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Background: Sarcopenia, defined as the progressive decline in muscular mass and physical power, poses significant health risks, particularly among aging populations.

Methods: Utilizing data from the National Health and Nutrition Examination Survey (NHANES) spanning 2001–2006, we employed multivariable Cox proportional hazards models to evaluate the relationship between serum 25-hydroxyvitamin D [25(OH)D] concentration and mortality outcomes, adjusting for multiple covariates. We additionally performed restricted cubic spline and threshold analyses using both linear and non-linear regression models to assess dose–response relationships and to explore the continuous effects of 25(OH)D on mortality outcomes. Stratified and sensitivity analyses were conducted to strengthen the reliability of our findings.

Results: A total of 1,666 participants diagnosed with sarcopenia were included in the analysis. Our results indicated a significant non-linear association between 25(OH)D concentration and both all-cause mortality and cardiovascular (CVD) mortality. Notably, threshold analyses revealed inflection points at 62.563 nmol/L for all-cause mortality and 47.367 nmol/L for CVD mortality, suggesting a plateau in protective effects at higher vitamin D levels. Both stratified and sensitivity analyses revealed no significant interactions across different subgroups.

Conclusion: These findings emphasize the importance of maintaining adequate serum 25(OH)D concentration to mitigate mortality risk among sarcopenic individuals. Further research is needed to clarify the underlying mechanisms and to establish optimal vitamin D concentration for health benefits.

Keywords
 25(OH)D; sarcopenia; mortality; cardiovascular risk; NHANES


1 Introduction

Sarcopenia, defined as the progressive decline in muscular mass and physical power, has risen to prominence as a major public health challenge, particularly among aging populations. The European Working Group on Sarcopenia in Older People (EWGSOP) identified sarcopenia as a syndrome associated with increased morbidity, functional decline, and mortality (1). The prevalence of sarcopenia is estimated to affect approximately 10–16% of older adults, with rates increasing with age and the presence of comorbidities (2). As the global population ages, understanding the factors contributing to sarcopenia and its associated health-related risks becomes increasingly critical. Low levels of 25-hydroxyvitamin D [25(OH)D], the primary circulating form of vitamin D, have been correlated with an elevated risk of sarcopenia and associated adverse outcomes (3, 4).

Serum 25(OH)D is a critical biomarker for evaluating vitamin D status in the human body. This metabolite is synthesized in the liver through the hydroxylation of vitamin D, which can be obtained either from dermal synthesis upon exposure to ultraviolet B radiation or from dietary sources. Following its synthesis, serum 25(OH)D is further converted into its biologically active form, calcitriol, in the kidneys. This metabolite is essential for regulating calcium and phosphorus homeostasis, as well as influencing a wide range of biological processes, including immune system function and muscle health. Recent research has highlighted the potential association between optimal concentration of 25(OH)D and a decrease in the risk of various chronic diseases, including cardiovascular diseases (CVD), autoimmune disorders, and certain cancers, as well as improvements in overall mortality outcomes (5–11). Despite the growing body of literature linking vitamin D to health outcomes, there are still uncertainties regarding the specific mechanisms through which vitamin D influences mortality, particularly in the context of sarcopenia. Some studies suggest a non-linear relationship between 25(OH)D concentration and health outcomes, indicating that both deficiency and excess may be detrimental (12, 13). Identifying critical thresholds of 25(OH)D that correlate with improved health outcomes is essential for developing effective public health strategies and clinical guidelines.

The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional survey that collects comprehensive health and nutritional data from a representative sample of the U.S. population, allowing for robust epidemiological analyses. Previous studies utilizing NHANES data have demonstrated significant associations between low 25(OH)D levels and various health outcomes, including CVD and all-cause mortality (14–16). However, the specific relationship between 25(OH)D levels and mortality among individuals with sarcopenia remains underexplored.

This study aims to examine the association between serum 25(OH)D concentration and mortality outcomes in individuals with sarcopenia, using data from the NHANES collected between 2001 and 2006. By investigating this relationship, we seek to contribute to the existing literature on the role of vitamin D in mortality risk among individuals with sarcopenia, thereby informing future research directions and potential interventions.



2 Methods


2.1 Study population

The study population for this analysis comprises participants from the NHANES datasets spanning the years 2001–2006, totaling 31,509 individuals. The ethics review board of the National Center for Health Statistics approved all NHANES protocols. All participants provided informed consent and adhered to the established study protocols, ensuring ethical compliance and the reliability of the data collected. During the initial screening process, 17,158 participants with available mortality data were identified, with 14,351 excluded specifically due to missing mortality data. Further screening of the study population based on the primary variables of interest resulted in the removal of 3,050 participants without DXA data, 180 without body mass index (BMI) data, and 819 lacking 25(OH)D data. After these exclusions, 13,109 participants remained eligible for analysis. Ultimately, after assessing sarcopenia using threshold values of the sarcopenia index (for the values of the threshold, refer to Methods, Section 2.2), the final analytic cohort included 1,666 participants who fulfilled all the eligibility criteria. (Figure 1).
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FIGURE 1
 Flowchart diagram of participants’ selection in this study.




2.2 Definition of sarcopenia

Sarcopenia diagnosis was based on precise measurements obtained through DXA (17), a robust technique recognized for assessing body composition. The primary metrics evaluated included the total appendicular skeletal muscle mass, which quantifies the muscles of the limbs, and specifically, the appendicular lean mass (ALM). The assessment process commenced with the calculation of ALM, derived from DXA scans that provided detailed insights into the muscle quality of each participant. To contextualize this data, the sarcopenia index was calculated using a formula that divides the ALM in kilograms by the BMI expressed in kg/m2. This methodological approach enabled a standardized evaluation of muscle mass relative to the individual’s body composition. Sarcopenia was ultimately defined using gender-specific thresholds for the sarcopenia index: the critical cut-off values are established at 0.512 for women and 0.789 for men (18). Participants who failed to reach these criteria were designated as sarcopenic and subsequently selected as the study population.



2.3 Serum 25(OH)D measurement

The measurement of 25(OH)D (25(OH)D) from 2001 to 2006 underwent specific methodological transitions and standardization. Initially, serum 25(OH)D concentration were determined using radioimmunoassay (RIA). These RIA data were then converted through a series of complex statistical analyses and experimental validations, making them equivalent to those measured by liquid chromatography–tandem mass spectrometry (LC–MS/MS) (19). Based on the Clinical Practice Guidelines published by the Endocrine Society (20), serum 25(OH)D concentration were stratified into four distinct categories: severe deficiency (<25.00 nmol/L), deficiency (25.00–49.99 nmol/L), insufficiency (50.00–74.99 nmol/L), and sufficiency (≥75.00 nmol/L).



