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Abstract

Objective: Cardiometabolic diseases comprise a group of conditions that include obesity,
endothelial dysfunction (ED), dyslipidemia, diabetes mellitus type 2, systemic arterial
hypertension and cardiovascular disorders and are the leading cause of death in the world.
Given its high prevalence, it becomes important to investigate the potential of bioactive
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compounds such as the sodium nitrate (NO3) present in vegetables and supplements in
treating and preventing those conditions, once this substance has vasodilation properties,
which may offer positive outcomes in cardiometabolic health.

Methods: Our review will include all randomized clinical trials (RCTs) published in
English, Spanish and Portuguese without publication date restrictions. The databases
searched will be MEDLINE (PubMed), Web of Science, Cochrane, Scopus, EMBASE,
LILACS, SciELO and the grey literature. To be eligible the studies must be performed in
adults over 18y, with ingestion of NO3 in any form of administration or dosage, have a
placebo group and assess endothelial function, arterial stiffness, blood pressure, lipid or
glycemic profiles. The RoB2 tool will be used to evaluate the risk of bias and the GRADE
system to evaluate the strength of evidence. Statistical analyses will be performed using
RStudio for Windows and R package meta.

Perspectives: An updated meta-analysis evaluating the outcome of dietary nitrate in the
endothelial function and control of cardiovascular parameters would fulfill a gap in the
literature, facilitating access to the available information, helping healthcare professionals
to make more assertive decisions when treating or preventing those conditions and evaluate
the necessity for further RCTs.

Systematic review registration: PROSPERO registration no. CRD42024591474

Keywords: Sodium nitrate; Endothelial function; Cardiovascular health; Blood
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Introduction

Epidemiological data on endothelial function at a global level are currently not fully explored by researchers,
although it is known that endothelial dysfunction is a highly prevalent comorbidity in patients with several chronic
noncommunicable diseases !. Conditions such as type 2 diabetes mellitus (T2DM), systemic arterial hypertension (SAH),
coronary artery disease (CAD), obesity, metabolic syndrome (MS), and chronic obstructive pulmonary disease (COPD) are
the most prevalent. Smokers, sedentary individuals, and the elderly 2 and subjects with hypercholesterolemia 3 also show
this pathology, being an important risk factor, as it is a precursor step in the development of atherosclerosis 4.

We searched the literature to find out more specific data on how common this condition is, and the results are
alarming. The WISE study found a prevalence of 50% of ED in patients with an indication for angiography, climbing up to
75% of patients with acute coronary syndrome . Other observational studies indicate that 65%-90% of patients reporting
angina and non-obstructive CAD have microvascular abnormalities 6 with 50%-70% of them having endothelial
dysfunction 7.

As seen, there is a lack of specific data regarding the diagnosis of ED, although it is undoubtedly prevalent, once
the comorbidities associated with the disease are widespread among the global population, with hypertension affecting
1,278 billion people worldwide 8, T2DM affects 6% of men and 5% of women 9, and, according to the WHO, in 2022,
there were 2.5 billion overweight adults and 890 million of those were obese 10.

Given the alarming suggestive data on ED, it remains poorly known by the public and probably underdiagnosed
and undertreated, making it important to investigate the effect of bioactive components as a possible intervention to treat
and prevent this condition. This protocol for systematic review and meta-analysis aims to present the structure of a paper
that will investigate the impact of inorganic nitrate (NOs) on parameters such as endothelial function, lipidic and glycemic
profile and body mass index (BMI). There’s little biological plausibility that NOs impacts BMI directly, but we will add this
variable to the study, once this parameter can influence endothelial health, so it is important to bring attention to changes
in the weight of the participants of the trials to determine bias and adjust results for confounding factors.

Inorganic nitrate (NOs) is a precursor of nitric oxide (NO) 11, a substance with vasodilatory properties. The
discovery of the role of NO as a signaling molecule in the cardiovascular system by the American pharmacologists Robert
F. Furchgott, Louis J. Ignarro and Ferid Murad earned the 1998 Nobel Prize in Medicine. The work also highlighted the
importance of the molecule beyond the endothelium, acting as a neurotransmitter in the central nervous system (CNS) and
as an adjuvant in the metabolism of the immune system, activating macrophages to phagocytose bacteria and tumor cells
12 NO also plays a fundamental role in mitochondrial respiration and skeletal muscle contraction 1.

NOjs can be found in vegetables like beetroot, cabbage, and spinach and in the form of a supplement, being widely
used in sports as an ergogenic resource 13, promoting vasodilation, increasing tissue irrigation and, consequently, athletic
performance. We hypothesized that the vasodilatory activity present in NOs, could improve the endothelial function and
attenuate or reverse the deleterious effects of the ED on the health of its carriers.

