NY). End-tidal PCO, was used to estimate arterial PCO,
[26-28]. Subjects re-breathed into a 5-L latex bag containing CO,
and O, to permit rapid equilibration with venous PCO,. A valid
equilibrium during re-breathing was measured by observing the
plateau in PCO, recording. This criterion requires a valid equilibrium
during re-breathing is measured by observing a plateau in PCO,
that does not vary by more than +1 mmHg. An automated gas
mixing apparatus was used to adjust the initial gas volume and
initial PCO, in the re-breathing bag. If a trial had to be redone, end-
tidal PCO, values were allowed to return to baseline values before
the procedure was repeated. Cardiac output was calculated from
the indirect Fick equation, as follows:

CO = VCO,/(CvCO, - CaCO,) [26]
Where CO was cardiac output, VCO, was expired carbon dioxide,

CvCO, was mixed venous CO, content, and CaCO, was arterial
CO, content.

Transcranial Doppler Ultrasonography: Cerebral Blood Flow
Velocity Measurement was done as in our previous study [16].
The right Middle Cerebral Artery Mean Blood Velocity (MCAV)
was measured with transcranial Doppler ultrasonography (Pioneer
Series 4040 Transcranial Doppler Ultrasound; Nicolet Vascular,
Madison, WI). Beat-by-beat TCD signals were analysed offline
using the 4040 system diagnostic software. Cerebrovascular
Resistance Index (CVRI) was computed as MCAV/mean arterial BP.
According to the method described by Kurji et al., we used Fast
Fourier transform (FFT) filtered recordings of MCAV waveforms and
computed an MCAV augmentation index (CAIx) as follows [12]:

CAlx = (VREFLEC -VMIN) / (VMAX -VMIN) x 100 (%)

Where VREFLEC was velocity at the reflected shoulder of peak
systole, VMIN was the minimum velocity and VMAX was the
maximum velocity at peak systole.

End-Tidal Carbon Dioxide Tension (PCO,) Measurement.
Because of the dependence of MCAV on arterial carbon dioxide,
respiratory gas analysis of end-tidal PCO, was measured on
a breath-by-breath basis using an Invivo MAGNITUDE 3150
monitoring system (Invivo Research, Inc., Gainesville, FL). The
monitor consists of an infrared CO, analyser and was calibrated
before each study.

STATISTICAL ANALYSIS

Results were expressed as mean+SEM. A two-way repeated-
measures analysis of variance was performed to evaluate the
difference between the supplement and control conditions; factor
1 was specified as control OJ versus BJ treatment and factor 2 as
exercise level using SPSS software (SPSS Inc., Chicago, IL, USA).
Pearson’s product-moment correlation analyses were performed
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across the blood {NO} and other study outcome measures. Data
describing the study group characteristics were reported in [Table/
Fig-1] as mean + Standard Deviation (SD) and data presenting the
effects of the BJ treatment were shown in [Table/Fig-2] as mean +
standard error (SEM). The significance level was set at p< 0.05.
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[Table/Fig-4] shows the greater blood NO concentration associated
with the BJ treatment compared to the OJ control (13 = 1 vs. 4 +
1 nM, p<0.001).

[Table/Fig-5] demonstrates that the BJ treatment decreased CAlx
at the two levels of exercise studied, from 79 + 2% to 62 + 2% at
40% VO, peak, and from 80 + 2% to 60 = 3% at 80% VO, peak.

