Dietary Nitrate Intake and Association with Markers of Cardiometabolic Risk in Iranian Female Adolescents. 
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Abstract: 
Dietary nitrates are thought to confer several cardiometabolic health benefits, including improvements in blood pressure and the plasma lipid profile. However, existing data from Iran is conflicting and there is a dearth of literature focusing on non-adult populations. A total of 988 adolescent girls were recruited from schools in different areas of Mashhad and Sabzevar, Iran. Dietary nitrate intake was assessed using a food frequency questionnaire and participants were categorized into quartiles based on this. Differences in participant characteristics between quartiles were assessed using one-way ANOVA and associations between total nitrate intake, nitrate intake from vegetables and cardiometabolic risk markers (blood lipid profile, fasting blood glucose, systolic and diastolic blood pressure) were assessed using linear regression. Nitrate intake from vegetables was positively correlated with triglycerides, even after adjusting for several variables (β = 0.086, 95% CI = 0.002 - 0.097; P = 0.043). Total nitrate intake was also significantly positively associated with serum triglycerides (β = 0.097, 95% CI = 0.010 - 0.084; P = 0.012); however, this relationship disappeared after adjusting for several variables. Significant interaction effects were observed between total nitrate intake, nitrate intake from vegetables, and vitamin C upon triglycerides (P <0.01). No significant relationships were found between total nitrate intake, nitrate intake from vegetables, and other cardiometabolic risk markers. Our findings suggest there may be neutral or possibly detrimental cardiovascular effects of dietary nitrate and/or vitamin C intake which are not in agreement with contemporary literature and warrant further investigation. 
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Introduction
Dietary nitrates are typically found in large quantities in plant foods, particularly green leafy vegetables, and they are also present in smaller amounts in processed meat products (1). For over half a century animal data and epidemiological studies have suggested that the conversion of nitrates to nitrosamines has been involved in the pathogenesis of a variety of health conditions, including some cancers and endocrine disorders (2). This resulted in statements of recommendations from the Joint Food and Agriculture Organization and the World Health Organization (WHO) suggesting that dietary nitrates may pose a health risk for human health (2). Recommendations indicated acceptable daily intake (ADI) values of 0 – 3.7 mg/kg/day and 50 mg/L as a safe cut-off of nitrate ions in drinking water to reduce risks of methemoglobinemia and thyroid effects in infants (3, 4). Controversially, these recommendations still remain, despite the emergence of evidence supporting a variety of potential health benefits associated with dietary nitrate intake, most notably improvements in cardiovascular risk factors (5).
The cardiovascular benefits associated with consuming dietary nitrates are thought to result from  their reduction to nitrites, which are subsequently converted to nitric oxide (NO) (6). NO is a potent endothelium-derived relaxing factor (7) which improves endothelial function and is the primary mediator of the reducing effects of dietary nitrates on blood pressure in several studies 
 ADDIN EN.CITE 
(8-12)
. Despite these findings, many of the studies are characterized by small sample sizes and short duration which call for cautious interpretation of the current evidence 
 ADDIN EN.CITE 
(11, 12)
. 
In addition to vasodilatory effects, the consumption of dietary nitrates may also improve the plasma lipid profile as positive effects have been found for triglycerides (TG) 
 ADDIN EN.CITE 
(13, 14)
 and low density lipoprotein cholesterol (LDL-C) (13). However, the evidence regarding the association of dietary nitrate with lipid metabolism remains weak and no study to date has investigated this in a non-adult population.
Interestingly, in Iranian adults Bahadoran found no relationship between dietary nitrate intake and incidence of hypertension or other metabolic disorders such as chronic kidney disease 
 ADDIN EN.CITE 
(15)
. This is surprising, considering the intake of nitrates was higher than reported in other studies and twice the acceptable daily intake value of 3.7 mg/kg 
 ADDIN EN.CITE 
(15, 16)
. That said, it is important to note that the sources of dietary nitrates in Iran are unique to the population, with grain-based foods such as breads and white rice predominantly contributing, unlike other populations where vegetables may be a greater contributing factor (17). Given these differences and a lack of literature concerning the intake of dietary nitrates and cardiometabolic markers, such as blood lipids, in non-adult populations living in developing countries warrants further research and provides the rationale for the present study.   

