
Molecular & Cellular Biomechanics 2024, 21(4), 303. 

https://doi.org/10.62617/mcb303 

1 

Article 

Gut microbiota affects aneurysms through biomechanical mechanisms: A 

mendelian randomization study 

Renjie Li1,2, Yi Xu1,2, Tao Cheng1,2,* 

1 Department of General Surgery, Zhongda Hospital, Southeast University, Nanjing 210009, China 
2 School of Medicine Southeast University, Nanjing 210009, China 

* Corresponding author: Tao Cheng, Emailchengtao860714@163.com 

Abstract: Purpose: To assess any potential associations between gut microbiota (GM) and 

aortic aneurysm and cerebral aneurysm in biomechanics (AA and CA). Methods: We 

performed a two-sample Mendelian randomization (MR) to assess the causal association 

between GM and AA, CA. The inverse-variance weighted (IVW) model was used as the 

main analytical method and was followed by sensitivity analysis, including heterogeneity 

test, horizontal pleiotropy test, and leave-one-out analysis, to appraise the robustness of the 

MR results. Results: Our IVW results showed that RuminococcaceaeUCG005 [OR = 1.43, 

95% CI (1.17,1.76), P = 0.000] and Roseburia [OR = 1.16, 95% CI (1.00,1.34), P = 0.049] 

were positively associated with AA, while Prevotella9 [OR = 0.81, 95% CI (0.68,0.96), P = 

0.022] and RuminococcaceaeNK4A214 [OR = 0.72, 95% CI (0.57,0.89), P = 0.003] were 

negative. Meanwhile, we also found that Betaproteobacteria [OR = 1.53, 95% CI (1.08,2.17), 

P = 0.017], cCoriobacteriaceae [OR = 1.39, 95% CI (1.07,1.80), P = 0.012], Eggerthella [OR 

= 1.34, 95% CI (1.12,1.61), P = 0.002], Burkholderiales [OR = 1.59, 95% CI (1.11,2.28), P = 

0.011], Dorei [OR = 1.19, 95% CI (1.01,1.40), P = 0.038] and Dorea [OR = 1.09, 95% CI 

(1.00,1.18), P = 0.044] were positively correlated with CA, and there was a negative 

association between Bifidobacteriales [OR = 0.73, 95% CI (0.57,0.95), P = 0.018] and CA. 

Sensitivity analysis showed no facts of reverse causality, pleiotropy, and heterogeneity. 

Conclusions: Our study demonstrates that RuminococcaceaeUCG005 and Roseburia are 

related to an increased risk of AA, Prevotella9, and RuminococcaceaeNK4A214 can reduce 

the risk of AA. On the other hand, Coriobacteriaceae, Eggerthella, Burkholderiales, Dorei 

and Dorea are related to an increased risk of CA, Bifidobacteriales can reduce the risk of CA. 

In addition, gut microbiota may affect the occurrence of aneurysms through biomechanical 

mechanisms such as the elasticity and strength of blood vessel walls. 

Keywords: biomechanical mechanisms; gut microbiota; aneurysms; mendelian 

randomization 

1. Introduction 

An artery that has permanently enlarged abnormally due to a weak arterial wall 

is called an aneurysm. Aneurysms can develop anywhere in the body, but the aortic 

and cerebral aneurysms (AA and CA) are the most common and dangerous types. 

Congenital abnormalities in the middle layer of the artery wall’s muscle, 

inflammatory responses in the arteries, and atherosclerosis are the main reasons of 

aneurysm formation [1,2]. Aneurysm symptoms are relatively insidious, but once 

ruptured, the rate of death and disability is high. More than 50% of patients with 

ruptured aortic aneurysms die of circulatory failure before reaching the hospital [2]. 

The prevalence of cerebral aneurysms was found to be 3.2% in a global clinical 
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study involving 50-year-old participants. The prognosis for rupture of cerebral 

aneurysms resulting in spontaneous subarachnoid hemorrhage is poor, with a 

mortality rate of approximately 30% and serious complications left in half of the 

survivors [3,4]. The genesis of aneurysms is still unclear, despite growing 

advancements in vascular surgery and vascular intervention procedures that have 

decreased the lethality of aneurysms. Targeting the etiology to lower the occurrence 

of aneurysms would significantly lessen patient suffering and have more clinical 

impact. 

