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Objective: Investigating the causal connection that exists between inflammatory bowel disease (IBD) and hypertension (HT). To gain a deeper insight into the correlation among IBD, gut microbiota, and HT, we conducted a two-step, two-sample Mendelian randomization study.



Methods: An investigation of genome-wide association study (GWAS) summary-level data was utilized to conduct a two-sample Mendelian randomization (MR) analysis of genetically predicted inflammatory bowel disease: (12,882cases, 21,770controls) on Systolic/Diastolic blood pressure (N = 2,564). Subsequently, two-step MR analyses revealed that the relationship between IBD and SBP was partly mediated by Faecalicatena glycyrrhizinilyticum. The robustness of the findings was confirmed through several sensitivity assessments.



Results: This MR study showed that increase in genetically predicted IBD was associated with higher risk of genetically predicted SBP (OR: 1.08, 95% CI: 1.01–1.16, P < 0.05) and DBP (OR: 1.09, 95% CI: 1.02–1.17, P < 0.05), respectively. Inverse variance weighted (IVW) MR analysis also showed that increase in genetically predicted IBD was associated with higher abundance Faecalicatena glycyrrhizinilyticum (OR: 1.03, 95% CI: 1.01–1.04, P < 0.05), which subsequently associated with increased SBP risk (OR: 1.42, 95% CI: 1.06–1.9, P < 0.05). Faecalicatena glycyrrhizinilyticum abundance in stool was responsible for mediating 11% of the genetically predicted IBD on SBP.



Conclusion: The research proposed a causal link between Inflammatory Bowel Disease (IBD) and Hypertension (HT), with a little percentage of the impact being influenced by Faecalicatena glycyrrhizinilyticum in stool. Mitigating gut microbiome may decrease the heightened risk of hypertension in people with inflammatory bowel disease.
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1 Introduction

Inflammatory bowel disease (IBD) is associated with gut microbiota dysbiosis, which characterised by means of persistent inflammation affecting the digestive tract with extraintestinal complications that may encompass an array of physiological systems. Globally, extra than 6.8 million sufferers are affected by IBD, the top incidence of IBD takes place between the 2nd and 4th decades of life (1), as a result, these people will be exposed to chronic systemic inflammatory disorders throughout their lives. Patients with IBD are more susceptible to acute vascular events, systemic inflammation and endothelial dysfunction are critically involved in the development and progression of CVDs, emerging evidence has shown that the risk factor is the inflammatory process itself, not any specific ailment, and the contribution of persistent systemic inflammation to atherosclerosis may be the cause of this elevated risk (2). Given the fact that hypertension (HT) is a prevalent and early indication of atherosclerosis, it is logical to expect an increased HT risk in IBD patients. Previous studies have reported a higher prevalence of HT in IBD patients (3, 4). In apparent contrast, another study showed that the prevalence estimates of HT were not significantly different between IBD patients compared with controls. Some studies showed no correlation between IBD and Cardiovascular disease (CVD) (5, 6). Thus, the current data appear inadequate to suggest that HT is associated with increased risk for endothelial dysfunction in IBD patients. Recently, increasing interest has recently focused on the influence of human gut microbiota in HT. Gut microbiota participates in the occurrence and development of hypertension in various ways, existing evidence has proven that gut barrier function, gut microbiota structure, and gut microbial metabolites are key factors involved in the occurrence and development of hypertension (7). Furthermore, microbial sequencing analysis has provided a number of information about the presence of characteristic gut microbiota related to CVDs (8). In addition, other studies also provide evidence of a link between inflammatory bowel disease and the genera of the gut microbiota (9). However, there is currently no data on the genetic effects of gut microbiota in the relationship between IBD and HT.

Mendelian randomization (MR) is an innovative method of analysis in which instrumental variables are genetic variations linked to a potential risk factor to investigate the effect that exposure has on a particular outcome. The random allocation of single nucleotide polymorphisms (SNPs) is governed by Mendel's second rule, making them less susceptible to confounder bias, measurement error, and reverse causality, which are regular in conventional observational research (10, 11). As such, MR has the potential to yield more reliable and effective outcomes that closely resemble those obtained from randomized controlled trials. Moreover, two-step approaches for testing causal mediation using Mendelian randomisation (MR) have been devised. These approaches are significantly less susceptible to the inherent biases found in the conventional multivariable approach (12). In this study, we apply a two-sample, two-step MR design to investigate the associated impacts of IBD on HT and the potential role of gut microbiota.



