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Background: Traditional epidemiological studies suggested that Neurodegenerative diseases (ND) might correlate with stroke. We intend to explore whether the two most common neurodegenerative diseases [Alzheimer’s disease (AD) and Parkinson’s disease (PD)] are causally associated with stroke and its subtypes.

Methods: Two-sample Mendelian Randomization (MR) method was used to explore the causal relationships. Candidate genetic instrumental variables (IVs) for AD and PD were collected from the genome-wide association studies (GWAS) in European populations. The inverse-variance weighted (IVW) method was the primary method of MR analysis, and the weighted median method was supplementary. In addition, the MR-Egger method and the MR-PRESSO test were used as well.

Results: We found no causal effects of AD on stroke, Ischemic stroke (IS), or Intracerebral hemorrhage (ICH). As for PD and stroke, our preliminary results showed PD could causally influence the risk of stroke [odds ratio (OR): 1.04; 95% confidence interval (CI): 1.02–1.07; P = 0.001 by the IVW method], although the alternative method did not support this result. We identified the positive causal relationship between PD and the risk of IS (OR = 1.04; 95% CI: 1.02–1.07; P = 0.001 by the IVW method), and the alternative MR methods produced similar results. The present study found there was no causal relationship between PD and ICH.

Conclusion: This study found a causal relationship between genetic susceptibility to PD and the incidence of stroke (especially IS) in the European population; however, there was no causal relation between AD and stroke risk.
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Introduction

As the population of the world ages, the incidence of age-related diseases is increasing (Shlisky et al., 2017; Katzir et al., 2021). Stroke is one of the leading causes of death and disability worldwide, and the global burden of stroke continues to increase dramatically (Chong et al., 2019). In 2019, the number of deaths caused by stroke was 6.55 million, and the total number of stroke-induced disability-adjusted life years reached 143 million (Roth et al., 2020). Stroke could be classified as ischemic and hemorrhagic stroke, and ischemic stroke (IS) is the predominant type, which accounts for approximately 80% of all stroke patients (Rosamond et al., 2008; Rousselet et al., 2018). Intracerebral hemorrhage (ICH) is the most common type of hemorrhagic stroke (Montaño et al., 2021). Stroke is a complicated multi-factorial disease. Both environmental factors and genetic factors could increase the risk of stroke. The established environmental factors included tobacco smoking, physical inactivity, unhealthy diet, etc (Guzik and Bushnell, 2017). In the past decades, increasing evidence shows that genetic factors might play essential roles in the occurrence and development of stroke (Fu et al., 2019).

Neurodegenerative diseases (ND), with a high incidence in the elderly population as well, have seriously affected the life quality of older persons and imposed a heavy burden on the world (Meng et al., 2021). Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the two most common age-related ND (Han et al., 2018). Previous studies have shown strong relationships between the above two age-related ND and stroke (Liu et al., 2020; Pinho et al., 2021). A meta-analysis in 2021 showed a significantly higher incidence of stroke in AD patients with an incidence rate ratio (IRR) of 1.31 (Pinho et al., 2021), indicating that AD might increase the risk of stroke. In 2020, a meta-analysis with 13 case-control studies identified a statistically significant association between PD and stroke (Liu et al., 2020). Besides, many scholars proposed that PD patients have an increased risk of stroke (Huang et al., 2019; Liu et al., 2020). Two nationwide population-based cohort studies demonstrated that PD was a vital independent risk factor for stroke (Huang et al., 2019). Nevertheless, these findings were merely produced by traditional epidemiological studies (including case-control studies and cohort studies) and might be influenced by the potential confounding factors or reverse causation bias.

An approach, mendelian randomization (MR), could overcome the above limitations of conventional epidemiologic studies (Georgakis et al., 2019). This approach uses genetic variants (single nucleotide polymorphisms, SNPs) to explore whether there is a causal effect of a suspicious influence factor on an outcome (Zuber et al., 2020). In the past few decades, MR has been widely used to assess causality (Zou et al., 2020). Some researchers even called MR the most valuable alternative to randomized controlled trials (RCTs) (Lawlor et al., 2008).

Thus, in this study, to systematically clarify the causal effects of the two age-related ND on stroke (including IS and ICH), we intended to use MR for further exploration, which might improve the prevention and treatment of stroke.



Materials and methods


Study design

In this study, our two-sample MR intended to test whether the genetically instrumental variables (IVs) for AD or PD (the exposure factors) were also associated with stroke or different types of stroke (the outcomes). The IVs were independent SNPs for the exposures from Genome-Wide Association Studies (GWAS). As required for data analysis in the two-sample MR study, exposure- and outcome-relevant data were from non-overlapping data sources (Pierce and Burgess, 2013), and the details of related data were provided in Supplementary Table 1. Both samples (one for each exposure and another for each outcome) were from European populations. Owing to the use of summary-level data from GWAS, our MR study could overcome the limitations of small study populations, publication bias, etc., which might reduce the risk of false findings (Zhao et al., 2021). The study design flow chart is shown in Figure 1.
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FIGURE 1
Design flow chart of the present study. IVW, inverse-variance-weighted; SNP, single-nucleotide polymorphism.