Gut microbiota (GM), a group of microorganisms that are colonized in the 

human intestinal tract and interdependent with the human body for a long period, are 

widely distributed, complex, and diverse, and maintain the normal physiological and 

immune functions of the host’s intestinal tract [5]. In recent years, research on gut 

microbiota has revealed its significant impact on human physiology and pathology. 

Studies have shown that gut microbiota plays a crucial role in the development of 

various diseases, particularly those involving inflammatory responses like 

atherosclerosis, diabetes mellitus, and ischemic stroke. This influence is attributed to 

the regulation of the metabolic-immune axis by gut microbiota. As our 

understanding of the intricate relationship between gut microbiota and disease 

continues to evolve, it becomes increasingly clear that targeting the gut microbiota 

could offer promising therapeutic strategies for managing and preventing these 

diseases [6–10]. Pathological studies of human aneurysms and animal models have 

demonstrated that inflammation also plays an important role in the pathophysiology 

of aneurysms [11,12] and that immune cells induce chronic inflammation in the 

arterial wall to promote aneurysm progression [13,14]. Shikata et al. [15] 

demonstrated that gut microbiota are involved in aneurysmal pathophysiological 

processes by regulating inflammation in an animal study. The current study suggests 

that gut microbiota and aneurysms are related, but the causal relationship between 

the two remains uncertain. 

Mendelian randomization (MR) is a statistical method that applies genetics to 

estimate the causal effect of an exposure on an outcome by using genetic variation as 

an instrumental variable for testing the exposure, aiming to reduce the bias caused by 

confounders or reverse causality in epidemiological studies [16,17]. Therefore, in 

this study, two-sample MR analysis was used to explore the potential causal 

relationship between gut microbiota and cerebral aneurysms and aortic aneurysms to 

identify specific pathogenic gut microbiota. 

1.1. Data and methods 

1.1.1. Data sources 

The data of aortic aneurysms and cerebral aneurysms were obtained from the 

GWAS database, aortic aneurysms included 3230 cases and 475,964 controls 

covering 24,191,825 single nucleotide polymorphisms (SNPs); similarly, cerebral 

aneurysms included 945 cases and 472,738 controls, including 24,191,825 SNPs; 

these data are from European populations. The GWAS ID of aortic aneurysms and 

cerebral aneurysms are ebi-a-GCST90018783 and ebi-a-GCST90018815. Summary 

statistics for gut microbiota were obtained from the most recent GWAS website and 
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included 411 gut microbiota exposures. Two-sample MR analysis was used to 

investigate the potential causal relationship between aortic aneurysms and cerebral 

aneurysms and gut microbiota. All data used in this study were obtained from public 

data, which are publicly available on the database website 

(https://gwas.mrcieu.ac.uk/). 

1.1.2. Screening of instrumental variables 

There are 3 core hypotheses for Mendelian randomization studies. 

(1) Hypothesis 1: Correlation hypothesis. Instrumental variables (IVs) are 

strongly correlated with exposure factors (gut microbiota). Under the conventional 

threshold P < 5 × 10−8, there were only a few SNPs, which did not meet the needs of 

Mendelian analysis, and the threshold was adjusted to P < 1 × 10−5 to obtain enough 

SNPs after referring to the related literature. The chain disequilibrium r2 was set to 

0.001, and the width of the chain disequilibrium region was 10,000 kb to ensure that 

the individual SNPs were independent of each other, and to rule out the influence of 

gene pleiotropy on the results and bias [18,19]; (2) Hypothesis 2: Independence 

hypothesis. Genetic variants are independent of confounders, SNPs selected as 

instrumental variables cannot be associated with confounders (smoking, 

hypertension, atherosclerosis, etc. in this study); (3) Hypothesis 3: Exclusivity 

hypothesis. Genetic variation is not associated with the outcome variable, SNPs can 

only affect aneurysms through gut microbiota and are not directly associated with 

aneurysms, and SNPs directly associated with cerebral aneurysms or aortic 

aneurysms were excluded (P < 5 × 10−8). 