Methods

The study protocol was developed based on PRISMA-P (Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols) 2015 14 and the Cochrane systematic review methodology 15. The protocol for the systematic
review and meta-analysis was registered in the International Prospective Register of Systematic Reviews (PROSPERO)
(CRD42024610581, November 16t 2024). The databases used in the meta-analysis will be freely available in the
Mendeley Data repository (https://data.mendeley.com/). Any amendments to this protocol will be documented in the main
study.

Eligibility criteria

To establish the eligibility criteria, we will use the PICOS framework as the following:
e  Population: human adults with 18y or older;
e Intervention: oral ingestion of inorganic nitrate (NOs) without dosage or time administration limits;
e  Comparation: powder, liquid, tablets, gels, bars or capsules containing placebo without vasodilation properties;
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e  OQutcomes: the main outcome will be variation in the arterial diameter assessed by imaging exams such as Flow
Mediated Dilation (FMD) (%) or Venous Occlusion Plethysmography (mL/100 mL) and the secondaries
outcomes will be systolic and diastolic blood pressure (mmHg), arterial stiffness assessed by pulse wave velocity
(PWV) or augmentation index (Aix), fasting glycemia (mg/dL), HbAlc (%), resting heart rate — RHR (bpm),
body mass index - BMI (kg/m2) and lipid profile (total cholesterol, HDL cholesterol, LDL cholesterol and
triglycerides levels);

e  Study: randomized clinical trials (RCTs) only.

The future article will present a comprehensive population of adults with or without established cardiometabolic
risk factors (endothelial dysfunction, and/or SAH, and/or T2DM, and/or dyslipidemia, and/or overweight/obesity,
and/or myocardial infarction/ stroke, and/or COPD). The inclusion criteria of our review will encompass studies with two
or more arms; an "intervention” arm involving the consumption of sodium nitrate or beetroot juice or a nitrate-rich rich for
at least 1 week and a "comparator” arm of placebo in any form or nitrate-depleted beverage.

It should be noted that the study populations, methods and interventions will be labelled according to the
authors’ description. When information is not available, authors will be contacted by email and asked to respond within 15
days (three attempts). For subgroup analyses in the meta-analysis, only RCT's reporting doses for the intervention group
and the control group will be selected. The results of subgroup analyses comparing healthy individuals with those with
cardiometabolic risk factors will also be discussed.

Inclusion and exclusion criteria

We will select studies involving adults aged 18 or older and consumption of sodium nitrate in any form (beetroot
juice, enriched bars, capsules, powder, gel or supplement), with no limitation on the amount of NOs, for at least 1 week
with detailed assessments of cardiometabolic risk markers. This will include endothelium function measured using high-
resolution Doppler ultrasonography or Venous Occlusion Plethysmography, arterial stiffness (AS) measured via PWV or
Aix, systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure, resting heart rate (RHR), BMI,
waist circumference (WC). Lipid profile including total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides
levels and glycemic profile (fasting blood glucose and HbAlc) will also be assessed. Studies combining other dietary
interventions with a clearly defined intervention group of beetroot juice or supplementation NOs or dietary intake and a
control group will be thoroughly reviewed for inclusion. Studies with participants undergoing medication or diet changes
will be eligible if these changes were introduced at least four weeks prior to the start of the intervention or were consistent
throughout the study to allow for accurate analysis. Regarding the 1-week intervention, there is no specific guideline or
reference, as the outcomes are associated with different timeframes for promoting adaptations. Therefore, we decided to
use 1 week as the minimum intervention period.

There will be excluded studies with participants undergoing treatments other than for cardiometabolic
conditions; review or protocol studies; animal experimentation studies; and studies of conditions other than those related
to cardiometabolic health, such as individuals diagnosed with cancer. Studies involving the same sample published in
different journals will be thoroughly reviewed and excluded if duplicates.

Search strategy

We conducted a prior search in the MEDLINE database via PubMed to ascertain whether the research question
of our review meets the FINER (feasible, novel, and relevant) criteria. A search strategy for RCTs was then developed and
will be conducted by four independent reviewers (two pairs) in the databases recommended in the Cochrane Handbook for
Systematic Reviews of Interventions 15: MEDLINE, EMBASE (European literature), Web of Science, and Cochrane
Central Register of Controlled Trials (to allow access to trials that are not indexed in MEDLINE and EMBASE). To
broaden our search, we will conduct searches of publications from Latin America in LILACS (Latin American and
Caribbean Health Sciences Literature/Virtual Health Library [VHL]) and SciELO (Scientific Electronic Library Online).
We will also search the grey literature to minimize publication bias, including OpenGrey and the Brazilian Coordination
for the Improvement of Higher Education Personnel (CAPES), Bank of Theses and Dissertations. For unpublished
ongoing studies, we will conduct searches in the following clinical trial registries: ClinicalTrial.gov; and Brazilian Clinical
Trials Registry (ReBEC). Preprint databases will also be included (preprints.org/, biorxiv. org and medrxiv.org). Table 1
details the search terms and search strategies used for each database. We will gather data through careful review of the
articles retrieved and the authors will be contacted by email for additional information as needed. Articles in English,
Portuguese and Spanish with no date of publication restrictions will be eligible for inclusion. Upon completion of the
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review, we will undertake an additional search of all databases and registry platforms to ensure the inclusion of the most
recent studies.

