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Objective: Evidence shows that allergic rhinitis (AR) may increase the risk of erectile dysfunction (ED). This study aims to investigate whether there is a causal relationship between AAR and ED by Mendelian randomization (MR) analysis.Methods: We performed a two-sample MR analysis using genome-wide association studies (GWAS) summary data. Single nucleotide polymorphisms (SNPs) associated with AR and ED were obtained from the GWAS database. The MR analysis primarily employed the inverse variance weighted (IVW), MR Egger, and weighted median (WM) methods. We assessed pleiotropy using the MR-PRESSO global test and MR-Egger regression. Cochran’s Q test was used to evaluate heterogeneity, and a leave-one-out analysis was performed to verify the robustness and reliability of the results.Results: The IVW analysis demonstrated a positive association between genetic susceptibility to AR and an elevated relative risk of ED (IVW OR = 1.40, p = 0.01, 95% CI 1.08–1.80). The results obtained from MR-Egger regression and WM methods exhibited a consistent trend with the results of the IVW method. Sensitivity analyses showed no evidence of heterogeneity nor horizontal pleiotropy. The leave-one-out analysis showed that the findings remained robust and were unaffected by any instrumental variables.Conclusion: This study presents genetic evidence that indicates a causal association between AR and ED.Keywords: allergic rhinitis, erectile dysfunction, Mendelian randomization, causal estimates, statistic method
INTRODUCTION
Erectile dysfunction (ED), defined as the consistent or recurrent inability to achieve and maintain an erection sufficient for satisfactory sexual intercourse, is a commonly encountered disorder in men, significantly impacting both individual wellbeing and the relationships of couples (McCabe et al., 2016; Krzastek et al., 2019). The worldwide prevalence of ED ranges from 14% to 48%, in the United States alone, at least 12 million men aged 40 to 79 are affected by ED (Sangiorgi et al., 2021). According to Feldman et al.’s epidemiological survey, conducted as part of the Massachusetts Male Aging Study, the prevalence of minimal, moderate, and severe ED among men aged 40 to 70 was 52% (Feldman et al., 1994). According to projections, it is estimated that there will be 322 million cases of ED by 2025 (Ayta et al., 1999). Therefore, identifying ED risk factors and assessing individuals who might benefit from proactive prevention or early intervention are crucial.
Factors such as smoking, alcohol consumption, depression, anxiety, sleep disorders, obstructive sleep apnea syndrome, cardiovascular diseases, chronic obstructive pulmonary disease (COPD), asthma, and diabetes, have been identified as associated with the onset of ED (Chou et al., 2011; Nguyen et al., 2017; Li et al., 2023). While allergic rhinitis (AR) has been reported to be related to ED, the literature on this association is scarce (Chiang et al., 2024). AR, along with COPD and asthma, belongs to the category of chronic inflammatory airway diseases. This condition, commonly affecting the nasal mucosa and often overlooked, is characterized by symptoms such as itching, sneezing, runny nose, and nasal congestion (Greiner et al., 2011). AR is a globally recognized concern, and its incidence has sharply increased in recent years. In the United States, 14% of adults, or one in every seven, are diagnosed with AR by a physician (Meltzer et al., 2009). In Denmark, the prevalence of AR in adults has gradually increased from 19% to 32% over the past 3 decades (Leth-Moller et al., 2020). A retrospective matched controlled cohort study, comprising 128,118 participants (64,059 AR patients and 64,059 controls), revealed that during a follow-up period of 5.82 years, the prevalence of ED was higher among AR patients compared to the control group (95% CI, 1.24–1.52; p < 0.001) (Su et al., 2013). Based on the data collected from the self-administered questionnaires, Kirmaz et al. concluded that patients treated for allergic rhinoconjunctivitis demonstrated significantly higher International Index of Erectile Function scores compared to those experiencing allergic rhinoconjunctivitis symptoms concurrently (p = 0.01) (Kirmaz et al., 2005). Benninger et al.’s research consolidated questionnaire survey findings from multiple cohorts, culminating in the conclusion that AR negatively affects sexual function (Benninger and Benninger, 2009). However, the further influence of AR on ED is rarely investigated, with scant literature available on the subject.
