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Beetroot and Dietary Nitrate at a Glance
In several controlled studies, peak performance after beetroot juice was above placebo or control, sometimes only in the first minutes 7987103,

Several controlled studies found a longer walking distance after beetroot juice compared with placebo or training alone, in COPD and in postmenopausal
women 296410150 Njitrate-rich beetroot juice lowered systolic blood pressure more than nitrate-poor placebo juice in several controlled studies 262515097,

We evaluated 172 human studies on Beetroot and Dietary Nitrate, including 141 randomised controlled trials and 21 meta-analyses or systematic reviews; the
controlled studies include 4,342 participants in total. As of 13 October 2026.

1. What Is Beetroot and Dietary Nitrate? Occurrence, Origin and Forms

Beetroot is the root of Beta vulgaris, a species in the amaranth family (Amaranthaceae). It naturally contains nitrate, which the body can convert via nitrite
into nitric oxide. It is eaten as a vegetable and drunk as a juice, and it is studied where vascular function and physical exercise are measured.

Beetroot is grown as a crop in temperate climates and used as a vegetable, juice or powder. Nitrate also occurs in many other leaf and root vegetables.

Juice is pressed from the root, reduced to a concentrate or dried into a powder, and the cooked or raw root is eaten as well. Studies mostly examine juice
and concentrate, alongside capsules and powder and nitrate salts, which allow the effect of nitrate alone to be examined.

Forms and Preparations Studied

« Beetroot juice

« Beetroot concentrate (shot)

« Beetroot powder

« Capsules with beetroot extract

« Nitrate salts (sodium nitrate, potassium nitrate)

« Cooked or raw beetroot as food
Not covered on this page:

« Organic nitrates used as medicines (for example glycerol trinitrate) release nitric oxide directly and are not the nitrate from food.
= Nitrite curing salt in meat products belongs to preservation and not to the beetroot topic.
« Studies on other nitrate-rich vegetables (for example spinach, rocket) are not studies on beetroot.

« Betaine and betanin are further constituents of the root and are studied separately from nitrate.

2. What Does Beetroot and Dietary Nitrate Do? Results by Area

AREA RESULT IN CONTROLLED STUDIES ~ STRENGTH OF EVIDENCE  STUDIES PARTICIPANTS
Exercise Performance and Endurance mixed high 9 meta-analyses - 79 controlled - O other 1,538

Blood Pressure mostly no difference high 9 meta-analyses - 56 controlled - 2 other 2,018
Vascular Function and Endothelium mixed high 3 meta-analyses - 49 controlled - 1 other 1,456

Oxygen Supply and Muscle Efficiency mixed high 4 meta-analyses - 27 controlled - O other 396

Oral Bacteria and Nitrate Metabolism mostly improved high 2 meta-analyses - 10 controlled - O other 229

Cerebral Blood Flow and Cognitive mostly improved moderate 0 meta-analyses - 6 controlled - O other 154
Performance

Other investigations mixed high 4 meta-analyses - 47 controlled - 3 other 1,297

How to read the table: counted are human studies whose results concern the area. “High” means at least one meta-analysis and two controlled studies
showing improvement, or at least three controlled studies of which three quarters show improvement, with at least 300 participants in total. “Moderate”
means at least two controlled studies showing improvement, as a majority, or one meta-analysis alongside controlled studies. “Low" means one controlled
study showing improvement. Where an area has no controlled study, the strength of evidence is at most "low” (result "reviews only” or “observational data
only"). Everything else is “unclear”. A study counts as showing improvement when at least half of its outcomes in this area improved. Reviews of
combination products do not count as meta-analyses; results that only describe side effects or shares of users do not count as an effect. The same study is
counted only once.
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3. What the Studies Show in Detail

Beetroot and Dietary Nitrate, Exercise Performance and Endurance: Human Studies

Compared with placebo, beetroot juice and nitrate-rich beetroot extract increased muscle strength in two controlled studies %, In a further one, the rate of
force development increased, but not maximal strength 77. Muscle endurance, measured as repetitions or hold time to exhaustion, was higher in several
controlled studies with beetroot juice or beetroot powder than on placebo 7593199120 peak performance was above placebo or control after beetroot juice in
several controlled studies, sometimes only briefly 722719, Two meta-analyses found better exercise capacity with nitrate compared with placebo, in COPD
and in young healthy men #2', In women, in well-trained endurance athletes and in crossover studies in COPD, by contrast, no confirmed advantage was
shown 82, Concentrated beetroot juice prolonged the strength endurance of the leg extensors only in men &’. The walking distance was longer in COPD and
in postmenopausal women in several controlled studies than on placebo or training alone 2°¢41°750_|n | ong COVID, diabetes and in individual COPD studies,
several controlled studies found no difference from placebo in walking distance and exercise endurance 4544195 Sprint and jump performance also
remained unchanged in sprinters and female athletes ""8'°°, The findings apply only to the form and preparation studied in each case, since juice,
concentrate, powder, capsules and nitrate salts are not interchangeable. A systematic review found the performance effect with beetroot juice and a nitrate-
rich diet, but not with nitrate salts . In older people in training, beetroot extract did not change strength and endurance compared with placebo “°. It remains
open which form, nitrate amount and duration of intake are beneficial for which population group and type of exertion.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

1Zeng et meta-analysis - 2,481 participants nitrate as nutritional supplement (among other supplements); vs. other nutritional supplements and placebo/control

al. 2025

% Silva et systematic review - 1,705 participants Inorganic nitrate: nitrate salts, beetroot juice, high-nitrate diet; acute 5-14.9 mmol; 22 d 5-9.9 mmol/d; acute intake to pt
al. 2022

4 Gao et al. meta-analysis - 1,061 participants Dietary nitrate supplementation (form not specified); vs. Placebo

2021

6 valifio- systematic review - 701 participants Nitrate supplements, partly combined with caffeine; vs. Placebo

Marques et

al. 2024

7 Eroglu et meta-analysis - 401 participants Beetroot juice (BRJ), a dietary nitrate source; vs. Placebo or control

al. 2026

& Chiappa meta-analysis - 357 participants Nitrate-rich beetroot juice; vs. Placebo/control; parallel vs. crossover RCTs

etal. 2026

7 Kang et meta-analysis - 161 participants Dietary nitrate supplements (form not specified); vs. Control (placebo/low-nitrate, not further described)

al. 2025

e meta-analysis Beetroot-based supplements (BRS); acute or short-term administration; vs. Control (placebo or comparator, not specifi¢
Evangelista

etal. 2024

Further studies in this area: 2125 3137 40 43 44 5152 55 58 64 66 68 69 70 72 73 74 75 76 77 78 80 81 82 83 84 86 87 88 92 93 95 100 101 103 104 105 106 109 112 113 114 115 116 118 119 120 121

122 127 128 129 130 131 132 133 134 135 136 138 139 140 141 142 143 145 147 150 152 154 155 156 159 161 162 163 164 166

Beetrool and Dietary Nitrate and Blood Pressure: Human Studies

Compared with low-nitrate placebo juice, nitrate-rich beetroot juice lowered systolic blood pressure in several controlled studies, in hypertension and in
COPD also over weeks 362150 Diastolic blood pressure also fell more than with placebo in hypertension, in healthy men and in COPD 269773, in a further
COPD study it fell only compared with baseline '°°. Two meta-analyses found a reduction in both values, one of them depending on the nitrate amount %%; a
meta-analysis on sodium nitrate alone, by contrast, found no confirmed reduction '°. In treated or incipient hypertension, however, beetroot juice did not
lower long-term blood pressure in two controlled studies °®*3, Resting blood pressure also remained unchanged in several controlled studies with beetroot
juice or sodium nitrate 79917154 Tablets made from beetroot extract, potassium nitrate, thiamine nitrate, vitamin C and plant extracts lowered blood pressure
more than placebo; the finding applies to this mixture, not to beetroot alone 2. The strength of evidence is high, but the majority of controlled individual
studies found no difference, and most studies were small and short; it remains open whether the effect is confirmed with longer use and in already treated
patients.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

2 meta-analysis - 1,823 participants Dietary nitrate (nitrate salts, nitrate-rich foods); per mmol nitrate intake (dose-dependent); acute, short-, medium- and
Norouzzadeh

etal. 2025

8 Chiappa et meta-analysis - 357 participants Nitrate-rich beetroot juice; vs. Placebo/control; parallel vs. crossover RCTs

al. 2026

9 Gronroos meta-analysis - 349 participants Nitrate-rich beetroot juice (BRJ); 200-800 mg nitrate daily; vs. Placebo, water, or no intake

etal. 2024

ih-research.com/en/knowledge/beetroot-and-dietary-nitrate/ Page 3 of 13



INTERNATIONAL HEALTH RESEARCH Beetroot and Dietary Nitrate

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON
10 Ashor et meta-analysis - 325 participants Inorganic nitrate or beetroot juice; 1to 6 weeks; vs. Placebo control groups

al. 2017

12 Siervo et systematic review - 254 participants inorganic nitrate or beetroot juice; daily inorganic nitrate dose (meta-regression); 2 hours to 15 days; vs. placebo contr
al. 2013