2 Materials and methods


2.1 Overall study design

First, in univariate two-sample MR, the bidirectiona relationship between IBD and HT (including SBP and DBP) was analyzed, for the significant causal associations in the univariable MR analysis, the multivariate MR (MVMR) analysis was performed using the MVMR-IVW method, aiming to adjust for potential confounding factors including obstructive sleep apnea, BMI and smoking and drinking. Summary level results of these confounding factors were retrieved from GWAS results based on populations not overlapping with the exposures. In the first step of the two step MR, we conducted a positive MR analysis of the gut microbiota and HT, screened out the GM that were strongly correlated with the disease; in the second step, we used MR to analyze the causal relationship between IBD and the screened mediating GM, and finally derive the Faecalicatena glycyrrhizinilyticum abundance in stool that are strongly correlated with the disease, so as to observe the mediating effect of Faecalicatena glycyrrhizinilyticum mediating the influence of IBD on HT.



2.2 GWAS summary data sources

The summary statistics for GWAS on inflammatory bowel disease were acquired from the International Inflammatory Bowel Disease Genetics Consortium (IIBDGC), including an aggregate number of 34,652 participants of predominantly European ancestry (cases/controls for inflammatory bowel disease: 12,882/21,770) (13). A total of 473 gut microbial taxa were summarized from the genome-wide association study (GWAS) catalog, including 5,959 individuals from FINRISK 2022 cohort (14). Regarding the use of antihypertensive medications, the GWAS summary data for genetic correlations related to Systolic/Diastolic blood pressure obtained from UK Biobank (N = 2,564)were adjusted by medication. GWAS data is sourced from several consortia or organizations, ensuring there is no sample overlap. Detailed information about the data sources mentioned above is presented in Supplementary Table S1.



2.3 Selection of instrumental variables

Firstly, the instrumental variables chosen to perform analysis must be firmly linked with exposure factors, to guarantee appropriate screening of instrumental variables, SNPs picking up a p-value below the locus-wide significance threshold (5 × 10−8) were chosen. If there were no notable genome-wide single nucleotide polymorphisms as instrumental variables, SNPs with less than a genome-wide significance level (P < 1 × 10−5) were engaged as alternative IVs. Secondly, we excluded instrumental variables with F values (formula: (R2/(R2 − 1)) × ((N − K − 1)/K)) < 10 to guarantee the robustness of the relationship between instrumental variables and exposure factors (15). Thirdly, in order to examine the linkage disequilibrium effect and ensure that the selected instrumental variables satisfy the independence test, we determine the linkage disequilibrium parameter (R2) of SNP to 0.001 and the genetic distance of 10,000 kb. The palindromic SNPs were removed to prevent the effect of alleles on the outcome. Moreover, SNPs chosen for the exposure and mediator should be distinct, and there were non-overlapping among exposure, mediator and outcome, ensure any effect of the mediator on the outcome is independent of the exposure. To further assess the influence of potential directional pleiotropy, we scanned each of the SNPs used as IVs for their potential secondary phenotypes using the GWAS Catalog (http://www.ebi.ac.uk/gwas, last accessed on August 8, 2024) and performed MR analyses after excluding the SNPs associated with other phenotypes.



2.4 Statistical analysis

The most important causal estimate was calculated using the inverse-variance weighted (IVW) approach. This method integrated the Wald ratio of each SNPs to evaluate the result. The heterogeneity of the studies was evaluated using Cochran's Q values, I2 statistics, and the H statistics. Other statistical tests including weighted median, MR-Egger, have been used as sensitivity tests. The weighted median technique may provide reliable causal estimates even if half of the weight in the analysis comes from flawed instrumental factors. Horizontal pleiotropy tests were performed by judging the intercept term in MR-Egger regression. If the intercept term was close to 0 (<0.1) and P > 0.05, it indicated that there was no evidence of horizontal pleiotropy in the analysis, showing that the results of MR analyses were reliable.



