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Abstract

Background: The blood pressure (BP)-lowering effect of beetroot is attributed to its high nitrate concentration, which converts to the vasodilator nitric
oxide. Nitric oxide may also mediate ocular aqueous outflow to regulate intraocular pressure (IOP). Aims: We investigated the effect of beetroot juice on
IOP and ocular vessel density. Subjects and Methods: With a single-blind, crossover design, 19 healthy young adults participated on 2 days 1 week apart.
On Visit 1, baseline IOP, BP, and ocular vessel density (optical coherence tomography angiography, disc, and macula) were measured. Three hours after
consumption of 16 ounces of beetroot juice or water (randomly assigned), all measurements were repeated. On Visit 2, baseline and 3-hour post-
consumption measurements were assessed, with each subject consuming the drink not ingested on Visit 1. Results: Paired-samples t-test showed 1) no
difference in IOP change post-water vs post-beet root juice (P = 0.27), and 2) mean systolic and diastolic BPs were lower only post-beet root juice (systolic:
-4.8 (SEM + 2.1) mm Hg, P = 0.032, 95% CI (0.47, 9.11); diastolic: -6.2 (SEM+ 1.4) mm Hg, P <0.001, 95% CI (3.27, 9.15)). Superficial vessel density
was significantly lower in several macular regions post-beet root juice, but not post-water (Wilcoxon signed ranks test, immediately superior, inferior, and

temporal to center; respective P values of 0.016, 0.035, and 0.046). Conclusions: Beetroot juice lowers BP and macular vessel density, but does not lower

1OP in young, healthy adults. Further investigation into its effect on IOP and vessel density in glaucomatous eyes is warranted.
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1 Introduction

Beetroot (Beta vulgaris) recently has attracted significant attention
from the “superfood” movement for its touted health benefits,
from lowering blood pressure (BP) to improved athletic
performance !. These effects are attributed to beet root’s high
inorganic nitrate content, although beetroot also contains anti-
inflammatory betalains and other phytonutrients !. Beetroot has
been studied as a potential adjunct treatment for many systemic
conditions associated with elevated BP, endothelial dysfunction,
inflammation, and oxidative stress, including cardiovascular
disease, diabetes, and dementia ®. In particular, beetroot has a
demonstrated ability to lower systolic and diastolic BP %2,

About 80% of dietary nitrates come from vegetables 3. Beetroot is
one of many vegetables known for high inorganic nitrate content,
consumption of which is thought to increase nitric oxide
production in vivo!. While the traditional pathway for nitric oxide
production is enzymatic mediation through the action of nitric

4  recent evidence has shown that

oxide synthase on L-arginine
dietary nitrites and nitrates also form nitrogen oxides within blood
and tissues, particularly under hypoxic conditions . Nitric oxide
is a ubiquitous endogenous signaling molecule that mediates many
processes, including BP regulation, vascular homeostasis, control
of smooth muscle tone, antimicrobial defense, learning, and

memory °.

Intraocular pressure (IOP), the main modifiable risk factor for
glaucoma and the current target of all glaucoma medications, is
determined by the balance between aqueous humor production
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and outflow 7. Nitric oxide is thought to be an important
mediator of trabecular meshwork aqueous outflow 7. Another
vital function of nitric oxide is the mediation of retinal and uveal
blood flow, including optic nerve perfusion, which may be
altered in glaucoma 8. Certain ocular diseases, such as diabetic
retinopathy and glaucoma, have been associated with reduction
and dysregulation of nitric oxide &.

Topical nitric oxide has been shown to significantly reduce IOP
in animal models, and the recently available glaucoma topical eye
drop latanoprostene bunod 0.024% contains a prostaglandin
analog with a moiety that breaks down into nitric oxide within the
eye 5 8. This nitric oxide is hypothesized to increase trabecular
meshwork outflow through the conventional outflow pathway and
to boost optic nerve perfusion 6. Previous research has also shown
that increased dietary nitrate intake and leafy green vegetable
consumption are associated with a lower risk of visual field loss
from primary open-angle glaucoma, particularly in early
paracentral visual field loss, which is most associated with vascular
disease °. Unclear is the effect of increased dietary nitrate intake on
intraocular pressure. An understanding of the effect of dietary
nitrate intake on intraocular pressure could influence clinical
decision-making for those clinicians who employ dietary and
lifestyle modifications in addition to pharmaceutical and surgical
management of glaucoma.

