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Background: The prospective association between plasma Se and stroke risk remains inconclusive. The relationship between Se and ischemic stroke among a low circulating Se status population deserves more attention, especially for Chinese people who were a high-risk group for Se deficiency.

Objective: The relationship between plasma Se concentration and ischemic stroke risk in a large-scale Chinese community-based population and any potential effect modifiers were investigated.

Methods: A nested, case-control study, using data from the “China H-type Hypertension Registry Study” were conducted. A total of 1,904 first ischemic stroke cases and 1,904 controls matched for age, sex, and village were included in this study. The association between plasma Se and first ischemic stroke was evaluated by conditional logistic regression analyses.

Results: The median value of plasma Se was 65.8 μg/L among total participants. Overall, a significant inverse relationship between plasma Se and first ischemic stroke risk was found (per SD increment; adjusted OR: 0.87; 95% CI: 0.80 and 0.95). Accordingly, a significantly lower risk of first ischemic stroke was found in participants in quartile 3 (65.8−<77.8 μg/L) (adjusted OR: 0.78; 95% CI: 0.63 and 0.96) and quartile 4 (≥77.8 μg/L) (adjusted OR: 0.76; 95% CI: 0.59 and 0.96), compared with those in quartile 1 (<56.0 μg/L). Furthermore, a significantly lower ischemic stroke risk was found in those with lower low-density lipoprotein cholesterol (LDL-C) levels (<3.4 vs. ≥3.4 mmol/L; P for interaction = 0.015) or those with lower homocysteine levels (<12.1 (median) vs. ≥12.1 μmol/L; P for interaction = 0.027) at baseline.

Conclusion: Plasma Se was significantly inversely associated with the risk of first ischemic stroke among a large-scale Chinese community-based population (most adults with hypertension and elevated total homocysteine), especially among those with lower LDL-C and lower homocysteine levels.
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Introduction

In 2019, there were nearly four million incident stroke cases in China, which is also a major cause of death and disability, leading substantially to the disease burden (1). In fact, ischemic stroke was the main type of stroke for Chinese with a proportion of more than 70% (2, 3). The adults with hypertension were considered to be at a high-risk group of stroke, and significantly higher risks of first stroke were found in those with elevated total homocysteine (4). More than 75% of adults with hypertension have been found with elevated total homocysteine in China (5). Thus, the identification and management of novel risk factors (6), are essential for stroke prevention among this high-risk group.

Selenium (Se) is a trace element that is a required cofactor for the synthesis of specific enzymes involved in anti-inflammatory processes, such as glutathione peroxidases (7). Relatively low circulating Se status in Chinese populations has been reported (8). Higher serum Se status had been found associated with a lower risk of ischemic heart disease in a Danish population, indicating Se may play a certain role in the prevention of CVD (9). However, in meta-analysis on coronary heart disease as well as some other CVDs, the association of Se and its beneficial effects against disease incidence presented as U-shaped (10). Overall, there were limited data regarding the prospective association between plasma Se status and stroke risk, and the current evidences is inconsistent (11). Serum Se concentration was not significantly associated with stroke in a 10-year follow-up study in Finland (12). Moreover, a cohort study in China indicated a significant reverse association in the relationship between Se and hemorrhagic stroke, but not for ischemic stroke (13). Recent results based on China Stroke Primary Prevention Trial (CSPPT) found between plasma Se was inversely associated with first stroke among Chinese adults with hypertension (14). Thus, the relationship between Se and ischemic stroke among a low circulating Se status population deserves more attention, especially for Chinese people who are a high-risk group in Se deficiency.

Therefore, the prospective association between plasma Se concentrations and first ischemic stroke and its potential modifiers were evaluated among a large-scale Chinese community-based population, through a nested, case-control study.



Materials and methods


Study design and population

Our present study is a subset of the China H-type Hypertension Registry Study (CHHRS; URL: Unique identifier: ChiCTR1800017274)1, which is an ongoing community-based, observational, multicenter, real-world registry study as previously reported (15). The H-type hypertension was defined as hypertension with elevated total homocysteine (tHcy ≥ 10 μmol/L) (16). Eligible participants were those aged over 18 years with essential hypertension, and hypertension was defined as baseline seated, systolic blood pressure (SBP) ≥140 mmHg and/or seated, diastolic blood pressure (DBP) ≥90 mmHg. The exclusion criteria included those who had psychological or nervous system impairment resulting in an inability to demonstrate informed consent or were unable to be followed-up according to the study protocol. The trial consisted of two stages: Screening and recruitment, and a long-term observation follow-up period. Physical examination and clinical outcomes were recorded during follow-ups every 3 months. We used a nested, case-control study design from the population of this community-based CHHRS study of Lianyungang.