2.4 Assessment of mortality and follow-up

Mortality outcomes were assessed through a rigorous follow-up process, which involved linking NHANES data with the National Death Index (NDI). This linkage allowed for the accurate determination of vital status and cause of death for participants over a follow-up period that extended to December 31, 2019. The follow-up was conducted annually, ensuring that any changes in mortality status were promptly recorded. The assessment of mortality included both all-cause mortality and cause-specific mortality, particularly focusing on CVD mortality. Causes of death were classified according to the International Classification of Diseases (ICD) codes, allowing for standardized reporting and analysis. In particular, CVD mortality were coded using the ICD-10 ranges I00-I09, I11, I13, and I20-I51 (21).



2.5 Covariates definition

To ensure the robustness of our analysis on the association between 25(OH)D and risk of mortality, we carefully selected a series of variables that might have confounding effects on the association: Demographic Characteristics, which encompassed age distribution, gender, and racial diversity. Socioeconomic Status including educational attainment, categorized into three levels (below high school, high school, and above high school), and poverty income ratio (PIR), categorized into quartiles (≤1.35, 1.35–1.85, and >1.85). Body measurement comprised BMI, which was categorized as ≤24.9 kg/m2, 25.0–29.9 kg/m2 and ≥30.0 kg/m2. Chronic diseases were evaluated through self-reported medical histories and laboratory assessments, focusing on key conditions such as hypertension, diabetes, coronary heart disease (CHD), stroke, bronchitis and cancer. Behavioral Factors included smoking history (consuming at least 100 cigarettes in their lifetime or not), and drinking status, categorized into four groups: none, mild–moderate (up to one drink per day for women and up to two for men), heavy (more than mild–moderate consumption), and former drinkers (22). The analysis encompassed several laboratory biomarkers: glycohemoglobin, hemoglobin, serum albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), estimated glomerular filtration rate (eGFR), high-density lipoprotein cholesterol (HDL-C) and total cholesterol (TC). For detailed procedures and criteria for evaluating covariates, refer to the NHANES data collection protocols (23).



2.6 Statistical analysis

Statistical analyses were conducted using R software (version 4.3.2) and EmpowerStats (version 4.2). Descriptive statistics were computed for baseline characteristics, stratified by serum 25(OH)D levels. Continuous data are presented as means ± standard deviations (SD), while categorical data are expressed as percentages. To evaluate the association between serum 25(OH)D concentration and mortality outcomes, multivariable Cox proportional hazards models were employed. Three distinct models were developed to systematically assess the impact of different covariates on mortality risk: Model 1 adjusted for demographic factors, including gender, age, race, education level, and PIR. Model 2 further adjusted for BMI, smoking history, drinking status and chronic diseases such as hypertension, diabetes, CHD, stroke, bronchitis and cancer. Model 3 included further adjustments for laboratory biomarkers including glycohemoglobin, hemoglobin, serum albumin, ALT, AST, eGFR, TC and HDL-C. Hazard ratios (HR) and 95% confidence intervals (CI) were computed from these models, with statistical significance determined at p < 0.05. Non-linear relationships between serum 25(OH)D concentration and mortality risk were assessed utilizing restricted cubic splines and piecewise Cox regression models, with inflection points identified through the log-likelihood ratio test. Stratified analyses were performed to evaluate the association between serum 25(OH)D concentration and mortality across various demographic and health-related groups. These subgroups were defined based on gender, race, age distribution, PIR ranges, BMI classification, smoking and drinking status, and the presence or absence of hypertension, diabetes, CHD, and stroke. Sensitivity analyses were conducted by excluding participants with a history of CHD, stroke, bronchitis and cancer. Additionally, individuals who died within 2 years were excluded, along with participants who had extreme values of 25(OH)D (mean ± 3 SD). Missing values in covariates were addressed using multiple imputation with 10 iterations. The imputation model included all study variables to preserve multivariate relationships.




3 Results


3.1 Baseline characteristics

Table 1 summarizes the baseline characteristics of the participants. This study enrolled 1,666 participants with a mean age of 59.10 ± 18.34 years; 52.94% of whom were males. Among these participants, 44.96% had vitamin D deficiency (< 50.00 nmol/L), and 86.68% had vitamin D insufficiency (< 75.00 nmol/L). Significant differences were observed in demographic profiles and baseline clinical characteristics between participants with varying 25(OH)D concentrations. Specifically, individuals with higher vitamin D concentration exhibited a significantly greater proportion of males, elderly individuals, non-Hispanic White people, and those with higher educational attainment and a lower BMI. Similarly, the proportion of individuals diagnosed with CHD and cancer was significantly higher in the higher 25(OH)D group compared to the lower 25(OH)D group.



TABLE 1 Baseline characteristics of selected individuals according to 25(OH)D categories.
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3.2 Association between 25(OH)D and risk of mortality

During an average follow-up period of 151.9 months, there were 695 all-cause deaths, including 182 deaths related to CVD. Table 2 elucidates the association between serum 25(OH)D concentrations and mortality outcomes in participants with sarcopenia, using a multivariable Cox regression analysis with three models. In model 1, a significant inverse association was observed between 25(OH)D concentration and all-cause mortality. Specifically, for each one-unit increase in ln-transformed 25(OH)D, the HR was 0.57 (95% CI: 0.46, 0.70; p < 0.0001). After further adjustments in Model 3, the HR for all-cause mortality changed to 0.63 (95% CI: 0.51, 0.78; p < 0.0001) for each one-unit increase in ln-transformed 25(OH)D. The categorical HRs were 0.59 (95% CI: 0.41, 0.83; p = 0.0027) for concentration ≥25 and <50 nmol/L, 0.46 (95% CI: 0.32, 0.66; p < 0.0001) for concentration ≥50 and <75 nmol/L, and 0.52 (95% CI: 0.36, 0.77; p = 0.0011) for concentration ≥75 nmol/L. Regarding CVD mortality, Model 1 indicated an HR of 0.49 (95% CI: 0.32, 0.75; p = 0.0150) for each one-unit increase in ln-transformed 25(OH)D. Similarly, Model 3 reported an HR of 0.62 (95% CI: 0.41, 0.95; p = 0.0266) for each one-unit increase in ln-transformed 25(OH)D, with HRs of 0.33 (95% CI: 0.18, 0.62; p = 0.0005) for concentration ≥25 to <50 nmol/L, 0.27 (95% CI: 0.15, 0.51; p < 0.0001) for concentration ≥50 to <75 nmol/L, and 0.31 (95% CI: 0.15, 0.62; p = 0.0010) for concentration ≥75 nmol/L.