All data in this study were from public databases, and no additional ethical approval or consent to participate is needed.



Selection of the genetic instrumental variables (exposure variables)

Candidate IVs for AD were collected from four consortia involving 21,982 cases and 41,944 controls, which were available on the MR-Base platform.1 The four consortia included Alzheimer Disease Genetics Consortium, Cohorts for Heart and Aging Research in Genomic Epidemiology Consortium, The European Alzheimer’s Disease Initiative, and Genetic and Environmental Risk in AD/Defining Genetic, Polygenic and Environmental Risk for Alzheimer’s Disease Consortium. A total of 21 independent SNPs associated with AD were extracted according to the GWAS threshold (P < 5 × 10–8) and linkage disequilibrium (LD) threshold (r2 < 0.001) (Kunkle et al., 2019), and the relevant details were provided in Supplementary Table 2. The 21 SNPs were available for our further MR studies. For stroke and IS, 2 palindromic SNPs were removed from the relevant MR studies because they were palindromic with intermediate allele frequencies, leaving 19 SNPs. After data harmonization for AD and ICH, only 6 SNPs were selected as genetic instruments to examine the causal relation of AD to ICH.

PD genetic data were obtained from the International Parkinson’s Disease Genomics Consortium (37,688 cases, 18,618 UK Biobank proxy cases, and 1,417,791 controls). According to a study in 2019 (Nalls et al., 2019), 90 SNPs were independently associated with PD, all of which reached the genome-wide association threshold (P < 5 × 10–8), and the details are provided in Supplementary Table 3. After data harmonization for PD and stroke (including IS and ICH), 86 SNPs (4 SNPs of the 90 were deleted because of no proxies or palindromic structure) for stroke, 86 SNPs (4 SNPs of the 90 were eliminated because of no proxies or palindromic structure) for IS, and 59 SNPs (31 SNPs of the 90 were deleted because of no proxies or palindromic structure) for ICH were collected as genetic instruments.



Data sources for the study outcome

In the present study, stroke-related genetic data came from the MEGASTROKE consortium. The detailed information about the consortium has been described in several published studies (Malik et al., 2018), and the details of MEGASTROKE consortium members were provided in the Supplementary material. In brief, the summary statistics were derived from 40,585 stroke cases and 406,111 controls of European ancestry. Genetic association data of IS came from 34,217 cases and 406,111 controls, available on the MR-Base platform (see text footnote 1). ICH-related genetic association data was obtained from a GWAS meta-analysis (Woo et al., 2014), including 1,545 cases and 1,481 controls, which were available at https://hugeamp.org/downloads.html.



Statistical analysis

In our study, MR analysis was performed using four methods: inverse variance weighting (IVW), weighted median, MR-Egger, and Mendelian randomization pleiotropy residual sum and outlier (MR-PRESSO) method. The IVW was used as the primary method to estimate the causal effects of two age-related neurodegenerative diseases (AD and PD) on stroke and certain stroke subtypes (IS and ICH). The IVW method is to regress the instrument-outcome associations on the instrument-exposure associations, not considering the intercept term (Choi et al., 2020). And when the causal effect weight from the valid variants reached 50%, the weighted median method could provide consistent causal estimates (Bowden et al., 2016). MR-Egger method includes an intercept, which could explain the average pleiotropy effect of all genetic variations (Bowden et al., 2015). In addition, to further assess whether the presence of pleiotropic IVs influences on the causal estimation, we used the MR-PRESSO method to detect horizontal pleiotropy and correct it via outlier removal (Verbanck et al., 2018). Then, a sensitivity analysis was performed based on the PhenoScanner Platform.2 We removed the SNPs related to the secondary traits from the selected IVs, and performed the relevant MR analyses again.

All analyses were performed using R version 4.5.0.3 And the related R packages included MendelianRandomization (Hemani et al., 2018), MR-PRESSO (Verbanck et al., 2018), etc. Considering the issue of multiple testing in this study, after the Bonferroni corrections, the main results possessed statistical significance at P-values <0.017 (0.050/3). P-values from 0.017 to 0.050 could indicate that the causal relationships between exposures and outcomes are potential statistical significance (Xu et al., 2022).




Results


Instrumental variables in this study

To conduct MR analyses for AD and stroke (including IS and ICH), 19 SNPs for stroke, 19 SNPs for IS, and 6 SNPs for ICH were selected. As for PD and stroke (including IS and ICH), 86 SNPs for stroke, 86 SNPs for IS, and 59 SNPs for ICH were collected as genetic instruments for the MR analyses.



