

[image: image1]
Association of Autism Spectrum Disorder, Neuroticism, and Subjective Well-Being With Cardiovascular Diseases: A Two-Sample Mendelian Randomization Study












	
	ORIGINAL RESEARCH
published: 11 June 2021
doi: 10.3389/fcvm.2021.676030






[image: image2]

Association of Autism Spectrum Disorder, Neuroticism, and Subjective Well-Being With Cardiovascular Diseases: A Two-Sample Mendelian Randomization Study

Xingang Sun1†, Lu Chen1†, Zhen Wang1, Yunlong Lu1, Miao Chen1, Yuxian He1, Hongfei Xu2* and Liangrong Zheng1*


1Department of Cardiology, The First Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou, China

2Department of Cardiothoracic Surgery, The First Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou, China

Edited by:
Daniel Chasman, Brigham and Women's Hospital and Harvard Medical School, United States

Reviewed by:
Niek Verweij, University Medical Center Groningen, Netherlands
 Giovanni Fiorito, University of Sassari, Italy

*Correspondence: Liangrong Zheng, 1191066@zju.edu.cn
Hongfei Xu, xuhongfei@zju.edu.cn

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Cardiovascular Epidemiology and Prevention, a section of the journal Frontiers in Cardiovascular Medicine

Received: 04 March 2021
 Accepted: 17 May 2021
 Published: 11 June 2021

Citation: Sun X, Chen L, Wang Z, Lu Y, Chen M, He Y, Xu H and Zheng L (2021) Association of Autism Spectrum Disorder, Neuroticism, and Subjective Well-Being With Cardiovascular Diseases: A Two-Sample Mendelian Randomization Study. Front. Cardiovasc. Med. 8:676030. doi: 10.3389/fcvm.2021.676030



Background: Previous observational studies have reported an association between psychiatric traits and cardiovascular diseases (CVDs). In this two-sample Mendelian randomization (MR) study, we aimed to investigate the causality between psychiatric traits and CVDs.

Methods: Single-nucleotide polymorphisms (SNPs) associated with autism spectrum disorder (ASD), neuroticism, and subjective well-being at genome-wide significance (P < 1 × 10−8) were identified from genome-wide association studies. Summary-level data of the outcomes, including coronary artery disease (CAD), myocardial infarction (MI), atrial fibrillation (AF), and heart failure (HF), were obtained from several largest datasets. The inverse-variance weighted (IVW) method was used as our main analyses to conduct this MR study. Sensitivity analyses included the weighted median, the MR-robust adjusted profile score (MR-RAPS), and the MR pleiotropy residual sum and outlier (MR-PRESSO) method. Repeated MR analyses using a more relaxed threshold (P < 1 × 10−6) for instruments selection and multivariable MR analyses were also applied to evaluate the robustness of results.

Results: The MR analyses showed that genetic predisposition to ASD was associated with a higher risk of AF [odds ratio (OR), 1.109; 95% confidence interval (CI), 1.023–1.201; P = 0.011] and HF (OR, 1.138; 95% CI, 1.036–1.251; P = 0.007). Neuroticism was casually associated with an increased risk of AF (OR, 1.201; 95% CI, 1.037–1.392; P = 0.015), whereas subjective well-being had a protective effect on HF (OR, 0.732; 95% CI, 0.574–0.933; P = 0.012). No other causal association between psychiatric traits and CVDs was observed. Consistent results were obtained in sensitivity analyses.

Conclusion: This study provided evidence of causal associations of ASD with a higher risk of AF and HF. Besides, neuroticism was casually associated with an increased risk of AF, and subjective well-being was associated with a decreased risk of HF.
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INTRODUCTION

Common types of cardiovascular diseases (CVDs) include coronary artery disease (CAD), myocardial infarction (MI), atrial fibrillation (AF), and heart failure (HF). In America, ~840,000 people died due to CVDs in 2016 alone, and 120 million people suffer from more than one kind of CVDs currently (1, 2). More than that, CVDs remain the leading cause of morbidity and mortality and produce growing health and economic burdens worldwide for the aging of the population (3). Apart from traditionally recognized risk factors, such as smoking, obesity, lack of physical activity, hypertension, hyperlipidemia, hyperglycemia, etc. (4), observational studies suggested that several psychiatric traits are potential risk factors for CVDs.