14 Benjamim meta-analysis - 218 participants Nitrate-rich beetroot juice; 70-250 mL beetroot juice daily; 3 to 60 days; vs. Control group (placebo/low-nitrate)

etal. 2022

'S Cai et al. meta-analysis - 199 participants Dietary nitrate supplementation (form not specified); vs. Control (placebo/no supplementation)

2026

'8 Forster et meta-analysis - 181 participants Sodium nitrate (NOs~) supplementation; at least one week; vs. Placebo

al. 2026

Further studies in this area: 19 22 24 25 26 27 28 29 33 36 39 41 47 49 50 53 56 60 62 65 70 73 79 83 84 85 88 89 9194 97 99 105 107 110 111 112 117 122 123 125 126 129 133 140 142 143 146 148

150 152 153 154 156 157 158 160 161 165

Beetroot and Dietary Nitrate, Vascular Function and Endothelium: Human Studies

For vascular function and endothelium, a mixed picture emerges: several controlled studies found improved flow-mediated dilation after nitrate-rich beetroot
juice 3563748283
improved more with beetroot juice in addition to calorie restriction than with calorie restriction alone °3; in two further studies it increased only within the
juice group “'*8, and others found no difference '26'#6%52, For endothelial function, two controlled studies found an improvement compared with placebo or
calorie restriction alone %3, while others showed no difference here 6°5?'7_ Arterial stiffness decreased in hypertension with nitrate-rich juice %6, and
nitrate-rich beetroot powder abolished the caffeine-induced increase in vascular stiffness 2. Investigated were predominantly beetroot juice, as well as
concentrate, powder, extract capsules and nitrate salts, mostly against nitrate-poor placebos. A meta-analysis that evaluated nitrate salts and beetroot
preparations together also found better vascular function, weaker in older people '®. The strength of evidence is high, but the differences in form, nitrate
amount, comparison and population leave open for which preparation and which population group the benefit applies.

, and the meta-analysis on nitrate salts and nitrate-rich foods also reports an improvement in this parameter 2. Microvascular perfusion

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON
2 meta-analysis - 1,823 participants Dietary nitrate (nitrate salts, nitrate-rich foods); per mmol nitrate intake (dose-dependent); acute, short-, medium-
Norouzzadeh

etal. 2025

3 Lara et al. meta-analysis - 246 participants inorganic nitrate or beetroot supplementation; inorganic nitrate dose analysed as moderator; 1.5 hours to 28 days;
2016

18 Josa et al. systematic review Beetroot (form and nitrate amount not reported)

2024

22 Rathod et randomised controlled - 300 participants 70 mL nitrate-containing beetroot juice daily; 70 mL daily; 6 months; vs. Placebo (nitrate-deplete juice)

al. 2024

27 Faconti et randomised controlled - 105 participants Active beetroot juice as nitrate source vs. nitrate-depleted placebo juice; <11.2 mmol nitrate daily; 6 months; vs. Pl
al. 2019

28 Morselli et randomised controlled - 93 participants Nitrate-containing beetroot juice vs. nitrate-depleted placebo juice; 6 months; vs. Placebo (nitrate-depleted) juice;
al. 2021

31 Zamani et randomised controlled - 84 participants Potassium nitrate (KNO3) versus equimolar potassium chloride (KCI); 6 mmol three times daily; 6 weeks per phase
al. 2025

35 randomised controlled - 69 participants nitrate-rich beetroot juice vs. nitrate-depleted beetroot juice; once daily for 6 weeks; 6 weeks; vs. placebo (nitrate
Velmurugan

etal. 2016

Further studies in this area: 36 39 4148 49 50 5153 60 62 63 74 82 83 88 90 91 94 99 102 104 107 108 110 111 112 117 120 122 125 126 132 134 137 140 144 146 148 150 151 152 153 154 160 165

Beetroot and Dietary Nitrate, Oxygen Supply and Muscle Efficiency: Human Studies

Compared with placebo or training alone, nitrate-rich beetroot juice increased maximal oxygen uptake in several controlled studies, in mountaineers, rowers,
older women and in heart failure 56438145 Oxygen consumption at the same submaximal exertion was lower in several controlled studies with beetroot juice
or nitrate than on placebo, sometimes only after longer exertion 73128130754 |n female endurance athletes, maximal oxygen uptake increased after beetroot
concentrate only within the juice group; the study does not report a group comparison 2. Muscle oxygen saturation during strength training was higher in
two controlled studies with beetroot powder or beetroot juice than on placebo 2°™*2, Exhaled nitric oxide was increased in several controlled studies with
beetroot juice and beetroot concentrate °4"*143 Maximal oxygen uptake, by contrast, remained unchanged in heart failure with preserved ejection fraction
on potassium nitrate 329 154

and in cancer survivors . Oxygen consumption under submaximal exertion also did not differ from placebo in several controlled
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studies, for instance in diabetes, COPD and female athletes “4'°5'?7, |nvestigated were mainly beetroot juice, concentrate (shot) and powder, more rarely
capsules or nitrate salts. What remains open is the transferability to patient groups, the influence of accompanying circumstances such as mouth rinsing and
training status, and the question of which form and nitrate amount are decisive for an effect.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

3 Silva et al. systematic review - 1,705 participants Inorganic nitrate: nitrate salts, beetroot juice, high-nitrate diet; acute 5-14.9 mmol; 22 d 5-9.9 mmol/d; acute intake
2022

4 Gao et al. meta-analysis - 1,061 participants Dietary nitrate supplementation (form not specified); vs. Placebo

2021

5Qin etal. meta-analysis - 703 participants Beetroot juice or beetroot-derived nitrate; 6.4-12.8 mmol NO~; at least 3 consecutive days; vs. Placebo

2026

7 Kang et al. meta-analysis - 161 participants Dietary nitrate supplements (form not specified); vs. Control (placebo/low-nitrate, not further described)

2025

43 Turner et randomised controlled - 51 participants Beetroot juice containing nitrate and nitrite; 250 mg nitrate and 20 mg nitrite per day; 8 weeks; vs. Placebo, double
al. 2022

44 shepherd randomised controlled - 48 participants nitrate-rich beetroot juice vs. nitrate-depleted beetroot juice (placebo); 70 mi/day, 6.43 mmol nitrate/day (placebo |
etal. 2015

55 randomised controlled - 27 participants 70 mL beetroot juice with 400 mg nitrate; 70 mL (400 mg nitrate) 2.5 hours before ascent; Acute, single dose; post
Daneshparvar

etal. 2025

64 Carter et randomised controlled - 24 participants beetroot juice (BRJ); 140 mL, 120-180 min before training; 7 weeks, then 1 week washout; vs. exercise only (EX)

al. 2024

Further studies in this area: 73 86 88 104 105 116 120 121 124 127 128 130 131 132 138 141 143 145 147 152 154 156 162

Beetroot and Dietary Nitrate, Oral Bacteria and Nitrate Metabolism: Human Studies

Salivary nitrate and salivary nitrite rose significantly more with nitrate-rich beetroot juice than with placebo in several controlled studies 5°¢°""2"8 |n people
with elevated cholesterol, the composition of salivary bacteria changed with nitrate-rich juice, and Neisseria flavescens increased compared with placebo
35, A systematic review found that after nitrate administration, mostly as beetroot juice, there were more Neisseria and Rothia, a higher salivary pH and less
gum inflammation "'. As a mouth rinse for gum inflammation, plaque and gums improved with beetroot juice as well as with chlorhexidine; Streptococcus
bacteria decreased more persistently with chlorhexidine “°. In female athletes, a single dose did not change the composition of the oral flora '°°. Mostly
beetroot juice and a beetroot concentrate were studied, sometimes as a mouth rinse. According to a systematic review, measures that harm oral bacteria
weaken the performance effect of nitrate °. The strength of evidence is high, but most studies are small and short, and the transferability to powder,
capsules or the cooked beet is open.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON
3 Silva et al. systematic review - 1,705 participants Inorganic nitrate: nitrate salts, beetroot juice, high-nitrate diet; acute 5-14.9 mmol; 22 d 5-9.9 mmol/d; acute intake to
2022

T Alhulaefi systematic review - 284 participants Dietary nitrate, mostly via beetroot juice; 1 day to 6 weeks

etal. 2025

35 randomised controlled - 69 participants nitrate-rich beetroot juice vs. nitrate-depleted beetroot juice; once daily for 6 weeks; 6 weeks; vs. placebo (nitrate-dt
Velmurugan

etal. 2016

45 Kaushik randomised controlled - 44 participants beetroot juice mouthrinse; 1-week follow-up; vs. once-daily 0.2% chlorhexidine mouthrinse

etal. 2025

56 randomised controlled - 27 participants nitrate-rich beetroot juice vs. nitrate-depleted beetroot juice; 1 week; vs. nitrate-depleted beetroot juice (placebo)
Bondonno

etal. 2015

69 Marshall randomised controlled - 22 participants beetroot juice (BRJ) vs. non-nitrate calorie-matched control drink; 2 x 70 mi/day, ~12.5 mmol nitrate/day; 20 days, st
etal. 2021