RESULTS There were no significant OJ or BJ treatment-related effects on
[Table/Fig-1] presents the demographic and physiologic  CAlx at rest.
characteristics of the study group showing that the study subjects -
L Variable Mean + SEM p-value
were healthy young-adult females within a narrow range of age — .
(20.5+0.6 y). Another characteristic of the study group was | Pusatiiity Index - Orange Juice (Gontrol
sedentary lifestyle by virtue of the relatively high percentages of Baseline (Rest) 0.77+£0.04
body fat (29.0+ 5.7%), resting heart rates (86.3+13.0 beats/min 40% VO, 0.96 = 0.06* <0.01
and diastolic blood pressure observed (87.2+5.1 mm Hg). 80% VO, _, 109+ 07" <0.01
pea
[Table/Fig-2] shows that the BJ treatment decreased systolic BP Pulsatiity Index — Bestroot Juice
i 1 (o)
at rest and at the two levels of exercise studied, 40% VO, _, and Baseline (Rest) 0.73 + 0.03
80% VO, peak (p<0.05). The OJ treatment had no significant effects
7o 2'.0 (P ) L 9 40% VO, . 0.87 = 0.04* <0.01
on systolic BP and there were no significant OJ or BJ treatment-
. . [o) *
related effects on diastolic BP, HR, CO, MCAV, or PCO,. 80% VOpuu 1.11+006 <0.01
) - . Resistance Index — Orange Juice (Control
[Table/Fig-3] presents the TCD-measured pulsatility and resistance el ( )
indices (PIx, Rix) at rest and at the two levels of exercise increases | Baseline (Res) 0.50  0.01
in both PIx and RIx were observed during the aerobic exercise | 40% VO, 0.57 +0.02 <0.05
after both the OJ and BJ treatments. The BJ-induced increases 80% VO, ., 0.61+0.02* <0.05
in PIx and RIx were not significantly different than the OJ-induced Resistance Index — Beetroot Juice
increases. Baseline (Rest) 0.48 + 0.01
Variable Mean +SD 40% VO, 0.54 +0.01* <0.05
Age (years) 20.5+0.6 80% VO, 0.61 +0.01* <0.05
Height (cm) 159.5 + 5.7 [Table/Fig-3]: Effects of Orange Juice and Beetroot Juice Treatments on TCD
: Pulsatility and Resistance Indexes. TCD = transcranial doppler; VO peak = peak
Body weight (kg) 58.7+6.3 oxygen consumption; *Baseline Vs Treatment.
Systolic blood pressure (mm Hg) 117.3+7.6
= *x
Diastolic blood pressure (mm Hg) 87.2+5.1 15
Heart rate (beats/minute) 86.3 +13.0 —
VO, peak (mL/kg/minute) 26.3+3.8 %
~— 10-
Body fat (%) 29.0+5.7 [
=]
[Table/Fig-1]: Clinical and demographic characteristics of study subjects. ;
VO%W — peak oxygen consumption. («]
i 5-
Variable Baseline (Rest) 1
Orange Juice Beetroot Juice =
Heart rate (beats/minute) 85.7 +4.3 84.4+43 °
: Control Beetroot
Systolic blood pressure (mm Hg) 119.2 £ 3.1 112.2 + 3.0* -
Juice
Diastolic blood pressure (mm Hg) 88.6 +2.7 86.0 +2.1 . -
[Table/Fig-4]: Effects of orange and beetroot juice (OJ, BJ) treatments on blood
MCAV (cm/second) 89.6 + 3.2 83.8 +5.6 nitric oxide concentration. Bars represent the mean + standard error values for the
. . blood nitric oxide (NO) level, expressed in nM. The blood NO level was measured
Cardiac output (L/minute) 48016 48014 in 10 healthy African-American female subjects at rest 2 h after ingesting isocaloric
PETCO, (mm Hg) 40.0 £ 0.6 39.7 £ 0.7 experimental beetroot and control orange juice beverages on separate days.
*p<0.001, Control Vs BJ.
40% VO2peak
Heart rate (beats/minute) 107.0 = 4.1 106.0 + 3.9 DISCUSSION
Systolic blood pressure (mm Hg) 129.0 + 4.8 121.0 £ 5.8* The main finding of this study was that CAlx decreased 20%-25%
Diastolic blood pressure (mm Hg) 804 + 2.3 801438 at two levels of aerobic exercise, following a dietary BJ, nitrate-
MCAV (cm/second) 951400 Y Inch tregtment which mcreasgd the blood NO level three-fold. An
- - isocaloric OJ treatment, which had no effect on the blood NO
Cardiac output (L/minute) 6.3 +0.25 6.7 +0.26 )
level, served as the control. We performed waveform analysis
PETCO, (mm Hg) 39.0+08 39.0+06 and computed CAlx similarly to the methods which showed
80% VO2peak greater cerebrovascular stiffness in postmenopausal, than in
Heart rate (beats/minute) 155.6 + 3.7 154.0 + 3.7 premenopausal, women [12]. The novelty of the present study lies
Systolic blood pressre (mm Hg) 161.0 + 6.2 151.0 + 4.0% in the measurement of augmentation index which suggests that
Diastolic blood pressure (mm Hg) 8501 5.2 834107 mlﬂdlf cerebral artery stiffness is reduced, a new finding in this
cohort.
MCAV (cm/second) 120.7 £ 4.0 1240+ 7.0
The BJ treatment had no significant effects on ventilation
Cardiac output (L/minute) 10.5+0.5 10.8 +0.6 . 9
evidenced by absence of a BJ treatment-related effect on end-
PETCO, (mm H) 363 +1.0 87010 tidal PCO,, a control variable for MCAV measurements [29] and

