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Abstract

:

This study is aimed to examine the association of plasma homocysteine (Hcy) concentrations with a 10-year risk of all-cause and cardiovascular (CV) mortality and to explore the modification effect of methylenetetrahydrofolate reductase (MTHFR) C677T genetic polymorphism. This study included 5200 participants from a community-based Chinese population. Cox proportional hazard regression models were used to analyze the associations of Hcy and MTHFR C677T genotype with all-cause and CV mortality. The possible modification effect of the MTHFR C677T genotype on the Hcy–mortality relationship was assessed. The individuals with Hcy concentrations ≥ 10 μmol/L had a significantly higher risk of all-cause mortality compared to those with Hcy < 10 μmol/L (hazard ratio [HR]: 1.72, 95% confidence interval [CI]: 1.11–2.68, p = 0.015). The risk of CV mortality increased by 2% per 1 μmol/L Hcy increment (HR: 1.02, 95% CI: 1.00–1.03, p = 0.036). Despite the MTHFR genotype alone not being correlated with the mortality, the relationship between Hcy and all-cause mortality was significant in the CC genotype compared with CT/TT genotype (p for interaction = 0.036). Elevated plasma Hcy concentrations were associated with an increased 10-year risk of all-cause and CV mortality among the Chinese population. MTHFR C677T genetic polymorphism could modify the association between Hcy and all-cause mortality.
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1. Introduction


Homocysteine (Hcy) is an intermediate thiol-containing nonproteinogenic amino acid derived from methionine catabolism, which is metabolized via remethylation or trans-sulfuration into cysteine [1]. Hcy plays a critical role in endothelial dysfunction, atherosclerosis, and thrombosis through various mechanisms, such as inflammation, lipid peroxidation, ferroptosis, and platelet activation [2,3,4]. Currently, the American Heart Association has recognized that elevated Hcy levels are associated with an increased risk of stroke and other vascular events [5].



Nevertheless, the evidence regarding the relationship between Hcy concentrations and the risk of death remains limited and conflicting, particularly in specific causes of death or populations. According to a meta-analysis of prospective studies, for each 5 μmol/L Hcy increment, the risk of all-cause and cardiovascular (CV) mortality increased by 27% and 32%, respectively [6]. Similarly, the risk of all-cause mortality increased by 33.6% with a 5 µmol/L increase in Hcy [7]. However, the causal relationships between Hcy and either all-cause or cause-specific mortality was not improved after the supplementation of folic acid or vitamin B in pooled Hcy-lowering clinical trials [8]. In specific populations, elevated Hcy was associated with the increased risk of all-cause mortality in participants with hypertension [9], diabetes [10], and central obesity [11], respectively, but the relationship between Hcy and all-cause mortality in patients with chronic kidney disease was not found [12].



Methylenetetrahydrofolate reductase (MTHFR) is a crucial regulatory enzyme within the one-carbon cycle. In individuals with the C677T variant (rs1801133), enzyme activity drops to around 67% and 25% for heterozygous (one copy) and homozygous (two copies) carriers of the T allele, respectively [13], which are associated with elevated plasma Hcy concentrations. Nevertheless, the MTHFR 677TT genotype did not have a significant effect on all-cause mortality [14,15], even in an inverse association with CV mortality [15]. In a Mendelian randomization analysis, the MTHFR polymorphism was utilized as an instrumental variable for estimating plasma Hcy concentrations [16]. However, the study did not provide evidence supporting a causal link between elevated plasma Hcy concentrations and all-cause or CV mortality.



Up to now, few prospective studies have considered the relationship between plasma Hcy concentrations and a risk of death in the Chinese general population. Multiple influencing factors, including genetic background, environmental exposures, lifestyles, and nutritional status, remain important knowledge gaps in this field. In particular, data are scarce regarding the MTHFR C677T genetic polymorphism alone and its inheritance–metabolism interaction concerning death endpoints in the general population. This study aims to examine the association of plasma Hcy concentrations with a 10-year risk of all-cause and CV mortality in a community-based longitudinal cohort in China. We further test the individual role as well as potential modification effect of MTHFR C677T genetic polymorphism, which may provide insight into the mechanisms underlying the relationship between Hcy and death outcomes.




2. Materials and Methods


2.1. Study Population


The subjects were recruited from an atherosclerosis cohort conducted in the Pingguoyuan and Gucheng communities in Beijing, China. The initial cohort investigated 9540 residents ≥ 40 years old from December 2011 to April 2012. The details of this study have been reported previously [17]. We further performed follow-up surveys until the end of 2021. Those with missing follow-up information, absent plasma Hcy concentrations, or lacking MTHFR C677T genotype were excluded, leaving 5200 participants in this final analysis. Ethical approval was obtained from the ethics committee of Peking University, and each participant signed an informed consent.




2.2. Demographic and Clinical Characteristics


Sociodemographic information, including age at the baseline, sex, lifestyle, and medical history, was collected through a standard questionnaire by trained medical professionals. Body mass index (BMI) was calculated as weight in kilograms divided by height in square meters. A detailed interview about tobacco use, which was defined as smoking at least one cigarette per day for more than half a year, and drinking alcohol, which was defined as drinking once or more per week for more than half a year, was also administered. Brachial blood pressure (BP) was obtained in an Omron HEM-7117 electronic sphygmomanometer after participants rested for 5 min, and the mean value of three consecutive measurements was taken for data analysis. Hypertension was defined as a self-reported history, a systolic BP (SBP) ≥ 140 mmHg or a diastolic BP (DBP) ≥ 90 mmHg, or the use of any antihypertensive drug. Diabetes was defined as a self-reported history, a fasting blood glucose concentration of the day ≥ 7 mmol/L, a 2 h oral glucose tolerance testing concentration ≥ 11.1 mmol/L, or the use of any hypoglycemic drug. Dyslipidemia was defined as a self-reported history, abnormal lipid profiles, or the use of any lipid-lowering drug. Cardiovascular disease (CVD) was defined as a self-reported history of myocardial infarction or stroke (including transient ischemic attack).




2.3. Specimen Collection and Laboratory Testing


Blood specimens were obtained via venipuncture after an overnight fast, which were separated into plasma and serum samples within 30 min of collection and then frozen at −80 °C. The Roche C8000 Automatic Biochemical Analyzer detected blood glucose, total cholesterol, triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and creatinine in serum samples. Estimated glomerular filtration rate (eGFR) was calculated derived from the consensus of Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) [18], and eGFR ≥ 90 mL/min/1.73m2 was considered as normal renal function.



