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Background: To assess the relationship of genetically predicted sexual behavior (age at first sex (AFS) and the number of sexual partners (NSP)) on cardiovascular diseases (CVDs).



Methods and results: We performed two-sample Mendelian randomization (MR) with publicly available datasets from the UK Biobank and FinnGen Study, and analyzed genome-wide association results for sexual behaviors and twelve types of CVDs. The univariable MR method provided a total effect of AFS and NSP on CVDs, and showed evidence that early AFS rather than NSP was associated with CVDs, including angina pectoris (AP), atrial fibrillation and flutter (AFF), coronary atherosclerosis (CAS), deep vein thrombosis of the lower extremity (DVT-LE), heart failure (HF), hypertension (HTN), ischaemic stroke (IS), and myocardial infarction (MI). Given sex as a social determinant of CVD risk, we used gender-stratified SNPs to investigate gender differences in the development of CVDs. These results showed a stronger causal relationship of AFS on CVDs in females than in males. Further multivariable MR analyses indicated a direct effect after accounting for insomnia, number of days of vigorous physical activity 10 + minutes (VPA 10 + min), and time spent watching television (TV). Two-step MR demonstrated these three risk factors act as a mediator in AFS associated AP/HTN/HF.



Conclusions: We provide evidence that early AFS increased the risk of CVDs. These associations may be partly caused by VPA 10 + min, insomnia, and the time spent on TV. The causality of AFS on CVDs in females was stronger than in males. Conversely, genetically predicted NSP was not associated with CVDs.
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Introduction

Cardiovascular disease (CVD) is now the leading cause of mortality and morbidity among noncommunicable diseases, and has become the largest contributor to disease burden in the world. According to the Global Burden of Disease Study 2019, it is estimated that a total of approximately 523 million people suffer from cardiovascular disease (1, 2). Over the last 20 years, despite the general improvement in the cardiovascular health of middle-aged and older adults individuals, it is worrisome that younger adults have tended to develop CVD because of the progressive unhealthy cardiovascular risk profile (3, 4). A large body of data suggests that the majority of cardiovascular disease cases are associated with several common and modifiable risk factors, including smoking, regular alcohol consumption, lack of physical activity, etc. (2).

Sexual activity is a key aspect of healthy life. Several observational studies indicate a significant correlation between sexual activity and acute cardiac events (5, 6). Age at first sex (AFS) and the number of sexual partners (NSP) are determinants of sexual activity. The two are linked as those who were younger when they first had sex are may have more sexual partners. Furthermore, these sexual behaviors are associated with psychiatric disorders (6, 7), sexually transmitted diseases (8), oral cancer (9), prostate cancer (10), and cervical cancer (11). An observational study showed a negative association between AFS and hypertension (12). However, traditional epidemiology, with its potential confounders and various biases, makes it difficult to determine whether sex behaviors are causal or merely shared pleiotropic factors for CVDs risk.

With the rapid development of genome-wide association studies (GWAS), the availability of a large amount of aggregated data provides an opportunity for the widespread application of Mendelian randomization (MR) analysis. MR is an alternative strategy to investigate potential causal inferences between exposure and outcome using phenotypically closely related single nucleotide polymorphisms (SNPs) as instrumental variables (IVs). Since SNPs are randomly assigned at the time of conception, MR can be considered as a natural randomized controlled trial, thus avoiding the effects of measurement error, confounding factors, and reverse causality in observational studies (13).

A genome-wide screen identifies early AFS as a causal risk factor for coronary artery disease (14).In addition, a previous MR study has found that lower AFS was significantly associated with an increased risk of intracerebral hemorrhage or small vessel stroke (15). Nevertheless, a previous MR study has found that the causal effects of the two sexual behaviors on several types of CVDs. Notably, gender is considered a social determinant of CVD (16), which has been overlooked in most MR studies. Additionally, the rising prevalence of CVD is based partly on less physical activity and more non-exercise behaviours, including insomnia, less days of vigorous physical activity over 10 min (VPA 10 + min), and more time spent watching television (TV) (5, 17).