2.5 Mediation effects of gut microbiota

Assumptions and design of the a two-sample and mediation Mendelian randomization (MR) analyses. Three key assumptions of MR: (i) the genetic variants are associated with the exposure (the relevance assumption) (ii) genetic instruments are exchangeable with the outcome, across levels of the instrument (the independence assumption) and (iii) the genetic variants do not affect the outcome via any variable other than the exposure (the exclusion restriction criteria) (12). We conducted a mediation study utilizing a two-step Mendelian randomization approach to ascertain the mediation effect of gut microbiota on the associations from IBD to HT outcome (Figure 1). The overall impact of IBD on HT was separated into two components: (1) direct effects of IBD on HT and (2) indirect effects mediated by IBD through the mediator (β1*β2 in Figure 1), which β1 representing the impact of IBD on gut microbiota, β2 representing the consequences of gut microbiota on HT. We estimated the proportion of the total effect mediated by gut microbiota by calculating the ratio of the indirect influence to the overall effect (16). Standard errors for the mediating effects were calculated using the delta method (17).


[image: Figure 1]
FIGURE 1
(A) Principles of Mendelian Randomization: I) Independence: The genetic variants utilized in the analysis are not associated with any confounders that could potentially influence the relationship between the exposure and the outcome. II) Relevance: The genetic variants selected as instrumental variables have a strong association with the exposure. III) Exclusion Restriction: The genetic variants influence the outcome solely through their effect on the exposure, and not through any alternative pathways; (B) The flowchart of two-step MR estimates for the mediation effect of gut microbiota in the causal association between inflammatory bowel disease and hypertension. SBP, systolic blood pressure. DBP, diastolic blood pressure.





3 Results


3.1 Single nucleotide polymorphisms selected in Mendelian randomization

We obtained 63 SNPs in inflammatory bowel disease, which met the widely acknowledged genomewide significance criterion (P < 5 × 10−8, r2 < 0.001, kb = 10,000) for exposure. To remove confounding factors, 3 SNPs (rs112694524, rs1873625, rs12446550) strongly associated with hypertension were eliminated. Furthermore, F-statistic estimates revealed the absence of a istrumental weakness bias. (all F-statistic > 10). (Supplementary Table S2).



3.2 Association of IBD with HT

We conducted bidirectional two-sample MR analyses to assess the relationship between IBD and HT. Mendelian randomization analysis demonstrates that in the primary IVW MR analysis, an increase in genetically predicted IBD was associated with a greater risk of genetically predicted SBP (OR: 1.08, 95% CI: 1.01–1.16, P < 0.05) and DBP (OR: 1.09, 95% CI: 1.02–1.17, P < 0.05), respectively. Based on the results of reverse analysis, DBP was found positively correlated with the risk of IBD (OR: 1.14, 95% CI: 1.05–1.23, P < 0.05) (Supplementary Table S3). The MVMR analysis was conducted to assess the direct effect of IBD on HT with adjustment of multiple other risk factors for HT. The results obtained from the MVMR analysis were consistent with the findings from the univariable MR (Figure 2) (Supplementary Table S4).


[image: Figure 2]
FIGURE 2
Multivariable MR analysis outcomes. CI, confidence interval.




3.2 Association between gut microbiota and HT

The IVW method discovered 22 causal correlations between gut microbiota characteristics and HT phenotypes (Supplementary Table S5). Specifically, 9 gut microbial taxa were associated with the SBP, 16 gut microbial taxa were associated with DBP.


3.2.1 Systolic blood pressure

The genetic forecast Atopobiaceae abundance in stool (OR: 2.04, 95% CI: 1.04–4.02, P < 0.05), CAG-1031 abundance in stool (OR: 1.18, 95% CI:1.01–1.38, P < 0.05), Eubacterium F sp000434115 abundance in stool (OR: 1.27, 95% CI:1.05–1.54, P < 0.05), Faecalicatena glycyrrhizinilyticum abundance in stool (OR: 1.42, 95% CI: 1.06–1.9, P < 0.05), GCA-900066755 abundance in stool (OR: 1.59, 95% CI: 1.09–2.31, P < 0.05) were positively correlated with SBP. On the contrary, CAG-822 abundance in stool (OR: 0.78, 95% CI: 0.61–0.99, P < 0.05), Hungatella sp900155545 abundance in stool (OR: 0.55, 95% CI: 0.31–0.99, P < 0.05), Kandleria vitulina abundance in stool (OR: 0.7, 95% CI: 0.53–0.91, P < 0.05), Leuconostoc abundance in stool (OR: 0.73, 95% CI: 0.58–0.92, P < 0.05) exhibit a protective effect against SBP (Figure 3).


