Review Article
Effect of beetroot supplementation dose on cardiovascular health outcomes: an integrative review

ABSTRACT

Introduction: Beetroot supplementation, a dietary source of inorganic nitrate, has been investigated as a non-pharmacological strategy to improve cardiovascular health, mainly by increasing the bioavailability of nitric oxide (NO) through the nitrate–nitrite–nitric oxide pathway. However, there is no consensus on the optimal dose capable of promoting vascular benefits. This integrative review aimed to analyze the relationship between different doses of beetroot supplementation and their effects on blood pressure and endothelial function in different populations. Methodology: The search was performed in the LILACS, PubMed, and CAPES Periodicals databases, resulting in 11 included studies. Doses ranged from 3.26 to 12.8 mmol, administered in acute or chronic protocols. Results: Overall, supplementation promoted consistent improvement in endothelial function, evidenced mainly by increased FMD, as well as reduced blood pressure in several groups, such as the elderly, postmenopausal women, hypertensive individuals, and individuals with peripheral arterial disease. Populations with greater vascular impairment showed more significant responses. Conclusion: Beetroot supplementation is a promising strategy for optimizing vascular health, with effects dependent on dose and baseline endothelial function. More standardized studies are needed to determine the optimal dosage and its long-term applicability.	Comment by SureshBabu Ganapa: Pls elaborate abbreviations when it comes
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INTRODUCTION
Beetroot supplementation has been shown to be a promising nutritional strategy for modulating blood pressure and vascular function through the entero-salivary pathway, which is an important physiological process whereby nitrate (NO₃⁻) from the diet is absorbed, excreted in saliva, reduced to nitrite (NO₂⁻) by oral bacteria, and, upon swallowing, converted to nitric oxide (NO) in the acidic stomach, benefiting cardiovascular health and regulating blood pressure. Clinical studies have used varying doses of nitrate and report acute and, in some cases, chronic effects on hemodynamic measures. However, the effect appears to depend on the dose, duration, and characteristics of the study population, which justifies a systematic synthesis with dose-response analysis.
Nitric oxide (NO) is a gas that contributes to the maintenance of healthy endothelial function, as it prevents the long-term progression of atherosclerotic disease and cardiovascular event rates because it exerts important vasodilator, anti-inflammatory, antithrombotic, antiproliferative, and antiadhesive effects [1,2,3]. 
The main stages of the atherogenic process include a decline in nitric oxide (NO) synthesis, increased production of reactive oxygen species, decreased NO bioavailability, and endothelial dysfunction [4]. Dietary nitrate, found in green leafy vegetables and beets, is a source of nitric oxide and confers several beneficial actions on the cardiovascular system [5,6]. Human studies show that dietary nitrate intake can improve endothelial function [7] and suppress microvascular inflammation [8].
Nitric oxide has a short half-life but a profound relaxing effect on vascular smooth muscle [9,10]. Through its dilating properties, nitric oxide regulates vascular tone and blood pressure (BP) [11], which has led to research into the availability of nitric oxide in the vascular endothelium and the resulting impacts on blood pressure and blood flow. Nitric oxide levels can be increased through the consumption of dietary nitrate (NO3-), which is reduced to nitrite (NO2-) and then to nitric oxide in a gradual process involving nitrate-reducing bacteria [12]. The richest sources of dietary nitrate include beets, arugula, and lettuce, with beets receiving the most attention as a promoter of nitric oxide [13]. Webb et al. [14] were the first to demonstrate the blood pressure-lowering effects of beetroot intake in young, healthy volunteers, leading to further exploration of the manipulation of nitric oxide levels through the intake of nitrate-rich foods.
Beetroot juice, as a rich source of dietary nitrate, has repeatedly been shown to improve vascular health, reduce blood pressure, and improve blood flow [15,16]. The predominant use of beetroot juice in dietary nitrate research has been driven by the development of a nitrate-free placebo juice, which allows for comparison of interventions. However, there has been a wide variety of nitrate doses provided and a preponderance of research with young, healthy volunteers. Young, healthy adults are at low risk for cardiovascular disease but are efficient at breaking down dietary nitrate into nitric oxide and have higher endogenous nitric oxide production than older adults [16]. This population, therefore, provides a good physiological response to nitric oxide after dietary nitrate intake, even though they have a low risk of cardiovascular disease. Older adults, on the other hand, individuals with specific clinical conditions—such as diabetes mellitus and peripheral arterial disease—are at greater risk of developing cardiovascular disease, making them an interesting population to investigate the potential effects of dietary nitrate intake on vascular health.
Although most research on beets has focused on juice, there are many other ways to consume this vegetable, such as in gel form [17], incorporated into bread [18], or as a whole food. Therefore, the objective of this study was to analyze the effect of beet supplementation as a source of inorganic nitrate on cardiovascular outcomes and endothelial function.


