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Although plant-derived nitrates and nitrites are increasingly recognized for their potential metabolic 
advantages, current research presents mixed outcomes. This study explores the relationship between 
vegetable-sourced nitrate and nitrite consumption and key metabolic indicators in overweight and 
obese Iraqi adults. A total of 338 individuals participated in a cross-sectional analysis, completing 
a validated food frequency questionnaire to quantify their intake of nitrates and nitrites from 
vegetables. Blood pressure readings were obtained using standard sphygmomanometer, and 
biochemical markers—including fasting glucose, lipid profile, and insulin—were assessed via enzymatic 
assays. Participants with the highest intake of vegetable nitrates demonstrated significantly lower 
systolic blood pressure compared to those with the lowest intake (P < 0.05). Likewise, elevated 
dietary nitrite consumption was linked to lower fasting glucose and total cholesterol levels, alongside 
increased HDL cholesterol (P < 0.05), across both crude and adjusted statistical models. Elevated intake 
of nitrates and nitrites from vegetables appears to be associated with favorable cardiovascular and 
metabolic health markers in overweight and obese individuals. These results highlight the potential of 
vegetable-based nitrate and nitrite consumption as a dietary strategy for improving cardio-metabolic 
outcomes, meriting further investigation through longitudinal studies.
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Inorganic nitrates and nitrites are naturally occurring compounds found in plant-based foods, with vegetables 
being the primary dietary source of exogenous nitrate intake1. Approximately 80–95% of dietary nitrates come 
from green leafy vegetables such as lettuce, spinach, cabbage, beetroot, radishes, and rocket2,3. The health benefits 
of dietary nitrates and nitrites have been demonstrated in various studies. Nitrates are recognized as a significant 
precursor to nitric oxide (NO), which exerts several protective effects against chronic diseases through the 
nitrate-nitrite-NO pathway4,5. Dietary nitrate enhances NO levels in the body via the entero-salivary nitrate-
nitrite-NO pathway. Nitric oxide, originating from the endothelial system, plays a cardioprotective role by 
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improving vascular function, reducing arterial stiffness, regulating blood pressure, and promoting vasodilation 
and overall vessel health6,7.

Several observational and interventional studies have investigated the potential health benefits of nitrate. 
In a randomized study, it was found that an acute injection of sodium nitroprusside, a nitric oxide donor, 
significantly increased glucose uptake independently of plasma insulin levels8. A short-term intervention (3 
days) using high-dose nitrate-rich beetroot juice resulted in reduced blood pressure in a crossover trial involving 
healthy older adults9. Additional research in experimental models has demonstrated several health benefits, 
including anti-obesity effects, prevention of visceral fat accumulation, lowered serum triglycerides in eNOS-
deficient mice, improved glucose tolerance10 and reduced weight gain11. In the study by Golzarand M et al.12, 
high intake of nitrate-rich vegetables was linked to lower odds of developing hypertension in a longitudinal 
study. Other studies have also shown reduced blood pressure with higher nitrate consumption13. However, some 
inconsistent findings exist, with reports suggesting that elevated plasma nitrate levels may be associated with 
increased arterial pressure14 as well as higher rates of hypertension and diabetes15.

The World Health Organization (WHO) sets the upper limits for nitrate and nitrite at 50 mg/L and 3 mg/L, 
respectively, with their combined total not exceeding a ratio of 116. Research investigating the health impacts of 
nitrates and nitrites varies widely in study design, settings, populations, and disease conditions. This variability 
warrants cautious interpretation. Additionally, many of these studies are conducted in vitro or on animal 
models, making it difficult to directly generalize these findings to humans. Given the recent evidence suggesting 
potential cardiovascular benefits of nitrates and nitrites, along with conflicting results in the field, there is a 
growing need for more human-based research, particularly focusing on identifying the primary dietary sources 
of nitrates. Only a few studies have explored the link between nitrate/nitrite intake from dietary sources and 
disease outcomes. For instance, one follow-up study reported an inverse relationship between the consumption 
of nitrate-rich vegetables and the risk of hypertension12. Conversely, a study by Mousavi M. et al.17, found no 
association between dietary nitrate and nitrite intake and general or abdominal obesity phenotypes. Moreover, 
the nitrate and nitrite content in vegetables varies depending on environmental factors such as soil type, 
cultivation practices, harvest timing, and geographic conditions, meaning that findings from one region may 
not be applicable to others18.