Plasma Hcy was assayed at baseline by the enzymatic cycling method using the Beckman Coulter AU480 Automatic Biochemical Analyzer. Serum folate was measured by the electrochemiluminescence immunoassay in a commercial laboratory (New Industrial, Shenzhen, China). The standardized procedures for measuring Hcy and folate levels have been established in a previous study [19]. The MTHFR C677T genotype of all subjects could be obtained by retrieving Asian ExomeChip, just as a specially designed exome array based on the Infinium Human Exome BeadChip (Illumina, San Diego, CA, USA). The design details of Asian ExomeChip have been described previously [20,21].




2.4. Ascertainment of Mortality


Data on participants’ deaths were collected from the Chinese Center for Disease Control and Prevention (National Mortality Surveillance System) and Beijing Municipal Health Commission (Inpatient Medical Record Home Page System). The International Classification of Diseases in 10th Revision (ICD-10) was used to classify the leading cause of death. The primary endpoint was all-cause death. The secondary endpoint was CV death (I00-I99). We defined the follow-up time from baseline to the death of participants or the end of follow-up (31 December 2021).




2.5. Statistical Analysis


The baseline characteristics of the entire community cohort and stratified by clinical common thresholds of plasma Hcy concentrations, according to the different definitions of hyperhomocysteinemia (HHcy) [22,23], were summarized in mean (standard deviation, SD) or median (interquartile range, IQR) for quantitative variables and frequencies for categorical variables. Characteristic differences between the groups were tested in one-way analysis of variance (ANOVA) together with Kruskal–Wallis test for quantitative variables and χ2 analysis for categorical variables as appropriate. The Kaplan–Meier method was used to estimate the cumulative hazards of death stratified by Hcy concentrations and MTHFR C677T genotype, and group differences were calculated by log-rank tests. Cox proportional hazard regression models were used to analyze the associations of plasma Hcy concentrations and MTHFR C677T genotype with the risk of all-cause and CV mortality, which were adjusted for several potential confounding factors, including baseline age, sex, BMI, eGFR, smoking, drinking, hypertension, diabetes, dyslipidemia, CVD, taking antihypertensive drugs, hypoglycemic drugs, lipid-lowering drugs, and serum folate levels. Furthermore, the dose–response associations between Hcy and endpoints were examined with restricted cubic spline (RCS) in the fully adjusted models. Additionally, possible modifications to the relationships between plasma Hcy concentrations and outcomes were assessed for variables including MTHFR C677T genotype, serum folate levels, and some of the covariates mentioned above. A two-tailed p-value < 0.05 was considered statistical significance. All analyses were conducted in R (http://www.R-project.org, accessed on 12 March 2024).





3. Results


3.1. Baseline Characteristics


The characteristics of the overall cohort and the comparison of participants stratified by clinical thresholds of plasma Hcy concentrations (<10, ≥10 to <15, ≥15 μmol/L) are shown in Table 1. The mean (SD) age of the subjects was 57.14 (8.93) years old, and 62.1% (n = 3230) were female. The mean (SD) BMI and eGFR of the participants were 26.09 (3.38) kg/m2 and 94.28 (13.13) mL/min/1.73m2. The median (IQR) value of plasma Hcy was 11.95 (10.00, 14.89) μmol/L. The number of subjects with each MTHFR C677T genotype (CC, CT, and TT) accounted for 18.5% (n = 963), 46.7% (n = 2427), and 34.8% (n = 1810), respectively. The median (IQR) values in different groups of plasma Hcy were 8.82 (8.08, 9.49) μmol/L, 11.97 (11.02, 13.23) μmol/L, and 18.63 (16.51, 25.19) μmol/L. Participants with higher Hcy concentrations were more likely to be older, be males, have a higher BMI, have lower serum folate levels, have a higher proportion of the MTHFR 677TT genotype, use tobacco, drink, take antihypertensive drugs, and present with impaired renal function, hypertension, and CVD. No differences were observed in diabetes, dyslipidemia, and taking lipid-lowering drugs.




3.2. All-Cause and CV Mortality


During a mean (SD) follow-up of 9.65 (1.11) years, 320 deaths were documented, covering 107 CV deaths. Kaplan–Meier survival curves (Figure 1) revealed a significant dose–response relationship of Hcy with all-cause and CV mortality (all log-rank tests p < 0.001). In other words, the participants with Hcy concentrations < 10 μmol/L had the lowest risk of all-cause and CV mortality. Meanwhile, there was no significant difference for the cumulative hazards of all-cause and CV mortality stratified by the MTHFR C677T genotype (all log-rank tests p > 0.05).



The results of the Cox proportional hazard regression analyses are summarized in Table 2. After adjusting for covariates, using Hcy concentrations < 10 μmol/L as a reference, the group with Hcy concentrations ≥ 10 to < 15 μmol/L and the group with Hcy concentrations ≥ 15 μmol/L had an increased risk of all-cause mortality by 74% (hazard ratio [HR]: 1.74, 95% confidence interval [CI]: 1.12–2.71, p = 0.014) and 64% (HR: 1.64, 95% CI: 1.01–2.68, p = 0.047), respectively. We further merged aforesaid clinical thresholds: participants with Hcy concentrations ≥ 10 μmol/L also had a significantly higher risk of all-cause mortality compared to those with Hcy < 10 μmol/L (HR: 1.72, 95% CI: 1.11–2.68, p = 0.015). The risk of CV mortality increased by 2% per 1 μmol/L increment of plasma Hcy concentrations (HR: 1.02, 95% CI: 1.00–1.03, p = 0.036), and a similar increasing trend was observed across the three groups by clinical thresholds of Hcy. Differently, the association of the MTHFR C677T genotype with the 10-year risk of all-cause and CV mortality was not statistically significant.



We further conducted RCS using fully adjusted models to explicitly show the dose–response associations between Hcy and different outcomes (Figure 2). The smooth curves indicated that there were rising trends for the risk of both all-cause and CV mortality with increased plasma Hcy concentrations.