Mendelian randomization analysis results for Alzheimer’s disease and stroke (including ischemic stroke and intracerebral hemorrhage)


Alzheimer’s disease and stroke

As shown in Table 1 and Figure 2A, the IVW analysis results showed no causal relationship between genetically predicted AD and stroke risk (OR = 1.02; 95% CI: 0.99–1.05; P = 0.286). The weighted median method also yielded the similar result (OR = 1.05; 95% CI: 0.99–1.07; P = 0.140) in Table 1. According to the result of the MR-Egger analysis (Pfor intercept = 0.200, in Table 1), there were no signs of directional pleiotropy. In addition, the MR-PRESSO method did not find any outlier SNPs or the pleiotropic effects of AD on stroke risk (P = 0.195) (Table 1). After manually searching on the PhenoScanner website, among the 19 SNPs, we found 8 potential pleiotropic SNPs, which were associated with AD-related secondary traits (Supplementary Table 4). Based on the left 11 SNPs, the results of MR analyses were similar to the previously mentioned results, and the details are shown in Supplementary Table 6.


TABLE 1    Mendelian randomization analysis results for the causal associations of two common neurodegenerative diseases with stroke.
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FIGURE 2
Scatter plot of the causal effects of AD on the risk of stroke (A), IS (B), and ICH (C). IV, instrumental variable; IVW, inverse-variance-weighted; SNP, single-nucleotide polymorphism; OR, odds ratio; CI, confidence interval; AD, Alzheimer’s disease; IS, ischemic stroke; ICH, intracerebral hemorrhage.




Alzheimer’s disease and ischemic stroke

Results of the IVW analysis indicated no causal association between AD and IS (OR = 1.00; 95% CI: 0.97–1.04; P = 0.966) in Table 1 and Figure 2B. Similar results were obtained by the weighted median analysis (OR = 1.01; 95% CI: 0.97–1.06; P = 0.606) in Table 1. The MR-Egger analysis did not detect any evidence of pleiotropy (Pfor intercept = 0.175, in Table 1). As shown in Table 1, the MR-PRESSO method also did not find outlier SNPs (P = 0.207). After removing the 8 SNPs associated with AD-related secondary phenotypes (Supplementary Table 4), the MR analysis results based on the remained 11 SNPs were similar to the MR results mentioned above (Supplementary Table 6).



Alzheimer’s disease and intracerebral hemorrhage

In Table 1 and Figure 2C, the results of the IVW method proved that AD was not causally associated with ICH (OR = 0.91; 95% CI: 0.56–1.50; P = 0.722). The other three MR analysis methods provided similar findings in Table 1. Besides, the MR-Egger method showed no signs of directional pleiotropy. After removing the pleiotropic SNPs (Supplementary Table 4), the MR analysis results on the left 4 SNPs showed no causal relationship between AD and ICH (Supplementary Table 6).




Mendelian randomization analysis results for Parkinson’s disease and stroke (including ischemic stroke and intracerebral hemorrhage)


Parkinson’s disease and stroke

As the IVW analysis results showed in Table 1 and Figure 3A, a positive causal effect of PD on stroke was identified (OR = 1.04; 95% CI: 1.02–1.07; P = 0.001). The weighted median analysis suggested the above causal relationship reached the borderline statistical significance (OR = 1.04; 95% CI: 1.00–1.08; P = 0.051) in Table 1. The MR-Egger method detected no directional pleiotropy for instrumental variables (Pfor intercept = 0.144, in Table 1). No SNP outliers were identified by the MR-PRESSO method (P = 0.835, in Table 1). Manually searching on the PhenoScanner website helped us to identify 26 potential pleiotropic SNPs (Supplementary Table 5). After exclusion of these SNPs, based on the left 60 SNPs, the MR effect estimate of PD on stroke risk did not change significantly (Supplementary Table 5). However, the weighted median analysis could not prove the causal relationship between PD on stroke risk (Supplementary Table 6).
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FIGURE 3
Scatter plot of the causal effects of PD on the risk of stroke (A), IS (B), and ICH (C). IV, instrumental variable; IVW, inverse-variance-weighted; SNP, single-nucleotide polymorphism; OR, odds ratio; CI, confidence interval; PD, Parkinson’s disease; IS, ischemic stroke; ICH, intracerebral hemorrhage.




