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ABSTRACT

Dietary nitrate (NO3), nitrite (NO2), and arginine can serve as sources for
production of the nitrogen oxides or NOx (a diverse group of metabolites including 
nitric oxide, nitrosothiols, and nitroalkenes) via ultraviolet light exposure to skin, 
mammalian nitrate/nitrite reductases in tissues, and nitric oxide synthase
enzymes, respectively. NOx are responsible for the hypotensive, antiplatelet, and 
cytoprotective effects of dietary nitrates and nitrites. Current regulatory limits on 
nitrate intakes, based on concerns regarding potential risk of carcinogenicity and 
methemoglobinemia, are exceeded by normal daily intakes of single foods, such as soy 
milk and spinach, as well as by some recommended dietary patterns such as the Dietary
Approaches to Stop Hypertension diet. This review includes a call for regulatory bodies 
to consider all available data on the beneficial physiologic roles of nitrate and nitrite in 
order to derive rational bases for dietary recommendations. 

 Everything should be made as simple as possible, but not simpler.
 ~Albert Einstein’s comment on the philosophy of parsimony of William of Occam,   
 English philosopher and Franciscan friar (c. 1285–1349)

INTRODUCTION

We have proposed that dietary nitrates and nitrites be considered nutrients.1 This 
proposal contradicts regulatory exposure limits for nitrate and nitrite in ground water 
and processed meats due to hypothetical risk of methemoglobinemia in infants and 
gastrointestinal cancer, respectively.2 This proposal is based on two lines of evidence: 
1) the content of inorganic nitrate (NO2

-) in vegetables and fruits provides a physiologic 
substrate for reduction to nitrite (NO3

-), nitric oxide (NO) and other metabolic products 
(NOx) that produce vasodilation, decrease blood pressure and support cardiovascular 
function in humans,3-6 and 2) nitrates and nitrites are normal constituents of foods 
and diets rich in vegetables and fruits, including the Dietary Approaches to Stop 
Hypertension (DASH) or similar dietary patterns such as the Mediterranean diet, are 
protective against coronary heart disease and ischemic stroke risk.7-10 We have also 
recently “shown” v. demonstrated that human milk contains nitrate and nitrite and, 
therefore, demonstrate that humans are adapted to receive these dietary components 
from birth.11 The goals of this review are to 1) provide a physiological context for the 
potential cardiovascular benefits of dietary nitrite and nitrate from plant foods, and 2) 
support a growing consensus for a comprehensive reevaluation of the health benefits 
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and risks associated with dietary 
sources of nitrates and nitrates. 
These goals require a brief primer 
on the dietary sources of nitrate 
and nitrite as well as the enzymatic 
and non-enzymatic mechanisms 
by which nitrate and nitrite-derived 
metabolites, termed NOx, are 
produced in the vasculature and in 
tissues.

Dietary sources of NOx 

Nitrate enters the food chain 
through plant foods via the action 
of lightning and soil bacteria. In 
addition to being a required nutrient 
for plants, it is an approved food 
additive.12 In humans, nitrate intake 
is primarily from vegetable sources 
while surface and ground water is 
a minor contributor. Nitrate intakes 
from vegetables are determined by 
the type of vegetable consumed, 
the levels of nitrate in the vegetables 
(including the nitrate content of 
fertilizer), the amount of vegetables 
consumed, and the level of nitrate 
in the water supply.13 Approximately 
80% of dietary nitrates are derived 
from vegetable consumption; 
sources of nitrites include vegetables, 
fruit, and processed meats. 

The excessive concentration of 
nitrate in drinking water, typically a 
minor contributor to dietary nitrate 
and nitrite concentrations, must 
be considered a serious health 
concern, particularly for infants.14 
Even so, the Society of Agricultural 
and Biological Engineers hascalled 
for a more rational approach to 
setting exposure limits on nitrogen-
containing effluents in wastewater 
treatment.15 To wit,

 “Considering that definitive 
evidence of nitrate health risks 

is conspicuously lacking, a more 
rational approach to setting effluent 
limits or waste treatment systems 
is needed, one that considers costs/
benefits and recognizes factors that 
act to limit nitrogen buildup  
in groundwater.

