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Effects of Beetroot Supplementation on
Recovery After Exercise-Induced Muscle
Damage: A Systematic Review

Daniel Rojano-Ortega, MSc, PhD,*t José Pefia Amaro, MD, PhD,* Antonio J. Berral-Aguilar, MD,%

and Francisco J. Berral-de la Rosa, MD, PhDT

Context: Beetroots have antioxidant and anti-inflammatory properties, which may help attenuate inflammation and
oxidative stress, enhancing recovery from exercise-induced muscle damage (EIMD).

Objective: To evaluate the effects of beetroot supplementation on oxidative stress, inflammation, and recovery after EIMD.

Data Sources: SPORTDiscus, PubMed, Web of Science, and Scopus databases were searched, and hand-searching was
performed by looking to relevant studies that were cited in other studies.

Study Selection: For a study to be included in this review, the following inclusion criteria had to be met: (1) research
conducted with human participants, (2) original articles in peer-reviewed publications, (3) original studies that had
investigated beetroot supplementation intervention on muscle damage and recovery, (4) research conducted with 1 control/
placebo group, and (5) articles published from inception to October 2020.

Study Design: Systematic review using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)

statement.

Level of Evidence: Level 3.

Data Extraction: Two of the 4 authors independently extracted data and assessed the methodological quality of the articles
with the PEDro scale. All discrepancies were resolved through a consensus meeting.

Results: A total of 9 studies were included in this review. The methodological quality of the included studies ranged from
moderate to high. Most of the studies found a better recovery of functional variables and muscle soreness, but improvements
in markers of muscle damage, inflammation, and oxidative stress were not reported.

Conclusion: The existing evidence suggests that a short-term beetroot supplementation has the potential to accelerate
recovery of functional measures and muscle soreness, but further research is needed to clarify if a longer supplementation
period (with some days before exercise and some days after) could also promote recovery of markers of muscle damage,

inflammation, and oxidative stress.
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trenuous and/or prolonged exercise produces exercise-

induced muscle damage (EIMD), especially after

eccentric muscle actions, which cause greater levels of
muscle damage than concentric or isometric actions.” Prolonged
exercise leads to the production of reactive oxygen species
(ROS) that occurs primarily in skeletal muscle.”” Possible
sources of exercise-induced ROS are the mitochondrial electron

transport chain in muscle cells or the capillary endothelium in
contracting muscles as a result of the ischemia-reperfusion
process during exercise.” This high level of ROS results in an
imbalance between oxidants and antioxidants in favor of the
oxidants. The impact of ROS on muscle force production
depends on the level of ROS within the fiber.” For example,
according to Reid,"" in unfatigued muscles an optimum level of
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ROS is necessary for muscle fibers to generate 100% of their
maximal isometric force production. Conversely, if the levels of
ROS increase above a certain point, the muscles’ ability to
generate force decreases.”

Researchers have proposed that EIMD is developed as a
2-phase proce5526‘40'49: The first phase is the initial mechanical
and metabolic damage that occurs as a consequence of the
mechanical work performed and the second phase is the tissue
damage produced by the inflammatory response. In the first
phase, the strenuous exercise disrupts sarcomeres in myofibrils
and causes membrane damage and excitation-contraction
coupling dysfunction.”* The mechanical stress produced in the
primary phase triggers an inflammatory cascade, which is vital
to clear damaged tissue and initiates tissue repair and
adaptation," but it increases production of ROS and can sustain
inflammation, oxidative stress, and cellular darnage.“"17 This
secondary inflammatory response may, therefore, accentuate the
loss of force production and the decreased range of motion and
seems to be strongly involved in delayed-onset muscle soreness
(DOMS), which ultimately affects exercise performance.(”w’%

One way to attenuate symptoms from EIMD and accelerate
recovery could be an oral intake of anti-inflammatory or
antioxidant drugs,” but because of the adverse effects of
treatments including ibuprofen and nonsteroidal anti-
inflammatory drugs,” there is growing interest in the
consumption of anti-inflammatory and antioxidant food
supplements to reduce inflammation and enhance recovery.”
Supplementation with tart cherry and pomegranate has been
widely used in sports not only to enhance performance' but
also to attenuate symptoms from EIMD and accelerate recovery
because tart cherries and pomegranates have potential
antioxidant and anti-inflammatory properties due to their high
content in phenolic compounds.””***> Another natural product
that is frequently used is curcumin, the main bioactive
polyphenol of the spice herb turmeric, which possesses
anti-inflammatory and antioxidant qualities.”” Supplementation
with curcumin has been associated with faster muscle recovery
and reduction of inflammation and oxidative stress."