A literature review identified no study that has measured the direct
effect of dietary nitrate on IOP or superficial retinal vessel density.
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Research may lack due to the assumption that the blood-aqueous
and blood-retinal barriers, consisting of tight junctions that limit
the passage of ions and solutes !°, impede the ability of ingested
molecules to reach action sites in the eye. However, a literature
review did not unearth any information on the permeability of
these vascular barriers to nitric oxide. This study explored the
effect of beetroot juice consumption on BP, IOP, and superficial
retinal vessel density in young, healthy adults.

2 Subjects and Methods

The research protocol conformed to the Declaration of Helsinki
tenets and was approved by the Institutional Review Board of the
Southern College of Optometry. Subjects gave informed consent
prior to participation.

2.1 Subjects

Nineteen healthy adult participants (13 female and 6 male), with
a mean age of 25.1 ( 2.2) years, participated. Exclusion criteria
were: allergies to beetroot or other ingredients in Lakewood
Organic beet juice; glaucoma, retinopathy, or papillopathy of any
origin; recent ocular infection; current or past systemic
hypotension (systolic < 90 mm Hg or diastolic < 60 mm Hg);
current or past history of orthostatic hypotension; current use of
BP-lowering medications; current nutritional supplementation;
pregnancy or intention to become pregnant; history of kidney
stones or disease.

2.2 Procedures

After establishing subject eligibility, data was collected using a
single-blinded, crossover design. Investigator 1 measured and
recorded the following baseline data on Day 1, Visit 1: date and
time of the data collection session; BP (right arm, sitting) using an
arm cuff sphygmomanometer and stethoscope, after the subject
rested for 5 or more minutes; IOP, right eye (iCare ic100
tonometer, Icare USA, with the 6-measurement series setting); and
optical coherence tomography angiography (macula and optic
nerve) of the (undilated) right eye (Avanti AngioVue, Optovue:
HD scans 6.0 x 6.0 mm for macula, 4.5 x 4.5 mm for optic disc).

After baseline measurements, subjects met Investigator 2, who
dispensed 16 fluid ounces (473 ml) of the randomly-assigned
beverage (beetroot juice -Lakewood Organic, or water).
Investigator 2 watched each subject consume the entire fluid
within 15 minutes and advised subjects to avoid both exercises
until after Visit 2 of Day 1 and disclosure of the beverage
consumed to Investigator 1.

Three hours post-beverage consumption (Day 1, Visit 2), which is
the time at which plasma nitrate levels and blood pressure effects
of beetroot consumption previously have been shown to reach
their peaks !!, Investigator 1 repeated the IOP and BP
measurements and obtained repeat optical coherence tomography
angiography scans. Subjects returned for Day 2 of data collection,
scheduled at least 1 week after the Day 1 collection. All baseline
(Day 2 Visit 1) and post-beverage consumption (Day 2 visit 2)
measurements were repeated, with each subject consuming 16
fluid ounces of the beverage (water or beetroot juice) not
consumed on Day 1.

Nor. Afr. J. Food Nutr. Res. 2021; 5 (12): 130-138

Beet root juice and the eye

2.3 Sample size calculation

To achieve a power of 80% for the primary outcome variable of
intraocular pressure at 5% significance and to detect a change in
the intraocular pressure of at least 3.5 mm Hg (which is 20% of
the mean baseline intraocular pressure of 17.4 mm Hg in our
sample), the estimated number of subjects needed is 18.

2.4 Data analysis

All-optical coherence tomography angiography scans used for
analysis demonstrated at least 8.0 on scan quality, except for the
6.0 quality for one subject with congenital nystagmus. No change
in results occurred with vs without this subject’s data. Hence, the
reported data include this subject. IBM SPSS (v 26) was used for
statistical analysis. Either a paired samples t-test or Wilcoxon’s
signed ranks test (depending on data distribution) was used to
compare pre- and post-beverage consumption measurements on
Day 1 and pre- and post-beverage consumption measurements on
Day 2 for the following: systolic BP, diastolic BP, IOP, macular
vessel density (central, 2 paracentral sectors in each region:
superior, temporal, nasal, inferior), and radial peripapillary
capillary density (whole image, inside disc, peripapillary, superior
hemi-, inferior hemi-). All reported P values are 2-tailed.