In this study, we performed a two-sample MR analysis to further fully elucidate whether sexual behavior has a causal effect on twelve CVDs, including angina pectoris (AP), atrial fibrillation and flutter (AFF), coronary atherosclerosis (CAS), aortic dissection (AD), deep vein thrombosis of the lower extremity (DVT-LE), heart failure (HF), hypertension (HTN), intracerebral hemorrhage (ICH), ischaemic stroke (IS), myocardial infarction (MI), pulmonary embolism (PE), and subarachnoid hemorrhage (SAH). An array of MR designs, including univariable MR (UVMR), multivariate MR (MVMR), and two-step MR were used to explore the direct and total effects of sexual behavior on CVDs and to illustrate the respective roles of TV, VPA 10 + min, and insomnia. Assessing these health-related risk factors for CVD may go a long way in optimizing disease prevention internationally at the clinical and public health levels.



Study design

In this study, we performed two-sample MR with publicly available datasets from the UK Biobank and FinnGen Study, and presented genome-wide association results for sexual behavior and twelve CVDs (AP, AFF, CAS, AD, DVT-LE, HF, HTN, ICH, IS, MI, PE, and SAH). First, the UVMR design was applied to assess the total effect of AFS (both sexes) and NSP (both sexes) on CVDs. Second, we analyzed gender-stratified AFS SNPs to re-analyze the effects on CVDs to elucidate gender differences in AFS-CVD causality. Third, we conducted an MVMR design to infer the direct effects of AFS on CVD after controlling for the effect of potential confounders and mediators including TV, VPA 10 + min, and insomnia. Finally, we conducted a two-step MR to calculate the proportion of the AFS-CVD effect due to potential mediators.



Exposures data source

Summary statistics for AFS (female, n = 214,547; male, n = 182,791) and NSP (both sexes, n = 370,711) were both derived from a well-powered GWAS meta-analysis in UK Biobank (18, 19) (Table 1). The UK Biobank is one of the most accessible, largest, and most intensive prospective cohort studies, collecting deep genetic and phenotypic data on approximately 500,000 individuals aged 40 to 69 years across the UK. The UK Biobank creates opportunities to explore the links between human genetic variations and diseases, as well as their association with a wide range of environmental and lifestyle factors (20). Complete predictor data were obtained from GWAS, of which only 185 AFS SNPs, 39 female AFS SNPs, 46 male AFS SNPs, and 115 NSP SNPs could be extracted from the CVD data.


TABLE 1 Overview of exposure and 12 CVD outcomes from GWAS.
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Outcome data sources

Summary statistics for CVD statistics were all obtained from the FinnGen study (https://www.finngen.fi/en). The FinnGen research project is a public-private partnership that plans to collect genotype data and digital health record data from 50,000 individuals to study genetic variants associated with disease trajectories in isolated populations. The sample size of each CVD was as follows: AP (27,046 cases and 260,124 controls), AFF (34,748 cases and 156,457 controls), AD (680 cases and 288,638 controls), DVT-LE (7,008 cases and 267,090 controls), HF (19,676 cases and 272,371 controls), HTN (85,438 cases and 223,663 controls), ICH (2,643 cases and 281,373 controls), IS (16,857 cases and 283,057 controls), MI (20,404 cases and 260,124 controls), PE (6,753 cases and 301,704 controls), SAH (1,961 cases and 281,638 controls), and CAS (23,363 cases and 187,840 controls). Thus, there is no overlap between exposures and outcomes. Also, the MR design was restricted to individuals of predominantly European ancestry to minimize the bias potential for group heterogeneity. In brief, we summarized the details of the GWAS dataset in Table 1. All studies included in cited genome-wide association studies had ethical approval from their respective institutional review boards and informed consent in writing was obtained from each study participant. This study was based on publicly available datasets, and no additional ethical consent was required.



Instrumental variables

In UVMR and MVMR, we searched for SNPs that showed a strong genome-wide statistical significance (P < 5.0E-08). Besides, all SNPs were independent after being removed with linkage disequilibrium (r2 > 0.001 or clump window <10 Mb). The F-statistic was used to estimate the power sizes of the IVs and was considered to have a strong effect with F-statistics > 10 (21).