[image: Figure 3]
FIGURE 3
Estimate of causal effect of gut microbiota on SBP.




3.2.2 Diastolic blood pressure

Genetically predicted CAG-345 sp000433315 abundance in stool (OR: 0.83, 95% CI: 0.71–0.97, P < 0.05), Clostridium M sp001304855 abundance in stool (OR: 0.51, 95% CI: 0.29–0.9, P < 0.05), Fibrobacteria abundance in stool (OR: 0.25, 95% CI: 0.08–0.79, P < 0.05), Fusobacterium A abundance in stool (OR: 0.64, 95% CI: 0.41–0.99, P < 0.05), Leuconostoc abundance in stool (OR 0.74, 95% CI: 0.58–0.94, P < 0.05), UBA737 abundance in stool (OR: 0.6, 95% CI: 0.39–0.9, P < 0.05), Veillonella rogosae abundance in stool (OR: 0.78, 95% CI: 0.61–0.99, P < 0.05) decreased the risk of DBP. By contrast, 9 bacterial taxa increased the risk of DBP, namely, Agathobacter sp000434275 abundance in stool (OR: 1.28, 95% CI: 1.02–1.61, P < 0.05), CAG-1031 abundance in stool (OR: 1.18, 95% CI: 1.01–1.4, P < 0.05), CHKCI006 sp900018345 abundance in stool (OR: 1.51, 95% CI: 1.1–2.06, P < 0.05), Eubacterium F sp000434115 abundance in stool (OR: 1.34, 95% CI: 1.09–1.64, P < 0.05), Eubacterium R coprostanoligenes abundance in stool (OR: 1.8, 95% CI: 1.13–2.88, P < 0.05), Klebsiella abundance in stool (OR 1.21, 95% CI: 1.04–1.41, P < 0.05), UBA1375 sp002305795 abundance in stool (OR: 1.36, 95% CI: 1.03–1.78, P < 0.05), UBA6398 abundance in stool (OR: 1.38, 95% CI: 1.01–1.89, P < 0.05) and UBA7177 sp002491225 abundance in stool (OR: 2.04, 95% CI: 1.26–3.3, P < 0.05) (Figure 4).
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FIGURE 4
Estimate of causal effect of gut microbiota on DBP.





3.3 Association of IBD with gut microbiota

We then conducted a two-sample Mendelian randomization analysis to examine the relationship between inflammatory bowel disease (IBD) and gut microbiota proved have significant effect with SBP. The IVW methodology identified a positive correlation between genetically predicted IBD and Faecalicatena glycyrrhizinilyticum abundance in stool (OR: 1.03, 95% CI: 1.01–1.04. P < 0.05) (Supplementary Table S6).



3.4 Proportion of the connection between IBD and SBP modified by Faecalicatena glycyrrhizinilyticum

After removing gut microbiota not directly impacted by IBD and those without a causal effect on SBP, we took Faecalicatena glycyrrhizinilyticum abundance in stool for mediation analysis. We found that IBD was linked to increased abundance of Faecalicatena glycyrrhizinilyticum in stool, which thereafter became linked with a increased risk of SBP, the percentage mediated by Faecalicatena glycyrrhizinilyticum was 11%. However, the P value of the mediation effect was insignificant, and we lacked sufficient evidence to demonstrate that the effect of IBD on SBP was mediated by Faecalicatena glycyrrhizinilyticum abundance in stool (Table 1) (Figure 5).


TABLE 1 Mediation MR analysis outcomes.

[image: Table 1]
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FIGURE 5
Schematic diagram of the Faecalicatena glycyrrhizinilyticum mediation effect.





