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BRIEF COMMUNICATION

Nitrites, Nitrates, and Cardiovascular 
Outcomes: Are We Living “La Vie en Rose” 
With Pink Processed Meats?
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Fabrice Pierre, PhD; Inge Huybrechts , PhD; Serge Hercberg , MD, PhD; Mélanie Deschasaux-Tanguy , PhD; 
Emmanuelle Kesse-Guyot , PhD; Mathilde Touvier , PhD

BACKGROUND: Nitrates and nitrites are used as food additives in processed meats. They are also commonly ingested from 
water and several foods. Several short-term clinical studies suggested beneficial effects of dietary nitrates on blood pres-
sure, while deleterious effects on oxidative damage have been suggested in some experimental studies. However, there is a 
lack of evidence from longitudinal epidemiological studies linking foods and water-originated and additives-originated nitrites 
and nitrates, separately, to hypertension and cardiovascular diseases risk. We aimed to study these associations in a large 
population-based cohort.

METHODS AND RESULTS: Overall, 106 288 adults from the French NutriNet-Santé cohort (2009–2022) were included. Associations 
between nitrites and nitrates intakes and hypertension and cardiovascular disease risks were assessed using multi-adjusted 
Cox proportional hazard models. During follow-up, 3810 incident cases of hypertension and 2075 cases of cardiovascular dis-
eases were ascertained. Participants with higher intakes of additives-originated nitrites (sodium nitrite in particular [European 
code e250]) had a higher hypertension risk compared with nonconsumers (hazard ratio, 1.19 [95% CI, 1.08–1.32], P=0.001, 
and 1.19 [95% CI, 1.08–1.32], P=0.002), respectively. No association was detected between foods and water-originated ni-
trites, or nitrates with hypertension risk (all P values >0.3). We found no association between nitrites or nitrates and risks of 
cardiovascular diseases (all P values >0.2).

CONCLUSIONS: These results do not support a protective role of nitrites or nitrates in cardiovascular health. Instead, they sug-
gest a positive association between nitrites from food additives and hypertension risk, which needs confirmation in other 
large-scale studies. These findings provide new evidence in the context of current discussions about updating regulations on 
the use of nitrites as food additives.
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We are commonly exposed to dietary nitrites 
and nitrates, through natural presence in veg-
etables, as well as water and soil contamina-

tion. Nitrites and nitrates are also widely used as food 
additives because of their preservative properties and 
the pink coloration they provide to some processed 
meats. Experimental and clinical studies have sug-
gested potential benefits of dietary nitrites and nitrates 

on cardiometabolic health, including lowering blood 
pressure and improving endothelial function1: There 
is now a general consensus that dietary nitrate/nitrite 
ingestion is a source of endogenous nitric oxide (NO) 
through the activity of NO2- reductases.1 Short-term 
interventional human studies2,3 (2 hours to 42 days du-
ration) have mostly suggested that inorganic nitrate 
supplementation, in the form of beetroot juice, rocket 
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salad beverage, or spinach beverage, may lower blood 
pressure through bioconversion to nitrite by oral bac-
teria, followed by a reduction to nitrous acid, which 
spontaneously decomposes to NO and other bioac-
tive nitrogen oxides. Yet, other interventional studies 
showed no such effect on blood pressure and arte-
rial stiffness.4 In addition, evidence from observational 
studies is incomplete, showing mixed results, and no 
distinction between foods and water-originated and 
additives-originated nitrates.5,6 On the other hand, a 
possible role of nitrites and nitrates in inducing oxida-
tive damage has been postulated in cellular models,7 
and a few studies suggested that excessive nitrate in-
takes stimulate angiotensin II type 1 receptor,8,9 lead-
ing to increased production of oxygen radicals by both 
endothelial cells and smooth muscle cells.10 In a con-
text where several public health authorities are con-
sidering banning nitrites/nitrates as additives because 
of carcinogenic properties of their by-product nitrosa-
mines,11 we investigated using data from the French 
cohort study NutriNet-Santé, whether dietary expo-
sures to nitrites/nitrates were associated with risks of 
cardiovascular disease and hypertension, distinguish-
ing between foods and water-originated and food 
additives-originated nitrites/nitrates.

METHODS
The French NutriNet-Santé cohort was launched in 2009, 
aiming to investigate the links between diet and health. 
It is conducted according to the Declaration of Helsinki 
guidelines and was approved by the Institutional Review 
Board of the French Institute for Health and Medical 
Research (IRB Inserm n°0000388FWA00005831) and 
the “Commission Nationale de l’Informatique et des 
Libertés” (CNIL n°908 450/n°909 216). The study is reg-
istered at clini​caltr​ials.gov as NCT03335644. Electronic 
informed consent is obtained from each participant. 
Data described in the article, code book, and analytic 
code will be made available upon request pending ap-
plication and approval. Researchers from public insti-
tutions can submit a collaboration request including 
information on the institution and a brief description of 
the project to collaboration@etude-nutrinet-sante.fr. All 
requests will be reviewed by the steering committee of 
the NutriNet-Santé study. If the collaboration request is 
accepted, a data access agreement will be necessary 
and appropriate authorizations from the relevant ad-
ministrative authorities may be needed. In accordance 
with existing regulations, no personal identification data 
will be accessible.