The main search terms will include “dietary nitrate,” “beta vulgaris,” and “beetroot” (Frame 1). To increase the
accuracy and sensitivity of our searches, the search terms for the study design (RCT) will be entered in the databases
MEDLINE 16 and EMBASE 17 (Frame 1). Four reviewers will independently select studies after an initial screening of
titles and abstracts. When there is no sufficient information in the abstract, the reviewers will read the full text of the

article. Any disagreements between the reviewers will be resolved through discussion and, if no consensus can be reached,

a fifth reviewer will be consulted.

Frame 1: Search terms for searches in MEDLINE (PubMed), Web of Science, Cochrane, LILACS, Scopus, EMBASE, and

SciELO.

MEDLINE (PubMed)

("nitratation"[All Fields] OR "nitrates"[MeSH Terms] OR "nitrates"[All Fields] OR "nitrate"[All Fields] OR (("diet"[MeSH Terms] OR "diet"[All
Fields] OR "dietary" [All Fields] OR "dietaries"[AH Fields]) AND ("mtratation"[All Fields] OR "nitrates"[MeSH Terms] OR "nitrates"[All Fields]
OR "nitrate’ [A]l Fields])) OR ((" mtratatlon "TAll Frelds] OR "nitrates"[MeSH Terms] OR "nitrates"[All Flelds] OR "nitrate' [A]l Fields]) AND
("sup lemental"[All Fields] OR "supplementating[All Fields] OR “supplementation"[All Fields] OR "supplementation s"[All Fields] OR
c]) ementations"[All Flelds] OR "su plementron [All Fields])) OR ("beta vulgarrs [MeSH Terms] OR ("beta”[All Fields] AND ' vulgarls"[All
Fle 1) OR "beta vulgarls [All Flelds]pOR "beet"[All Fields]) OR ("beta vulgaris" [MeSH Terms] OR ("beta"[All Fields] AND "vulgaris"[All
Frelds]) OR "beta vulgarls [All Fields])) AND ((("endothehahzatlon [All Frelds] OR "endothelialize"[All Fields] OR "endothelialized"[All Fields]
OR "endothelializing "[All Frelds] OR "endothelials"[All F1e ds] OR endothehum [MeSH Terms] OR endothehum [All Fields] OR
"endothelial "[All Fields]) AND ("functional"” [AH Fields] OR "functional s"[All Flelds] OR "functionalities"[All Fields] OR ' functronahty [All
Frelds] OR "functionalization” [All Fields] OR "functionalizations" [All Fields] OR "functionalize” [A]l Fields] OR "functionalized"[All Fields] OR
functronahzes [All Fields] OR ' functlonahzmg [All Flelds] OR" functlonally [ALl Flelds] OR" functlonals [All Fields] OR "functioned" [All
Frelds] OR functronmg"[AH Flelds] OR "functionings"[All Frelds] OR "functions"[All Fields] OR physmlogy [MeSH Subheading]
i]srology [All Fields] OR "function” [All Fields] OR" pl ysiology" [MeSH Terms])) OR"FMD"[AH Fields] OR ("flow-mediated" [AHFrelds]AND
( dilatable"[All Fields] OR "dilatated"[All Fields] OR ' dllatatmg [All Flelds] OR "dilatation"[MeSH Terms] OR "dilatation” [A]l Fields] OR
dllatatlons [All Flelds] OR "dilate"[All Fields] OR "dilation"[All Fields] OR "dilations"[All Flelds OR 'dilatative"[All Fields] OR "dilatator"[All
Fields] OR "dilatators"[All Flelds] OR ”drlated"[All Fields] OR "dllates [All Fields] OR " drlatm [All Fields] OR "dilator"[All Fields] OR
"drlators [All Fields])) OR ("plethysmography"[MeSH Terms] OR "plethysmo raphy [All Flelds]g O plethysmographles [All Fields]) OR
eremia’[MeSH Terms] OR "hyperemia"[All Fields] OR (" reactrve [AIl Fields] AND "hyperemia"[All Flelds]) OR "reactive hyperemia"[All
], 1) OR ("vascular stiffness" [MeSH Terms] OR ("vascular"[All Fields] AND "stiffness” EiAll Fields]) OR "vascular stiffness” [ Fields] OR
("arter1a1 [All Fields] AND " stlffness [All Fields]) OR "arterial stiffness” [All Fields]) OR "PWV"[All Fields] OR ("blood pressure "[MeSH Terms]
OR (”blood [All Fields] AND pressure "[All Fields]) OR "blood pressure "[All Fields] OR " blood pressure determination"[MeSH Terms] OR
("blood"[All Fields] AND " pressure "[All Fields] AND " determmatlon [All Fields]) OR "blood pressure determination"[All Fields] OR "arterial
