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Background: Varied intake of dietary minerals critically affects cardiovascular health. This study examines the associations of nine dietary minerals intake with all-cause mortality in atherosclerotic cardiovascular diseases (ASCVDs).

Methods: This study analyzed 4,125 individuals with ASCVD from the National Health and Nutrition Examination Survey, employing Kaplan–Meier survival analyses, weighted Cox models, and restricted cubic splines to assess linear and nonlinear relationships between dietary minerals intake and all-cause mortality. Associations across different body mass index (BMI) categories were also evaluated separately.

Results: Over 6.25 years of median follow-up, 1,582 deaths were documented. Adjusted for potential covariates, results show a negative linear correlation between dietary magnesium intake and all-cause mortality (p for trend <0.001). Compared to the lowest quartile, all-cause mortality risk in the highest quartile was found to be 0.63 (95% CI 0.49–0.81). The associations between intake of the other eight dietary minerals and all-cause mortality were not robust. BMI significantly influenced the links between dietary minerals intake and all-cause mortality (p for interaction <0.05). Across BMI categories, significant negative associations were found between intake of magnesium, phosphorus, potassium, sodium, and copper and all-cause mortality in underweight or normal weight groups. In overweight individuals, intake of calcium, iron, magnesium, and potassium was negatively linked to all-cause mortality. For obese groups, sodium intake negatively affected all-cause mortality (p for trend <0.001).

Conclusion: Unlike other dietary minerals, increased magnesium intake significantly reduced all-cause mortality risk in ASCVD. BMI influenced the associations between dietary minerals intake and all-cause mortality.
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1 Introduction

Atherosclerotic cardiovascular disease (ASCVD) remains a principal factor in morbidity and mortality all around the world, markedly affecting the global public challenge of disease (1). According to guidelines, ASCVD encompasses a range of conditions, including coronary artery disease, stroke, and peripheral artery disease, primarily induced by the accumulation of plaques within arterial walls, leading to chronic ischemia and hypoxia in tissues (2). Despite considerable progress in therapeutic interventions and preventive measures, the occurrence and associated mortality of ASCVD persist as a significant challenge to public health. Identifying modifiable factors to prevent or mitigate premature mortality in individuals with ASCVD is crucial. Effective dietary management, emphasizing particular nutritional components, is critical in influencing the onset and advancement of ASCVD. A series of studies highlights the considerable impact of nutritional factors on cardiovascular outcomes (3, 4).

The intake of dietary minerals is essential in cardiovascular outcomes, with ongoing interest in the potential of these nutrients to enhance the prognosis of individuals with ASCVD. Recent epidemiological research in populations and foundational experiments in animals have uncovered links between minerals and ASCVD. Dietary minerals such as zinc, magnesium, iron, and copper have been identified as having potential effects on the occurrence and prognosis of ASCVD (3–5). Iron, zinc, copper, and selenium, key transition metals, are crucial in cellular metabolism, significantly influencing atherosclerosis through their oxidative and antioxidative properties (6–9). Iron overload accelerates atherosclerosis development through elevation of pro-inflammatory mediators, impairment of endothelial function, and mobilization of immune cells (5). Zinc mitigates atherosclerosis progression by altering low-density lipoprotein oxidation and preserving the health of vascular endothelial and smooth muscle cells (10, 11). Cu impacts atherosclerosis by modulating lipid metabolism, oxidative stress, and inflammatory pathways involved in plaque formation (7, 12). Selenium plays a preventative role against atherosclerosis associated with cardiovascular disease by protecting cells from excessive reactive oxygen species, mitigating oxidative stress, regulating inflammation, preventing endothelial dysfunction, minimizing lipid peroxidation, and safeguarding against apoptosis (13, 14). Zinc, through its reduction of C-reactive protein, pro-inflammatory cytokines, cell adhesion molecules, and markers of oxidative stress, demonstrates potential in the prevention and slowing of atherosclerosis progression, attributed to its anti-inflammatory and antioxidative properties (15). A prospective study within an Asian cohort revealed an inverse relationship between the amount of magnesium ingested from food and mortality due to ASCVD (16). Another prospective cohort study identified an inverse association between the amount of zinc ingested from food and mortality from coronary heart disease in males (3).