9 Fejes et randomised controlled - 15 participants nitrate-rich vs. nitrate-depleted (placebo) beetroot juice; 4 weeks; vs. nitrate-depleted beetroot juice (placebo)

al. 2025

100 Tan et randomised controlled - 15 participants nitrate-rich beetroot juice (concentrate); 12.0 mmol nitrate; 2.5 h before exercise, acute; vs. nitrate-depleted beetroot
al. 2024

Further studies in this area: "2 118 123 165
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Beelrool and Dietary Nitrale, Cerebral Blood Flow and Cognitive Performance: Human Studies

Beetroot extract as a chewable tablet improved verbal memory, frontal brain functions and cognitive flexibility in a controlled study compared with placebo,
but not working memory “6. Beetroot juice in addition to calorie restriction improved cognitive flexibility more than calorie restriction alone °2. In diabetes,
nitrate-rich juice shortened only simple reaction time, while other tests remained unchanged °’. Sodium nitrate increased cerebrovascular CO2 reactivity
compared with placebo in a controlled study, but only in men °'. In metabolic syndrome, beetroot juice did not change cerebral autoregulation and cognition
in the main analysis; only exploratory analyses showed improvements in individual frontal brain areas ®’. A randomized controlled study on fermented red
cabbage with beetroot as a mixture found better attention and better working memory, but does not allow conclusions about beetroot alone '*°. The findings
apply to the respective form studied — juice, extract chewable tablets, nitrate salt or fermented vegetable — and, because of small participant numbers and
short duration, are only moderately robust; it remains open whether the effects persist with larger groups and longer intake.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

46 randomised controlled - 44 participants 4 chewable tablets with 3 g Beta vulgaris extract (RedNite); 3 g extract as single dose; Single dose, testing after ingestiol

Vaccaro
etal.
2024

53 randomised controlled - 29 participants Nitrate-rich beetroot juice plus caloric restriction; 14 days; vs. Caloric restriction alone
Alharbi
etal.
2023
57 randomised controlled - 27 participants beetroot juice, nitrate content 7.5 mmol per 250 ml; 7.5 mmol nitrate per day (250 ml juice); 2 weeks supplementation; vs
Gilchrist
etal.
2014

67 randomised controlled - 22 participants nitrate-rich beetroot juice vs. nitrate-depleted placebo; 6.4 mmol NO3-/day; 4 weeks; vs. nitrate-depleted placebo, douk
Gosalia

etal.

2026

T Fan randomised controlled - 17 participants sodium nitrate as dietary supplement; 0.1 mmol-kg-1-day-1 for 7 days; 7 days; vs. placebo, randomized, single-blinded, cr
etal.
2019

100 Tan randomised controlled - 15 participants nitrate-rich beetroot juice (concentrate); 12.0 mmol nitrate; 2.5 h before exercise, acute; vs. nitrate-depleted beetroot juic
etal.
2024

Beetrool and Dietary Nitrate: Further Outcomes in Studies

Several controlled studies and a meta-analysis showed that beetroot juice, beetroot extract and sodium nitrate increased plasma nitrate levels 244677791,
Plasma nitrite levels also rose in several controlled studies 744627719, Urinary nitrate excretion was increased in several controlled studies 2*2455¢°_ For blood
lactate 4713116119134 ‘haart rate 7'937"1° and muscle contraction 7793113118127 several controlled studies and meta-analyses found no difference. The strength of
evidence is overall high, but many studies are small and short, and the comparison conditions (placebo, low-nitrate juice, nitrate salt) differ.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

4 Gao et meta-analysis - 1,061 participants Dietary nitrate supplementation (form not specified); vs. Placebo
al. 2021

7 Eroglu meta-analysis - 401 participants Beetroot juice (BRJ), a dietary nitrate source; vs. Placebo or control
etal.
2026

5 Cai et meta-analysis - 199 participants Dietary nitrate supplementation (form not specified); vs. Control (placebo/no supplementation)
al. 2026

6 Forster meta-analysis - 181 participants Sodium nitrate (NOs~) supplementation; at least one week; vs. Placebo
etal.
2026
23 randomised controlled - 231 participants potassium nitrate capsule (300 mg) or nitrate-rich leafy green vegetables; 300 mg nitrate daily; 5 weeks; vs. low-nitra
Bondonno

etal.

2026

26 smith randomised controlled - 108 participants Daily beetroot juice (dietary nitrate 400 mg); 400 mg nitrate daily; until after delivery (6-month follow-up); vs. standar

etal.
2026
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STUDY DESIGN - PARTICIPANTS

30

Mansouri-
Baseri et
al. 2025

31 Zamani
etal.
2025

Further studies in this area:

4. How Is Beetroot and Dietary Nitrate Dosed? Preparation, Dose and Duration in Studies

randomised controlled - 90 participants

randomised controlled - 84 participants

PREPARATION - DOSE - DURATION - COMPARISON

Beetroot and Dietary Nitrate

beetroot capsules, some with vitamin C; 4 weeks; vs. placebo, double-blind, randomized, three groups

Potassium nitrate (KNO3) versus equimolar potassium chloride (KCI); 6 mmol three times daily; 6 weeks per phase, 1-

32 34 37 39 40 42 46 47 49 5153 55 59 62 69 70 71 77 78 85 93 96 98 103 104 109 110 111 113 116 17 118 19 121 127 129 132 134 138 146 148 155 156 161 166 167

The studies used predominantly beetroot juice, as well as beetroot concentrate (shot), beetroot powder, capsules with beetroot extract, nitrate salts and
cooked or raw beetroot as a food. The doses and nitrate amounts are listed in the table. Juice, concentrate, powder, capsules and nitrate salts are not
interchangeable, and the findings apply in each case only to the form and preparation studied.

PREPARATION OR FORM

70 mL nitrate-containing
beetroot juice daily

potassium nitrate capsule
(300 mg) or nitrate-rich
leafy green vegetables

Potassium nitrate vs.
potassium chloride
(placebo)

Nitrate-rich beetroot juice
vs. nitrate-deplete placebo
juice

Daily beetroot juice (dietary
nitrate 400 mg)

Active beetroot juice as
nitrate source vs. nitrate-
depleted placebo juice

Nitrate-containing beetroot
juice vs. nitrate-depleted
placebo juice

beetroot juice with nitrate,
sodium and potassium
chloride

beetroot capsules, some
with vitamin C

Potassium nitrate (KNO3)
versus equimolar potassium
chloride (KCI)

Oral sodium nitrate versus
placebo (NaCl)

beetroot juice (400 mg
nitrate/d) or nitrate-rich
vegetables (~350-400 mg
nitrate/d)

Nitrate-rich beetroot powder
nitrate-rich beetroot juice

vs. nitrate-depleted beetroot
juice

DOSE

70 mL daily

300 mg nitrate daily

300 mg potassium nitrate/day or 300 mg potassium chloride/day

140 mL with 12.9 mmol nitrate, 3 h before each PR session

400 mg nitrate daily

<11.2 mmol nitrate daily

beetroot juice 13 mmol nitrate/day; NaCl 130 mmol/day; KCI 40 mmol/day

6 mmol three times daily

700 mg x 2

beetroot juice 400 mg nitrate/d; vegetables ~250-300 g/d

5 g/d containing ~250 mg NO3-

once daily for 6 weeks

ih-research.com/en/knowledge/beetroot-and-dietary-nitrate/

DURATION

6 months

5 weeks

5 weeks supplementation

8 weeks, twice weekly PR programme

until after delivery (6-month follow-up)

6 months

6 months

one week

4 weeks

6 weeks per phase, 1-week washout

preoperative, follow-up up to 72 h

12 weeks

24 weeks

6 weeks

STUDY

22

23

24

25

26

27

28

29

30

31

32

33

34

35
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PREPARATION OR FORM
beetroot juice (dietary

nitrate) vs. nitrate-free
beetroot juice

Beetroot and Dietary Nitrate

DURATION STUDY

250 mL daily 4-week intervention, 2-week run-in, 2-week washout 36

5. Is Beetroot and Dietary Nitrate Safe? Side Effects in Studies

The studies report predominantly good tolerability; in several controlled studies no serious adverse events or side effects occurred 2531353667 |n g
randomized study with pregnant women with chronic kidney disease, fewer women had serious adverse events on beetroot juice than on standard care 2°.
In COPD, one participant experienced a drop in blood pressure on standing with symptoms after beetroot juice #4; on potassium nitrate, no clinically
significant hypotension and no methemoglobinemia occurred in heart failure '?°. Details on side effects and laboratory values are shown in the table.