Nitrate has historically been viewed with caution due to its potential to form carcinogenic N-nitroso 
compounds. However, recent evidence reveals a paradox: dietary nitrate—particularly from vegetables—is 
associated with beneficial cardiometabolic effects via the nitrate–nitrite–nitric oxide pathway19. In contrast, 
nitrate exposure from non-dietary sources such as contaminated drinking water may carry health risks, 
including elevated cancer and metabolic disorder incidence20. Notably, higher vegetable-based nitrate intake has 
been linked to lower incidence and mortality from cardiovascular diseases21. In contrast, nitrate from water or 
animal sources does not appear to confer these protective effects and may be associated with adverse outcomes22.

Few studies have examined the relationship between dietary nitrate and nitrite intake and metabolic 
parameters, and none have been conducted in Iraq. Therefore, this study aimed to explore the association 
between nitrate and nitrite intake from commonly consumed vegetables and metabolic profiles. Specifically, we 
investigated the associations between dietary nitrate and nitrite intake and serum glycemic markers, lipid levels, 
and blood pressure in a population-based study in Iraq.

Method & materials
Study population
This cross-sectional study involved 338 individuals aged 20 to 50 years, all of whom were overweight or obese. 
Overweight and obesity were defined according to the World Health Organization (WHO) criteria. Overweight 
was defined as body mass index (BMI) between 25.0 and 29.9 kg/m2, and obesity as BMI ≥ 30.0 kg/m2. Participants 
were randomly selected using written invitations and pamphlets distributed in local community centers and 
fitness clubs. This approach ensured a diverse representation from both urban and suburban populations. To 
maintain sample consistency, individuals were excluded based on specific criteria. These included: women who 
were pregnant, breastfeeding, or postmenopausal; individuals with a history of gastric bypass or other weight-loss 
surgeries; those diagnosed with cancer, liver or kidney diseases, cardiovascular conditions, or diabetes mellitus; 
and individuals taking medications or dietary supplements that could influence body weight, metabolism, or 
serum lipid levels. The study flowchart is represented in (Fig. 1).

Anthropometric and physical activity measurements
Body weight and height were measured using a Seca scale and stadiometer (Seca Co., Hamburg, Germany) 
with accuracies of 0.1  kg and 0.5  cm, respectively. Participants wore light clothing and removed their shoes 
during measurements. BMI was calculated as weight (kg) divided by height squared (m2). Waist circumference 
(WC) was measured at the midpoint between the lower edge of the last palpable rib and the top of the iliac crest 
using a non-stretchable tape. Hip circumference was measured at the widest part of the buttocks, and the waist-
to-hip ratio (WHR) was calculated by dividing WC by hip circumference. All anthropometric measurements 
were performed in triplicate, and the averages were used for analysis. Physical activity (PA) was assessed using 
the International Physical Activity Questionnaire (IPAQ) and expressed as metabolic equivalent of task (MET) 
scores. The validity and reliability of this questionnaire have been previously confirmed23.

Dietary assessments and dietary nitrate/ nitrite intake calculation
A valid and reliable semi-quantitative food frequency questionnaire (FFQ) was used to assess dietary intake. 
This self-administered questionnaire included 105 food items and was originally developed for Iraqi adults24. 
Its validity was evaluated by comparison with four-day weighed food records from the same population, 
demonstrating both accuracy and reproducibility. The FFQ was culturally adapted to reflect local dietary habits, 
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incorporating commonly consumed foods, typical portion sizes, and preparation methods in Iraq. Correlation 
coefficients between the FFQ and the weighed records were 0.829 for energy, 0.583 for fat, 0.323 for carbohydrate, 
and 0.547 for protein. The questionnaire also showed acceptable internal consistency, with a Cronbach’s alpha 
of 0.70.

Participants were instructed to follow the portion sizes, cooking yields, and dietary amount recommendations 
outlined in the Iraq household manual when documenting all foods and beverages consumed. The intake of 
each food item was recorded in grams. The estimation of dietary nitrates and nitrites from vegetables followed 
the method previously established by Roshna Akram Ali et al.18. In summary, the nitrate content of various 
common vegetables was determined using a spectrophotometer. These vegetables included: green leafy greens 
(including Swiss chard, garden cress, leek, celery); fruiting vegetables (including Aubergine, Pepper, cucumber, 
tomato, squash), herbs and tubers (including Mint, Tarragon, green onions, radish, turnip). Measurements were 

Assessed for eligibility 
(n=794) 

Excluded (n=399)

Not meeting inclusion 
criteria (n= 250)

No willingness to participate 
(n = 149)

Enrolled (n=395)

Drop-outs due to missed 
blood samples (n=32) or 

incomplete questionnaires 
(n=25) 

Included in the analysis 
(n=338)

Fig. 1.  Study flowchart.
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performed using a UV/VIS double beam spectrophotometer at a wavelength of 538 nm as described previously18. 
The total nitrate and nitrite intake was calculated based on all nitrate-containing vegetables consumed.