pressure' [MeSH Terms] OR ("arterial' [All Flelds] AND "pressure [All Fields]) OR "arterial pressure"[All Frelds]) OR ("blood pressure [MeSH
Terms] OR ( "blood"[All Flelds] AND "pressure"[All Fields]) OR 'blood pressure"[All Fields] OR ("diastolic"[All Flelds] AND "pressure"[All
Flelds])OR dlastohc pressure "[All Fields]) OR (' blood pressure "[MeSH Terms] OR( 'blood"TAll Flelds AND "pressure"[All Fields]) OR"blood
pressure"[All Fields] OR (“systolic"[All Flelds] AN D "pressure [All Fields]) OR " systohc pressure"[ All Fields B)OR( "arterial pressure [MeSH
Terms] OR( ‘arterial "[All Flelds] AND " pressure "[All Fields]) OR "arterial pressure "[All Fields] OR ("arterial"[All Fields] AND "tension"[All
Fields]) OR "arterial tension" [All Fields]) OR ("body mass index"[MeSH Terms] OR (' body"[All Fields] AND "mass"[All Fields] AND' mdex”[All
Fields]) OR "bod mass index"[All Flelds]) OR "BMI"[AH Fields] OR (' body mass index"[MeSH Terms] OR( "body"[All Flelds] AND "mass"[All
Fields] AND "index"[All Flelds]) OR "body mass mdex [All Flelds] OR( quetelet [All Fields] AND 'Index"[All F1e1ds 1) OR" quetelet index"[All
Flelds) OR ("cholesterol"[MeSH Terms] OR "cholesterol"[All Fields] OR "cholesterol s"[All Fields] OR "cholesterole"[All Fields] OR
"cholesterols"[All Fields]) OR ("cholesterol, 1dl"[MeSH Terms] OR (“cholesterol"[All Fields] AND "Id1"[All Fields]) OR "ldl cholesterol "[All
Fields] OR ("ld1"[All Fields] AND "cholesterol"[All Fields])) OR (“cholesterol, hdl"[MeSH Terms] OR ("cholesterol"[All Fields] AND "hdl"[All
Fields]) OR "hdl cholesterol"[All Fields] OR ("hdl"[All Fields] AND "cholesterol"[All Fields])) OR ("cholesterol, vldl"[MeSH Terms] OR
("cholesterol"[All Fields] AND ”Vldl”[All Fields]) OR "vldl cholesterol"[All Fields] OR ("vldl"[All Fields] AND "cholesterol"[All Fields])) OR
("cholesterol, 1d1"[MeSH Terms] OR ("cholesterol"[All Fields] AND "ldl"[All Fields]) OR "ldI cholesterol "[All Fields] OR ("low"[A]l Fields] AND
"densrty [All Frelds] AND "lipoprotein"[All Frelds] AND "cholesterol"[All Fields]) OR "low densniy lipo rotem cholesterol” [All Flelds]) OR
( cholesterol hdl [MeSH Terms] OR ("cholesterol"[All Fields] AND "hdl"[All Fields]) OR "hdl cholesterol"[All Fields] OR ("high"[All Fields]
AND "density’ "[All Flelds] AND hpoprotem [All Fields] AND "cholesterol”[AH Fields]) OR "high densrty AHoprotem eholesterol [All Fields])
OR ("blood g ucose"[MeSH Terms] OR( blood"[All Fields] AND glucose [All Fields]) OR "blood glucose"[All Fields]) OR (("fasted"[All Fields]
OR "fasting"[MeSH Terms] OR "fasting"[All Flelds] OR "fastings"[All Fields] OR "fasts"[Al Frelds) AND ("glycemia"[All Flelds] OR
"glycemias’ [All Fields])) OR (”g 1ycated hemoglobin"[MeSH Terms] OR (' glycated [All Fields] AND ' hemoglobm EAH Fields]) OR "glycated
hemoglobin"[All Fields]) OR ("glycated hemoglobin"[MeSH Terms] OR ("glycated"[All Fields] AND "hemoglobin"[All Flelds]) OR "glycated
hemoglobin"[All Fields] OR " ycohemoglobm [All Fields] OR "glycohemo 1obms [All Fields]) OR( glycate hemoglobin"[MeSH Terms] OR
("glycated"[All Fields] AND emoglobin"[All Fields]) OR "glycated hemoglobin" [All Fields] OR "hbalc" [All Fields] OR "hbalcs"[All Fields])
OR"A1C"[All Frelds]) AND ("randomized controlled trial" [Pubheatron Type] OR "controlled clinical trial" [Pubhcatron Type] OR "randomized
controlled trials as topic"[MeSH Terms] OR "random allocation"[MeSH Terms] OR ("methods"[MeSH Terms]) OR "single blind method"[MeSH
Terms] OR "clinical trial"[Publication Type] OR "clinical trials as topic"[MeSH Terms] OR "clinical trial"[Text Word] OR "sing]*"[Text Word]
OR "trebl*"[Text Word] OR "tripl*"[Text Word] OR "random*"[Text Word] OR "cross over studies"[MeSH Terms] OR "control*"[Text Word]
OR "volunteer*"[Text Word])