Despite knowledge of dietary minerals’ potential benefits or harms for individuals with ASCVD, large-scale prospective research on their association with all-cause mortality in the group of individuals with ASCVD remains scarce. This investigation aims to address the existing by analyzing data from the National Health and Nutrition Examination Survey (NHANES), with a focus on the relationship between specific mineral intake and the mortality risk in individuals with ASCVD. It intends to provide evidence that may inform dietary guidelines and interventions designed to alleviate the burden of atherosclerotic cardiovascular diseases. Our hypothesis suggests that in individuals with ASCVD, increased intake of certain minerals correlates with a decrease in all-cause mortality from ASCVD, with this relationship potentially modified by specific factors.



2 Materials and methods


2.1 Data collection and study participants

The NHANES is a countrywide investigation designed to assess relationships between nutritional health and health outcomes in adult and pediatric populations. NHANES recruited samples of the civilian noninstitutionalized US population using a multistage probability sampling method in continuous two-year cycles. The National Center for Health Statistics and Ethics Review Board approved the protocol for NHANES, and all participants provided written informed consent. This prospective cohort study included 80,312 participants from eight NHANES survey cycles (2003–2018). The self-reported health status questionnaire identified 4,702 individuals with ASCVD. After excluding individuals with incomplete data on mortality (n = 8) or dietary minerals intake (n = 569), the final analyses included 4,125 individuals diagnosed with ASCVD. Details on participant recruitment are depicted in Supplementary Figure S1.



2.2 Measurement of dietary minerals

NHANES applied a bias-minimized retrospective dietary assessment approach to quantify dietary minerals intake. Dietary minerals intake information was gathered from detailed 24-h dietary reminisce provided by participants. Dietary minerals intake data were estimated by aggregating the mineral content of each food and beverage consumed 24 h prior to the interview. Daily intakes of dietary nutrients from all foods and beverages were computed utilizing the US Department of Agriculture Food and Nutrient Database for Dietary Studies, connected with the NHANES database. The NHANES interview and examination procedures manual contains detailed structured dietary interview questionnaires.



2.3 Definition of atherosclerotic cardiovascular diseases and mortality outcome

According to the 2013 ACC/AHA Guideline, ASCVD is identified by possessing one or more of the following conditions: coronary heart disease, angina, heart attack, or stroke (2). Self-reported ASCVD was ascertained using structured health status questionnaires by NHANES personnel, with relevant data accessible via codes “mcq160c,” “mcq160d,” “mcq160e,” “spq070e,” “mcq160f,” and “spq070d” in the NHANES database. To ascertain the participants’ mortality status, mortality follow-up time was obtained from the National Death Index records, updated as of December 31, 2019, and this information was linked to the NHANES database. All-cause mortality was characterized as demise resulting from any reason. The duration of follow-up was quantified in months, commencing from the date of the household dietary recall interview and concluding on the earlier of two events: the date of passing or the termination of the follow-up period on December 31, 2019.



2.4 Covariates

Potential covariates were determined from previously published studies and clinical plausibility (17–19). This study included key demographic characteristics: age, sex (male/female), race/ethnicity (non-Hispanic Black, non-Hispanic White, Mexican American, other), and educational attainment (less than high school, high school, college, or above). The study factored smoking status, drinking status, body mass index (BMI), recreational physical activity, and total caloric intake into its analysis as potential covariates. Drinking status was assessed by evaluating lifetime intake of more than 12 drinks and current drinking patterns, leading to classification as non-drinkers, former drinkers, or current drinkers. Smoking status was determined based on participants’ lifetime consumption of at least 100 cigarettes and their current smoking status, categorizing them as non-smokers, former smokers, or current smokers. Recreational physical activity was divided into two levels. Participant energy intake levels were quantified using data obtained from dietary recall interviews. Acknowledging Considering associations between lipid profiles and ASCVD, and the substantial amount of missing data (50%) on low-density lipoprotein and triglycerides, total cholesterol and high-density lipoprotein levels were selected as key laboratory parameters for this analysis. In the study, hyperlipidemia, hypertension, and diabetes were incorporated as covariates in the analysis of patient histories. Diagnoses of hyperlipidemia and diabetes were based on patient self-reports, previous professional diagnoses, and laboratory parameters. History of hypertension were ascertained using self-reported physician diagnoses and blood pressure measurements obtained from the Mobile Examination Center. Utilization of antihypertensive and antihyperlipidemic pharmaceuticals was a significant determinant of outcomes. According to previous reports, the use of antihypertensive and lipid-lowering medications significantly impacts outcomes.