 Such factors include nitrogen 
removal by soil microorganisms,  
and aquifer hydrogeology.“

While ground water nitrate 
concentrations are regulated due, 
in part, to potential risk of infant 
methemoglobinemia, the practice 
of causal inference concerning this 
association has been questioned. 
Experts have questioned the veracity 
of the evidence supporting the 
hypothesis that nitrates and nitrites 
are toxic for healthy adolescent 
and adult populations.3, 4, 16, 17 
Many scientists now interpret the 
available data as evidence that the 
methemoglobinemia observed in 
infants was likely caused by bacterial 
infection-induced enteritis- which 
produces a high concentration of NO 
that is successively oxidized to nitrite 
and nitrate- rather than high nitrate 
concentrations in drinking water.4, 17 
Thus, it appears that the biologically 
plausible hypothesis of nitrite toxicity 
with regard to methemoglobinemia 
has transformed a plausible 
hypothesis into legal dogma3, 
despite the lack of proof.16, 17 

Physiologic resilience: redundant 
systems of NOx production in 
vasculature and tissues

Normal functioning of human 
vasculature requires both the 
presence of nitrite and nitric oxide 
along with the necessity to respond 
to these important signaling 
molecules.18 Indeed, oxidative stress 

and reduced NO bioavailability 
are critically linked to endothelial 
dysfunction, hypertension and other 
forms of cardiovascular diseases. 
Mechanistically, the physiologic 
target for the metabolites of dietary 
nitrate is mitochondria and the 
regulation of oxidative stress.19 
The generation of up to ~70% of 
systemic nitric oxide is accomplished 
by endothelial nitric oxide synthase 
(eNOS), one of 3 members of the 
NOS family of enzymes, in the 
vascular endothelium.20 These 
enzymes synthesize nitric oxide 
from the amino acid L-arginine and 
molecular oxygen to accomplish 
vasodilation, blood pressure 
regulation, inhibition of endothelial 
inflammatory cell recruitment, and 
platelet aggregation.21 As a result, 
the normal production of nitric oxide 
and nitrite and the ability of the 
endothelium to respond to these 
species may prevent various types 
of cardiovascular disease, including 
hypertension, atherosclerosis, and 
stroke.22

The biological effects of nitric oxide 
are caused by the initiation of cyclic 
GMP (cGMP)–mediated intracellular 
signals in the vascular wall. In 
atherosclerosis, hypoxic conditions 
combined with an oxidative 
environment can limit eNOS-derived 
nitric oxide production; nitrite can 
directly induce vasodilation in 
hypoxic endothelium.18 Remarkably, 
a low concentration of sodium nitrite 
in drinking water (50 mg/liter) can 
substitute for loss of eNOS-derived 
NO in eNOS deficient mice.23

Unlike the provision of eNOS-
derived NO to the endothelium to 
maintain vasomotor tone, nitric 
oxide production from nitrite occurs 
primarily in tissues.21 There are 
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two systems of reducing nitrate to 
nitrite in mammals. The first system 
identified to accomplish this was the 
action of commensal gram negative 
bacteria on the tongue to reduce 
salivary nitrate.24 Concentrations 
of plasma nitrate in the saliva occur 
as part of enterosalivary circulation 
of dietary nitrate.25 Approximately 
25% of ingested nitrate is secreted in 
saliva, where some 20% (or ~5–8% 
of the nitrate intake) is converted 
to nitrite by commensal bacteria 
on the tongue. These anaerobic 
bacteria (e.g., sp. Vionella) on the 
dorsal surface of the tongue use 
nitrate as an alternative electron 
acceptor to produce energy. Indeed, 
use of an antibacterial mouthwash 
after consumption of dietary nitrate 
(10 mg/kg in water) attenuates the 
expected postprandial rise in plasma 
nitrite.26 The nitrite supplied to 
the gastrointestinal tract serves to 
enhance gastric mucin production 
and can serve as a substrate for 
generation of nitrogen oxides for 
antimicrobial actions and support  
of gastric homeostasis.27