Consumption of nitrate-rich (NO;") vegetables has also been
proposed for enhancement of cardiovascular function.* Once
ingested, some of the NO_~ is reduced to nitrite (NO,) by the
action of anaerobic bacteria in the oral cavity and this NO, is
then partially reduced to nitric oxide (NO) in the stomach.*”> The
remaining NO_~ and NO," is absorbed from the intestine into
the circulation and, in conditions of low oxygen levels, will
become bioactive NO in tissues and blood.”> NO is fundamental
in some cardiovascular and metabolic processes as blood flow
regulation, muscle contractility improvements, and
mitochondrial respiration.”® Because of its vasodilatory action,
NO reduces blood pressure and increases oxygen and nutrient
delivery to the muscles™ and sport-enhancing effects have been
reported by a high number of studies. >

It has also been demonstrated that NO plays an important role
on skeletal muscle regeneration after damage.” Essential
processes in the skeletal muscle regeneration are myogenesis

and angiogenesis. NO can act as a vasodilator in the injured
skeletal muscle promoting rebuilding of the damage vessels,
restoration of blood flow, and oxygen supply to the tissues.”**
NO can also act as a signal molecule, which promotes activation
of satellite cells that enter the cell cycle, divide, differentiate,
and fuse with muscle fibers to repair damaged regions after
injuries.zo'54 However, there are very few studies investigating
the role of NO on oxidative stress and muscle inflammation
after muscle damage, with contradictory results. Radak et al*
suggested that DOMS induced an increase in NO formation that
could suppress force generation as a protective mechanism to
prevent further damage produced by maximal contraction and
Zembron-Lacny et al** conclude that NO could be 1 of the
causes of inflammation and DOMS. However, according to
Tidball,® NO is an important regulator of muscle inflammation
and reduces muscle damage produced by inflammatory cells by
increasing their apoptosis. NO can also reduce neutrophil-
mediated lysis of muscle cells and decrease superoxide
concentration forming less reactive intermediates.”’

Polyphenol-rich foods supplementation may reduce damage
induced by oxidative stress and lipid peroxidation, leading to
improvements in plasma antioxidant status and reducing cellular
inflammation and muscle pain.”> Apart from polyphenols,
beetroots also have high concentrations of betalains, a group of
phenolic secondary plant metabolites that gives them the
intense red color.”> Some studies have suggested that betalains
have potential antioxidant and anti-inflammatory effects™> and
supplementation with beetroot has been proposed not only to
improve exercise performance but also to protect against
oxidative stress.”’ The betalains, and betanins in particular, are
thought to be the most potent antioxidant molecules and have
shown to attenuate ROS production and to stimulate the
expression of antioxidant enzyme genes."®

Specific interest in beetroots has arisen in the last years
because it is a rich source of polyphenolic compounds and
NOﬁ'.59 Since NO%‘ may serve as a precursor of NO,
supplementation with beetroots could have beneficial effects on
sports performance.” Furthermore, because of the potential
involvement of NO in the damage and repair processes in
skeletal muscle, it has been suggested that beetroot
supplementation could enhance recovery after EIMD."
Although positive effects of supplementation with beetroots on
reduction of oxidative stress and inflammatory markers have not
always been found,**”" the effects of beetroot supplementation
on recovery after exercise in humans generate increasing
interest. Therefore, the aim of this systematic review is to
summarize the effects of beetroot supplementation on oxidative
stress, inflammation, and recovery after EIMD found in the
existing literature.