4 Discussion

If gut bacteria play a causal role in the relationship between inflammatory bowel disease and hypertension, this is the first study to investigate this possibility, in the mediation MR analysis, IBD causally increased the abundances of Faecalicatena glycyrrhizinilyticum abundance in stool and subsequently associated with increased SBP risk, with a mediated proportion of 11%. Our MR analysis offered proof of a link between hypertension and inflammatory bowel illness, and the role of gut microbiota as mediators.

Our discoveries align with prior research indicating that Inflammatory Bowel Disease (IBD) is linked to an increased risk of excess HT risk, A cross-sectional study from the UK Biobank cohort indicated that patients with IBD had a higher cumulative risk of hypertension compared with general population (18). Previous meta-analysis that drew from 16 trials and a total of 2,029,941 people identified that IBD patients are at higher risk for adverse cardiovascular outcomes, and hypertension accounted for 30% among the most common comorbidities (19). In a large-scale cohort study enrolling 120 consecutive IBD patients, patients with IBD had a considerably greater incidence of white coat hypertension compared to non-IBD controls (20).

Recent data suggests that gut microbial and their impact on intestinal and systemic inflammation are linked to the development and advancement of hypertension (21, 22). Faecalicatena glycyrrhizinilyticum abundance in stool was discovered as a mediator in the causative relationship between IBD and HT, the connection between IBD and the microbiota has been confirmed by tests on mice and metagenomic sequencing investigations (22). Faecalicatena glycyrrhizinilyticum is Gram-positive, obligate anaerobic, non-spore-forming and rod-shaped bacteria, belonged to cluster XIVa of the genus Clostridium. Clostridium genus was found in greater abundance in IBD patients, indicating its potential involvement in this disease's pathology (23). Faecalicatena glycyrrhizinilyticum was capable of hydrolysing of glycyrrhizin (GL) and generate glycyrrhetic acid (GA) afterwards (24). GA can increase blood pressure by blocking the 11-hydroxysteroid dehydrogenase type 2 and binding to the mineralocorticoid receptor (MR) as an agonist (25). Continuous intake of large amounts of liquorice is a widely known cause of pseudo-hyperaldosteronism leading to hypertension and hypokalemia (26). Our results add to the evidence that increase abundance of Faecalicatena glycyrrhizinilyticum was related to lower risk of HT. The strengths of our study include the use of species-level analysis to define gut microbiota taxa, moreover, the GWAS data used in this study come from various populations, which ensured the generalizability of our findings.


4.1 Study limitations

Our study has limitations. Firstly, although we strived to minimize pleiotropy, it is impossible to completely eliminate all instances of pleiotropy in MR analysis, unrecognized pathways and confounding factors between the exposure and outcome may still exist, potentially introducing biases into our results. Secondly, our sample size of Hypertension patients is relatively small. Thirdly, The use of genetic IVs indicated that the impacts of the exposures on the results persisted throughout life, which can be in contrast to the current circumstances. Although the indirect effect in the mediation analysis was insignificant, and thus the mediation model was not likely to sustain, our study provides an easily applied framework using both two-step, two-sample Mendelian randomization to investigate potential factors that mediate the causal effect of exposure on the outcome, as well as clarify the extent of the mediation effect (27).




5 Conclusion

The present study employed a two-step, two-sample MR approach to ascertain potential causal relationships between HT and IBD, moreover, Faecalicatena glycyrrhizinilyticum abundance in stool mediated a minor portion of the observed effect. These results offer support for interventional research investigating the possible function of the intestinal microbiome to mitigate a significant portion of the increased risk of HT in patients with inflammatory bowel disease (IBD). Such investigations could employ a range of therapeutic strategies, such as prebiotics, engineered bacteria (commensal and probiotic), and antibiotics, to regulate the microbiome's abundance (28, 29).



