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Background: Epidemiologic studies on cruciferous vegetable (CV) intake and cardiovascular disease (CVD) were inconclusive.

Objective: To investigate the associations of urinary thiocyanate, a biomarker of CV intake, with CVD and all-cause mortality among non-smoking adults.

Methods: This prospective cohort study comprised 10,489 non-smoking adults (weighted mean age, 46.8 years; 43.4% male) from the National Health and Nutrition Examination Survey 2001–2014. Non-smokers were defined as subjects with serum cotinine < 3 ng/mL. Urinary thiocyanate was measured with ion chromatography tandem mass spectrometry at baseline, and CVD and all-cause mortality were identified through linkage to National Death Index until December 31, 2015. Cox proportional hazards model was applied to estimate the hazard ratios (HRs) with 95% confidence intervals (CIs) for CVD and all-cause mortality.

Results: A total of 800 deaths, of which 136 died of CVD, were ascertained within a median 7.8 years of follow-up. Urinary thiocyanate was positively correlated with total CV intake among non-smoking adults (rs = 0.088, P < 0.001). Comparing extreme quartiles, the multivariate-adjusted HRs for CVD and all-cause mortality were 0.50 (95% CI: 0.29–0.85) and 0.75 (95% CI: 0.60–0.92), respectively. Each 1 μg/g creatinine increment of log-transformed urinary thiocyanate was associated with a 25% (HR: 0.75; 95% CI: 0.62–0.91) reduced CVD mortality risk and 12% (HR: 0.88; 95% CI: 0.81–0.96) reduced all-cause mortality risk. The documented inverse associations persisted in sensitivity analyses.

Conclusion: Increased levels of urinary thiocyanate, a candidate biomarker of CV intake, were associated with low risks of CVD and total mortality among non-smoking adults. This prospective biomarker-based study provided further evidence to support the cardiovascular benefits of CVs.
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INTRODUCTION

Immense health and economic burdens are produced by cardiovascular disease (CVD) globally (1, 2). Despite the fact that fatalities attributable to CVD in United States declined during the 1980s to the 2010s, CVD remains the leading cause of death worldwide, and the global death toll of CVD was expected to exceed 23.6 million by 2030 (1). It was estimated by the American Heart Association in 2016 that nearly half of the American population would be affected by CVD to some extent and total costs of CVD would reach 1.1 trillion dollars by 2035 (1). Hence, much concern had been raised about developing effective strategies, such as healthy diets (3), to prevent CVD.

Cruciferous vegetables (CVs) are featured by their high glucosinolates contents (4) and had been recognized as part of healthy diet (5). Nonetheless, human studies on CV intake and CVD were inconclusive, with some prompting protective effects while others reporting no significant associations (Supplementary Table 1). Joshipura et al. (6) observed no significant association between CV intake and risk of ischemic CVD among 70,870 females from the Nurses’ Health Study (NHS) and 38,918 males from the Health Professionals’ Follow-Up Study (HPFS). However, a pooled analysis of two prospective cohort studies comprising 134,796 Chinese adults reported that higher CV intake was associated with a lower risk of mortality from CVD (7). Food frequency questionnaires (FFQs) were applied to estimate CV intake in previous studies (Supplementary Table 1), making the results susceptible to measurement error and misclassification. Hence, biomarker-based studies are anticipated to have a better understanding of the association between CV intake and risk of CVD.

Thiocyanate, a metabolite of cyanide from tobacco or glucosinolates from CVs (8), could be ubiquitously detected in urine samples (9). Elimination of thiocyanate occurs in the kidneys, and the half-life of thiocyanate is 3 days in individuals without renal insufficiency (8). Cigarette smoking makes considerable difference in the major source of thiocyanate, and thiocyanate primarily originates from tobacco for smokers and diet for non-smokers, respectively (10). Moreover, urinary thiocyanate levels vary between smokers and non-smokers, and smokers have much higher urinary thiocyanate measurements (11, 12). These facts provide a clue that urinary thiocyanate might be a biomarker of CV intake among non-smokers.