[Table/Fig-2]: Effects of experimental beetroot and control orange juice treatments.

MCAV = middle cerebral artery blood flow velocity, PETCO, = end-tidal partial pressure of carbon
dioxide. Data in mean + SEM. *p<0.05, Control Vs BJ.
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an important regulator of CSF pressure. The BJ treatment-related
effect of decreasing CAlx was observed only during the two levels
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(oXl BJ

100-

80+

Baseline 40% 80%

V.O2peak  V.O2peak

[Table/Fig-5]: Effects of orange and beetroot juice treatments on cerebrovascular
stiffness. Bars represent the mean + standard error values for the cerebrovascular
Augmentation Index (Al), expressed in percent. Al was computed from transcranial
Doppler ultrasonographic measurements of middle cerebral artery blood flow velocity

waveforms. The measurements were for 10 normotensive, healthy African-American
females at rest (baseline) and while exercising on a cycle ergometer apparatus at
40% and 80% of their predetermined peak oxygen consumption (VO, ), 2 h after
ingesting isocaloric experimental beetroot and control orange juice beverages on
separate days. *p<0.05, OJ Vs BJ.

of aerobic exercise, not during a baseline resting condition. There
was no BJ treatment-related increase in body height or heart rate
or decrease in total peripheral resistance that could account for
the finding of decreased CAlx during exercise. However, the BJ
treatment did decrease systolic BP at rest and during exercise.
Increased BP associated with exercise is shown to provide a
low-frequency perturbation of cerebral blood flow velocity which
correlates with stiffening of the arterial blood vessels [29,30]. Thus,
the BJ treatment-related decrease in systolic BP should have
lessened cerebral arterial stiffening observed during exercise.

The absence of a BJ treatment-related effect on CAlx at rest
is one of the more interesting aspects of this study. A plausible
explanation for our inability to detect a BJ treatment-related effect
on CAlx at rest is that, compared to exercise, baseline carotid
pressures and flows to the MCA might not have produced
enough turbulence to recruit the energy-dissipating functions of
the circle of Willis, carotid siphon, dural sinuses and CSF. This
interpretation implies that increased blood NO, NO bioavailability
and NO-induced vasorelaxation associated with the BJ treatment
likely increased the effectiveness of the aforementioned energy-
dissipating functions of the circle of Willis.