3 Results
3.1 BP

Systolic and  diastolic baseline BP distributions were
approximately normal for both visits. Mean baseline and post-
beverage consumption systolic and diastolic BPs are shown in
Table 1. No significant difference between the means of the two
baseline systolic BP distributions (P = 0.41) or the means of the

two baseline diastolic BP distributions (P = 0.22) was found.

Post-consumption BP distributions also were approximately
normal for both beverages. No significant difference between the
means of the post-consumption systolic BP (P = 0.28) or diastolic
BP (P = 0.92) distributions across beverage conditions was found.
However, the means of the pre- versus post-beet root juice
consumption BP measurements were significantly different for
both systolic and diastolic measurements, whereas the means of
the pre- versus post-water consumption systolic and diastolic BP
measurements did not differ (Table 1 and Figure 1).

With fewer than 20 subjects, linear regression analysis was not
appropriate; therefore, Spearman’s rho correlations were
calculated to evaluate the relationship between baseline BP
measurement and the magnitude of the change in the
measurement post-beverage consumption. Correlations were
statistically significant for baseline versus change in diastolic
measurement post- water consumption (correlation coefficient =
0.63, P = 0.004) and baseline versus change in diastolic
measurement post-beet root juice consumption (correlation
coefficient = 0.632, P = 0.004), but not for baseline versus change
in systolic measurement for either beverage (water: correlation
coefficient = 0.43, P = 0.07; beet root juice: correlation coefficient

=0.40, P = 0.09).
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Table 1: Summary of baseline and post-beverage consumption measures, BP and I0OP

Post Beverage

Significance of
Baseline versus Post-

Significance of

Beverage Baseline . Baseline versus .
Measurement C Consumption o consumption
onsumed (mean + SD) (mean + SD) Post-consumption comparison (95 %
- comparison (P) P °
(¢)]
Systolic BP ( He) Water 1145+ 13.2 113.4+12.3 0.34 -1.26, 3.47
stolic mm
y & Beetroot juice 116.0 + 12.4 111.2 +10.6 0.03 0.47,9.11
Diastolic BP (mm He) Water 752485 727+ 6.8 0.25 -1.89, 6.73
1astolic mm
& Beetroot juice 78.7+11.9 72.5+9.6 <0.001 3.27,9.15
IOP. right ( He) Water 17.4+2.9 15.6 + 3.0 0.001 0.87, 2.81
right eye (mm
» Mg ey & Beetroo juice 17.2£3.7 16.0 +3.1 0.039 0.07,2.25

BP; blood pressure, IOP; intraocular pressure, SD; standard deviation, CI; confidence interval, mm Hg; millimeters of mercury.
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Figure 1: Box plots of systolic and diastolic blood pressures at baseline and three hours after beverage consumption

The means of the systolic and of the diastolic blood pressure measurements pre- versus post-beet root juice consumption were statistically
significantly different (see Table 1), whereas the means of the systolic and of the diastolic blood pressure measurements pre- versus post-

water consumption did not differ.

3.210P

Mean IOPs baseline and post-beverage consumption are shown in
Table 1. Both distributions of baseline IOP prior to consumption
of beetroot juice or water were approximately normal. No
significant difference between the baseline mean IOPs was found

(P= 0.610).

The distributions of IOP after beverage consumption also were
approximately normal. No significant difference between post-
beverage consumption mean IOPs was found across beverages (P
= 0.424). The distributions of the change in IOP between
baseline and post-beverage consumption were approximately
normal for both beverages. The mean change in IOP pre- versus
post-water consumption was 1.8 + 2.0 mm Hg, and the mean
change in IOP pre- versus post-BRJ consumption was 1.2 +2.3
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mm Hg. One sample t-test showed that both mean changes were
significantly different from zero (with water: P = 0.001, 95% CI
(0.87, 2.81); with beetroot juice: P = 0.039, 95% CI (0.07,2.25))
(Figure 2).