Measurement of blood biomarkers and blood pressure assessments
A trained physician measured the participants’ systolic and diastolic blood pressure using a standard mercury 
sphygmomanometer on the right arm. Measurements were taken after participants had rested in a seated 
position for 10–15 min. The average of the two readings was recorded for each individual. Each participant 
provided a 10 ml venous blood sample for analysis. Serum lipid levels and fasting blood glucose were determined 
using a Cobas® 6000 auto-analyzer from Roche Diagnostics. Serum insulin concentrations were assessed using 
an enzyme-linked immunosorbent assay (ELISA) kit (Mercodia Insulin ELISA Kit). The homeostatic model 
assessment for insulin resistance (HOMA-IR) was calculated using the formula: fasting insulin (IU/mL) × fasting 
glucose (mmol/L) / 22.5. The quantitative insulin sensitivity check index (QUICKI) was calculated as: 1 / [log 
(fasting insulin (U/mL)) + log (fasting glucose (mmol/L))].

Statistical analysis
Statistical analysis was conducted using SPSS software (version 21.0; SPSS Inc, Chicago IL). The normality of 
data was checked using the Kolmogorov–Smirnov test. Discrete variables were presented as frequency and 
percentage, while continuous variables were expressed as mean ± standard deviation. Differences in discrete 
and continuous variables across groups were assessed using Chi-square tests and one-way analysis of variance 
(ANOVA), respectively. Comparisons between tertiles were performed using Tukey’s post-hoc test. To adjust 
for confounders, two analyses were performed. First, analysis of covariance (ANCOVA) was used to estimate 
differences between continuous variables while adjusting for confounders (e.g., age, gender, BMI, physical 
activity, and dietary energy intake). Second, multinomial logistic regression was conducted to examine potential 
associations between cardio-metabolic risk factors and dietary vegetable nitrate and nitrite intake. Three models 
were applied: Model I, crude; Model II, adjusted for age and sex; and Model III, adjusted for age, BMI, sex, 
physical activity, and dietary energy intake. The sample size was determined based on previous studies evaluating 
dietary nitrate and nitrite intake in relation to cardiometabolic markers among overweight and obese adults25–27. 
Considering an expected moderate effect size (Cohen’s f = 0.25), a statistical power of 80%, and a significance 
level of 0.05, the minimum required sample size was calculated to be approximately 90 participants per tertile 
group (270 in total). To account for possible non-response and missing data (estimated at 20%), the required 
sample size was increased using the standard attrition-adjustment formula to 338 participants.

Results
The general characteristics of participants across nitrate and nitrite intake tertiles are shown in (Table 1). No 
significant differences were observed in demographic or anthropometric variables. Higher dietary nitrate intake 
was associated with significantly lower systolic (SBP) and diastolic blood pressure (DBP) in the highest tertile 
compared to lower tertiles, in both crude and adjusted models (P < 0.05). Similarly, higher dietary nitrite intake 
was linked to lower fasting blood sugar (FBS) and higher serum insulin and HDL levels in the highest tertile. 
Total cholesterol was lower in the highest nitrite tertile in crude and age- and sex-adjusted models (P = 0.004 and 
P = 0.01, respectively). Table 2 summarizes the nitrate and nitrite content of vegetables. Green leafy vegetables 
contributed most nitrate, followed by fruiting vegetables, while herbs and tubers were the primary sources of 
nitrite. Table 3 presents dietary intake of energy, macronutrients, and food groups by tertiles. Protein intake 
differed significantly across nitrite tertiles (P = 0.01), whereas other macronutrients did not. Intake of fruits, 
vegetables, grains and cereals, dairy, meat/fish/poultry, legumes and nuts, and sweets/snacks increased across 
higher tertiles, except for fats and oils in nitrite tertiles (P = 0.121). Table 4 displays odds ratios for biochemical 
markers across tertiles. Participants in the highest nitrate tertile had greater odds of lower SBP and DBP across 
all models (P < 0.05). For nitrite, the highest tertile was associated with lower FBS, higher insulin, and elevated 
HDL compared to the lowest tertile. Overall, these findings suggest that higher vegetable-derived nitrate and 
nitrite intake is linked to improved cardio-metabolic risk factors in overweight and obese individuals.