The Mendelian randomization (MR) analysis is a method for determining the causality between exposure and outcome by using genetic variations as instrumental variables (IVs) (Emdin et al., 2017). The basis of MR analysis lies in the random allocation of alleles for these genetic variants during conception, which supports inferring causality between exposure factors and outcomes. This approach is unaffected by the reverse causality and reduces the influence of confounding and bias in the study (Evans and Davey Smith, 2015; Emdin et al., 2017). Compared to traditional observational studies, MR offers advantages such as cost savings, time efficiency, high feasibility, and reduced susceptibility to confounding factors. This method has not been applied before to explore the relationship between ED risk and AR, though. In this study, we used the two-sample MR method approach to investigate the causal relationship between AR and ED.
METHODS
Study design and ethics statement
In this study, we employed a two-sample MR analysis to investigate the causal relationship between AR and ED. The foundation of MR analysis relies on three assumptions. Firstly, there should be a strong correlation between the exposure of interest and IVs, represented here as single nucleotide polymorphisms (SNPs). Secondly, there should be no confounding factors associated with the IVs. Finally, the IVs should only affect the outcomes through the exposure of interest (Lawlor et al., 2008). All the data utilized in the MR analysis were extracted from the public genome-wide association studies (GWAS) database (https://gwas.mrcieu.ac.uk). The combined dataset comprised information from previously conducted studies, all of which had obtained approval from their respective institutional review boards. Therefore, ethical approval was not required for this study. Figure 1 shows an overview of the study’s design.
[image: Figure 1]FIGURE 1 | Diagram of Mendelian randomization (MR) study design.
Data sources
In our study, we designated AR as the exposure and ED as the outcome. Data on AR and ED were sourced from publicly available large-scale GWAS datasets, accessible for download from the MRC IEU Open GWAS dataset. The summary statistics for AR exposure were obtained from GWAS ID: ebi-a-GCST90086042, which comprised 13,936 cases and 42,701 controls. To ensure no overlap between exposed populations and those with outcomes, the outcome dataset was sourced from FinnGen (finn-b-ERECTILE_DYSFUNCTION), containing 1,154 cases and 94,024 controls. All participants were of European ancestry. The summary statistics for two GWAS datasets were provided by the IEU Open GWAS Database.
Instrument variable selection
In this study, we identified SNPs significantly associated with AR (p < 5 × 10−6) from GWAS summary data. To ensure independence among instrumental factors, we employed the clumping technique for each exposure, setting the threshold at r2 = 0.001 and a window size of 10,000 kb to filter out SNPs in significant linkage disequilibrium. During this process, we excluded 1 palindromic SNP (rs2477914). We then screened for genetic variants associated with potential confounding factors in the Phenoscanner database (http://www.phenoscanner.medschl.cam.ac.uk/). Additionally, we assessed the strength of the IVs using the F-statistic, calculated as F = beta2/se2 (Feng et al., 2022). Generally, an F statistic <10 indicates weak IVs. We retained 16 SNPs as IVs for subsequent MR analysis. Detailed information on the IVs is provided in Supplementary Table S1.
Statistical analyses
To assess the causal relationship between AR and ED, we employed primarily the Weighted Median (WM), MR-Egger, and Inverse Variance Weighted (IVW) methods. Among these, IVW emerged as the most robust (Bowden et al., 2015). The IVW analysis involved the use of the IVW meta-analysis approach, which estimated MR by computing the Wald ratio for each SNP. This method assumes a zero intercept and requires all SNPs to be valid IVs. IVW is preferred in MR analysis when no directional pleiotropy is observed among SNPs, as it can provide reliable estimates (Pierce and Burgess, 2013; Burgess et al., 2015). In the presence of evidence for pleiotropy, MR-Egger regression is favored. The condition for estimating causal effects using WM is that at least half of the SNPs are valid IVs (Bowden et al., 2016). We assessed the pleiotropy of IVs using MR-Egger regression and MR-PRESSO global test. Cochran’s Q statistic was employed to evaluate heterogeneity. Leave-one-out analysis was conducted to identify any individual SNP that might introduce bias affecting the overall causal effect. The association between AR and ED risk was presented using Odds Ratios (ORs) and their corresponding 95% Confidence Intervals (CIs).