In this prospective cohort study of non-smoking adults, we aimed to investigate the associations of urinary thiocyanate with CVD and all-cause mortality. We hypothesized that higher levels of urinary thiocyanate, a biomarker of CV intake, may be associated with lower risks of CVD and all-cause mortality among non-smoking subjects.



MATERIALS AND METHODS


Study Population

National Health and Nutrition Examinations Survey (NHANES) is a series of nationally representative surveys enrolling approximately 5,000 non-institutional civilians in the United States each year (13). This program had been approved by the National Center for Health Statistics (NCHS) Ethics Review Board and gained informed consent from participants. Details on the program were described elsewhere (13).

We used data from NHANES 2001–2014 cycles, from which a total of 69,236 participants with medical examination data were preliminarily selected. 33,004 adults were left after participants aged < 20 years, without mortality data, or having CVD at baseline were excluded. A total of 14,500 participants with complete urinary thiocyanate and creatinine and serum cotinine measurements were further identified. Benowitz et al. (14) recommended 3 ng/mL as the cut-off point to distinguish smokers and non-smokers based on a US nationally representative sample of 3,078 smokers and 13,078 non-smokers. Hence, 10,489 adults with serum cotinine < 3 ng/mL were identified as non-smokers and included in this prospective cohort study (Supplementary Figure 1).



Urinary Thiocyanate Measurement

Spot urine specimens were collected into sterile 250-mL containers, following the instructions described in the NHANES Laboratory Procedures Manual (15). Urinary thiocyanate levels were determined with ion chromatography coupled with electrospray tandem mass spectrometry in the National Center for Environmental Health (16). Chromatographic separation of compounds was carried out in IonPac AS16 column with sodium hydroxide as the eluant (16). Details of laboratory methodology, quality control, and quality assurance were described elsewhere (16). The limit of detection (LOD) was 20 ng/mL for thiocyanate, and the detection limit divided by the square root of two was assigned as the corresponding value for the measurements below LOD.



Outcomes Assessment

The outcomes of interest in our study were CVD and all-cause mortality, which were identified through linkage to the National Death Index until December 31, 2015 (17). Causes of death had been ascertained according to the International Classification of Diseases, Tenth Revision (ICD-10) by the NCHS. In the current study, CVD deaths were defined as deaths attributed to heart disease or cerebrovascular diseases (ICD-10 codes I00-I09, I11, I13, I20-I51, I60-I69). Follow-up duration was defined as the interval from the mobile examination center date to the date of death or December 31, 2015, whichever occurred first.