Discussion
In this study, higher dietary nitrate intake from vegetables was associated with lower blood pressure, while 
greater vegetable-derived nitrite consumption was linked to improved glycemic and lipid profiles, including 
lower FBS, reduced insulin resistance, higher insulin, lower TC, and higher HDL levels. Endogenous nitrate 
and nitrite originate mainly from two sources: the oxidation of NO via the L-arginine–eNOS pathway, which 
contributes about 70% of plasma nitrite28,29 and dietary intake, which serves as the major source. Average 
dietary nitrite and nitrate intakes range from 0–20 mg/day and 53–300 mg/day, respectively, with 80–95% of 
nitrate derived from plant sources, while most nitrite comes from food additives in processed meats and baked 
goods30,31. Additionally, nitrate reduction by oral and gut bacteria or nitrate reductase enzymes contributes to 
systemic nitrite levels32,33. Additionally, nitrate reduction by oral and gut bacteria or nitrate reductase enzymes 
contributes to systemic nitrite levels12 Consistent with our findings, previous research reported an inverse 
association between nitrate-rich vegetable intake and hypertension risk (OR = 0.63; 95% CI: 0.41–0.98; p for 
trend = 0.05) 4.

Dietary nitrite and its precursor, nitrate, are important for cardiovascular health due to their role in enhancing 
NO bioavailability. As nitrate is reduced to nitrite and then to NO, both compounds act synergistically in 
improving vascular function and lipid metabolism32–34. In our study, higher dietary nitrite intake was associated 
with lower TC and higher HDL-C levels. Similarly, previous studies have shown beneficial effects of nitrate and 
nitrite on lipid profiles, including improved serum lipids in diabetic rats35 In our study, higher dietary nitrite 
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intake was associated with lower TC and higher HDL-C levels. Similarly, previous studies have shown beneficial 
effects of nitrate and nitrite on lipid profiles, including improved serum lipids in diabetic rats36.

Our findings highlight the importance of dietary diversity—especially a greater variety of vegetable 
subtypes—in determining nitrate exposure. As shown in Table 2, green leafy and fruiting vegetables were the 
main contributors to nitrate intake in the highest tertile. A diverse vegetable intake may therefore enhance total 
nitrate exposure and its cardio-metabolic benefits. Consistent with our results, a large Danish cohort reported 
that moderate vegetable nitrate intake (~ 60 mg/day) was associated with a 15% lower risk of cardiovascular 

Vegetables

Dietary vegetable nitrate tertiles (N = 338) Dietary vegetable nitrite tertiles (N = 338)

1st
(N=112)

2nd
(N=113)

3rd
(N=113)

P*
value

1st
(N=112)

2nd
(N=113)

3rd
(N=113)

P*
value

106.91–
118.30 (mg/
kg)

193.38–
201.85 (mg/
kg)

326.13–376.91 
(mg/kg)

10.086–11.31 
(mg/kg)

21.98–23.70 
(mg/kg)

47.76–64.40 
(mg/kg)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Green leafy vegetable (mg/kg) 69.33 28.42 105.59 41.28 161.67 94.02  < 0.001 1.22 0.68 1.53 0.67 1.75 0.96  < 0.001

Fruiting vegetables (mg/kg) 44.34 28.92 74.62 37.86 117.86 101.67  < 0.001 0.809 0.511 1.26 0.64 2.06 1.51  < 0.001

Herbs and tuber vegetables (mg/kg) 14.15 11.13 23.44 19.98 50.76 47.12  < 0.001 14.31 5.37 21.46 6.12 23.48 8.10 0.028

Total vegetables (mg/kg) 127.83 46.10 203.67 52.43 329.93 155.21  < 0.001 22.41 19.79 32.30 23.12 34.54 27.19 0.011

Table 2.  Nitrate and nitrite content of vegetables by tertiles of dietary nitrate and nitrite. P* values derived 
from One-Way ANOVA followed with Tukey’s post-hoc comparisons. The significant difference between all of 
tertiles according to Tukey’s post-hoc comparisons. The bolded values show the statistically significance.

 

Variable

Dietary vegetable nitrate tertiles (N = 338) Dietary vegetable nitrite tertiles (N = 338)

1st
(N=112)

2nd
(N=113)

3rd
(N=113)

P* value P** value

1st
(N=112)

2nd
(N=113)

3rd
(N=113)

P* value
P**
value

106.91–
118.30 (mg/
kg)

193.38–201.85 
(mg/kg)

326.13–
376.91 (mg/
kg)

10.086–11.31 
(mg/kg)

21.98–23.70 
(mg/kg)

47.76–64.40 
(mg/kg)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age (y) 40.36 8.92 39.28 8.51 42.01 9.64 0.08 - 39.54 8.18 40.88 9.19 41.21 9.77 0.34 -

Weight (kg) 91.35 14.09 93.22 13.43 91.66 16.02 0.59 - 92.99 13.42 91.77 14.54 91.50 15.62 0.72 -

Height (cm) 167.33 10.01 167.71 10.27 168.97 9.35 0.43 - 167.90 10.13 167.20 9.99 168.90 9.53 0.43 -