Statistical and sensitivity analyses

In UVMR, we used inverse variance weighted MR (IVW MR) as our main analytical method to assess the causal effects of sexual behaviors on CVDs. This IVW method provides the most accurate estimate by obtaining an estimate of the effect of each SNP on exposure and outcome risk; however, the performance of IVW is particularly sensitive to horizontal pleiotropy (22). In addition, we supplemented the MR Egger (23), the weighted median (24), weighted mode (25) and simple mode, because the cross-method results consistency ensures the robustness of the results. Directional horizontal pleiotropy was tested by MR-Egger intercept (P < 0.05 were considered statistically significant) and MR-PRESSO global test. The outliers (P < 0.05) were excluded in the MR-PRESSO global test for the significant horizontal pleiotropy, and remaining SNPs were recalculated. The degree of heterogeneity was assessed using Cochran's Q by MR-Egger estimates (P < 0.05 were considered statistically significant), and the “leave-one-out” sensitivity analysis was made to determine whether heterogeneity was caused by specific SNPs. In addition, the pooled results were displayed in forest plots, scatter plots, leave-on plots, and funnel plots.

MVMR, an emerging method of incorporating genetic variation for each potential confounder or mediator into the same model, can indicate potential genetic overlap between AFS and other risk factors that may lead to associated polymorphisms (26, 27).We used the MVMR IVM method to account for the effects of VPA 10 + min, TV, and insomnia of AFS on the CVD outcomes. Also, heterogeneity was quantified using a modified Cochran Q-statistic, and conditional IV strength was computed using the modified F-statistic.

In the 2-step MR analysis, we first used the UVMR to assess the separate effects of AFS on each mediator (β1). In addition, MVMR was used to estimate the effect of each mediator on CVDs (β2), while also adjusting for the genetic effect of AFS (β3). The coefficients method was then performed to estimate the indirect mediation effect of AFS on the CVD outcomes, i.e., the causal effect of AFS on the outcome through the mediator (β1 × β2). The total effect was the sum of the direct and indirect effects (β3 + β1 × β2), and the proportion of the AFS-CVD effect due to each mediator was separately computed by dividing the indirect effect by the total effect, i.e., β1 × β2 / (β3 + β1 × β2) (28, 29).

In general, associations between genetically predicted sexual behavior and risk of CVDs were shown as odds ratios (ORs) with 95% confidence intervals (CIs). Because this work involved a large amount of data related to exposure to the outcome, we used a uniform P < 0.05 to indicate statistical significance. All analyses were performed using R (version R version 4.2.1) with the “TwoSampleMR” package.



Results


Total effect of sexual behavior on CVDs

The median F-statistics were 17.37 for predictors of AFS and 15.04 for predictors of AFS suggesting a strong instrument (Supplementary Table S1). The primary UVMR IVW method after outlying SNP in MR-PRESSO analysis provided some evidence for negative associations of genetically predicted AFS with a wide range of CVDs, including AP [OR = 0.667, 95%CI (0.561,0.794), P = 4.65E-06], AFF [OR = 0.638, 95%CI (0.523,0.779), P = 9.55E-06], CAS [OR = 0.694, 95%CI (0.593,0.814), P = 6.48E-06], DVT-LE (OR = 0.739(0.563,0.97), 95%CI (0.563,0.97), P = 2.93E-02), HF [OR = 0.712, 95%CI (0.599,0.846), P = 1.12E-04], HTN [OR = 0.736, 95%CI (0.641,0.846), P = 1.49E-05], IS [OR = 0.832, 95%CI (0.698,0.992), P = 4.08E-02], and MI [OR = 0.784, 95%CI (0.646,0.95), P = 1.32E-02] (Figure 1). There is no evidence of a causal association of AFS on AD, ICH, PE, and SAH. Notably, no evidence of a causal relationship between NSP and CVDs.
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FIGURE 1
Associations between genetically predicted sexual behavior and cardiovascular diseases. AFS, age at first sex; NSP, the number of sexual partners; AP, angina pectoris; AFF, atrial fibrillation and flutter; CAS, coronary atherosclerosis; AD, aortic dissection; DVT-LE, deep vein thrombosis of the lower extremity; HF, heart failure; HTN, hypertension; ICH intracerebral hemorrhage; IS, ischaemic stroke; MI, myocardial infarction; PE, pulmonary embolism; SAH, subarachnoid hemorrhage; CI, confidence interval; SNP, single nucleotide polymorphism.