Outcomes

The primary outcome of the current study included first ischemic stroke, first hemorrhagic stroke, and first uncertain type stroke. First stroke record information was obtained via the Centers for Disease Control and Prevention of Lianyungang and checked against the national health insurance system with electronic linkage to all hospitalizations or ascertained through active follow-up (15).



Statistical analysis

For continuous variables, data are presented as median (IQR) and differences in baseline characteristics between cases and controls were compared using rank sum tests. For categorical variables, data are presented as frequency (%) and differences in baseline characteristics were evaluated by chi-square tests. The association of plasma Se with ischemic stroke was evaluated as a continuous variable per SD increment and as a categorical variable using quartiles with quartile 1 (Q1) as the reference group. Conditional logistic regression analysis was performed to assess the odds ratios (OR) and 95% confidence intervals (CI) for the association between plasma Se and first ischemic stroke. Potential effect modifications of the association between plasma Se and ischemic stroke were also performed based on previous studies (17, 18). Heterogeneity among subgroups was examined by fitting unconditional logistic regressions and presented in forest plots. Likelihood ratio tests were performed to examine the interactions between subgroups and plasma Se in first ischemic stroke risk. The indirect effect of Se on first ischemic stroke mediated through other risk factors of stroke compared with the total effect of Se on first ischemic stroke was conducted by mediation analysis, using the product of coefficients method (19).

A 2-tailed P < 0.05 was statistically significant in all analyses. (R software version 3.6.1)2 and Empower version (R) (version 3.0; X&Y Solutions, Inc., Boston, MA, USA)3 were used for all statistical analyses.




Results


Study participants and characteristics

As shown in Figure 1, 1,904 ischemic stroke cases and 1,904 matched controls were included in the current study. Overall, the median of plasma Se was 65.8 μg/L among total participants. Baseline characteristics of the study participants by ischemic stroke cases and controls were presented in Table 1. Median values of plasma Se were lower in participants with stroke (65.3 μg/L) than in control participants (66.3 μg/L) and the difference was statistically significant (P = 0.041). Moreover, ischemic stroke cases had higher BMI, SBP, DBP, FBG, TG, LDL-C, homocysteine, and copper concentration at baseline, while HDL-C and eGFR were lower among ischemic stroke cases than that of controls. Additionally, a higher number of ischemic stroke cases had a history of hypertension, hyperlipidemia and diabetes, and use of glucose-lowering drugs and antihypertensive drugs than that of controls.
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FIGURE 1
Flowchart of the study participants: A nested case-control design based on the CHHRS in Lianyungang. CHHRS, China H-type Hypertension Registry Study.



TABLE 1    Baseline characteristics of the study participants by ischemic stroke status.
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In addition, baseline characteristics among participants, stratified by Se concentration, are illustrated in Supplementary Table 2. Participants with higher plasma Se concentrations tended to have higher BMI, SBP, DBP, FBG, TC, HDL-C, LDL-C, retinol, and copper, whereas they tended to have lower homocysteine. Participants with higher Se concentrations have a higher proportion of current smokers and alcohol drinkers and have a history of hypertension, diabetes, and hyperlipidemia and a higher proportion of antihypertensive drugs usage than those with lower Se concentrations. Besides, the baseline characteristics stratified by sex were illustrated in Supplementary Table 1.



Association between selenium and first ischemic stroke

The association between plasma Se and ischemic stroke risk was shown in Table 2. Overall, a significant inverse association between plasma Se and the risk of first ischemic stroke (per SD increment; adjusted OR: 0.87; 95% CI: 0.80 and 0.95) was found, after adjustment for important confounders (Figure 2). Consistently, a significant, lower ischemic stroke risk was found among participants in quartile 3 (65. 8−<77.8 μg/L) and quartile 4 (≥77.8 μg/L). Specifically, the adjusted ORs of quartile 3 and quartile 4 were 0.78 (95% CI: 0.63 and 0.96) and 0.76 (95% CI: 0.59 and 0.96), respectively, when compared with those in quartile 1 (<56.0 μg/L) (P-trend = 0.017).


