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Abstract

Whether the vascular effects of inorganic nitrate,

observed in clinical trials, translate to a reduction in

cardiovascular disease (CVD) with habitual dietary

nitrate intake in prospective studies warrants

investigation. We aimed to determine if vegetable nitrate,

the major dietary nitrate source, is associated with lower

blood pressure (BP) and lower risk of incident CVD.

Among 53,150 participants of the Danish Diet, Cancer,

and Health Study, without CVD at baseline, vegetable

nitrate intake was assessed using a comprehensive

vegetable nitrate database. Hazard ratios (HRs) were

calculated using restricted cubic splines based on

multivariable-adjusted Cox proportional hazards models.
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During 23 years of follow-up, 14,088 cases of incident

CVD were recorded. Participants in the highest vegetable

nitrate intake quintile (median, 141 mg/day) had

2.58 mmHg lower baseline systolic BP (95%CI − 3.12,

− 2.05) and 1.38 mmHg lower diastolic BP (95%CI − 1.66,

− 1.10), compared with participants in the lowest quintile.

Vegetable nitrate intake was inversely associated with

CVD plateauing at moderate intakes (~ 60 mg/day); this

appeared to be mediated by systolic BP (21.9%).

Compared to participants in the lowest intake quintile

(median, 23 mg/day), a moderate vegetable nitrate intake

(median, 59 mg/day) was associated with 15% lower risk

of CVD [HR (95% CI) 0.85 (0.82, 0.89)]. Moderate

vegetable nitrate intake was associated with 12%, 15%,

17% and 26% lower risk of ischemic heart disease, heart

failure, ischemic stroke and peripheral artery disease

hospitalizations respectively. Consumption of at least ~ 

60 mg/day of vegetable nitrate (~ 1 cup of green leafy

vegetables) may mitigate risk of CVD.

Introduction

Identifying evidence-based strategies to prevent

cardiovascular disease (CVD) is a global research priority.

An important strategy to reduce CVD risk is to identify

optimal diets and their cardioprotective components. One

such potentially cardioprotective component is dietary

inorganic nitrate, an exogenous source of nitric oxide

(NO). NO plays a key role in cardiovascular health [1].

Produced primarily through the endogenous L-arginine-

NO synthase pathway, there are few options to enhance

NO. The discovery that end-products of NO metabolism,

nitrate and nitrite, are recycled back into NO through an
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enterosalivary nitrate-nitrite-NO pathway raised the

possibility that dietary nitrate could be an important

exogenous source of NO benefitting cardiovascular health

[2]. The major dietary sources of nitrate are vegetables,

particularly green leafy vegetables and beetroot [3].

Intervention studies have investigated whether inorganic

nitrate, through effects on NO, improves validated

markers of CVD risk [4]. This was first shown in healthy

volunteers in whom significant reductions in BP

(− 3.5 mmHg) were observed after ~ 400 mg nitrate

intake for 3 days [5]. To date, more than 50 clinical trials

(2 h to 42 day duration) have examined the effect of

nitrate (sources: beetroot juice, green leafy vegetables,

and nitrate salts) on BP and vascular function [4]. Meta-

analyses of these studies have shown a significant inverse

association between nitrate consumption and BP [6, 7] as

well as beetroot juice consumption and BP [8]. However,

evidence from observational studies of a reduction in

CVD risk with habitual dietary nitrate intake is

incomplete. Three Australian prospective studies (< 5500

participants and < 2000 incident cases each) have

reported a lower risk of CVD [9,10,11,12], with higher

dietary nitrate intakes while a large American prospective

study (~ 60,000 participants; ~ 2300 incident cases)

observed no benefit [13]. The established pathway via

which dietary nitrate augments NO and accumulating

evidence from clinical trials provides a strong rationale to

further investigate the relationship between habitual

dietary nitrate intake and risk of CVD in a large

prospective study with a long follow-up, a large number

of incident cases, and a comprehensive measure of nitrate

intake. Furthermore, yet to be determined is the
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association between dietary nitrate and the individual

CVD subtypes, whether a reduction in CVD risk with

habitual dietary nitrate intake is mediated by effects on

BP, and whether the association is different in subgroups

at higher risk for CVD.

The primary aim of this study was to investigate the

association between vegetable nitrate intake and incident

CVD in the Danish Diet, Cancer, and Health Study cohort.