TABLE 2 Multivariable Cox regression analysis for mortality among participants with sarcopenia.
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3.3 Non-linear relationship and threshold analysis

Data from the NHANES cohort were analyzed using a two-piecewise Cox proportional hazards model alongside restricted cubic splines. Inflection points were identified at 62.563 nmol/L for all-cause mortality and 47.367 nmol/L for CVD mortality, marking significant thresholds where the risk profile changes (Table 3). In K-segment effect 1, which encompasses lower levels of 25(OH)D, a significant protective association is observed. The HRs are 0.98 (95% CI: 0.98, 0.99; p < 0.0001) for all-cause mortality and 0.97 (95% CI: 0.94, 0.99; p = 0.0016) for CVD mortality. However, the transition to K-segment effect 2 marks a critical inflection point in the analysis. In this segment, the HRs slightly increase to 1.01 (95% CI: 1.00, 1.01; p = 0.1888) for all-cause mortality and 1.01 (95% CI: 0.99, 1.02; p = 0.3362) for CVD mortality. This shift indicates a potential plateau in the protective effect of 25(OH)D, suggesting that higher levels may not confer additional benefits and could even pose risks (Figure 2).



TABLE 3 Threshold effect for the association between 25(OH)D and mortality.
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FIGURE 2
 Restricted cubic splines of nonlinear relationships between 25(OH)D and all-cause (A) and CVD (B) mortality in participants with sarcopenia. The analysis was adjusted for gender, age, race, education, PIR, BMI, smoking history, drinking status, hypertension, CHD, diabetes, stroke, bronchitis, cancer, serum albumin, ALT, AST, eGFR, glycohemoglobin, hemoglobin, TC and HDL-C.




3.4 Stratified analysis and sensitivity analysis

Stratified analyses revealed that the correlation between 25(OH)D and both all-cause and CVD mortality remains consistent across different subgroups (Figures 3, 4). This indicates that variables such as gender, race, age, educational levels, PIR categories, BMI categories, hypertension, diabetes, CHD, stroke, smoking history and drinking status did not exert a significant influence on this positive correlation (p > 0.05 for all subgroups). Among these variables, race presented p-values that were close to the significance threshold. Specifically, Mexican Americans exhibited a HR of 0.98 (95% CI: 0.98–0.99, p = 0.0011) for all-cause mortality, while Other Hispanic group demonstrated a lower HR of 0.87 (95% CI: 0.76–1.00, p = 0.0577) for CVD mortality.
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FIGURE 3
 Forest plot for stratified analysis for the association between 25(OH)D and all-cause mortality. PIR, poverty income ratio; BMI, body mass index.
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FIGURE 4
 Forest plot for stratified analysis for the association between 25(OH)D and CVD mortality. PIR, poverty income ratio; BMI, body mass index.


Sensitivity analyses were performed following the exclusion of participants with a history of CHD, stroke, bronchitis and cancer. No significant differences were observed compared to the original results (Supplementary Table S1–S4). Similarly, when individuals who died within 2 years were excluded from the analysis, the relationship between 25(OH)D concentration and mortality remained unchanged (Supplementary Table S5). After excluding extreme values (mean ± 3 SD) of 25(OH)D, the result also remain unchanged (Supplementary Table S6). Additionally, Supplementary Table S7 provides the proportion of missing data, while Supplementary Figures 1, 2 demonstrate the consistency of the results with multiple imputations.




4 Discussion

The present study provides compelling evidence of the association between serum 25(OH)D concentration and mortality outcomes in a cohort of participants from NHANES. Our findings indicate that lower concentration of 25(OH)D are significantly associated with increased risks of all-cause and CVD mortality among individuals diagnosed with sarcopenia. The findings reveal that for each one-unit increase in ln-transformed 25(OH)D, the HR for all-cause mortality is 0.63 and for CVD mortality is 0.62, indicating a protective effect of higher vitamin D concentration. This association remains robust even after adjusting for various covariates. Notably, the identification of inflection points at 62.563 nmol/L for all-cause mortality and 47.367 nmol/L for CVD mortality suggests a potential threshold effect, beyond which the benefits of increased vitamin D levels plateau. This finding aligns with previous research indicating that while low vitamin D concentration are detrimental, excessively high concentration may not confer additional protective benefits and could potentially pose risks (24).

Our results corroborate findings from several studies that have linked low serum 25(OH)D concentration to an increased mortality risk. For instance, a meta-analysis reported that individuals with low 25(OH)D concentration had a considerably greater risk of all-cause mortality compared to those with adequate concentration (13). This meta-analysis included data from various cohorts and highlighted the consistency of the association across different populations. Moreover, a systematic review by Autier et al. further supports our findings, indicating that low serum 25(OH)D concentration are associated with increased mortality risk in older adults (25). This review emphasized the importance of vitamin D in maintaining overall health and longevity, particularly in aging populations. Additionally, a recent study by Wan et al. demonstrated that higher 25(OH)D concentration were linked to lower mortality rates in a cohort of adults with diabetes, suggesting that monitoring and maintaining of 25(OH)D levels in diabetic patients is a potential intervention to reduce mortality risk (17). However, discrepancies exist in the literature regarding the optimal concentration of 25(OH)D for health benefits. While some studies propose that serum 25(OH)D concentrations above 75 nmol/L may be required for optimal health outcomes (19, 26–28), emerging guidelines recommend higher supplementation doses in elderly populations to achieve target levels of 75–125 nmol/L (29). Furthermore, higher doses of vitamin D supplementation, such as 50,000 IU per week or 100,000 IU per month of cholecalciferol, are not associated with additional toxicity (30). This contrasts with perspectives from the ‘Controversies in Vitamin D’ conference, which suggested that concentrations exceeding 50 nmol/L might suffice for general populations (31). Our findings contribute to this ongoing debate by identifying specific thresholds where the risk of mortality changes significantly, highlighting the need for further research to clarify the optimal range of serum 25(OH)D for various populations. Additionally, our stratified analyses revealed that the race subgroup showed p-values close to the significance threshold for both all-cause and CVD mortality. This suggests that individuals from certain race backgrounds may benefit from further investigation. This finding aligns with previous studies that have noted ethnic disparities in vitamin D metabolism and health outcomes, indicating that genetic, environmental, and lifestyle factors may influence the relationship between vitamin D and mortality (32). For instance, Artaza et al. reported that vitamin D deficiency was particularly prevalent among African American populations, which is consistent with their elevated incidence of CVD (33). Furthermore, the relationship between vitamin D levels and mortality has been investigated across various populations. The D-Health Trial found no significant association between vitamin D levels and all-cause mortality in a cohort of Australian individuals (34). Similarly, the VITAL trial did not demonstrate a significant protective effect of vitamin D supplementation against cancer and CVD among US adults (8). These discrepancies highlight the complexity of vitamin D’s role in health and the need for further investigation into the underlying mechanisms.