METHODOLOGY 

This study consists of an integrative review conducted with the aim of evaluating the effect of different doses of beetroot supplementation, a dietary source of inorganic nitrate, on cardiovascular health outcomes. 
To conduct this research, the following guiding question was used, based on the Problem, Intervention, Control, and Outcome (PICO) strategy: What evidence is present in the scientific literature, in the five-year period from January 2020 to December 2025, regarding the impacts of beetroot supplementation on cardiovascular parameters? To answer this question, a comprehensive search of articles indexed in the following databases was conducted over a two-month period: Latin American and Caribbean Health Sciences Literature (LILACS), PubMed, and CAPES Journals. 
The strategy for identifying articles was based on a combination of terms related to the compound and the intervention of interest, namely “beetroot” and two terms associated with the outcome, “vascular” and “cardiovascular,” in Portuguese and English, using the logical operator AND. These combinations were applied independently in each database. 
Based on these descriptors, 1,014 studies were retrieved. Next, date filters were applied to each database, limiting articles to those published between January 2020 and December 2025, and language filters, limiting articles to those in Portuguese and English, resulting in 441 articles.
Another filter included at this point defined that the studies should only be original articles, with open access, and that they could not be classified as theses, dissertations, monographs, review articles, books, or guides, leaving 130 articles.
From this point on, reading and selection began based on the titles, taking into account the following exclusion criteria: studies not conducted on humans; studies outside the scope of the review; duplicate studies. At this stage, 63 articles remained based on the titles.
The next step of the study consisted of reading the abstracts of the 63 articles and, again, applying the exclusion criteria already mentioned, leaving only 23 articles. After reading the abstracts, articles that did not show a physiological effect with supplementation were excluded, leaving 16. In the final selection phase, the 16 potentially eligible articles were read in full, and after reapplying the exclusion criteria, 11 articles were selected for the study (Figure 1).
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Figure 1: Identification and selection of articles on beetroot supplementation as a source of nitric oxide

Eligibility criteria and article selection

Clinical trials conducted in adults aged 18 years or older, including healthy individuals or those with cardiovascular conditions such as prehypertension, hypertension, obesity, diabetes, or peripheral arterial disease, will be considered eligible. Studies conducted with children or adolescents will be excluded. Interventions involving any form of beet supplementation—such as juice, powder, capsules, or concentrates—will be included, provided that the study reports or allows calculation of the nitrate dose (in mg or mmol). Accepted comparators will include placebo and active control (beetroot). Outcomes of interest will include systolic and diastolic blood pressure as primary outcomes, as well as improvement in endothelial function (assessed by FMD), arterial stiffness, hemodynamic markers, and plasma or salivary nitrite/nitrate levels as secondary outcomes.


RESULTS
Eleven studies were included that investigated different forms, doses, and durations of beetroot supplementation as a source of nitrate, covering diverse populations such as postmenopausal women, obese men, healthy adults, the elderly, pregnant women, hypertensive individuals, and patients with peripheral arterial disease or type 2 diabetes. Despite the heterogeneity among the designs, a consistent pattern of improved vascular function was observed, and in several studies, a reduction in blood pressure was observed.




Table 1. Characteristics and main findings of the studies used



	Title
	Authors
	Year
	Audience    
	Intervention    
	Dose
	Results

	Twelve-week nitrate-rich beetroot extract supplementation improves lower limb vascular function and serum angiogenic potential in postmenopausal women [19]
	
Vivian Pinheiro et al.
	2025
	Postmenopausal women

Age: 60–85 years
	12 weeks

Beetroot extract
	8,8 mmol of nitrate
	Increased serum nitrate and improved FMD after 12 weeks

Beetroot extract: mitigating the harmful vascular effects of menopause

	Effects of Beetroot Powder with or without L-Arginine on Postprandial Vascular Endothelial Function: Results of a Randomized Controlled Trial with Abdominally Obese Men [20]
	Ellen THC Smeets et al. 
	2020
	 
Men with abdominal obesity

Age: 40–70 years
	5 weeks

Supplement containing beetroot powder
	3,26 mmol  of nitrate
 (200 mg of nitrate)
	Positive response to FMD

