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Background

Coffee is a widely consumed beverage with potential benefits for various chronic diseases. Its effect on reducing erectile dysfunction (ED) risk is unclear. This Mendelian randomization (MR) study investigates the impact of coffee/caffeine consumption on ED.





Methods

Two sets of coffee consumption-associated genetic variants at the genome-wide significance level were obtained from recent studies of coffee consumption. Taking into account other sources of caffeine, genetic variants associated with caffeine consumption from tea were also obtained. The inverse variance weighted (IVW) method was utilized as the primary analysis. Sensitivity analysis methods and meta-analysis methods were performed to confirm the robustness of the results, while the genetic variants associated with confounders, e.g., diabetes and hypertension, were excluded.





Results

Genetically predicted coffee/caffeine consumption was unlikely to be associated with the risk of ED in the Bovijn datasets, with similar directional associations observed in the FinnGen datasets. The combined odds ratio for ED was 1.011 (95% CI 0.841–1.216, p=0.906) for coffee consumption from the genome-wide meta-analysis, 1.049 (95% CI 0.487–2.260, p=0.903) for coffee consumption from the genome-wide association study, and 1.061 (95% CI 0.682–1.651, p=0.793) for caffeine from tea.





Conclusion

Using genetic data, this study found no association between coffee/caffeine consumption and the risk of ED.
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Introduction

Erectile dysfunction (ED) is the inability of male individuals to achieve or maintain an erection sufficient for satisfactory sexual intercourse for more than 3 months (1). This is a common male condition, seriously affecting mental health and quality of life (2). The largest European multicenter population-based study has claimed that the average prevalence of ED among European men aged 40 to 79 was 30%, and increased with age (3). Some modifiable risk factors, such as diabetes, cardiovascular diseases, hypertension, obesity, and depression, have been suggested to increase the risk of ED (4, 5).

There is limited understanding of other factors that might have a potential benefit on ED, such as coffee intake. Coffee, easily available in daily life and one of the most widely consumed beverages in the world, is a rich source of antioxidants and anti-inflammatory compounds (6). Caffeine is the most abundant component in coffee and also exists in tea (7). The hypothesis behind the consumption of coffee in ameliorating erectile function is the fact that ED is often a precursor of impending cardiovascular risk, which is reduced after the use of antioxidants (8). However, some existing studies have reported contradictory results (6, 9). As traditional retrospective studies often involve confounding factors, more high-quality studies are needed to investigate the relationship.

Mendelian randomization (MR) is an innovative epidemiological approach that explores the causal relationship between exposure factors and outcome risk by using single-nucleotide polymorphisms (SNPs) as genetic variants to mimic randomization in randomized controlled trials (10). As is well known, genotype randomization occurs after conception and is less affected by acquired confounding factors. Thus, natural randomization and avoiding the interference of reverse causality and confounding factors are unique advantages of MR analysis (11).

To the best of our knowledge, no previous study has investigated the causal associations between coffee/caffeine consumption and ED by using MR analysis. In this study, we used an MR design to investigate the possible effect of coffee/caffeine consumption on ED.





Methods




Study design

An overview of the MR study design is described in Figure 1. To make causal estimations obtained from the two-sample MR analysis valid, three critical assumptions must be met: (1) SNPs should associate with the risk factor of interest (the relevance assumption); (2) SNPs should not be impacted by confounders of the risk factor–outcome association (the independence assumption); and (3) SNPs should affect the outcome solely via the risk factor (the exclusion restriction assumption).




Figure 1 | Study design overview.







Summary data for exposures

A genome-wide meta-analysis (GWMA) assessed the coffee consumption of up to 91,462 coffee consumers of European ancestry, adjusting for age, smoking status, and, when applicable, sex, case–control status, study site, family structure, and/or study-specific principal components of the population substructure (12). The average daily coffee consumption in this meta-analysis ranged from 1.7 to 5.8 cups.

Another genetic variant dataset associated with coffee consumption was obtained from a genome-wide association study (GWAS) of bitter and sweet beverage consumption among 375,833 participants of European ancestry, adjusting for age, sex, body mass index, total energy, and the top 20 principal components (13). Total daily coffee consumption was obtained by the 24-h dietary recall questionnaire, and the mean intake was calculated based on completing at least two dietary questionnaires.