Understanding the mechanisms by which 25(OH)D influences mortality risk is crucial for accurately interpreting our findings. While vitamin D is primarily recognized for its role in calcium homeostasis and bone remodeling, its effects extend far beyond skeletal health. A fundamental mechanism associated with sarcopenia is the impact of vitamin D on muscle function. Vitamin D receptors are abundantly present in muscle tissue, and considerable evidence indicates that sufficient levels of vitamin D are correlated with enhanced muscle strength and function (4, 35). Specifically, vitamin D facilitates muscle protein synthesis and may promote muscle regeneration, both of which are especially vital for older adults at an increased risk of sarcopenia (36, 37). In parallel, lifestyle interventions such as regular physical activity, specifically programs combining resistance training and aerobic exercise, demonstrate independent efficacy in sarcopenia prevention (38). These complementary biological and behavioral strategies collectively address the multifactorial pathogenesis of muscle loss, which significantly elevates risks of morbidity and mortality in aging populations. The loss of muscle mass and physical strength typical of sarcopenia significantly raises the risk of morbidity and mortality, emphasizing the vital importance of vitamin D for this population (4, 39). Another important mechanism involves the anti-inflammatory function of vitamin D, as chronic inflammation is a widely recognized risk factor for various diseases, including CVD, diabetes, and other age-related conditions. Vitamin D modulates the immune response and has been shown to lower the concentrations of pro-inflammatory cytokines, thereby fostering a more favorable inflammatory profile (40, 41). This anti-inflammatory action may mitigate the risks of chronic diseases prevalent among individuals with insufficient vitamin D levels, consequently reducing mortality risk. Emerging evidence suggests that vitamin D also exerts direct effects on cardiovascular health through its actions on the vascular system (42, 43). Vitamin D deficiency has been linked to adverse cardiovascular events, potentially via pathways involving endothelial function, blood pressure regulation, and modulation of vascular inflammation (44). Furthermore, vitamin D is indispensable for the preservation of bone health, as insufficiency can induce osteoporosis and elevate the incidence of fractures, particularly among the geriatric population (45). Falls and resultant fractures are significant contributors to morbidity and mortality within this demographic group (46). By maintaining adequate concentration of vitamin D, it is possible to enhance bone density, thereby reducing the likelihood of falls and indirectly impacting mortality outcomes. This highlights the multifactorial role of vitamin D in optimizing health across various biological systems.

Our research has certain strengths and constraints. The observational nature of the NHANES data precludes definitive conclusions regarding causality. Although adjustments were made for numerous confounding variables, the possibility of residual confounding cannot be entirely eliminated. Besides, the reliance on self-reported data concerning chronic disease histories may introduce biases that affect the findings. Furthermore, the analysis was based on data from the NHANES 2001–2006 cohort, while the biological mechanism are likely stable over time, secular trends in lifestyle factors could theoretically alter this association. Future research employing longitudinal designs and objective assessments of 25(OH)D concentration is necessary to validate these results and clarify the underlying causal pathways. Investigations should prioritize elucidating the pathway through which of 25(OH)D affects mortality risk. Longitudinal studies examining the impact of vitamin D supplementation on clinical outcomes, particularly within sarcopenia populations at heightened risk for deficiency, will be vital. Additionally, assessing the interactions between 25(OH)D and other lifestyle factors, such as physical activity and dietary patterns, may yield further insights into the intricate relationships among 25(OH)D, general well-being, and mortality.



5 Conclusion

In conclusion, our study emphasizes the significant association between serum 25(OH)D concentration and mortality outcomes in a cohort of sarcopenia participants from NHANES. The findings underscore the importance of maintaining adequate 25(OH)D concentration for overall health and longevity, particularly in the context of sarcopenia. As the evidence continues to accumulate, it is imperative that public health strategies prioritize the prevention and management of vitamin D deficiency to improve health outcomes across populations.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the ethics review board of the National Center for Health Statistics. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

CF: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Writing – original draft. ZZ: Supervision, Validation, Writing – review & editing. YM: Conceptualization, Data curation, Investigation, Writing – original draft. WW: Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Acknowledgments

The authors wish to thank the participants for their valuable time and effort during the data collection phase of the NHANES project.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1562897/full#supplementary-material



References

 1. Sayer, AA, and Cruz-Jentoft, A. Sarcopenia definition, diagnosis and treatment: consensus is growing. Age Ageing. (2022) 51:afac220. doi: 10.1093/ageing/afac220 

 2. Yuan, S, and Larsson, SC. Epidemiology of sarcopenia: prevalence, risk factors, and consequences. Metabolism. (2023) 144:155533. doi: 10.1016/j.metabol.2023.155533 

 3. Visser, M, Deeg, DJ, and Lips, P, Longitudinal Aging Study Amsterdam. Low vitamin D and high parathyroid hormone levels as determinants of loss of muscle strength and muscle mass (sarcopenia): the longitudinal aging study Amsterdam. J Clin Endocrinol Metab. (2003) 88:5766–72. doi: 10.1210/jc.2003-030604 

 4. Uchitomi, R, Oyabu, M, and Kamei, Y. Vitamin D and sarcopenia: potential of vitamin D supplementation in sarcopenia prevention and treatment. Nutrients. (2020) 12:3189. doi: 10.3390/nu12103189 

 5. Zhu, A, Kuznia, S, Boakye, D, Schöttker, B, and Brenner, H. Vitamin D-binding protein, bioavailable, and free 25(OH)D, and mortality: a systematic review and Meta-analysis. Nutrients. (2022) 14:3894. doi: 10.3390/nu14193894 

 6. Bjelakovic, G, Gluud, LL, Nikolova, D, Whitfield, K, Wetterslev, J, Simonetti, RG , et al. Vitamin D supplementation for prevention of mortality in adults. Cochrane Database Syst Rev. (2014) 2014:CD007470. doi: 10.1002/14651858.CD007470.pub3 

 7. Cui, A, Zhang, T, Xiao, P, Fan, Z, Wang, H, and Zhuang, Y. Global and regional prevalence of vitamin D deficiency in population-based studies from 2000 to 2022: a pooled analysis of 7.9 million participants. Front Nutr. (2023) 10:1070808. doi: 10.3389/fnut.2023.1070808 

 8. Manson, JE, Cook, NR, Lee, IM, Christen, W, Bassuk, SS, Mora, S , et al. Vitamin D supplements and prevention of Cancer and cardiovascular disease. N Engl J Med. (2019) 380:33–44. doi: 10.1056/NEJMoa1809944 