A meta-analysis of 30 prospective studies suggested that depression was an independent risk factor for coronary heart disease (CHD) [relative risks (RR), 1.30; 95% confidence interval (CI), 1.22–1.40] and MI (RR, 1.30; 95% CI, 1.18–1.44) (5). The Guilford–Zimmerman Temperament Survey assessing the association between personality traits and longevity showed that emotional stability was significantly associated with the risk of death due to CVDs [hazard ratio (HR), 0.979; 95% CI, 0.960–0.999] (6). A case–control study also revealed that CVDs were more prevalent in adults with autism spectrum disorder (ASD) (7). Besides, neuroticism was indicated to be related to an increased risk of CVDs mortality (8). Taken together, these observations lead to a conclusion that psychiatric traits are closely related to CVDs; however, the causality remains unknown.

Mendelian randomization (MR) is an approach using genetic variants as instrumental variables (IVs) to explore the causal relationship between risk factors (exposures) and outcomes (9). Given the genetic variants randomly distributed at conception, MR studies are less susceptible to the confounding and reverse causation of conventional observational studies (10). Recently, this method has been used to estimate the causal relationship between depression and the risk of CVDs. Li et al. demonstrated that depression was causally associated with a higher risk of CAD [odds ratio (OR), 1.099; 95% CI, 1.031–1.170; P = 0.004] and MI (OR, 1.146; 95% CI, 1.070–1.228; P = 1.05 × 10−4) (11), which was consistent with other two MR studies (12, 13). However, there is limited or no MR study when it comes to other psychiatric traits. Only one MR study evaluating the causal relationship between subjective well-being and cardiometabolic health showed that a higher body mass index was associated with lower subjective well-being (14), without causal effect observed between subjective well-being and other cardiometabolic health measures (including CAD and MI).

In this study, we applied a two-sample MR approach to detect the causality of genetically determined psychiatric traits on several types of CVDs (CAD, MI, AF, and HF). As the causal association between depression and CVDs has been fully investigated, psychiatric traits including ASD, neuroticism, and subjective well-being were chosen as exposures in our study.



MATERIALS AND METHODS


Data Sources and SNP Selection

We selected three psychiatric traits that have been shown to correlate with CVDs in observational studies, including ASD, neuroticism, and subjective well-being as exposures. Single-nucleotide polymorphisms (SNPs) for psychiatric traits were restricted at the level of genome-wide significance (P < 5 × 10−8) (15, 16). To choose valid instrumental SNPs, several steps were taken. First, we pruned these SNPs not to be in linkage disequilibrium (LD) (r2 < 0.001, window size = 10,000 kb) or absent from LD reference panel (EUR population) by the clump function in package TwosampleMR (17), with two SNPs (rs201910565, rs71190156) for ASD, six SNPs (rs34761973, rs4257287, rs148466862, rs6929812, rs72696282, rs28732100) for neuroticism, and nine SNPs (rs7218235, rs149866169, rs114658852, rs11665070, rs815753, rs4442212, rs677325, rs28732100, rs28687557) for subjective well-being removed from the study. Second, we excluded pleiotropic SNPs associated with potential confounders (P < 5 × 10−8) by searching the PhenoScanner database (Supplementary Table 1) (18). Finally, 7 SNPs for ASD, 27 SNPs for neuroticism, and 35 SNPs for subjective well-being remained as IVs for exposures. Information on these SNPs is detailed in Supplementary Table 2. We also calculated the F statistic to assess the strength of each SNP. An F statistic > 10 indicated that it was strong enough to avoid weak instrument bias according to the formula of [image: image], where R2 refers to the proportion of variance explained by IVs and n stands for the sample size (19).

For disease outcomes, the summary statistics were derived from the Coronary Artery Disease Genome-Wide Replication and Meta-analysis plus the Coronary Artery Disease Genetics (CardiogramplusC4D) consortium for CAD and MI (20). As for AF, we obtained the summary statistics data from the genome-wide association studies (GWAS) performed by Nielsen et al. which involved 60,620 atrial fibrillation cases and 970,216 controls (21). For HF, the summary-level data were extracted from the largest GWAS meta-analysis among European individuals performed by the Heart Failure Molecular Epidemiology for Therapeutic Targets (HERMES) Consortium (22). If SNPs were not available in the outcome datasets, proxy SNPs (r2 > 0.8) were found to replace them by searching an online website (http://snipa.helmholtz-muenchen.de/snipa3/) based on the European population reference data from the 1,000 Genomes Project (23). Detailed information about data sources of psychiatric traits and CVDs are presented in Table 1. All data included in our study were available in public GWAS datasets; as a result, no specific ethical review approval or informed consent was required.