2.5 Statistical analysis

Adhering to NHANES guidelines, this study’s analyses applied sample weights, ensuring rigorous and representative results. Participant’s characteristics were detailed, with categorical variables expressed in terms of unweighted frequencies and corresponding weighted percentages. Continuous variables that conformed to a normal distribution were represented by sample weighted means ± standard error (SE), while those not adhering to a normal distribution were depicted by the median (interquartile range). To mitigate the impact of missing covariate data on sample size, we implemented multiple imputation methods with a predefined random seed.

To assess correlations between the amount of minerals ingested from food and all-cause mortality in ASCVD, Kaplan–Meier survival analysis and log-rank tests were utilized. Concurrently, three Cox proportional hazards regression models and trend tests were formulated. Model 1 was preserved without adjustments; Model 2 adjusted for demographic variables (age, sex, race/ethnicity, and education); expanding upon Model 2, Model 3 included adjustments for health behaviors (smoking condition, drinking condition, BMI, recreational physical activity, and total caloric intake), lipid levels (total cholesterol and high-density lipoprotein), historical medical conditions (hyperlipidemia, hypertension, and diabetes), and drug usage (antihypertensive and lipid-lowering drugs).

Stratified analyses by age, sex, BMI, hypertension, and diabetes were further conducted, with a focus on statistically evaluating the interactions between dietary minerals intake and these stratification factors. To explore the nonlinear relationship, weighted restricted cubic splines (RCS) were employed.

Several sensitivity analyses were employed to assess the robustness of the results. (1) To mitigate the risk of reverse causation bias, individuals who occurred events within the initial two-year period of follow-up were omitted from the study. (2) Analyses were conducted on data split into five groups according to quintiles of the amount of minerals ingested from food. (3) To explore the potential effects of liver function on any observed associations, we further adjusted for liver function parameters.

The R software (version 4.3.0) was utilized for the execution of statistical analyses. Statistical significance was established at a two-tailed p-value threshold of 0.05. The specific R packages utilized in this study are detailed in the Supplementary methods section.




3 Results


3.1 Baseline characteristics of study participants

In this study, we included 4,125 individuals with ASCVD, with a median age of 67 years and a majority of 54.66% being male. We have stratified the initial characteristics of the subjects built on their dietary magnesium intake, as summarized in Table 1. The median (interquartile range) dietary consumption was 248.00 (174.00, 337.00) mg for magnesium, 741.00 (465.00, 1,094.00) mg for calcium, 12.29 (8.66, 17.60) mg for iron, 1115.00 (791.00, 1,515.00) mg for phosphorus, 2,387.00 (1,680.00, 3,195.00) mg for potassium, 2,848.00 (2,019.00, 3,900.00) mg for sodium, 9.05 (6.19, 13.54) mg for zinc, 1.02 (0.72, 1.42) mg for copper, and 89.40 (60.80, 126.70) mcg for selenium. Participants in the fourth quartile of dietary magnesium consumption, in comparison to those in the first quartile, were characterized by a younger demographic, a predominance of males, a higher proportion of non-Hispanic White ethnicity, and elevated levels of education. Additionally, these individuals were more likely to report higher dietary energy intakes, engage in more leisure-time physical activity, have lower rates of smoking, and exhibit lower lipid levels. It was also observed that these participants were more inclined to use lipid-lowering medications and less apt to have diabetes in their medical history.



TABLE 1 Baseline characteristics of study participants stratified by quartiles of dietary magnesium intake.
[image: Table1]



3.2 Kaplan–Meier survival analyses

Over 6.25 years of median follow-up, an aggregate of 1,582 deaths occurred among the study participants. Kaplan–Meier survival analyses uncovered that in individuals with ASCVD, significant statistical differences in all-cause mortality were observed across quartile groups for the intake levels of dietary calcium, magnesium, phosphorus, potassium, sodium, zinc, copper, and selenium (p for log-rank test <0.05; Figure 1; Supplementary Figure S2). This indicates clear associations between higher intake of these minerals and variations in all-mortality risk. However, no significant differences in all-cause mortality were detected across quartiles for dietary iron intake (p for log-rank test = 0.19; Supplementary Figure S3).