Because of the availability of caffeine in tea, we additionally obtained genetic variants from a GWAS study, with 407,072 participants’ self-reports on caffeine intake from tea (14). The consumption was calculated by multiplying the number of cups of tea by the caffeine content per cup.





Summary data for outcome

ED data were derived from a GWAS study conducted by Bovijn et al., which recruited 223,805 European men (6,175 cases and 217,630 controls) by combining three cohorts (15). Another summary association data for ED were obtained from the FinnGen datasets (N = 95,178, 1,154 cases and 94,024 controls) (16).





Selection of instrumental variables

SNPs associated with coffee/caffeine consumption at genome-wide significance (p<5×10−8) were selected as instrumental variables (IVs). To make SNPs independent of each other, we pruned SNPs by a clumping procedure with r2 < 0.001 and kb = 10,000. To avoid violating the independence assumption in MR, PhenoScannerV2 was used to assess whether the retained SNPs were associated with confounding factors such as type 2 diabetes, hypertension, cardiovascular disease, body mass index, and triglycerides (17). F-statistics are calculated according to F = R2 × (N−2)/(1−R2), and an F-statistic of over 10 indicates no weak instrumental bias. The outlier IVs were PRESSO deleted by MR pleiotropy residual sum and outlier (MR-PRESSO) before MR analyses to account for possible pleiotropy (18).





Statistical analyses

The inverse variance weighted (IVW) method was used as the determinant method of the causal estimate of coffee/caffeine consumption on the risk of ED (19). If significant heterogeneity was detected through Cochran’s Q statistic, the random-effect IVW model was adopted; otherwise, the fixed-effect IVW model was adopted (20).

In addition, the other four MR methods, namely, MR-Egger, weighted median, simple mode, and weighted mode (21–23), are powerful supplements to the IVW method, providing more reliable estimates under broader conditions.

MR-Egger regression intercept was performed to detect directional pleiotropy. Leave-one-out analysis was performed to assess whether the casual estimates in the MR analysis were driven by a single SNP, which was achieved by sequentially removing each SNP (24).

Meanwhile, to ensure the robustness of the results, our study was validated in two independent ED datasets, and a meta-analysis was conducted on each exposure factor based on the IVW results from two datasets, using the fixed-effect method.

All MR analyses were performed by using “TwoSampleMR”, “forestploter”, “MR-PRESSO”, “MendelianRandomization”, and “meta” packages in R (version 4.1.3). p < 0.05 was considered statistically significant.






Results




Characteristics of selected SNPs

By performing a series of selection steps, 3, 22, and 15 SNPs were screened as genetic IVs for assessing the effects of coffee consumption from GWMA, coffee consumption from GWAS, and caffeine from tea on ED (Bovijn datasets), respectively. In addition, we identified 4 SNPs as IVs for coffee consumption from GWMA, 20 SNPs as IVs for coffee consumption from GWAS, and 12 SNPs as IVs for caffeine from tea on ED (FinnGen datasets). Characteristics of SNPs associated with coffee/caffeine consumption and ED are presented in Supplementary Tables S1 and S2.





Causal effects of coffee/caffeine consumption on the risk of ED

When the ED data conducted by the Bovijn study were used as the outcome variable, the MR analysis showed that predisposition to coffee consumption from GWMA (IVW OR=1.021; 95% CI: 0.843–1.238; p=0.829), coffee consumption from GWAS (IVW OR=1.314; 95% CI: 0.754–2.289; p=0.335), and caffeine from tea (IVW OR=1.107; 95% CI: 0.690–1.776; p=0.673) had no causal effect on ED (Figure 2; Table 1).




Figure 2 | Association of genetically predicted coffee/caffeine consumption with the risk of erectile dysfunction (Bovijn datasets).




Table 1 | Summary on MR results of coffee/caffeine consumption on erectile dysfunction (Bovijn datasets).



When the ED data from FinnGen datasets were used as the outcome variable, the MR analysis showed that predisposition to coffee consumption from GWMA (IVW OR=0.908; 95% CI: 0.478–1.725; p=0.768), coffee consumption from GWAS (IVW OR=0.531; 95% CI: 0.134–2.101; p=0.367), and caffeine from tea (IVW OR=0.792; 95% CI: 0.229–2.747; p=0.531) had no causal effect on ED (Figure 3; Table 2).