In this study, all statistical analysis was performed using R software (version 4.2.2, www.r-project.org) through the TwoSampleMR (0.5.7) package and MRPRESSO (1.0). A p-value <0.05 was deemed significant.
RESULTS
Causal effects of genetically predicted AR on ED
The F-statistics for these IVs (19.58–38.36) all exceeded 10, indicating that none were weak IVs. IVW analysis revealed a statistically significant causal relationship between AR and the risk of ED (OR = 1.39, p = 0.01, 95% CI = 1.08–1.80) (Table 1). A similar trend was observed in the WM method (OR = 1.46, p = 0.04, 95% CI = 1.02–2.08) (Table 1). The results were visually represented through the forest plot (Figure 2A) and scatter plot (Figure 2B). The forest plot displayed effect estimates and their corresponding confidence intervals for each SNP, offering a comprehensive view of the data. Meanwhile, the scatter plot showed an increase in SNP effects on ED with increasing SNP effects on AR. Furthermore, both the MR-PRESSO global test (Rssobs = 13.05, p = 0.79) and MR-Egger test (Intercept = −0.01, p = 0.63) did not detect pleiotropy, suggesting the absence of pleiotropy. Results from Cochran’s Q test (PMR-Egger = 0.67, PIVW = 0.7) indicated no heterogeneity (Table 2). Leave-one-out analysis (Figure 2C) revealed that individual SNPs had no significant impact on causal inference, indicating the robustness and reliability of the MR results.
TABLE 1 | Mendelian randomization estimation of the causal effect between AR and ED.
[image: Table 1][image: Figure 2]FIGURE 2 | (A) Forest plot for the causality of each SNP on erectile dysfunction risk. (B) Scatter plot for the causality of AR on ED risk. (C) The leave-one-out plot presents how the causal estimates for the effect of RA on ED was influenced by the removal of a single variant.
TABLE 2 | Sensitivity analyses of MR.
[image: Table 2]Causal effects of genetically predicted ED on AR
We utilized the same approach as the forward MR analysis to conduct reverse MR, identifying SNPs for this purpose. A total of 11 SNPs were selected as IVs for exposure (p < 5 × 10−6, r2 = 0.001, kb = 10,000). The F-statistics for these IVs (20.87–27.36) all exceeded 10, indicating none were weak IVs. Subsequently, we excluded four palindromic SNPs (rs3133073, rs67376322, rs6936413, rs78093953) from the IVs, leaving 7 SNPs for the MR analysis (Supplementary Table S2). The results obtained using the IVW method did not provide statistical support for the hypothesis that ED could increase the incidence of AR (OR = 1.01, 95% CI = 0.97–1.05, p = 0.65) (Table 1). Similarly, consistent findings were observed in the MR-Egger (OR = 1.01, 95% CI = 0.93–1.10, p = 0.79) and WM (OR = 1.03, 95% CI = 0.97–1.08, p = 0.32) (Table 1). Furthermore, Cochran’s Q statistic revealed no evidence of heterogeneity in causal inferences (PIVW = 0.58, PMR-Egger = 0.45). The MR-Egger intercept test results suggested the absence of horizontal pleiotropy (Intercept = −0.001, p = 0.95. Additionally, the leave-one-out analysis did not identify any outliers (Supplementary Figure S1).
DISCUSSION
Exploring the relationship between AR and ED is challenging due to the lack of rigorously controlled clinical trials and longitudinal prospective studies. In this study, we utilized a two-sample MR analysis to investigate the causal relationship between AR and the risk of ED. To our knowledge, this study is the first to explore this causal relationship using a large-scale GWAS dataset in MR analysis. Additionally, reverse MR analysis was conducted to validate our findings.