STUDY

25 pavitt et al. 2020

26 Smith et al. 2026

31 Zamani et al. 2025

32 Eriksson et al. 2021
34 Bahadoran et al. 2021
35 Velmurugan et al. 2016
36 Kapil et al. 2015

45 Kaushik et al. 2025
47 Ormesher et al. 2018
54 Nojoumi et al. 2026
60 Rogerson et al. 2022

1 Collins et al. 2017

REPORTED SIDE EFFECTS

No significant serious adverse events or side effects reported
SAEs: 11in 7/30 (23.3%) with nitrate vs. 53 in 27/53 (50.9%) with standard care, P = 0.02
KNO3 was well tolerated

Perioperative bleeding 18% less with nitrate

Liver and renal function tests showed no undesirable changes
no adverse effects of dietary nitrate detected

intervention was well tolerated

beetroot rinse well tolerated, considered exploratory adjunct
Acceptable to 97% of women; no further data

none reported

no adverse events reported

No significant differences in self-reported side effects

6. What Remains Open: Limits of the Evidence

= It remains open which form, nitrate amount and duration of intake are beneficial for which population group and type of exertion.

» Most studies were small and short; the transferability to larger groups and longer use is unclear.

» The comparison conditions (placebo, nitrate-poor juice, nitrate salt) differ, which makes it difficult to classify the effects.

= With mixed preparations containing additional substances such as nitrate salts, caffeine, I-arginine, nitrite, vitamin C or inulin, the effect cannot be

attributed to beetroot alone.

« The transferability of the findings to powder, capsules or cooked beetroot is open, since most studies investigated juice or concentrate.

7. Bottom Line: What Is Established About Beetroot and Dietary Nitrate

In controlled studies, beetroot and preparations made from it reliably increase the plasma and salivary levels of nitrate and nitrite and thereby support the
nitrate-nitrite pathway. For physical exertion, blood pressure, vascular function and oxygen supply, several controlled studies show improvements compared
with placebo, but numerous results with no difference stand against these. The strength of evidence is high for several areas, but the results remain mixed
because form, nitrate amount, comparison and population vary widely. Tolerability was predominantly good in the studies; serious adverse effects were

rarely reported.

Frequently Asked Questions

How well has Beetroot and Dietary Nitrate been studied in humans?

We evaluated 172 human studies on Beetroot and Dietary Nitrate, including 141 randomised controlled trials and 21 meta-analyses or systematic
reviews; the controlled studies include 4,342 participants in total. As of 13 October 2026.
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Does Beetroot and Dietary Nitrate help with exercise Performance and Endurance? What the studies show

We evaluated 9 meta-analyses or systematic reviews and 79 controlled studies; the controlled studies include 1,538 participants in total. Result of the
controlled studies: mixed. Strength of evidence under our published rules: high. Sources: '34°

Does Beetroot and Dietary Nitrate help with blood Pressure? What the studies show

We evaluated 9 meta-analyses or systematic reviews, 56 controlled studies and 2 further studies; the controlled studies include 2,018 participants in
total. Result of the controlled studies: mostly no difference. Strength of evidence under our published rules: high. Sources: 2291

Does Beetroot and Dietary Nitrate help with vascular Function and Endothelium? What the studies show

We evaluated 3 meta-analyses or systematic reviews, 49 controlled studies and one further study; the controlled studies include 1,456 participants in
total. Result of the controlled studies: mixed. Strength of evidence under our published rules: high. Sources: 2'31822

Does Beetroot and Dietary Nitrate help with oxygen Supply and Muscle Efficiency? What the studies show

We evaluated 4 meta-analyses or systematic reviews and 27 controlled studies; the controlled studies include 396 participants in total. Result of the
controlled studies: mixed. Strength of evidence under our published rules: high. Sources: 345"

Does Beetroot and Dietary Nitrate help with oral Bacteria and Nitrate Metabolism? What the studies show

We evaluated 2 meta-analyses or systematic reviews and 10 controlled studies; the controlled studies include 229 participants in total. Result of the
controlled studies: mostly improved. Strength of evidence under our published rules: high. Sources: 313545

Does Beetroot and Dietary Nitrate help with cerebral Blood Flow and Cognitive Performance? What the studies show

We evaluated 6 controlled studies; the controlled studies include 154 participants in total. Result of the controlled studies: mostly improved. Strength of
evidence under our published rules: moderate. Sources: 46535767

Which forms of beetroot were investigated in the studies?

Investigated were mainly beetroot juice, beetroot concentrate (shot), beetroot powder, capsules with beetroot extract, nitrate salts and cooked or raw
beetroot as a food. The findings apply in each case only to the form and preparation studied, since these are not interchangeable. The doses and
nitrate amounts are listed in the table.

Do human studies show an improvement in athletic performance?

A meta-analysis found a small performance advantage of nitrate over placebo in young healthy adults, but not in women and well-trained endurance
athletes ?'. Several controlled studies in COPD, diabetes and Long COVID, by contrast, found no longer walking distance 845144105,

How does beetroot affect blood pressure?

Nitrate-rich beetroot juice lowered systolic blood pressure compared with placebo in hypertension and in COPD 625'50: in treated hypertension, by
contrast, long-term blood pressure remained unchanged after one week .

Are there studies on vascular function and the nitrate-nitrite pathway?

After nitrate-rich beetroot juice, beetroot extract or sodium nitrate, nitrate and nitrite in saliva and plasma increased markedly in several controlled
studies 566911211844677791 E|o\-mediated dilation improved compared with placebo in several controlled studies 36382,

Which side effects and safety aspects are known?

In a randomized study with pregnant women with chronic kidney disease, fewer women had serious adverse events on beetroot juice than on standard
care ?°. In COPD, one participant experienced a drop in blood pressure on standing with symptoms after beetroot juice 2*; on potassium nitrate, no
clinically significant hypotension and no methemoglobinemia occurred in heart failure '?°. Details are shown in the table.
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Comparative Efficacy of Nutritional Supplements in Modulating Lung Function and Exercise
Capacity in COPD Patients: A Network Meta-Analysis
Zeng Y, He T, Ma X, Guo Q, Zhang J - 2025

Plasma nitrate, dietary nitrate, blood pressure, and vascular health biomarkers: a GRADE-
Assessed systematic review and dose-response meta-analysis of randomized controlled
trials

Norouzzadeh M, Hasan Rashedi M, Ghaemi S, Saber N, Mirdar Harijani A, Habibi H et al. -
2025

Factors that Moderate the Effect of Nitrate Ingestion on Exercise Performance in Adults: A
Systematic Review with Meta-Analyses and Meta-Regressions
Silva KVC, Costa BD, Gomes AC, Saunders B, Mota JF - 2022

The effects of dietary nitrate supplementation on endurance exercise performance and
cardiorespiratory measures in healthy adults: a systematic review and meta-analysis

Gao C, Gupta S, Adli T, Hou W, Coolsaet R, Hayes A et al. - 2021

Effects of beetroot juice supplementation on maximal oxygen uptake during aerobic exercise:
a systematic review and meta-analysis

Qin G, Kim S - 2026

Nutritional Ergogenic Aids in Cycling: A Systematic Review

Valifio-Marques A, Lamas A, Miranda JM, Cepeda A, Regal P - 2024

The Effects of Beetroot Juice Supplementation on Performance and Fatigue During Single
and Repeated Sprints: A Systematic Review and Meta-Analysis
Eroglu MN, Pancar S, Lopez-Torres O, Fernandez-Elias VE - 2026

Addressing Methodological Gaps: A Systematic Review and Meta-Analysis of Beetroot Juice
and Exercise Capacity in Chronic Obstructive Pulmonary Disease
Chiappa GR, Sa Filho AS, Sa J, Duarte AG, Ferrari G, Chiappa AMG et al. - 2026

Effects of beetroot juice on blood pressure in hypertension according to European Society of
Hypertension Guidelines: A systematic review and meta-analysis
Gronroos R, Eggertsen R, Bernhardsson S, Praetorius Bjérk M - 2024

Medium-term effects of dietary nitrate supplementation on systolic and diastolic blood
pressure in adults: a systematic review and meta-analysis
Ashor AW, Lara J, Siervo M - 2017

Effects of dietary nitrate supplementation on oral health and associated markers of systemic
health: a systematic review
Alhulaefi SS, Watson AW, Ramsay SE, Jakubovics NS, Matu J, Griffiths A et al. - 2025

Inorganic nitrate and beetroot juice supplementation reduces blood pressure in adults: a
systematic review and meta-analysis
Siervo M, Lara J, Ogbonmwan |, Mathers JC - 2013

Effects of inorganic nitrate and beetroot supplementation on endothelial function: a
systematic review and meta-analysis
Lara J, Ashor AW, Oggioni C, Ahluwalia A, Mathers JC, Siervo M - 2016

Nitrate Derived From Beetroot Juice Lowers Blood Pressure in Patients With Arterial
Hypertension: A Systematic Review and Meta-Analysis
Benjamim CJR, Porto AA, Valenti VE, Sobrinho ACDS, Garner DM, Gualano B et al. - 2022