[image: Figure 1]

FIGURE 1
 Kaplan–Meier survival analysis curves of dietary intakes of calcium (A), magnesium (B), phosphorus (C), and potassium (D) and all-cause mortality.




3.3 Dietary minerals intake and outcome in individuals with ASCVD

We employed the point-biserial method to preliminarily assess the correlation between the intake of nine dietary minerals and the occurrence of ASCVD (Supplementary Table S1). In the initial model (Model 1), without adjustments for covariates, direct linear relationships were identified between the intake levels of dietary zinc, calcium, potassium, magnesium, copper, phosphorus, sodium, and selenium, and all-cause mortality risk (p for trend <0.05) as presented in Table 2. This preliminary finding indicated potential links between the consumption of these dietary minerals and mortality outcomes.



TABLE 2 HR (95% CI) for all-cause mortality across groups of dietary minerals intake.
[image: Table2]

Upon adjusting for demographic factors and lifestyle risk factors, the analysis indicated that, apart from dietary calcium and phosphorus intake, which did not exhibit statistically significant linear relationships with all-cause mortality (p for trend >0.05), consumption of the other seven dietary minerals demonstrated statistically significant linear correlations with all-cause mortality (p for trend <0.05; Table 2).

After additional adjustments for lipid profiles, drug usage, and chronic disease statuses, we refined these associations. This analysis revealed linear relationships between dietary consumption of zinc, potassium, copper, iron, sodium, magnesium, and selenium and all-cause mortality (p for trend <0.05). Significantly, the analysis pointed to statistically significant disparities in mortality risk within the fourth quartile of selenium intake in relation to the reference group. Moreover, notable mortality variations were present in both the second and highest quartiles of iron consumption. The analysis extended to reveal statistically significant mortality risk within the third and highest quartiles for the consumption of zinc, magnesium, and copper in relation to the reference group. In addition, a comprehensive examination unveiled statistically significant variances in mortality risk across quartiles of potassium and sodium intake when benchmarked against the reference group (Table 2).



3.4 Stratified and sensitivity analyses

Stratified analyses were conducted to identify potential modifiers that influence the connections between dietary minerals ingestion and mortality outcomes among individuals with ASCVD. The investigation identified BMI as a significant determinant influencing these associations, with statistical analyses demonstrating significant interactions (p for interaction <0.05; Supplementary Table S2). Additionally, hypertension and diabetes were pinpointed as specific factors that alter the associations between dietary intake of phosphorus and sodium, respectively, and mortality outcomes. Furthermore, the synergistic impact of age and diabetes on modulating the relationship between consuming dietary copper and mortality was identified as critical.

In sensitivity assessments that removed subjects who died within the initial two-year observation period, consistent negative linear relationships between dietary consumption of magnesium, potassium, and copper and all-cause mortality were observed, as evidenced by three distinct Cox analytical models (p for trend <0.05; Supplementary Table S3). Further stratification of dietary minerals intake into quintiles revealed sustained linear negative correlations with all-cause mortality for magnesium, potassium, sodium, and copper, both in models without adjustments and in those adjusted for covariates (p for trend <0.05; Supplementary Table S4). Additionally, the inclusion of two liver function markers, alanine aminotransferase and aspartate aminotransferase, alter the linear negative correlations between the intake of these minerals and mortality outcome (p for trend <0.05; Supplementary Table S5).



3.5 Nonlinear and linear relationships between dietary minerals intake and mortality with restricted cubic splines

Considering the potential nonlinear and linear connections between ingestion of minerals from diet and mortality outcome, as identified by weighted Cox proportional hazards regression models. We employed weighted RCS and adjusted for potential covariates to investigate these relationships further. The application of weighted RCS analyses indicated negative linear associations between dietary intake of magnesium (nonlinear p < 0.001) and sodium (nonlinear p = 0.005) and all-cause mortality (Figure 2). In contrast, dietary intake of calcium, iron, phosphorus, and selenium were observed to demonstrate J-shaped associations with all-cause mortality (Supplementary Figure S4). Furthermore, the intake of potassium, zinc, and copper showed approximate inverse L-shaped correlations with all-cause mortality (Supplementary Figure S5).
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FIGURE 2
 The relationships between dietary intakes of magnesium (A) and sodium (B) and all-cause mortality using the restricted cubic spline method.