Materials and Methods:

Population
This cross-sectional study was conducted in 2015 and participants were recruited from several schools based in the cities of Mashhad and Sabzevar in northeastern Iran. A random cluster sampling method was used and a total of 1026 adolescent girls were screened. Students were only enrolled if they did not have a history of chronic disease (cancer, diabetes, hepatitis, colitis, and cardiovascular disease) and if they were aged between 12 and 18 years. Out of 1026 screened adolescents a total of 988 met the inclusion criteria. A flow chart outlining study enrollment is shown in Figure. 1. Prior to the study all participants and their parents were asked to complete written informed consent. The study was approved by the ethics committee of Mashhad University of Medical Sciences, Mashhad, Iran (approval number, 931188).
Anthropometric and clinical assessment
Standard protocols were used to measure waist circumference (WC), weight, and height, and the mean average of two measurements was reported. To determine body mass index (BMI) weight (kg) was divided by height squared (m2). Blood pressure was determined using a standardized protocol and for each participant two measurements were taken and the average was recorded. Blood samples were obtained after a 14 hr fast using a standard protocol which involved venipuncture of the antecubital vein early in the morning between 8 and 10 a.m. Vacuum tubes were used to collect samples from subjects in a sitting position. Blood samples were then centrifuged (using a Hettich model D-78532 instrument) immediately at 3,500 rpm at room temperature for 10 min to separate serum, or plasma (0.5 ml). Prior to analysis the samples were stored at -80°C in the reference laboratory at Mashhad University of Medical Science. Commercial kits (Pars Azmun, Karaj, Iran) and a BT-3000 auto-analyzer (Biotechnica, Rome, Italy) were used to analyse the samples for serum TG, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and fasting blood glucose (FBG) concentrations. The Friedewald formula was used to calculate LDL-C concentrations in any samples where serum TG concentrations were lower than 4.52 mmol/L.  
Physical evaluation

To assess the physical activity level of the participants a validated Modifiable Activity Questionnaire (MAQ) was utilized (18). The level of physical activity was determined using metabolic equivalent task (MET) hours per week, (MET- h/wk). 

Dietary assessment

A validated food frequency questionnaire (FFQ) containing 147 food items was used to assess dietary intake 
 ADDIN EN.CITE 
(19, 20)
. Face-to-face interviews were used to support the completion of the FFQs and any components of the diet which were reported in household measures were converted to grams before being inputted into Nutritionist IV software (21). The US Department of Agriculture’s (USDA) national nutrient database was used to calculate daily nutrient values for each participant (22). We excluded those who likely under- and over-reported their dietary intake (daily energy intake less than -3SD or more than +3SD) (n = 255).   To control for the effect of energy intake food group intakes were calculated per 2000 kcal. Nitrate intake was calculated using a published comprehensive database that includes the nitrate and nitrite concentrations of 3498 and 2134 individual food and beverages respectively and was used to calculate daily dietary nitrate intake (mg/day) (23). The database included data from sixty different countries and addressed the potential influence of environmental factors on nitrate values, such as atmospheric humidity, temperature, and sunlight exposure. In case there were multiple reference sources for a single food or beverage item, the data were categorized based on the country and year of analysis to allow a convenient and specific selection of nitrate values (23).
Statistical methods
In total, 733 participants were included in the final statistical analyses. Normality was assessed using the Kolmogorov–Smirnov test for variables which were continuous. One-way ANOVA was used to compare continuous variables pertaining to participant characteristics (which included age, waist circumference, weight, waist to hip ratio, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP), TC, TG, HDL-C, LDL-C, FBG, and MET) across quartiles of dietary intake of nitrate. To determine the relationship between the dietary intake of nitrates (both total nitrate intake and nitrate intake from vegetables) with TC, LDL-C, HDL-C, SBP, DBP, FBG, and TG linear regression was used. In addition to the crude analysis, the models were adjusted for energy intake, age, percentile BMI, physical activity, red meat, fatty acids (polyunsaturated fatty acids and saturated fatty acids), fruit, fat, carbohydrate, and protein intake. Potential interactions between the intake of vitamin C and dietary nitrates were also evaluated using a general linear model. Statistical analysis was performed using SPSS (Version 16.0; Chicago, IL). All P values <0.05 were considered statistically significant.
Results: 
The general characteristics of the study participants by quartiles of nitrate intake are presented in Table 1. The mean of total nitrate intake and nitrate from vegetables of participants were 157.19 and 97.42 mg/day respectively. The median (IQR) of total nitrate intake and nitrate from vegetables was 140.30 mg/day (99.97 – 194.24) and 80.48 mg/day (51.67 – 121.15), respectively. There were no significant differences among different quartiles of nitrate intake regarding demographic or clinical features except for LDL-C. The mean for LDL-C was significantly different among quartiles (P = 0.015) with no ascending or descending trend. As shown in Table 2, the dietary intake of study participants was significantly different among different quartiles of nitrate intake. Participants in the highest quartile of nitrate intake consumed more total calories (P <0.001), fat (P = 0.027), and saturated fat (P = 0.012), but less carbohydrates (P = 0.048), and refined grains (P <0.001). More specifically, Table 3 showed that there was a strong and significant correlation between dietary nitrate consumption and vegetables (R2 = 0.79; P <0.001), as opposed to other sources, such as processed meat (R2 = 0.20; P <0.001).  
The results of the linear regression analysis to determine the relationship between total nitrate intake and nitrate intake from vegetables and lipid profile, SBP, DBP, and FBG are presented in Tables 4 and 5 respectively. We found that nitrate intake from vegetables was positively correlated with TG serum in crude model (β = 0.092, 95% CI = 0.009 - 0.097; P = 0.017). This relationship remained significant after adjusting for energy intake, age, percentile BMI, physical activity, intake of fatty acids, carbohydrate, protein, red meat, and fruit (β = 0.086, 95% CI = 0.002 - 0.097; P = 0.043). A significant interaction effect was also observed between nitrate intake from vegetables and vitamin C upon TG (P <0.01). We observed that levels of TG were increased among participants who had higher nitrate intake from vegetables along with higher vitamin C intake. We also found a significant positive correlation between total nitrate intake and serum levels of TG in crude model (β = 0.097, 95% CI = 0.010 - 0.084; P = 0.012), but this disappeared after adjusting for energy intake, age percentile BMI, physical activity, intake of fat, carbohydrate, protein, red meat, and fruit (β = 0.092, 95% CI = -0.001 – 0.091; P = 0.056). A significant interaction effect was also observed between total nitrate intake and vitamin C upon TG (P <0.01). We observed that levels of TG were increased among participants who had higher intakes of total nitrate, along with higher vitamin C intake. No significant relationships were found between total nitrate intake or nitrate intake from vegetables and total cholesterol, LDL-C, HDL-C, FBG, SBP and DBP in crude or adjusted models.