Phenotypes represented by all eligible SNPs were searched by Pheno Scanner 

(http://www.phenoscanner.medschl.cam.ac.uk/) [20] to exclude confounders 

associated with aneurysms (e.g., smoking, hypertension, atherosclerosis, infection, 

trauma, etc.) [21] and the aneurysm-related SNPs. 

The statistical strength of the correlation between SNPs and exposure was 

assessed in Mendelian randomization using the F statistic, which is calculated by the 

formula F = R2(N − K − 1)/(1 − R2)K, where N is the sample size of the gut 

microbiota database, K is the number of SNPs, and R2 represents the proportion of 

variance in gut microbiota explained by SNPs, R2 = 2 × (1 − MAF)(MAF) × (β/SD)2, 

F < 10 is considered as a weak correlation between SNPs and exposure that needs to 

be excluded, and F > 10 is considered as an instrumental variable that meets the 

requirements. EAF (Effect Allele Frequency) is the effect allele frequency of each 

SNP, the frequency of allele occurrence and β is the effect value of the allele [20,22]. 

1.1.3. Mendelian randomization analysis 

The inverse variance weighted (IVW) analysis method [23–25] was used as the 

main analysis method in this study and combined with Wald estimation to analyze 

the causal relationship of gut microbiota on aneurysms [26]. To guard against false 

positives in multiple testing, we applied a Bonferroni correction to establish a 

statistically adjusted significance threshold [P = 1.21 × 10−4 (0.05/411)] [27]. The 

inverse variance weighted analysis method, inspired by meta-analysis, was proposed 

to reduce the variance by weighted averaging. IVW was subdivided into m ixed-

effects model and random-effects model. If heterogeneity was shown in the 

sensitivity test, the random-effects model should be chosen to reduce the error; if 
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there was no heterogeneity, the results of the random-effects model and the fixed-

effects model were consistent. Other analytical methods such as weighted median 

(WM) [28] and MR-Egger regression are also used as an aid. WM assumes that at 

least half of the IVs in the analysis are valid, and then obtains a consistent estimate 

of causality. MR-Egger regression adal intercept term, which is mainly used to 

determine the existence of horizontal pleiotropy, considering the presence of 

pleiotropy that does not provide evidence of a causal effect. 

1.1.4. Sensitivity analysis 

In this study, horizontal pleiotropy was tested by the MR-Egger method, if the 

intercept term in the MR-Egger analysis is significant, it indicates that the study has 

horizontal polyvalence. The heterogeneity of SNPs was determined by Cochran’s Q 

test if Cochran’s Q statistic test was statistically significant (P < 0.05), it proved that 

the analysis results had significant heterogeneity, and heterogeneity was considered 

to exist when P < 0. 05, and then causal inference was made by using the random 

effect model of IVW. The leave-one-out analysis was used to assess whether the 

significant results of the combined IVW were determined by a single SNP. 

1.1.5. Statistical software version and name 

MR analyses in the study were realized with R (version 4.3.1) and the Two 

Sample MR package and MR-PRESSO package. 

2. Results 

Four gut microbiota associated with aortic aneurysms and seven gut microbiota 

associated with cerebral aneurysms were obtained from 411 human gut microbiota 

by IVW method in MR analysis. Some positive exposures in the presence of 

pleiotropy are filtered out. The influence of each SNP locus on aortic aneurysms or 

cerebral aneurysms was obtained by MR analysis. 

2.1. Two-sample mendelian randomization analysis 

The relationship between the gut microbiota and the aneurysm as a whole is 

shown in the diagram as a whole (Tables 1 and 2, Figures 1 and 2). 

The consistent direction of causality demonstrated by the three methods 

underscores a significant finding: the groups of Prevotella_9 and 

RuminococcaceaeNK4A214 exhibit a negative association with the risk of aortic 

aneurysm [OR = 0.81, 95% CI (0.68–0.96), P = 0.014; OR = 0.72, 95% CI (0.57–

0.89), P = 0.003]. This suggests that they may serve as protective factors against 

aortic aneurysm. On the contrary, the RuminococcaceaeUCG005 group and 

Roseburia are positively linked to the risk of aortic aneurysm [OR = 1.43, 95% CI 

(1.17–1.76), P < 0.001; OR = 1.16, 95% CI (1.00–1.34), P = 0.049] (Table 1, 

Figure 1, Figure 3B, Supplementary Figures S1B–S3B). Moreover, an examination 

of relevant SNPs through Phenoscanner unveiled that one SNP in Prevotella_9 was 

connected to confounding factors. Upon the exclusion of these SNPs and subsequent 

reapplication of MR analysis, Prevotella_9. “rs1304512” was found to be associated 

with the phenotype “self-reported hypertension,” a statistically significant result. 
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Table 1. MR analysis results of gut microbiota and aortic aneurysms. 