Dietary Data Collection
Online questionnaires (physical activity, socioeconomic 
status, anthropometry, and health) were regularly 

administered to participants, including a biannual se-
ries of 3 nonconsecutive validated web-based 24-hour 
dietary records (≥2 mandatory), with an estimation of 
portion sizes, merged with a detailed food composi-
tion database covering >3500 generic food/beverage 
items, with additional information on consumed com-
mercial brands. These 24-hour records were validated 
against biomarkers and an interview with a trained 
dietitian. Dietary underreporting was identified on the 
basis of the method proposed by Black12, using the 
basal metabolic rate and Goldberg cut-off, and under-
energy reporters were excluded.

Exposure to Nitrites and Nitrates
We estimated exposure to nitrites/nitrates from (1) 
foods and water (nonadditive sources), (ie, naturally 
occurring in food products and water contamination), 
and (2) food additives (as detailed elsewhere13), that is, 
exposure to potassium nitrite (European code e249), 
sodium nitrite (e250), sodium nitrate (e251), and po-
tassium nitrate (e252). Of note, potassium nitrite and 
sodium nitrate were not explored in the present study 
because they were consumed by <1% of the popula-
tion. We also determined the exposure to total nitrites/
nitrates, reflecting the exposure from both foods and 
water, and food additives. Foods and water–originated 
nitrites and nitrates were determined by food category 
using the European Food Safety Authority’s concentra-
tion levels for natural sources and contamination from 
agricultural practices. The French official regional sani-
tary control of tap water (the governmental regional da-
tabase SISE-Eaux) was used to estimate exposure via 
water consumption, by region of residence, and year of 
24-hour dietary record. As regards all food additives in 
the NutriNet-Santé cohort, we used a double qualita-
tive/quantitative approach: the presence of food addi-
tives was determined using 3 databases: (1) OQALI, 
a national database hosted by the French food safety 
authority (Agence Nationale de Sécurité Sanitaire et 
Alimentaire Nationale) and National Research Institute 
for Agriculture, Food and the Environment to charac-
terize the quality of the food supply; (2) Open Food 
Facts, an open collaborative database of food prod-
ucts marketed worldwide; and (3) Mintel Global New 
Products Database, an online database of innovative 
food products in the world. Quantitative assessment 
of food additives was performed, using in that order (1) 
ad-hoc laboratory assays, (2) doses of generic foods 
as reported by European Food Safety Authority, and (3) 
from the Codex General Standard for Food Additives in 
case the first 2 options were not available.

Case Ascertainment
Participants were invited to report major health events 
and medications via an annual health questionnaire, a 
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biannual dedicated health check questionnaire, or vol-
untarily at any time via a dedicated interface on the study 
website. Participants were asked to provide medical 
records (such as diagnostic support reports, hospi-
tal admissions, and/or anatomic pathology reports) to 
support their declaration of health problems. A panel 
of medical experts validated major health events after 
reviewing participants’ medical records and obtaining 
additional information from participants’ physicians or 
medical facilities. In case participants did not respond 
for >1 year on the study website, the expert committee 
contacted the participants’ relatives or physicians. In 
addition to this process, which was the primary source 
of case identification, participants’ cohort data were 
linked, subject to their consent, to the National Health 
Insurance Medical Administration Database (SNIIRAM, 
State Council Decree No. 2013–175). Finally, we 
used data from the French National Cause-Specific 
Death Register (CépiDC) to identify possible miss-
ing cardiovascular events in deceased participants. 
The International Classification of Diseases, Clinical 
Modification (ICD-CM, Tenth Revision) code was used 
to classify cardiovascular disease cases. In this study, 
all patients diagnosed between the date of enrollment 
and October 5, 2021 had coronary heart disease 
such as myocardial infarction (code I21), acute coro-
nary syndrome (I21.4), angioplasty (Z95.8), and angina 
pectoris (I20.0), along with cerebrovascular accidents 
such as strokes (I64) and transient ischemic attacks 
(G45.8 and G45.9). Incident hypertension cases were 
identified through the annual health questionnaires in 
participants who reported a new diagnosis of hyper-
tension and use of relevant blood pressure medication. 
In the full cohort, case ascertainment was based for 
73% on a combined self-reported diagnosis of hyper-
tension and adequate vasoactive treatment, for 7% on 
self-reported diagnosis of hypertension only, and for 
20% on adequate vasoactive treatment report with-
out having reported another pathology requiring such 
treatment.