 9. Zhang, Y, Fang, F, Tang, J, Jia, L, Feng, Y, Xu, P , et al. Association between vitamin D supplementation and mortality: systematic review and meta-analysis. BMJ. (2019) 366:l 4673. doi: 10.1136/bmj.l4673 

 10. Sîrbe, C, Rednic, S, Grama, A, and Pop, TL. An update on the effects of vitamin D on the immune system and autoimmune diseases. Int J Mol Sci. (2022) 23:9784. doi: 10.3390/ijms23179784 

 11. Dey, SK, Kumar, S, Rani, D, Maurya, SK, Banerjee, P, Verma, M , et al. Implications of vitamin D deficiency in systemic inflammation and cardiovascular health. Crit Rev Food Sci Nutr. (2024) 64:10438–55. doi: 10.1080/10408398.2023.2224880 

 12. Chowdhury, R, Kunutsor, S, Vitezova, A , et al. Vitamin D and risk of cause specific death: systematic review and meta-analysis of observational cohort and randomised intervention studies. BMJ. (2014) 348:g1903. doi: 10.1136/bmj.g1903

 13. Tripepi, G, Fusaro, M, Arcidiacono, G, Sella, S, and Giannini, S. Evaluating benefit from vitamin D supplementation: defining the area for treatment. Osteoporos Int. (2023) 34:1531–3. doi: 10.1007/s00198-023-06802-x 

 14. Xiao, Q, Cai, B, Yin, A, Huo, H, Lan, K, Zhou, G , et al. L-shaped association of serum 25-hydroxyvitamin D concentrations with cardiovascular and all-cause mortality in individuals with osteoarthritis: results from the NHANES database prospective cohort study. BMC Med. (2022) 20:308. doi: 10.1186/s12916-022-02510-1 

 15. Shi, JW, Wu, JN, Zhu, XY, Zhou, WH, Yang, JY, and Li, MQ. Association of serum 25-hydroxyvitamin D levels with all-cause and cause-specific mortality among postmenopausal females: results from NHANES. J Transl Med. (2023) 21:629. doi: 10.1186/s12967-023-04413-y 

 16. Wan, Z, Guo, J, Pan, A, Chen, C, Liu, L, and Liu, G. Association of Serum 25-Hydroxyvitamin D concentrations with all-cause and cause-specific mortality among individuals with diabetes. Diabetes Care. (2021) 44:350–7. doi: 10.2337/dc20-1485 

 17. Cheng, KY, Chow, SK, Hung, VW , et al. Diagnosis of sarcopenia by evaluating skeletal muscle mass by adjusted bioimpedance analysis validated with dual-energy X-ray absorptiometry. J Cachexia Sarcopenia Muscle. (2021) 12:2163–73. doi: 10.1002/jcsm.12825 

 18. McLean, RR, and Kiel, DP. Developing consensus criteria for sarcopenia: an update. J Bone Miner Res. (2015) 30:588–92. doi: 10.1002/jbmr.2492 

 19. CDC/National Center for Health Statistics. (2015). Analytical Note for 25-Hydroxyvitamin D Data Analysis using NHANES III (1988–1994), NHANES 2001–2006, and NHANES 2007–2010. Available online at https://wwwn.cdc.gov/nchs/nhanes/vitamind/analyticalnote.aspx. (Accessed January 20, 2020

 20. Holick, MF, Binkley, NC, Bischoff-Ferrari, HA, Gordon, CM, Hanley, DA, Heaney, RP , et al. Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. (2011) 96:1911–30. doi: 10.1210/jc.2011-0385 

 21. Woodruff, RC, Tong, X, Khan, SS, Shah, NS, Jackson, SL, Loustalot, F , et al. Trends in cardiovascular disease mortality rates and excess deaths, 2010-2022. Am J Prev Med. (2024) 66:582–9. doi: 10.1016/j.amepre.2023.11.009 

 22. American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2021. Diabetes Care. (2021) 44:S15–33. doi: 10.2337/dc21-S002, published correction appears in Diabetes Care. 2021 Sep;44(9):2182. doi: 10.2337/dc21-ad09

 23. National Center for Health Statistics. (2023). National Health and nutrition examination survey (NHANES) procedures manual. Available online at: https://www.cdc.gov/nchs/nhanes/ (Accessed November 20, 2024).

 24. Giustina, A, Bilezikian, JP, Adler, RA, Banfi, G, Bikle, DD, Binkley, NC , et al. Consensus statement on vitamin D status assessment and supplementation: whys, whens, and hows. Endocr Rev. (2024) 45:625–54. doi: 10.1210/endrev/bnae009 

 25. Autier, P, Mullie, P, Macacu, A, Dragomir, M, Boniol, M, Coppens, K , et al. Effect of vitamin D supplementation on non-skeletal disorders: a systematic review of meta-analyses and randomised trials. Lancet Diabetes Endocrinol. (2017) 5:986–1004. doi: 10.1016/S2213-8587(17)30357-1 

 26. Cui, A, Xiao, P, Ma, Y, Fan, Z, Zhou, F, Zheng, J , et al. Prevalence, trend, and predictor analyses of vitamin D deficiency in the US population, 2001-2018. Front Nutr. (2022) 9:965376. doi: 10.3389/fnut.2022.965376 

 27. Pilz, S, März, W, Cashman, KD, Kiely, ME, Whiting, SJ, Holick, MF , et al. Rationale and plan for vitamin D food fortification: a review and guidance paper. Front Endocrinol. (2018) 9:373. doi: 10.3389/fendo.2018.00373 

 28. Holick, MF, Binkley, NC, Bischoff-Ferrari, HA, Gordon, CM, Hanley, DA, Heaney, RP , et al. Guidelines for preventing and treating vitamin D deficiency and insufficiency revisited. J Clin Endocrinol Metab. (2012) 97:1153–8. doi: 10.1210/jc.2011-2601 

 29. Juszczak, AB, Kupczak, M, and Konecki, T. Does vitamin supplementation play a role in chronic kidney disease? Nutrients. (2023) 15:2847. doi: 10.3390/nu15132847 

 30. Rusu, ME, Bigman, G, Ryan, AS, and Popa, DS. Investigating the effects and mechanisms of combined vitamin D and K supplementation in postmenopausal women: an up-to-date comprehensive review of clinical studies. Nutrients. (2024) 16:2356. doi: 10.3390/nu16142356 