Figure 3 | Association of genetically predicted coffee/caffeine consumption with the risk of erectile dysfunction (FinnGen datasets).




Table 2 | Summary on MR results of coffee/caffeine consumption on erectile dysfunction (FinnGen datasets).



The relevant figures of genetic association between coffee/caffeine consumption and ED can be found in the Supplementary Materials (Supplementary Figures S1-S24).





Sensitivity analysis

Cochran’s Q statistics showed that the p-values of those outcomes were over 0.05, indicating no heterogeneity in IVs. No outlier IVs were detected in our MR analysis, and MR-Egger regression analysis showed no obvious evidence of directional pleiotropy (Tables 1, 2). Additionally, leave-one-out analysis did not detect the casual estimates in the MR analysis that were driven by a single SNP.





Meta-analysis

Based on the two ED datasets, we performed a meta-analysis of the IVW results obtained from the MR analysis and did not detect a causal relationship between coffee/caffeine consumption and ED (coffee consumption from GWMA: OR: 1.011, 95% CI 0.841–1.216, p=0.906; coffee consumption from GWAS: OR: 1.049, 95% CI 0.487–2.260, p=0.903; caffeine from tea: OR: 1.061, 95% CI 0.682–1.651, p=0.793), further indicating that coffee/caffeine consumption was not an important contributor to the occurrence of ED (Figure 4).




Figure 4 | Association of genetically predicted coffee/caffeine consumption with risk of erectile dysfunction. Estimates were obtained from the inverse variance weighted methods.








Discussion

As reported in epidemiological studies, ED is highly prevalent in men, and its incidence increases with age (3). This personal disease often causes anxiety and potential depression in patients with ED, which brings significant psychological and economic pressure, and has become a substantial health problem (25). Therefore, it is critical to identify the risk factors and susceptible populations associated with ED.

In a combined sample of two ED datasets, the results of our analysis did not support the causality between genetically predicted coffee/caffeine consumption and the risk of ED, which was consistent with the findings of most studies (9, 26, 27). A large-scale study using the Health Professionals Follow-up Study from 1998 to 2010, did not find an association between total coffee consumption and ED, with similar associations for regular coffee consumption (27). In a multivariate analysis including 350 individuals, after adjusting for age, body mass index, and smoking status, coffee consumption was not associated with the risk of incident ED (9). No association between coffee consumption and ED was found in a prospective study of 202 patients with 5 years of follow-up (26). Furthermore, another MR study, using a single caffeine dataset, found no causal relationship between caffeine and ED (28).

However, a case–control study including 3,724 participants found a negative association between caffeine intake and the incidence of ED, particularly at levels corresponding to about two to three cups of coffee per day (6). A population-based study from Turkey also found a negative association between caffeine intake and the risk of ED (29). Compared to these studies, our research includes a larger sample size of ED patients. By using the MR method, we minimized bias due to residual confounding and avoided reverse causation inherent in observational designs. Furthermore, compared to the study by Lopez et al., our research incorporated additional confounding factors, such as cardiovascular disease. Finally, we conducted a meta-analysis based on MR, which is more robust than a single study and provides more reliable results.

Although the association between caffeine consumption and ED is still unclear, several pharmacological effects of caffeine are thought to be involved in regulating ED. Caffeine is a nonselective phosphodiesterase inhibitor commonly found in coffee, which could elevate the level of intracellular cyclic guanosine monophosphate (30, 31). Caffeine could relax cavernous smooth muscles and decrease the contractile effects of cavernous muscle strips, due to the reduction of calcium ion flow (32). In addition, coffee, potentially due to its abundant antioxidants, alleviates the toxic effects of oxidative stress and inflammation within diverse tissues via the activation of nuclear factor erythroid 2-related factor-2, to enhance its potential benefits, especially in the field of cardiovascular disease (33). In a sense, coffee might also have potential benefits on ED as well as protective effects on cardiovascular disease.

It is well known that testosterone plays a crucial role in male erectile function. A previous finding has also shown that caffeine has the potential to increase testosterone levels (34). The study observed a more pronounced increase in testosterone levels following caffeine intake, suggesting that adenosine may play a mediating role in the performance-enhancing effects of caffeine. Interestingly, a cross-sectional study with a nationally representative sample of adult men in the United States observed a negative correlation between caffeine and serum testosterone (35). However, the specific sources of caffeine in this population (such as coffee, tea, or soda) could not be determined. Future research is warranted to further validate these findings.