Vegetable nitrate was the focus as approximately 80% of

total dietary nitrate intake comes from consumption of

vegetables [10, 14]. Secondary aims were to (1) investigate

the association of vegetable nitrate intake with baseline

systolic BP (SBP) and diastolic BP (DBP); (2) investigate

whether associations with CVD are mediated by BP; and

(3) investigate whether associations differ in the presence

of risk factors for CVD, including sex, body mass index

(BMI), smoking status, and alcohol intake.

Methods

Study population

Between 1993 and 1997, the Danish Diet, Cancer, and

Health Study recruited 57,053 participants of the greater

areas of Copenhagen and Aarhus. Of these, 56,468

completed a food-frequency questionnaire (FFQ) at

baseline and were without a cancer diagnosis prior to

enrolment. The following databases were cross-linked to

the cohort: The Civil Registration System [15], The

Integrated Database for Labor Market Research [16], The

Danish National Patient Register (DNPR)[17] and The

Danish National Prescription Registry [18].
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Participants were excluded if they had any prevalent CVD

(n = 2933), self-reported or recorded diagnosis in the

DNPR. Furthermore, participants were excluded if they

had missing or implausible values for any covariates (n = 

192), or implausible energy intakes [< 2092 kJ/day (< 

500 kcal/day) and > 20,920 kJ/day (> 5000 kcal/day), n 

= 193] Supplemental Figure 1.

This study was approved by the Danish Data Protection

Agency (Ref No. 2012-58-0004 I-Suite nr: 6357, VD-

2018-117).

Exposures

Prior to their first visit, participants completed a 192-item

validated FFQ [19]. Participants reported their average

intakes of different food and beverage items over the

previous 12 months.

Vegetable nitrate

Vegetable nitrate intake was calculated from vegetables

assessed using the FFQ and quantified in grams/day. A

recently published comprehensive database, with nitrate

data for 178 vegetables from 255 publications, was

applied to assess nitrate levels for each vegetable [3]. The

nitrate content of vegetables varies according to country

of cultivation; therefore, the following strategy was

employed. For each vegetable, if 3 or more entries were

available in the database for Northern Europe (Denmark,

Estonia, Finland, Iceland, Ireland, Latvia, Lithuania,

Norway, Sweden and United Kingdom), the median of

these values was used. If there were less than 3 entries in

the database for Northern Europe, the median of values
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for all European countries was used. If there were less

than 3 entries available for European countries, the

median of values for all countries in the database was

used. Vegetable nitrate intake (mg/day) was calculated by

multiplying the quantity reportedly consumed (g/day) by

the median nitrate content (mg/g) of that vegetable.

Based on information in the nitrate content of vegetables

database [3] and nitrate loss estimates in another cohort

[20], for those vegetables not consumed raw, a 50%

reduction in the assigned nitrate value was applied to

take into account the effect of cooking. The nitrate values

from each individual vegetable were added to obtain the

sum of daily vegetable nitrate values.

Non-vegetable dietary nitrate

Nitrate intake from non-vegetable items, excluding water,

was calculated using values from Inoue-Choi et al. [21].

Nitrate intake was calculated by multiplying the reported

quantity of consumption for each food item (g/day) by its

assigned mean nitrate value (mg/g). Total non-vegetable

nitrate intake (mg/day) was determined by calculating

the sum of nitrate values from all items included in the

FFQ, excluding vegetables.

Study outcomes

Blood pressure

Baseline SBP and DBP was measured by trained staff

members using automated oscillometric

sphygmomanometers (model UA 751 or UA-743; Takeda

Pharmaceutical Co. Ltd., Osaka, Japan). A measurement

was taken on the right arm, with participants lying in a
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supine position after at least 5 min rest and a minimum

of 30 min after tobacco smoking and intake of food, tea,

or coffee. Where a participants’ SBP was ≥ 160 mmHg, or

DBP was ≥ 95 mmHg, the measurement was repeated

after 3 min, with the lower of the two measurements

used.