3.3. Stratification Analyses


We performed stratified analyses based on the clinical threshold of 10 μmol/L for plasma Hcy concentrations. A significant modifying effect of MTHFR C677T genetic polymorphism on the association between Hcy and all-cause mortality was observed (p for interaction = 0.036) (Table 3). Compared with the CT/TT genotype, elevated Hcy concentrations were significantly associated with an increased risk of all-cause mortality in individuals with the MTHFR 677CC genotype (HR: 5.24, 95% CI: 1.27–21.63). Additionally, the positive association between plasma Hcy concentrations and all-cause mortality appeared to be stronger in the groups of age below 65 years old, those with a BMI < 24 kg/m2, those with an eGFR ≥ 90 mL/min/1.73m2, non-smokers, non-drinkers, non-diabetics, those not taking antihypertensive drugs, those not taking hypoglycemic drugs, those not taking lipid-lowering drugs, and those with serum folate concentrations ≥ 6.18 ng/mL, but the interaction test for a trend was not significant (all p for interaction > 0.05).



In terms of CV death, among the existing subgroup variables, we did not find any potential effect modifier for the relationship between Hcy concentrations and CV mortality (all p for interaction > 0.05) (Table S1).





4. Discussion


In this large community-based longitudinal study with 5200 Chinese residents, we found that higher plasma Hcy concentrations but not the MTHFR C677T genotype were associated with an increased 10-year risk of all-cause and CV mortality. However, it is noteworthy that MTHFR C677T genetic polymorphism played a vital role in the relationship between Hcy and the 10-year risk of all-cause mortality.



After adjusting for multiple covariates, Hcy was positively associated with all-cause mortality. It was worth mentioning that we further adjusted for serum folate levels based on previous studies, which have highlighted the significant role of folate in the degradation of Hcy and have also demonstrated its correlation with all-cause and CV mortality [24,25]. Some previous studies showed consistent results that plasma Hcy was associated with all-cause mortality in Western populations or participants with a history of CVD, respectively [26,27]. Another prospective cohort study in China also revealed that elevated Hcy levels were associated with a higher risk of all-cause mortality during a median follow-up of 5.69 years [28]. Unlike our study, this study focused on retired workers (average age over 60 years), resulting in more adverse events that occurred during a relatively short follow-up period. Thus, our data further substantiate the correlation between Hcy and all-cause mortality in a broader population category.



The definition of HHcy has been a subject of debate. It is sometimes defined as plasma Hcy concentrations ≥ 15 μmol/L [22]; however, the American Heart Association and American Stroke Association utilized a lower cut-off (≥10 μmol/L) to classify HHcy [23]. Compared to essential hypertension alone, hypertension accompanied by plasma Hcy concentrations ≥ 10 μmol/L (defined as H-type hypertension) has the potential to exacerbate significantly the vascular damage induced by hypertension, consequently raising the risk of CVD complications and all-cause mortality [29]. In this study, we observed that compared to a reference value of Hcy concentrations < 10 μmol/L, whether considering separate clinical thresholds or pooled clinical thresholds, Hcy ≥ 10 μmol/L consistently exhibited a higher risk of all-cause mortality. Therefore, consistent with the previously established lower threshold, we believe that plasma Hcy concentrations ≥ 10 µmol/L should be taken seriously and that early intervention is necessary to reduce the subsequent risk of mortality.



Regarding cause-specific mortality, we found a positive and linear relationship between plasma Hcy and CV mortality. Although the critical risk factor of Hcy that predisposes patients to the process of CVD may be distinct from those that contribute to CV death, people who experience CV death are the most possible to have CVD listed as a potential cause of death. In brief, multiple molecular mechanisms underlying Hcy may contribute to the occurrence and development of CVD, including damaging vascular endothelial cells, promoting vascular smooth muscle cell proliferation and migration, and activating excessive oxidative stress reactions, lipid metabolism disorders, and coagulation dysfunction [29]. Numerous studies have demonstrated that increased plasma Hcy may bring about cardio- and cerebrovascular diseases, neurological disorders, and even target organ damage [30,31,32,33]. This association between elevated Hcy levels and higher CV mortality was similar in both Korean [24] and Japanese [34] general populations, which confirms that the association between them is robust and consistent in East Asian populations.



The MTHFR polymorphism involves the mutation of cytosine to thymine at position 677. This would increase Hcy accumulation, reduce methylation capacity, alternate inflammatory mediators, and damage vascular endothelium [35]. As a consequence, long-term harm may increase CV death synergistically along with multiple adverse mechanisms. However, our results did not support the association between MTHFR C677T genetic polymorphism and 10-year all-cause and CV mortality. In agreement with our results, the MTHFR 677TT genotype was not correlated with all-cause mortality either in four individual cohorts or in the pooled study population without mandatory folic acid fortification in Denmark [14]. One possible explanation is that the complex interactions of multiple genetic and environmental factors exert more significant influence on disease susceptibility and death than the purely unfavorable variant of C677T polymorphism.



Despite the MTHFR genotype alone not being correlated with the mortality mentioned above, insight into what degree of the MTHFR genotype could modify the Hcy–mortality relationship yields novelty. In this study, the positive association between plasma Hcy concentrations and all-cause mortality was observed only in the MTHFR 677CC genotype compared with the CT/TT genotype. The effect modification of the MTHFR C677T genotype for the relationship between Hcy concentrations and CV mortality showed a similar trend but no interaction, possibly due to fewer adverse events occurring. In another post hoc analysis of the China Stroke Primary Prevention Trial, the positive relationship between Hcy and all-cause mortality was significant in the CC/CT genotype but not in the TT genotype among Chinese hypertensive patients [36], which provides comparable clinical implications to researchers. In our participants with the CC genotype, the standardized mean differences (SMDs) between those with HHcy and those with normal Hcy concentrations were higher than that in the CT/TT genotype across multiple features (Table S2). This suggests that elevated Hcy concentrations in individuals with the CC genotype may indicate a poorer overall health status, potentially contributing to increased all-cause mortality. This finding provides a theoretical basis for the precise treatment and prevention of HHcy with different MTHFR C677T genotypes.



To our knowledge, this is the first large-scale cohort study to examine the MTHFR C677T genetic polymorphism–Hcy metabolism interaction in death endpoints through long-term follow-up among the general population, which may offer a vital clue of gene-environment relevance and guide future research. This present study has some limitations. First, as this study is a single-center study based on a northern Chinese population, our findings need to be validated by measuring plasma Hcy concentrations and the MTHFR C677T genotype in other independent populations. Second, plasma Hcy concentrations were assayed at the baseline timepoint and may not accurately reflect long-term changes in Hcy. Many studies faced a similar limitation, and the impact of changes in Hcy over time requires further investigation. Third, the COVID-19 pandemic overlapped with our research period from 2020 to 2021 and may have an effect on the all-cause mortality. However, its impact could be considered negligible, as China experienced extremely low life expectancy losses, COVID-19 mortality, and excess mortality [37,38]. Lastly, we focused on a limited range of mortality types. The individual effects of Hcy and the MTHFR C677T genetic polymorphism, as well as its modifying role, on non-CV mortality, such as cancer, remain poorly understood and require in-depth research in the future.