Parkinson’s disease and ischemic stroke

The IVW analysis results in Table 1 and Figure 3B indicated that PD was genetically associated with an increased IS risk (OR = 1.04; 95% CI: 1.02–1.07; P = 0.001). A similar significant association was also obtained using the weighted median model (OR = 1.05; 95% CI: 1.00–1.09; P = 0.040) in Table 1. No pleiotropy was discovered by the MR-Egger regression method (Pfor intercept = 0.158, in Table 1). The MR-PRESSO method did not detect outlier SNPs in our study (P = 0.655, in Table 1). After manually searching on the PhenoScanner website, 26 SNPs with pleiotropy were excluded (Supplementary Table 5). The remaining 60 SNPs were used for the secondary MR analyses. And the relevant results were consistent with our previous findings of the initial MR analyses (Supplementary Table 6).



Parkinson’s disease and intracerebral hemorrhage

In Table 1 and Figure 3C, the IVW analysis results showed no genetically causal relationship between PD and ICH risk (OR = 0.96; 95% CI: 0.80–1.16; P = 0.688). And the findings of other MR-analysis methods still showed no causal association between PD and ICH risk (Table 1). After deleting the potential pleiotropic SNPs (Supplementary Table 5), we conducted the MR analyses, and the results still showed no causal relationship between PD and ICH (Supplementary Table 6).





Discussion

The present study systematically explored the causal relationships of AD and PD with the risk of stroke (including stroke subtypes), which enriched and improved the existing relevant findings. The analysis results showed no causal effects of AD on stroke, IS, or ICH. As for PD and stroke, we identified the positive causal relationship between PD and the risk of stroke and IS; however, the present study did not find evidence of the causal relationship between PD and ICH.

AD and stroke are two prevalent neurological diseases among elderly populations (Vijayan et al., 2017; Wang L. et al., 2020; Wang T. et al., 2020). And several observational studies showed there might be potential causal relationships between AD and stroke (Pinho et al., 2021). In order to explore the causal relationships between stroke and AD, Wang et al. conducted a MR study. They pointed out that different types of stroke would not be causally associated with AD risk (Wang T. et al., 2020). They also mentioned the reverse MR with the results indicating AD was not causally linked to stroke. However, they did not provide the reverse MR results in detail and did not explore the causal effects of AD on stroke subtypes. Our present results further approved that AD had no causal relationship with the risk of stroke. And our findings indicated that AD could not be significantly correlated with the development of stroke subtypes (IS or ICH). As Wang T. et al. (2020) discussed, AD and stroke are two complex neurological diseases, and their development and progression would be caused by other factors, which might need more effort to explore in the future.

PD has been approved to be obviously associated with stroke (Alves et al., 2020; Liu et al., 2020). Huang et al. performed a follow-up study and proposed that there was a significantly increased risk of IS in PD patients (Huang et al., 2013). So far, two MR studies have suggested that PD is causally affected by the risk of IS in European populations (Fang et al., 2022; Wang et al., 2022). Similar to their findings, our present study also identified the causal effects of PD on the risk of IS. Moreover, our present study discovered the causal relationship between PD and stroke and explored the potential genetic effect of PD on the risk of ICH, which has not been reported before. Besides, by comparison with Mengmeng Wang’s article (Wang et al., 2022), we added another sensitivity analysis to this study. After removing the SNPs associated with PD-related secondary phenotypes based on the PhenoScanner website, the secondary MR-analysis’s results repeated our initial ones, making our findings more credible.

The explicit mechanisms underlying the causal relationship between PD and stroke (especially IS) are still unclear. Hyperhomocysteinemia (elevated homocysteine levels) might potentially affect the above causal relationships (Becker et al., 2010; Supplementary Figure 1). Several studies have reported that PD patients exhibited higher plasma homocysteine levels than normal individuals (Ientile et al., 2010). Some epidemiological studies have identified that homocysteine was an independent risk factor for stroke (Kelly and Furie, 2002; Moretti and Caruso, 2019). Therefore, it is possible that the high level of plasma homocysteine of PD patients could increase their risk of developing stroke. Another potential mechanism is about blood pressure dysregulation, such as orthostatic hypotension, which is a symptom of many PD patients (Pfeiffer, 2016; Supplementary Figure 1). Orthostatic hypotension has been shown to increase the risk of stroke (Eigenbrodt et al., 2000; Mehta et al., 2019). Wang et al. proposed that atrial fibrillation might be another potential mechanism of PD on the risk of stroke (Wang et al., 2022; Supplementary Figure 1). Although the above explanations are biologically plausible, more well-designed explorations are still needed to confirm the exact mechanisms of the causal effect of PD on stroke risk.

Our present two-sample MR study overcame the shortcomings of the traditional epidemiological studies, including overcoming the effects of confounding and reverse causation (Smith and Ebrahim, 2003). The second strength was using various MR analysis methods for more exact results. Last but not least, the instrumental variables were selected based on relevant GWAS studies with larger sample sizes, which could maximize the statistical power. However, this study still had some limitations. All MR analyses of this study were limited to the European population, and the findings might not be suitable for other populations. Because our two-sample MR study was based on different studies, inevitable heterogeneity among studies might exist. However, the sensitivity analyses did not identify substantial pleiotropy in our study.