The possible mechanism of the increase in blood NO following
treatment with the beetroot juice may be using L-arginine as the
substrate, NO production is catalyzed by three isoforms of Nitric
Oxide Synthase (NOS) which includes endothelial (eNOS), neuronal
(NNOS) and inducible (iNOS) enzymes. NO is also produced from
dietary sources, mainly green leafy vegetables such as spinach,
arugula and beetroot, by a mechanism known as the nitrate-nitrite-
NO pathway involving the sequential, nonenzymatic reduction of
nitrate [31]. It is noteworthy that, despite increased MCA Plx, CAlx
remain unchanged from the baseline resting to the two levels of
aerobic exercise conditions following the control OJ treatment,
associated with low blood NO levels. This finding bolsters our
argument that the combination of high blood NO level and exercise
was instrumental in enhancing the energy-dissipating functions
of the circle of Willis and related structures and dampening the
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effects of high pulsatility during exercise, evidenced by decreased
CAIx.

The results of this study raise the question as to whether the
BJ-induced decreases in CAlx are indicative of a beneficial or a
deleterious effect. Wave reflections exist for several reasons, one
of them being to protect the cerebral microcirculation and brain
parenchyma from excessive pressure pulsatility is deleterious
and can cause end-organ damage. This is especially important in
organs whose circulation is characterized by high-flow and low-
impedance, such as the brain. As such, increased cerebrovascular
pulsatility is associated with cerebral arteriosclerosis, subcortical
infarcts, and lower brain volumes [19] and cognitive dysfunction
[32]. Thus, by artificially decreasing wave reflections, and as such
decreasing CAlx at the level of the cerebral microcirculation and
brain parenchyma, we run the risk of allowing greater pressure
pulsatility to penetrate the cerebral circulation, which could
be deleterious. Indeed, in this study, we observed that arterial
pulsatility increased with exercise even after the BJ treatment.
Thus, based on this study, we cannot conclude that BJ-induced
decreases in CAlx are a beneficial mechanism; as it may, in fact,
prove to be deleterious — only prospective studies will be able to
answer this question.

LIMITATIONS

The limitation of this pilot study is the small sample size.

CONCLUSION

Arterial stiffness is thought to be an important cofactor in the flow-
resistive properties of blood vessels and in the co-morbidities
of hypertension and cognitive decline, usually measured with
subjects at rest. In view of recent findings that BJ treatments
improve athletic and cognitive performances, the effects of
dietary nitrate supplementation on the brain during conditions of
rest and exercise appears to be worthy of further study. Dietary
guidelines for the clinical management of hypertension-related
cognitive decline are lacking and future studies should determine
whether dietary nitrate supplementation is a safe, effective adjunct
to current antihypertensive treatments for lowering BP, lessening
cerebrovascular stiffness and ameliorating cognitive decline.

ACKNOWLEDGMENTS

The authors thank James Dorsey, MD for his expertise in performing
the transcranial Doppler ultrasonography and computing
augmentation index. This work is supported in part by NIH/NCRR/
RCMI Grant No. 2G12RR003048 to Howard University.

REFERENCES

[1]1 Lourenco CF, Santos RM, Barbosa RM, Cadenas E, Radi R, Laranjinha J.
Neurovascular coupling in hippocampus is mediated via diffusion by neuronal-
derived nitric oxide. Free RadicBiol Med. 2014;73(August):421-29.

[2] Tabatabei SN, Girouard H. Nitric oxide and cerebrovascular regulation.
VitamHorm. 2014;96:347-85.

[3] Lacoste B, Gu C. Control of cerebrovascular patterning by neural activity during
postnatal development. Mech Dev. 2015;138(Pt 1):43-49.

[4] Jakovcevic D, Harder DR. Role of astrocytes in matching blood flow to neuronal
activity. Curr Top Dev Biol. 2007;79:75-97.

[5] Thompson KG, Turner L, Prichard J, et al. Influence of dietary nitrate
supplementation on physiological and cognitive responses to incremental cycle
exercise. Respir Physiol Neurobiol. 2014;193:11-20.