5. Conclusions


In conclusion, our study provided solid evidence to support the positive relationship of plasma Hcy concentrations with 10-year all-cause and CV mortality in a community-based Chinese population. We also found that elevated Hcy was associated with the increased all-cause mortality in people with the MTHFR 677CC genotype. In contrast, the relationship faded away in those with the CT/TT genotype. This study provides novel insights into Hcy–MTHFR interaction on mortality in the Chinese population. Revealing the underlying biological mechanisms and observing the impact of Hcy-lowering therapy on long-term mortality warrant further investigation.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/nu16121945/s1, Table S1: Stratified analysis of the association between plasma Hcy concentrations and CV mortality; Table S2: The baseline characteristics of the participants grouped by plasma Hcy concentrations and the MTHFR C677T genotype.





Author Contributions


Conceptualization, Y.Z.; Methodology, J.L., Y.H., F.F. and Y.Z.; Software, Z.L., F.F. and J.J.; Validation, J.L., Y.H. and Y.Z.; Formal Analysis, Z.L. and F.F.; Investigation, Z.L., K.L., H.C., J.J. and F.F.; Resources, J.L., Y.H. and Y.Z.; Data Curation, J.J., F.F. and Y.Z.; Writing—Original Draft Preparation, Z.L.; Writing—Review and Editing, F.F. and Y.Z.; Visualization, Z.L., F.F. and Y.Z.; Supervision, J.J., F.F. and Y.Z.; Project Administration, Y.H., F.F. and Y.Z.; Funding Acquisition, Y.Z. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the National Key Research and Development Program of China (2021YFC2500503), National High Level Hospital Clinical Research Funding (High Quality Clinical Research Project of Peking University First Hospital) (2022CR71), National Natural Science Foundation of China (82170452, 81703288), State Key Laboratory of Vascular Homeostasis and Remodeling, Peking University, and the NHC Key Laboratory of Cardiovascular Molecular Biology and Regulatory Peptides.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of Peking University (IRB0000105211086, 12 December 2011).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The datasets analyzed or generated during the study are available from the corresponding authors on reasonable request.




Acknowledgments


We thank all the members of the research team. We are also grateful to the staff of the Pingguoyuan and Gucheng communities’ health centers for their support of this study.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



González-Lamuño, D.; Arrieta-Blanco, F.J.; Fuentes, E.D.; Forga-Visa, M.T.; Morales-Conejo, M.; Peña-Quintana, L.; Vitoria-Miñana, I. Hyperhomocysteinemia in Adult Patients: A Treatable Metabolic Condition. Nutrients 2023, 16, 135. [Google Scholar] [CrossRef]

	



Hu, H.; Wang, C.; Jin, Y.; Meng, Q.; Liu, Q.; Liu, Z.; Liu, K.; Liu, X.; Sun, H. Catalpol Inhibits Homocysteine-induced Oxidation and Inflammation via Inhibiting Nox4/NF-kappaB and GRP78/PERK Pathways in Human Aorta Endothelial Cells. Inflammation 2019, 42, 64–80. [Google Scholar] [CrossRef]

	



Du, X.; Ma, X.; Tan, Y.; Shao, F.; Li, C.; Zhao, Y.; Miao, Y.; Han, L.; Dang, G.; Song, Y.; et al. B cell-derived anti-beta 2 glycoprotein I antibody mediates hyperhomocysteinemia-aggravated hypertensive glomerular lesions by triggering ferroptosis. Signal Transduct. Target. Ther. 2023, 8, 103. [Google Scholar] [CrossRef]

	



Han, L.; Miao, Y.; Zhao, Y.; Zhang, X.; Ma, X.; Du, X.; Kong, W.; Xu, Q.; Liu, J.; Dai, K.; et al. The binding of autotaxin to integrins mediates hyperhomocysteinemia-potentiated platelet activation and thrombosis in mice and humans. Blood Adv. 2022, 6, 46–61. [Google Scholar] [CrossRef]

	



Kleindorfer, D.O.; Towfighi, A.; Chaturvedi, S.; Cockroft, K.M.; Gutierrez, J.; Lombardi-Hill, D.; Kamel, H.; Kernan, W.N.; Kittner, S.J.; Leira, E.C.; et al. 2021 Guideline for the Prevention of Stroke in Patients with Stroke and Transient Ischemic Attack: A Guideline From the American Heart Association/American Stroke Association. Stroke 2021, 52, E364–E467. [Google Scholar] [CrossRef]

	



Peng, H.Y.; Man, C.F.; Xu, J.; Fan, Y. Elevated homocysteine levels and risk of cardiovascular and all-cause mortality: A meta-analysis of prospective studies. J. Zhejiang Univ. Sci. B 2015, 16, 78–86. [Google Scholar] [CrossRef]

	



Fan, R.; Zhang, A.; Zhong, F. Association between Homocysteine Levels and All-cause Mortality: A Dose-Response Meta-Analysis of Prospective Studies. Sci. Rep. 2017, 7, 4769. [Google Scholar] [CrossRef]

	



Jenkins DJ, A.; Spence, J.D.; Giovannucci, E.L.; Kim, Y.I.; Josse, R.; Vieth, R.; Blanco Mejia, S.; Viguiliouk, E.; Nishi, S.; Sahye-Pudaruth, S.; et al. Supplemental Vitamins and Minerals for CVD Prevention and Treatment. J. Am. Coll. Cardiol. 2018, 71, 2570–2584. [Google Scholar] [CrossRef]

	



Zhao, W.; Gao, F.; Lv, L.; Chen, X. The interaction of hypertension and homocysteine increases the risk of mortality among middle-aged and older population in the United States. J. Hypertens. 2022, 40, 254–263. [Google Scholar] [CrossRef]

	



Lu, J.; Chen, K.; Chen, W.; Liu, C.; Jiang, X.; Ma, Z.; Li, D.; Shen, Y.; Tian, H. Association of Serum Homocysteine with Cardiovascular and All-Cause Mortality in Adults with Diabetes: A Prospective Cohort Study. Oxid Med. Cell Longev. 2022, 2022, 2156483. [Google Scholar] [CrossRef]

	