Sex [n (%) Male] 58 51.8 67 58.8 70 62.5 0.105 - 64 57.1 62 54.9 69 61.1 0.551 -

BMI (kg/m2) 32.70 4.741 33.18 4.33 32.00 5.33 0.18 - 33.07 4.60 32.80 4.39 32.02 5.41 0.23 -

WC (cm) 105.74 9.00 107.67 9.25 106.66 10.64 0.32 - 107.33 9.48 106.20 8.47 106.57 10.92 0.67 -

WHR 0.93 0.09 0.93 0.08 0.94 0.06 0.84 - 0.94 0.08 0.92 0.08 0.94 0.07 0.24 -

SBP (mmHg) 122.37 15.03 119.95 15.61 119.72 17.76 0.03 a 0.02 119.96 14.69 122.78 13.77 125.22 19.54 0.05 0.12

DBP (mmHg) 81.87 10.62 79.32 12.17 80.54 11.54 0.02 b 0.049 80.35 10.90 82.00 10.90 82.33 12.78 0.39 0.61

FBS (mg/dl) 92.62 15.95 92.50 24.27 92.81 16.80 0.99 0.99 93.38 12.98 94.97 27.73 90.59 12.92 0.01b 0.04

TC (mg/dl) 190.15 34.38 193.00 40.02 191.79 35.75 0.84 0.12 190.45 34.38 196.16 35.94 188.39 39.53 0.26 0.27

TG (mg/dl) 139.62 75.90 152.51 102.39 160.53 99.13 0.24 0.62 154.50 69.16 164.05 121.99 155.19 78.83 0.09 0.28

HDL (mg/dl) 44.13 9.07 43.58 9.81 42.90 9.69 0.63 0.92 43.86 9.28 43.97 10.00 42.79 9.29 0.59 0.38

LDL (mg/dl) 123.31 29.59 123.06 32.31 124.18 34.10 0.96 0.18 122.55 28.90 125.84 32.51 122.17 34.39 0.64 0.46

Insulin (mIU/l) 16.20 10.11 17.20 17.62 14.14 9.98 0.36 0.73 16.22 11.77 17.85 17.44 13.96 10.32 0.20 0.68

HOMA-IR 3.76 2.53 3.99 4.03 3.33 2.72 0.44 0.79 3.67 2.68 4.34 4.13 3.20 2.69 0.09 0.32

QUICKI 0.33 0.03 0.33 0.04 0.33 0.04 0.32 0.99 0.33 0.03 0.32 0.03 0.34 0.04 0.023 0.28

Table 1.  General characteristics of study participants by tertiles of dietary vegetable nitrate and nitrite. BMI 
body mass index, WC waist circumference, WHR waist-to-hip ratio, SBP systolic blood pressure, DBP diastolic 
blood pressure, TC, FBS fasting blood sugar; total cholesterol, TG triglyceride, HDL-C high density lipoprotein 
cholesterol, LDL-C low density lipoprotein cholesterol, HOMA-IR homeostatic model assessment for insulin 
resistance, QUICKI quantitative insulin sensitivity check index, all data are mean (± SD) except for sex, that is 
presented as the number and percent. P* values derived from One-Way ANOVA followed by Tukey’s post-
hoc comparisons for continuous variables and chi-squared test for discrete variables. P** values derived from 
ANCOVA analysis after adjustment for confounders (e.g. age, gender, BMI, physical activity and dietary energy 
intake). a, the significant difference between first tertile with second and third tertiles according to Tukey’s 
post-hoc comparisons. b, the significant difference between third tertile with first and second tertiles according 
to Tukey’s post-hoc comparisons. The bolded values show the statistically significance.
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disease and its subtypes25 and a systematic review confirmed similar inverse associations21. and a systematic 
review confirmed similar inverse associations37.

The health benefits of dietary nitrite also include a reductions in blood glucose levels, particularly among 
individuals with the highest intake, which may be linked to the anti-diabetic effects of nitrate and nitrite. 
Considerable evidence supports the positive impact of these compounds on glycemic control in both animal 
and human studies. For instance, research by Mattias C et al.10, demonstrated that dietary inorganic nitrate 
supplementation improved glucose tolerance and alleviated symptoms of metabolic syndrome in eNOS-deficient 
mice. The underlying mechanism by which dietary nitrate and nitrite may protect against type 2 diabetes 
mellitus (T2DM) involves the restoration of the disrupted NO pathway, which is often compromised in diabetic 
patients due to chronic hyperglycemia, oxidative stress, increased NF-κB activity, accumulation of advanced 
glycation end-products (AGEs), elevated levels of asymmetric dimethylarginine (ADMA), and decreased NOS 
activity, all leading to impaired insulin secretion38. Other potential mechanisms identified in experimental and 
human studies include enhanced blood flow to pancreatic islets and increased plasma insulin levels38, as well 
as improved insulin signaling through the restoration of NO-dependent nitrosation of glucose transporter 4 
(GLUT-4), which is directly influenced by nitrite10. Likewise, we observed lower HOMA-IR and fasting blood 
sugar levels in individuals with the highest dietary nitrite intake among the overweight and obese population. 
Some of these mechanistic pathways are depicted in (Fig. 2).