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

BW: Conceptualization, Data curation, Formal Analysis, Writing – original draft, Investigation, Methodology, Software. ZY: Software, Supervision, Validation, Writing – original draft. Hj: Methodology, Project administration, Resources, Writing – original draft. NG: Funding acquisition, Resources, Visualization, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was partly supported by the Prospective cohort study on etiology screening of endocrine hypertension founded by National Health Commission.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1396973/full#supplementary-material



References

1. GBD 2017 Inflammatory Bowel Disease Collaborators. The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990–2017: a systematic analysis for the global burden of disease study 2017. Lancet Gastroenterol Hepatol. (2020) 5(1):17–30. doi: 10.1016/S2468-1253(19)30333-4

2. Kirchgesner J, Beaugerie L, Carrat F, Andersen NN, Jess T, Schwarzinger M, et al. Increased risk of acute arterial events in young patients and severely active IBD: a nationwide French cohort study. Gut. (2018) 67(7):1261–8. doi: 10.1136/gutjnl-2017-314015

3. Kristensen SL, Ahlehoff O, Lindhardsen J, Erichsen R, Jensen GV, Torp-Pedersen C, et al. Disease activity in inflammatory bowel disease is associated with increased risk of myocardial infarction, stroke and cardiovascular death–a danish nationwide cohort study. PLoS One. (2013) 8(2):e56944. doi: 10.1371/journal.pone.0056944

4. Chung WS, Lin CL, Hsu WH, Kao CH. Inflammatory bowel disease increases the risks of deep vein thrombosis and pulmonary embolism in the hospitalized patients: a nationwide cohort study. Thromb Res. (2015) 135(3):492–6. doi: 10.1016/j.thromres.2014.12.025

5. Osterman MT, Yang YX, Brensinger C, Forde KA, Lichtenstein GR, Lewis JD. No increased risk of myocardial infarction among patients with ulcerative colitis or crohn’s disease. Clin Gastroenterol Hepatol. (2011) 9(10):875–80. doi: 10.1016/j.cgh.2011.06.032

6. Wu K, Li A, Liu L, Shu T, Xia D, Sun X. Inflammatory bowel disease and cardiovascular disease: a two-sample Mendelian randomization analysis. Front Cardiovasc Med. (2022) 9:927120. doi: 10.3389/fcvm.2022.927120

7. Yang Z, Wang Q, Liu Y, Wang L, Ge Z, Li Z, et al. Gut microbiota and hypertension: association, mechanisms and treatment. Clin Exp Hypertens. (2023) 45(1):2195135. doi: 10.1080/10641963.2023.2195135

8. Karlsson FH, Fåk F, Nookaew I, Tremaroli V, Fagerberg B, Petranovic D, et al. Symptomatic atherosclerosis is associated with an altered gut metagenome. Nat Commun. (2012) 3:1245. doi: 10.1038/ncomms2266

9. Huang J, Kelly CP, Bakirtzi K, Villafuerte Gálvez JA, Lyras D, Mileto SJ, et al. Clostridium difficile toxins induce VEGF-A and vascular permeability to promote disease pathogenesis. Nat Microbiol. (2019) 4(2):269–79. doi: 10.1038/s41564-018-0300-x

10. Burgess S, Timpson NJ, Ebrahim S, Davey Smith G. Mendelian randomization: where are we now and where are we going? Int J Epidemiol. (2015) 44(2):379–88. doi: 10.1093/ije/dyv108

11. Hemani G, Tilling K, Davey Smith G. Orienting the causal relationship between imprecisely measured traits using GWAS summary data [published correction appears in PLoS Genet. 2017 dec 29;13(12):e1007149]. PLoS Genet. (2017) 13(11):e1007081. doi: 10.1371/journal.pgen.1007081

12. 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(5):465–78. doi: 10.1007/s10654-021-00757-1

13. Liu JZ, van Sommeren S, Huang H, Ng SC, Alberts R, Takahashi A, et al. Association analyses identify 38 susceptibility loci for inflammatory bowel disease and highlight shared genetic risk across populations. Nat Genet. (2015) 47:979–86. doi: 10.1038/ng.3359

14. Qin Y, Havulinna AS, Liu Y, Jousilahti P, Ritchie SC, Tokolyi A, et al. Combined effects of host genetics and diet on human gut microbiota and incident disease in a single population cohort. Nat Genet. (2022) 54(2):134–42. doi: 10.1038/s41588-021-00991-z