Wang, X.; Peng, H.; Xia, C.; Zhou, Y.; Shen, L.; Cheng, X.; Yang, C.; Yang, Y.; Long, L. Association of B vitamin intake and total homocysteine levels with all-cause and cause-specific mortality in central obesity. Nutrition 2023, 116, 112189. [Google Scholar] [CrossRef]

	



Song, J.H.; Huh, H.; Bae, E.; Lee, J.; Lee, J.P.; Lee, J.S.; Kim, G.S.; Yoo, K.D. Association between homocysteinemia and mortality in CKD: A propensity-score matched analysis using NHANES-National Death Index. Medicine 2022, 101, e30334. [Google Scholar] [CrossRef]

	



Zarembska, E.; Slusarczyk, K.; Wrzosek, M. The Implication of a Polymorphism in the Methylenetetrahydrofolate Reductase Gene in Homocysteine Metabolism and Related Civilisation Diseases. Int. J. Mol. Sci. 2023, 25, 193. [Google Scholar] [CrossRef]

	



Husemoen, L.L.N.; Skaaby, T.; Jørgensen, T.; Thuesen, B.H.; Fenger, M.; Grarup, N.; Sandholt, C.H.; Hansen, T.; Pedersen, O.; Linneberg, A. MTHFR C677T genotype and cardiovascular risk in a general population without mandatory folic acid fortification. Eur. J. Nutr. 2014, 53, 1549–1559. [Google Scholar] [CrossRef]

	



Yang, Q.; Bailey, L.; Clarke, R.; Flanders, W.D.; Liu, T.; Yesupriya, A.; Khoury, M.J.; Friedman, J.M. Prospective study of methylenetetrahydrofolate reductase (MTHFR) variant C677T and risk of all-cause and cardiovascular disease mortality among 6000 US adults. Am. J. Clin. Nutr. 2012, 95, 1245–1253. [Google Scholar] [CrossRef]

	



Choi, C.K.; Kweon, S.S.; Lee, Y.H.; Nam, H.S.; Choi, S.W.; Kim, H.Y.; Shin, M.H. Association Between Plasma Homocysteine Level and Mortality: A Mendelian Randomization Study. Korean Circ. J. 2023, 53, 710–719. [Google Scholar] [CrossRef]

	



Fan, F.; Qi, L.; Jia, J.; Xu, X.; Liu, Y.; Yang, Y.; Qin, X.; Li, J.; Li, H.; Zhang, Y.; et al. Noninvasive Central Systolic Blood Pressure Is More Strongly Related to Kidney Function Decline Than Peripheral Systolic Blood Pressure in a Chinese Community-Based Population. Hypertension 2016, 67, 1166–1172. [Google Scholar] [CrossRef]

	



Levey, A.S.; Stevens, L.A.; Schmid, C.H.; Zhang, Y.L.; Castro, A.F.; Feldman, H.I.; Kusek, J.W.; Eggers, P.; Van Lente, F.; Greene, T.; et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 2009, 150, 604–612. [Google Scholar] [CrossRef]

	



Huo, Y.; Li, J.; Qin, X.; Huang, Y.; Wang, X.; Gottesman, R.F.; Tang, G.; Wang, B.; Chen, D.; He, M.; et al. Efficacy of folic acid therapy in primary prevention of stroke among adults with hypertension in China: The CSPPT randomized clinical trial. JAMA 2015, 313, 1325–1335. [Google Scholar] [CrossRef]

	



Liu, T.; Momin, M.; Zhou, H.; Zheng, Q.; Fan, F.; Jia, J.; Liu, M.; Bao, M.; Li, J.; Huo, Y.; et al. Exome-Wide Association Study Identifies East Asian-Specific Missense Variant MTHFR C136T Influencing Homocysteine Levels in Chinese Populations RH: ExWAS of tHCY in a Chinese Population. Front. Genet 2021, 12, 717621. [Google Scholar] [CrossRef]

	



Tang, C.S.; Zhang, H.; Cheung, C.Y.; Xu, M.; Ho, J.C.; Zhou, W.; Cherny, S.S.; Zhang, Y.; Holmen, O.; Au, K.W.; et al. Exome-wide association analysis reveals novel coding sequence variants associated with lipid traits in Chinese. Nat. Commun. 2015, 6, 10206. [Google Scholar] [CrossRef]

	



Paganelli, F.; Mottola, G.; Fromonot, J.; Marlinge, M.; Deharo, P.; Guieu, R.; Ruf, J. Hyperhomocysteinemia and Cardiovascular Disease: Is the Adenosinergic System the Missing Link? Int. J. Mol. Sci. 2021, 22, 1690. [Google Scholar] [CrossRef]

	



Sacco, R.L.; Adams, R.; Albers, G.; Alberts, M.J.; Benavente, O.; Furie, K.; Goldstein, L.B.; Gorelick, P.; Halperin, J.; Harbaugh, R.; et al. Guidelines for prevention of stroke in patients with ischemic stroke or transient ischemic attack: A statement for healthcare professionals from the American Heart Association/American Stroke Association Council on Stroke: Co-sponsored by the Council on Cardiovascular Radiology and Intervention: The American Academy of Neurology affirms the value of this guideline. Circulation 2006, 113, e409–e449. [Google Scholar]

	



Song, S.; Song, B.M.; Park, H.Y. Associations of Serum Folate and Homocysteine Concentrations with All-Cause, Cardiovascular Disease, and Cancer Mortality in Men and Women in Korea: The Cardiovascular Disease Association Study. J. Nutr. 2023, 153, 760–770. [Google Scholar] [CrossRef]

	



Xu, J.; Zhu, X.; Guan, G.; Zhang, Y.; Hui, R.; Xing, Y.; Wang, J.; Zhu, L. Non-linear associations of serum and red blood cell folate with risk of cardiovascular and all-cause mortality in hypertensive adults. Hypertens. Res. 2023, 46, 1504–1515. [Google Scholar] [CrossRef]

	



Mendonca, N.; Jagger, C.; Granic, A.; Martin-Ruiz, C.; Mathers, J.C.; Seal, C.J.; Hill, T.R. Elevated Total Homocysteine in All Participants and Plasma Vitamin B12 Concentrations in Women Are Associated with All-Cause and Cardiovascular Mortality in the Very Old: The Newcastle 85+ Study. J. Gerontol. A Biol. Sci. Med. Sci. 2018, 73, 1258–1264. [Google Scholar] [CrossRef]

	