Conclusion

Our study showed a causal effect of PD on the risk of stroke, especially IS; however, there was no causal relation between AD and stroke risk. Thus, we might need to pay more attention to PD patients to reduce their risk of developing stroke. In addition, more well-designed studies are required to explore the underline biological mechanisms.



Data availability statement

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



Author contributions

TT, YS, and WY designed the research. FL, YW, and XH had full access to all the data in the study and took responsibility for the integrity of the data and the accuracy of the data analysis, wrote the manuscript, and performed the data analysis. All authors contributed to the statistical analysis, critically reviewed the manuscript during the writing process, and approved the final version to be published.



Funding

This work was supported by the National Natural Science Foundation of China (81703297); Jiangsu Government Scholarship for Overseas Studies (JS-2019-256); Humanities and Social Science Research Projects from Ministry of Education, China (18YJC840001); Science and Technology Program of Nantong City (MS12017014-6); Research Project of Nantong Health Commission (MA2019013); and the Nantong University Students’ Platform for Innovation and Entrepreneurship Training Program (2021185).



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.



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/fnins.2022.995045/full#supplementary-material


Footnotes

1     https://gwas.mrcieu.ac.uk/

2     http://www.phenoscanner.medschl.cam.ac.uk/

3     http://www.r-project.org


References

Alves, M., Caldeira, D., Ferro, J. M., and Ferreira, J. J. (2020). Does Parkinson’s disease increase the risk of cardiovascular events? a systematic review and meta-analysis. Eur. J. Neurol. 27, 288–296. doi: 10.1111/ene.14076

Becker, C., Jick, S. S., and Meier, C. R. (2010). Risk of stroke in patients with idiopathic Parkinson disease. Park. Relat. Disord. 16, 31–35. doi: 10.1016/j.parkreldis.2009.06.005

Bowden, J., Davey Smith, G., and Burgess, S. (2015). Mendelian randomization with invalid instruments: Effect estimation and bias detection through Egger regression. Int. J. Epidemiol. 44, 512–525. doi: 10.1093/ije/dyv080

Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent Estimation in mendelian randomization with some invalid instruments using a weighted median estimator. Genet. Epidemiol. 40, 304–314. doi: 10.1002/gepi.21965

Choi, Y., Lee, S. J., Spiller, W., Jung, K. J., Lee, J. Y., Kimm, H., et al. (2020). Causal associations between serum bilirubin levels and decreased stroke risk: A two-sample mendelian randomization study. Arterioscler. Thromb. Vasc. Biol. 40, 437–445. doi: 10.1161/atvbaha.119.313055

Chong, M., Sjaarda, J., Pigeyre, M., Mohammadi-Shemirani, P., Lali, R., Shoamanesh, A., et al. (2019). Novel drug targets for ischemic stroke identified through mendelian randomization analysis of the blood proteome. Circulation 140, 819–830. doi: 10.1161/circulationaha.119.040180

Eigenbrodt, M. L., Rose, K. M., Couper, D. J., Arnett, D. K., Smith, R., and Jones, D. (2000). Orthostatic hypotension as a risk factor for stroke: The atherosclerosis risk in communities (ARIC) study, 1987-1996. Stroke 31, 2307–2313. doi: 10.1161/01.str.31.10.2307

Fang, S., Hu, X., Wang, T., Yang, Y., Xu, R., Zhang, X., et al. (2022). Parkinson’s disease and ischemic stroke: A bidirectional mendelian randomization study. Transl. Stroke Res. 13, 528–532. doi: 10.1007/s12975-021-00974-6

Fu, R., Shen, Y., and Zheng, J. (2019). Association between common genetic variants in ESR1 and stroke risk: A systematic review and meta-analysis. J. Stroke Cerebrovasc. Dis. 28:104355. doi: 10.1016/j.jstrokecerebrovasdis.2019.104355

Georgakis, M. K., Gill, D., Rannikmäe, K., Traylor, M., Anderson, C. D., Lee, J. M., et al. (2019). Genetically determined levels of circulating cytokines and risk of stroke. Circulation 139, 256–268. doi: 10.1161/circulationaha.118.035905

Guzik, A., and Bushnell, C. (2017). Stroke epidemiology and risk factor management. Continuum 23, 15–39. doi: 10.1212/con.0000000000000416

Han, Z., Tian, R., Ren, P., Zhou, W., Wang, P., Luo, M., et al. (2018). Parkinson’s disease and Alzheimer’s disease: A mendelian randomization study. BMC Med. Genet. 19:215. doi: 10.1186/s12881-018-0721-7