Web of Science

‘Nitrate supplementation” OR “dietary nitrate’ OR ‘Beta vulgaris’ OR ‘beet’ OR ‘beetroot’ OR ‘beet juice beverage’ OR ‘red beet | Jlulce OR ‘beetroot
{urce AND “endothelial function’ OR ‘blood pressure’ OR “arterial Eiressure OR "blood pressure monitoring’ OR 'cholesterol’ OR ‘low density
ipoprotein’ OR 'high density lipoprotein’ OR "cholesterol blood level’ OR 'very low-density lipoprotein’ OR "Glycated hemoglobin' OR ‘HbAlc’
OR‘Alc’ OR fasting glycemia’ OR ‘Body Mass Index’ OR ‘BMI" AND 'randomized controlled trial’ NOT ‘medication’ OR ‘drug therapy’
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((nitrate OR Beta vulgaris OR beet OR beetroot OR beet-it OR beet juice beverage OR red beet juice OR beetroot juice) AND (Glucose, Blood OR
Blood Suiar OR Sugar, Blood OR Hemoglobin Alc, Glycated OR Hemoglobin Alc, Gl}tf)cosylated OR Glycosylated Hemo§lobin Alc OR Glycated
Hemoglobin Alc OR Hemoglobin, Glycosylated A1b OR Glycosylated A1b Hemcglo in OR Alb Hemoglobin, Glycated OR Alb Hemoglobin,
Glycosylated OR HbAlc OR Gl{cated Alb Hemoglobin OR Hemoglobin, Glycated A1b OR Ala-1 Hemoglobin, Glycosylated OR Hemoglobin,
Glycosylated Ala-1 OR Hemoglobin, GIYCOSfflate Ala 1 OR Glycosylated Ala-1 Hemoglobin OR Hb ATa-1 OR Hemoglobin, Glycated Ala 2
OR Ala-2 Hemoglobin, Glycated OR Hemoglobin, Glycated Ala-2 OR Hb Ala-2 OR Glycated Ala-2 Hemoglobin OR Glycosylated Hemoglobin
OR Hemoglobin, OR fasting %lycemia OR Glycosylated OR Glycated Hemoglobins OR Hemoglobins, Glycated OR Glycated Hemoglobin OR
Hemoglobin, Glycated OR Hb Alc OR Hb Al OR Glycohemoglobin A OR Hemoglobin A(1) OR Hemoglobin A, Glycated OR Glycosylated
Hemoglobin A OR Hemoglobin A, Glycosylated OR Hb Ala+b OR HbAI OR Blood Pressure OR Pressure, Blood OR Diastolic Pressure OR
Pressure, Diastolic OR Pulse Pressure OR Pressure, Pulse OR Systolic Pressure OR Pressures, Systolic OR Pressure, Systolic OR Blood Pressure,
Arterial OR Tensions, Arterial OR Arterial Blood Pressures OR Blood Pressures, Arterial OR Pressures, Arterial Blood OR Arterial Blood Pressure
OR Pressure, Arterial Blood OR Arterial Pressures OR Arterial Tensions OR Pressure, Arterial OR Pressures, Arterial OR Arterial Tension OR
Tension, Arterial OR Pressure, Mean Arterial OR Arterial Pressures, Mean OR Arterial Pressure, Mean OR Pressures, Mean Arterial OR Mean
Arterial Pressure OR Mean Arterial Pressures OR Blood Pressure Monitoring, Home OR Home Blood Pressure Monitoring OR Ambulatory Blood
Pressure Monitoring OR Monitoring, Ambulatory Blood Pressure OR Self Blood Pressure Monitoring OR Blood Pressure Monitoring, Self OR
Body Mass Index OR Quetelet's Index OR Quetelet Index OR Index, Quetelet OR Quetelets Index OR Index, Body Mass OR Blood Cholesterol
OR High Density Lipoprotein Cholesterol OR Cholesterol, alpha-Lipoprotein OR alpha Lilpoprotein Cholesterol OR alpha-Lipoprotein
Cholesterol OR HDL(2) Cholesterol OR HDL(3) Cholesterol OR HDL Cholesterol OR HDL2 Cholesterol OR Cholesterol, HDL2 OR Cholesterol,
HDL3 OR HDL3 Cholesterol OR Cholesterol, LDL OR Low Density Lipoprotein Cholesterol OR beta Lipoprotein Cholesterol OR beta-
Lipoprotein Cholesterol OR LDL Cholesterol OR Cholesterol, beta-Lipoprotein OR LDL Cholesteryl Linoleate OR Cholesteryl Linoleate OR Very
Low Density Lipoprotein Cholesterol OR Cholesterol, Pre-beta-Lipoprotein OR Pre-beta-Lipoprotein Cholesterol OR Pre beta Lipoprotein
Cholesterol OR Cholesterol, Pre beta lipoprotein OR Pre beta lipoprotein Cholesterol OR VLDL Cholesterol))