 31. Giustina, A, Adler, RA, Binkley, N, Bouillon, R, Ebeling, PR, Lazaretti-Castro, M , et al. Controversies in vitamin D: summary statement from an international conference. J Clin Endocrinol Metab. (2019) 104:234–40. doi: 10.1210/jc.2018-01414 

 32. Ismail, NH, Mussa, A, Al-Khreisat, MJ , et al. The global prevalence of vitamin D deficiency and insufficiency in patients with multiple myeloma: a systematic review and Meta-analysis. Nutrients. (2023) 15:3227. doi: 10.3390/nu15143227 

 33. Artaza, JN, Contreras, S, Garcia, LA, Mehrotra, R, Gibbons, G, Shohet, R , et al. Vitamin D and cardiovascular disease: potential role in health disparities. J Health Care Poor Underserved. (2011) 22:23–38. doi: 10.1353/hpu.2011.0161 

 34. Neale, RE, Baxter, C, Romero, BD, McLeod, DSA, English, DR, Armstrong, BK , et al. The D-health trial: a randomised controlled trial of the effect of vitamin D on mortality. Lancet Diabetes Endocrinol. (2022) 10:120–8. doi: 10.1016/S2213-8587(21)00345-4 published correction appears in lancet diabetes Endocrinol. 2022; 10(4):e7. Doi: 10.1016/S2213-8587(22)00083-3

 35. Romeu Montenegro, K, Amarante Pufal, M, and Newsholme, P. Vitamin D supplementation and impact on skeletal muscle function in cell and animal models and an aging population: what do we know so far? Nutrients. (2021) 13:1110. doi: 10.3390/nu13041110 

 36. Nunes, EA, Colenso-Semple, L, McKellar, SR , et al. Systematic review and meta-analysis of protein intake to support muscle mass and function in healthy adults. J Cachexia Sarcopenia Muscle. (2022) 13:795–810. doi: 10.1002/jcsm.12922 

 37. Putra, C, Konow, N, Gage, M, York, CG, and Mangano, KM. Protein source and muscle health in older adults: a literature review. Nutrients. (2021) 13:743. doi: 10.3390/nu13030743 

 38. Voulgaridou, G, Tyrovolas, S, Detopoulou, P, Tsoumana, D, Drakaki, M, Apostolou, T , et al. Diagnostic criteria and measurement techniques of sarcopenia: a critical evaluation of the up-to-date evidence. Nutrients. (2024) 16:436. doi: 10.3390/nu16030436 

 39. Granic, A, Sayer, AA, and Robinson, SM. Dietary patterns, skeletal muscle health, and sarcopenia in older adults. Nutrients. (2019) 11:745. doi: 10.3390/nu11040745 

 40. Autier, P, Boniol, M, Pizot, C, and Mullie, P. Vitamin D status and ill health: a systematic review. Lancet Diabetes Endocrinol. (2014) 2:76–89. doi: 10.1016/S2213-8587(13)70165-7 

 41. Fattizzo, B, Zaninoni, A, Giannotta, JA, Binda, F, Cortelezzi, A, and Barcellini, W. Reduced 25-OH vitamin D in patients with autoimmune cytopenias, clinical correlations and literature review. Autoimmun Rev. (2016) 15:770–5. doi: 10.1016/j.autrev.2016.03.015 

 42. Michos, ED, Cainzos-Achirica, M, Heravi, AS, and Appel, LJ. Vitamin D, calcium supplements, and implications for cardiovascular health: JACC focus seminar. J Am Coll Cardiol. (2021) 77:437–49. doi: 10.1016/j.jacc.2020.09.617 

 43. Wong, MS, Leisegang, MS, Kruse, C , et al. Vitamin D promotes vascular regeneration. Circulation. (2014) 130:976–86. doi: 10.1161/CIRCULATIONAHA.114.010650 

 44. Norman, PE, and Powell, JT. Vitamin D and cardiovascular disease. Circ Res. (2014) 114:379–93. doi: 10.1161/CIRCRESAHA.113.301241 

 45. LeBoff, MS, Greenspan, SL, Insogna, KL , et al. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. (2022) 33:2049–102. doi: 10.1007/s00198-021-05900-y 

 46. LeBoff, MS, Chou, SH, Ratliff, KA , et al. Supplemental vitamin D and incident fractures in midlife and older adults. N Engl J Med. (2022) 387:299–309. doi: 10.1056/NEJMoa2202106 


Copyright
 © 2025 Fu, Zhu, Mao and Wei. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1562897-t001.jpg
Serum 25(0OH)D <25.00 25.00-49.99 50.00-74.99 >75.00 p-value