Hemani, G., Zheng, J., Elsworth, B., Wade, K. H., Haberland, V., Baird, D., et al. (2018). The MR-base platform supports systematic causal inference across the human phenome. eLife 7:e34408. doi: 10.7554/eLife.34408

Huang, Y. F., Yeh, C. C., Chou, Y. C., Hu, C. J., Cherng, Y. G., Shih, C. C., et al. (2019). Stroke in Parkinson’s disease. QJM 112, 269–274. doi: 10.1093/qjmed/hcz015

Huang, Y. P., Chen, L. S., Yen, M. F., Fann, C. Y., Chiu, Y. H., Chen, H. H., et al. (2013). Parkinson’s disease is related to an increased risk of ischemic stroke-a population-based propensity score-matched follow-up study. PLoS One 8:e68314. doi: 10.1371/journal.pone.0068314

Ientile, R., Curro, M., Ferlazzo, N., Condello, S., Caccamo, D., and Pisani, F. (2010). Homocysteine, vitamin determinants and neurological diseases. Front. Biosci. 2, 359–72. doi: 10.2741/s70

Katzir, I., Adler, M., Karin, O., Mendelsohn-Cohen, N., Mayo, A., and Alon, U. (2021). Senescent cells and the incidence of age-related diseases. Aging Cell 20:e13314. doi: 10.1111/acel.13314

Kelly, P. J., and Furie, K. L. (2002). Management and prevention of stroke associated with elevated homocysteine. Curr. Treat. Options Cardiovasc. Med. 4, 363–371. doi: 10.1007/s11936-002-0016-2

Kunkle, B. W., Grenier-Boley, B., Sims, R., Bis, J. C., Damotte, V., Naj, A. C., et al. (2019). Genetic meta-analysis of diagnosed Alzheimer’s disease identifies new risk loci and implicates Aβ, tau, immunity and lipid processing. Nat. Genet. 51, 414–430. doi: 10.1038/s41588-019-0358-2

Lawlor, D. A., Harbord, R. M., Sterne, J. A., Timpson, N., and Davey Smith, G. (2008). Mendelian randomization: Using genes as instruments for making causal inferences in epidemiology. Stat. Med. 27, 1133–1163. doi: 10.1002/sim.3034

Liu, Y., Xue, L., Zhang, Y., and Xie, A. (2020). Association between stroke and parkinson’s disease: A meta-analysis. J. Mol. Neurosci. 70, 1169–1176. doi: 10.1007/s12031-020-01524-9

Malik, R., Chauhan, G., Traylor, M., Sargurupremraj, M., Okada, Y., Mishra, A., et al. (2018). Multiancestry genome-wide association study of 520,000 subjects identifies 32 loci associated with stroke and stroke subtypes. Nat. Genet. 50, 524–537. doi: 10.1038/s41588-018-0058-3

Mehta, T., McClure, L. A., White, C. L., Taylor, A., Benavente, O. R., and Lakshminarayan, K. (2019). Effect of postural hypotension on recurrent stroke: Secondary prevention of small subcortical strokes (SPS3) study. J. Stroke Cerebrovasc. Dis. 28, 2124–2131. doi: 10.1016/j.jstrokecerebrovasdis.2019.04.009

Meng, Z., Chen, H., and Meng, S. (2021). The roles of tetramethylpyrazine during neurodegenerative disease. Neurotox. Res. 39, 1665–1677. doi: 10.1007/s12640-021-00398-y

Montaño, A., Hanley, D. F., and Hemphill, J. C. III (2021). Hemorrhagic stroke. Handb. Clin. Neurol. 176, 229–248. doi: 10.1016/b978-0-444-64034-5.00019-5

Moretti, R., and Caruso, P. (2019). The controversial role of homocysteine in neurology: From labs to clinical practice. Int. J. Mol. Sci. 20:231. doi: 10.3390/ijms20010231

Nalls, M. A., Blauwendraat, C., Vallerga, C. L., Heilbron, K., Bandres-Ciga, S., Chang, D., et al. (2019). Identification of novel risk loci, causal insights, and heritable risk for Parkinson’s disease: A meta-analysis of genome-wide association studies. Lancet Neurol. 18, 1091–1102. doi: 10.1016/s1474-4422(19)30320-5

Pfeiffer, R. F. (2016). Non-motor symptoms in Parkinson’s disease. Park. Relat. Disord. 22:S119–S122. doi: 10.1016/j.parkreldis.2015.09.004

Pierce, B. L., and Burgess, S. (2013). Efficient design for mendelian randomization studies: Subsample and 2-sample instrumental variable estimators. Am. J. Epidemiol. 178, 1177–84. doi: 10.1093/aje/kwt084

Pinho, J., Quintas-Neves, M., Dogan, I., Reetz, K., Reich, A., and Costa, A. S. (2021). Incident stroke in patients with Alzheimer’s disease: Systematic review and meta-analysis. Sci. Rep. 11:16385. doi: 10.1038/s41598-021-95821-x