The effect of dietary nitrate on weight management: a systematic review and meta-analysis
Cai W, Wei P, Yang F, Shu L, Du Y, Feng H et al. - 2026

Effects of chronic nitrate supplementation on blood pressure in adults: a systematic review
and meta-analysis of randomized clinical trials

Forster D, Waclawovsky G, Stefani GP - 2026

Effects of nitrate supplements on cardiopulmonary fitness at high altitude: A meta-analysis of
nine randomized controlled trials

Kang C, Lin N, Xiong Y, Yang Y, Shi J, Zeng K et al. - 2025

Potential Effects of Bioactive Compounds of Plant-Based Foods and Medicinal Plants in
Chronic Kidney Disease and Dialysis: A Systematic Review
Josa E, Barril G, Ruperto M - 2024

Effects of dietary inorganic nitrate on blood pressure during and post-exercise recovery: A
systematic review and meta-analysis of randomized placebo-controlled trials

Benjamim CJR, Lopes da Silva LS, Valenti VE, Gongalves LS, Porto AA, Tasinafo Junior MF et
al. - 2024

Effects of Beetroot-Based Supplements on Muscular Endurance and Strength in Healthy Male
Individuals: A Systematic Review and Meta-Analysis
Evangelista JF, Meirelles CM, Aguiar GS, Alves R, Matsuura C - 2024

Ergogenic Effect of Nitrate Supplementation: A Systematic Review and Meta-analysis
Senefeld JW, Wiggins CC, Regimbal RJ, Dominelli PB, Baker SE, Joyner MJ - 2020

The NITRATE-OCT study-inorganic nitrate reduces in-stent restenosis in patients with stable
coronary artery disease: a double-blind, randomised controlled trial

Rathod KS, Mathur A, Shabbir A, Khambata RS, Lau C, Beirne AM et al. - 2024

A clinical study examining the effects of dietary nitrate on urinary N-nitrosamines
Bondonno CP, Sundqvist ML, Shinde S, Croft K, Hodgson JM, Carlstrom M et al. - 2026

Renal handling of nitrate in women and men with elevated blood pressure
Sundqvist ML, Lundberg JO, Weitzberg E, Carlstrém M - 2021

Oral nitrate supplementation to enhance pulmonary rehabilitation in COPD: ON-EPIC a
multicentre, double-blind, placebo-controlled, randomised parallel group study
Pavitt MJ, Tanner RJ, Lewis A, Buttery S, Mehta B, Jefford H et al. - 2020

Randomized Trial of Dietary Nitrate Supplementation in CKD Pregnancy (ORCHARD-BEET)
Smith P, Ashworth D, Hung R, Wang Y, Webb AJ, Dalrymple K et al. - 2026

Cardiac effects of 6 months' dietary nitrate and spironolactone in patients with hypertension
and with/at risk of type 2 diabetes, in the factorial design, double-blind, randomized
controlled VaSera trial

Faconti L, Mills CE, Govoni V, Gu H, Morant S, Jiang B et al. - 2019

Dietary nitrate prevents progression of carotid subclinical atherosclerosis through blood
pressure-independent mechanisms in patients with or at risk of type 2 diabetes mellitus
Morselli F, Faconti L, Mills CE, Morant S, Chowienczyk PJ, Yeung JA et al. - 2021

Sodium reduction is the key ingredient in dietary treatment of hypertension - a randomized
controlled trial on sodium, potassium and nitrate

Duus CL, Nielsen SF, Lyksholm TZ, Mose FH, Bech JN - 2026
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Beetroot and Dietary Nitrate

Effect of Beetroot Extract Supplementation on Serum Fatty Acid Profiles and Oxidative Stress
Markers in Chronic Coronary Artery Disease Patients: A Secondary Analysis of a Randomized
Controlled Trial

Mansouri-Baseri A, Moohebati M, Bahrami LS, Tabesh H, Rezaie M, Nematy M et al. - 2025

Potassium Nitrate in Heart Failure With Preserved Ejection Fraction: A Randomized Clinical
Trial
Zamani P, Shah SJ, Cohen JB, Zhao M, Yang W, Afable JL et al. - 2025

Effects of inorganic nitrate on ischaemia-reperfusion injury after coronary artery bypass
surgery: a randomised controlled trial
Eriksson KE, Eidhagen F, Liska J, Franco-Cereceda A, Lundberg JO, Weitzberg E - 2021

Increasing Nitrate-Rich Vegetable Intake Lowers Ambulatory Blood Pressure in
(pre)Hypertensive Middle-Aged and Older Adults: A 12-Wk Randomized Controlled Trial
van der Avoort CMT, Ten Haaf DSM, Bongers CCWG, van Oorschot F, Verdijk LB, van Loon
LJC etal. - 2021

Effect of inorganic nitrate on metabolic parameters in patients with type 2 diabetes: A 24~
week randomized double-blind placebo-controlled clinical trial

Bahadoran Z, Norouzirad R, Mirmiran P, Gaeini Z, Jeddi S, Shokri M et al. - 2021

Dietary nitrate improves vascular function in patients with hypercholesterolemia: a
randomized, double-blind, placebo-controlled study

Velmurugan S, Gan JM, Rathod KS, Khambata RS, Ghosh SM, Hartley A et al. - 2016

Dietary nitrate provides sustained blood pressure lowering in hypertensive patients: a
randomized, phase 2, double-blind, placebo-controlled study
Kapil V, Khambata RS, Robertson A, Caulfield MJ, Ahluwalia A - 2015

Physiological and Placebo Effects of Beetroot Juice in Virtual Cycling Using the Balanced
Placebo Design
Matta G, Edwards A, Roelands B, Hettinga F, Hurst P - 2026

Effect of a plant-based bioequivalent inorganic nitrate (NO3-) complex with vitamins,
antioxidants and phytophenol rich food extracts in hypertensive individuals - A randomized,
double-blind, placebo-controlled study

Cherukuri L, Birudaraju D, Kinninger A, Chaganti BT, Shekar C, Hamal S et al. - 2020

No Difference between the Efficacy of High-Nitrate and Low-Nitrate Vegetable
Supplementation on Blood Pressure after 16 Weeks in Individuals with Early-Stage
Hypertension: An Exploratory, Double-Blinded, Randomized, Controlled Trial

Li D, Jovanovski E, Zurbau A, Sievenpiper J, Milicic D, EI-Sohemy A et al. - 2024

I-Arginine and Beetroot Extract Supplementation in the Prevention of Sarcopenia
Cordova-Martinez A, Caballero-Garcia A, Bello HJ, Pons-Biescas A, Noriega DC, Roche E -
2022

Moderate doses of dietary nitrate elicit greater effects on blood pressure and endothelial
function than a high dose: A 13-week pilot study

Babateen AM, Shannon OM, O'Brien GM, Olgacer D, Koehl C, Fostier W et al. - 2023

A randomized clinical trial of beetroot juice consumption on inflammatory markers and
oxidative stress in patients with type 2 diabetes

Karimzadeh L, Behrouz V, Sohrab G, Hedayati M, Emami G - 2022

Effects of Combined Inorganic Nitrate and Nitrite Supplementation on Cardiorespiratory
Fitness and Skeletal Muscle Oxidative Capacity in Type 2 Diabetes: A Pilot Randomized
Controlled Trial

Turner KD, Kronemberger A, Bae D, Bock JM, Hughes WE, Ueda K et al. - 2022

Effects of dietary nitrate supplementation on the oxygen cost of exercise and walking
performance in individuals with type 2 diabetes: a randomized, double-blind, placebo-
controlled crossover trial

Shepherd Al, Gilchrist M, Winyard PG, Jones AM, Hallmann E, Kazimierczak R et al. - 2015
Maintenance of oral hygiene with beetroot rinse in gingivitis patients with oral lichen planus:
A pilot randomized controlled trial

Kaushik S, Singhal R, Dubey S, Khanna V, Mahdi AA, Gupta P et al. - 2025

Acute effects of a chewable beetroot-based supplement on cognitive performance: a double-
blind randomized placebo-controlled crossover clinical trial
Vaccaro MG, Innocenti B, Cione E, Gallelli L, De Sarro G, Bonilla DA et al. - 2024

Effects of dietary nitrate supplementation, from beetroot juice, on blood pressure in
hypertensive pregnant women: A randomised, double-blind, placebo-controlled feasibility
trial

Ormesher L, Myers JE, Chmiel C, Wareing M, Greenwood SL, Tropea T et al. - 2018

Acute Effects of Dietary Nitrate on Central Pressure and Endothelial Function in Hypertensive
Patients: A Randomized, Placebo-Controlled Crossover Study
Mattos S, Cunha MR, Marques BC, D EI-Rei J, Baido DDS, Paschoalin VMF et al. - 2023

Acute interaction between oral glucose (75 g as Lucozade) and inorganic nitrate: Decreased
insulin clearance, but lack of blood pressure-lowering
Floyd CN, Lidder S, Hunt J, Omar SA, McNeill K, Webb AJ - 2019