3.6 Stratified analyses by BMI

Results from stratified analyses distinctly highlight the pivotal role of BMI in modulating the associations between intake of various dietary minerals and all-cause mortality risk. This led to an in-depth exploration of the effects exerted by distinct BMI classifications—under/normal weight (<25 kg/m2), overweight (≥25 to <30 kg/m2), and obesity (≥30 kg/m2)—on this crucial health outcome.

Kaplan–Meier survival analyses provided insight that, in individuals categorized as underweight or normal weight, intake of six specific dietary minerals, excluding calcium, iron, and zinc, were significantly correlated with all-cause mortality (p for log-rank test <0.05). Furthermore, analyses revealed the statistically significant connections between the ingestion of nine minerals from diet and mortality within the overweight group. In addition, among the obese population, only the ingestion of sodium from diet was significantly connected with mortality outcome (Supplementary Figures S6–S8).

Utilizing Cox regression models, rigorously adjusted for all potential covariates, our study further explored the impact of BMI categories on the connections between dietary minerals consumption and the risk of mortality, with findings summarized in Supplementary Table S6. Significant relationships were identified between the intake of iron, magnesium, potassium, and copper and mortality outcomes across underweight, normal weight, and overweight individuals (p for trend <0.05). For individuals classified as underweight or normal weight, linear associations with mortality were also detected for the ingestion of phosphorus, zinc, and selenium (p for trend <0.05). Specifically, a direct linear relationship between dietary calcium ingestion and outcome was detected within the overweight population (p for trend = 0.041). Moreover, a consistent linear connection between dietary sodium consumption and outcome was established across the spectrum of underweight, normal weight, and obese groups, highlighting the pervasive impact of sodium intake on health outcomes (under/normal weight: p for trend = 0.032; obesity: p for trend = 0.015).

Analyses using restricted cubic splines showed that among individuals classified as low or normal weight, there are linear associations between the intake of dietary magnesium, phosphorus, potassium, sodium, and copper and all-cause mortality (Figure 3). For those categorized as underweight or normal weight, significant nonlinear associations were identified for dietary iron, zinc, and selenium intake with mortality outcome, with the exception of calcium (Supplementary Figure S9). In the overweight population, linear associations were observed between the intake of dietary calcium, iron, magnesium, phosphorus, potassium, and sodium and mortality from any cause (Supplementary Figure S10). Conversely, a statistically significant nonlinear relationship was found between dietary copper consumption and mortality from any cause in the overweight demographic (Supplementary Figure S11). Nonlinear associations between the consumption of dietary zinc and selenium and mortality from any cause were not statistically significant in the overweight population (Supplementary Figure S11). Among the obese population, dietary sodium consumption was linearly connected with mortality from any cause, while intake of zinc, potassium, magnesium, copper, phosphorus, and selenium exhibited statistically significant nonlinear associations (Supplementary Figure S12). The nonlinear relationships between dietary calcium and iron consumption and mortality outcome were not found to be statistically significant (Supplementary Figure S12).
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FIGURE 3
 The associations between dietary intakes of magnesium (A), phosphorus (B), potassium (C), sodium (D), and copper (E) and all-cause mortality within populations of normal or low body weight using the restricted cubic spline method.





4 Discussion

This comprehensive, representative longitudinal cohort study marks the initial investigation into the links between consumption of dietary minerals and the risk of all-cause mortality among individuals with ASCVD. Utilizing Kaplan–Meier survival curves and Cox proportional hazards models, our results indicate that elevated consumption of dietary magnesium, potassium, sodium, zinc, copper, and selenium correlates with a decreased all-cause mortality risk in individuals with ASCVD. The consistency of these associations has been further validated through various sensitivity analyses, particularly highlighting the robust relationships between magnesium, potassium, and copper intake and mortality risk. Additionally, restricted cubic spline analyses have clarified linear inverse correlations for magnesium and sodium intake related to mortality from any cause. Consequently, the convergence of evidence from multiple analytical approaches, demonstrating a consistent linear inverse relationship between magnesium consumption from diet and the risk of all-cause mortality in individuals with ASCVD, substantiates the reliability and coherence of our findings.