AR is a globally recognized concern, with a recent surge in incidence observed across different regions. For instance, in the United States, approximately 14% of adults receive a physician-diagnosed AR (Meltzer et al., 2009), while in Denmark, the prevalence of AR among adults has steadily climbed from 19% to 32% over the last 3 decades (Leth-Moller et al., 2020). Similarly, China has witnessed a 6.5% increase in the standardized prevalence of adult AR over the past 6 years (Zhang et al., 2021). In 2013, A retrospective matched controlled cohort study conducted in Taiwan, China, involving 128,118 participants (64,059 AR patients and 64,059 controls), found that AR patients had a higher likelihood of developing ED (log-rank test, p < 0.001), After adjusting for confounding variables through Cox regression, the incidence rate of ED in AR patients was 1.37 times higher than in the control group (95% CI, 1.24–1.52; p < 0.001), moreover, the risk of ED was further elevated in AR patients who had more frequent clinical visits and those requiring medication for over 4 weeks (Su et al., 2013). In 2005, Kirmaz et al. conducted a study based on self-administered questionnaires, which revealed that patients receiving treatment for allergic rhinoconjunctivitis had significantly higher scores on the International Index of Erectile Function compared to those experiencing symptoms concurrently (p = 0.01) (Kirmaz et al., 2005). Additionally, Benninger et al.’s research, which synthesized questionnaire survey findings from multiple cohorts, concluded that AR has a detrimental impact on sexual function (Benninger and Benninger, 2009).
Li et al. conducted an MR study, revealing that genetic predispositions to coronary artery disease and heart failure are associated with an increased risk of ED (Li et al., 2023). In a study by Matheson et al., which analyzed a cohort of 9,272 middle-aged and elderly individuals, AR was identified as a risk factor for incident stroke (Matheson et al., 2008). AR is not merely a localized ailment, its induced inflammation may have systemic implications (Borish, 2003). Research indicates that inflammatory mediators and cells associated with AR, such as leukotrienes, immunoglobulin E (IgE), and mast cells, participate in the process of atherosclerosis, which correlates with the occurrence of ED (Radmark, 2003; Schwartz and Kloner, 2011; Theoharides et al., 2011; Zhang et al., 2020). Leukotrienes may promote atherosclerosis by enhancing leukocyte chemotaxis, vascular inflammation, increased vascular permeability, and subsequent tissue/matrix alterations (Riccioni et al., 2009; Poeckel and Funk, 2010). IgE can modulate the expression of the MSRN gene controlled by IFN-γ, influencing macrophage polarization and foam cell formation in the progression of atherosclerosis (Zhang et al., 2020). Mast cells accumulate in the intima and adventitia of human arteries during the progression of atherosclerotic plaques, releasing vasoactive and angiogenic compounds, as well as pro-inflammatory mediators such as arachidonic acid metabolites, histamine, cytokines/chemokines, platelet-activating factor (PAF), and proteases enzyme (Spinas et al., 2014). Braunstahl et al. observed an increase in eosinophil infiltration in nasal and bronchial tissues, along with elevated expression of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), and E-selectin, following 24 h of nasal allergen provocation in AR patients (Braunstahl et al., 2001). Cell adhesion molecules facilitate the adherence of circulating leukocytes and other blood cells to the activated vascular endothelium at inflammatory sites, which is also implicated in the pathogenesis of atherosclerosis (Hansson, 2005). Interestingly, elevated levels of circulating adhesion molecules were observed in ED patients without cardiovascular risk factors, further highlighting the potential association between AR and ED (Bocchio et al., 2004). Additionally, nasal congestion or runny nose during acute AR episodes may diminish libido in patients, thereby promoting the onset of ED (Rondon et al., 2012). These findings offer novel insights into the relationship between AR and ED.
In this study, we utilized a two-sample MR analysis to investigate the causal relationship between AR and ED. The MR principle ensures minimal bias from confounding factors and eliminates the possibility of reverse causation, providing stronger support for causal inference compared to observational studies. Additionally, as all participants were of European descent, potential biases from population stratification were minimized.
However, the study does have limitations. Firstly, the dataset only included individuals of European descent, limiting the generalizability of the findings to other ethnic groups. Secondly, the study did not differentiate between subtypes of ED, such as non-vascular or vascular ED. Future research could focus on analyzing these subgroups to provide a more nuanced understanding of ED. Thirdly, the study’s results only reflect the lifelong impact of AR on ED, leaving the short-term effects unclear. Prospective randomized controlled trials in the future could offer more comprehensive insights and validate our conclusions.