Beetroot juice, exercise, and cardiovascular function in women planning to conceive
Osman MMA, Mullins E, Kleprlikova H, Wilkinson IB, Lees C - 2024

Beetroot juice intake positively influenced gut microbiota and inflammation but failed to
improve functional outcomes in adults with long COVID: A pilot randomized controlled trial
Calvani R, Giampaoli O, Marini F, Del Chierico F, De Rosa M, Conta G et al. - 2024

Does Consumption of Nitrate Containing Beetroot Juice Affect Indoor Rowing Performance in
Males and Females?
Greisman G, Kloubec J, Kazaks A, Morrow K, Harris C - 2020

Caloric Restriction (CR) Plus High-Nitrate Beetroot Juice Does Not Amplify CR-Induced
Metabolic Adaptation and Improves Vascular and Cognitive Functions in Overweight Adults: A
14-Day Pilot Randomised Trial

Alharbi M, Chiurazzi M, Nasti G, Muscariello E, Mastantuono T, Koechl C et al. - 2023

Beetroot juice and vitamin C co-supplementation enhances anaerobic performance and
reduces post-exercise glycemia in wrestlers: a randomized, double-blind, placebo-controlled
crossover trial

Nojoumi M, Jafari A, Kakhki AH, Esfehani AJ, Rafiei H, Kerksick C et al. - 2026

The effect of acute beetroot juice consumption prior to climbing on lower-body isokinetic and
isometric strength, aerobic power, and muscle soreness among mountain climbers
Daneshparvar A, Hemmatinafar M, Salesi M, Rezaei R, Imanian B, Pirmohammadi S - 2025
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Absence of an effect of high nitrate intake from beetroot juice on blood pressure in treated
hypertensive individuals: a randomized controlled trial
Bondonno CP, Liu AH, Croft KD, Ward NC, Shinde S, Moodley Y et al. - 2015

Dietary nitrate supplementation improves reaction time in type 2 diabetes: development and
application of a novel nitrate-depleted beetroot juice placebo
Gilchrist M, Winyard PG, Fulford J, Anning C, Shore AC, Benjamin N - 2014

The influence of sex on the effects of inorganic nitrate supplementation on muscular power
and endurance

Ortiz de Zevallos J, Hogwood AC, Kruse K, De Guzman J, Buckley M, DeJong Lempke AF et al.

2024

Mitochondria-Derived Vesicles and Inflammatory Profiles of Adults with Long COVID
Supplemented with Red Beetroot Juice: Secondary Analysis of a Randomized Controlled Trial
Marzetti E, Coelho-Junior HJ, Calvani R, Girolimetti G, Di Corato R, Ciciarello F et al. - 2025

No effect of nitrate-rich beetroot juice on microvascular function and blood pressure in
younger and older individuals: a randomised, placebo-controlled double-blind pilot study
Rogerson D, Aguilar Mora FA, Young JS, Klonizakis M - 2022

Short-Term Effects of a Ready-to-Drink Pre-Workout Beverage on Exercise Performance and
Recovery
Collins PB, Earnest CP, Dalton RL, Sowinski RJ, Grubic TJ, Favot CJ et al. - 2017

Acute dietary nitrate supplementation attenuates caffeine-induced increase in arterial
stiffness in healthy adults: a randomized cross-over trial
McLellan AG, Ahmad NSB, Acton JP, Punni HK, O'Donnell E, Shepherd Al et al. - 2026

Seven-day dietary nitrate supplementation clinically significantly improves basal
macrovascular function in postmenopausal women: a randomized, placebo-controlled,
double-blind, crossover clinical trial

Delgado Spicuzza JM, Gosalia J, Zhong L, Bondonno C, Petersen KS, De Souza MJ et al. -
2024

Preworkout dietary nitrate magnifies training-induced benefits to physical function in late
postmenopausal women: a randomized pilot study
Carter SJ, Blechschmid TH, Baranauskas MN, Long EB, Gruber AH, Raglin JS et al. - 2024

Beetroot supplementation lowers daily systolic blood pressure in older, overweight subjects
Jajja A, Sutyarjoko A, Lara J, Rennie K, Brandt K, Qadir O et al. - 2014

Effects of an Isotonic Beetroot Drink on Power Output During Sprint Exercise and Jump
Performance in Physically Active Individuals: A Randomized Crossover Trial
Wong TH, Sim R, Sim A, Burns SF - 2024

A pilot randomized controlled trial of the effects of dietary nitrate supplementation on
dynamic cerebral autoregulation in older adults with metabolic syndrome
Gosalia J, Spicuzza JM, Bowlus C, Brinkerhoff A, Baker SR, Qiu JJ et al. - 2026

Eight weeks of nitrate-rich beetroot extract supplementation on fasting nitrate and nitrite
levels and skeletal muscle contractile properties in postmenopausal women: Results of a
randomized, placebo-controlled, and parallel trial

Frederico Ramos Junior OJ, Pinheiro VDS, Alvares TS - 2025

Marching to the Beet: The effect of dietary nitrate supplementation on high altitude exercise
performance and adaptation during a military trekking expedition
Marshall AR, Rimmer JE, Shah N, Bye K, Kipps C, Woods DR et al. - 2021

Effects of dietary nitrate supplementation on peak oxygen uptake following 10 days of
Ramadan fasting in healthy adults
Bhimani MM, Bommarito JC, Miners NI, Khangura PK, Stapleton RK, Sharma A et al. - 2026

Pharmaco-nutritional strategies to increase nitric oxide signaling in Raynaud's phenomenon
(Nivose): a series of N-of-1trials
Guigui A, Manceau M, Giai J, Jam-bon-Barbara C, Paris A, Cracowski J et al. - 2026

Influence of Acute Beetroot Juice Intake on Agility Performance Immediately Post-Repeated
Maximal Sprinting in Soccer Players
Yang X, Nakao T, Saito A - 2026

Acute Dietary Nitrate Supplementation and Exercise Performance in COPD: A Double-Blind,
Placebo-Controlled, Randomised Controlled Pilot Study
Curtis KJ, O'Brien KA, Tanner RJ, Polkey JI, Minnion M, Feelisch M et al. - 2015

Effect of Dietary Nitrate Supplementation on Exercise Performance in Hypoxic IPF (EDEN-
0X3): a double-blind, placebo-controlled, randomised crossover study
Majrshi MS, Alzahrani AA, George PM, Perkins A, Philip KEJ, Alshehri MS et al. - 2026

Beetroot juice supplementation enhances the effects of blood flow restriction training on
lower limb strength and vertical jump performance under fatigue in male university students:
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secondary endpoints from a randomized crossover trial
@stergaard AM, Rosenbaek JB, Ejlersen JA, Mose FH, Bech JN, Vrist MH - 2026

Effect of Beetroot Juice Supplementation on Aerobic Capacity in Female Athletes: A
Randomized Controlled Study
Neteca J, Veseta U, Liepina I, Volgemute K, Dzintare M, Babarykin D - 2024

Acute Effects of Beetroot Juice Supplementation on Isometric Muscle Strength, Rate of
Torque Development and Isometric Endurance in Young Adult Men and Women: A
Randomized, Double-Blind, Controlled Cross-Over Pilot Study

Poredos D, Jenko Praznikar Z, Kozinc Z - 2022

Acute Effects of Dietary Nitrate on Exercise Tolerance, Muscle Oxygenation, and
Cardiovascular Function in Patients With Peripheral Arterial Disease
van der Avoort CMT, van Loon LJC, Verdijk LB, Poyck PPC, Thijssen DTJ, Hopman MTE - 2021

Nitrate-Rich Vegetables Increase Plasma Nitrate and Nitrite Concentrations and Lower Blood
Pressure in Healthy Adults
Jonvik KL, Nyakayiru J, Pinckaers PJ, Senden JM, van Loon LJ, Verdijk LB - 2016

Evaluating the impact of short-term nitrate-rich dietary supplementation on endothelial
function in COPD: A randomized crossover study
Delacoste FBC, Goulart CDL, Guidoti AB, Ttirck P, Eibel B, Irigoyen MC et al. - 2024

Dietary nitrate supplementation enhances cerebrovascular CO2 reactivity in a sex-specific
manner
Fan JL, O'Donnell T, Gray CL, Croft K, Noakes AK, Koch H et al. - 2019

Effect of Nitrate Supplementation on Delayed Onset Muscle Soreness Indices: A Double-
Blind, Randomized, Cross-Over Clinical Trial
Tavana MM, Halabchi F, Seif Barghi T, Khazaei R, Rahimi S - 2026

Effects of dietary nitrate supplementation on isometric performance and physiological
responses in college bodybuilders: a randomized, double-blind, crossover study
Wang L, Zhao R, Yan Y, Zhang H, Yan R, Zhu Y et al. - 2025

Acute hemodynamic and autonomic modulation following beetroot and grapefruit juice
consumption, alone and in combination, in adults with hypertension: A randomized crossover
pilot study