Contribution of dietary 
constituents to nitric oxide 
production

Endogenous reduction of nitrate 
to nitrite is the source of NO and 
NOx in tissues and, in hypoxia, the 
vasculature.22, 28 As such, dietary 
nitrates and nitrites, via successive 
reduction by mammalian nitrate 
and nitrite reductases, serve as 
the primary source for >50% of 
NO produced in the human body, 
resulting in about 1 mmol NO per 
day in those consuming Western-
type diets.29 Dietary protein 
intakes of ~90 grams of protein 
would contribute about 14.5 grams 

nitrogen; the amino acid arginine 
in protein serves as an organic 
substrate for nitric oxide synthase 
enzymes which produce about 
1 mmol NO per day.1 It has been 
estimated that one serving of a 
high nitrate vegetable, like spinach, 
contains more nitrate than what 
is endogenously formed by the 
all three NOS isoforms combined 
during a day.21 It is noteworthy that 
dietary compounds such as vitamin 
C and polyphenols can enhance the 
formation of NO from nitrite and 
prolong the half-life of NO in the 
stomach, respectively.30 

Biological actions of NOx 

Metabolic disposition of plasma and 
tissue nitrates is dependent upon 
local metabolic conditions, including 
tissue oxygenation, inflammatory 
state and exposure to ultraviolet 
light.31 It has been demonstrated 
that the content of inorganic nitrate 
(NO3) in certain vegetables and fruit 
can provide a physiologic substrate 
for reduction to nitrite (NO2), and 
subsequently to nitric oxide (NO), 
which can lead, in a tissue-specific 
fashion, to the post-translational 
modification of proteins by 
nitration and S-nitrosylation (e.g., 
nitrosothiols) and nitration of fatty 
acids.21 This collection of metabolites 
derived from the metabolism of 
nitrate, nitrite and NO are termed 
NOx. Metabolism and regulation 
of NO and nitrite are at the local 
cellular and tissue level dependent 
upon oxygen tension, cellular redox 
status, redox active metal and thiol 
availability.32 The production of 
these NOx species is associated 
with vasodilation, decreased 
blood pressure, and enhanced 
cardiovascular function in  
humans.5, 33 

Nitrate, nitrite and cardiovascular 
effects of NOx

Several authors have recently 
reviewed the extensive literature 
on the cardiovascular benefits of 
dietary nitrate and nitrite in animal 
models and humans.6, 34, 35 The 
demonstrated cardioprotective 
effects of dietary nitrate and nitrite 
in humans include reductions in 
blood pressure, reduced platelet 
aggregation, enhanced endurance 
and improved endothelial function.36 
Indeed, systemic plasma levels of 
nitrite and nitrate reflect brachial 
flow-mediated dilation responses in 
young men and women.37 Most of 
these effects had first been observed 
in animal models including efficacy 
in pulmonary arterial hypertension 
and intimal hyperplasia in the 
atherosclerosis.38, 39

It is now clear that nitrates in foods/ 
beverages and sodium nitrite in 
beverages or intravenous infusions 
can, in a dose-dependent fashion, 
predictably lower acute blood 
pressure in humans and animal 
models. The magnitude of this effect 
ranges from decreased diastolic 
blood pressure (DBP) an average 
of ~4.5 mm Hg in human subjects 
consuming a variety of traditional 
Japanese foods high in nitrate (18.8 
mg nitrate per kg body weight/ 
day).40 In elegant human studies 
by Kapil et al., subjects consumed, 
in a series of randomized crossover 
studies, either beetroot juice (500 
ml containing ~341 mg nitrate) or 
inorganic potassium nitrate capsules 
(4, 12 or 24 mmol containing 248, 744 
or 1488 mg of nitrate from KNO3).41 

As expected, subjects experienced 
dose-dependent increases in plasma 
nitrate and nitrite. KNO3 (24 mmol) 
ingestion caused reductions in both 