GWAS ID Exposure snps Methods OR (95% CI) P Cochran’s Q (P) Egger intercept (P) 

ebi-a-

GCST90017045 
Prevotella_9 14 

MR-Egger 0.85 (0.50–1.43) 0.546 13 (0.752) −0.002 (0.939) 

IVW 0.81 (0.68–0.96) 0.014 14 (0.815)  

Weight median 0.77 (0.61–0.96) 0.022   

ebi-a-

GCST90017052 

Ruminococcac

eaeNK4A214  
13 

MR-Egger 0.68 (0.31–1.47) 0.345 11 (0.892) 0.004 (0.887) 

IVW 0.72 (0.57–0.89) 0.003 12 (0.929)  

Weight median 0.72 (0.54–0.97) 0.03   

ebi-a-

GCST90017056 

Ruminococcac

eaeUCG005 
14 

MR-Egger 1.38 (0.76–2.49) 0.315 12 (0.438) 0.004 (0.885) 

IVW 1.43 (1.17–1.76) < 0.001 13 (0.517)  

Weight median 1.36 (1.02–1.82) 0.034   

ebi-a-

GCST90027713 
Roseburia 14 

MR-Egger 1.55 (0.85–2.83) 0.181 12 (0.935) −0.031 (0.349) 

IVW 1.16 (1.00–1.34) 0.049 13 (0.924)  

Weight median 1.21 (0.99–1.47) 0.055   

 

Figure 1. Forest plot of MR analysis of gut microbiota and aortic aneurysm. 

In a study focusing on cerebral aneurysms, it was observed that 

Bifidobacteriales exhibited a negative association with the risk of cerebral 

aneurysms, with an odds ratio of 0.73 and a 95% confidence interval ranging from 

0.57 to 0.95, yielding a statistically significant P-value of 0.018. Conversely, other 

bacterial taxa such as BetaProteobacteria, Coriobacteriaecae, Eggerthella, 

Burkholderiales, Dorei, and Dorea were found to be positively associated with the 

risk of cerebral aneurysm. Their respective odds ratios and confidence intervals were 

1.53 (1.08–2.17), 1.39 (1.07–1.80), 1.34 (1.12–1.61), 1.59 (1.11–2.28), 1.19 (1.01–

1.40), and 1.09 (1.00–1.18), with corresponding P-values of 0.017, 0.012, 0.002, 

0.011, 0.038, and 0.044 (Table 2, Figure 2, Figures 4B–5B, Supplementary Figures 

S4B–S8B). 
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Table 2. MR analysis results of gut microbiota and cerebral aneurysms. 

GWAS ID Exposure snps Methods OR (95%CI) P Cochran’s Q (P) Egger intercept (P) 

ebi-a-GCST90016912 BetaProteobacteria 12 

MR-Egger 2.16 (0.55–8.49) 0.295 10 (0.133) −0.023 (0.619) 

IVW 1.53 (1.08–2.17) 0.017 11 (0.166)  

Weight median 1.42 (0.96–2.11) 0.081   

ebi-a-GCST90016914 Coriobacteriaecae 14 

MR-Egger 1.92 (0.69–5.32) 0.233 12 (0.817) −0.023 (0.532) 

IVW 1.39 (1.07–1.80) 0.012 13 (0.844)  

Weight median 1.44 (1.03–2.02) 0.031   

ebi-a-GCST90017093 Bifidobacteriales 12 

MR-Egger 0.64 (0.27–1.50) 0.328 10 (0.491) 0.011 (0.750) 

IVW 0.73 (0.57–0.95) 0.018 11 (0.571)  

Weight median 0.73 (0.51–1.06) 0.095   

ebi-a-GCST90016990 Eggerthella 11 

MR-Egger 2.71 (0.82–8.96) 0.137 9 (0.362) −0.074 (0.275) 