	Aging modifies acute resting blood pressure responses to incremental consumption of dietary nitrat: a randomized crossover clinical trial. [21]
	Tess Caper et al. 
	2022
	Healthy adults

Age: 27–64 years
	4 weeks

Beets cooked in 3 different portions
	272 mg  of nitrate
(4 mmol)
544 mg (8mmol)
816 mg  of nitrate
(12 mmol)
	Reduced BP and microvascular function (more significant results in young adults than in the elderly)

	Body mass-normalized moderate dose of dietary nitrate intake improves endothelial function and walking capacity in patients with peripheral artery disease [22]
	Elizabeth J. Pekas et al.
	2021
	
Patients with peripheral arterial disease

	Beetroot juice

	0,11 mmol of nitrate/kg
	
BP reduced
Improved FMD and
vascular function


	
Dietary nitrate prevents progression of carotid subclinical atherosclerosis through blood
pressure-independent mechanisms in patients with or at risk of type 2 diabetes mellitus [23]

	Franca Morselli et al. 
	2021
	
Patients with DM2 or at risk
	6  months

Beetroot juice

	 4,5 mmol -11,2 mmol, 1x/dia
	Improvement in vascular remodeling (prevents atherosclerosis)

	
	




	
	
	
	
	

	Title
	Authors
	Year
	Audience    
	Intervention
	Dose
	Results

	Dietary nitrate intake improves vascular function and walking capacity in patients with peripheral arterial disease.  [24]
	Wooden, TeSean K. et al.
	2020
	Patients with peripheral arterial disease
	Beetroot juice

	Normalized nitrate dose by body mass (0.11 mmol nitrate/kg)
	Improves blood pressure, vascular function, and walking ability in patients with peripheral arterial disease.

	Inorganic nitrate attenuates endothelial dysfunction resulting from systemic inflammation.  [25]
	C Lau, et al. 
	2021
	Healthy men
	
Beetroot juice

Once a day for 6 days
	8–10 mmol of nitrate
	Improved FMD and BP

	Effects of beetroot juice on blood pressure, microvascular function, and large vessel endothelial function: a randomized, double-blind, placebo-controlled pilot study in healthy older adults.  [26]
	Tomos Jones et al.
	2019
	Healthy older adults

Age: 57–69 years
	Beetroot juice

	6,45 mmols
(400 mg of nitrate)
	Improved BP

	
Prior intake of beetroot juice mitigates endothelial dysfunction after prolonged periods of sitting. [27]

	Takuma Morishima et al.
	2022
	Healthy young people

	Beetroot juice

	12,8 mmol of nitrate
	Attenuates endothelial dysfunction

	
Acute Effects of Dietary Nitrate on Central Blood Pressure and Cardiac Performance in Hypertensive Individuals: A Randomized, Placebo-Controlled, Crossover Study [28]

	Samanta Mattos et al.
	2022
	Adults with hypertension
	Beetroot juice

	11,5mmol
	Improvement in endothelial function

	
A single dose of beetroot juice improves endothelial function but not tissue oxygenation in pregnant women: a randomised clinical trial. [29]

	Monica Volino Souza et al.
	2018
	
Pregnant women

	Beetroot juice

	8,958 mmol
(140mL of juice)
	Improves macrovascular endothelial function and FMD



The primary intervention in all studies was beet consumption, varying in form and dose. The most common form of intervention was beet juice. One study used cooked beet puree, with a chronic intervention (four weeks) and an increasing dose of nitrate [21]. Another alternative found was through beet powder supplementation, evaluated in a study with men with abdominal obesity [20]. And yet another was a concentrate—beet extract—used for 12 weeks in postmenopausal women [19]. The nitrate doses administered varied widely, from 3.6 mmol to 12.8 mmol, reflecting the diversity of formulations and the focus on different outcomes.
In postmenopausal women, supplementation with beet extract for twelve weeks (8.8 mmol of nitrate) increased serum nitrate levels and resulted in a significant improvement in macrovascular endothelial function (FMD) [19]. Similar results were found in men with abdominal obesity after five days of supplementation with beet powder containing 3.26 mmol of nitrate, who showed a favorable postprandial response in FMD [20].
In studies with healthy adults, the response to dietary nitrate varied according to age and dose administered. The trial that evaluated cooked beetroot supplementation showed that doses between 4 and 12 mmol reduced blood pressure and improved microvascular function, with more pronounced effects in younger adults than in older individuals [21]. In healthy elderly individuals, the intake of beet juice containing 6.45 mmol also resulted in improved blood pressure [26]. In young individuals, the consumption of juice with 12.8 mmol of nitrate attenuated endothelial dysfunction [27].
Among patients with specific clinical conditions, the effects were equally consistent. In individuals with peripheral arterial disease, both standardized supplementation by body mass (0.11 mmol/kg) and daily consumption of beet juice resulted in reduced blood pressure, improved FMD, and increased walking capacity [22, 24]. In patients with type 2 diabetes or increased risk for the disease, daily supplementation of 4.5 to 11.2 mmol for six months prevented the progression of carotid atherosclerosis, suggesting vascular benefit independent of blood pressure [23]. In hypertensive patients, a single dose of 11.5 mmol improved central endothelial function [28]. Among pregnant women, acute intake of 8.95 mmol improved macrovascular endothelial function and FMD [29].