METHODS

The protocol for this systematic review was designed in
accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement.”*
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Inclusion and Exclusion Criteria

The studies included in this systematic review needed to fulfill the
following inclusion criteria: (1) research conducted with human
participants, (2) original articles in peer-reviewed publications, (3)
original studies that had investigated beetroot supplementation
intervention on muscle damage and recovery, (4) research
conducted with 1 control/placebo group, and (5) articles
published from inception to October 2020. Exclusion criteria were
the following: (1) research conducted with animals, (2) non-
English articles, and (3) systematic reviews or meta-analyses.

Search Strategy

Four electronic databases were searched: SPORTDiscuss,
PubMed, Web of Science, and Scopus. The following search was
carried out: (beetroot OR nitrate) (Title) AND beetroot
(Abstract) AND (muscle damage OR oxidative stress OR
recovery OR exercise OR muscle pain OR antioxidant OR
inflammation OR soreness (Title)) AND sports (All Fields). The
search was limited to English language and journal articles. The
detailed search strategy can be found in Appendix 1 (available
in the online version of this article).

Data Extraction

Two of the 4 authors independently did the literature search and
the data extraction. All discrepancies were resolved through a
consensus meeting. After applying inclusion and exclusion criteria,
the following data were extracted from each study: first author
name, year of publication, the intervention and placebo group
characteristics, dosage of supplements, supplementation duration,
exercise protocol to induce muscle damage and the effects of
supplementation on functional measures, muscle soreness, and
markers of muscle damage, inflammation, and oxidative stress.

Methodological Quality Assessment

The methodological quality of the articles was assessed with the
PEDro scale, which is based on the Delphi list developed by
Vethagen et al” and is a reliable and objective tool that helps
identify which studies are likely to be externally valid (criterion
1), internally valid (criteria 2-9), and could have sufficient
statistical information to make their results interpretable (criteria
10 and 11)." Points are only awarded when a criterion is clearly
satisfied, and criterion 1, which relates to external validity, is not
used to calculate the PEDro score.

A score of 9 to 10 on the PEDro scale was considered to be
“high quality,” scores of 5 to 8 were considered to be “moderate
quality,” and studies that scored less than 5 were considered to
be “low quality.”® Two researchers assessed the manuscripts
independently; if there was a difference in the criteria, it was
resolved through discussion until a consensus was reached.

RESULTS
Study Selection

Leaving aside the systematic reviews and meta-analysis, the
literature search provided a total of 212 articles identified

SPORTDiscuss PubMed Web of Science Scopus
(n=28) (n=172) (n=28) (n=84)
g
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Figure 1. Flowchart for identification and selection of
eligible studies for the systematic review.

through the combined descriptors. After examination by titles,
177 articles were excluded because they were neither
conducted in humans nor did they study recovery. After
elimination of duplicates, 15 articles were selected for abstract
screening and 5 of them were also excluded for not being
conducted in humans not studying recovery.

Finally, 1 study was excluded because it was a 2-part study,
and the first part was published as a separate study and
included in this systematic review. Therefore, the total number
of studies finally included was 9.811163057 There was a high
level of agreement between reviewers at the title and abstract
screening stages (95.5%; 169 of 177 articles) and a perfect
agreement in the full-text screening stage. A summary of the
search process can be seen in Figure 1.

Study Characteristics

The characteristics of the included studies are summarized in
Table 1. All selected studies implemented a placebo-controlled
experimental design. Four studies had a crossover design,&l(’ﬁo'37
3 studies used 2 experimental arms (placebo and beetroot
supplementation),""*"* and 2 studies used 3 experimental arms
with at least 1 of them with beetroot supplementation.'*"
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All participants were active people: team-sport players (n = 2),
recreationally active males (n = 2), marathon runners (n = 2),
triathletes (n = 1), well-trained cyclists (n = 1), and elite fencers
(n =1). The sample size ranged from 7 to 22 participants in
each group. Four studies'"*">¥ carried out an a priori statistical
power analysis and used adequate sample sizes based on those
estimations. The other 5 studies™*"*1%* did not perform a
power analysis, but only 1 of them'* concluded that the number
of participants was too low to detect differences in their primary
outcome measure.