Statistical Analysis
Categories of exposure to nitrites/nitrates were 
defined using sex-specific tertiles for foods and 
water-originated nitrites and nitrates, and using a non-
consumer category along with low and high consumer 
categories (separated by sex-specific median) for food 
additives. Cox proportional hazard models adjusted 
for age (as time-scale), sex, daily energy intake (kcal/d), 
intakes of alcohol, sodium, sugar, saturated fatty 
acids, fiber, heme iron (g/d), body mass index (kg/m2), 
physical activity levels (high, moderate, low calculated 
according to the international physical activity ques-
tionnaire recommendations), smoking status (never 
smokers, former smokers, current light smokers, 

current heavy smokers), pack-years, number of dietary 
records, family history of cardiovascular outcomes, 
educational level (primary, secondary, undergraduate, 
postgraduate) were performed. These adjustment fac-
tors were chosen since (1) some are well-established 
risk or protective factors for cardiovascular outcomes 
and can be associated with a dietary pattern high in 
nitrates or nitrites intakes (smoking status and pack-
years, body mass index, alcohol, physical activity level, 
daily energy intake, educational level, sugar) or (2) oth-
ers are concomitant components in foods containing 
high contents of nitrites and nitrates (fiber, saturated 
fatty acids, sodium, heme iron). All models were mu-
tually adjusted for nitrate/nitrite intakes other than the 
specific one studied: for instance, when evaluating 
additives-originated nitrites, we adjusted for foods 
and water-originated nitrites and for total nitrates. 
Multiple Imputation by Chained Equations method by 
fully conditional specifications (20 imputed data sets) 
was performed to handle missing data for the follow-
ing covariates: physical activity level (13.9%), level of 
education (6.2%), body mass index (0.8%), and smok-
ing status (0.2% of missing data). The proportional 
hazard assumption was tested using the Schoenfeld 
residual method implemented in the survival R pack-
age. Participants contributed person-time until date 
of diagnosis, last completed questionnaire, death, or 
October 5, 2021, whichever occurred first. The analy-
ses were conducted using R software 3.5.2. P values 
<0.05 were considered statistically significant.

Results and Discussion
During follow-up (median=7.2 years), 2075 of cardio-
vascular diseases (including 1004 cerebrovascular 
and 1079 coronary heart diseases) were diagnosed, 
and 3810 incident cases of hypertension were iden-
tified among 106 288 participants (79.3% women, 
media age at baseline, 41.2 years). The proportional 
hazard assumption was met. Dietary intakes of nitrites 
and nitrates are described in Figure 1. Food sources 
of nitrites and nitrates from additives were exclusively 
processed meats or meals and snacks containing pro-
cessed meats (Figure 1). Exposure to nitrites from food 
additives was associated with higher hypertension 
risk (hazard ratio [HR]higher versus nonexposed, 1.19 [95% CI, 
1.08–1.32], P=0.001; HR, 1.19 [1.08–1.32], P=0.002 for 
sodium nitrite specifically). There was no evidence for 
associations between foods and water-originated ni-
trites or nitrates and hypertension risk (all P values>0.3) 
or between dietary nitrites or nitrates (whatever their 
source) with risks of cardiovascular (all P values >0.2), 
cerebrovascular (all P values >0.2), or coronary heart 
diseases (all P values >0.6) (details in Figure 2).
While a beneficial role of dietary nitrate in the car-
diovascular function has been suggested in some 
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interventional studies in healthy volunteers and pa-
tients2,3 and some observational studies,6 our results 
do not support any evidence for cardiovascular bene-
fits of nitrites or nitrates. On the contrary, we observed 
for the first time, associations between additives-
originated nitrites and a higher hypertension risk. The 
associations might be explained by the suggested 
role of nitrites in promoting oxidative damage in differ-
ent organs.7,8 In addition, N-nitroso compounds (es-
sentially formed during meat processing) have been 
shown to increase the risk of insulin resistance and 
coronary heart disease.14,15 Limitations of this study 

encompass potential classification and residual con-
founding bias, because of its observational design. In 
addition, participants of the NutriNet-Santé study were 
younger than the French general population,16 which 
could explain the lack of association with cardiovascu-
lar disease, linked to reduced statistical power for this 
outcome. Strengths were the large sample size, pro-
spective design, comprehensive assessment of expo-
sure to nitrites/nitrates distinguishing different sources, 
and extensive adjustment for potential confounders, 
including sodium intake and heme iron (major compo-
nents of processed meats).

Figure 1.  Intakes and Food Sources of Nitrites and Nitrates, NutriNet-Santé Cohort, France, 2009 to 2021 (n=106 288).
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Although these findings need confirmation in other 
large-scale prospective and experimental studies in order 
to draw firm conclusions, they provide new evidence in 
the context of current discussions regarding the need for a 
reduction in the use of nitrite additives in processed meats 
by the food industry, as stated by the latest report of the 
French Agency for Food, Environmental and Occupational 
Health and Safety. Our results are in line with dietary guide-
lines recommending that the population limit their con-
sumption of processed meats as well as foods containing 
controversial additives, among which is sodium nitrite.
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