categorical

(nmol/L)
N(%) 1,666 (100%) 78 (4.68%) 671(40.28%) 695 (41.72%) 222 (13.33%)
Age (years) 59.10 £ 18.34 5801 £18.73 55391878 61271780 63871636 <0.001
Gender (%) 0.001
Male 882 (52.94%) 27(34.62%) 340 (50.67%) 386 (55.54%) 129 (58.11%)
Female 784 (47.06%) 51(65.38%) 331 (49.33%) 309 (44.46%) 93 (41.89%)
Race (%) <0.001
Mesican American 685 (41.12%) 38 (48.72%) 343 (51.12%) 254(36.55%) 50 (22.52%)
Other Hispanic 84(5.04%) 3(3.85%) 40 (5.96%) 32(4,60%) 9 (4.05%)
Non-Hispanic White 760 (45.62%) 16/(20.51%) 219 (32.64%) 368 (52.95%) 157 (70.72%)
Non-Hispanic Black 79 (4.74%) 16 (2051%) 42(6.26%) 18 (259%) 3(1.35%)
Other race or multi-
il 58 (3.48%) 5(6.41%) 27 (4.02%) 23(331%) 3(135%)
Educational degree (%) 0010
Below high school 761 (45.68%) 34 (43.59%) 329 (49.03%) 319 (45.90%) 79 (35.59%)
High school 389 (23.35%) 21(26.92%) 151 (22.50%) 148 (21.29%) 69 (31.08%)
Above high school 516 (3097%) 23(29.49%) 191 (28.46%) 228(3281%) 74 (33.33%)
PIR (%) 0384
<135 647 (38.84%) 32(41.03%) 270 (40.24%) 272(39.14%) 73 (32.88%)
135, <185 218 (13.09%) 6(7.69%) 85 (12.67%) 96 (13.81%) 31 (13.96%)
185 801 (48.08%) 40(51.28%) 316 (47.09%) 327 (47.05%) 118 (53.15%)
BMI (kg/m?) 3168671 3541£9.15 32264708 3119631 30.10£492 <0.001
Cigarettes
coinmp[mn)lﬂﬂ ) oot
Yes 820 (49.22%) 37 (47.44%) 305 (45.45%) 359 (51.65%) 119 (53.60%)
No 846 (50.78%) 41(52.56%) 366 (54.55%) 336 (48.35%) 103 (46.40%)
Drinking status 0.004
Never 307 (18.43%) 15(19.23%) 142 (21.16%) 111 (15.97%) 39 (17.57%)
Mild-to-moderate 467 (28.03%) 14(17.95%) 166 (24.74%) 213 (30.65%) 74(33.33%)
Heavy 412(24.73%) 24(30.77%) 185 (27.57%) 152 (21.87%) 51(22.97%)
Former 480 (28.81%) 25(32.05%) 178 (26.53%) 219 (3151%) 58 (26.13%)
History of diseases
Hypertension (%) 0.004
Yes. 751 (45.08%) 41(52.56%) 269 (40.09%) 326 (46.91%) 115 (51.80%)
No 915 (54.92%) 37(47.44%) 402 (59.91%) 369 (53.09%) 107 (48.20%)
Coronary heart disease
o 0.002
Yes 139 (8.34%) 9 (1154%) 36 (537%) 66/(9.50%) 28 (12.61%)
No 1,527 (91.66%) 69 (88.46%) 635 (94.63%) 629 (90.50%) 194 (87.39%)
Diabetes mellitus 0.080
Yes 357 (21.43%) 23(29.49%) 145 (21.61%) 153 (22.01%) 36 (16.22%)
No 1,309 (78.57%) 55(70.51%) 526 (78.39%) 542 (77.99%) 186 (83.78%)
Stroke (%) 0.003
Yes. 100 (6.00%) 10 (12.82%) 31(4.62%) 38 (5.47%) 21 (9.46%)
No 1,566 (94.00%) 68 (87.18%) 640 (95.38%) 657 (94.53%) 201 (90.54%)
Bronchitis 0055
Yes. 141 (8.46%) 11(14.10%) 44 (6.56%) 67 (9.64%) 19 (8.56%)
No 1,525 (91.54%) 67 (85.90%) 627 (93.44%) 628 (90.36%) 203 (91.44%)
Cancer 0.002
Yes 167 (10.02%) 5(6.41%) 48 (7.15%) 82 (11.80%) 32 (14.41%)
No 1,499 (89.98%) 73 (93.59%) 623 (92.85%) 613 (88.20%) 190 (85.59%)
Laboratory features
Glycohemoglobin 5974129 6194142 6024144 594+ 116 5854109 0.146
Hemoglobin 1437+ 150 13684173 14284155 14494143 14484143 <0.001
Albumin 41412316 39714359 4139£315 41572301 4156:£3.07 <0.001
ALT 2705+ 19.04 261941853 27.96 +22.60 26,69+ 16.64 257241370 0228
AST 25921230 2683 1580 2589+ 13,59 25971148 25544885 0.026
€GFR 6398+ 27.18 65012688 71152923 63652544 57982303 <0.001
Total cholesterol 50,56 + 14.62 5141+ 1640 49.07 £ 1385 511941468 527941562 0,003
(mg/ dL)
HDL- cholesterol 20470 £ 4492 20063 £ 51.46 20405 £47.29 20483 £ 4251 20770 £ 4255 0.267
(mg/ dL)
All-cause death 695 (41.72%) 42(53.85%) 247 (36.81%) 297 (42.73%) 109 (49.10%) <0.001
CVD death 182 (10.92%) 15(19.23%) 60 (8.94%) 79 (1137%) 28 (12.61%) 0,029

Mean + SD for continuous variables: the p-value was calculated by a linear regression model. % for categorical variables; the p-value was calculated by a chi-square test.
25(OH)D, 25-hydroxyvitamin D; PIR, poverty income ratio; BMI, body mass index; AL, alanine aminotransferase; AST, aspartate aminotransferase; eGFR, estimated glomerular fliration
rate; HDL, high density lipoprotein; CVD, cardiovascular disease.






OPS/images/fnut-12-1562897-t002.jpg
Serum 25(OH)D concentration (nmol/L) Per one-unit
increment in n-

25.00-49.99 50.00-74.99 >75.00 transformed
25(0H)D

All-cause mortality

Number of death (%) 42(53.85%) 247 (36.81%) 297 (42.73%) 109 (49.10%)

Model 1 Reference 0.46 (0.33, 0.65) < 0.0001 0.36 (0.25,0.51) < 0.0001 0.41 (0.28, 0.60) < 0.0001 <0.0001 0.57 (0.46, 0.70) < 0.0001
Model 2 Reference 0.52 (0.37,0.75) 0.0003 0.41 (0.28,0.58) < 0.0001 0.48 (0.33,0.71) 0.0002 0.0007 0.61 (0.49, 0.75) < 0.0001
Model 3 Reference 0.59 (0.41, 0.83) 0.0027 0.46 (0.32, 0.66) < 0.0001 0.52(0.36,0.77) 0.0011 0.0010 0.63 (051, 0.78) < 0.0001
CVD mortality

Number of death (%) 15 (19.23%) 60 (8.94%) 79 (11.37%) 28 (12.61%)

Model 1 Reference 0.24(0.13,0.43) < 0.0001 0.18 (0.10,0.33) < 0.0001 0.20 (0.10, 0.40) < 0.0001 0.0149 0.49 (0.32,0.75) 0.0009
Model 2 Reference 0.28 (0.15, 0.51) < 0.0001 0.21 (0.11, 0.40) < 0.0001 0.25(0.13, 0.50) < 0.0001 0.0789 0.56 (0.37, 0.86) 0.0084
Model 3 Reference 0.33 (0.18, 0.62) 0.0005 0.27 (0.15,0.51) < 0.0001 0.31 (0.15, 0.62) 0.0009 0.1413 0.62(0.41,0.95) 0.0266

Model 1: adjust for gender, age, race, education, PIR. Model 2: adjust for gender, age, race, education, PIR, BMI, smoking history, drinking status, hypertension, CHD, diabetes, stroke,
bronchitis and cancer. Model 3: adjust for gender, age, race, education, PIR, BMI, smoking history drinking status, hypertension, CHD, diabetes, stroke, bronchitis, cancer, serum albumin,
AL, AST, eGFR, glycohemoglobin, hemoglobin, TC.and HDL-C.