TABLE 2    Association of plasma selenium with first ischemic stroke*.
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FIGURE 2
The association between baseline plasma selenium (Se) and risk of ischemic stroke. Adjusted for BMI, body mass index; smoking, drinking status, SBP, DBP, hypertension, self-reported diabetes, self-reported hyperlipidemia, fasting glucose, TC, total cholesterol; TG, triglycerides, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol, tHcy, total homocysteine, eGFR, plasma retinol, and plasma copper concentration.


However, as shown in Supplementary Table 3, further adjustment for history of cardiovascular diseases and the use of medications did not substantially change the significant inverse relationship between plasma Se and first ischemic stroke (per SD increment; adjusted OR: 0.86; 95% CI: 0.79 and 0.94). Moreover, only 3.94% (95% CI: 0.76 and 11.53; P = 0.022) and 4.52% (95% CI: 0.99 and 12.85; P = 0.012) of the observational relationship between Se and risk of first ischemic stroke was mediated through TC and DBP, respectively (Supplementary Table 4).



Subgroup analyses

The relationship of plasma Se concentration (per SD increment) with the risk of first ischemic stroke in various subgroups was examined to reveal possible modifiers (Figure 3 and Supplementary Figure 1).
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FIGURE 3
The association between baseline plasma selenium (Se) (per SD increment) concentration and risk of ischemic stroke among each subgroup. ORs of ischemic stroke in relation to plasma concentrations of selenium (Se) (per SD increment) were calculated using unconditional logistic regression models. P-value for interaction were calculated using log likelihood ratio tests. Each subgroup analysis adjusted, if not stratified for sex, age, BMI, body mass index; smoking, drinking status, SBP, DBP, hypertension, self-reported diabetes, self-reported hyperlipidemia, FBG, fasting glucose; TC, total cholesterol, TG, triglycerides, HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Thcy, total homocysteine, eGFR, plasma retinol, and plasma copper concentration.


A significantly lower risk of first ischemic stroke was found in those with LDL-C < 3.4 mmol/L (adjusted OR: 0.81; 95% CI: 0.74 and 0.89; vs. ≥3.4 mmol/L; adjusted OR: 0.99; 95% CI: 0.88 and 1.11; P for interaction = 0.015). Moreover, the inverse association between plasma Se and first ischemic stroke risk was also modified by homocysteine levels and a significantly lower ischemic stroke risk was found in participants with tHcy < 12.1 μmol/L (adjusted OR: 0.79; 95% CI: 0.71 and 0.88; vs. ≥12.1 μmol/L; adjusted OR: 0.96; 95% CI: 0.87 and 1.07; P for interaction = 0.027) (Figure 3).




Discussion

The current study shows that, based on the largest nested case-control study in a Chinese population with relatively low plasma Se levels so far, a higher baseline Se concentration is associated with a lower risk of first ischemic stroke. Moreover, the inverse association of plasma Se with first ischemic stroke was more pronounced in participants with HDL-C < 3.4 mmol/L and those with tHcy < 12.1 μmol/L.

Overall, relatively limited longitudinal studies reported the association of circulating Se status with stroke risk, and their findings were still inconsistent. Based on the Chinese Dongfeng–Tongji cohort, it was found that Se was significantly negatively correlated with hemorrhagic stroke, but not with ischemic stroke (per IQR increment, adjusted OR:0.92; 95% CI: 0.82–1.05) (14). Another study found that plasma Se was significantly non-linear associated with first stroke in males (20). However, no significant association was found between serum Se and stroke in the Finnish elderly (12). It is worth noting that most previous studies have failed to exclude the traditional risk factors of stroke and the influence of other antioxidants as possible, so it may not be sufficient to fully reveal the relationship between Se and stroke risk. Especially in the Chinese population with relatively low status of Se and high-risk of Se deficiency, the evidence concerning the association between Se and stroke and its possible potential effect modifiers is still insufficient.