Incident CVD and CVD subtypes

For the time-to-event analysis, the primary outcome was

a combined endpoint of first-time incident CVD. Incident

CVD was defined as a hospitalization with a primary or

secondary diagnosis of ischemic heart disease (IHD),

ischemic stroke, hemorrhagic stroke, peripheral artery

disease (PAD), heart failure, or inpatient or outpatient

diagnosis of atrial fibrillation (AF). Secondary outcomes

were: IHD, ischemic stroke, hemorrhagic stroke, PAD,

heart failure, and AF discretely. All outcomes were

identified by ICD-10 codes using the DNPR. These ICD

codes have previously been validated for research

purposes in the DNPR with positive predictive values

(PPVs) of 92–97% for IHD [22], 81 – 85% for ischemic

stroke [23, 24], 88% for hemorrhagic stroke [25], 81% for

PAD [26], 76% for heart failure [22] and 95% for AF [22].

We did not include a diagnosis of unstable angina or

transient ischemic attack as these in the DNPR lack

validity for research purposes.

Validated case analysis

Using only medically reviewed and validated cases of

certain CVD diagnoses [myocardial infarction (MI),

ischemic stroke, and PAD] during follow-up, we
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investigated associations to verify our results based on

the ICD-10 codes for outcomes. Patients with an ICD-10

discharge code for ischemic stroke, PAD or MI up until

2009, registered as a primary or secondary diagnosis,

were considered possible cases to be reviewed

(Supplemental Table 1). Due to a prior diagnosis of

validated CVD, a further seven participants were

excluded in this analysis (n remaining in analysis = 

53,143). The methods of case validation have been

published previously [24, 26, 27].

Covariates

Information on age, sex, education, smoking habits,

alcohol consumption, and daily activity was obtained

from self-administered lifestyle questionnaires completed

by participants. Dietary data were obtained from the

semi-quantitative FFQ described above. Anthropometric

measurements were taken, and SBP, DBP, and

cholesterol levels were measured at the study centers.

Household annual income after taxation and interest for

the value of the Danish currency was averaged over the 5-

years immediately prior to study enrolment in 2015. ICD-

8 and ICD-10 codes were used for diagnosis of chronic

kidney disease, chronic obstructive pulmonary disease,

and cancers. For diabetes mellitus, only self-reported

data were used due to the low validity of ICD-codes in

DNPR [28]. For treatment of diabetes mellitus, both self-

reported data and data on filled prescription for insulin

and non-insulin medication were used. Use of

antihypertensive medication was obtained from self-

reported use or the use of two or more antihypertensive

medications within 180 days prior to study enrolment.
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Presence of hypertension was defined by a combination

of the use of two or more antihypertensive medications

within 180 days prior to study enrolment or self-reported

hypertension, which has a PPV of 80.0% and a specificity

of 94.7% to predict hypertension [28, 29]. Statin use at

study enrolment was obtained from a combination of self-

reported use and filled prescriptions.

Hypercholesterolaemia was defined by self-reported

hypercholesterolaemia or self-reported statin-use.

Prescriptions were identified by ATC codes in the Danish

National Prescription Registry if they were claimed

within 180 days prior to enrolment in the study (from

1994 onwards). All ATC codes used are presented in

Supplemental Table 2.

Statistical analysis

Baseline characteristics of the cohort are presented

overall, and across quintiles of vegetable nitrate intake.

First, a cross-sectional linear regression analysis was

performed to investigate the association between

vegetable and non-vegetable nitrate intake in quintiles

and baseline SBP and DBP, both in the whole population

and stratified by use of antihypertensive medication.

Second, participants’ time-to-events were based on a

maximum of 23 years of follow-up from the date of

enrollment until the date of death, emigration, event of

interest, or end of follow-up (August 2017), whichever

came first. Nonlinear relationships were examined using

restricted cubic splines, with hazard ratios (HRs) based

on Cox proportional hazards models. All HRs and 95%

confidence intervals (CIs) were obtained from the model

with the exposure fitted as a continuous variable through
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a restricted cubic spline; HR estimates are reported for

the median intake in each quintile with the first quintile

median as the reference point and are graphed over a fine

grid of x values. Cox proportional hazards assumptions

were tested using log–log plots of the survival function

versus time and assessed for parallel appearance, with no

violation found. Our main models of adjustment were:

Model 1a adjusting for age and sex; Model 1b adjusting

for all covariates in Model 1a plus BMI, smoking status

(current/former/never), physical activity (total daily

metabolic equivalent), social economic status (income),

marital status, education, pure alcohol intake (g/day),

hypercholesterolemia (yes/no), and prevalent disease

(diabetes, chronic obstructive pulmonary disease, chronic

kidney disease, and cancer); entered into the model

separately); Model 2 adjusting for all covariates in Model

1b plus energy; and Model 3: adjusting for all covariates

in Model 2 plus intakes (g/day) of fish, red meat,

polyunsaturated fatty acids, monounsaturated fatty acids,

saturated fatty acids, and all fruit. Covariates were chosen

a priori using expert and prior knowledge of potential

confounders of nitrate intake and CVD. Additionally,

standard logistic regression models were used to obtain

the 20-year absolute risk estimates of incident CVD and

CVD subtypes.

Analyses were further stratified by sex, BMI

(above/below 30 kg/m2), alcohol intake (above/below

20 g/day), smoking status (ever/never), and by tertiles of

total vegetable intake. When stratifying by alcohol intake

and BMI, all participants with an alcohol intake of zero

(n = 1180) and a BMI < 18.5 (n = 426) were excluded due
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to potential underlying pathologies or habits that may

increase CVD risk. Stratification cut-off points of 20 g

alcohol/day and a BMI of 30 kg/m2 were chosen as risk

of disease is higher beyond these levels [30, 31]. We

tested for interactions using chi-squared tests comparing

nested standard cox proportional hazards models, using

quintiles of vegetable nitrate intake.

The extent to which the association between vegetable

nitrate intake and CVD was mediated by baseline SBP

was quantified through natural direct and indirect effects

[32], using a Cox proportional hazards model in the

medflex package for R [33].

Analyses were undertaken using STATA/IC 14.2

(StataCorp LLC) and R statistics (R Core Team, 2019)

[34].

Results

The 53,150 Danish participants included in the present

study had a median [IQR] age of 56 [52–60] years at

entry and a median [IQR] follow-up of 21 [15–22] years.

Total median [IQR] vegetable nitrate intake was

59 mg/day [35–98] and non-vegetable nitrate intake was

15 mg/day [12–18]. Major individual vegetables that

contributed to vegetable nitrate intake were lettuce (41%),

potato (22%), celery (10%), carrot (5%), and spinach

(3%). During follow-up, 14,088 participants were

hospitalized for any CVD, 5327 for IHD, 2,885 for

ischemic stroke, 709 for haemorrhagic stroke, 3081 for

heart failure, 1867 for PAD, and 6748 for AF, with 4699
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(8.84%) participants receiving a diagnosis of two or more

types of CVD.

Baseline characteristics

Compared to participants in the lowest quintile of

vegetable nitrate intake, those in the highest quintile were

more likely to be female, have a slightly lower BMI, be

more physically active, have never smoked, have a higher

degree of education, have a higher income, and were less

likely to hypertensive and more likely to be diabetic.

Furthermore, those with a high vegetable nitrate intake

tended to consume more fish, vegetables, fruit, fibre,

flavonoids, and less processed meat than those with a low

vegetable nitrate intake (Table 1).

Table 1 Baseline characteristics of study
population

Cross sectional analysis of vegetable and
non-vegetable nitrate intake and blood
pressure

At baseline, vegetable nitrate intake was inversely

associated with SBP and DBP in a linear dose–response

manner. After multivariable adjustments and compared

to participants in quintile 1, participants in quintile 5 had

a 2.58 mmHg lower SBP (95% CI − 3.12, − 2.05) and

1.38 mmHg lower DBP (− 1.66, − 1.10) (Table 2). The

inverse association between vegetable nitrate intake and

BP was present in individuals both on and not on

antihypertensive medication at baseline (Supplemental

Table 3 and 4). No association was observed between
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non-vegetable nitrate intake and BP (Supplemental Table

5).

Table 2 Association between vegetable
nitrate intake (mg/day) and blood
pressure

Association between vegetable nitrate
intake and incident CVD and CVD
subtypes

Vegetable nitrate intake was non-linearly associated with

CVD hospitalizations (Model 1b; Fig. 1). On a relative

scale, participants with a moderate vegetable nitrate

intake (quintile 3) had a 15% lower risk of CVD [HR (95%

CI): 0.85 (0.82, 0.89)] after multivariable adjustments

(Model 1b; Table 3) and compared to participants in

quintile 1. Comparable risk estimates were observed for

participants in higher intake quintiles. On an absolute

scale, the difference (quintile 3–quintile 1) in the 20-year

estimated risk of being hospitalised for CVD was 2.79%

for males and 1.88% for females (Supplemental Table 6

and 7).