3.3 Retinal vessel density — optic disc

The retinal peripapillary capillary densities [(%) percent] for the
small vessels and for all vessels calculated using the instrument’s
built-in algorithm are indicated on the optic disc scan for 3
regions: whole image, inside disc, and peripapillary (Figure 3).
Additionally, the peripapillary capillary densities are separately
measured for the superior and inferior hemi regions. The
distributions of these density values, at baseline and both post-
water and post-beet root juice consumption, were approximately
normal, except for one parameter in each category.
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Change in IOP with Beverage Consumption

Beverage
18.00 Consumed
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17.4 +/- 2.9 =BRJ
=) 17.2 +/- 3.
I 17.00
£
£
o 16.0 +/- 3.1
© 16.00
c
3 15.6 +/- 3.0
=
15.00
14.00
Before Consumption After Consumption

Time of Measurement

Figure 2: Change in mean IOP 3 hours after water and BR] consumption

Although mean baseline IOP did not differ and post-beverage consumption IOP did not differ across beverage type, the change from
baseline IOP was significantly different from zero for both beverages. See Table 1 for statistics.
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Figure 3: Representative 4.5 mm x 4.5 mm optical coherence tomography angiography scan of right eye optic nerve, captured using
Avanti AngioVue HD (Optovue, Inc)

Thickness(1LM - NFL)

The vessel density values used for data analysis are located in the table on the right side of the figure.
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Figure 4: Representative 6.0 mm x 6.0 mm optical coherence tomography angiography scan of right eye macula, captured using Avanti
AngioVue HD (Optovue, Inc)

The vessel density values are indicated in the bottom left image in the figure. For data analysis, the vessel density values from the
innermost ring around the central fovea were labeled by their location relative to the central area (superior, inferior, nasal, temporal)

and assigned to region 1. The vessel density values from the 2" innermost ring around the central fovea were labeled by their location
relative to the central area and assigned to region 2.

Comparison of Baseline and Post-Beverage Macular Superficial Vessel Densities
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Figure 5: Comparison of mean superficial macular capillary density values before and after beet root juice (BR]) consumption for the 3
regions that demonstrated significant changes (identified on the x-axis)

The related-samples Wilcoxon signed ranks test indicated significant differences before versus after beet root juice consumption for zones
Superior 1 (Z=-2.41, P =0.016), Inferior 1 (Z=-2.11, P = 0.035), and Temporal 1 (Z =-2.00, P = 0.046).
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The same parameter was not normally distributed for baseline
versus post-beet root juice consumption, but not for baseline
versus post-water consumption. Thus, except for the non-
normally distributed parameters, paired t-tests were used to
compare the retinal peripapillary capillary densities. No significant
differences in baseline densities were found for any region across
the two visits (P > 0.05 for all). For the baseline and post-
consumption of each beverage, no significant differences in retinal
peripapillary capillary densities were found for any region (P >
0.05 for all). For the non-normally distributed data, the Wilcoxon
signed ranks test indicated no significant differences in the
distributions of the density values baseline versus post-beverage
consumption for either beverage.

3.4 Retinal vessel density — macula

Superficial vessel density measurements from nine regions in the
macula (Figure 4) were compared between baseline and post-
beverage consumption. The distributions of these measurements
were different from normal for most regions. No significant
differences in the baseline density distributions were found for any
region across the two visits (P > 0.05 for all). The Wilcoxon signed
ranks test indicated significant differences in data distribution
baseline versus post-beet root juice consumption for 3 of the
innermost paracentral regions: Superior 1, Inferior 1, and
Temporal 1 (Figure 5).

To determine whether vessel density changes for the 3 significant
regions were related to their baseline density values, the
magnitudes of the density changes were calculated. The
distributions of these changes were approximately normal for
region Superior 1 and region Inferior 1, but not for region
Temporal 1. Pearson correlation coefficients were not significant
for the comparison between baseline density and density change
for region Superior 1 (r = 0.188, P = 0.45) or for region Inferior
1 (r = -0.02; P = 0.93). Spearman’s correlation coefficient was
not significant for the comparison between baseline density and

density change for region Temporal 1 (r = 0.336, P = 0.17).