Covariates Assessment

Demographic, socioeconomic, lifestyle, and dietary information was collected with questionnaires by trained interviewers. Race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, Mexican American, and others (10, 18). Family poverty income ratio (PIR), a measure of family income, was classified into three categories (<1.3, 1.3- < 3.5, ≥ 3.5). Participants who had less than 12 alcohol drinks in their lifetime were classified as never drinkers; those who had at least 12 alcohol drinks but avoided alcohol in the past 12 months were defined as former drinkers; and individuals who drank alcohol in the past 12 months when surveyed were categorized as current drinkers. Physical activity was classified into never, moderate, and vigorous according to replies of respondents to the items related to daily, recreational, and sedentary activities. Vigorous activities were defined as activities that cause large increases in breathing or heart rate for at least 10 min, and moderate activities were defined as activities that cause small increases in breathing or heart rate for at least 10 min (19). Dietary information was obtained with 24-h dietary recall interviews by trained dietary interviewers, and total energy intake was calculated with the automated multiple pass method. Healthy Eating Index-2015 (HEI-2015), which comprises nine adequacy and four moderation components, was used to indicate overall diet quality (20). HEI-2015 ranged from 0 to 100, and a higher score indicated a better diet quality (20). A 139-item FFQ, which was developed from the validated National Cancer Institute Diet History Questionnaire (DHQ) (21), was added to NHANES 2003–2004 and 2005–2006 to obtain information on food and food group consumption patterns during the past year. The FFQ contained two items related to CV, “Did you eat broccoli?” and “Did you eat cauliflower?” and the answers ranged from “never” to “two or more times per day.” Total CV consumption (times/week) was calculated by summing the consumption of broccoli and cauliflower, two common Brassica species. The arithmetic mean of the upper and lower limits was used as the corresponding consumption. If the highest intake category interval was right-open (e.g., ≥ 7 times/week), the corresponding intake was set at 1.2 times the lower boundary (e.g., 8.4 times/week) (22). If the lowest intake category interval was left-open (e.g., < 1 time/week), the corresponding intake was set at half the upper boundary (e.g., 0.5 time/week) (23). Anthropometric information was collected by trained health technicians, and body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. Cotinine, the metabolite of nicotine, has a half-life of 15–20 h in plasma, and was preferred as the biomarker of smoking in previous studies (14, 24, 25). Serum cotinine was measured with an isotope dilution-high performance liquid chromatography/atmospheric pressure chemical ionization tandem mass spectrometry (26). The detection limit of serum cotinine was 0.015 and 0.011 ng/mL was assigned as the corresponding value for the results below the detection limit (26). Second-hand smoking was defined as serum cotinine between LOD and 3-ng/mL cut-off point in this study. Blood pressure measurements were collected by examiners who had been certified through a training program with mercury sphygmomanometers. Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure (DBP) ≥ 90 mmHg, or currently taking prescribed medicine for hypertension (27). Urinary concentrations of creatinine were measured with an enzymatic method based on Jaffe rate reaction (28). Urinary iodine was measured with inductively coupled plasma-mass spectrometry (29) and categorized into low iodine excretion (<100 μg/L) and high iodine excretion (≥ 100 μg/L) according to the classification recommended by the World Health Organization (30).



Statistical Analysis

Missing values of covariates were imputed with medians and missing indicators for continuous and categorical variables, respectively. Number and proportion of missing covariates were shown in Supplementary Table 2, and a total of 4,827 missing values were imputed. Urinary thiocyanate was divided by creatinine concentration to adjust for urine dilution, and log-transformed to alleviate the skewed distribution. Geometric means of urinary thiocyanate measurements according to population characteristics were calculated. Taking the complex, multistage, and probability sampling design of NHANES into account, we applied sampling weights and sample design variables in formal analyses.

Participants were categorized according to quartiles of urinary thiocyanate. Continuous variables were expressed with weighted means and standard errors, and categorical variables were expressed with numbers and weighted proportions. The baseline characteristics across thiocyanate quartiles were compared with linear regression for continuous variables and logistic regression for categorical variables. Partial Spearman correlation coefficient between urinary thiocyanate and total CV intake was calculated in a pilot study among NHANES 2005–2006. Cox proportional hazards regression model was applied to investigate the associations of urinary thiocyanate with risks of CVD and total mortality. The proportional hazards assumptions were tested with Schoenfeld residuals method, and no violation was observed. Confounders, including age (years, continuous), sex (male, female), race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, others), secondhand smoking (yes, no), BMI (< 25, 25- < 30, ≥ 30 kg/m2), education attainment (under high school, high school, above high school), family PIR (< 1.3, 1.3- < 3.5, ≥ 3.5), alcohol consumption (never, former, current), physical activity (never, moderate, vigorous), total energy intake (kcal, continuous), HEI-2015 score (continuous), urinary iodine (< 100, ≥ 100 μg/L), and hypertension (yes, no), were adjusted in the multivariate models. The P-value for linear trend was calculated by introducing medians of quartiles as continuous variables into the model. We additionally calculated the multivariate-adjusted hazard ratios (HRs) with 95% confidence intervals (CIs) for CVD and total mortality associated with each 1 μg/g increment in log-transformed urinary thiocyanate. Restricted cubic splines with 3 knots at the 5th, 50th, and 95th percentiles of log-transformed urinary thiocyanate distribution were further plotted to examine the log-linear dose–response relationships between urinary thiocyanate and CVD and total mortality, and the reference value was set at the 10th percentile.