There are some strengths in our study. Firstly, the major advantage is the MR design, employing IVs to explore the causality of exposure on the outcome, which reduced the potential confounding and reverse causation bias and thus strengthened the causal inference in the associations between coffee/caffeine consumption with risk of ED. Secondly, we examined these associations in two datasets to ensure a substantial sample size, and further ensured the robustness of findings through a meta-analysis. Thirdly, potential bias was reduced by using sensitivity analyses.

However, our analysis does have some limitations. Firstly, exposure and outcome data are derived from European populations, and hence, this finding could not be generalized to the general population. Secondly, heterogeneity and pleiotropy are two major concerns in MR analysis. Although we conducted rigorous instrument selection, utilized multiple analytical methods, and performed multiple sensitivity analyses, the potential for bias remains. Therefore, the results should be interpreted with caution. Third, although we used the only two independent ED GWAS datasets, the relatively low ED case rate in these datasets may have led to reduced statistical power. This limitation can be somewhat alleviated by conducting a meta-analysis of these results. Therefore, further validation with a larger sample size should be considered.





Conclusion

In this MR study, we found no strong evidence to support the associations between coffee/caffeine consumption and the risk of ED in the European population. However, genetic or epidemiological mechanisms underlying their relationships remain unknown, and further studies are warranted to validate our MR findings and investigate the underlying mechanisms.





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.





Author contributions

NX: Methodology, Writing – original draft, Writing – review & editing, Conceptualization. YH: Methodology, Writing – original draft, Writing – review & editing, Conceptualization. WP: Writing – original draft, Data curation. ML: Writing – original draft, Data curation. HC: Writing – original draft, Data curation. QZ: Conceptualization, Project administration, Writing – review & editing, Data curation, Supervision.





Funding

The authors declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

We acknowledge the participants and researchers of the studies retrieved from databases included in this investigation.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1400491/full#supplementary-material

Supplementary Figure 1–4 | The plots of the effect of coffee consumption GWMA on erectile dysfunction (Bovijn datasets).

Supplementary Figure 5–8 | The plots of the effect of coffee consumption GWAS on erectile dysfunction (Bovijn datasets).

Supplementary Figure 9–12 | The plots of the effect of caffeine from tea on erectile dysfunction (Bovijn datasets).

Supplementary Figure 13–16 | The plots of the effect of coffee consumption GWMA on erectile dysfunction (FinnGen datasets).

Supplementary Figure 17–20 | The plots of the effect of coffee consumption GWAS on erectile dysfunction (FinnGen datasets).

Supplementary Figure 21–24 | The plots of the effect of caffeine from tea on erectile dysfunction (FinnGen datasets).




References

1. McCabe, MP, Sharlip, ID, Atalla, E, Balon, R, Fisher, AD, Laumann, E, et al. Definitions of sexual dysfunctions in women and men: A consensus statement from the fourth international consultation on sexual medicine 2015. J Sex Med. (2016) 13:135–43. doi: 10.1016/j.jsxm.2015.12.019

2. Rew, KT, and Heidelbaugh, JJ. Erectile dysfunction. Am Fam Physician. (2016) 94:820–7.

3. Yafi, FA, Jenkins, L, Albersen, M, Corona, G, Isidori, AM, Goldfarb, S, et al. Erectile dysfunction. Nat Rev Dis Primers. (2016) 2:16003. doi: 10.1038/nrdp.2016.3

4. Terentes-Printzios, D, Ioakeimidis, N, Rokkas, K, and Vlachopoulos, C. Interactions between erectile dysfunction, cardiovascular disease and cardiovascular drugs. Nat Rev Cardiol. (2022) 19:59–74. doi: 10.1038/s41569-021-00593-6

5. Nguyen, HMT, Gabrielson, AT, and Hellstrom, WJG. Erectile dysfunction in young men-A review of the prevalence and risk factors. Sex Med Rev. (2017) 5:508–20. doi: 10.1016/j.sxmr.2017.05.004

6. Lopez, DS, Wang, R, Tsilidis, KK, Zhu, H, Daniel, CR, Sinha, A, et al. Role of caffeine intake on erectile dysfunction in US men: results from NHANES 2001-2004. PloS One. (2014) 10:e0123547. doi: 10.1371/journal.pone.0123547