15. Burgess S, Thompson SG. Avoiding bias from weak instruments in Mendelian randomization studies. Int J Epidemiol. (2011) 40:755–64. doi: 10.1093/ije/dyr036

16. Sanderson E. Multivariable Mendelian randomization and mediation. Cold Spring Harb Perspect Med. (2021) 11(2):a038984. doi: 10.1101/cshperspect.a038984

17. Thompson JR, Minelli C, Del Greco MF. Mendelian randomization using public data from genetic consortia. Int J Biostat. (2016) 12(2):20150074. doi: 10.1515/ijb-2015-0074

18. He J, Zhang S, Qiu Y, Liu F, Liu Z, Tan J, et al. Ulcerative colitis increases risk of hypertension in a UK biobank cohort study. United European Gastroenterol J. (2023) 11(1):19–30. doi: 10.1002/ueg2.12351

19. Jaiswal V, Batra N, Dagar M, Butey S, Huang H, Chia JE, et al. Inflammatory bowel disease and associated cardiovascular disease outcomes: a systematic review. Medicine (Baltimore). (2023) 102(6):e32775. doi: 10.1097/MD.0000000000032775

20. Premužić V, Prijić R, Jelaković M, Krznarić Ž, Čuković-Čavka S, Jelaković B. White coat hypertension is another clinical characteristic of patients with inflammatory bowel disease: a cross-sectional study. Medicine (Baltimore). (2022) 101(44):e29722. doi: 10.1097/MD.0000000000029722

21. O'Donnell JA, Zheng T, Meric G, Marques FZ. The gut microbiome and hypertension. Nat Rev Nephrol. (2023) 19(3):153–67. doi: 10.1038/s41581-022-00654-0

22. Naik SS, Ramphall S, Rijal S, Prakash V, Ekladios H, Mulayamkuzhiyil Saju J, et al. Association of gut microbial dysbiosis and hypertension: a systematic review. Cureus. (2022) 14(10):e29927. doi: 10.7759/cureus.29927

23. Ning L, Zhou YL, Sun H, Zhang Y, Shen C, Wang Z, et al. Microbiome and metabolome features in inflammatory bowel disease via multi-omics integration analyses across cohorts. Nat Commun. (2023) 14(1):7135. doi: 10.1038/s41467-023-42788-0

24. Palmieri O, Bossa F, Castellana S, Latiano T, Carparelli S, Martino G, et al. Deciphering microbial composition in patients with inflammatory bowel disease: implications for therapeutic response to biologic agents. Microorganisms. (2024) 12(7):1260. doi: 10.3390/microorganisms12071260

25. Sakuma K, Kitahara M, Kibe R, Sakamoto M, Benno Y. Clostridium glycyrrhizinilyticum sp. Nov., a glycyrrhizin-hydrolysing bacterium isolated from human faeces. Microbiol Immunol. (2006) 50(7):481–5. doi: 10.1111/j.1348-0421.2006.tb03818.x

26. Sabbadin C, Graziani A, Bavaresco A, Mazzeo P, Tizianel I, Ceccato F, et al. Pseudohyperaldosteronism due to licorice: a practice-based learning from a case series. Int J Mol Sci. (2024) 25(13):7454. doi: 10.3390/ijms25137454

27. Ceccuzzi G, Rapino A, Perna B, Costanzini A, Farinelli A, Fiorica I, et al. Liquorice toxicity: a comprehensive narrative review. Nutrients. (2023) 15(18):3866. doi: 10.3390/nu15183866

28. Chen Z, Wang X, Teng Z, Liu M, Liu F, Huang J, et al. Modifiable lifestyle factors influencing psychiatric disorders mediated by plasma proteins: a systemic Mendelian randomization study. J Affect Disord. (2024) 350:582–9. doi: 10.1016/j.jad.2024.01.169

29. Yan D, Sun Y, Zhou X, Si W, Liu J, Li M, et al. Regulatory effect of gut microbes on blood pressure. Animal Model Exp Med. (2022) 5(6):513–31. doi: 10.1002/ame2.12233

30. Chakaroun RM, Olsson LM, Bäckhed F. The potential of tailoring the gut microbiome to prevent and treat cardiometabolic disease. Nat Rev Cardiol. (2023) 20(4):217–35. doi: 10.1038/s41569-022-00771-0