Stratified analyses have identified the significant role of BMI in modulating the relationships between minerals intake from diet and the risk of all-cause mortality, necessitating further examination across distinct BMI categories. Employing Kaplan–Meier survival curves, Cox proportional hazards models, and RCS analysis, this study reveals that for individuals classified as underweight or of normal weight, intake of dietary magnesium, phosphorus, potassium, sodium, and copper significantly inversely correlates with all-cause mortality risk. Conversely, within the overweight population, statistically significant inverse correlations are observed with the consumption of dietary iron, magnesium, calcium, and potassium. Notably, within the obese population, only dietary sodium intake exhibits a significant negative correlation with mortality risk.

The relationship between magnesium consumption from diet and the risk of all-cause mortality has been thoroughly examined among varied populations. A comprehensive meta-analysis, including 1,168,756 participants, demonstrated that magnesium consumption in diet is negatively linked to mortality from any cause, a correlation not observed with magnesium supplement usage (20). In an examination of the general adult demographic in the United States, utilizing data from NHANES 1999 to 2010, Chen and colleagues discovered a significant inverse association between food-based magnesium intake and all-cause mortality risk (21). Similarly, within the Japanese study, which included 58,615 middle-aged and elderly Japanese subjects, Zhang and colleagues discovered that the consumption of dietary magnesium among women was significantly linked to a reduced mortality risk in those with cardiovascular diseases (16). Further studies have highlighted that in the diabetic population, a higher consumption of dietary magnesium is connected with a lower risk of mortality from any cause (22). The Dutch Alpha Omega prospective cohort study further emphasizes the critical role of sufficient dietary magnesium consumption in lowering mortality from any cause in myocardial infarction survivors (23). Wang et al. observed that in stroke survivors, adequate consumption of dietary magnesium is inversely connected with mortality risk, with this association being statistically significant, particularly among women, those with adequate energy intake, non-hypertensives, non-smokers, and individuals with normal renal function (24). A randomized controlled trial in the United States discovered a reverse relationship between magnesium consumption from diet and the risk of all-cause mortality in individuals with a high risk of cardiovascular conditions (25). Results from a randomized controlled trial suggested that magnesium intake significantly enhances serum 25-hydroxyvitamin D levels in overweight and obese individuals (26). Additionally, a notable association was identified between serum 25-hydroxyvitamin D concentrations and all-cause mortality (27). Conversely, a study in Taiwan did not uncover a significant connection between magnesium intake and diet, and it reduced all-cause mortality risk among the elderly, possibly due to distinct dietary patterns and the small sample size (28). In this extensive prospective cohort study, after adjusting for multiple covariates in 4,125 individuals with ASCVD, we identified a statistically significant linear inverse connection between magnesium intake from diet and mortality outcome, aligning with the findings from the aforementioned research.

Several potential mechanisms have been proposed to clarify the decreased risk of all-cause mortality in individuals with ASCVD attributed to dietary magnesium consumption. Magnesium plays a crucial function in adjusting diverse factors implicated in the development of atherosclerosis, including lipid metabolism, oxidative stress, inflammatory response, and the function of endothelial cells. Research indicates that magnesium ions can bind to lipoproteins, facilitating an interactive relationship that influences lipid profiles (29). Magnesium supplementation has been shown to significantly ameliorate dyslipidemia, a key contributor to atherosclerosis, by reducing total cholesterol, triglycerides, low-density lipoproteins, and very low-density lipoproteins (30–32). Furthermore, magnesium’s capacity to regulate intracellular calcium overload, reduce cellular oxygen demand, and mitigate oxidative stress highlights its crucial role in vascular health (33). Magnesium ions, predominantly located in mitochondria, are vital for cellular function. A deficiency in magnesium results in increased generation of reactive oxygen species and mitochondrial dysfunction, impairing the antioxidant defense mechanism and inducing oxidative stress in vascular endothelial cells. This oxidative stress promotes endothelial dysfunction, facilitating intracellular lipid accumulation and atherosclerosis progression (34, 35). Magnesium deficiency exacerbates oxidative stress, contributing to endothelial cell impairment and the initiation of atherosclerotic processes (36). Additionally, increased concentrations of interleukin-1 and interleukin-6, key pro-inflammatory cytokines, correlate with endothelial impairment and the development of atherosclerosis (37). Magnesium acts as a potent anti-inflammatory agent, exerting anti-atherosclerotic effects by suppressing the release of pro-inflammatory factors (37).