7. Islam, MT, Tabrez, S, Jabir, NR, Ali, M, Kamal, MA, da Silva Araujo, L, et al. de carvalho melo cavalcante AA (2018) an insight into the therapeutic potential of major coffee components. Curr Drug Metab. (2018)  19:544–56. doi: 10.2174/1389200219666180302154551

8. Miner, M, Nehra, A, Jackson, G, Bhasin, S, Billups, K, Burnett, AL, et al. All men with vasculogenic erectile dysfunction require a cardiovascular workup. Am J Med. (2014) 127:174–82. doi: 10.1016/j.amjmed.2013.10.013

9. Mykoniatis, I, Grammatikopoulou, MG, Bouras, E, Karampasi, E, Tsionga, A, Kogias, A, et al. Sexual dysfunction among young men: overview of dietary components associated with erectile dysfunction. J Sex Med. (2018) 15:176–82. doi: 10.1016/j.jsxm.2017.12.008

10. Lawlor, DA, Harbord, RM, Sterne, JA, Timpson, N, and Davey Smith, G. Mendelian randomization: using genes as instruments for making causal inferences in epidemiology. Stat Med. (2008) 27:1133–63. doi: 10.1002/sim.3034

11. Carter, AR, Sanderson, E, Hammerton, G, Richmond, RC, Davey Smith, G, Heron, J, et al. Mendelian randomisation for mediation analysis: current methods and challenges for implementation. Eur J Epidemiol. (2021) 36:465–78. doi: 10.1007/s10654-021-00757-1

12. Coffee, Caffeine Genetics C, Cornelis, MC, Byrne, EM, Esko, T, Nalls, MA, Ganna, A, et al. Genome-wide meta-analysis identifies six novel loci associated with habitual coffee consumption. Mol Psychiatry. (2015) 20:647–56. doi: 10.1038/mp.2014.107

13. Zhong, VW, Kuang, A, Danning, RD, Kraft, P, van Dam, RM, Chasman, DI, et al. A genome-wide association study of bitter and sweet beverage consumption. Hum Mol Genet. (2019) 28:2449–57. doi: 10.1093/hmg/ddz061

14. Said, MA, van de Vegte, YJ, Verweij, N, and van der Harst, P. Associations of observational and genetically determined caffeine intake with coronary artery disease and diabetes mellitus. J Am Heart Assoc. (2020) 9:e016808. doi: 10.1161/JAHA.120.016808

15. Bovijn, J, Jackson, L, Censin, J, Chen, CY, Laisk, T, Laber, S, et al. GWAS identifies risk locus for erectile dysfunction and implicates hypothalamic neurobiology and diabetes in etiology. Am J Hum Genet. (2019) 104:157–63. doi: 10.1016/j.ajhg.2018.11.004

16. Kurki, MI, Karjalainen, J, Palta, P, Sipila, TP, Kristiansson, K, Donner, KM, et al. FinnGen provides genetic insights from a well-phenotyped isolated population. Nature. (2023) 613:508–18. doi: 10.1038/s41586-022-05473-8

17. Kamat, MA, Blackshaw, JA, Young, R, Surendran, P, Burgess, S, Danesh, J, et al. PhenoScanner V2: an expanded tool for searching human genotype-phenotype associations. Bioinformatics. (2019) 35:4851–3. doi: 10.1093/bioinformatics/btz469

18. Verbanck, M, Chen, CY, Neale, B, and Do, R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7

19. Burgess, S, Scott, RA, Timpson, NJ, Davey Smith, G, Thompson, SG, and Consortium, E-I. Using published data in Mendelian randomization: a blueprint for efficient identification of causal risk factors. Eur J Epidemiol. (2015) 30:543–52. doi: 10.1007/s10654-015-0011-z

20. Burgess, S, Butterworth, A, and Thompson, SG. Mendelian randomization analysis with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658–65. doi: 10.1002/gepi.21758

21. Bowden, J, Davey Smith, G, and Burgess, S. Mendelian randomization with invalid instruments: effect estimation and bias detection through Egger regression. Int J Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080