CONCLUSION
This study unveils that genetically predicted AR might heighten the risk of ED.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
PL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing–original draft, Writing–review and editing. ZM: Conceptualization, Investigation, Methodology, Project administration, Resources, Writing–review and editing. LL: Data curation, Investigation, Methodology, Validation, Writing–review and editing. ZC: Investigation, Validation, Writing–review and editing. HL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Validation, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
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/fgene.2024.1423357/full#supplementary-material
REFERENCES
 Ayta, I., McKinlay, J., and Krane, R. (1999). The likely worldwide increase in erectile dysfunction between 1995 and 2025 and some possible policy consequences. BJU Int. 84 (1), 50–56. doi:10.1046/j.1464-410x.1999.00142.x
 Benninger, M. S., and Benninger, R. M. (2009). The impact of allergic rhinitis on sexual activity, sleep, and fatigue. Allergy Asthma Proc. 30 (4), 358–365. doi:10.2500/aap.2009.30.3244
 Bocchio, M., Desideri, G., Scarpelli, P., Necozione, S., Properzi, G., Spartera, C., et al. (2004). Endothelial cell activation in men with erectile dysfunction without cardiovascular risk factors and overt vascular damage. J. Urol. 171 (4), 1601–1604. doi:10.1097/01.ju.0000116325.06572.85
 Borish, L. (2003). Allergic rhinitis: systemic inflammation and implications for management. J. Allergy Clin. Immunol. 112 (6), 1021–1031. doi:10.1016/j.jaci.2003.09.015
 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 (2), 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 (4), 304–314. doi:10.1002/gepi.21965
 Braunstahl, G. J., Overbeek, S. E., Kleinjan, A., Prins, J. B., Hoogsteden, H. C., and Fokkens, W. J. (2001). Nasal allergen provocation induces adhesion molecule expression and tissue eosinophilia in upper and lower airways. J. Allergy Clin. Immunol. 107 (3), 469–476. doi:10.1067/mai.2001.113046
 Burgess, S., Scott, R. A., Timpson, N. J., Davey Smith, G., and Thompson, S. G.EPIC- InterAct Consortium (2015). Using published data in Mendelian randomization: a blueprint for efficient identification of causal risk factors. Eur. J. Epidemiol. 30 (7), 543–552. doi:10.1007/s10654-015-0011-z
 Chiang, T. Y., Lee, H. Y., Chien, W. C., Su, H. C., Su, Y. C., and Lin, C. W. (2024). The relationship between allergic disease and sexual dysfunction: a scoping review. Int. Arch. Allergy Immunol. 185 (1), 20–32. doi:10.1159/000533403
 Chou, K. T., Huang, C. C., Chen, Y. M., Perng, D. W., Chao, H. S., Chan, W. L., et al. (2011). Asthma and risk of erectile dysfunction--a nationwide population-based study. J. Sex. Med. 8 (6), 1754–1760. doi:10.1111/j.1743-6109.2011.02242.x
 Emdin, C., Khera, A., and Kathiresan, S. (2017). Mendelian randomization. JAMA 318 (19), 1925–1926. doi:10.1001/jama.2017.17219
 Evans, D. M., and Davey Smith, G. (2015). Mendelian randomization: new applications in the coming age of hypothesis-free causality. Annu. Rev. Genomics Hum. Genet. 16, 327–350. doi:10.1146/annurev-genom-090314-050016
 Feldman, H. A., Goldstein, I., Hatzichristou, D. G., Krane, R. J., and McKinlay, J. B. (1994). Impotence and its medical and psychosocial correlates: results of the Massachusetts Male Aging Study. J. Urol. 151 (1), 54–61. doi:10.1016/s0022-5347(17)34871-1
 Feng, R., Lu, M., Xu, J., Zhang, F., Yang, M., Luo, P., et al. (2022). Pulmonary embolism and 529 human blood metabolites: genetic correlation and two-sample Mendelian randomization study. BMC Genom Data 23 (1), 69. doi:10.1186/s12863-022-01082-6
 Greiner, A. N., Hellings, P. W., Rotiroti, G., and Scadding, G. K. (2011). Allergic rhinitis. Lancet 378 (9809), 2112–2122. doi:10.1016/S0140-6736(11)60130-X
 Hansson, G. (2005). Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 352 (16), 1685–1695. doi:10.1056/NEJMra043430
 Kirmaz, C., Aydemir, O., Bayrak, P., Yuksel, H., Ozenturk, O., and Degirmenci, S. (2005). Sexual dysfunction in patients with allergic rhinoconjunctivitis. Ann. Allergy Asthma Immunol. 95 (6), 525–529. doi:10.1016/S1081-1206(10)61013-7
 Krzastek, S. C., Bopp, J., Smith, R. P., and Kovac, J. R. (2019). Recent advances in the understanding and management of erectile dysfunction. F1000Res 8, F1000 Faculty Rev-102. doi:10.12688/f1000research.16576.1