This study can comprehensively evaluate the dose relationship of plasma Se concentration with first ischemic stroke risk, among a large-scale Chinese community-based population with relatively low circulating Se status. Our study provides two new perspectives. First of all, this study is the largest one conducted in a Chinese community-based population with low circulating Se status so far, to evaluate the relationship between plasma Se concentration and first ischemic stroke. Plasma Se concentration was found to be inversely associated with the risk of first ischemic stroke in this study. This finding is consistent with that of a nested case-control study among a Chinese hypertensive population, which indicated first stroke and ischemic stroke risk were decreased when increasing plasma Se concentration (14). This condition might be because Se and selenoproteins are required as modulators in brain metabolism (21, 22). Glutathione peroxidase (GPX) is one of the most studied Se-dependent proteins (selenoproteins), which reduces brain damage and edema as well as inflammatory infiltration in animal models with ischemic stroke (23). Moreover, Se was considered as an antioxidant for humans, and its potential in scavenging free radicals and modulating inflammation may play a key role in lowering ischemic stroke risk (24–26). However, more research is needed to verify our findings and further examine the potential biological mechanisms.

Second, our results indicated that the relation of plasma Se with first ischemic stroke was modified by LDL-C and total homocysteine concentrations. The risk of first ischemic stroke was significantly lower among those participants with lower LDL-C concentrations (<3.4 mmol/L) and those with lower total homocysteine concentrations (<12.1 μmol/L). In our study, an increase in blood pressure, FBG levels, TC levels, and LDL-C levels corresponded to the increase of plasma Se concentrations, in keeping with the results of several previous large cross-sectional studies (27–29). Hyperlipidemia is a widely accepted risk factor of stroke, thereby Se and blood lipids may compete and inhibit each other in stroke prevention (1). Based on our data, the beneficial effect on first ischemic stroke associated with high concentrations of plasma Se may be attenuated by the adverse effect of higher LDL-C concentrations. Previous studies found interactions of serum copper, Se, and low-density lipoprotein cholesterol in atherogenesis (30). And another study indicated that dietary Se increases cellular glutathione peroxidase activity and reduces the enhanced susceptibility to lipid peroxidation of plasma and low-density lipoprotein in kidney transplant recipients (31). We also found that the relationship between plasma Se and first ischemic stroke was partially mediated by TC (Supplementary Table 4), which indicated the benefit of Se on ischemic stroke may be partially through the potential effect of Se on lowering TC. Overall, the interaction between plasma Se and blood lipids may play a certain role in the primary prevention of first ischemic stroke, and it still needs to be further confirmed. Additionally, the inverse relationship of plasma Se with first ischemic stroke risk was more prominent in participants with tHcy < 12.1 μmol/L in our study. This finding is consistent with the results of CSPPT (14, 32) in it was which reported that significantly lower first stroke risk was found among those with higher baseline folate concentration. Se may mediate endothelial protective effects and thus reduce the high-risk of stroke due to hypertension and high homocysteine. A relevant study found that Se inhibits homocysteine-induced endothelial dysfunction and apoptosis via activation of AKT (33). Thus, proper increment of dietary Se intake or Se supplementation (34–36), along with homocysteine lowering therapy (HLT) in individuals with hypertension and hyperhomocysteinaemia (Hhcy), appears to be a more acceptable strategy for stroke primary prevention based on the present study. In general, this study demonstrated that maintaining appropriate plasma Se, LDL-C and Hcy levels may be of great significance for primary prevention of stroke.

There were several limitations of this work. Firstly, although a wide range of covariates are included in the regression model, residual confounding effects of unmeasured factors cannot be excluded, so these findings should be interpreted with caution. Secondly, we only assessed baseline plasma Se concentrations for the enrolled patients. The relationship between plasma Se concentration and first ischemic stroke risk might be better illustrated if plasma Se concentration were tested at different time points during follow-up. Thirdly, since this was an analysis based on a subset study of the CHHRS, dietary information related to Se supplementation was not collected at baseline. However, dietary Se supplementation would only have a minimal impact on our population, since we enrolled people from the same study site (Lianyungang, China) who shared similar regional soil, water supply, and dietary habits. In future research, we plan to collect more detailed information on dietary Se supplementation and expand the population base to include the whole country. Fourthly, the generalization of our findings to the general population should be cautious. However, there were no differences in the relation of Se with first ischemic stroke among the normal subjects or those with hypertension in the subgroup analysis when excluding many potential confounders. Overall, our results should be considered as hypothesis generation. More research is needed to verify our results and reveal the biological mechanisms involved.



Conclusion

We indicated that plasma Se concentrations were inversely associated with first incident ischemic stroke among an Eastern Chinese community-based population, especially in those with lower plasma LDL-C and tHcy levels. A Chinese population, especially those with hypertension and elevated total homocysteine, with well-controlled lipid and tHcy levels should be the target for future investigations on Se supplementation for the primary prevention of stroke.
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