Total effect of gender-specific AFS on CVDs

The median F-statistics were 16.53 for female AFS and 15.40 for male AFS (Supplementary Table S1). Genetically predicted female AFS has a more pronounced causal effect than male AFS on AP (female OR = 0.606; male OR = 0.722), AFF (female OR = 0.592; male OR = 0.619), and CAS (female OR = 0.715; male OR = 0.732). Furthermore, younger AFS in females can increase the risk of HTN [OR = 0.68, 95%CI (0.527,0.877), P = 2.99E-03], IS (OR = 0.731(0.556,0.961), 95%CI (0.556,0.961), P = 2.45E-02), and MI [0.71, 95%CI (0.533,0.946), P = 1.94E-02] in addition to HF (P = 1.09E-01). Conversely, male AFS was associated with HF [OR = 0.662, 95%CI (0.514,0.853), P = 1.42E-03] rather than HTN (P = 1.26E-01), IS (P = 5.93E-01) and MI (P = 1.29E-01) (Figure 2).
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FIGURE 2
Different sex associations between genetically predicted age at first sex and cardiovascular diseases.




Direct effects of AFS on CVDs

Following consideration of VPA 10 + min, TV, and insomnia, we conducted MVMR IVM to assess the direct causal effects of AFS on CVDs. In addition, multiple MVMR combination models were used to account for the potential overlap of effects among the various risk factors. The protective effect of later AFS on AP, AFF, CAS, DVT-LE, and HF remained while disappearing for HTN, MI, and IS. Of these, combining any one of the other risk factors with TV was observed to diminish the effect of AFS on HTN. The causal relationship between AFS and IS disappeared in any combined MVMR models. The effect of AFS on MI disappeared in AFS-VPA 10 + min-insomnia-MI and joint model (Figure 3, Supplementary Table S1).


[image: Figure 3]
FIGURE 3
The relationship between age at first sex and cardiovascular diseases after adjusting for number of days of vigorous physical activity 10 + min and insomnia in multivariable Mendelian randomization.




Mediation analysis

First, primary UVMR IVW methods showed genetically predicted AFS was associated with insomnia [OR = 0.885, 95%CI (0.857,0.913), P = 6.76E-14], VPA 10 + min [OR = 0.833, 95%CI (0.775,0.895), P = 5.68E-07] and TV [OR = 0.812, 95%CI (0.785,0.841), P = 2.37E-32]. Second, in the previous MVMR analysis, we estimated the effect of each mediator on eight CVDs, while also adjusting for the genetic effect of AFS. In summary, the effect of AFS on HF and HTN was partially mediated by insomnia (proportion mediated, 19.89% for HF, 25.00% for HTN) and VPA 10 + min (proportion mediated, 19.92% for HF, 25.15% for HTN). Furthermore, the proportion of mediators for television in the causal effects of AFS-AP and AFS-HTN was 16.90% and 25.46%, respectively (Table 2).


TABLE 2 Results of mediation analysis in two-step MR.
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Sensitivity analysis

In UVMR analysis, the results of MR sensitivity methods were consistent, even if the range of partial confidence intervals was extended (Supplementary Table S2). No directional horizontal pleiotropy polymorphism was detected with MR-Egger intercept (Supplementary Table S3). Nevertheless, Cochran's Q by MR-Egger estimates showed mild to medium heterogeneity in certain outcomes (Supplementary Table S4). In the MR-PRESSO global test, we identified outlier SNPs and detailed the remaining SNPs and outliers in Supplementary Tables S5-S8. Detailed forest plots, scatter plots, leave-on plots, and funnel plots could be visualized in supplementary Figure S1–S16. For MVMR, modified Cochran's Q-statistic likewise demonstrated partial heterogeneity (Supplementary Table S1).




Discussion

In the present study, we systematically analyzed the causal effects between two sexual behaviors and twelve CVDs using two-sample UVMR, MVMR, and two-step MR, respectively. First, the results of our UVMR analysis showed that genetically predicted AFS were significantly causally associated with eight CVDs (AP, AFF, CAS, DVT-LE, HF, HTN, IS, and MI), which were consistent with the previous findings. Also, there was no evidence to support a causal effect between NSP and any CVD. Next, given the possible gender differences in AFS on CVDs, we used gender-stratified SNPs to investigate. The results showed a stronger causal association of female AFS on CVDs than male. Then, MVMR analysis revealed that AFS remained causally related to CVDs after accounting for VPA 10 + min, insomnia, and TV. Finally, mediation MR analyses further demonstrated that AFS mediated the effect on individual CVDs through three risk factors separately.