Table 1. Description of data sources included in the MR analyses.
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Statistical Analysis

A two-sample MR approach was used in the present study. After harmonizing the data to ensure the effect of IVs on the exposures and the outcomes corresponding to the same allele, we obtained effect estimates of genetically predicted exposures on outcomes using the fixed-effects inverse-variance weighted (IVW) method as our main analyses. Several sensitivity analyses, including the weighted median method (24), the MR-robust adjusted profile score (MR-RAPS) (25), and the MR pleiotropy residual sum and outlier (MR-PRESSO) (26) method were carried out. The weighted median method assumed that at least half of the weight were from valid variants, providing consistent estimates on causal effects (24). The MR-RAPS corrected for horizontal pleiotropy in the IVW analyses by using robust adjusted profile scores (25). The MR-PRESSO method was used to conduct a global test of heterogeneity to detect and correct for horizontal pleiotropic outliers in the IVW method (26). Apart from the above, several pleiotropy assessments were undertaken to evaluate the robustness of the results. First, heterogeneity statistics were calculated by Cochran's Q statistic. A Cochran's Q-derived P < 0.05 was considered as heterogeneity. If there was significant heterogeneity, a random-effects IVW model would be implemented, which was less prone to the bias of weaker SNP-exposure associations (27). Second, the intercept test from MR-Egger was also applied, and a zero intercept from MR-Egger indicated an absence of direct effects of SNPs on the outcome not via the exposure (horizontal pleiotropy) (28). Third, scatter plots depicting the relationship of the SNP effects on the exposure against the outcome were also provided. Lastly, leave-one-out analyses were applied to evaluate the stability of effect sizes and to identify whether the casual results were driven by any individual SNP.

Considering the low number of variants used in our MR study especially for ASD, genetic variants with higher P values for exposures (P < 1 × 10−6) were selected by the same steps stated above and then repeated the MR analyses to evaluate whether the significant results were robust. Details on the valid IVs (P < 1 × 10−6) can be found in Supplementary Table 3. In addition, noticing that the pleiotropic SNPs identified by searching the PhenoScanner database were mainly associated with body mass index (BMI) and blood pressure, we therefore performed regression-based multivariable MR to obtain estimates that were independent of effects of BMI and blood pressure (29). Summary-level data for genetic association of IVs with BMI were available from a large meta-analysis of GWAS conducted by Hoffmann et al. (30), and blood pressure measurements (hypertension, systolic, and diastolic blood pressure) were obtained from UK Biobank, which was published by Neale laboratory (http://www.nealelab.is/uk-biobank/). Detailed characteristics about these sources can be found in Table 1.

Power calculations were performed to evaluate the required effect of exposure on the outcome at 80% power according to the sample size of each outcome and variance of exposures explained by the genetic variants on a web-based application (http://cnsgenomics.com/shiny/mRnd/), and results are displayed in Supplementary Table 4. Odds ratios (ORs) were scaled per standard deviation increment in exposures. All statistical analyses were two-sided and considered statistically significant at P < 0.05. The package TwosampleMR (17), MendelianRandomization (31), and MR-PRESSO (26) in R (Version 4.0.2) were used to conduct the MR analyses.




RESULTS


Autism Spectrum Disorder

In the standard IVW analyses, genetic predisposition to ASD was associated with a higher risk of AF (OR, 1.109; 95% CI, 1.023–1.201; P = 0.011; Figure 1) and HF (OR, 1.138; 95% CI, 1.036–1.251; P = 0.007; Figure 1). However, ASD was not casually associated with CAD (OR, 0.997; 95% CI, 0.897–1.108; P = 0.951; Figure 1) or MI (OR, 0.993; 95% CI, 0.883–1.117; P = 0.904; Figure 1). Similar findings were observed across sensitivity analyses (Figure 1). The Cochran's Q statistics showed no evidence of heterogeneity in the IVW analyses (P = 0.266 for CAD, P = 0.408 for MI, P = 0.059 for AF, P = 0.564 for HF, respectively; Table 2). Whereas, there was evidence of directional pleiotropy for CAD (P for intercept = 0.049; P for global test = 0.224; Table 2) but not for MI, AF, or HF (P for intercept >0.170; P for global test >0.06; Table 2). Deletion of IV rs910805 and rs10099100 had modest influences on the causal relationship between ASD and AF (Supplementary Figure 1). Furthermore, rs910805 slightly influenced the causal inference results of ASD and HF (Supplementary Figure 2). After repeating the MR analyses by adopting a more relaxed P-value threshold, ASD remained significantly associated with HF in the fixed-effects IVW method and sensitivity analyses without any evidence of pleiotropy (Supplementary Tables 5, 6). Although the relationship between ASD and AF was significant in the fixed-effects IVW method, it was not consistent across sensitivity analyses (Supplementary Tables 5, 6).