Fig. 1



5/27/2021 Vegetable nitrate intake, blood pressure and incident cardiovascular disease: Danish Diet, Cancer, and Health Study | SpringerLink

https://link.springer.com/article/10.1007/s10654-021-00747-3#Sec22 14/38

Cubic spline curves describing the association

between vegetable nitrate intake and CVD

incidence and the incidence of CVD subtypes;

ischemic heart disease, ischemic stroke,

hemorrhagic stroke, heart failure, peripheral

artery disease and atrial fibrillation. Hazard

ratios are based on Cox proportional hazards

https://link.springer.com/article/10.1007/s10654-021-00747-3/figures/1
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models adjusted for age, sex, BMI, smoking

status, physical activity, alcohol intake,

education, social economic status (income),

marital status, hypercholesterolemia, diabetes,

COPD, chronic kidney disease and cancer and

are comparing the specific level of vegetable

nitrate intake (horizontal axis) to the median

intake for participants in the lowest intake

quintile (23 mg/day)

Table 3 Hazard ratios of incident CVD
and CVD subtypes by quintiles of
vegetable nitrate intake

For CVD subtypes, after multivariable adjustments

(Model 1b; Table 3) and compared to participants in

quintile 1, participants in quintile 3 had a 12% lower risk

of IHD [0.88 (0.82, 0.94)], 17% lower risk of ischemic

stroke [0.83 (0.76, 0.91)], 15% lower risk of heart failure

[0.85 (0.78, 0.93)], and a 26% lower risk of PAD [0.74

(0.67, 0.83)]. The HR remained constant for higher levels

of exposure except for PAD for which the lowest risks

were observed for those in quintile 5 [Q5; 0.65 (0.57,

0.74)]. There was no clear association between vegetable

nitrate intake and haemorrhagic stroke or AF. The

association between vegetable nitrate intake and CVD

hospitalizations was still observed after adjusting for

potential dietary confounders (Model 3; Table 3). The

absolute risk differences for the CVD subtypes are

presented in Supplemental Table 7 and 8.

Mediation analysis
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Mediation analyses showed that baseline SBP explained

21.9% of the total association between vegetable nitrate

intake and incident CVD.

Associations between non-vegetable
nitrate intake and incident CVD and CVD
subtypes

The association between non-vegetable nitrate intake and

incident CVD was non-linear (Supplemental Figure 2).

After multivariable adjustments (Model 1b) and

compared to participants in quintile 1, participants in

quintile 3 had a 6% lower risk of a CVD hospitalization

[0.94 (0.90, 0.98)]. Of the secondary outcomes,

participants in quintile 3 had a 19% lower risk of

haemorrhagic stroke [0.81 (0.70, 0.94)], and a 15% lower

risk for PAD [0.85 (0.78, 0.94)] (Supplemental Table 8).

As observed with vegetable nitrate intake, the HR

remained constant for higher levels of exposure except for

PAD for which the lowest risks were observed for those in

quintile 5 [Q5; 0.79 (0.70, 0.90)].

Validated case analysis

Using only medically reviewed and validated cases, 3,430

participants were admitted to hospital for an MI,

ischemic stroke, or PAD. Vegetable nitrate intake was

inversely associated with validated cases of MI, ischemic

stroke and PAD (Supplemental Figure 3).

Stratified analyses

The association between vegetable nitrate and incident

CVD was modified by alcohol intake (p for interaction < 
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0.001; Fig. 2); the association was stronger in high

alcohol consumers [Q5; 0.78 (0.72, 0.84)] than in low

alcohol consumers [Q5; 0.92 (0.86, 0.97)]. The

association between vegetable nitrate intake and incident

CVD did not appear to be modified by sex, baseline BMI,

and smoking status (p for interaction > 0.05 for all).