The results of our study were consistent with previous MR studies, which reported a consistent association between early AFS and the risk of a wide range of CVDs. In contrast to existing observational studies (12), we also had the new finding that later AFS had a protective effect on the risk of AP, AFF, CAS, DVT-LE, HF, IS, and MI, which was an important supplement to the causal effect of AFS on CVDs. MVMR analyses showed that the effects of AFS on HTN and IS were attenuated after controlling for VPA 10 + min, insomnia, and TV, but remained on other outcomes. These results again emphasized the potential pleiotropic influence in the genetic instruments of AFS. Notably, we also reported the effect of VPA 10 + min, insomnia, and TV on CVD outcomes. These results pointed to a mediation and co-activation role of VPA 10 + min, insomnia, and TV in the causal relationship of AFS on HF, AP, and HTN.

The Developmental Origins of Health and Disease (DOHaD) hypothesis proposes that adverse environmental exposures during early life lead to developing chronic disease in adulthood (30). For example, trauma during key developmental periods, especially before the age of 16, is considered an accelerant for CVD development (16). Thus, early sexual intercourse may have a profound negative long-term effect on health. In fact, recent studies focus on sexual healthcare and sexual function in patients with CVDs, but they neglected the role of sexuality in the development of CVDs. The underlying mechanisms of the association between AFS and CVD have not been fully described. More research is necessary for the future to explore the complex relationship between sexual behavior and CVD outcomes.

For the gender-stratified AFS-CVDs study, female AFS appears to have a broader impact on CVD trajectories and outcomes than male AFS. The self-reported earlier age at first sex of women, rather than men, has a tendency to be forced (31). In addition, women are subject to more negative emotions for their first sexual encounter (32).A meta-analytic review reports that childhood abuse has a powerful association with an increased risk of disease of CVDs in adulthood, with a greater impact on women (33). The stress response system may be chronically activated as a result of adverse childhood experiences, contributing to autonomic, neuroendocrine and inflammatory dysfunctions and subsequent development of CVD (34). Nevertheless, the mechanisms involved are worthy of further clarification.

In this perspective, addressing sexual abuse in childhood and adolescence, delaying the age of first sexual intercourse and psychological support for those who start first sexual intercourse earlier are important for the prevention and management of reproductive health and cardiovascular disease. There was evidence that comprehensive sexuality education in schools is associated with a delay in the age of first sexual intercourse (35). At the same time, out-of-school comprehensive sexuality education was critical in order for certain non-educated teens to know their bodies, health, and sexual behavior (36). Additionally, improving sleep quality as well as substituting physical activity for sedentary behavior and TV watching can be effective in promoting cardiovascular health.


Strengths and limitations

The overriding advantage was the two-sample MR study design, which minimized the reverse causality and remaining confounders of observational studies, while being less time-consuming, less costly, and more accessible than randomized controlled trials. Two-sample MR, i.e., exposure and outcome data from different samples, makes the results more reliable, and the “winner's curse” (37) can skew the true causal effects to favor the observed outcomes in one-sample MR. Additionally, we obtained the AFS and NSP IVs from the largest, most up-to-date GWAS data to ensure adequate power for the IVs in the MR analysis. We hierarchically used MVMR, UVMR, and two-step MR to comprehensively explore a broader range of CVDs and risk factors. Sex-specific SNPs were utilized on the outcome to demonstrate the role of sex in the development of AFS-CVDs. Finally, all studies were confined to European participants to minimize population stratification bias.

Inevitably, a few limitations are in the present study. Several conditional F-statistics in MVMR models were less than 10, suggesting a risk of the weakness of the instrument, which may contribute to inaccurate estimates of the direct effect and mediation effect of AFS on CVDs. In the sex-specific MR analysis, we used sex-stratified exposures, but we were unavailable for sex-specific CVDs data, which could lead to collider bias (38). What's more, the coefficients method was used to estimate the proportion of the AFS-CVD effect through each risk factor individually. Nevertheless, this approach is not currently available for simultaneous consideration of multiple mediators in the MR model. Finally, there may be racial heterogeneity in the negative effect of AFS on CVDs such as hypertension (12), and the study only used European populations, more racial studies are needed to complement our results.




Conclusion

To conclude, this study using distinct MR analytical methods showed evidence that earlier AFS rather than NSP was associated with an increased risk of CVDs. Early female sexual behavior more pervasively affects the trajectory and outcomes of CVDs than early male sexual behavior. Less VPA 10 + min, insomnia, and TV playing mediator or common roles in AFS-CVDs. Interfering with these risk factors may serve as a new strategy for preventing and managing CVDs.
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