One study”’ used beetroot concentrate capsules and the
rest™ 1153 ysed beetroot juice. Beetroot dosage varied widely
across the included studies, and the phenolic content, nitrate
content, and betanin content of the dosages of most studies are
summarized in Table 1. Only 1 study® did not use a special
protocol to induce muscle damage, and markers of muscle
damage, inflammation, and oxidative stress were measured
before and after a period of normal training.

Functional Measures and Muscle Soreness

Six studies" %9 measured 1 or more of the following

functional variables: maximal isometric voluntary contraction
(MIVC) of the knee extensors, countermovement jump (CM)),
reactive strength index (RSD), squat jump, 5-km time trial (TT),
and 20-m sprint performance (SP). Four of them'3%% found
that, after beetroot juice supplementation, there was a
significant improvement in any of the variables measured at
some point after exercise or throughout the whole recovery
period (Table 2). The same studies also measured muscle
soreness, and 4 of them'*"*>! found significantly lower values
in beetroot group (BRG), 2 of them during the whole recovery
period while the other 2 studies found reduced muscle soreness
at the beginning or at the end of the recovery period (Table 2).

Muscle Damage

All but 1 of the studies® analyzed serum concentration of any of
the following markers of muscle damage: creatine kinase (CK),
lactate dehydrogenase, aspartate transaminase, and
mithocondrial DNA (mtDNA) damage. Only 1 of them®” found
significant differences between groups in serum CK levels after
exercise (Table 2).

Inflammation and Oxidative Stress

Six studies" %% measured 1 or more of the following

markers of inflammation: C-reactive protein (CRP); tumor
necrosis factor alpha; interleukin-1p, -1ra, -2, -4, -6, -8, -10;
IFN-y; and ceruloplasmin, but none of them reported significant
differences between groups in any of the inflammatory markers
assessed.

With regard to oxidative stress, 4 studies analyzed 1
or more of the following markers: protein carbonyls, lipid
hydroperoxides, ascorbyl free radical, catalase, 8-isoprostane,
ROS production, advanced oxidation protein products,
malondialdehyde (MDA), glutathione peroxidase 1 (GPx-1),
glutathione peroxidase 3 (GPx-3), and 8-oxo-deoxyguanosine,
but only 1 of them® found significant differences between

8,13,14,30

groups after exercise in 2 of the markers measured: Gpx-1
and MDA.

The complete summary of findings for markers of
inflammation and oxidative stress can be seen in Table 2.

With regard to study characteristics, the level of agreement
between reviewers was almost perfect. Unfortunately, the same
level of agreement regarding functional measures, muscle
soreness, markers of muscle damage, and markers of
inflammation and oxidative stress was not possible given the vast
amount of information extracted from the articles. Nonetheless,
all the differences were resolved after a consensus meeting.

Methodological Quality Assessment

The scores of all studies ranged from 5 to 9, with a mean PEDro
score of 7.33 £ 1.05. Only 1 study was deemed high quality
while the rest were considered to be of moderate quality. No
study was excluded because of its low quality. Table 3 details
the results of the criteria evaluated. All studies failed to blind all
assessors who measured at least 1 key outcome (item 7) and
only 1 study carried out a concealed allocation (item 3).*” Both
reviewers agreed on the evaluation of most items (92.9%) and
after additional discussion all the differences were solved.

DISCUSSION

Beetroot contains high amounts of polyphenols, betalains, and
nitrates,'® and these are considered good anti-inflammatory and
antioxidant compounds. Therefore, the purpose of this
systematic review was to summarize the effects of beetroot
supplementation on oxidative stress, inflammation, and recovery
after EIMD. Our discussion will be carried out considering only
the total phenolic content, the nitrate content, and the betanin
content of the supplementations.