Discussion: 

The aim of our study was to investigate the impact dietary nitrates have upon markers of metabolic health. Our principal finding was that dietary nitrate intake from vegetables was significantly and positively associated with serum TG, even after adjusting for several variables. This novel relationship was also observed when investigating total dietary nitrate intake; however, the association disappeared after adjustment for confounding factors. No other relationships were shown between either total dietary nitrates or nitrates derived from vegetables and any other lipid or blood pressure markers, although we found that vitamin C had a significant interaction with total dietary nitrates and TG, as well as nitrates from vegetables and TG. Additionally, we also found that the intake of several macro and micronutrients were not congruent across quartiles of nitrate intake. 
The lack of association between levels of total dietary nitrates or nitrates consumed from vegetable sources with total cholesterol, LDL-C, HDL-C, FBG, and blood pressure is not in agreement with the previous literature as several animal and human studies exist which have demonstrated these relationships and it is unclear why our study did not 
 ADDIN EN.CITE 
(13, 14, 24-26)
. In animal models it has been shown that supplementation with nitrates in mice and rats lowered TC, TG, and LDL-C and increased levels of HDL-C 
 ADDIN EN.CITE 
(24, 25, 27)
. Similar improvements in atherogenic lipoproteins and TG have also been observed in humans and this effect appears to be enhanced when the intake of nitrates is supplemented with vitamin C 
 ADDIN EN.CITE 
(13, 14, 26)
. The mechanisms of action responsible for these effects are yet to be determined; however, it has been proposed that these substances may act as antioxidant agents which reduce oxidative stress (13). This is even more surprising when considering that certain food items which are known to contribute greatly to the typical Iranian dietary pattern, such as industrial and traditional breads, have been shown to be rich sources of dietary nitrates due to the increased use of nitrogen-based fertilizers in Iran and were likely to have been consumed in considerable quantities by the study participants 
 ADDIN EN.CITE 
(28, 29)
. That said, it is important to note that many previous studies which have demonstrated associations between dietary nitrates and cardiovascular risk markers often rely on small sample sizes and have been short in duration and these limitations may contribute towards equivocal findings 
 ADDIN EN.CITE 
(11, 12)
. Similarly, it is also noteworthy that the participants in the present study were comprised of adolescent females with comparable serum lipid profiles and blood pressure regardless of nitrate consumption and that the levels of these variables were within the normal range 
 ADDIN EN.CITE 
(30)
. This contrasts with the majority of previous studies which have focused on adult populations, often with pre-existing diseases, and as a consequence the absence of illness in the present study may have contributed to our neutral observations (16).
Despite this, we demonstrated a significant, positive correlation between serum TG and both total dietary intake of nitrates and nitrates from vegetables sources. This is a novel finding which persisted even after adjustment for a range of covariates in our analysis of dietary nitrates from vegetable sources. This is not in agreement with the literature, with animal and human studies showing that an increased intake of dietary nitrates is typically accompanied by reductions in serum TG 
 ADDIN EN.CITE 
(13, 24-26)
. To the authors’ knowledge this is the first time this positive association has been demonstrated and the underpinning mechanisms which may be responsible are not clear. Although it is well-known that carbohydrate consumption can result in increased serum TG (31), our findings showed that the intake of both carbohydrates and refined grains was significantly lower in those with higher levels of nitrate consumption. This contrasts with the literature which suggests that grains contribute greatly to the nitrate intake of Iranians (17). Despite this, the intake of saturated fat intake was significantly higher in this group. Therefore a potential mechanism driving the positive association found between dietary nitrate intake and TG may be the PGC-1β mediated co-activation of SREBP, which has been shown to stimulate circulating triglycerides in response to saturated fat (32). This might explain why the relationship between total nitrate intake and TG vanished after adjusting for a range of covariates which included saturated fat. Furthermore, it is also plausible that the presence of residual confounding may also have been responsible for the contradictory finding. 
Interestingly, we also found that vitamin C had a significant interaction with both total dietary nitrates and TG, as well as nitrates from vegetables and TG. This finding is also not in agreement with the literature, which typically shows overall improvements in the plasma lipid profile which are thought to be driven via the enhanced conversion of nitrates to NO (13). It is not clear why this was not found in our study. Although serum TG concentrations in the study population were in the normal range the relationships we revealed are concerning, especially given the high prevalence of hypertriglyceridemia within the adult population of Iran (33). Overall, these results need to be interpreted with caution and they require further testing and corroboration in future larger and prospective studies. 
Strengths and Limitations 
The strengths of our study are that it the first of its kind to investigate the impact of dietary nitrates upon a range of metabolic markers in an Iranian population. Despite this our study has several limitations which should be acknowledged. These being that our study was only conducted in the cities of Mashhad and Sabzevar in the Northeast of Iran and therefore it is difficult to determine if our results are generalizable for the rest of the country. Similarly, our sample consisted only of adolescent females, and it is not clear if the findings can be extrapolated to females of other ages or Iranian males. Furthermore, the study did not collect data concerning rates of smoking, the use of mouthwash and those with low gastric acidity, such antacid users. These factors could be linked to reduce dietary nitrate conversion to NO which may have potentially impacted upon the findings 
 ADDIN EN.CITE 
(34-36)
. Similarly, although the sample consisted of adolescent females who were free from disease, the use of certain medications and dietary supplements may also have impacted upon blood pressure and the lipid profile. In addition to this, the FFQs which were used to collect the dietary data did not allow cooking processes and food storage time and condition to be determined, all of which can also contribute towards a decline in the nitrate content of food products and possibly explain the lack of impact observed upon many of the markers of the lipid profile and blood pressure which are not in agreement with the previous literature (17). Also, due to the cross-sectional design of our study it is not possible to infer causality from the associations we have found and there is a possibility of spurious correlations and residual confounding. Moreover, our findings cannot give insight into any potential biological mechanisms which may be responsible. 
Conclusions