Pusceddu, I.; Herrmann, W.; Kleber, M.E.; Scharnagl, H.; Hoffmann, M.M.; Winklhofer-Roob, B.M.; Marz, W.; Herrmann, M. Subclinical inflammation, telomere shortening, homocysteine, vitamin B6, and mortality: The Ludwigshafen Risk and Cardiovascular Health Study. Eur. J. Nutr. 2020, 59, 1399–1411. [Google Scholar] [CrossRef]

	



Mo, T.; Long, P.; Wang, Y.; Peng, R.; Niu, R.; Wang, Q.; Jiang, J.; Shi, L.; Yang, H.; Xu, C.; et al. Genetic susceptibility, homocysteine levels, and risk of all-cause and cause-specific mortality: A prospective cohort study. Clin. Chim. Acta 2023, 538, 1–8. [Google Scholar] [CrossRef]

	



Wu, D.F.; Yin, R.X.; Deng, J.L. Homocysteine, hyperhomocysteinemia and H-type hypertension. Eur. J. Prev. Cardiol. 2024, zwae022. [Google Scholar] [CrossRef]

	



Wald, D.S.; Law, M.; Morris, J.K. Homocysteine and cardiovascular disease: Evidence on causality from a meta-analysis. BMJ 2002, 325, 1202. [Google Scholar] [CrossRef]

	



Li, R.; Weng, H.; Pan, Y.; Meng, X.; Liao, X.; Wang, M.; Zhang, Y.; Sui, Y.; Zuo, L.; Wang, Y.; et al. Relationship between homocysteine levels and post-stroke cognitive impairment in female and male population: From a prospective multicenter study. J. Transl. Intern. Med. 2021, 9, 264–272. [Google Scholar] [CrossRef]

	



Mccaddon, A.; Miller, J.W. Homocysteine—A retrospective and prospective appraisal. Front. Nutr. 2023, 10, 1179807. [Google Scholar] [CrossRef]

	



Kozakova, M.; Morizzo, C.; Penno, G.; Shore, A.C.; Nilsson, J.; Palombo, C. Plasma Homocysteine and Cardiovascular Organ Damage in a Population with a High Prevalence of Risk Factors. J. Clin. Endocrinol. Metab. 2020, 105, E2815–E2824. [Google Scholar] [CrossRef]

	



Cui, R.; Moriyama, Y.; Koike, K.A.; Date, C.; Kikuchi, S.; Tamakoshi, A.; Iso, H.; Group, J.S. Serum total homocysteine concentrations and risk of mortality from stroke and coronary heart disease in Japanese: The JACC study. Atherosclerosis 2008, 198, 412–418. [Google Scholar] [CrossRef]

	



Raghubeer, S.; Matsha, T.E. Methylenetetrahydrofolate (MTHFR), the One-Carbon Cycle, and Cardiovascular Risks. Nutrients 2021, 13, 4562. [Google Scholar] [CrossRef]

	



Xu, B.; Kong, X.; Xu, R.; Song, Y.; Liu, L.; Zhou, Z.; Gu, R.; Shi, X.; Zhao, M.; Huang, X.; et al. Homocysteine and all-cause mortality in hypertensive adults without pre-existing cardiovascular conditions: Effect modification by MTHFR C677T polymorphism. Medicine 2017, 96, e5862. [Google Scholar] [CrossRef]

	



GBD 2021 Causes of Death Collaborators. Global burden of 288 causes of death and life expectancy decomposition in 204 countries and territories and 811 subnational locations, 1990–2021: A systematic analysis for the Global Burden of Disease Study 2021. Lancet 2024, 403, 2100–2132. [Google Scholar] [CrossRef]

	



Xu, X.; Shi, Z.; Zhou, L.; Lin, J.; Atlantis, E.; Chen, X.; Hussain, A.; Wang, Y.; Wang, Y. Impact of COVID-19 on risks and deaths of non-communicable diseases in the Western Pacific region. Lancet Reg. Health West. Pac. 2024, 43, 100795. [Google Scholar] [CrossRef]








[image: Nutrients 16 01945 g001] 





Figure 1. Kaplan–Meier survival curves for the cumulative hazards of mortality. (A): stratified by clinical thresholds of plasma Hcy concentrations in all-cause mortality; (B): stratified by clinical thresholds of plasma Hcy concentrations in CV mortality; (C): stratified by the MTHFR C677T genotype in all-cause mortality; (D): stratified by the MTHFR C677T genotype in CV mortality. CV: cardiovascular; Hcy: homocysteine; MTHFR: methylenetetrahydrofolate reductase. 
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Figure 2. The restricted cubic spline of the dose–response relationship between plasma Hcy concentrations and mortality. (A): plasma Hcy concentrations and all-cause mortality; (B): plasma Hcy concentrations and CV mortality. Restricted cubic spline was adjusted for baseline age, sex, BMI, eGFR, smoking, drinking, hypertension, diabetes, dyslipidemia, CVD, taking antihypertensive drugs, hypoglycemic drugs, lipid-lowering drugs, and serum folate levels. The blue area indicates the 95% CI for the restricted cubic spline. The X-axis is truncated at the 0.5th and 99.5th percentiles of plasma Hcy concentrations. BMI: body mass index; CI: confidence interval; CV: cardiovascular; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; Hcy: homocysteine; HR: hazard ratio. 
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Table 1. Characteristics of the participants at baseline.






Table 1. Characteristics of the participants at baseline.





	
Characteristics

	
Overall

	
Plasma Hcy Concentrations

	
p-Value




	
<10 μmol/L

	
≥10 to <15 μmol/L

	
≥15 μmol/L






	
N

	
5200

	
1297

	
2641

	
1262

	




	
Age (year), mean (SD)

	
57.14 (8.93)

	
53.79 (7.47)

	
57.81 (8.67)

	
59.18 (9.88)

	
<0.001




	
Sex, N (%)

	

	

	

	

	
<0.001




	
Male

	
1970 (37.9)

	
137 (10.6)

	
962 (36.4)

	
871 (69.0)

	




	
Female

	
3230 (62.1)

	
1160 (89.4)

	
1679 (63.6)

	
391 (31.0)

	




	
Plasma Hcy (μmol/L), median (IQR)

	
11.95

(10.00, 14.89)

	
8.82

(8.08, 9.49)

	
11.97

(11.02, 13.23)

	
18.63

(16.51, 25.19)

	
<0.001




	
Serum folate (ng/mL), median (IQR)

	
6.18 (4.98, 8.19)