LILACS

((Dietary nitrate OR nitrate supplementation OR beetroot) AND (Blood Pressure OR systolic OR diastolic OR BMI OR Body Mass Index OR
Blood Glucose OR Glycated Hemoglobin OR Cholesterol OR HDL OR LDL OR VLDL))

SCOPUS

“Nitrate supplementation” OR “dietary nitrate” OR “Beta vulgaris” OR “beet” OR “beetroot” OR “beet juice beverage” OR “red beet juice” OR
“beetroot juice” AND “endothelial function” OR “blood pressure” OR “arterial pressure” OR “blood pressure monitoring” OR “cholesterol” OR
“low density lipoprotein” OR “high density lipoprotein” OR “cholesterol blood level” OR “very low-density lipoprotein” OR “Glycated hemoglobin”
(%R “HbAlc” OR “Alc” OR “fasting glycemia” OR “Body Mass Index” OR “BMI” AND “randomized controﬁ)eg trial” NOT “medication” OR “drug
therapy”

EMBASE

‘beetroot’/exp OR "beetroot juice’/exp OR ‘beta vulgaris’/exp OR 'sodium nitrate'/exp AND 'blood pressure’ OR "arterial pressure’/exp OR 'blood
;l)ressure monitoring’/exp AND ‘endothelial function’/exp OR ‘endothelial dysfunction’/exp OR ‘arterial stiffness’/exp AND ‘cholesterol’ /exp OR

ow density lipoprotein’/exp OR "high density lipoprotein’/exp OR "cholesterol blood level’/exp OR "very low-density lipoprotein’/exp AND
’hemoglobin Alc'/exp AND body mass’/exp AND 'randomized controlled trial’/exp

ScieLO

((Dietary nitrate OR nitrate supplementation OR beetroot) AND (Blood Pressure OR systolic OR diastolic OR BMI OR Body Mass Index OR
Blood Glucose OR Glycated Hemoglobin OR Cholesterol OR HDL OR LDL OR VLDL))

Data extraction and management

After completing our searches in each database, all articles retrieved will be exported as “.ris”, “.txt” and “.enib”
files and imported into Rayyan reference manager !8. Duplicate studies will be removed using the deduplication function.
Our blinded reviewers will manually check for remaining duplicates by reviewing titles, authors, year of publication and
abstracts.

Our reviewers use Rayyan application “to include” articles that meet the eligibility criteria. Those that do not
meet the inclusion criteria will be marked as “excluded” and categorized by reason for exclusion. (i.e., ineligible outcomes
or population under the age of 18, non-RCT design, non-blinded, animal studies and intervention with organic
pharmacologic nitrates). When it is not clear whether a study should be included, it will be marked as “undecided”. In the
last step, our reviewers will compare the articles screened for any discrepancies. If there is not enough information in the
abstract, we will retrieve and read the full-text article. When opinions about a paper diverge between the peers, it will be
resolved by a fifth reviewer (WG).