systolic blood pressure (SBP) and 
DBP over 24 hours compared with 
KCl control. Peak differences were 
9.4±1.6 mm Hg (at 6 hours) and 
6.0±1.1 mm Hg (at 2.75 hours) for SBP 
and DBP, respectively. Interestingly, 
post-hoc analyses have revealed 
sex differences in processing of 
dietary nitrate load through the 
enterosalivary circulation and its 
consequences on blood pressure.41 
In another study by the same group, 
females had significantly higher 
baseline plasma nitrite compared 
to males (0.43 ± 0.03 vs. 0.36 ± 0.01 
µM, p < 0.05), salivary [nitrite] (0.39 
± 0.05 vs. 0.26 ± 0.03 µM, p < 0.05), 
lower clinic (SBP: 105.5 ± 1.1 vs. 
113.9 ± 0.9 mmHg, p < 0.01), home 
(SBP: 109.7 ± 1.0 vs. 119.3 ± 1.4, p 
< 0.01) and ambulatory BP (SBP: 
115.1 ± 0.7 vs. 122.0 ± 0.8, p < 0.01). 
Females exhibited higher oral nitrite 
production compared to males (~2-
fold for capsules containing 800  
µM and 8 mM KNO3, p < 0.01 for 
both).42, 43 These results suggest that 
females produce more nitrite derived 
from enterosalivary circulation that 
may contribute to the reduced BP, 
and perhaps therefore the reduced 
risk of cardiovascular disease in  
this sex.

Dietary nitrates enhance physical 
endurance through improved 
efficiency of mitochondrial 
respiration in humans

In a series of landmark papers, it has 
been demonstrated that dietary ni-
trate lowers the oxygen cost of exer-
cise,44, 45 and enhances endurance46 
ostensibly by increasing efficiency of 
mitochondrial efficiency in humans.19 
These findings show that dietary 
sources of nitrate and nitrite are not 
only are the most efficacious hypo-

tensive components of the diet but 
also improve physical performance  
in humans. 

Regulatory limits and intake 
estimates for dietary nitrate  
and nitrite 

The US Environmental Protection 
Agency limits human exposure to 
inorganic nitrates to 0.10 mg/L (or 
10 ppm nitrate nitrogen) and nitrites 
to 1 ppm nitrite nitrogen. The Joint 
Food and Agricultural Organization/
World Health Organization has set 
the Acceptable Daily Intake (ADI) 
for the nitrate ion at 3.7 mg/kg 
body wt and for the nitrite ion at 
0.06 mg/kg body wt.12 Likewise, the 
Environmental Protection Agency 
has set a Reference Dose for nitrate 
of 1.6 mg nitrate nitrogen per kg 
body weight per day (equivalent to 
7.0 mg nitrate ion/kg body wt per day).

The mean intake estimates for 
nitrate and nitrite from food in the 
United States and Europe vary from 
~40–100 mg/d and 31–185 mg/d, 
respectively (as reviewed in).1 Nitrite 
intakes vary from 0 to 20 mg/d. 
Nitrate intakes from sources other 
than vegetables, including drinking 
water and cured meats, has been 
estimated to average 35–44 mg/
person per day for a 60-kg human.12 

On the basis of a conservative 
recommendation to consume 400 g 
of different fruits and vegetables per 
day at median nitrate concentrations, 
the dietary concentration of nitrate 
would be ~157 mg/d.12

The International Agency for 
Research on Cancer’s (IARC) 
Monograph Working Group 
concluded that “Ingested nitrate 
or nitrite under conditions that 
result in endogenous nitrosation is 

probably carcinogenic to humans 
(Group 2A).47 48, 49 The American 
Institute for Cancer Research (AICR) 
has published the only dietary 
recommendations based on an 
extensive systematic review that 
addresses these conditions. AICR’s 
Food, Nutrition, Physical Activity, 
and the Prevention of Cancer: a 
Global Perspective contains the 
following recommendation “Limit 
consumption of red meats (such 
as beef, pork and lamb) and avoid 
processed meats”.50 Systematic 
review indicated that up to ~500 
grams (~18 ounces) a week of red 
meat can be consumed without 
raising cancer risk. However, review 
panelists could not determine a safe 
consumption level for processed 
meat; cancer risk was shown to 
increase with any consumption of 
processed meats.50 As such, only 
processed meats, and not plant 
sources of nitrate and nitrite, were 
proscribed. In agreement with this 
conclusion is a panel convened 
by the European Food Standards 
Agency that concluded:

 “Overall, the estimated exposures to  
 nitrate from vegetables are unlikely  
 to result in appreciable health risks,  
 therefore the recognised beneficial 
 effects of consumption of vegetables  
 prevail.”51