Effects of Beetroot Supplementation on
Functional Measures and Muscle Soreness

Four of the studies that measured functional variables and
muscle soreness™" had a supplementation period of only 3
to 4 days after exercise, and they showed contradictory results.
Clifford et al'* found a better recovery of CMJ height after
exercise in high-dose BRG, and Clifford et al*® also found a
better recovery of CMJ height and RSI in BRG after exercise.
None of those studies reported a better recovery of MIVC of the
knee extensors in BRG, maybe because beetroot
supplementation enhances recovery of dynamic but not static
muscle function,” because CMJ and RSI are more valid tests for
monitoring functional recovery than MIVC of the knee
extensors™ or simply because MIVC of the knee extensors was
less affected by the exercise than the other functional variables.
However, Clifford et al'' did not find a better recovery after
exercise in CMJ height or MIVC of the knee extensors. The
differences in exercise protocols and the different training levels
of participants are potential explanations. Another possible
explanation could be the differences in the magnitude of muscle
damage induced. It is reasonable to assume that the experienced
marathon runners in this study were sufficiently well protected
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Table 2. Variables measured and summary of findings of the included studies

Functional Measures and
Muscle Soreness

Biochemical Markers of Muscle
Damage, Inflammation, and
Oxidative Stress

Significant Differences
in BR Group (vs PLA/SN

Group)

Clifford et al'®

Muscle soreness of lower limb,
MIVC of knee extensors, CMJ.
Measurements: baseline, post
and 24 h, 48 h, and 72 h post

CK; TNF-q, IL-1B, IL-6, IL-8.
Measurements: baseline, post and
2h, 24 h,48h, 72 h post

>CMJ 48 h and 72 h post
in HD

<Muscle soreness 24 h, 48 h,
and 72 h postin HD and LD

Clifford et al™

Muscle soreness of the lower
limb, MIVC of knee extensors,
CMJ, RSI. Measurements:
baseline, post and 24 h, 48 h,
72 h post RST1; post and 24

CK; CRP;

PC, LOOH, AFR

Measurements: baseline, post
and 2.5h, 24 h, 48 h, 72 h post
RST1, post and 2.5 h, 24 h post

>recovery of CMJ from 24 h
post RST1

>RSI throughout the trial

<Muscle soreness 96 h post
RST1

and 24 h post.
5 km TT. Measurements: 24 h post

post RST2 (96 h post RST1) RST2 (96 h post RST1)
Montenegro et al*” | Whole body muscle soreness. CK, LDH <5km TT 24 h post
Measurements: baseline, post, Measurements made baseline, <CK post

post and 24 h post

Clifford et al"*

Muscle soreness of lower limb,
MIVC of knee extensors, CMJ.
Measurements: baseline, post
and 24 h, 48 h post

CK, AST;

TNF-a,, IL-1ra, -2, -4, -6, -8, -10,
IFN-y, CRP

Measurements: baseline, post
and 48 h post

No significant differences
between groups

Clifford et al™®

Muscle soreness of lower limb,
MIVC of knee extensors, CMJ.
Measurements: baseline, post
and 24 h, 48 h, 72 h post

CK; CRP
Measurements: baseline, post and
2,5h,24h, 48 h, 72 h post

<Muscle soreness in BR
group vs SN and PLA in
the 72-h postexercise
period

Carriker et al®

Cat (baseline and post)
8-1soP (baseline and 1 h post)

No significant differences
between groups

Clifford et al™

mtDNA damage; ROS production
Measurements: baseline, pre,
post, and 24 h post

No significant differences
between groups

Daab et al'

Muscle soreness of quadriceps
and hamstrings, MIVC of knee
extensors, SJ, CMJ, 20-m SP.
Measurements: baseline, post
and 24 h, 48 h, 72 h post

CK, LDH; CRP
Measurements: baseline, post and
24 h, 48 h, and 72 h post

>CMJ 24 h, 48 h, and 72 h post.

>MIVC post, 24 h and 48 h.