[image: Figure 1]
FIGURE 1. Mendelian randomization estimates of genetically predicted autism spectrum disorder on four cardiovascular diseases. SNPs, single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; ASD, autism spectrum disorder; IVW (fe), fixed-effects inverse-variance weighted; MR-RAPS, Mendelian randomization-robust adjusted profile score; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlier.



Table 2. Potential pleiotropy evaluation using different methods.
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Neuroticism

Genetically predicted neuroticism was casually associated with an increased risk of AF (OR, 1.201; 95% CI, 1.037–1.392; P = 0.015; Figure 2) in the fixed-effects IVW method. Whereas, no causal association between neuroticism and CAD (OR, 1.111; 95% CI, 0.906–1.364; P = 0.312; Figure 2), MI (OR, 1.179; 95% CI, 0.941–1.479; P = 0.153; Figure 2), or HF (OR, 1.029; 95% CI, 0.865–1.225; P = 0.747; Figure 2) was observed in our main analyses. Sensitivity analyses obtained similar effects of neuroticism on CVDs (Figure 2), as well as causal estimates of neuroticism on AF in the leave-one-out analysis and scatter plots (Supplementary Figure 3). However, there was evidence of heterogeneous SNPs for CAD and MI (P < 0.016, Table 2) except for AF and HF (P > 0.135, Table 2), suggesting that the fixed-effects IVW estimates for CAD/MI might be invalid. Thus, we applied the random-effects IVW method, which still showed no significant causal association of neuroticism with CAD or MI (Figure 2). The MR-Egger regression for all outcomes was close to zero (P for intercept >0.176, Table 2), suggesting that there was no indication of directional pleiotropy. The MR-PRESSO method identified one outlier for CAD (rs1400867) and one outlier for MI (rs9427672). Exclusion of these outliers, respectively, did not essentially change the results for CAD or MI (Figure 2), with P-value for heterogeneity and MR-PRESSO global test becoming not significant anymore (P > 0.070, Table 2). Although the effect estimate was directionally consistent and no pleiotropy was indicated, the casual association between neuroticism and AF was not robust to the P-value threshold of 1 × 10−6 (Supplementary Tables 5, 6).


[image: Figure 2]
FIGURE 2. Mendelian randomization estimates of genetically predicted neuroticism on four cardiovascular diseases. SNPs, single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; IVW (fe), fixed-effects inverse-variance weighted; IVW (mre), multiplicative random-effects inverse-variance weighted; MR-RAPS, Mendelian randomization-robust adjusted profile score; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlier.




Subjective Well-Being

Our main analyses, as shown in Figure 3, suggested a protective effect of genetically predicted subjective well-being on HF (OR, 0.732; 95% CI, 0.574–0.933; P = 0.012) using the fixed-effects IVW analyses. However, there was no significant association between subjective well-being and CAD (OR, 0.886; 95% CI, 0.669–1.173; P = 0.399), MI (OR, 0.823; 95% CI, 0.603–1.122; P = 0.217), or AF (OR, 0.898; 95% CI, 0.731–1.104; P = 0.307). MR estimates were robust and consistent in sensitivity analyses, including the weighted median and the MR-RAPS method. No evidence of heterogeneity was observed as measured by Cochran's Q (P = 0.238 for CAD, P = 0.458 for MI, P = 0.409 for AF, P = 0.064 for HF, respectively; Table 2). Importantly, the intercept of the MR-Egger method and the MR-PRESSO global test also confirmed the absence of pleiotropy (P for intercept >0. 264; P for global test >0.075; Table 2). Furthermore, the leave-one-out analysis and scatter plots indicated that the causal effect of subjective well-being on HF was not driven by any individual SNP (Supplementary Figure 4). Moreover, when it comes to a more relaxed threshold (P < 1 × 10−6) for instruments selection, consistent protective effect of subjective well-being on HF was obtained in the fixed-effects IVW method as well as in sensitivity analyses, although there was some evidence of pleiotropy (Supplementary Tables 5, 6).