	
7.70 (6.05, 10.23)

	
6.32 (5.20, 8.07)

	
4.88 (4.22, 5.89)

	
<0.001




	
MTHFR C677T, N (%)

	

	

	

	

	
<0.001




	
CC

	
963 (18.5)

	
322 (24.8)

	
503 (19.0)

	
138 (10.9)

	




	
CT

	
2427 (46.7)

	
686 (52.9)

	
1325 (50.2)

	
416 (33.0)

	




	
TT

	
1810 (34.8)

	
289 (22.3)

	
813 (30.8)

	
708 (56.1)

	




	
BMI (kg/m2), mean (SD)

	
26.09 (3.38)

	
25.95 (3.52)

	
26.08 (3.34)

	
26.28 (3.28)

	
0.046




	
eGFR (mL/min/1.73 m2), mean (SD)

	
94.28 (13.13)

	
101.18 (9.15)

	
94.03 (11.63)

	
87.73 (15.79)

	
<0.001




	
eGFR classification

(mL/min/1.73 m2), N (%)

	

	

	

	

	
<0.001




	
≥90

	
3606 (69.4)

	
1147 (88.6)

	
1816 (68.8)

	
643 (51.0)

	




	
<90

	
1590 (30.6)

	
148 (11.4)

	
824 (31.2)

	
618 (49.0)

	




	
Current smoking, N (%)

	
1025 (19.7)

	
82 (6.3)

	
470 (17.8)

	
473 (37.5)

	
<0.001




	
Current drinking, N (%)

	
1230 (23.7)

	
143 (11.0)

	
581 (22.0)

	
506 (40.1)

	
<0.001




	
Prevalence of disease, N (%)

	

	

	

	

	




	
Hypertension

	
2657 (51.1)

	
547 (42.2)

	
1362 (51.6)

	
748 (59.3)

	
<0.001




	
Diabetes

	
1289 (24.8)

	
304 (23.4)

	
687 (26.0)

	
298 (23.6)

	
0.115




	
Dyslipidemia

	
3733 (71.8)

	
930 (71.7)

	
1911 (72.4)

	
892 (70.7)

	
0.551




	
CVD

	
292 (5.6)

	
49 (3.8)

	
143 (5.4)

	
100 (7.9)

	
<0.001




	
Medication, N (%)

	

	

	

	

	




	
Antihypertensive drugs

	
1689 (32.7)

	
346 (26.8)

	
865 (33.0)

	
478 (38.1)

	
<0.001




	
Hypoglycemic drugs

	
572 (11.0)

	
141 (10.9)

	
321 (12.2)

	
110 (8.8)

	
0.006




	
Lipid-lowering drugs

	
555 (10.8)

	
141 (11.0)

	
288 (11.0)

	
126 (10.1)

	
0.643




	
Death endpoint, N (%)

	

	

	

	

	




	
All-cause mortality

	
320 (6.2)

	
24 (1.9)

	
172 (6.5)

	
124 (9.8)

	
<0.001




	
CV mortality

	
107 (2.1)

	
6 (0.5)

	
50 (1.9)

	
51 (4.0)

	
<0.001








BMI: body mass index; CV: cardiovascular; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; Hcy: homocysteine; IQR: interquartile range; MTHFR: methylenetetrahydrofolate reductase; SD: standard deviation.













 





Table 2. Associations of plasma Hcy concentrations and MTHFR C677T genotype with all-cause and CV mortality.
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Endpoints

	
N

	
No. of Deaths,

N (%)

	
Crude

	
Adjusted *




	
HR (95% CI)

	
p-Value

	
HR (95% CI)

	
p-Value






	
All-cause mortality

	

	

	

	

	

	




	
Linear trend

	

	

	

	

	

	




	
Hcy

	
5200

	
320 (6.2)

	
1.02 (1.01, 1.03)

	
<0.001

	
1.01 (0.99, 1.02)

	
0.363




	
Classified clinical threshold

	

	

	

	

	

	




	
<10 μmol/L

	
1297

	
24 (1.9)

	
ref

	

	
ref

	




	
≥10 to <15 μmol/L

	
2641

	
172 (6.5)

	
3.61 (2.35, 5.53)

	
<0.001

	
1.74 (1.12, 2.71)

	
0.014




	
≥15 μmol/L

	
1262

	
124 (9.8)

	
5.55 (3.58, 8.59)

	
<0.001

	
1.64 (1.01, 2.68)

	
0.047




	
Pooled clinical threshold

	

	

	

	

	

	




	
<10 μmol/L

	
1297

	
24 (1.9)

	
ref

	

	
ref

	




	
≥10 μmol/L

	
3903

	
296 (7.6)

	
4.23 (2.79, 6.41)

	
<0.001

	
1.72 (1.11, 2.68)

	
0.015




	
MTHFR C677T

	

	

	

	

	

	




	
CC

	
963

	
64 (6.6)

	
ref

	

	
ref

	




	
CT

	
2427

	
152 (6.3)

	
0.94 (0.71, 1.27)

	
0.702

	
1.05 (0.78, 1.42)

	
0.729




	
TT

	
1810

	
104 (5.7)

	
0.86 (0.63, 1.18)

	
0.350

	
1.03 (0.75, 1.42)

	
0.850




	
CV mortality

	

	

	

	

	

	




	
Linear trend

	

	

	

	

	

	




	
Hcy

	
5200

	
107 (2.1)

	
1.03 (1.01, 1.04)

	
<0.001

	
1.02 (1.00, 1.03)

	
0.036




	
Classified clinical threshold

	

	

	

	

	

	




	
<10 μmol/L

	
1297

	
6 (0.5)

	
ref

	

	
ref

	




	
≥10 to <15 μmol/L

	
2641

	
50 (1.9)

	
4.20 (1.80, 9.81)

	
<0.001

	
1.80 (0.76, 4.30)

	
0.183




	
≥15 μmol/L

	
1262

	
51 (4.0)

	
9.16 (3.93, 21.34)

	
<0.001

	
2.06 (0.81, 5.20)

	
0.128




	
Pooled clinical threshold

	

	

	

	

	

	




	
<10 μmol/L

	
1297

	
6 (0.5)

	
ref

	

	
ref

	




	
≥10 μmol/L

	
3903

	
101 (2.6)

	
5.78 (2.54, 13.18)

	
<0.001

	
1.85 (0.78, 4.39)

	
0.160




	
MTHFR C677T

	

	

	

	

	

	




	
CC

	
963

	
18 (1.9)

	
ref

	

	
ref

	




	
CT

	
2427

	
50 (2.1)

	
1.10 (0.64, 1.89)

	
0.717

	
1.34 (0.77, 2.31)

	
0.297




	
TT

	
1810

	
39 (2.2)

	
1.15 (0.66, 2.01)

	
0.626

	
1.47 (0.83, 2.61)

	
0.186








* Cox proportional hazard regression models were adjusted for baseline age, sex, BMI, eGFR, smoking, drinking, hypertension, diabetes, dyslipidemia, CVD, taking antihypertensive drugs, hypoglycemic drugs, lipid-lowering drugs, and serum folate levels. BMI: body mass index; CI: confidence interval; CV: cardiovascular; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; Hcy: homocysteine; HR: hazard ratio; MTHFR: methylenetetrahydrofolate reductase.