Sai A, Shetty P, Shetty GB - 2026

Effects of Dietary Nitrate and Caffeine on End Power and Work Above End Power During a 3
min All-Out Test in Trained Male Cyclists
Hagele AM, Sunderland KL, Mumford PW, Kerksick CM - 2026

Increased Nitrate Intake From Beetroot Juice Over 4 Weeks Changes the Composition of the
Oral, But Not the Intestinal Microbiome
Fejes R, Séneca J, Pjevac P, Lutnik M, Weisshaar S, Pilat N et al. - 2025

Inter-individual differences in the blood pressure lowering effects of dietary nitrate: a
randomised double-blind placebo-controlled replicate crossover trial
Hayes E, Alhulaefi S, Siervo M, Whyte E, Kimble R, Matu J et al. - 2025

Effects of increased nitrate intake from beetroot juice on blood markers of oxidative stress
and inflammation in older adults with hypertension
Fejes R, Pilat N, Lutnik M, Weisshaar S, Weijler AM, Kriiger K et al. - 2024

Increased nitrate intake from beetroot juice over 4 weeks affects nitrate metabolism, but not
vascular function or blood pressure in older adults with hypertension
Fejes R, Lutnik M, Weisshaar S, Pilat N, Wagner KH, Stiiger HP et al. - 2024

Acute inorganic nitrate ingestion does not impact oral microbial composition, cognitive
function, or high-intensity exercise performance in female team-sport athletes
Tan R, Merrill C, Riley CF, Hammer MA, Kenney RT, Riley AA et al. - 2024

The effects of dietary nitrate ingestion on physical performance tests in 50-65 years old
postmenopausal women: A pilot randomized, double-blind, placebo-controlled, and
crossover study

Benjamim CJR, Lopes da Silva LS, da Silva Gongalves L, Tasinafo Junior MF, Spellanzon B,
Rebelo MA et al. - 2024

Effect of Acute Dietary Nitrate Supplementation on the Changes in Calf Venous Volume
during Postural Change and Skeletal Muscle Pump Activity in Healthy Young Adults
QOue A, limura Y, Miyakoshi Y, Ota M - 2024

Effect of Beetroot Juice Supplementation on Mood, Perceived Exertion, and Performance
During a 30-Second Wingate Test
Jodra P, Dominguez R, Sanchez-Oliver AJ, Veiga-Herreros P, Bailey SJ - 2020

Effects of Oral Supplementation With Nitrate-Rich Beetroot Juice in Patients With Pulmonary
Arterial Hypertension-Results From BEET-PAH, an Exploratory Randomized, Double-Blind,
Placebo-Controlled, Crossover Study

Henrohn D, Bjérkstrand K, Lundberg JO, Granstam SO, Baron T, Ingimarsdéttir IJ et al. - 2018

Dietary beetroot juice - effects on physical performance in COPD patients: a randomized
controlled crossover trial
Friis AL, Steenholt CB, Lgkke A, Hansen M - 2017

Opposing Effects of Dietary Nitrate on Muscle Contractile Function in Fast and Slow Human
Muscles
Zoughaib WS, Fry MJ, Singhal A, Hoffman RL, Coggan AR - 2026

Acute effects of beetroot extract and resveratrol ingestion on cardiovascular and cardiac
autonomic modulation recovery after moderate-intensity aerobic exercise in individuals with
coronary artery disease: a triple-blinded, randomized, placebo-controlled trial

Gonzaga LA, Porto AA, Takahashi C, Gomes RL, Vanderlei LCM, Valenti VE - 2025

Dietary Inorganic Nitrate Accelerates Cardiac Parasympathetic Recovery After Exercise in
Older Women with Hypertension: A Secondary Analysis of a Randomised Crossover Study
Benjamim J, Lopes da Silva LS, Alves Sousa YB, Gongalves LDS, Rodrigues GDS, Rebelo MA
etal.- 2025

Dietary nitrate supplementation suppresses sympathetic neural responses to mechanoreflex
activation during static handgrip exercise in postmenopausal women
Manabe K, Yoo JK, Takeda R, Washio T, Fu Q - 2025

Acute and short-term beetroot juice nitrate-rich ingestion enhances cardiovascular
responses following aerobic exercise in postmenopausal women with arterial hypertension: A
triple-blinded randomized controlled trial

Benjamim CJR, da Silva LSL, Sousa YBA, Rodrigues GDS, Pontes YMM, Rebelo MA et al. -
2024

Acute beetroot juice supplementation on sympathetic nerve activity: a randomized, double-
blind, placebo-controlled proof-of-concept study

Notay K, Incognito AV, Millar PJ - 2017

Beetroot Juice Enhances Nitrate Metabolism and Endothelial Function but Not Cardiovascular
or Strength Performance in Bodybuilders with a History of Anabolic-Androgenic Steroid
Abuse: A Crossover Trial

da Silva LSL, Gongalves LDS, Junior MFT, Sousa YBA, Rebelo MA, Guimaraes CS et al. - 2026

Page 11 0f 13


https://doi.org/10.3945/ajcn.114.101188
https://doi.org/10.3945/ajcn.114.101188
https://doi.org/10.1016/j.niox.2014.05.003
https://doi.org/10.1016/j.niox.2014.05.003
https://doi.org/10.1152/japplphysiol.00321.2024
https://doi.org/10.1152/japplphysiol.00321.2024
https://doi.org/10.3390/ijms26031224
https://doi.org/10.3390/ijms26031224
https://doi.org/10.1038/s41430-022-01115-4
https://doi.org/10.1038/s41430-022-01115-4
https://doi.org/10.3390/nu9080823
https://doi.org/10.3390/nu9080823
https://doi.org/10.1039/d6fo02338j
https://doi.org/10.1039/d6fo02338j
https://doi.org/10.3389/fnut.2024.1359671
https://doi.org/10.3389/fnut.2024.1359671
https://doi.org/10.3389/fnut.2024.1359671
https://doi.org/10.1152/ajpregu.00150.2024
https://doi.org/10.1152/ajpregu.00150.2024
https://doi.org/10.1016/j.nutres.2014.09.007
https://doi.org/10.1080/19390211.2024.2405825
https://doi.org/10.1080/19390211.2024.2405825
https://doi.org/10.14814/phy2.71073
https://doi.org/10.14814/phy2.71073
https://doi.org/10.1016/j.freeradbiomed.2025.06.026
https://doi.org/10.1016/j.freeradbiomed.2025.06.026
https://doi.org/10.1016/j.freeradbiomed.2025.06.026
https://doi.org/10.1016/j.niox.2021.05.002
https://doi.org/10.1016/j.niox.2021.05.002
https://doi.org/10.1113/ep093800
https://doi.org/10.1113/ep093800
https://doi.org/10.64898/2026.08.13.26360355
https://doi.org/10.64898/2026.08.13.26360355
https://doi.org/10.3390/nu18060897
https://doi.org/10.3390/nu18060897
https://doi.org/10.1371/journal.pone.0144504
https://doi.org/10.1371/journal.pone.0144504
https://doi.org/10.1136/thorax-2026-224919
https://doi.org/10.1136/thorax-2026-224919
https://doi.org/10.1080/15502783.2026.2636613
https://doi.org/10.1080/15502783.2026.2636613
https://doi.org/10.1080/15502783.2026.2636613
https://doi.org/10.3389/fnut.2026.1823053
https://doi.org/10.3389/fnut.2026.1823053
https://doi.org/10.3390/nu18050860
https://doi.org/10.3390/nu18050860
https://doi.org/10.1080/15502783.2026.2728354
https://doi.org/10.1080/15502783.2026.2728354
https://doi.org/10.1017/gmb.2025.10008
https://doi.org/10.1017/gmb.2025.10008
https://doi.org/10.1177/15579883251327907
https://doi.org/10.1177/15579883251327907
https://doi.org/10.3389/fnut.2025.1699766
https://doi.org/10.3389/fnut.2025.1699766
https://doi.org/10.1136/thoraxjnl-2021-217147
https://doi.org/10.1136/thoraxjnl-2021-217147
https://doi.org/10.1136/thorax-2024-222019
https://doi.org/10.1136/thorax-2024-222019
https://doi.org/10.1186/s12890-015-0057-4
https://doi.org/10.1186/s12890-015-0057-4
https://doi.org/10.1186/s12890-015-0057-4
https://doi.org/10.14814/phy2.70919
https://doi.org/10.14814/phy2.70919
https://doi.org/10.3390/nu17010063
https://doi.org/10.3390/nu17010063
https://doi.org/10.3390/nu14224759
https://doi.org/10.3390/nu14224759
https://doi.org/10.3390/nu14224759
https://doi.org/10.1123/ijsnem.2021-0054
https://doi.org/10.1123/ijsnem.2021-0054
https://doi.org/10.3945/jn.116.229807
https://doi.org/10.3945/jn.116.229807
https://doi.org/10.1016/j.rmed.2024.107745
https://doi.org/10.1016/j.rmed.2024.107745
https://doi.org/10.1152/japplphysiol.01116.2018
https://doi.org/10.1152/japplphysiol.01116.2018
https://doi.org/10.47176/mjiri.40.39
https://doi.org/10.47176/mjiri.40.39
https://doi.org/10.3389/fnut.2025.1576712
https://doi.org/10.3389/fnut.2025.1576712
https://doi.org/10.1177/02601060261434455
https://doi.org/10.1177/02601060261434455
https://doi.org/10.1177/02601060261434455
https://doi.org/10.3390/nu18091463
https://doi.org/10.3390/nu18091463
https://doi.org/10.1002/mnfr.70156
https://doi.org/10.1002/mnfr.70156
https://doi.org/10.1007/s00394-025-03616-x
https://doi.org/10.1007/s00394-025-03616-x
https://doi.org/10.1016/j.freeradbiomed.2024.07.004
https://doi.org/10.1016/j.freeradbiomed.2024.07.004
https://doi.org/10.1039/d3fo03749e
https://doi.org/10.1039/d3fo03749e
https://doi.org/10.1007/s00421-024-05552-w
https://doi.org/10.1007/s00421-024-05552-w
https://doi.org/10.1016/j.clnu.2024.05.031
https://doi.org/10.1016/j.clnu.2024.05.031
https://doi.org/10.1016/j.clnu.2024.05.031
https://doi.org/10.3390/nu16111621
https://doi.org/10.3390/nu16111621
https://doi.org/10.1123/ijspp.2019-0149
https://doi.org/10.1123/ijspp.2019-0149
https://doi.org/10.1016/j.cardfail.2018.09.010
https://doi.org/10.1016/j.cardfail.2018.09.010
https://doi.org/10.1016/j.cardfail.2018.09.010
https://doi.org/10.2147/copd.s135752
https://doi.org/10.2147/copd.s135752
https://doi.org/10.1249/mss.0000000000003932
https://doi.org/10.1249/mss.0000000000003932
https://doi.org/10.1007/s00394-025-03582-4
https://doi.org/10.1007/s00394-025-03582-4
https://doi.org/10.1007/s00394-025-03582-4
https://doi.org/10.3390/metabo15120789
https://doi.org/10.3390/metabo15120789
https://doi.org/10.1152/japplphysiol.00108.2025
https://doi.org/10.1152/japplphysiol.00108.2025
https://doi.org/10.1016/j.freeradbiomed.2023.11.039
https://doi.org/10.1016/j.freeradbiomed.2023.11.039
https://doi.org/10.1016/j.freeradbiomed.2023.11.039
https://doi.org/10.1152/ajpheart.00163.2017
https://doi.org/10.1152/ajpheart.00163.2017
https://doi.org/10.3390/antiox15030321
https://doi.org/10.3390/antiox15030321
https://doi.org/10.3390/antiox15030321