4 Discussion

This study confirmed the BP-lowering effect of beetroot juice
found by numerous previous studies, including a 2013 meta-
analysis 0. Statistically significant decreases occurred in both
systolic and diastolic BP following beetroot juice, but not water,
consumption. Although the 4.8 mm Hg change in systolic BP
observed is similar to the 4.4 mm Hg reduction found in the
Siervo er al. meta-analysis ', the larger drop in diastolic BP (6.2
mm Hg) in this study differed from their findings (1.1 mm
Hg)'®. However, more recent studies also have found a
diastolic BP  with
supplementation. In a randomized, controlled, cross-over trial
with healthy subjects, Hobbs er al !
supplementation baked into bread. Compared to when they

significant  decrease  in beetroot

provided beetroot

consumed bread baked without the supplement, subjects
demonstrated significantly lower diastolic, but not systolic, BP,
as measured over a 6-hour period after bread consumption .
The same researchers conducted a different dose-dependent

study in which BP was measured over 24 hours after the study
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product (either beetroot juice or beetroot baked into bread) was
consumed 2. Their healthy subjects showed significant lowering
of both systolic and diastolic BP following beetroot
supplementation compared to the control condition 2.
Additionally, their subjects showed increased microvascular
vasodilation, measured with laser doppler imaging, after
consuming the beetroot product compared to after consumption
of the control product . A more recent study showed that
beetroot juice supplementation’s effect on BP was greater in
older compared to younger adults *3. Reasons for the varying
results across studies include different doses of beetroot juice,
differences in ages of study subjects, different times and
frequencies of BP measurements, and different baseline BP
measurements. Finally, in individuals with healthy BP, the
degree to which BP can be further reduced with nitrate
supplementation from a food source is likely limited, due to the
autoregulation of vascular diameter to maintain homeostasis 4.
Although we do not know the blood plasma levels of nitrate in
our subjects, the blood pressure-lowering observed post-BR] in
our subjects suggests their plasma levels were comparable to
responses that previously have been reported 1.

We did not find a significant difference in the change in IOP at
3 hours following beetroot juice vs water consumption.
Interestingly, both groups saw significant decreases of IOP 3
hours after beverage consumption: a mean of -1.2 mm Hg for
beetroot juice and -1.8 mm Hg for water. Previous research into
the water drinking test has suggested that IOP temporarily spikes
about 1-hour post-water consumption before returning to
baseline . One theory for this effect is that decreased blood
osmolality after water consumption promotes increased aqueous
production until osmolality rises again '°. Based on this research,
the 3-hour drop in IOP observed in both groups likely reflected
average diurnal variation in IOP, rather than the effect of
beverage consumption. Baseline measurements were taken in the
late morning, between 10:00 AM and 12:00 PM, with 3-hour
post-consumption measurements taken between 1:00 PM and
3:00 PM.

Although broad agreement exists on the presence of a nocturnal
acrophase in which IOP peaks for most healthy and
glaucomatous individuals, significant variation in the shape of
diurnal IOP curves between individuals has been demonstrated
1617 However, in a study of diurnal variation in IOP from 8
AM to 6:30 PM in 690 healthy eyes, the mean range of
fluctuation was 5.0 mm Hg, with the highest values found in the
morning 7. Thus, the normal fluctuation of IOP over a 3-hour
time period in healthy eyes is expected to be smaller. The present
study’s results are consistent with the diurnal variation in IOP
described in Agnifili er al, in which the researchers used a
Triggerfish contact lens sensor to continuously monitor IOP
over a 24-hour period 6. Although the contact lens produces an
output in mV that does not yet have a standardized conversion
to mm Hg, the device has been validated to closely correlate with
IOP measurements taken through noncontact tonometry 8. The
curve produced by Agnifili er a/. shows a mild decrease in IOP as
measured by the contact lens sensor over the late morning to
afternoon '6, which corresponds to the mild decrease in IOP that
we observed in our subjects at both post-prandial visits.
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Topical intraocular pressure-lowering medications have been
shown to produce significant effects in healthy eyes 2% the
failure of this study to find a significantly lower IOP after BR]
ingestion in healthy eyes may be due to the oral route leading to
insufficient nitrate delivery to the mechanisms involved in
intraocular fluid drainage. Alternatively, the single post-prandial
IOP measurement time may have precluded detection of a
significant reduction in IOP that may have occurred at an earlier
time. Our study visits took place at a time of day when IOP is
generally trending downward. Our results cannot preclude an
IOP-lowering effect of BR] if administered during a time when
the IOP is trending upward.