In conclusion, our findings demonstrate that the intake of dietary nitrates, whether from vegetables or other sources, is significantly associated with an increase in serum TG in Iranian adolescent females. We have also shown that vitamin C may interact with this relationship. Despite this, there were no associations with total dietary nitrate intake or nitrates from vegetables and any other metabolic markers, including blood pressure or lipid profile, in this population. These findings suggest that there may be neutral or possibly detrimental cardiovascular effects of dietary nitrate and/or vitamin C intake which are not in agreement with contemporary literature and warrant further investigation. 
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Figure Title and Legend:

Figure 1. Flow chart of study enrollment
Table Titles and Legends:

Table 1. General characteristics of study participants by quartiles of total nitrate intake.
BMI: Body mass index; WHR:  Waist-to-hip ratio; HDL: High density lipoprotein; LDL: Low density lipoprotein; FBG: Fasting blood glucose. *Values are means ± SDs. ¹Obtained from one way ANOVA. 

Table 2. Dietary intakes of study participants by quartiles of nitrate intake.
I Values are median (25th, 75th quartile). II Values are means ± SDs. * Obtained from one-way ANOVA.
Table 3. Correlation between the total nitrate intake and food groups.

*Correlation coefficient (obtained from Pearson correlation)
Table 4. Linear regression analysis of the correlations between total nitrate intake and cardiometabolic risk markers.
*Interaction with Vitamin C. Model I:  Adjusted for energy intake, age, percentile BMI, physical activity, red meat, fatty acids (polyunsaturated fatty acids and saturated fatty acids), fruit, fat, carbohydrate, and protein intake.
Table 5. Linear regression analysis of the correlations between nitrate intake from vegetables and cardiometabolic risk markers.
* Interaction with Vitamin C. Model I: Adjusted for energy intake, age, percentile BMI, physical activity, red meat, fatty acids (polyunsaturated fatty acids and saturated fatty acids), fruit, fat, carbohydrate, and protein intake. 
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