22. Bowden, J, Davey Smith, G, Haycock, PC, and Burgess, S. Consistent estimation in mendelian randomization with some invalid instruments using a weighted median estimator. Genet Epidemiol. (2016) 40:304–14. doi: 10.1002/gepi.21965

23. Hartwig, FP, Davey Smith, G, and Bowden, J. Robust inference in summary data Mendelian randomization via the zero modal pleiotropy assumption. Int J Epidemiol. (2017) 46:1985–98. doi: 10.1093/ije/dyx102

24. Burgess, S, Bowden, J, Fall, T, Ingelsson, E, and Thompson, SG. Sensitivity analyses for robust causal inference from mendelian randomization analyses with multiple genetic variants. Epidemiology. (2017) 28:30–42. doi: 10.1097/EDE.0000000000000559

25. Shamloul, R, and Ghanem, H. Erectile dysfunction. Lancet. (2013) 381:153–65. doi: 10.1016/S0140-6736(12)60520-0

26. Shiri, R, Koskimaki, J, Hakama, M, Hakkinen, J, Huhtala, H, Tammela, TL, et al. Effect of life-style factors on incidence of erectile dysfunction. Int J Impot Res. (2004) 16:389–94. doi: 10.1038/sj.ijir.3901196

27. Lopez, DS, Liu, L, Rimm, EB, Tsilidis, KK, de Oliveira Otto, M, Wang, R, et al. Coffee intake and incidence of erectile dysfunction. Am J Epidemiol. (2018) 187:951–9. doi: 10.1093/aje/kwx304

28. Xiong, Y, Zhang, F, Zhang, Y, Wang, W, Ran, Y, Wu, C, et al. Insights into modifiable risk factors of erectile dysfunction, a wide-angled Mendelian Randomization study. J Adv Res. (2024) 58:149–61. doi: 10.1016/j.jare.2023.05.008

29. Akkus, E, Kadioglu, A, Esen, A, Doran, S, Ergen, A, Anafarta, K, et al. Prevalence and correlates of erectile dysfunction in Turkey: a population-based study. Eur Urol. (2002) 41:298–304. doi: 10.1016/s0302-2838(02)00027-1

30. Yang, R, Wang, J, Chen, Y, Sun, Z, Wang, R, and Dai, Y. Effect of caffeine on erectile function via up-regulating cavernous cyclic guanosine monophosphate in diabetic rats. J Androl. (2008) 29:586–91. doi: 10.2164/jandrol.107.004721

31. Corbin, JD, and Francis, SH. Pharmacology of phosphodiesterase-5 inhibitors. Int J Clin Pract. (2002) 56:453–9. doi: 10.1111/j.1742-1241.2002.tb11296.x

32. Adebiyi, A, and Adaikan, PG. Effect of caffeine on response of rabbit isolated corpus cavernosum to high K+ solution, noradrenaline and transmural electrical stimulation. Clin Exp Pharmacol Physiol. (2004) 31:82–5. doi: 10.1111/j.1440-1681.2004.03955.x

33. Dludla, PV, Cirilli, I, Marcheggiani, F, Silvestri, S, Orlando, P, Muvhulawa, N, et al. Potential benefits of coffee consumption on improving biomarkers of oxidative stress and inflammation in healthy individuals and those at increased risk of cardiovascular disease. Molecules. (2023) 28:(18). doi: 10.3390/molecules28186440

34. Paton, CD, Lowe, T, and Irvine, A. Caffeinated chewing gum increases repeated sprint performance and augments increases in testosterone in competitive cyclists. Eur J Appl Physiol. (2010) 110:1243–50. doi: 10.1007/s00421-010-1620-6

35. Glover, FE, Caudle, WM, Del Giudice, F, Belladelli, F, Mulloy, E, Lawal, E, et al. The association between caffeine intake and testosterone: NHANES 2013-2014. Nutr J. (2022) 21:33. doi: 10.1186/s12937-022-00783-z




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.


Copyright © 2024 Xiang, Hu, Peng, Luo, Chen and Zhang. 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.