[image: Figure 3]
FIGURE 3. Mendelian randomization estimates of genetically predicted subjective well-being on four cardiovascular diseases. SNPs, single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; IVW (fe), fixed-effects inverse-variance weighted; IVW (mre), multiplicative random-effects inverse-variance weighted; MR-RAPS, Mendelian randomization-robust adjusted profile score; MR-PRESSO, Mendelian randomization pleiotropy residual sum and outlie.




Multivariable MR

Multivariable MR was performed to evaluate the robustness of significant results. Results indicated that the association of genetically predicted ASD with HF, genetically predicted neuroticism with AF, and genetically predicted subjective well-being with HF remained robust in the multivariable MR analyses adjusted for genetically determined body mass index or blood pressure separately (Table 3). However, the casual relationship between ASD and AF was attenuated due to wider CIs after adjusting for BMI or systolic or diastolic blood pressure (Table 3).


Table 3. Multivariable Mendelian randomization associations of autism spectrum disorder, neuroticism, and subjective well-being with atrial fibrillation and heart failure risk adjusting for body mass index and blood pressure measurements.
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DISCUSSION

In this study, we employed a two-sample MR approach to explore the causality of ASD, neuroticism, and subjective well-being on CVDs (CAD, MI, AF, and HF). Our analyses suggested that genetically predicted ASD had risk effects on AF and HF, and neuroticism was related to a higher AF risk. Evidence also indicated a protective effect of subjective well-being on HF. No other causal association was observed.

The association between ASD and CVDs was controversial in previous observational studies. As shown in a Danish nationwide registry study, circulatory system diseases were less prevalent in the ASD group as compared with the control group (OR, 0.5; 95% CI, 0.3–1.1; P = 0.09) (32). Specifically, the occurrence of ischemic heart diseases was significantly lower in the ASD group (0 vs. 4.8%; P = 0.02) (32). However, a case–control study indicated that adults with ASD were more likely to be diagnosed with hyperlipidemia (OR, 2.0; 95% CI, 1.2–3.4, P = 0.012) (33), which is a major risk factor for CVDs. Another study, involving 1,507 adults with ASD and 15,070 controls, also suggested that CVDs were significantly more common in adults with ASD (OR, 2.54; 99% CI, 2.13–3.02; P < 0.001) (7). In our analyses, ASD was causally associated with a higher risk of AF (OR, 1.109; 95% CI, 1.023–1.201; P = 0.011) and HF (OR, 1.138; 95% CI, 1.036–1.251; P = 0.007). Although the precise mechanism linking ASD to CVDs was not well-elucidated, many lifestyle-related factors might be involved, such as atypical eating behavior, limited physical activity, and sedentary behavior (34, 35). As previous studies reported, people with ASD had higher rates of overweight and obesity than normative samples (36).

When it comes to neuroticism, the literature regarding the association between neuroticism and CVDs was limited. A 21-year prospective cohort study found that high neuroticism was related to an increased risk of CVDs mortality (HR, 1.12; 95% CI, 1.03–1.21) (8). This study further suggested that sociodemographic, health behavior, and physiological factors might contribute to this effect. However, another prospective study claimed that the association between neuroticism and cardiovascular mortality might differ as a function of socioeconomic status (37). It revealed that neuroticism was a risk factor for cardiovascular mortality in women with low socioeconomic status (HR, 2.02; 95% CI, 1.45–2.80); however, in higher socioeconomic status, it was protective (HR, 0.61; 95% CI, 0.38–0.97). Recently, Kranert et al. studied the association between AF-related symptom burden and personality traits and concluded that neuroticism was a strong independent predictor for symptomatic AF (38). This conclusion was similar to our findings that neuroticism was causally related to a higher risk of AF (OR, 1.201; 95% CI, 1.037–1.392; P = 0.015). As a known independent risk factor for cardiac mortality, decreased heart rate variability might explain such an effect to some extent. Riese et al. reported a negative correlation of neuroticism to heart rate variability (39). Furthermore, Cukić et al. also suggested that higher neuroticism was associated with reduced heart rate variability both under rest and stress (40).