Indeed, the direct evidence for the 
participation of nitrate and nitrite 
in human carcinogenesis is lacking 
despite extensive epidemiologic 
and animal studies.17 Rodent 
toxicological studies52 and human 
epidemiological investigations 
have not shown an unequivocal 
relationship between nitrite 
exposure and the risk of cancer.53 
These data suggest that nitrite 
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formation resulting from nitrate 
exposure from dietary sources 
pose no risk with regard to cancer. 
The association between nitrite 
consumption and gastrointestinal 
cancers was bolstered by findings 
that ingested nitrites may react with 
secondary amines or N-alkylamides 
to generate carcinogenic N-nitroso 
compounds (NOCs).53 While 
NOCs have been shown in animal 
models to be carcinogenic,54 proof 
in humans has been scant. The 
N-nitrosamides and N-nitrosoureas 
have been shown to be direct 
mutagens, while N-nitrosoamines 
do not act as direct mutagens 
but generally require activation 
by microsomal enzymes within 
the body, perhaps by microsomal 
enzymes.55 The use of nitrites in 
bacon must be accompanied by the 
use of either sodium erythorbate 
or sodium ascorbate (vitamin 
C), antioxidants that inhibit the 
nitrosation effect of nitrites on 
secondary amines.56 The use of 
these antioxidants, along with lower 
nitrate/nitrite levels in processed 
meats, has lowered residual nitrite 
levels in cured meat products in the 
U.S. by ~80% since the mid-1970s.57

A recent study has yielded new 
insights into the ability of vitamin 
C to modulate the formation 
of carcinogenic NOCs under 
conditions simulating the proximal 
stomach during the digestion 
of foods like processed meats.58 
Nitrite in processed meats may be 
converted to nitrosating species 
and NOCs by acidification in the 
presence of thiocyanate at low 
gastric pH. The formation of NOCs 
was examined in these conditions 
in the presence and absence of 
vitamin C and lipid. In the absence 

of lipid, vitamin C prevented the 
formation of N-nitrosodiethylamine 
and N-nitrosopiperidine and 
decreased the formation of 
N-nitrosodimethylamine and 
N-nitrosomorpholine five-fold and 
one thousand-fold, respectively. 
In the presence of 10% lipid 
(a food matrix component for 
processed meats), the presence 
of vitamin C increased the 
formation of nitrosodimethylamine, 
nitrosodiethylamine, and 
N-nitrosopiperidine 8-, 60- and 
140-fold, respectively. Thus, the 
presence of lipid converts vitamin 
C from inhibiting to promoting 
acid nitrosation. This effect is 
attributable to the ability of vitamin 
C to assist in the generation of NO 
in the aqueous phase which enables 
the regeneration of nitrosating 
species by reacting with oxygen 
in the lipid phase.58 While these 
data require confirmation in animal 
models and humans, it provides a 
biologically plausible mechanism for 
the observed association between 
processed meat consumption 
and gastrointestinal cancer risk. 
Others have postulated that gastric 
formation of NOCs may be inhibited 
by nutrients and other components 
of vegetables and fruits.59 Clearly, 
more research is needed to address 
the potential mechanisms by  
which certain NOCs are related  
to cancer risk.

Dietary intakes in the context  
of WHO ADI levels

The appreciation of five facts 
regarding human exposures to 
nitrate and nitrite casts concern 
over current regulatory limits on 
nitrate and nitrite consumption. 
First, it is possible to approach or 