OEBPS/Images/fendo-15-1400491-g002.jpg
Exposure
coffee consumption GWMA

coffee consumption GWAS

caffeine from tea

Method nSNP P.value
MR Egger &) 0.876
Weighted median 3 0.775
Inverse variance weighted 3 0.829
Simple mode 3 0.503
Weighted mode 3 0.486
MR Egger 22 0923
Weighted median 22 0.340
Inverse variance weighted 22 0.335
Simple mode 22 0.903
‘Weighted mode 22 0.808
MR Egger 15 0.880
Weighted median 15 0.428
Inverse variance weighted 15 0673
Simple mode 15 0.754
Weighted mode 15 0.907

P<0.05 was considered statistically signifcant

Protective Factor Risk Factor

OR(95%Cl)
0.930(0.452t0 1.915) 0.29
1.033(0.826 to 1.292)
1.021(0.843t0 1.238) 0.549
1.134(0.837 to 1.536)
1.128(0.854 to 1.491)
0.954(0.369t0 2.462) 0.859
1.441(0.680 to 3.054)
1.314(0.754 t0 2.289) 0.867
1.091(0.274 to 4.343)
1.091(0.546 t0 2.177)
0.920(0.317 to 2.666) 0.466
1.291(0.687 to 2.425)
1.107(0.690t0 1.776) 0.534
0.847(0.308 to 2.335)
1.039(0.550 to 1.963)

0.835

0423

0.709

Heterogeneity.TestP Pleiotropy.TestP MR.PRESSO.Global.TestP

Not enough SNP

0.864 (raw, 0 outliers)

0.588 (raw, 0 outliers)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Potential genetic association between coffee/caffeine consumption and erectile dysfunction: a Mendelian randomization study and meta-analysis

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design

          



          		

            Summary data for exposures

          



          		

            Summary data for outcome

          



          		

            Selection of instrumental variables

          



          		

            Statistical analyses

          



        



        



        		

          Results

        

          		

            Characteristics of selected SNPs

          



          		

            Causal effects of coffee/caffeine consumption on the risk of ED

          



          		

            Sensitivity analysis

          



          		

            Meta-analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1400491-g004.jpg
Exposure Outcome P.value OR(95%Cl) Heterogeneity.Test.P l.square

coffee consumption GWMA Bovijn Jetal 0.829 —p—s 1.021(0.843 to 1.238)

FinnGen 0.768 ———— 0.908(0.478 to 1.725)

Meta-analysis 0.906 - 1.011(0.841 t0 1.216) 0.731 0%
coffee consumption GWAS BovijnJetal 0.335 l—i—o—' 1.314(0.754 t0 2.289)

FinnGen 0.367 S e — 0.531(0.134 to 2.101)

Meta-analysis 0.903 —— 1.049(0.487 t0 2.260) 0.231 30.2%
caffeine from tea Bovijn Jetal 0.673 A 1.107(0.690 to0 1.776)

FinnGen 0.714 P 0.792(0.229 t0 2.747)

Meta-analysis 0.793 —l— 1.061(0.682 t0 1.651) 0.6215 0%

P<0.05 was considered statistically signifcant c|) 1' é :'3

Protective Factor Risk Factor





OEBPS/Images/table2.jpg
MR RESULTS

EXPOSURE OUTCOME N HETEROGENEITY PLEIOTROPY MR.PRESSO
Methods OR
SNPs Cl
0.754-
MR-Egger 4 2296 | 0281 0253 0212
Welg}lxted 4 1086 0.662- 0.744
median 1.782
Coffee
0478- 0.144(raw,
Consumption ED wvw 4 o U0 076 0.064 o ouﬂ(ir:rws)
GWMA ’
Simple 0.457-
4 1994 X
mode 099 2161 0%
Weighted i i | 009 |
mode . 185
0.195-
MR-E 20 193 0.57 0261 0.190
8Ber 19305 2
Weighted 20 1206 | %219 g
median 6923
Coffee I
0.134- 0.222(raw,
Consumption ED ww 20 st | O 03 0212 o outl(;:r":)
GWAS .
Simple 0.154-
2 X .
mode 4 A g0y | 0364
Weighted 0.306-
e 20 e | U0 0571
MR-Egger 12 a0 | 2971 g a6 0.112 0.683
88 ‘ 27829 - )
Weighted 0273
i 12 1180 0.825
median 5.110
Caffeine From Tea ED vw 12 0792 2 o714 0.146 0190,
2.747 0 outliers)
Simple 0.167-
mode L 2418 35.107 0331
Weighted 0.326-
il 12 L6 0065

MR, Mendelian randomization; SNP, single-nucleotide polymorphism; OR, odds ratio; IVW, Inverse variance weighted; ED, erectile dysfunction.