Stratified analyses by age (< 50 years, ≥ 50 years), sex (male, female), race/ethnicity (non-Hispanic white, others), obesity (yes, no), secondhand smoking (yes, no), current drinking (yes, no), hypertension (yes, no), and diet quality (lower, higher) were performed to examine whether these factors modified the association between urinary thiocyanate and CVD mortality. Potential interaction between urinary thiocyanate and stratification factor was evaluated by introducing a multiplicative term between urinary thiocyanate and stratification variable as continuous variables into the multivariate models, and testing whether the coefficient of the interaction term was equal to zero. Taking increased false positive in multiple hypothesis testing into account, we adjusted P-value with Bonferroni correction, and statistical significance was set at P < 0.006 (0.05/8 subgroups). We also calculated the false discovery rate (FDR) to identify as many significant interactions as possible while controlling a relatively low proportion of false positives, and FDR < 0.05 was considered as significant.

Moreover, several sensitivity analyses were conducted to evaluate the robustness of our results. First, we introduced urinary creatinine as a covariate into the multivariate models rather than divided thiocyanate by creatinine to adjust for urine dilution. Second, participants with daily energy intake < 500 or > 5,000 kcal were excluded to examine whether our results were sensitive to extreme daily energy intake. Third, we excluded the total vegetables component from the HEI-2015 score and precluded the adjustment of BMI to avoid potential over-adjustment, and introduced fasting plasma glucose into models. Fourth, dietary fiber, β-carotene, folate, vitamin K, total fruits, total dairy, and whole grains intake, rather than HEI-2015 score, were adjusted in multivariate models. Fifth, we adjusted SBP, DBP, and antihypertensive therapy rather than hypertension in models, considering the evidence that antihypertensive drug treatment could affect the cardiovascular outcomes (31, 32). Finally, multiple imputed data sets for missing covariates were generated under the missing-at-random assumption since single imputation did not reflect the uncertainty about the predictions of the missing values.

We used STATA 15.1 (StataCorp LLC, Texas, United States) and SAS 9.4 (SAS Institute, NC, United States) for statistical analysis. All tests were bilateral, and P-values lower than 0.05 were recognized as statistical significance unless otherwise stated.




RESULTS


Characteristics of Study Population

This cohort comprised 10,489 non-smoking subjects (weighted mean age, 46.8 years; 43.4% male). The mean urinary thiocyanate was 1.28 mg/L. The geometric mean of urinary thiocyanate was 0.94 and 0.95 mg/g creatinine in never and secondhand smokers (Supplementary Table 3), respectively. Higher urinary thiocyanate levels were observed among female and non-Hispanic white participants (Supplementary Table 3). Non-smoking subjects with higher urinary thiocyanate levels were more likely to be current drinkers, have high family incomes and education attainments, exercise regularly, and have higher intakes of total vegetables, total dairy, whole grains, fiber, β-carotene, folate, and vitamin K (Table 1). There was no significant difference in serum cotinine levels across thiocyanate quartiles (P = 0.31). Urinary thiocyanate was positively correlated with total CV intake (rs = 0.088, P < 0.001) in this non-smoking population (Supplementary Table 4).


TABLE 1. Characteristics of study population according to quartiles of urinary thiocyanatea.
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Associations of Urinary Thiocyanate With Cardiovascular Disease and All-Cause Mortality

During 78,095 person-years of observation (median follow-up, 7.8 years), a total of 800 deaths, of which 136 died of CVD, were ascertained. Comparing extreme thiocyanate quartiles, the multivariate-adjusted HRs for CVD and all-cause mortality were 0.50 (95% CI: 0.29–0.85, P-trend = 0.02) and 0.75 (95% CI: 0.60–0.92, P-trend = 0.009), respectively (Table 2). Inverse log-linear dose–response relationships between urinary thiocyanate and risks of CVD (P-non-linearity = 0.86) and total (P-non-linearity = 0.14) mortality were depicted in the restricted cubic splines (Figure 1). Each 1 μg/g creatinine increment of log-transformed urinary thiocyanate was associated with a 25% (HR: 0.75; 95% CI: 0.62–0.91) reduced risk of CVD mortality and 12% (HR: 0.88, 95% CI: 0.81–0.96) reduced risk of all-cause mortality (Table 2).