DISCUSSION

The studies included in this review consistently demonstrate that supplementation with beetroot as a source of nitrate has beneficial effects on vascular function, blood pressure, and other markers related to cardiovascular health. These effects have been observed in different populations, ranging from young, healthy individuals to groups with greater vascular impairment, such as the elderly, postmenopausal women, hypertensive individuals, pregnant women, and patients with peripheral arterial disease and type 2 diabetes, and in different forms (juice, extract, powder, or cooked food). In general, doses varied widely—from 3.26 mmol to approximately 12.8 mmol—and both acute and chronic administrations demonstrated endothelial benefits. Although there is methodological diversity, improvement in FMD appears to be the most robust and uniform outcome among the studies, suggesting sensitivity of endothelial function to increased nitric oxide bioavailability.
From a physiological perspective, the observed effects can be explained by the nitrate–nitrite–nitric oxide pathway, an alternative pathway to the classic pathway dependent on the enzyme endothelial nitric oxide synthase. After ingestion, nitrate is absorbed and a significant portion is concentrated in the salivary glands, where it is reduced to nitrite by commensal bacteria in the oral cavity. When swallowed, this nitrite can be converted to nitric oxide under conditions of hypoxia or acidosis, as occurs in the endothelium and vascular microenvironment. This pathway is particularly relevant in populations with lower nitric oxide synthase enzyme activity—such as the elderly, postmenopausal women, and individuals with cardiovascular disease—which helps explain why these groups show significant responses to supplementation.
In studies involving postmenopausal women, a significant improvement in FMD was observed after chronic supplementation, a result consistent with the decline in estrogen typical of menopause, which naturally reduces endothelial activity and vasodilator tone. NO replacement through dietary nitrate appears to compensate for this physiological loss, contributing to partial recovery of vasodilator capacity. This reinforces the hypothesis that the nitrate–nitrite–nitric oxide pathway becomes especially relevant when the nitric oxide synthase enzyme pathway is physiologically compromised.
Among men with abdominal obesity—a condition associated with chronic inflammation, insulin resistance, and increased oxidative stress—supplementation with beetroot powder also promoted improvement in FMD. Systemic inflammation in these individuals tends to reduce the bioavailability of nitric oxide via increased consumption by reactive oxygen species. Thus, even relatively low doses, such as 3.26 mmol, can generate measurable benefits by increasing the pool of circulating nitrite, favoring the generation of nitric oxide regardless of the function of the nitric oxide synthase enzyme.
In healthy adults, the magnitude of the response varied according to age, reinforcing the idea that competition between the classical and alternative pathways of nitric oxide production is influenced by the endogenous efficiency of the enzyme nitric oxide synthase. In young adults, who have preserved endothelial function, higher doses or supplementation in protocols that induce physiological stress—such as sitting for long periods—seem to be more effective in revealing benefits. In older adults, even moderate doses can improve microvascular function, suggesting lower basal efficiency in nitric oxide production and greater dependence on the nitrate–nitrite–nitric oxide pathway.
In studies with clinical populations, such as patients with peripheral arterial disease or diabetes, the effects appear to be even more relevant, indicating not only functional improvement but also potential structural benefits, such as prevention of atherosclerotic progression. These findings reinforce the therapeutic role of dietary nitrate in conditions characterized by chronic vascular impairment. 
In studies involving patients with peripheral arterial disease (PAD), supplementation has shown substantial benefits in blood pressure, vascular function, and walking ability. This group has limited muscle perfusion, increased tissue hypoxia, and chronic endothelial dysfunction, a scenario in which the nitrate-nitrite-nitric oxide pathway becomes particularly efficient, since the conversion of nitrite to nitric oxide is favored under conditions of low oxygenation. The improvement in walking capacity observed in these studies is physiologically consistent with greater peripheral vasodilation and improved muscle perfusion during exercise.
In patients with type 2 diabetes or at risk of developing the disease, prolonged supplementation with beet juice prevented the progression of carotid atherosclerosis. This finding is relevant because it suggests that dietary nitrate may act not only on immediate functional parameters but also on structural aspects of vascular health. Improved endothelial function reduces vascular inflammation and oxidative stress, which are central conditions in the pathogenesis of atherosclerosis. Although blood pressure is not always modified in these patients, improvement in endothelial function and arterial stiffness can occur independently, as demonstrated in the included study.
Among pregnant women, a single dose of 8.95 mmol improved FMD without altering tissue oxygenation. Pregnancy is a physiological state naturally associated with complex hemodynamic changes, including increased metabolic demand and modulations in nitric oxide levels. The observed response suggests that supplementation may enhance vasodilation without compromising hemodynamic balance, although further studies are needed to assess safety and long-term effects.
For hypertensive individuals, a single dose of 11.5 mmol was sufficient to improve central endothelial function, showing that populations with established vascular dysfunction tend to benefit more significantly from acute supplementation.
Regarding supplementation protocols, the minimum dose capable of producing a significant effect appears to be around 3–4 mmol, while doses between 6–12 mmol tend to generate more consistent responses, especially in individuals with greater vascular impairment.
Normalization of the dose by body mass, used in some studies (0.11 mmol of nitrate/kg), contributed to more individualized and possibly more efficient responses, which may represent an advantageous methodological strategy. Comparison between doses suggests that levels between 6 and 12 mmol are particularly effective, although positive effects have also been detected with lower doses, especially in clinically vulnerable populations. The absence of a clear linear pattern indicates that the response to dietary nitrate depends on multiple factors, including age, baseline vascular health, body composition, oral microbiota, and the presence of systemic inflammation; different populations may respond differently to similar doses. In addition, several short-term trials have found benefits similar to those of prolonged interventions, indicating that both acute and chronic administration have the potential to modulate nitric oxide-related pathways.
Taken together, the findings reinforce that supplementation with nitrate-rich beetroot is a non-pharmacological nutritional strategy with significant therapeutic potential to modulate endothelial function, reduce blood pressure, and influence broader cardiovascular outcomes. The consistency of the results, combined with the physiological understanding of the nitrate–nitrite–nitric oxide pathway, strengthens the rationale for using this intervention, especially in populations with greater vascular impairment. However, important gaps remain, such as the standardization of doses, the evaluation of long-term effects, and the identification of individual response modulators, indicating the need for additional studies with more homogeneous methodology.