Subjective well-being commonly refers to feelings of happiness or of life satisfaction (41, 42). Over the last decades, observational studies concluded that subjective well-being might be protective for CVDs. A Japanese large prospective study of middle-aged residents suggested that men with a low perceived level of life enjoyment showed an increased risk of total CVDs mortality (HR, 1.61; 95% CI, 1.32–1.96) (43). According to Boehm et al., satisfaction was significantly associated with a modestly reduced risk of total CHD (HR, 0.87; 95% CI, 0.78–0.98) (44). Another prospective study also concluded that positive psychological well-being (emotional vitality and optimism, with HR, 0.74; 95% CI, 0.55–0.98; and HR, 0.73; 95% CI, 0.54–0.99, respectively) was associated with reduced CHD risk (45). As for the possible mechanisms underlying the association between subjective well-being and CVDs, biological (autonomic, neuroendocrine, and inflammatory processes) and behavioral factors (physical activity, sleep quality and quantity, stress buffering, food consumption, smoking, and alcohol drinking) have been considered (43, 46). Recently, Wootton et al. conducted a bidirectional MR study to evaluate the causal association of subjective well-being on cardiometabolic health traits with 84 SNPs at P < 5 × 10−5 level and found no evidence of causality between subjective well-being and CAD or MI, in either direction (14). In line with this, our MR analyses did not support a causal relationship between subjective well-being and CAD or MI as well; however, a causal correlation was present between subjective well-being and HF (OR, 0.732; 95% CI, 0.574–0.933; P = 0.012). Our MR analyses extended the research of Wootton et al. by selecting SNPs at a more stringent threshold of P < 5 × 10−8 with 35 SNPs as IVs and including two other CVDs (AF and HF) as outcomes, indicating that our results were more credible. The inconsistency between observational studies and MR studies may be in part explained by the limitations of observational studies, such as possible confounding factors (including education, income, life circumstance, and nations) and reverse causality (47).

There are several implications for the clinical practice of our findings. Since psychiatric disorders, such as ASD, neuroticism, and depression, are potential risk factors for CVDs, high-quality clinical trials are warranted to estimate the ranking position of these psychiatric traits compared to classical risk factors for CVDs and the effectiveness of mental health treatments on reducing the risk of CVDs. Considering the large proportion of individuals with psychiatric disorders who also develop CVDs, early interventions within this group to improve physical health may represent an effective prevention strategy. Given that several lifestyle-related factors, such as physical activity, food consumption, smoking, and alcohol drinking, potentially mediate the pathway of psychiatric traits to CVDs, mental health management with a change in lifestyle-related factors may be needed to prevent CVDs in patients with psychiatric disorders. In addition, clinicians should detect psychiatric abnormality in patients with CVDs and choose effective therapies that address mental health but do not aggravate the underlying cardiovascular disorders. Furthermore, healthcare systems should be concerned to improve the well-being of the population for its protective effect on CVDs.



STRENGTHS AND LIMITATIONS

Our study included several notable strengths. First, we used two-sample MR analyses to comprehensively assess the causal associations of three psychiatric traits with a broad range of CVDs. By using randomly allocated genetic variants as IVs, we minimized the bias of conventional confounders and reverse causality compared with observational studies. Moreover, summary statistics data derived from several largest GWAS datasets increased the precision of the SNPs selection and the statistical power of the analyses, as the casual effect sizes were confirmed close to or above the threshold of 80% statistical power. Finally, our conclusions were conducted based upon comprehensive analyses involving several reliable MR approaches and several pleiotropy assessments to avoid possible pleiotropic bias. Yet, several limitations deserved consideration. First, because the majority of the participants were of European ancestry, which reduced the bias from population stratification, our findings are less generalizable to other ancestries. Second, there was an indication of pleiotropy across SNPs in our analyses; nevertheless, best efforts were made to reduce the impact of pleiotropic bias. Third, we did not investigate sex-specific or socioeconomic-status-specific causal effects between three psychiatric traits and CVDs due to the lack of patient-level data. It was reported that perceived level of life enjoyment was associated with CVDs incidence and mortality in men, but not in women, suggesting that the causal relationship of psychiatric traits with CVDs might differ in different sexes and socioeconomic status, which was mentioned before (37, 43). Last, we did not apply the MR-Egger method for too broad CIs, consistent with other MR analyses involving psychiatric traits, which might lead to an inaccurate estimate (14, 48).



CONCLUSION

In conclusion, our two-sample MR study suggested that genetic predisposition to ASD had risk effects on AF and HF, and neuroticism was correlated with an increased risk of AF. We also demonstrated that genetically predicted subjective well-being was a protective factor for HF. Further research focusing on the relationship of other psychiatric traits with CVDs are warranted, and the underlying mechanisms remain to be elucidated.
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