Subgroup analysis, stratified according to BMI levels, has uncovered significant correlations between consumption of dietary minerals and risk of mortality from any cause, particularly pronounced in underweight, normal weight, and overweight populations. Existing literature indicates that obese individuals often do not meet the recommended dietary minerals levels (38). Specifically, studies have shown that dietary calcium intake is lower in overweight than in normal-weight individuals, magnesium consumption is reduced in obese populations, and potassium intake is inversely related to BMI levels (39–42). Our study has identified linear negative relationships between the intake of dietary magnesium and potassium with all-cause mortality risk in overweight populations and those with a lower BMI, suggesting that these associations may be influenced by the amount of dietary minerals consumption. A comprehensive meta-analysis, incorporating prospective studies from four continents, established a connection between BMI and the risk of mortality from any cause, particularly among overweight and obese individuals (43). Additionally, a Mendelian randomization analysis employing genome-wide association data confirmed a direct link between BMI and the risk of mortality from any cause (44). In a large-scale study by Wang et al., involving 1,300,794 participants, a J-shaped association was detected between BMI and the risk of mortality in individuals with coronary artery disease (45), indicating that different BMI categories distinctly influence the connections between minerals intake from diet and mortality risk.

The strength of this research lies in its utilization of a large, representative cohort and the application of multiple analytical techniques, which elucidate the impacts of nine dietary minerals on all-cause mortality risk, providing a comprehensive and in-depth analysis. Moreover, data were collected by professionally trained staff following a rigorous research protocol and quality control processes, ensuring the precision of the findings. The examination of the relationships between dietary minerals intake and all-cause mortality risk across different BMI levels offers personalized insights for the application of our study findings.

Our study, while providing valuable insights into the prognostic implications of dietary minerals intake, comes with certain limitations that merit acknowledgment. Initially, our investigation centers on the baseline intake of nine distinct dietary minerals, leaving the impact of fluctuations in dietary minerals intake over the course of the follow-up period an area ripe for further exploration. This gap highlights the need for longitudinal studies to assess how changes in dietary habits may affect mortality risk over time. Additionally, the dietary patterns of our study cohort are reflective of those prevalent within the American context, predominantly influenced by Western eating habits. This specificity in dietary culture may restrict the applicability of our findings to populations with analogous dietary behaviors, thus potentially limiting their relevance to communities with distinct dietary traditions, such as those found in Eastern cultures. Moreover, despite our diligent efforts to control for a range of confounding variables through multivariate adjustments and stratified analysis, the observational design of our study inherently carries the risk of residual confounding. This limitation suggests that there could be other influential factors not identified or measured in our study that may affect the connections between minerals intake from diet and mortality risk. Finally, the definition of ASCVD in NHANES relies on self-reported data from standardized questionnaires, which might introduce some degree of reporting bias. As such, these considerations should guide the interpretation of our results, advocating for a cautious approach in extrapolating these findings beyond the studied population.



5 Conclusion

In this representative prospective cohort study, it was found that solely magnesium intake, in contrast to other evaluated dietary minerals, is linearly inversely connected with all-cause mortality risk in individuals with ASCVD. Furthermore, BMI serves as a critical factor potentially affecting the relationship between the intake of dietary minerals such as iron, phosphorus, calcium, sodium, magnesium, potassium, and copper and the risk of all-cause mortality.
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Drinking status (n, %)
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(n, %)
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Yes
BMI (kg/m?)

Energy intake (kcal)
Laboratory parameters
Total cholesterol (mmol/L)
High density lipoprotein
(mmol/L)

Drug usage

Antihypertens

e drug (n, %)
No
Yes
Antihyperlipidemic drug (n, %)
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Chronic diseases
Diabetes (n, %)
No
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Hypertension (n, %)
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Hyperlipidemia (n, %)
No
Yes
Dietary minerals intake
Calcium (mg)
Tron (mg)
Phosphorus (mg)
Potassium (mg)
Sodium (mg)
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Copper (mg)
Selenium (mcg)

BMI, body mass index.
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