Limitations and recommendations for future research

In summary, the data suggest that nitrate from beetroot is an effective nutritional strategy for improving endothelial function, reducing blood pressure in certain populations, and influencing long-term vascular processes such as remodeling and atherosclerosis. The differences observed between studies seem to be more related to the characteristics of the populations evaluated and the baseline vascular health status than to the form of beetroot presentation. Nevertheless, the heterogeneity found reinforces the need for future studies that standardize doses, intervention time, and evaluation methods, in addition to exploring possible differences between individuals in the conversion of nitrate to nitric oxide.

CONCLUSION
The studies analyzed demonstrate that supplementation with nitrate-rich beetroot, in different doses and forms of administration, promotes consistent improvement in endothelial function and, in many cases, reduction in blood pressure. These effects were observed in both acute and chronic interventions and in different populations, including healthy individuals, the elderly, postmenopausal women, hypertensive individuals, pregnant women, and patients with vascular diseases. The observed efficacy can be explained by the increased bioavailability of nitric oxide through the nitrate-nitrite-nitric oxide pathway, which is especially relevant in situations of endothelial dysfunction or reduced nitric oxide synthase enzyme activity.
Although doses between 6 and 12 mmol tend to generate more robust responses, improvements also occurred with lower doses, suggesting a wide range of effectiveness modulated by vascular health status. Despite methodological heterogeneity among studies, the body of evidence points to beetroot supplementation as a promising, safe, and low-cost nutritional strategy to promote cardiovascular health. However, there is a need for more standardized and longer-term clinical trials to clarify the optimal relationship between dose, duration of use, and impact on long-term clinical outcomes.
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