IVW 1.34 (1.12–1.61) 0.002 10 (0.332)  

Weight median 1.24 (0.97–1.58) 0.074   

ebi-a-GCST90017094 Burkholderiales 11 

MR-Egger 1.69 (0.42–6.82) 0.477 9 (0.117) −0.004 (0.931) 

IVW 1.59 (1.11–2.28) 0.011 10 (0.165)  

Weight median 1.53 (1.01–2.30) 0.043   

ebi-a-GCST90027824 Dorei 15 

MR-Egger 1.36 (0.49–3.77) 0.563 13 (0.293) −0.013 (0.794) 

IVW 1.19 (1.01–1.40) 0.038 14 (0.357)  

Weight median 1.12 (0.89–1.40) 0.328   

ebi-a-GCST90027847 Dorea 11 

MR-Egger 1.10 (0.87–1.41) 0.444 9 (0.590) −0.003 (0.911) 

IVW 1.09 (1.00–1.18) 0.044 10 (0.681)  

Weight median 1.11 (1.00–1.25) 0.059   

 

Figure 2. Forest plot of MR analysis of gut microbiota and cerebral aneurysm. 
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Figure 3. Causal relationship between Prevotella_9 and aortic aneurysms. (A) Forest plot of causality between 

Prevotella_9 and aortic aneurysms; (B) Scatter plot of causality between Prevotella_9 and aortic aneurysms; (C) 

Funnel plot of causality between Prevotella_9 and aortic aneurysms; (D) “leave-one-out” plot of causality between 

Prevotella_9 and aortic aneurysms. 
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Figure 4. Causal relationship between BetaProteobacteria and cerebral aneurysms. (A) Forest plot of causality 

between BetaProteobacteria and cerebral aneurysms; (B) Scatter plot of causality between BetaProteobacteria and 

cerebral aneurysms; (C) Funnel plot of causality between BetaProteobacteria and cerebral aneurysms; (D) “leave-one-

out” plot of causality between BetaProteobacteria and cerebral aneurysms. 
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Figure 5. Causal relationship between Coriobacteriaecae and cerebral aneurysms. (A) Forest plot of causality between 

Coriobacteriaecae and cerebral aneurysms; (B) Scatter plot of causality between Coriobacteriaecae and cerebral 

aneurysms; (C) Funnel plot of causality between Coriobacteriaecae and cerebral aneurysms; (D) “leave-one-out” plot 

of causality between Coriobacteriaecae and cerebral aneurysms. 

Furthermore, an investigation into the horizontal pleiotropy of single nucleotide 

polymorphisms (SNPs) associated with these bacterial taxa was conducted using the 

Phenoscanner website. The analysis revealed no SNPs that were linked to potential 

confounders, as indicated in Table 2 and Figure 2. This research sheds light on the 

complex interplay between microbial composition and the development of cerebral 

aneurysms, underscoring the need for further exploration in this area. 
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2.2. Sensitivity analysis 

The results of MR Egger regression showed that in aortic aneurysms, there was 

no horizontal pleiotropy in 4 bacterial groups including Prevotella_9 (intercept P = 

0.939), (intercept P = 0.887), (intercept P = 0.885), and (intercept P = 0.349), which 

indicated that the results of MR analysis were reliable (Table 1, Figure 3C, 

Supplementary Figures S1C–S3C). 

In cerebral aneurysms, BetaProteobacteria (Intercept P = 0.619), 

Coriobacteriaecae (Intercept P = 0.532) Bifidobacteriales (Intercept P = 0.750), 

Eggerthella (Intercept P = 0.275), Burkholderiales (Intercept P = 0.931), Dorei 

(Intercept P = 0.794), and Dorea (Intercept P = 0.911) likewise did not show 

horizontal pleiotropy (Table 2, Figures 4C–5C, Supplementary Figures S4C–S8C). 

The one-by-one removal test showed that no single SNP had a significant 

impact on the robustness of the results, indicating that this study is stable (Figures 

3D–5D, Supplementary Figures S1D–S8D). 

The results of Cochran’s test showed that the Q p-value of IVW and MR-Egger 

were > 0.05 for all the bacterial groups and there was no heterogeneity. (No outliers 

were detected by the MR-PRESSO method, P > 0.05). 