TABLE 2. Associations between urinary thiocyanate and cardiovascular disease and all-cause mortality among non-smoking adults.
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FIGURE 1. Associations of urinary thiocyanate levels with (A) cardiovascular disease and (B) all-cause mortality among non-smokers. Hazard ratio was represented by solid line and 95% confidence intervals were represented by dashes. Model was adjusted for age (years, continuous), sex (male, female), race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, others), secondhand smoking (yes, no), body mass index (< 25, 25- < 30, ≥ 30 kg/m2), education attainment (under high school, high school, above high school), family poverty income ratio (< 1.3, 1.3- < 3.5, ≥ 3.5), alcohol consumption (never, former, current), physical activity (never, moderate, vigorous), total energy intake (kcal, continuous), Healthy Eating Index-2015 score (continuous), urinary iodine (< 100 μg/L, ≥ 100 μg/L), and hypertension (yes, no). CVD, cardiovascular disease; HR, hazard ratio.




Subgroup and Sensitivity Analyses

The association of urinary thiocyanate with CVD mortality stratified by several important confounders was depicted, and a stronger inverse association between urinary thiocyanate and CVD mortality was observed among non-Hispanic white participants (P-interaction = 0.002, FDR = 0.016) (Supplementary Figure 2). After directly introducing urinary creatinine as a covariate into the multivariate model to adjust for urine dilution, we consistently observed the inverse associations (Supplementary Table 5). Moreover, neither excluding extreme values of daily energy intake nor excluding the total vegetables component from HEI-2015 score distorted the documented inverse associations of thiocyanate exposure with CVD and all-cause mortality (Supplementary Tables 6, 7). The inverse associations persisted after excluding BMI from the multivariate models and further adjusting fasting plasma glucose in models (Supplementary Table 7). Comparing extreme quartiles, the HRs for CVD and all-cause mortality were 0.50 (95% CI: 0.29–0.85) and 0.75 (95% CI: 0.61–0.92) in the multivariate models where dietary fiber, β-carotene, folate, vitamin K, total fruits, total dairy, and whole grains intake were adjusted (Supplementary Table 8). In the multivariate model where SBP, DBP, and antihypertensive drug treatment were controlled, HRs (95% CIs) for CVD and all-cause mortality risk comparing extreme thiocyanate quartiles were 0.52 (0.30–0.91) and 0.75 (0.59–0.95), respectively (Supplementary Table 9). Similar results were observed after missing values of covariates were handled with multiple imputation (Supplementary Table 10).




DISCUSSION

In this prospective cohort of non-smoking adults, we observed inverse associations of urinary thiocyanate with CVD and total mortality. Comparing extreme quartiles, the multivariate-adjusted HRs for CVD and all-cause mortality were 0.50 (95% CI: 0.29–0.85) and 0.75 (95% CI: 0.60–0.92), respectively. Moreover, each 1 μg/g creatinine increment of log-transformed urinary thiocyanate was associated with a 25% (HR: 0.75; 95% CI: 0.62–0.91) reduced CVD mortality risk and 12% (HR: 0.88; 95% CI: 0.81–0.96) lower all-cause mortality risk.

To our knowledge, this cohort represents the first biomarker-based study to examine the associations of CV intake with CVD and all-cause mortality. Our findings were consistent with emerging studies that suggested the cardiovascular benefits of CVs (5, 7, 33, 34). An inverse association between CV intake and incident ischemic stroke was observed in a pooled analysis of two prospective cohort studies, which comprised 75,596 females in the NHS and 38,683 males in the HPFS (34). Zhang et al. (7) reported that higher CV intake was associated with a lower risk of mortality from CVD in two large Chinese prospective cohorts. Moreover, two recent meta-analyses of prospective studies provided the evidence of inverse association between CV intake and CVD (5, 35).