 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 (8), 1133–1163. doi:10.1002/sim.3034
 Leth-Moller, K. B., Skaaby, T., and Linneberg, A. (2020). Allergic rhinitis and allergic sensitisation are still increasing among Danish adults. Allergy 75 (3), 660–668. doi:10.1111/all.14046
 Li, Q., Long, Q., Ren, B., and Bing, S. (2023). Causal association between cardiovascular diseases and erectile dysfunction, a Mendelian randomization study. Front. Cardiovasc Med. 10, 1094330. doi:10.3389/fcvm.2023.1094330
 Matheson, E. M., Player, M. S., Mainous, A. G., King, D. E., and Everett, C. J. (2008). The association between hay fever and stroke in a cohort of middle aged and elderly adults. J. Am. Board Fam. Med. 21 (3), 179–183. doi:10.3122/jabfm.2008.03.070273
 McCabe, M. P., Sharlip, I. D., Atalla, E., Balon, R., Fisher, A. D., Laumann, E., et al. (2016). Definitions of sexual dysfunctions in women and men: a consensus statement from the fourth international consultation on sexual medicine 2015. J. Sex. Med. 13 (2), 135–143. doi:10.1016/j.jsxm.2015.12.019
 Meltzer, E. O., Blaiss, M. S., Derebery, M. J., Mahr, T. A., Gordon, B. R., Sheth, K. K., et al. (2009). Burden of allergic rhinitis: results from the Pediatric Allergies in America survey. J. Allergy Clin. Immunol. 124 (3 Suppl. l), S43–S70. doi:10.1016/j.jaci.2009.05.013
 Nguyen, H. M. T., Gabrielson, A. T., and Hellstrom, W. J. G. (2017). Erectile dysfunction in young men-A review of the prevalence and risk factors. Sex. Med. Rev. 5 (4), 508–520. doi:10.1016/j.sxmr.2017.05.004
 Pierce, B. L., and Burgess, S. (2013). Efficient design for Mendelian randomization studies: subsample and 2-sample instrumental variable estimators. Am. J. Epidemiol. 178 (7), 1177–1184. doi:10.1093/aje/kwt084
 Poeckel, D., and Funk, C. D. (2010). The 5-lipoxygenase/leukotriene pathway in preclinical models of cardiovascular disease. Cardiovasc Res. 86 (2), 243–253. doi:10.1093/cvr/cvq016
 Radmark, O. (2003). 5-lipoxygenase-derived leukotrienes: mediators also of atherosclerotic inflammation. Arterioscler. Thromb. Vasc. Biol. 23 (7), 1140–1142. doi:10.1161/01.ATV.0000082460.58448.01
 Riccioni, G., Zanasi, A., Vitulano, N., Mancini, B., and D'Orazio, N. (2009). Leukotrienes in atherosclerosis: new target insights and future therapy perspectives. Mediat. Inflamm. 2009, 737282. doi:10.1155/2009/737282
 Rondon, C., Campo, P., Galindo, L., Blanca-López, N., Cassinello, M. S., Rodriguez-Bada, J. L., et al. (2012). Prevalence and clinical relevance of local allergic rhinitis. Allergy 67 (10), 1282–1288. doi:10.1111/all.12002
 Sangiorgi, G., Cereda, A., Benedetto, D., Bonanni, M., Chiricolo, G., Cota, L., et al. (2021). Anatomy, pathophysiology, molecular mechanisms, and clinical management of erectile dysfunction in patients affected by coronary artery disease: a review. Biomedicines 9 (4), 432. doi:10.3390/biomedicines9040432
 Schwartz, B. G., and Kloner, R. A. (2011). Cardiology patient page: cardiovascular implications of erectile dysfunction. Circulation 123 (21), e609–e611. doi:10.1161/CIRCULATIONAHA.110.017681
 Spinas, E., Kritas, S., Saggini, A., Mobili, A., Caraffa, A., Antinolfi, P., et al. (2014). Role of mast cells in atherosclerosis: a classical inflammatory disease. Int. J. Immunopathol. Pharmacol. 27 (4), 517–521. doi:10.1177/039463201402700407
 Su, V. Y., Liu, C. J., Lan, M. Y., Chen, Y. M., Su, K. C., Lee, Y. C., et al. (2013). Allergic rhinitis and risk of erectile dysfunction--a nationwide population-based study. Allergy 68 (4), 440–445. doi:10.1111/all.12100
 Theoharides, T. C., Sismanopoulos, N., Delivanis, D. A., Zhang, B., Hatziagelaki, E. E., and Kalogeromitros, D. (2011). Mast cells squeeze the heart and stretch the gird: their role in atherosclerosis and obesity. Trends Pharmacol. Sci. 32 (9), 534–542. doi:10.1016/j.tips.2011.05.005
 Zhang, X., Li, J., Luo, S., Wang, M., Huang, Q., Deng, Z., et al. (2020). IgE contributes to atherosclerosis and obesity by affecting macrophage polarization, macrophage protein network, and foam cell formation. Arterioscler. Thromb. Vasc. Biol. 40 (3), 597–610. doi:10.1161/ATVBAHA.119.313744
 Zhang, Y., Lan, F., and Zhang, L. (2021). Advances and highlights in allergic rhinitis. Allergy 76 (11), 3383–3389. doi:10.1111/all.15044
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.
Copyright © 2024 Li, Meng, Lin, Chen and Lv. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-15-1423357-t001.jpg
Exposure outcome