[6] Hobbs DA, Kaffa N, George TW, Methven L, Lovegrove JA. Blood pressure-
lowering effects of beetroot juice and novel beetroot-enriched bread products in
normotensive male subjects. Br J Nutr. 2012;108(11):2066-74.

[7] Bondonno CP, Liu AH, Croft KD, et al. Absence of an effect of high nitrate intake
from beetroot juice on blood pressure in treated hypertensive individuals: a
randomized controlled trial. Am J ClinNutr. 2015;102(2):368-75.

[8] Wightman EL, Haskell-Ramsay CF, Thompson KG, et al. Dietary nitrate modulates
cerebral blood flow parameters and cognitive performance in humans: A double-
blind, placebo-controlled, crossover investigation. PhysiolBehav. 2015;149:149-
58.

[9] Patvardan E, Heffernan KS, Ruan J, et al. Augmentation index derived from
peripheral arterial tonometry correlates with cardiovascular risk factors. Cardiol
Res Pract. 2011;2011:253758.

Journal of Clinical and Diagnostic Research. 2016 Jul, Vol-10(7): CC01-CC05



www.jcdr.net

[10] Steppan J, Barodka V, Berkowitz DE, Nyhan D. Vascular stiffness and

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

increased pulse pressure in the aging cardiovascular system. Cardiol Res Pract.
2011;2011:263585.

Kohara K, Tabara Y, Oshiumi A, Miyawaki Y, Kobayashi T, Miki T. Radial
augmentation index: a useful and easily obtainable parameter for vascular aging.

Am J Hypertens. 2005;18(S1):11S-14S.

Kurji A, Debert CT, Whitelaw WA, Rawling JM, Frayne R, Poulin MJ. Differences
between MCA blood velocity waveforms of young and postmenopausal women.
Menopause. 2006;13(2):303-13.

Triantaflidi H, Arvaniti C, Lekakis J, lkonomidis |, Siafakas N, Tzortzis S.
Cognitive impairment is related to increased arterial stiffness and microvascular
damage in patients with never-treated essential hypertension. Am J Hypertens.
2009;22:525-30.

Gorelick PB, Scuteri A, Black SE, et al. Vascular contributions to cognitive
impairment and dementia: a statement for healthcare professionals from
the American Heart Association/American Stroke Association. Stroke.
2011;42(9):2672-713.

Kumar R, Kohli S, Mishra A, Garg R, et al. Interactions between the genes
of vasodilatation pathways influence blood pressure and nitric oxide level in
hypertension. Am J Hypertens. 2015;28(2):239-47.

Bond Jr V, Curry BH, Adams RG, Asadi MS, Millis RM, Haddad GE. Effects of
dietary nitrates on systemic and cerebrovascular haemodynamics. Cardiol Res
Pract. 2013;2013:435629.

Bond V, Curry BH, Adams RG, Millis RM, Haddad GE. Cardiorespiratory function
associated with dietary nitrate supplementation. Appl Physiol Nutr Metab.
2014;39:168-72.

Bond V, Curry BH, Adams RG, et al. Effects of nitrate supplementation on
cardiovascular and autonomic reactivity in African-American females. ISRN
Physiol. 2014;2014:676235.

Mitchell GF, van Buchem MA, Sigurdsson S, et al. Arterial stiffness, pressure
and flow pulsatility and brain structure and function: The Age, Gene/Environment
Susceptibility--Reykjavik Study. Brain. 2011;134(11):3398-407.

Tarumi T, Ayaz Khan M, Liu J, et al. Cerebral haemodynamics in normal aging:
central artery stiffness, wave reflection, and pressure pulsatility. J Cereb Blood
Flow Metab. 2014;34(6):971-78.

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Bryan Heath Curry et al., Effects of Beetroot Juice on Hemodynamics

Bushnell CD. Stroke and the female brain. Nat Clin Pract Neurol. 2008;4(1):22-
33.