Fig. 2

Multivariable-adjusted association between

total vegetable nitrate intake and incident CVD

stratified by sex, baseline BMI, smoking status,

or alcohol intake. Hazard ratios are based on

Cox proportional hazards models and are

comparing the specific level of vegetable nitrate

intake (horizontal axis) to the median intake for

participants in the lowest intake quintile

(23 mg/day). All analyses were adjusted for

age, sex, BMI, smoking status, physical activity

(total daily metabolic equivalent), pure alcohol

intake (g/day), social economic status

(income), marital status, hypercholesterolemia

https://link.springer.com/article/10.1007/s10654-021-00747-3/figures/2
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(yes/no), education, and prevalent disease

(diabetes, chronic obstructive pulmonary

disease, chronic kidney disease, and cancer;

entered into the model separately)

To understand whether vegetable nitrate intake is only a

marker of higher vegetable intake, we stratified our

analysis by tertiles of total vegetable intake. There still

appeared to be an association between vegetable nitrate

intakes and a lower risk of CVD in all tertiles of total

vegetable intake (Supplemental Table 9).

Discussion

In this prospective cohort study of 53,150 Danish people

without CVD at baseline, we found that a higher vegetable

nitrate intake was associated with a lower SBP and DBP

at baseline. Furthermore, we observed that a moderate

intake of vegetable nitrate was inversely associated with

incident CVD, with no additional benefits observed for

higher intakes. This association was partially mediated by

SBP and was stronger in individuals with high alcohol

consumption than in those with a low to moderate

alcohol consumption. For CVD subtypes, individuals with

moderate to high vegetable nitrate intakes had a lower

risk of atherosclerotic CVD hospitalisations, namely IHD,

ischemic stroke, heart failure, and PAD, but not for other

CVD hospitalisations, namely haemorrhagic stroke or AF.

We observed that participants in the highest quintile of

vegetable nitrate intake had a 2.58 mmHg lower SBP and

a 1.38 mmHg lower DBP at baseline, compared to those

in the lowest quintile. In the Atherosclerosis Risk in
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Communities Study, a 2 mmHg lower SBP was associated

with 17.9 fewer CHD events, 9.6 fewer stroke events, and

26.6 fewer heart failure events per 100,000 person-years

[35]. Framingham Heart Study investigators observed

that a 2 mmHg lower DBP was associated with a 6%

lower risk of CHD and a 15% lower risk of stroke in men

and women aged 35–64 years [36]. Our results support

findings from short-term clinical trials, and meta-

analyses of these trials, demonstrating a benefit of nitrate

intake on BP [37]. However, not all clinical trials have

observed a reduction in BP with nitrate intake. The

majority of clinical trials observe reductions in BP with

nitrate intake in normotensive individuals, however

effects in individuals with high-normal BP and

hypertension are less clear [37]. The largest clinical trial

to date [38], did not observe a reduction in BP in 243

older subjects with elevated BP after 5 weeks nitrate

intake. Interestingly, we observed an inverse association

between vegetable nitrate intake and BP in individuals

both on and not on anti-hypertensive medication.

To our knowledge, the association between vegetable

nitrate intake and long-term cardiovascular outcomes has

only been investigated in four cohorts. In the Perth

Longitudinal Study of Aging in Women, vegetable nitrate

intake was associated with a 21% lower risk of

atherosclerotic vascular disease mortality (238 incident

cases) and 17% lower risk of an ischemic cerebrovascular

disease event (186 incident cases) per 1 SD (~ 30 mg/day)

higher intake [9, 10]. In participants of the Australian

Blue Mountains Eye Study, those in the highest quartile

of vegetable nitrate intake had a 27% lower risk of CVD

mortality (188 incident cases) compared to those in the
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lowest intake quartile [12]. In women of Australian

Longitudinal Study on Women’s Health, those in the

highest quartile of vegetable nitrate intake had a 27%

lower risk of developing self-reported CVD-related

complications (1951 incident cases), compared to those in

the lowest intake quartile [11]. In the American Nurses’

Health Study, women in the highest quintile of vegetable

nitrate intake had weak evidence for a lower risk of either

fatal or non-fatal CHD (2267 incident cases), compared to

those in the lowest quintile [13]. In the present study, we

observed that a higher vegetable nitrate intake was

associated with 15% lower risk of incident CVD compared

to participants in the lowest quintile. Interestingly, no

further reduction in risk of incident CVD was observed

for intakes above ~ 60 mg/day (~ 1 cup of green leafy

vegetables per day). This is in agreement with results

from the previously described prospective studies. In the

Perth Longitudinal Study of Aging in Women, the inverse

relationship with atherosclerotic vascular disease

mortality and ischemic cerebrovascular events plateaued

at vegetable nitrate intakes of 53–76 mg/day [9, 10].