Variable

Dietary vegetable nitrate tertiles (N = 338) Dietary vegetable nitrite tertiles (N = 338)

1st
(N=112)

2nd
(N=113)

3rd
(N=113)

2nd
(N=113)

3rd
(N=113)

OR (CI) P-value OR (CI) P-value OR (CI) P-value OR (CI) P-value

SBP (mmHg)

Model I
1
REF

0.999 (0.970–1.028) 0.939 0.989 (0.974–0.990) 0.012 1.013 (0.982–1.044) 0.420 1.036 (0.004–1.069) 0.090

Model II 0.998 (0.969–1.027) 0.881 0.976 (0.960–0.987) 0.049 1.014 (0.983–1.047) 0.371 1.035 (0003–1.068) 0.361

Model III 0.998 (0.953–1.044) 0.925 0.970 (0.967–0.989) 0.023 1.025 (0.980–1.071) 0.282 1.017 (0.962–1.076) 0.550

DBP (mmHg)

Model I
1
REF

0.976 (0.937–1.015) 0.225 0.982 (0.940–1.026) 0.420 0.990 (0.949–1.032) 0.631 0.962 (0.922–1.005) 0.082

Model II 0.977 (0.939–1.018) 0.267 0.979 (0.936–1.023) 0.351 0.989 (0.948–1.032) 0.610 0.958 (0.917–1.001) 0.061

Model III 0.988 (0.936–1.042) 0.650 1.006 (0.935–1.082) 0.882 0.984 (0.931–1.039) 0.552 0.940 (0 .884–1.016) 0.131

FBS (mg/dl)

Model I
1
REF

1.006 (0.977–1.036) 0.702 0.996 (0.960–1.032) 0.811 1.048 (0.98–1.087) 0.981 0.981 (0.972–0.998) 0.030

Model II 1.005 (0.975–1.036) 0.744 0.989 (0.953–1.028) 0.582 1.051 (0.97–1.090) 0.089 0.979 (0.960–0.980) 0.043

Model III 0.966 (0.913–1.022) 0.236 0.976 (0.914–1.042) 0.470 1.104 (0.891–1.183) 0.901 0.980 (0.971–0.990) 0.012

TC (mg/dl)

Model I
1
REF

0.974 (0.937–1.012) 0.188 0.973 (0.936–1.012) 0.180 0.977 (0.926–1.030) 0.382 0.920 (0.87–0.974) 0.004

Model II 0.974 (0.937–1.013) 0.199 0.975 (0.938–1.013) 0.191 0.975 (0.924–1.029) 0.367 0.924 (0.873–0.979) 0.013

Model III 1.009 (0.996–1.023) 0.183 0.994 (0.974–1.015) 0.570 0.997 (0.983–1.010) 0.612 0.989 (0.972–1.007) 0.250

TG (mg/dl)

Model I
1
REF

1.006 (0.999–1.014) 0.110 1.005 (0.997–1.013) 0.211 1.007 (0.997–1.018) 0.173 1.014 (0.94–1.024) 0.871

Model II 1.006 (0.998–1.014) 0.113 1.004 (0.996–1.013) 0.278 1.008 (0.997–1.018) 0.158 1.013 (0.98 -1.023) 0.671

Model III 0.999 (0.990–1.007) 0.767 0.997 (0.985–1.009) 0.610 1.001 (0.993–1.009) 0.844 0.997 (0.985–1.008) 0.572

HDL (mg/dl)

Model I
1
REF

1.017 (0.968–1.068) 0.508 1.010 (0.959–1.064) 0.692 1.056 (0.991–1.124) 0.091 1.074 (1.07–1.145) 0.030

Model II 1.019 (0.969–1.071) 0.479 1.014 (0.961–1.069) 0.610 1.055 (0.989–1.125) 0.101 1.071 (1.003–1.145) 0.041

Model III 0.992 (0.940–1.047) 0.771 0.991 (0.920–1.066) 0.809 1.039 (0.984–1.098) 0.172 1.019 (0.950–1.094) 0.609

LDL (mg/dl)

Model I
1
REF

1.028 (0.989–1.070) 0.161 1.025 (0.985–1.066) 0.221 1.018 (0.966–1.073) 0.514 1.079 (0.98–1.142) 0.781