<SP 48 h post

<Muscle soreness post and
24 h post

Kozlowska et al®®

CK, LDH; IL-6, CP;

AOPP, MDA, GPx-1, GPx-3,
8-0x0dG Measurements: pre
and post (4 weeks after)

>Gpx-1 post
>MDA post

8-IsoP, 8-isoprostane; 8-0xodG, 8-oxo-deoxyguanosine; AFR, ascorbyl free radical; AOPP, advanced oxidation protein products; AST, aspartate transami-
nase; BR, beetroot; Cat, catalase; CK, creatine kinase; CMJ, countermovement jump; CP, ceruloplasmin; CRP, C-reactive protein; GPx, glutathione peroxi-
dase; HD, high dose; IFN-v, interferon-y; IL, interleukin; LD, low dose; LDH, lactate dehydrogenase; LOOH, lipid hydroperoxides; MDA, malondialdehyde;
MIVC, maximal isometric voluntary contraction; mtDNA, mitochondrial DNA; PC, protein carbonyls; PLA, placebo; post, postexercise; pre, pre-exercise; ROS,
reactive oxygen species; RSI, reactive strength index; RST, repeated sprint test; SJ, squat jump; SN, sodium nitrate; SP, sprint performance; TNF-o., tumor

necrosis factor alpha.
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from symptoms of muscle damage and, therefore, beetroot
supplementation conferred no benefits for recovery."

Nonetheless, Howatson et al® reported an enhanced recovery
of MICV of the knee extensors after a marathon race in
marathon runners who consumed tart cherry supplementation 5
days before the marathon and 3 days after. Apart from the
obvious differences in the supplements used, this result may
suggest that a more long-term dosage strategy (including a
loading phase) could have obtained similar recovery benefits.""
Likewise, Clifford et al”® did not find a better recovery after
exercise neither in CMJ height nor in MIVC of the knee
extensors and the explanation for these disparate results
remains unclear because the subjects, the supplementation
dosages, and the protocol to induce muscle damage were
exactly the same used by Clifford et al"

Of the 4 studies with a short supplementation period, only
Clifford et al' did not show significantly lower levels of muscle
soreness after exercise in BRG. A potential explanation is the
way muscle soreness was measured because Clifford et al'!
used a visual analogue scale (VAS) while in the other 3 studies,
soreness was assessed as pressure pain threshold with a
handheld algometer applied on the muscle belly at 3 premarked
sites, which is probably more accurate than a VAS. However, as
with CMJ or MIVC of the knee extensors, the authors state that
this may be due to differences in exercise protocol or
participants or even to the magnitude of the muscle damage,
markedly lower in this study, which made beetroot
supplementation confer no benefits for recovery."!

Two studies carried out a longer supplementation period.'*”’
Montenegro et al’” used a nitrate depleted supplementation
with low amount of betanins, but the supplementation had a
loading phase of 6 days pre-exercise and BRG had a lower 5
km TT 24 hours postexercise. However, they did not find a
significant better recovery of muscle soreness in BRG, probably
because the amount of betanins of the dosages was enough for
enhancing recovery of 5-km TT but too low for enhancing
recovery of muscle soreness. The supplementation used by
Daab et al'® was higher in nitrates and betanins and lasted for 7
days, 3 of them before exercise, and they reported better
recovery of CMJ, MIVC of the knee extensors, SP, and muscle
soreness after exercise in BRG.

Therefore, even with some contradictory results, it appears that
beetroot supplementation is an effective strategy for recovery of
functional measures and muscle soreness, especially if
supplementation is administered some days before muscle
damage is induced and for at least 72 hours after, for a total
period of more than 5 to 6 days. These results are similar to those
found by Rojano et al® in their review of supplementation with
tart cherry or pomegranate and to those reported by Fernandez-
Lizaro et al'” in their review of supplementation with curcumin.

Effects of Beetroot Supplementation
on Markers of Muscle Damage

In all but 1 study,"* markers of muscle damage demonstrated
main effects for time, being significantly higher after exercise

than baseline, which means that the protocol used to induce
muscle damage was effective. Only Clifford et al** indicated no
changes in mtDNA damage after exercise, but they concluded
that the protocol they used was not sufficient to induce a large
efflux of mtDNA into the circulation.