exceed World Health Organization 
Acceptable Daily Intake (WHO ADI) 
limits with usual intake levels of 
single foods, such as colostrum 
(at 100 ml intake in an newborn 
infant delivering 42% of the WHO 
ADI intake limit), soya milk (750 
ml intake for a hypothetical 6.8 kg 
infant yields 104% of the WHO ADI 
intake limit), spinach5 or a dessicated 
vegetable supplement.1, 60 Second, 
recommended dietary intakes of 
vegetables and fruits, such as a 
DASH pattern with high nitrate food 
choices, exceeds the World Health 
Organization’s Acceptable Daily 
Intake for nitrate by 550% for a 60-kg 
adult.1 Third, for adults consuming 
the recommended intakes of 
vegetables and fruits, the origin of 
up to 95% of dietary nitrate and 
nitrite, the concentration of nitrate in 
saliva, via enterosalivary circulation, 
can reach up to three times the 
concentration in most global 
regulatory limits for drinking water. 
Fourth, provision of dietary nitrate, 
such as beetroot juice,34 dietary 
nitrate,61 or in a traditional Japanese 
dietary pattern,62 are effective in 
lowering blood pressure in humans. 
Fifth, human infants consuming 
breast milk are exposed to nitrate 
and nitrite in human milk from 
birth.11 In the absence of data from 
large prospective epidemiologic 
studies, including the European 
Prospective Investigation in Cancer 
(EPIC) and others,63, 64 of a positive 
association between vegetable 
and fruit consumption (the largest 
source of nitrate and nitrite) cancer 
risk, we must conclude that the 
association between nitrate and 
nitrite consumption and cancer risk 
is limited to specific foods such as 
processed meats. 
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These facts indicate that WHO intake 
limits may not reflect optimal nitrate 
and nitrite concentrations from foods 
that confer health benefits. If nitrates 
and nitrites act as nutrients, it is likely 
that they do so to bolster the reserve 
of nitrite-derived NOx metabolites 
required for optimal functioning 
through periods of physiologic 
stress (e.g., hypoxia and acidosis) and 
diseases characterized by endothelial 
dysfunction.22

Potential negative health effects 
of dietary nitrate and nitrite 
exposures

Two types of exposure place 
susceptible individuals at high risk 
of adverse effects of excess nitrite 
exposure. First, infants less than 
six months of age may be exposed 
to excess nitrates in bacterially-
contaminated well water that 
reduces nitrate to nitrite.65 Infants 
consuming excess nitrite experience 
methemoglobinemia or “blue 
baby syndrome” due to nitrite-
mediated oxidation of ferric (Fe2+) 
iron in oxyhemoglobin that leads to 
hypoxia and cyanosis.3, 66 As such, 
an American Academy of Pediatrics 
consensus panel concluded that 
all prenatal and well-infant visits 
should include questions about the 
home water supply; if the water 
source is a private well, the water 
should be tested for nitrate.14 The 
panel concluded that infants fed 
commercially prepared infant foods 
are generally not at risk of nitrate 
poisoning but that home-prepared 
infant foods from vegetables 
(e.g., spinach, beets, green beans, 
squash, carrots) should be avoided 
until infants are 3 months or older. 
Breastfed infants are not at risk of 
excessive nitrate exposure from 

mothers who ingest water with 
high nitrate content (up to 100 
ppm nitrate nitrogen) as nitrate 
concentration does not increase 
significantly in the breast milk.14 

It is noteworthy that the few human 
nitrate and nitrite exposure studies, 
including children and adults, have 
not produced methemoglobinemia. 
Infants exposed to 175 to 700 mg 
nitrate per day did not experience 
methemoglobin levels above 7.5%, 
suggesting that nitrate alone is not 
causative for methemoglobinemia.67 

A more recent randomized 3-way 
crossover study exposed healthy 
volunteer adults to single doses of 
sodium nitrite that ranged from 150 
to 190 mg per volunteer to 290 to 
380 mg per volunteer.68 Observed 
methemoglobin concentrations 
were 12.2% for volunteers receiving 
the higher dose of nitrite ion and 
4.5% for those receiving the lower 
dose. Recent nitrite infusion studies 
of up to 110 µg/kg/minute for 5 
minutes induced methemoglobin 
concentrations of only 3.2%.69 These 
data have led scientists to propose 
alternative explanations for the 
observed methemoglobinemia in 
infants, including gastroenteritis 
and associated iNOS-mediated 
production of eNOS induced by 
bacteria-contaminated water.16, 17

These studies call into question 
the mechanistic basis for exposure 
regulations for nitrate and nitrite. At 
best, these findings highlight serious, 
but context-specific, risks associated 
with nitrite overexposure in infants.
Experts have questioned the 
veracity of the evidence supporting 
the hypothesis that nitrates and 
nitrites are toxic for healthy post-
infant populations.3, 4, 12 It appears 
that the biologically plausible 

hypothesis of nitrite toxicity (e.g., 
methemoglobinemia) has essentially 
transformed a plausible hypothesis 
into sacrosanct dogma3 in spite of a 
lack of proof.16, 17

 