3. Discussion 

The gut microbiome is a complex and dynamic collection of ecological 

communities mainly consisting of four bacterial phyla, including Firmicutes, 

Actinobacteria, Proteobacteria, and Bacteroidetes. From a structural point of view, 

arteries have been defined as a composite material consisting of fibres, elastin, and 

collagen, embedded in a compliant and viscoelastic matrix, made of ground 

substance and cells. Collagen and elastin are two major constituents of the arterial 

wall. The mechanical effects of blood flow and shear stress in the endothelium and 

vascular smooth muscles, inflammation, as well as the controls from the renin-

angiotensin-aldosterone system, endothelins, adipokines from perivascular adipose 

tissue (PVAT), are the key factors in the pathophysiology of arterial remodelling and 

the progression of Hypertension [29]. 

The dysbiosis of gut microbiomes may cause metabolic, immune, and 

neurological diseases [29,30]. As an invisible organ, it could directly influence the 

vascular wall inflammatory cell infiltration manifested in an enhanced vascular wall, 

which is important in the progression of aneurysms [31]. Our study through MR 

analysis explored gut microbiomes that were associated with the formation and 

progressionof aneurysms, and shed light on the potential role of gut microbiomes in 

preventing the occurrence and progression of aneurysms [31]. 

The effect of gut microbiota on intracranial aneurysms has also been reported in 

the literature, where gut microbiota affects intracranial aneurysm formation through 

inflammation within the walls of intracranial aneurysms in mice, which was further 

confirmed by antibiotic depletion of gut microbiota experiments [15]. These gut 

microbiomes may play a role in modifiable risk factors of aneurysm or participate in 

the formation of aneurysms through other potential mechanisms instead of having a 

causal association with aneurysms. Moreover, the intricate symbiotic or antagonistic 

relationship among gut microbiomes should not be neglected [32]. Additionally, 
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intestinal barrier dysfunction could cause the spread of inflammation and allow gut 

microbiomes or their metabolites to enter into the systemic circulation, even 

colonizing in aneurysms [33,34]. Vasoconstrictors, such as noradrenaline, 

endothelin-1 (ET-1) orangiotensin Ⅱ (Ang Ⅱ), increase artery stiffness, whereas 

vasodilators such as glyceryl trinitrate elicit opposite effects. Systemic inflammation 

may also result in greater permeability of the blood–brain barrier, leading to the 

colonization of gut microbiomes in aneurysms [35]. Changes in endothelial function 

and smooth muscle tone can influence the stiffness of the elastic and muscular 

arteries. Studies have shown that the interaction of chemicals secreted by intestinal 

flora and blood vessel clotting factors can lead to increased permeability of the blood 

vessel wall and change the biomechanical properties of the blood vessel wall, 

leading to inflammation or exudation [14]. 

By controlling for confounding factors and reverse causality effects, a total of 

four gut microbiota were associated with aortic aneurysms in this study by 

Mendelian randomization, including Prevotella_9, RuminococcaceaeNK4A214, 

RuminococcaceaeUCG005, Roseburia and seven gut microbiota were associated 

with cerebral aneurysms, including Beta proteobacteria, Coriobacteriaecae, 

Bifidobacteriales, Eggerthella, Burkholderiales, Dorei and Dorea. The reason for the 

different gut microbiota analyzed is that we speculate that it may be related to the 

fact that the embryonic origin of the aorta and cerebral arteries is not identical; 

although the endothelium of all blood vessels originates from the mesoderm, and the 

embryonic source of the vast majority of arterial intima and epithelium is also 

mesodermal, the source of the smooth muscle cells of a portion of the blood vessels 

in the neural crest (NC), including the diaphragmatic layer of the heart, the aorta, 

vena cava, and some cerebral arteries [36]. 

The analysis of gut microbiota about aortic aneurysm reveals significant 

associations. Specifically, RuminococcaceaeUCG005 and Roseburia have been 

linked to an elevated risk of aortic aneurysm, while Prevotella_9 and 

RuminococcaceaeNK4A214 have shown potential in reducing this risk. In an animal 

study, it was demonstrated that Clostridium butyricum can suppress pathogenic 

bacteria in the gut and support the proliferation of beneficial bacteria such as 

Bifidobacterium and Lactobacillus [37]. This resulted in a notable increase in the 

relative abundance of these beneficial bacteria in the Clostridium butyricum and 

RuminococcaceaeNK4A214 groups compared to the control group, whereas the 

relative abundance in the RuminococcaceaeUCG005 group was notably lower. 