INTERNATIONAL HEALTH RESEARCH

n3

14

15

ne

nz

Lt

n9

120

12

=

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

Effects of Acute Dietary Nitrate Supplementation on Selected Isokinetic Performance
Variables in Physically Active Men
Jurga J, Kabacinski J, Fryzowicz A, Murawa M - 2026

Single and combined effect of beetroot juice and caffeine intake on muscular strength, power
and endurance performance in resistance-trained males

Montalvo-Alonso JJ, Del Val-Manzano M, Ferragut C, Valadés D, Lépez-Samanes A,
Dominguez R et al. - 2025

Acute effects of various doses of nitrate-rich beetroot juice on high-intensity interval
exercise responses in women: a randomized, double-blinded, placebo-controlled, crossover
trial

Jiagi Z, Zihan D, Heung-Sang Wong S, Chen Z, Tsz-Chun Poon E - 2024

Influence of acute dietary nitrate supplementation on oxygen delivery/consumption and
critical impulse during maximal effort forearm exercise in males: a randomized crossover trial
Fenuta A, Drouin P, Kohoko Z, Lynn M, Tschakovsky M - 2024

Effects of dietary nitrate supplementation on the response to extremity cooling and
endothelial function in individuals with cold sensitivity. A double blind, placebo controlled,
crossover, randomised control trial

Eglin CM, Costello JT, Bailey SJ, Gilchrist M, Massey H, Shepherd Al - 2017

Acute beetroot juice ingestion fails to improve sprint performance and neuromuscular
function in trained male sprinters: a randomized, double-blind, placebo-controlled study
Lépez-Samanes A, Moreno-Pérez D, Aguilar-Navarro M, Mufioz A, Lépez-Moreno M, Garcés-
Rimon M et al. - 2026

Acute Beetroot Juice St itation and R Effort in Elite Swimmers: A
Randomized Double-Blind Study

Arnaoutis G, Vallas G, Toubekis AG, Nomikos T - 2026

Short-Term Beetroot Juice Supplementation Enhances Strength, Reduces Fatigue, and
Promotes Recovery in Physically Active Individuals: A Randomized, Double-Blind, Crossover
Trial

Salem A, Ammar A, Kerkeni M, Boujelbane MA, Uyar AM, Kobel LM et al. - 2025

Effect of different sports drink compositions on endurance performance and substrate
oxidation: a randomized, double-blind, placebo-controlled crossover study in trained athletes
Ketelhut S, Moehle M, Hottenrott L - 2025

Effects of Acute Beetroot Juice Supplementation and Exercise on Cardiovascular Function in
Healthy Men in Preliminary Study: A Randomized, Double-Blinded, Placebo-Controlled, and
Crossover Trial

Yuschen X, Choi JH, Seo J, Sun Y, Lee E, Kim SW et al. - 2024

Nitrate ingestion blunts the increase in blood pressure during cool air exposure: a double-
blind, placebo-controlled, randomized, crossover trial
Rowland SN, O'Donnell E, James LJ, Da Boit M, Fujii N, Arnold JT et al. - 2024

Effects of dietary nitrate on the 02 cost of submaximal exercise: Accounting for "noise" in
pulmonary gas exchange measurements
Tan R, Wylie LJ, Wilkerson DP, Vanhatalo A, Jones AM - 2022

Beetroot (Beta Vulgaris L.) Extract Acutely Improves Heart Rate Variability Recovery
Following Strength Exercise: A Randomized, Double-Blind, Placebo-Controlled Crossover
Trial-Pilot Study

Benjamim CJR, S Junior FW, de Figueirédo MILS, Benjamim CJR, Cavalcante TCF, da Silva
AAM et al. - 2021

Effect of acute dietary nitrate supplementation on sympathetic vasoconstriction at rest and
during exercise
de Vries CJ, DelLorey DS - 2019

No effect of beetroot juice supplementation on exercise economy and performance in
recreationally active females despite increased torque production
Wickham KA, McCarthy DG, Pereira JM, Cervone DT, Verdijk LB, van Loon LJC et al. - 2019

Beetroot juice ingestion during prolonged moderate-intensity exercise attenuates progressive
rise in 02 uptake
Tan R, Wylie LJ, Thompson C, Blackwell JR, Bailey SJ, Vanhatalo A et al. - 2018

Pharmacokinetics and Pharmacodynamics of Inorganic Nitrate in Heart Failure With
Preserved Ejection Fraction
Zamani P, Tan V, Soto-Calderon H, Beraun M, Brandimarto JA, Trieu L et al. - 2017

Dietary nitrate supplementation enhances high-intensity running performance in moderate
normobaric hypoxia, independent of aerobic fitness
Shannon OM, Duckworth L, Barlow MJ, Woods D, Lara J, Siervo M et al. - 2016

Effect of acute dietary nitrate intake on maximal knee extensor speed and power in healthy
men and women

Coggan AR, Leibowitz JL, Kadkhodayan A, Thomas DP, Ramamurthy S, Spearie CA et al. -
2015

Beetroot juice or creatine: which yields greater short-term benefits for resistance training
capacity, performance and key physiological responses?
Ammar A, Salem A, Kerkeni M, Abril-Mera T, Batalik L, Toral-Noristz M et al. - 2026

Dose-response relationship between dietary nitrate intake and nitric oxide congeners in
various blood compartments and skeletal muscle: Differential effects on skeletal muscle
torque and velocity

Wei C, Vanhatalo A, Black MI, Rajaram R, Massey G, Jones AM - 2025

Acute effects of beetroot juice vs. creatine supplementation on maximal strength, autonomic

regulation, and muscle oxygenation during incremental resistance exercise
Salem A, Ammar A, Kerkeni M, Ali Boujelbane M, Merve Uyar A, Moritz Kébel L et al. - 2025

Beetroot juice ingestion does not improve neuromuscular performance and match-play
demands in elite female hockey players: a rar ized, double-blind, placebo-controlled
study .

Lopez-Samanes A, Pérez-Lopez A, Morencos E, Mufioz A, Kiihn A, Sanchez-Migallén V et al. -
2023

Whole beetroot consumption acutely improves running performance
Murphy M, Eliot K, Heuertz RM, Weiss E - 2012

Effects of dietary nitrate and vitamin C co-ingestion on blood pressure and hand-grip
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