Model II 1.028 (0.988–1.069) 0.173 1.023 (0.984–1.064) 0.261 1.020 (0.967–1.076) 0.472 1.075 (0.88–1.138) 0.897

Model III 1.090 (0.988–1.090) 0.309 1.056 (0.984–1.098) 0.672 1.020 (0.977–1.086) 0.870 1.090 (0.88–1.145) 0.782

Insulin (mIU/l)

Model I
1
REF

1.027 (0.898–1.174) 0.706 0.956 (0.800–1.143) 0.628 1.096 (0.945–1.270) 0.232 0.996 (0.836–1.187) 0.961

Model II 1.024 (0.894–1.173) 0.736 0.930 (0.768–1.127) 0.463 1.106 (0.952–1.285) 0.192 0.984 (0.820–1.180) 0.869

Model III 0.844 (0.624–1.141) 0.277 0.813 (0.557–1.188) 0.288 1.492 (1.056–2.108) 0.020 1.572 (1.058–2.336) 0.020

HOMA-IR

Model I
1
REF

0.975 (0.555–1.713) 0.931 1.190 (0.601–2.357) 0.622 0.689 (0.358–1.325) 0.261 1.009 (0.490–2.076) 0.981

Model II 0.990 (0.560–1.750) 0.970 1.288 (0.632–2.625) 0.491 0.661 (0.340–1.285) 0.222 1.044 (0.497–2.194) 0.910

Model III 1.732 (0.647–4.638) 0.273 1.205 (0.362–4.004) 0.765 0.234 (0.070–0.785) 0.022 0.213 (0.051–0.887) 0.032

QUICKI

Model I
1
REF

1.010 (0.980–1.921) 0.336 0.990 (0.980–1.20) 0.502 0.980 (0.555–1.713) 0.741 1.020 (0.91–1.77) 0.301

Model II 1.051 (0.982–1.831) 0.334 1.012 (0.91–1.67) 0.751 0.990 (0.560–1.750) 0.740 1.032 (0.98–2.05) 0.372

Model III 1.009 (0.990–1.632) 0.480 1.020 (0.98–2.05) 0.108 0.980 (0.988–1.012) 0.381 1.020 (0.99–1.12) 0.253

Table 4.  Biochemical variables of study participants by tertiles of dietary vegetable nitrate and nitrite. SBP 
systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, TG triglyceride, HDL-C high 
density lipoprotein cholesterol, LDL-C low density lipoprotein cholesterol, HOMA-IR homeostatic model 
assessment for insulin resistance, QUICKI quantitative insulin sensitivity check index, OR odds ratio, CI 
confidence interval. The multivariate multinomial logistic regression was used for estimation of ORs and 
confidence interval (CI). Model I: crude, Model II: adjusted for age and sex, Model III: adjusted for age, BMI, 
sex, physical activity, and dietary energy intake. The bolded values show the statistically significance.
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The health benefits of dietary nitrite also include a reductions in blood glucose levels, particularly among 
individuals with the highest intake, which may be linked to the anti-diabetic effects of nitrate and nitrite. 
Considerable evidence supports the positive impact of these compounds on glycemic control in both animal 
and human studies. For instance, research by Mattias C et al.10, demonstrated that dietary inorganic nitrate 
supplementation improved glucose tolerance and alleviated symptoms of metabolic syndrome in eNOS-deficient 
mice. The underlying mechanism by which dietary nitrate and nitrite may protect against T2DM involves the 
restoration of the disrupted NO pathway, which is often compromised in diabetic patients due to chronic 
hyperglycemia, oxidative stress, increased NF-κB activity, accumulation of AGEs, elevated levels of asymmetric 
dimethylarginine (ADMA), and decreased NOS activity, all leading to impaired insulin secretion38. Other 
potential mechanisms identified in experimental and human studies include enhanced blood flow to pancreatic 
islets and increased plasma insulin levels38, as well as improved insulin signaling through the restoration of NO-
dependent nitrosation of glucose transporter 4 (GLUT-4), which is directly influenced by nitrite10. Likewise, we 
observed lower HOMA-IR and fasting blood sugar levels in individuals with the highest dietary nitrite intake 
among the overweight and obese population. Some of these mechanistic pathways are depicted in (Fig. 2).