95% CI,95% confidence interval; OR, odds ratio; 25(OH)D, 25-hydroxyvitamin D; CVD, cardiovascular disease. p < 0.05 was considered statistically significant





OPS/images/fnut-12-1562897-g003.jpg
Subgroup HR(95%CI) P for interaction

Age (years)
<<60 .- 0.9 (0.98, 1.00) 0.0439
>60 » 0,99 (0.99, 1.00) 0.0064
Gender 0.5919
Male [ 3 0,99 (0.99, 1.00) 0.0037
Female 0.99 (099, 1.00) 0.0714
Race 0.0522
Mexican American ™ 0,98 (0.98, 099) 00011
Other Hispanic —a—  1.00(0.98, 1.02)0.9786
Non-Hispanic white E | 1.00(0.99, 1.00) 0.1449
Non-Hispanic black e 0.98(0.96, 1.00) 0.1012
Other race or multi-racial e 0.96 (0.93, 1.00) 0.0305
Education 0.4621
below high school - 0,99 (0.98, 1.00) 0.0030
high school - 0,99 (0.98, 1.00) 0.0793
‘above high school E 1,00 (0.9, 1.00) 02939
PR 0.6089
<135 .- 0,99 (0.98, 1.00) 0.0082
1.35-185 - 099 (0.98, 1.00) 0.1013
5185 » 0.9 (0.99, 1.00) 0.0637
BMI (kgimA2) 0.4526
- 0.99(0.98, 1.00)0.0711
] 1.00 (099, 1.00) 0.1959
- 0.9 (0.98, 1.00) 0.0043
0.3366
[ 3 0.99 (0.99, 1.00) 0.0016
L | 1,00 (0.99, 10001279
0.7476
.- 099 (0.98, 1.00)0.1136
Mild-to-moderate L 1.00 (0.99, 1.00) 0.3347
Heavy - 0,99 (0.98, 1.00) 0.0494
Former - 0.9 (0.98, 1.00) 0.0183
Hypertension 0.0823
Yes - 0.99 (0.98, 1.00) 0.0003
No L 1,00 (0.99, 1.00) 0.4155
Diabetes 0.9442
Yes - 0.9 (0.98, 1.00) 0.0665
No » 0,99 (0.99, 1.00) 0.0049
Coronary heart disease 0.4002
Yes .- 1.00 (099, 1.01) 0.5949
No [ ] 0.99(0.99, 1.00) 0.0008.
stroke 0.9338
Yes . 0.99(0.98, 1.01) 02774
No = 0,99 0.99, 1.00) 0.0019





OPS/images/fnut-12-1562897-g004.jpg
Subgroup
Age (years)
0

>80
Gender

Male

Female

Race

Mexican American

Other Hispanic
Non-Hispanic white
Non-Hispanic black
Other race or multi-racial
Education

below high school

high school

‘above high school

BMI (kgim*2)

<249

25209

=30

Smoked at least 100 cigarettes

Yes

No

Drinking

Never

Mild-to-moderate

Heavy

Former

Hypertension

Yes

No

Diabetes

Yes

No

Coronary heart disease
s

HR(35%Cl)

1,00 (0.97, 1.03) 0.9522
0.99(0.98, 1.00) 01422

0.9 (098, 1.00) 0.0618
1,00 (0.9, 1.01) 0.9003

0.99 (097, 1.01) 05288
0,67 (076, 1.00) 0.0577
100099, 1.01) 05584
099 (0.94, 1.04) 06222
0.96 (090, 1.01)0.1139

0.99 (097, 1.00) 0.0710
1.00(0.98, 1.02) 09913
1,00 (0.98, 1.01) 0.5530

0.99(0.98, 1.01) 04209
1,00 (0.98, 1.02) 0.8083
0.99(0.98, 1.00) 0.0921

099(097, 1.01)0.4903
099(098, 1.01)02440
1,00 (0.98, 1.01) 05215

0.99(0.98, 1.01)0.2963
0.99(0.98, 1.01) 02821

099 (098, 1.01) 0.3961
1,00 (0.98, 1.02) 09599
099 (097, 1.01)0.3202
0.99 (098, 1.01) 02366

0.99(0.98, 1.00)0.0498.
1,00 (0.99, 1.02) 08115

1.00(0.98, 101) 05133
0.9 (0.98, 1.00) 0.1692

1,00 (0.99, 1.01) 0.5949
0.99(0.99, 1.00)02815

0.99(0.97, 1.01) 03524
0.99(0.99, 1.00)02379

P for interaction
06784

0238

0.0583

0.4789

05465

09178

09127

08345

04701

07621

05769

06911





OPS/images/fnut-12-1562897-t003.jpg
i

Infection points (K)

shold effect

K-segment effect 1 0.98 (0.98, 0.99) < 0.0001
>K-segment effect 2 1.01 (100, 1.01) 0.1888
Effect size difference of 2 versus 1 1.02(1.01, 1.03) 0.0009
Loglikelihood ratio tests 0001

CVD mortality
47.367
0.97(0.94,099) 00016
1.01(0.99,1.02) 03362
1,04 (1.01,1.07) 0.0058

0.007

HRs were calculated based on multivariable Cox proportional hazards regression model adjust for gender, age, race, education, PIR, BMI, smoking history, drinking status, hypertension,

CHD, diabetes, stroke, bronchitis, cancer, serum albumin, ALT, AST, eGER, glycohemoglobin, hemoglobin, TC and HDL-C.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of 25-hydroxyvitamin D with all-cause and cardiovascular mortality among individuals with sarcopenia: evidence from the NHANES 2001–2006



		1 Introduction



		2 Methods



		2.1 Study population



		2.2 Definition of sarcopenia



		2.3 Serum 25(OH)D measurement



		2.4 Assessment of mortality and follow-up



		2.5 Covariates definition



		2.6 Statistical analysis









		3 Results



		3.1 Baseline characteristics



		3.2 Association between 25(OH)D and risk of mortality



		3.3 Non-linear relationship and threshold analysis



		3.4 Stratified analysis and sensitivity analysis









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



















OPS/images/fnut-12-1562897-g001.jpg
NHANES 2001-2006
(N=31,509)

17,158 parti

cipants with

mortality data available

Exclusion of 14,351 participants
without mortality data

13,109 participants with

primary

variables

Further exclusions (4,049 participants):
3,050 without DXA data

180 without BMI data

819 without 25(0H)D data

Final analysis included 1,666

partic

ipants

Exclusion of participants not meeting
the criteria for sarcopenia (N=11,443)






OPS/images/fnut-12-1562897-g002.jpg
HR (95% Cl)

—— Estimation
- osmel

HK (93% C1)

Estimaton
95% 0l

Proverall = 0045
Ponon-inear = 0,027

) )
Serum 25(CH)D

C) ®
concentration (nmol/L)

@
Serum 25(OH)D

E] ®
concentration (nmol/L)





OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Association of 25-hydroxyvitamin
D with all-cause and
cardiovascular mortality among
individuals with sarcopenia:
evidence from the NHANES
2001-2006












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