AR ED

ED AR

MR methods 95% Cl
W 16 033 013 001 139 108 180
MR-Egger 16 044 025 011 155 094 ‘ 255
WM 16 038 018 004 146 102 ‘ 208
W 7 001 002 065 101 097 l 105
MR-Egger 7 001 0.04 079 101 093 ‘ 110
wM 7 003 0.03 032 103 097 ‘ 108 ‘

Abbreviations: AR, allergic rhinitis; IVW, inverse variance weighted; WM, weighted median; SE, standard error; OR, odds ratio; CI, confidence interval; The criterion for determining statistical

sienibicance was:& jvalus < D





OPS/images/fgene-15-1423357-t002.jpg
Heterogeneity Pleiotropy

MR-Egger VW MR-PRESSO global MR-Egger regression
outlier test

Q statistic p-value Q statistic p-value Rssobs p-value Intercept p-value






OPS/xhtml/nav.xhtml
Contents

		Cover

		Genetically predicted allergic rhinitis causally increases the risk of erectile dysfunction 		Objective

		Methods

		Results

		Conclusion

		Introduction

		Methods		Study design and ethics statement

		Data sources

		Instrument variable selection

		Statistical analyses





		Results		Causal effects of genetically predicted AR on ED

		Causal effects of genetically predicted ED on AR





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Genetics

Genetically predicted allergic
rhinitis causally increases the
risk of erectile dysfunction





OPS/images/fgene-15-1423357-g001.gif





OPS/images/fgene-15-1423357-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Genetics