Estimating CV intake with quantitative biomarkers has received increasing attention (36, 37). Urinary isothiocyanate, another decomposed product of glucosinolates, had been applied in previous studies (36–38). A positive correlation between urinary isothiocyanate and self-reported CV intake (rs = 0.1149, P < 0.0001) was observed in 3,589 females and 1,015 males from Shanghai (37). It should be noted that nearly half of isothiocyanates were eliminated after 2–4 h of CVs administration (38). The reproducibility, namely the correlation between samplings within the same individual on independent occasions (39), of a biomarker is determined by its half-life and the stability of individual intake of certain food/nutrient (39). Hence, the reproducibility of isothiocyanate might be poor in populations where CVs are less frequently or stably consumed. Compared with isothiocyanates, thiocyanates have a half-life of 3 days in healthy individuals (8). However, the validity of the urinary thiocyanate biomarker was questionable among smokers, and we observed no significant correlation between urinary thiocyanate and CV intake in smoking adults. In the current study, smokers had much higher urinary thiocyanate measurements than non-smokers in US adults (data not shown), consistent with previous studies (11, 12). A cross-sectional sample of 2027 females from NHANES 2003–2008 suggested that urinary thiocyanate levels among smokers were approximately five times higher than among non-smokers (11). After controlling environmental tobacco smoke, urinary thiocyanate was positively correlated with self-reported CV intake (rs = 0.086, P < 0.001) among those with serum cotinine < 3 ng/mL in this study.

The underlying mechanisms of the documented inverse associations remain unclear, however, there are several possible explanations. First, CVs are important sources of dietary fiber, vitamins, and various phytochemicals, such as flavonoids (40) and sulforaphane (41), and these components are likely to act synergistically to enhance the cardiovascular benefits. There was convincing evidence of inverse association between dietary fiber and CVD mortality (42). A pooled analysis of 21 prospective studies provided evidence of inverse association between dietary vitamin K consumption and risk of coronary heart disease (43). A meta-analysis of 11 prospective cohort studies suggested that higher dietary flavonoid intake was associated with a lower risk of stroke (44). Moreover, sulforaphane had been suggested to protect against CVD due to its antioxidant and anti-inflammatory properties (45). Second, thiocyanate had been validated to play an important role in the host defense and protect cells against hypochlorous acid (HOCl), a powerful oxidant (8, 46). Hypothiocyanous acid, a product of hydrogen peroxide and thiocyanate catalyzed by peroxidases, is a potent antimicrobial agent and has the capability to cross the bacterial cell wall and inhibit the activity of glycolytic enzymes and urease (8, 46). Moreover, a previous in vitro study found that thiocyanate could exert influence on the extent and nature of HOCl-induced macrophage damage, and reported a protective effect of thiocyanate intervention on the development of chronic inflammation (47). Third, higher CV intake had been suggested to be associated with a lower risk of diabetes (48), a major risk factor for CVD (1).

Strengths of our study included the large sample of non-smoking adults and prospective and biomarker-based study design. Compared with interviews or self-reported FFQs, the quantitative biomarker could minimize the measurement error and misclassification introduced by biased recall, limited food items in questionnaires, and inaccurate portion-size estimation. Moreover, variability in glucosinolates contents across Brassica species, storage conditions, and preparing methods was allowed for with the measure of internalized exposure to Brassica thiocyanates.