Epidemiologic and clinical studies 
have weak associations between 
processed meat consumption 
(sources of nitrate and nitrite) and 
increased risk of gastrointestinal 
cancers, thyroid dysfunction and 
thyroid cancer,70 and chronic 
obstructive pulmonary disease 
in women71 as well as other 
conditions.72 Nitrate and nitrite 
exposures have been associated 
with gastrointestinal cancer risk 
through the consumption of cured 
and processed meat.73 When weak 
associations (relative risks < 2) exist 
and inconsistent outcomes are 
observed, as in the case of nitrate-
cancer associations, epidemiologic 
evidence is insufficient to support 
an unequivocal positive association 
and, hence, public health 
recommendations.74-76 

Although modestly increased 
associations between consumption 
of foods containing nitrite and 
nitrate and certain cancers have 
been reported in some prospective 
epidemiologic studies,77-79 overall, 
findings across studies have 
been largely inconsistent and 
equivocal.80-83 Consequently, the 
overall burden of proof remains 
inconclusive.84-91 A biologically 
plausible mechanism for the 
carcinogenicity of ingested nitrate 
and nitrite involves endogenous 
N-nitrosation reactions. The only 
systematic review of nitrate and 
nitrite-containing foods which makes 
evidence-based recommendations 
is the American Institute for Cancer 



Research’s report on diet, physical 
activity and cancer risk50 which 
includes the dietary proscription, 
“Avoid processed meats”. The 
contexts in which nitrates and 
nitrites are consumed, whether 
through processed meats or from 
vegetables and fruits, need to be 
separated in order to clarify the 
physiological basis for associated 
health benefits and risks. As such, 
plant sources of nitrate and nitrite, 
the primary source of nitrates in the 
human diet, can be recommended 
for their potential health benefits.

Potential health benefits of 
dietary nitrates and nitrites: call 
for a new regulatory paradigm

Since the carcinogenicity of nitrate 
and nitrite from plant sources 
has not been demonstrated in 
rodents or humans, it is time for 
a comprehensive review of the 
evidence by a multidisciplinary 
panel of academic, governmental 
and industry scientists. Reviews 
sponsored by the Institute of 
Medicine of the National Academy of 
Science serve as excellent examples 
of the type of review recommended. 

Current regulations do not take into 
account the endogenous biology of 
ingested nitrates and nitrites and the 
human data on the cardiovascular 
benefits of these compounds. 
Current research suggests that 
a more sophisticated regulatory 
approach to dietary nitrate and 
nitrite exposures are needed. The 
nitrate-nitrite-NO pathway has 
been demonstrated to serve as a 
backup system to ensure NO supply 
in situations when the endogenous 
L-arginine/NO synthase pathway 
is dysfunctional.34 This redundant 

system of NO production in tissues 
has important implications for 
cardiovascular, gastrointestinal 
and immune function related to 
the provision of dietary nitrate 
and nitrite. As nitrite-dependent 
NO generation has been shown 
to play critical physiological and 
pathological roles, and is controlled 
by oxygen tension, pH, reducing 
substrates and nitrite levels, it is 
necessary to balance these contexts 
in a modern regulatory framework 
that acknowledges a physiological 
requirement for nitrate and nitrite 
supplied by dietary means. 
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Note from the editor: 

This article describes a controversial 
issue. Vegetables and fruits are the 
source of at least 80% of nitrate/
nitrite in typical human diets even 
in healthy diet patterns such as the 
DASH or Mediterranean-type diets.  
In the largest prospective studies 
ever done in diet and cancer (e.g., 
EPIC, etc.), vegetables and fruits 
are associated with slightly lower 
cancer risk. Only processed meats, a 

minor source of nitrates/nitrites, are 
identified as being associated with 
cancer risk. Some experts believe all 
sources of nitrates/nitrites should be 
banned or restricted to a minimum. 
This article’s main objective is in 
agreement with the suggested 
conclusion of suggest findings of 
an expert panel convened by the 
European Food Standards Agency. 

This panel concluded the following: 
“Overall, the estimated exposures to 
nitrate from vegetables are unlikely 
to result in appreciable health risks, 
therefore the recognized beneficial 
effects of consumption of vegetables 
prevail.” (European Food Safety 
Authority, 2008, http://www.efsa.
europa.eu/en/scdocs/doc/689.pdf, 
accessed February 14th, 2013).
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