Rosamond, W., Flegal, K., Furie, K., Go, A., Greenlund, K., Haase, N., et al. (2008). Heart disease and stroke statistics–2008 update: A report from the American heart association statistics committee and stroke statistics subcommittee. Circulation 117:e25–e146. doi: 10.1161/circulationaha.107.187998

Roth, G. A., Mensah, G. A., Johnson, C. O., Addolorato, G., Ammirati, E., Baddour, L. M., et al. (2020). Global burden of cardiovascular diseases and risk factors, 1990-2019: Update from the GBD 2019 study. J. Am. Coll. Cardiol. 76, 2982–3021. doi: 10.1016/j.jacc.2020.11.010

Rousselet, E., Létondor, A., Menn, B., Courbebaisse, Y., Quillé, M. L., and Timsit, S. (2018). Sustained (S)-roscovitine delivery promotes neuroprotection associated with functional recovery and decrease in brain edema in a randomized blind focal cerebral ischemia study. J. Cereb. Blood Flow Metab. 38, 1070–1084. doi: 10.1177/0271678x17712163

Shlisky, J., Bloom, D. E., Beaudreault, A. R., Tucker, K. L., Keller, H. H., Freund-Levi, Y., et al. (2017). Nutritional considerations for healthy aging and reduction in age-related chronic disease. Adv. Nutr. 8, 17–26. doi: 10.3945/an.116.013474

Smith, G. D., and Ebrahim, S. (2003). ‘Mendelian randomization’: Can genetic epidemiology contribute to understanding environmental determinants of disease? Int. J. Epidemiol. 32, 1–22. doi: 10.1093/ije/dyg070

Verbanck, M., Chen, C. Y., Neale, B., and Do, R. (2018). Detection of widespread horizontal pleiotropy in causal relationships inferred from mendelian randomization between complex traits and diseases. Nat. Genet. 50, 693–698. doi: 10.1038/s41588-018-0099-7

Vijayan, M., Kumar, S., Bhatti, J. S., and Reddy, P. H. (2017). Molecular links and biomarkers of stroke, vascular dementia, and Alzheimer’s disease. Prog. Mol. Biol. Transl. Sci. 146, 95–126. doi: 10.1016/bs.pmbts.2016.12.014

Wang, L., Qiao, Y., Zhang, H., Zhang, Y., Hua, J., Jin, S., et al. (2020). Circulating vitamin D levels and Alzheimer’s disease: A mendelian randomization study in the IGAP and UK biobank. J Alzheimers Dis. 73, 609–618. doi: 10.3233/jad-190713

Wang, T., Ni, Q. B., Wang, K., Han, Z., and Sun, B. L. (2020). Stroke and Alzheimer’s disease: A mendelian randomization study. Front. Genet. 11:581. doi: 10.3389/fgene.2020.00581

Wang, M., Zhang, Z., Liu, D., Ji, L., Huang, S., Cao, L., et al. (2022). Genetic predisposition to Parkinson’s disease and risk of cardio and cerebrovascular disease: A mendelian randomization study. Park. Relat. Disord. 94, 49–53. doi: 10.1016/j.parkreldis.2021.11.021

Woo, D., Falcone, G. J., Devan, W. J., Brown, W. M., Biffi, A., Howard, T. D., et al. (2014). Meta-analysis of genome-wide association studies identifies 1q22 as a susceptibility locus for intracerebral hemorrhage. Am. J. Hum. Genet. 94, 511–521. doi: 10.1016/j.ajhg.2014.02.012

Xu, H., Ling, Y., Jiang, H., Li, Y., and Jiang, M. (2022). Osteoarthritis, coronary artery disease, and myocardial infarction: A mendelian randomization study. Front. Cardiovasc. Med. 9:892742. doi: 10.3389/fcvm.2022.892742

Zhao, S. S., Qian, Y., Mackie, S. L., Wen, C., and Mao, Y. (2021). Genetically predicted serum urate levels have no causal role on depression or other psychiatric disorders. Clin. Rheumatol. 40, 3729–3733. doi: 10.1007/s10067-021-05718-3

Zou, L., Guo, H., and Berzuini, C. (2020). Overlapping-sample mendelian randomisation with multiple exposures: A Bayesian approach. BMC Med. Res. Methodol. 20:295. doi: 10.1186/s12874-020-01170-0

Zuber, V., Colijn, J. M., Klaver, C., and Burgess, S. (2020). Selecting likely causal risk factors from high-throughput experiments using multivariable mendelian randomization. Nat. Commun. 11:29. doi: 10.1038/s41467-019-13870-3