OEBPS/Images/fendo.2024.1400491_cover.jpg
& frontiers | Frontiers in Endocrinology

Potential genetic association between
coffee/caffeine consumption and erectile
dysfunction: a Mendelian randomization

study and meta-analysis





OEBPS/Images/fendo-15-1400491-g003.jpg
Exposure Method nSNP P.value OR(95%CI) Heterogeneity.TestP Pleiotropy.TestP MR.PRESSO.Global.TestP

coffee consumption GWMA MR Egger 4 0.281 '-f—-—- 2.296(0.754 to 6.996) 0.253 0212
Weighted median 4 0.744 "“*—‘ 1.086(0.662 to 1.782)
Inverse variance weighted 4 0.768 '—‘*_—' 0.908(0.478 to 1.725) 0.064 0.144 (raw, 0 outliers)
Simple mode 4 0.988 —_— 0.994(0.457 t0 2.161)
Weighted mode 4 0.640 _-— 1.134(0.705 to 1.825)

coffee consumption GWAS MR Egger 20 0.579 '_%_'—’ 1.939(0.195t0 19.305)  0.261 0.19
Weighted median 20 0.834 '—-i°——* 1.206(0.210 to 6.923)
Inverse variance weighted 20 0.367 -—-—f—' 0.531(0.134 10 2.101) 0.212 0.222 (raw, 0 outliers)
Simple mode 20 0.364 : 5.419(0.154 to 190.211)
Weighted mode 20 0.571 ’—‘;—'—' 1.640(0.306 to 8.792)

caffeine from tea MR Egger 12 0.826 : 1.410(0.071t027.829) 0.112 0.683
Weighted median 12 0.825 ’—f'—* 1.180(0.273 10 5.110)
Inverse variance weighted 12 0714 '—":—' 0.792(0.229t02.747)  0.146 0.190 (raw, 0 outiiers)
Simple mode 12 0.531 ’—‘:—'_’ 2.418(0.167 to 35.107)
Weighted mode 12 0.652 '_5—'—’ 1.416(0.326 t0 6.157)

P<0.05 was considered statistically signifcant 0 1 2 3 4 5

—_——

Protective Factor Risk Factor





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-15-1400491-g001.jpg
Assumption 2 A\

Confounders

1
1

1

1

1

I

1

!

! 1.Type 2 diabetes

! 2 Hypertension

! 3.Cardiovascular disease
! 4 Body mass index

! 5.Triglyceride

i
]
1

Genetic instruments  Assumption 1 Exposures

SNP1 - -

Coffee/caffeine consumption Erectile dysfunction

Outcome

Assumption 3





OEBPS/Images/table1.jpg
EXPOSURE

MR RESULTS

PLEIOTROPY

MR.PRESSO

Coffee
Consumption
GWMA

Coffee
Consumption
GWAS

Caffeine From Tea

OUTCOME N HETEROGENEITY
Method OR
SNPs
0.452-
MR-E; 3 0930 0.876 0290
BEEE 1915
Weighted 0.826-
median 3 1033 1292 0775
ED VW 3 Lo O g0 0549
1.238
Simple 0.837-
3 1134 0.503
mode 1.536
Weighted 0.854-
3 1.128 0.486
mode 1.491
0.369-
MR-Egger 2 0954 0.923 0.859
2.462
Weighted 0.680-
s 2 1441 3054 | 0390
0.754-
ED vw 2 1314 2289 | 0335 0.867
Simple 0.274-
o 2 1.091 saz | 0903
Weighted 0.546-
2 1.091 0.808
mode 2 2.177 o
0.317-
MR-Egger 15 0920 2666 | 0880 0.466
Weightsd 15 1201 067 g
median 2425
ED VW 15 L7 | %% e 0534
1.776
Simple 0.308-
15 0.847 0.754
mode 2335
Weighted 0.550-
1 1.0 .907
mode s 39 1963 %

0.835

0.423

0.709

MR, Mendelian randomization; SNP, single-nucleotide polymorphism; OR, odds ratio; IVW, Inverse variance weighted; ED, erectile dysfunction.

Not
enough SNPs

0.864(raw,
0 outliers)

0.588(raw,
0 outliers)