Additionally, another study highlighted the role of Prevotella in mitigating 

inflammatory responses and lowering the risk of developing psoriasis, with patients 

suffering from psoriasis exhibiting significantly lower levels of Prevotella abundance 

[38]. 

Additionally, analyzing the gut microbiota associated with cerebral aneurysms, 

BetaProteobacteria, Coriobacteriaecae, Bifidobacteriales, Eggerthella, 

Burkholderiales, Dorei were associated with an increased risk of cerebral aneurysms, 

most of these gut microbiota were shown to be associated with inflammatory 

responses in the body in different studies, and all of them increased localized or 

systemic inflammatory responses in the body [39], and the abundance of 

Coriobacteriaecae was significantly higher in HIV-1 seroconverted individuals than 
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in the general population, which is associated with an increase in blood biomarkers 

of inflammation [40]; increased abundance of Eggerthella was positively associated 

with the risk of systemic lupus erythematosus [41]; increased abundance of 

Burkholderiales was associated with the risk of cystic fibrosis in Russia [42]; and, in 

patients with irritable bowel syndrome, the gut microbiota of subjects with IBS, 

compared to healthy controls, was significantly increased in Dorei and Dorea species 

were significantly increased and Lactobacillus and Bifidobacterium species were 

decreased [43]. This point is consistent with our finding that Bifidobacteriales are 

protective factors for cerebral aneurysm development. Bifidobacteriales have the role 

of regulating the immune function, stimulating the intestinal mucosa, activating the 

immune system of the intestinal mucosa, causing it to produce antibodies and 

cytokines, and improving the immune and anti-inflammatory ability of the intestinal 

mucosa [44]. At the same time, in a recent study, the researchers analyzed the gut 

bacteria of 76 patients with Takayasu arteritis and 56 healthy individuals. They 

discovered that patients with Campylobacter in their gut were much more likely to 

need treatment for aortic dilatation compared to those without Campylobacter [45]. 

Meta-analysis research demonstrated that the relative abundance of Hungatella 

hathewayi is a protective factor against aneurysm growth and rupture. Meanwhile, 

the relative abundance of Campylobacter ureolyticus is associated with stroke-

aneurysmal subarachnoid hemorrhage [46]. Another group applied 16S sequencing 

and found that the abundance of the genus Campylobacter and Campylobacter 

ureolyticus was significantly higher in the ruptured aneurysms group [47]. Gut 

microbiota has also been shown to exacerbate Ang II-induced arterial hypertension, 

vascular inflammation and dysfunction in conventional mice compared to germ-free 

mice [48]. In addition, interleukin-4 (IL-4) and IL-10 are increased in the Ang II-

treated conventional mice but not in germ-free mice. The translocation of gut 

bacteria to the intraperitoneal space, due to epithelial layer damage, can induce 

transitory infection with systemic elevation of IL-12 [49]. 

However, our study has some limitations. First, all GWAS data were from 

European populations, and the findings of this study cannot be fully applied to other 

populations; second, when we analyzed the gut microbiota, most of them were 

analyzed at the genus level, individually up to the level of the order, phylum, and 

family, and not at the level of the specific species or strains; and furthermore, to 

obtain a sufficient intestinal microbiota, we chose a higher than the traditional 

genome-wide significance level (P < 5 × 10−8) for instrumental variables in gut 

microbiota (P < 1 × 10−5); finally, our Mendelian Randomization (MR) analysis 

primarily relied on the significance (p < 0.05) of the Inverse Variance Weighted 

(IVW) method. It is prudent to interpret the significance derived from a single 

method cautiously. Therefore, future studies should aim to validate these findings 

with larger datasets and explore other robust MR methods to further strengthen 

causal inference. The MR analysis results did not meet the Bonferroni correction 

threshold [p = 1.21 × 10−4 (0.05/411)], meaning the associations in this study are not 

statistically significant. Hence, these findings are indicative of potential associations 

rather than definitive evidence. More research is needed to reveal the specific 

mechanisms involved. 
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