The four blinded reviewers will independently conduct data extraction. When studies will be considered relevant

and selected, the main data will be extracted and compiled in a prestructured Excel 2019 database divided into columns:
reviewer; author; year; journal; country; inclusion and exclusion criteria; analysis strategy; number of individuals included
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and excluded; number of individuals analyzed; sex; age; follow-up period; nutritional supplement taken; how it was
supplemented; daily dose; and risk of bias. For the main analysis, baseline and post-intervention data will be extracted
(mean and dispersion measures) for the following markers: EF, AS, SBP, DBP, MBP, RHR, body weight, BMI, WC, blood
glucose, glycated hemoglobin, total cholesterol, HDL cholesterol, LDL cholesterol and triglycerides. For the extraction of
data from eligible studies with results presented in graphs, we will contact the authors by email to obtain these data or use
GetDate Graph Digitizer 2.26 to extract the data.

Risk of bias

The risk of bias of RCTs will be assessed using the Cochrane Risk of Bias (RoB) 2 tool included in the Cochrane
Handbook 151920 The assessment is based on a set of five domains of bias rated as low, high, or unclear risk: bias arising
from the randomization process; due to deviations from intended interventions; due to missing outcome data; in the
measurement of the outcome; in the selection of the reported result. When participants are not blinded, studies will be
classified as high risk of bias in the “blinding of participants and personnel” domain. No study will be excluded based on
the risk of bias assessment. The risk will be analyzed for the primary outcomes of interest in our review.

Risk of overall bias in systematic reviews

We will assess certain of evidence using the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) tool 1920, This tool assesses confidence in paired effect estimates and classifies treatment in a meta-
analysis (high, moderate, low and very low) in the following domains 19:20: study design, methodological limitations (risk
of bias), inconsistency, indirectness of evidence, imprecision, publication bias, magnitude of effect, dose-response gradient,
and residual confounders.

Analysis strategy

We will carry out statistical analyses to estimate the effects of dietary nitrate and/or NOs supplement
consumption on endothelial function, arterial stiffness, resting heart rate, anthropometric measurements, BP, and lipid and
glycemic profiles compared to a control group. For outcomes with the same unit, summary effect estimates will be
expressed as mean difference (MD) and related 95% confidence interval (95% CI). For outcomes with different units,
summary effect estimates will be expressed as standardized mean difference (SMD) and related 95% CI. The SMD
expresses the size of the intervention effect in each study relative to the variability in outcome measurements observed in
that study. Given that the SMD provides an overall interpretation of the results (absolute unit), we will convert SMD into
units of the most common measurement instrument or proportions (%) so that the data are presented in a language more
adequate to the outcome analyzed.

In studies involving humans, inconsistencies are expected due to different characteristics of the participants
(clinical heterogeneity) or methods (methodological heterogeneity), with different effect sizes between studies. Therefore,
to incorporate variability in the meta-analysis and to summarize the data, MDs or SMDs from individual studies will be
pooled using a random-effects model. Therefore, we will use a random-effects model to incorporate variability in the meta-
analysis. Since the 95% CI from random effects refer to uncertainty in the location of the mean effects across studies, we
will consider the calculated values for a 95% prediction interval (95% PI) as they reflect the interval of uncertainty of the
effects to be expected in future RCTs 21. To assess the consistency of NOs or dietary nitrate effects across studies, the
degree of heterogeneity will be tested using the inconsistency test by Higgins (12) for every pairwise comparison 1522,

To explore heterogeneity, we will conduct subgroup analyses and meta-regression analyses (= 10 studies) for
effect modifiers with normal distribution in a quartile-quartile plot (gg-plot) and confirm it using the Shapiro-Wilk test (p
> 0.05) 23. Non-normal data will be normalized before performing meta-regression analysis. To remove discrepant data
from the meta-analysis, forest plots will be constructed to display the effect estimates across studies and detect potential
outliers based on not 95% CI overlapping that is due to heterogeneity 22. Potential effect modifiers (e.g., age, BMI, number
of interventions and total NOs content) will be analyzed separately. If there is significant heterogeneity that cannot be
explained, we will not perform a meta-analysis, but we will present individual intervention effect estimates from the
studies. Considering that selective publication and/or suppression of specific results cause bias and consequently affect the
validity of the results 24, if applicable (= 10 studies; more than one study with significant statistical data; studies with
different sample sizes), we will perform the Egger’s test using a funnel plot to assess potential publication bias in the meta-
analysis 2526, If publication bias is detected (Egger’s test, p < 0.1), we will use the trim-and-fill method to identify and
correct for funnel plot asymmetry by adding information of the bias-corrected data to the original data (before trimming
and imputation of data by the trim-and-fill method) 2728,
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Alternative analyses of the primary analysis of data including sensitivity analysis will be performed to assess the
robustness of our decisions (e.g., imputation method used to impute missing values; inclusion of studies with high risk of
bias, data from conference abstracts etc.) 29. Dispersion measures expressed as confidence intervals (CI) or standard errors
(SE) will be converted to standard deviation (SD = EP * v n) before the analysis. For eligible studies that do not report SD
of differences, it will be estimated using an imputed correlation coefficient (CC) of 0.5 30 CC equation described in section
6.5.2.8 of Cochrane Handbook:

ASD = SDgaseline + Sszinal — (2 x CC x SDpgseiine x SDfinal)

Two-tailed tests will be used at a significance level of p< 0.05. Data modelling will be performed with RStudio
(version 1.3.959) using the R package meta (version 3.6.1) for Windows.