The health benefits of dietary nitrite also include improved glycemic control, particularly among individuals 
with higher intake. Consistent with our findings, Mattias C et al.10, reported that inorganic nitrate supplementation 
improved glucose tolerance and alleviated metabolic syndrome in eNOS-deficient mice. These effects are mainly 
mediated through the restoration of the disrupted NO pathway, commonly impaired in diabetes due to oxidative 
stress, inflammation, AGEs accumulation, and reduced NOS activity, all of which impair insulin secretion38. 
Additional mechanisms include enhanced pancreatic blood flow, increased plasma insulin levels38, Additional 
mechanisms include enhanced pancreatic blood flow, increased plasma insulin levels10. Similarly, in our study, 
higher dietary nitrite intake was associated with lower fasting glucose and HOMA-IR values among overweight 
and obese participants.

This study has several strengths and limitations. It is the first to investigate the potential effects of dietary 
nitrate and nitrite derived from vegetables on metabolic features among overweight and obese individuals. A 
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Fig. 2.  Graphical abstract of endogenous and exogenous sources and conversions of nitrate, nitrite and nitric 
oxide, as well as a summary of their mechanisms of influence on insulin and glucose uptake. NO nitric oxide, 
GLUT glucose transporter.
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validated FFQ was employed, and the estimation of dietary nitrate and nitrite intake was based on a locally 
conducted Iraqi study that precisely quantified these compounds in commonly consumed vegetables18, Therefore, 
the results are directly applicable to the overweight and obese Iraqi population. In the present study, the intake of 
vegetable-derived nitrate and nitrite was estimated using a validated food frequency questionnaire, in which the 
consumption of each food item was recorded in grams. To enhance accuracy of estimation, the nitrate and nitrite 
content of vegetables was derived from locally analyzed data based on the method reported by Roshna Akram 
Ali et al.3,18, where the nitrate content of commonly consumed vegetables was quantified using a UV/VIS double 
beam spectrophotometer which is based on the Griess reaction—a well-established, internationally recognized 
colorimetric method for nitrate and nitrite analysis in food and biological matrices. This procedure complies 
with official standards, including ISO 6635:198439 and the AOAC Official Method 973.3140.

Assessment of multiple cardiometabolic markers provides a comprehensive evaluation of the relationship 
between dietary nitrate and health outcomes. Also, adjustment for key potential confounders strengthens the 
validity of the observed associations. However, the study has some limitations; first, the cross-sectional design 
prevents the establishment of causal relationships between dietary nitrate intake and cardiometabolic parameters. 
Second, although the FFQ used was validated, self-reported dietary intake remains prone to recall bias and 
measurement errors and third, the study population was restricted to adults from a specific geographical region, 
which may limit the generalizability of findings to other populations. Third, nitrate and nitrite content can differ 
substantially depending on cooking methods (e.g., boiling, steaming, frying) and preparation techniques, which 
may alter bioavailability. Finally, we did not assess other potentially beneficial nutrients found in vegetables, such 
as potassium, polyphenols, and carotenoids, which may also contribute to favorable effects on blood pressure 
and glucose homeostasis.

This study adds new evidence by being the first to examine the relationship between vegetable-derived 
nitrate and nitrite intake and metabolic markers in overweight and obese individuals. Our findings highlight 
the importance of consuming diverse, nitrate-rich vegetables such as green leafy and fruiting types. These 
results provide region-specific data relevant to Iraq and similar Middle Eastern populations, where obesity 
and metabolic disorders are highly prevalent. Integrating these findings into national dietary guidelines could 
support strategies to reduce the burden of non-communicable diseases41–45.

Although direct measurement of the nitrate and nitrite content in each participant’s actual food intake would 
provide higher precision, this approach is rarely feasible in large-scale epidemiological studies; using a validated 
FFQ together with region-specific food composition data represents an accepted and practical method34,35. 
Importantly, efforts have been made to develop and calibrate dietary nitrate and nitrite databases for use with 
FFQs in large cohorts, which supports the validity of our approach. In particular, Inoue-Choi et al. described the 
development of a nitrate–nitrite composition database for the NCI Diet History Questionnaire and calibrated 
FFQ-based estimates against two 24 h recalls in the NIH–AARP Diet and Health Study, reporting moderate 
correlations and attenuation factors—evidence that FFQ estimates can reasonably reflect habitual nitrate and 
nitrite intakes in large epidemiologic studies46. Additionally, larger reference compilations of vegetable nitrate 
content have been assembled to improve quantification across diverse vegetables, further supporting the use 
of literature-based composition values when direct chemical analysis of every consumed dish is not feasible47.

In conclusion, higher intake of vegetable-derived nitrates and nitrites was linked to better cardio-metabolic 
profiles, including lower blood pressure, fasting glucose, and improved lipid levels in overweight and obese 
adults. Further prospective and interventional studies are needed to confirm causality and elucidate underlying 
mechanisms across diverse populations.

Data availability
The datasets generated and/or analyzed during this study are not publicly available due to privacy and ethical 
concerns. However, they can be obtained from the corresponding author upon reasonable request.
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