 





Table 3. The stratified analysis of the association between plasma Hcy concentrations and all-cause mortality.






Table 3. The stratified analysis of the association between plasma Hcy concentrations and all-cause mortality.





	
Subgroup

	
N

	
No. of Deaths, N (%)

	
HR (95% CI) *

	
p for Interaction




	
Hcy < 10 μmol/L

	
Hcy ≥ 10 μmol/L






	
Age (year)

	

	

	

	

	
0.530




	
<65

	
4158

	
12 (1.0)

	
103 (3.5)

	
1.93 (1.04, 3.56)

	




	
≥65

	
1042

	
12 (10.2)

	
193 (20.9)

	
1.47 (0.81, 2.69)

	




	
Sex

	

	

	

	

	
0.805




	
Male

	
1970

	
5 (3.6)

	
189 (10.3)

	
1.86 (0.76, 4.58)

	




	
Female

	
3230

	
19 (1.6)

	
107 (5.2)

	
1.64 (0.99, 2.71)

	




	
BMI (kg/m2)

	

	

	

	

	
0.496




	
<24

	
1402

	
6 (1.6)

	
100 (9.8)

	
2.48 (1.07, 5.73)

	




	
≥24 to <28

	
2407

	
12 (2.0)

	
133 (7.3)

	
1.39 (0.75, 2.57)

	




	
≥28

	
1391

	
6 (1.9)

	
63 (5.9)

	
1.48 (0.63, 3.46)

	




	
eGFR (mL/min/1.73 m2)

	

	

	

	

	
0.608




	
≥90

	
3606

	
15 (1.3)

	
102 (4.1)

	
1.83 (1.05, 3.20)

	




	
<90

	
1590

	
9 (6.1)

	
194 (13.5)

	
1.46 (0.73, 2.90)

	




	
Current smoking

	

	

	

	

	
0.262




	
No

	
4175

	
23 (1.9)

	
204 (6.9)

	
1.57 (1.00, 2.47)

	




	
Yes

	
1025

	
1 (1.2)

	
92 (9.8)

	
4.24 (0.59, 30.53)

	




	
Current drinking

	

	

	

	

	
0.768




	
No

	
3970

	
21 (1.8)

	
208 (7.4)

	
1.73 (1.08, 2.77)

	




	
Yes

	
1230

	
3 (2.1)

	
88 (8.1)

	
1.43 (0.45, 4.57)

	




	
Hypertension

	

	

	

	

	
0.772




	
No

	
2543

	
8 (1.1)

	
79 (4.4)

	
1.84 (0.88, 3.88)

	




	
Yes

	
2657

	
16 (2.9)

	
217 (10.3)

	
1.62 (0.95, 2.74)

	




	
Diabetes

	

	

	

	

	
0.496




	
No

	
3911

	
12 (1.2)

	
174 (6.0)

	
1.94 (1.06, 3.55)

	




	
Yes

	
1289

	
12 (3.9)

	
122 (12.4)

	
1.45 (0.78, 2.67)

	




	
Dyslipidemia

	

	

	

	

	
0.543




	
No

	
1467

	
5 (1.4)

	
88 (8.0)

	
2.14 (0.86, 5.35)

	




	
Yes

	
3733

	
19 (2.0)

	
208 (7.4)

	
1.57 (0.96, 2.57)

	




	
Antihypertensive drugs

	

	

	

	

	
0.370




	
No

	
3481

	
11 (1.2)

	
149 (5.9)

	
2.05 (1.09, 3.86)

	




	
Yes

	
1689

	
13 (3.8)

	
145 (10.8)

	
1.40 (0.78, 2.51)

	




	
Hypoglycemic drugs

	

	

	

	

	
0.753




	
No

	
4614

	
17 (1.5)

	
233 (6.7)

	
1.76 (1.05, 2.96)

	




	
Yes

	
572

	
7 (5.0)

	
63 (14.6)

	
1.52 (0.69, 3.36)

	




	
Lipid-lowering drugs

	

	

	

	

	
0.131




	
No

	
4597

	
18 (1.6)

	
259 (7.5)

	
1.96 (1.19, 3.24)

	




	
Yes

	
555

	
6 (4.3)

	
34 (8.2)

	
0.88 (0.36, 2.11)

	




	
MTHFR C677T

	

	

	

	

	
0.036




	
CC

	
963

	
2 (0.6)

	
62 (9.7)

	
5.24 (1.27, 21.63)

	




	
CT/TT

	
4237

	
22 (2.3)

	
234 (7.2)

	
1.38 (0.87, 2.19)

	




	
Serum folate (ng/mL)

	

	

	

	

	
0.104




	
<6.18

	
2599

	
10 (2.8)

	
174 (7.7)

	
1.08 (0.56, 2.08)

	




	
≥6.18

	
2601

	
14 (1.5)

	
122 (7.4)

	
2.22 (1.26, 3.91)

	








* Cox proportional hazard regression models were adjusted for baseline age, sex, BMI, eGFR, smoking, drinking, hypertension, diabetes, dyslipidemia, CVD, taking antihypertensive drugs, hypoglycemic drugs, lipid-lowering drugs, and serum folate levels. When a variable was assessed for its possible modification on the relationship of plasma Hcy concentrations and all-cause mortality, the stratified variable was not adjusted repeatedly. The stratified analysis for CVD is not feasible due to the limited number of death events in those with Hcy < 10 μmol/L. BMI: body mass index; CI: confidence interval; CVD: cardiovascular disease; eGFR: estimated glomerular filtration rate; Hcy: homocysteine; HR: hazard ratio; MTHFR: methylenetetrahydrofolate reductase.
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