OPS/images/fcvm-11-1396973-g001.jpg
le Mendelian randomizat 1} 1 the |l relationshi hyperte
' g
1 Independence assumption --
' - ~a
'
' Total effect ‘Outcome GWAS dataset
Gcnenc instruments "BDCC Fan:UKE {shm
Inflammatory bowel disease:( (\2 882cases,21,770controls) SBP/DBP;(N= 2564)
'
' )
1 Exclusion restriction criteria H
'
) () = SETssssses
1 Exclusion restriction criteria h 1 Exclusion restriction criteria
' '
[ sopmgsTees
'
- et independence assumption i prss
' '
' H g
' . £
' H g
' \ g
' Il g !
i ' 5
' ] ]
H R
' ¥ 2
] Outcome GWAS datasets g
' '
:

re GWAS dat:
Direct effect
IIBDGC

e
Fo®

pts

e

< \\L@u@‘
it

Exclusion restriction criteria






OPS/images/fcvm-11-1396973-g002.jpg
None 52 1.08(1.01,1.16) 0.023
Smoking 54 1.1(1.04,1.18) ol 0.002
Alcohol Consumption 50 1.1(1.03,1.17) =a=s 0.003
Sleep apnoea 52 1.1(1.03,1.17) - 0.003
Body mass index 31 1.11(1.03,1.19) =y 0.005
1BD/DBP
None 52 1.09(1.02,1.17) 0.012
‘Smoking 54 1.1(1.04,1.18) il 0.002
Alcohol Consumption 50 1.1(1.03,1.17) e 0.003
Sleep apnoea 52 1.1(1.03,1.17) — 0.003
Body mass index 31 1.1(1.03.1.19) I""‘ . 0.001





OPS/images/fcvm-11-1396973-g003.jpg
Method _P value Feheterogeneity _Equet intercept_P-itercept

W 00m e 605
Mo oo — osts oot
Mo oo —— 0222 0033
soo w001 —— or2 00i8
e e PR — 0875 088
CA500065755 abundance n stool o oo —_— 0536 o002
Hungatola $p300158545 abundance i stoo Mo oo um— o 0047
Kandior viuine abundance nstool mwo oo —— o397 2018
w007 ory0ssosy — 0ss o007






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The role of gut microbiome in mediating the effect of inflammatory bowel disease on hypertension: a two-step, two-sample Mendelian randomization study

		1 Introduction



		2 Materials and methods



		2.1 Overall study design



		2.2 GWAS summary data sources



		2.3 Selection of instrumental variables



		2.4 Statistical analysis



		2.5 Mediation effects of gut microbiota











		3 Results



		3.1 Single nucleotide polymorphisms selected in Mendelian randomization



		3.2 Association of IBD with HT



		3.2 Association between gut microbiota and HT



		3.2.1 Systolic blood pressure



		3.2.2 Diastolic blood pressure











		3.3 Association of IBD with gut microbiota



		3.4 Proportion of the connection between IBD and SBP modified by Faecalicatena glycyrrhizinilyticum











		4 Discussion



		4.1 Study limitations











		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

The role of gut microbiomein mediating

the effect of inflammatory bowel disease

on hypertension: a two-step, two-sample
Mendelian randomization study





OPS/images/fcvm-11-1396973-g004.jpg
- b, Method. P-betetogeneity . Eoger infercept . P-intercept
S s — i 5016 e
ot — o031
vt
it E—
vt
jird —_—
ey —_——
ol
ot
Hungaals spOOTSS e e sool Y

esHlls suncance n 135 il —
it
vt ==
it —
bt —

artsy suncance sl v
MW 0045 078051098






OPS/images/fcvm-11-1396973-g005.jpg
e o 2= 7 Tndirect effect ™~ B2: 0.34(0.15, 0.019)
" : .05
B1*p2 : 0.008 ke ~ P<0.0.
Mediated proportion(%) »
11%

Bdirect: 0.07

Direct effect






OPS/images/fcvm-11-1396973-t001.jpg
Total effect

SE | P value | Mediated Proportion

Direct effect A1

Direct effect 2

Mediation effect










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