Limitations of this prospective cohort study should be also acknowledged. First, we limited our analyses to those that were eligible for mortality linkage. Hence, internal validity of estimates derived from this cohort study is threatened due to follow-up bias (49). Second, urinary thiocyanate was measured with spot urine specimens at baseline. Hence, measurement error and potential misclassification might arouse due to variable hydration of participants and temporal variability. Single measurement of urinary thiocyanate might not reflect long-term exposure due to within-individual variability. Moreover, reproducibility of the urinary thiocyanate biomarker could not be examined with single measurements. Nonetheless, it was burdensome to collect repeated 24-h urine samples in large-scale surveys, and we performed conventional creatinine standardization as well as covariate adjustment to adjust for urine dilution and observed consistent results. Further longitudinal studies with repeated measurements are expected to validate the reproducibility of the biomarker and replicate our results. Third, although total CV intake was obtained from the FFQ developed from the validated DHQ, the FFQ only included two commonly consumed Brassica species. A previous cross-sectional study conducted in Korea, where residents consume large amounts of CVs, revealed that daily intake of thiocyanate through CVs varied across species (50). Moreover, portion size information was not collected with the FFQ, hence, we failed to obtain a more accurate estimate of CV intake. Hence, further validation studies with species and portion-size considered are needed. Fourth, low levels of thiocyanate could also be found in milk and cassava (10, 51, 52), hence, urinary thiocyanate is not perfectly specific for CVs in this non-smoking population. However, the inverse associations were not significantly altered by adjusting the total dairy adequacy component. Moreover, considering previously reported no significant associations of starchy vegetable intake with CVD and total mortality (53), the observed inverse associations in the current study may be attenuated. Finally, our results should be interpreted with caution due to residual confounding. Although we have adjusted total energy intake in multivariate models, consistent with the isocaloric diet/disease relationship of greatest interest, the standard multivariate model failed to completely adjust for confounding from common causes of dietary intake and composition (54). In addition, there are numerous nutrients and non-nutrients in foods due to the complexity of human diet, and residual confounding of other dietary factors could not be eliminated, although we have adjusted some nutrients and foods intake in multivariate models and observed unaltered results.



CONCLUSION

This prospective cohort study suggested that higher levels of urinary thiocyanate, a biomarker of CV intake, were associated with lower risks of CVD and all-cause mortality among non-smoking adults. Our findings supported recommendations to increase CV consumption to promote cardiovascular health, and further studies are warranted to validate our results.
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Quartiles of urinary thiocyanate

Continuous®

P-value for trend

1 (n =2,623) 2 (n = 2,624) 3 (n = 2,620) 4 (n =2,622)
Range, mg/g <0.50 0.50-0.89 0.89-1.51 >1.51
CVD mortality
No. of death 46 28 37 25
Model 12 1.00 (reference) 0.71 (0.42-1.22) 0.89 (0.57-1.40) 0.51(0.30-.57) 0.77 (0.64-0.92) 0.02
Model 2P 1.00 (reference) 0.68 (0.40-1.15) 0.89 (0.56-1.43) 0.50 (0.29-0.85) 0.75 (0.62-0.91) 0.02
All-cause mortality
No. of death 262 166 187 185
Model 12 1.00 (reference) 0.78 (0.61-0.99) 0.83 (0.68-1.02) 0.70 (0.57-0.86) 0.86 (0.80-0.94) 0.001
Model 2P 1.00 (reference) 0.77 (0.61-0.97) 0.86 (0.70-1.05) 0.75 (0.60-.92) 0.88 (0.81-0.96) 0.009

aModel 1: adjusted for age (years, continuous), sex (male, female), race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, others), secondhand

smoking (yes, no).

PModel 2: further adjusted for body mass index (< 25, 25- < 30, = 30 kg/m?), education attainment (under high school, high school, above high school), family poverty
income ratio (< 1.3, 1.3- < 8.5, > 3.5), alcohol consumption (never, former, current), physical activity (never, moderate, vigorous), total energy intake (kcal, continuous),
Healthy Eating Index-2015 score (continuous), urinary iodine (< 100 ng/L, > 100 wg/L), and hypertension (yes, no).

®Per 1 wg/g creatinine increment in log-transformed urinary thiocyanate.
CVD, cardiovascular disease; HR, hazard ratio.
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Quartiles of urinary thiocyanate
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415 (7.0)
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298 (7.6)
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aContinuous variables were expressed as weighted means and standard errors and categorical variables were expressed as numbers and weighted percentages. The
sums of percentages may not reach 100%, owing to the rounding of decimals and missing values. Baseline characteristics across thiocyanate quartiles were compared
with linear regression for continuous variables and logistic regression for categorical variables.
b Participants with serum cotinine < 0.015 mg/al. and 0.015- < 3 mg/dL were considered as never and secondhand smokers, respectively.
CTotal vegetables, total fruits, total dairy, and whole grains intake were estimated with HEI-2015 total vegetables, total fruits, total dairy, and whole grains components,

respectively.

BMI, body mass index; HEI, Health Eating Index.
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