From the rest of the studies, only Montenegro et al”’* reported
significant differences between groups in serum CK levels after
exercise, showing BRG lower values. Most of those
studies! 1110 suggested that beetroot supplementation did not
seem to be beneficial for reducing markers of muscle damage.
Same contradictory results have been obtained with other
functional foods such as tart cherry or pomegranate with some
studies reporting beneficial effects™® and others not.*** It has to
be said that circulating muscle specific proteins are probably
best served as a marker that tissue damage has occurred rather
than to assess its magnitude,*" which can explain those
inconclusive results.

137

Effects of Beetroot Supplementation on
Markers of Inflammmation and Oxidative Stress

None of the studies that measured any marker of
inflammation'™*>1%% reported significant differences between
BRG and placebo groups. However, it has to be mentioned that
3 studies did not even find a significant elevation in serum
levels of inflammatory markers after exercise.">>* Clifford

et al"" measured only CRP and they found that serum
concentration of CRP remained close to baseline values
throughout the trials, but maybe those studies were
underpowered to detect small changes in CRP marker because
they had 10 subjects per group while Clifford et al'' had groups
of 17 subjects and showed that CRP was significantly elevated
postexercise. It is also possible that differences between these 3
studies were because of the different reliability of the methods
used to assess CRP levels because CV was <2% for Clifford

et al® and <5% for Clifford et al"!

With regard to oxidative stress, only Kozlowska et al*’ found
significant differences between groups in Gpx-1 and MDA, with
higher values in BRG. The authors explained these unexpected
results by the fact that they carried out a crossover design with
a first stage of 4 weeks with all participants without
supplementation and a second stage of another 4 weeks with
all participants with supplementation. And, in the second stage,
after some weeks of training, their participants engaged in a
relatively high-intensity training, especially the last days of the
stage just before blood sampling. The larger oxidative stress was
the result of this high-intensity training and could be the result
of improved physical performance due to the beetroot
supplementation.”’ The rest of the studies*"*'* found no
evidence that beetroot supplementation attenuated oxidative
stress, probably because of the fact that the benefits are limited
to non-well-trained individuals who have not suffered
physiologic adaptations resulting from training.”**

Although the findings of the studies included in this systematic
review do not support the use of beetroot supplementation to
attenuate inflammation or oxidative stress after EIMD, most
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studies lack of a supplement loading phase in the days before
exercise. As Clifford et al'' concluded, if supplements had been
consumed for some days before exercise, group differences
might have been apparent. It is true that Daab et al'® had a
supplementation period of 7 days with 3 days before exercise,
but the amount of polyphenols, nitrates, and betanins was
probably very low to have any beneficial effects on reducing
markers of inflammation and oxidative stress.

Limitations

The main limitations of this review are the small number of
studies included, the small sample sizes of some studies, leading
to a low statistical power, and the differences in the
supplementation dosages and the duration of the interventions.
Additionally, the markers of muscle damage, inflammation and
oxidative stress were measured using different methods, the
exact amount of polyphenols, betalains, and nitrates was not
always provided, and some studies did not analyze the
supplements before the interventions and used the results
reported from previous analysis, regardless of inter-batch
differences. Last, some of the studies used a crossover design,
which may have attenuated the response of the body to intense
exercise because of the repeated bout effect.

CONCLUSION

Despite the important differences in the amount of polyphenols,
nitrates, and betanins used in the included studies, the evidence
indicates that short-term beetroot supplementation has the
potential to accelerate recovery of functional measures and
muscle soreness. However, although the recovery of those
variables might point to a potential blunting of the secondary
damage response, improvements in markers of muscle damage,
inflammation, and oxidative stress have not been reported.
Further research is needed to clarify whether a more long-
term beetroot supplementation consumed for some days before
exercise and some days after might be a good strategy to
enhance recovery of markers of muscle damage, inflammation,
and oxidative stress, as it has been already demonstrated with
other functional foods. Positive effects are more likely with
enough amounts of polyphenols, nitrates and betanins, but
more research is also needed to shed some light on this matter
and determine the minimum dose to achieve a positive impact.
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