Krause DN, Duckles SP, Pelligrino DA. The influence of sex steroid hormones on
cerebrovascular function. J Appl Physiol. 2006;101(4):1252-61.

Kapil V, Milsom AB, Okorie M, et al. Inorganic nitrate supplementation lowers blood
pressure in humans: role for nitrite-derived NO. Hypertension. 2010;56(2):274-
81.

Lansley KE, Winyard PG, Fulford J, et al. Dietary nitrate supplementation reduces
the O2 cost of walking and running: a placebo-controlled study. J Appl Physiol.
2011;110(3):591-600.

Vanhatalo A, Bailey SJ, Blackwell JR, et al. Acute and chronic effects of dietary
nitrate supplementation on blood pressure and the physiological responses to
moderate-intensity and incremental exercise. Am J Physiol. 2010;299(4):R1121-
31.

Farhi LE, Nesarajah MS, Olszowka AJ, Metildi LA, Ellis AK. Cardiac output
determination by simple one step rebreathing technique. Resp Physiol.
1976;28(1):141-59.

Gaasch WH, Levine HJ, Quinones MA, Alexander JK. Left ventricular compliance:
mechanisms and clinical implications. Am J Cardiol. 1976;38(5):645-53.
Ohlsson J, Wranne B. Non-invasive assessment of cardiac output and stroke
volume in patients during exercise. Evaluation of a CO2-rebreathing method. Eur
J Appl Physiol Occup Physiol. 1986;55(5):538-44.

Tzeng YC, Chan GS, Wilie CK, Ainslie PN. Determinants of human cerebral
pressure-flow velocity relationships: new insights from vascular modelling and
Ca? channel blockade. J Physiol. 2011;589(Pt 13):3263-74.

Chan GS, Ainslie PN, Willie CK, et al. Contribution of arterial Windkessel in low-
frequency cerebral haemodynamics during transient changes in blood pressure.
J Appl Physiol. 2011;110(4):917-25.

Ghosh SM, Kapil V, Fuentes-Calvo |, et al. Enhanced vasodilator activity of
nitrite in hypertension: critical role for erythrocytic xanthine oxidoreductase and
translational potential. Hypertension. 2013;61(5):1091-102.

Waldstein SR, Rice SC, Thayer JF, Najjar SS, Scuteri A, Zonderman AB. Pulse
pressure and pulse wave velocity are related to cognitive decline in the Baltimore
Longitudinal Study of Aging. Hypertension. 2008;51(1):99-104.

PARTICULARS OF CONTRIBUTORS:
Professor, Department of Medicine, Division of Cardiology, Howard University College of Medicine and Howard University Hospital,

1.

N oA

Washington, DC 20060, United States of America.

Professor, Department of Recreation, Human Performance and Leisure Studies and Exercise Science and Human Nutrition Laboratory,

Howard University Cancer Centre, Washington, DC 20060, United States of America.

Associate Professor, Department of Medical Pharmacology, AUA College of Medicine and Manipal University, Antigua.
Assistant Professor, Department of Behavioural Sciences and Neuroscience, AUA College of Medicine, Antigua.

Instructor, Department of Clinical Medicine, AUA College of Medicine, Antigua.

Assistant Professor, Department of Medical Physiology, AUA College of Medicine, Antigua.
Professor, Department of Medical Physiology, AUA College of Medicine, Antigua.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Richard Mark Millis,

Ph.D, Professor, Department of Medical Physiology, American University of Antigua College of Medicine,
St. John's, Antigua and Barbuda.

E-

mail: pemmineti@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: As declared above.

Journal of Clinical and Diagnostic Research. 2016 Jul, Vol-10(7): CC01-CC05

Date of Submission: Mar 10, 2016
Date of Peer Review: May 06, 2016
Date of Acceptance: Jun 07, 2016
Date of Publishing: Jul 01, 2016