Optical coherence tomography angiography has been shown to be
capable of reproducible and repeatable measurements of retinal
vessel density in both healthy subjects and in ocular disease 2% 2.
In support of previous work, the vessel density measurements for
our subjects’ pre-beverage consumption visits did not differ across
study days. In our study, optical coherence tomography
angiography of the optic disc showed no significant difference in
retinal peripapillary capillary density between visits or following
cither beverage consumption. Optical coherence tomography
angiography of the macular region showed no significant changes
in superficial vessel density in any region following water
consumption, but 3 regions showed significantly decreased vessel
density following beetroot juice consumption. This result is
unexpected, as an increase in nitric oxide would generally be
expected to cause vasodilation. The mild drop in BP that was
observed should also cause the autoregulated retinal vessels to
dilate to maintain constant ocular perfusion pressure as BP drops
24, One hypothesis for the finding in this study is that a
concomitant increase in choroidal blood flow occurred, lessening
the blood supply-demand to the macula, thereby causing the
superficial retinal vessels in those regions to constrict 2.
Alternatively, the local vascular regulatory mechanisms in the
macula may have passively constricted slightly in response to the
small reduction in blood volume passing through them . A third
possibility is that the vessels underwent initial vasodilation after
beetroot juice consumption, but were already demonstrating
rebound constriction at 3 hours post-consumption. Other studies
that have evaluated change in retinal vessel caliber with changes in
BP have induced a large acute change in BP and monitored blood
vessel caliber changes over a shorter period than in this study 2+ 7.
Further investigation into the changes in retinal vessel caliber with
a gradual change in BP, using more frequent assessment than in
this study, may help explain the results.

One limitation of this study is the inclusion of only young, healthy
volunteers. Glaucomatous patients may react differently to
beetroot supplementation than did the subjects in this study,
cither with respect to IOP or retinal and optic nerve blood flow.
Dysregulation of nitric oxide has been implicated in glaucoma ¥
thus, the possibility exists that glaucomatous eyes may experience
a significant and/or more long-lasting change in IOP in response
to increased blood concentrations of nitric oxide that was not seen
in healthy volunteers. Glaucoma is also associated with poor blood
flow to the optic nerve 8. Therefore, glaucoma patients may
experience a benefit from beetroot supplementation that was not
seen in healthy volunteers. Additionally, plasma nitrate
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concentrations and diastolic BP lowering from beetroot
supplementation have been shown to be greater for older than for
younger adults *4. Thus, the effect of beetroot supplementation on
the ocular vasculature in older adults remains to be explored.

Another limitation of this study is the failure to instruct our
subjects to avoid spitting, brushing their teeth, and using an
antibacterial mouthwash after ingesting the beetroot juice, all of
which have been shown to reduce the amount of nitrate-nitrite
conversion by interfering with bacterial species at the back of the
tongue involved in the reduction of salivary nitrate to nitrite 428,
Some subjects did comment on the “earthy” taste of the beetroot
juice and may have sought to alleviate the lingering taste. While
failure to provide these instructions to the subjects did not
prohibit demonstration of beetroot juice supplementation’s effect
on BP or superficial vessel density in some regions of the macula,
whether the data for any of the parameters measured were affected
by such actions taken by any of the subjects is unknown.

Two additional limitations of this study were the limited number
of subjects and the limited number of data collection periods. The
19 subjects were sufficient for a power of 0.8 with respect to
finding a 20% reduction from the mean pre-consumption IOP,
but additional subjects would strengthen the study results. Had
data been collected every 30-60 minutes post-beverage
consumption for several hours, the time to onset for the BP
changes and determination of when the peak changes occurred
could have been reported. Identification of whether the superficial
retinal capillary density in the macula had actually experienced an
expected increase (if an increase in retinal nitric oxide had been
achieved with beetroot juice consumption) at an earlier time post-
beet root juice consumption before the decrease in density that
was observed at the 3-hour time point also could have been
determined. Finally, more frequent measurements could have
identified whether a larger decrease in intraocular pressure had
occurred prior to the 3-hour post-consumption measurement.

5 Conclusions

This study confirmed the BP-lowering effect of beetroot juice over
a 3-hour period in young, healthy adults. Although IOP was not
differentially affected post-beet root juice compared to post-water
consumption in these subjects, differences in superficial retinal
vessel density in the macula post-beet root juice consumption were
significant. The time span over which the effect is measured, the
duration of supplementation, the form of the beetroot, and the
age and health of subjects may contribute to the variability of
effects on these parameters. Further exploration of the effects of
beetroot supplementation on retinal vasculature is warranted.
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