Discussion and Conclusions

Beetroot juice and NOs supplementation are widely used among professional and amateur athletes, due to their
unequivocal vasodilatory properties 3. Organic pharmacologic nitrates are already a widely used intervention to treat a
variety of cardiometabolic conditions, including endothelial dysfunction and hypertension 3!, but it’s still unclear if NOs via
dietary intake or supplementation can cause a positive impact in those conditions.

Furthermore, the sufficient dose of the compound to achieve satisfactory outcomes in human health is also not
established, although the best ergogenic dose is already defined at a minimum of 400mg 32, being the most studied dose-
response for athletes. Since the NOs = NO pathway is widely studied and is known to influence the cardiovascular system
11 it becomes crucial to explore the potential of dietary nitrate as a supporting therapy to treat and prevent a series of
conditions, as well as to determine the minimal and maximal effective dose for uses other than sports performance.

Author’s Note

This article describes the original methodological protocol designed for this systematic review. The full study
based on this protocol has already been completed, and the results can be found in the final published article 33.
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	Abstract
	Epidemiological data on endothelial function at a global level are currently not fully explored by researchers, although it is known that endothelial dysfunction is a highly prevalent comorbidity in patients with several chronic noncommunicable diseas...
	We searched the literature to find out more specific data on how common this condition is, and the results are alarming. The WISE study found a prevalence of 50% of ED in patients with an indication for angiography, climbing up to 75% of patients with...
	As seen, there is a lack of specific data regarding the diagnosis of ED, although it is undoubtedly prevalent, once the comorbidities associated with the disease are widespread among the global population, with hypertension affecting 1,278 billion peo...
	Given the alarming suggestive data on ED, it remains poorly known by the public and probably underdiagnosed and undertreated, making it important to investigate the effect of bioactive components as a possible intervention to treat and prevent this co...
	Inorganic nitrate (NO3) is a precursor of nitric oxide (NO) 11 , a substance with vasodilatory properties. The discovery of the role of NO as a signaling molecule in the cardiovascular system by the American pharmacologists Robert F. Furchgott, Louis ...
	Methods
	Eligibility criteria
	To establish the eligibility criteria, we will use the PICOS framework as the following:
	• Population: human adults with 18y or older;
	• Intervention: oral ingestion of inorganic nitrate (NO3) without dosage or time administration limits;
	• Comparation: powder, liquid, tablets, gels, bars or capsules containing placebo without vasodilation properties;
	• Outcomes: the main outcome will be variation in the arterial diameter assessed by imaging exams such as Flow Mediated Dilation (FMD) (%) or Venous Occlusion Plethysmography (mL/100 mL) and the secondaries outcomes will be systolic and diastolic bloo...
	• Study: randomized clinical trials (RCTs) only.
	The future article will present a comprehensive population of adults with or without established cardiometabolic risk factors (endothelial dysfunction, and/or SAH, and/or T2DM, and/or dyslipidemia, and/or overweight/obesity, and/or myocardial infarct...
	It should be noted that the study populations, methods and interventions will be labelled according to the authors’ description. When information is not available, authors will be contacted by email and asked to respond within 15 days (three attempts...
	Inclusion and exclusion criteria
	We will select studies involving adults aged 18 or older and consumption of sodium nitrate in any form (beetroot juice, enriched bars, capsules, powder, gel or supplement), with no limitation on the amount of NO3, for at least 1 week with detailed ass...
	There will be excluded studies with participants undergoing treatments other than for cardiometabolic conditions; review or protocol studies; animal experimentation studies; and studies of conditions other than those related to cardiometabolic health,...
	Search strategy
	We conducted a prior search in the MEDLINE database via PubMed to ascertain whether the research question of our review meets the FINER (feasible, novel, and relevant) criteria. A search strategy for RCTs was then developed and will be conducted by fo...
	The main search terms will include “dietary nitrate,” “beta vulgaris,” and “beetroot” (Frame 1). To increase the accuracy and sensitivity of our searches, the search terms for the study design (RCT) will be entered in the databases MEDLINE 16 and EMBA...
	Frame 1: Search terms for searches in MEDLINE (PubMed), Web of Science, Cochrane, LILACS, Scopus, EMBASE, and SciELO.
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