OPS/images/ain.jpg





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Genetic predisposition to neurodegenerative diseases and risk of stroke: A Mendelian randomization study



		Introduction



		Materials and methods



		Study design



		Selection of the genetic instrumental variables (exposure variables)



		Data sources for the study outcome



		Statistical analysis







		Results



		Instrumental variables in this study



		Mendelian randomization analysis results for Alzheimer’s disease and stroke (including ischemic stroke and intracerebral hemorrhage)



		Alzheimer’s disease and stroke



		Alzheimer’s disease and ischemic stroke



		Alzheimer’s disease and intracerebral hemorrhage







		Mendelian randomization analysis results for Parkinson’s disease and stroke (including ischemic stroke and intracerebral hemorrhage)



		Parkinson’s disease and stroke



		Parkinson’s disease and ischemic stroke



		Parkinson’s disease and intracerebral hemorrhage











		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/fnins-16-995045-g003.jpg
SNP effect Stroke

0.1 1

VW VW
OR:1.04, 95%CI:1.02-1.07, P=0.001 OR:1.04, 95%CI:1.02-1.07, P=0.001

L]
”0
L 2 . n
”
(& ]
()]
-
[ )
% -0.1
-0.1 T (7)) ———e
-0.2
0.2 0.4 0.6 0.2 0.4 0.6
Genetic association with PD Genetic association with PD
0.2 1 IVW
OR:0.96, 95%CI:0.80-1.16, P=0.688
. * *
* o
. o L 2
L L 7S ...
0.0 st £1HES RS ams e
I ° H s i
(&] & “ o?
o ) L *
3 [H=TTT] :
Py .
=
P *
[
— 0.2
7)
-0.4
0.1 0.2 0.3

Genetic association with PD





OPS/images/fnins-16-995045-g002.jpg
SNP effect Stroke

-0.051

-0.101

/ IVW
OR:1.02, 95%C1:0.99-1.05, P=0.286

.

0.6

Genetic association with AD

C

SNP effect ICH

0.0

IVW
OR:1.00, 95%Cl:0.97-1.04, P=0.966

0.05
L 2
L 2
S g o
L ]

0.00 T Ji
9 : . °
°
2  S—
o
® .0.05]
o
2
7

L ]
-0.10]
0.9 1.2 0.3 0.6 0.9 1.2
Genetic association with AD
/ IVW
OR:0.91, 95%CI:0.56-1.50, P=0.722
L ]
L ]
L ]
*
L]
L ]
0.075 0.100 0.125 0.150

Genetic association with AD





OPS/images/fnins-16-995045-g001.jpg
SNP1
SNP2
SNP3

SNPn

£ = )
Ins trumental Variables

|

\ 4

N\

Exposures
Alzheimer's disease (AD)

Primary analysis
(IVW)

'

Parkmnson's disease (PD) J

Outcomes R
Stroke
Ischemic stroke (IS)
= Instracerebral hemorrhage (ICH) 2
/'y





OPS/images/cover.jpg
, frontiers ‘ Frontiers in Neuroscience

Genetic predisposition
to neurodegenerative diseases
and risk of stroke: A Mendelian
randomization study









OPS/images/fnins-16-995045-t001.jpg
Method Alzheimer’s disease Parkinson’s disease

SNPs (N) OR 95% CI P-value SNPs (N) OR 95% CI P-value
Stroke
IVW 19 1.02 0.99~1.05 0.286 86 1.04 1.02~1.07 0.001
Weighted median 19 1.05 0.99~1.07 0.140 86 1.04 1.00~1.08 0.051
MR Egger 19 = = 0.200 86 = = 0.144°
MR-PRESSO 19 - - 0.195" 86 - - 0.835"
Ischemic stroke
IVW 19 1.00 0.97~1.04 0.966 86 1.04 1.02~1.07 0.001
Weighted median 19 1.01 0.97~1.06 0.606 86 1.05 1.00~1.09 0.040
MR Egger 19 - - 0.175% 86 - - 0.158*
MR-PRESSO 19 = = 0.207° 86 = z 0.655"
Intracerebral hemorrhage
IVW 6 0.91 0.56~1.50 0.722 59 0.96 0.80~1.16 0.688
Weighted median 6 0.80 0.47~1.36 0.409 59 0.97 0.74~1.27 0.811
MR Egger 6 = = 0.966* 59 = z 0.578°
MR-PRESSO 6 . - 0.192° 59 - - 0.666"

SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; IVW, inverse-variance-weighted; MR, Mendelian randomization; MR-PRESSO, MR pleiotropy residual
sum and outlier.

2P-value of the intercept from MR Egger regression analysis.

® p_value of MR-PRESSO global test.

Bold values represent the relevant results that were statistically significant or marginally statistically significant.








OPS/images/logo.jpg
'frontiers ‘ Frontiers in Neuroscience