Similarly, in the Blue Mountains Eye Study no added

benefit on risk of CVD mortality was observed above

intakes of 70 – 100 mg/day [12]. In the Australian

Longitudinal Study on Women’s Health a threshold effect

was not observed, however those in the highest quintile of

vegetable nitrate intake had a mean intake of 79 mg/day

[11]. Clinical trials investigating the vascular effects of

nitrate intake report acute effects at doses ranging from

68 to 1488 mg and chronic effects at doses ranging from

155 to 1200 mg [37].
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A lower risk of IHD, ischemic stroke, heart failure, and

PAD, but not haemorrhagic stroke or AF, was observed in

individuals with moderate to high vegetable nitrate

intakes. The primary mechanism through which dietary

nitrate may impact cardiovascular health is via

augmentation of NO [2]. Endothelium-derived NO

maintains vascular tone influencing blood flow and BP

[2]. In the present study, baseline SBP explained 21.9% of

the total association between vegetable nitrate intake and

incident CVD, indicating that the effects of nitrate on BP

reported in clinical trials, translate to a lower risk of

incident CVD, but also that other mechanisms are in play.

Hypertension is associated with ischemic stroke, CHD,

heart failure, AF, and PAD [39]. It may be that the

decrease in SBP or DBP may not be enough to mitigate

the risk of AF and haemorrhagic stroke, however, the

impact of BP reduction on the risk of AF is still unclear

[40].

We demonstrated that the association between vegetable

nitrate intake and incident CVD was stronger in those

who consume, on average, more than 20 g (2 standard

drinks) of alcohol per day compared to those who

consume less than 20 g of alcohol per day. Heavy alcohol

consumption increases the risk of CVD [41] and

detrimental effects on a number of physiological

parameters, including blood pressure [31] and

endothelial function [42] have been reported. Our

findings suggest the vegetable nitrate intake may partially

mitigate these harmful effects.

This study has several strengths. The large number of

incident cases and 23-year duration of follow-up, with
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limited loss to follow-up, afforded us the statistical power

to examine associations in subpopulations at higher risk

of CVD. Our findings were supported by a validated case

analysis. A comprehensive database detailing the nitrate

content of vegetables was used to calculate vegetable

nitrate intake [3] in combination with a validated FFQ

that included average intakes of foods commonly

consumed in Denmark over the previous 12 months. The

same up to date database was used in three previous

smaller prospective studies [9,10,11,12], with results

consistent with the current analysis. However, an older

less comprehensive nitrate database was used in the

Nurses Health Study [13]. This may partially explain the

apparent weaker associations observed in this study.

Several limitations should also be considered. As this is

an observational study, we are unable to infer causality or

rule out residual or unmeasured confounding factors.

Although the association between higher nitrate intake

and lower risk of a hospital admission for CVD was still

present after adjustment for lifestyle factors and other

indicators of a healthy diet, as well as amongst

participants in the highest vegetable intake tertile,

determining the effect of nitrate alone can only be

achieved through intervention studies. Furthermore, we

were unable to investigate potential interactions with

known inhibitors of the nitrate-nitrite-NO pathway,

including antibacterial mouthwash and proton pump

inhibitors. The measurement of BP was not gold

standard, but any measurement error would have

reduced our power to detect an association. Finally,

participants in this study were most likely Caucasian
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meaning that caution should be taken when extrapolating

these findings to other races and ethnicities.

Conclusion

In this Danish prospective cohort study, we observed an

inverse association between vegetable nitrate intakes, up

to 60 mg/day, and hospital admissions for CVD. More

specifically, moderate to high nitrate intakes were

associated with a lower risk of IHD, ischemic stroke,

PAD, and HF. A higher vegetable nitrate intake was also

associated with a lower baseline SBP and DBP. Our

results suggest that ensuring the consumption of nitrate-

rich vegetables, corresponding to ~ 1 cup of green leafy

vegetables, may lower the risk of CVD.

Data availability

Data described in the manuscript, code book, and analytic

code will be made available upon request pending

application and approval by the Diet, Cancer and Health

Steering Committee at the Danish Cancer Society.
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