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Background

Accumulating evidence shows that dysregulation of intestinal flora is associated with inflammatory skin diseases, specifically atopic dermatitis (AD), psoriasis (PSO), and rosacea (ROS). However, the causality is still unclear.





Objectives

To study the underlying causality between gut microbiota (GM) and AD, PSO, and ROS, a bi-directional two-sample Mendelian randomization (2SMR) analysis was conducted.





Methods

Summary statistics of gut microbiota, AD, PSO, and ROS were extracted from large-scale genome-wide association studies (GWASs). In 2SMR analysis, in addition to the inverse variance weighted as the principal method for evaluating causal association, four different methods were also used. Sensitivity analysis and reverse 2SMR study were implemented to evaluate the robustness of 2SMR results or reverse causal relationship, respectively.





Results

A total of 24 specific gut microbiota species related to AD, PSO, and ROS were identified by 2SMR analysis. After using the Bonferroni method for multiple testing correction, family FamilyXIII (ID: 1957) [OR = 1.28 (1.13, 1.45), p = 9.26e−05] and genus Eubacteriumfissicatenagroup (ID: 14373) [OR = 1.20 (1.09, 1.33), p = 1.65e−04] were associated with an increased risk for AD and PSO, respectively. The genus Dialister showed a negative association, suggesting a protective role against both atopic dermatitis and rosacea. Our reverse 2SMR analysis indicated no reverse causality between these inflammatory skin diseases and the identified gut microbiota.





Conclusions

In summary, this study provided evidence for the causality between GM and inflammatory skin diseases. These findings suggested that supplementing specific bacterial taxa may be an effective therapy for AD, PSO, and ROS.
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Introduction

The incidence of several inflammatory skin diseases, including atopic dermatitis (AD), psoriasis (PSO), and rosacea (ROS), has increased dramatically over the past few decades, not only affecting the patient’s physical and mental health but also causing a huge financial burden on society (1, 2). Atopic dermatitis, also known as atopic eczema, is a chronic, recurrent, inflammatory, and pruritus skin disease associated with genetics (3). Psoriasis is a polygenic inherited dermatosis that presents as red scaly plaques, which can also affect the joints in some cases (4). Rosacea is a chronic inflammatory skin disease that occurs in the blood vessels and sebaceous units of the facial skin (5). Although the clinical characteristics and pathogenesis of AD, PSO, and ROS are different, they are generally related to genetic and external environmental factors. Consequently, it is necessary to identify the underlying pathogenesis in AD, PSO, and ROS.

The gut microbiome can establish a dynamic ecological balance between the host and the external environment. A disturbance in the gut microbiota (GM) balance can lead to the loss of multiple functions, such as the destruction of barrier function, disorders of inflammation, and immune function, resulting in the induction of diseases (6–8). Some studies have reported that changes in the abundance of gut microbiota may contribute to the aggravation of inflammatory skin diseases, while the potential mechanisms between the two are indistinct. With further research on the gut–skin axis, the alteration in the component and diversity of the GM can influence differentiation and metabolism in skin (9). In addition, gut microbiota also plays a vital role in regulating the immune response by maintaining the balance of T cells (10).

However, because there is no sufficient clinical evidence, whether there is a clear causal relationship between gut microbiota and inflammatory skin diseases remains doubtful. In general, the primary criterion for determining causality is a randomized controlled trial (RCT), which can be used to study the direct effects. In fact, an RCT is very complicated to complete and requires many participants and resources, and sometimes because of ethical issues, research on a certain factor is almost impossible. A Mendelian randomization (MR) study is one of the effective alternative methods (11). Genome-wide association studies (GWASs) perform high-throughput genomics techniques to identify variants associated with traits or diseases in specific and diverse populations, including single-nucleotide polymorphisms (SNPs) and copy number variants (CNVs), which can deepen our understanding of complex inherited traits in various diseases (12). Two-sample Mendelian randomization (2SMR) is a simple method of estimating the causal effect of exposure on outcome using GWAS summary data. In 2SMR analysis, SNPs, also called instrumental variables (IVs), are used for analyzing the causality between exposure and outcome. From a genetic perspective, SNPs are randomly assigned from parents to the next generation, which is conceptually similar to a randomized controlled trial (13). Therefore, 2SMR research can avoid the influence of reverse causality and eliminate the interference of confounding factors, making the research more reliable and credible.

In this study, the latest accessible large-scale GWAS summary statistics were utilized for 2SMR analysis to identify the potential causality between gut microbiomes and AD, PSO, and ROS, which could provide confidence for the research of inflammatory skin diseases and promote novel perspectives into the prevention and treatment of inflammatory skin diseases.





Materials and methods




Study design

2SMR was performed to investigate the associations between gut microbiota and inflammatory skin diseases (AD, PSO, and ROS) based on GWAS summary statistics. The overall study detail is depicted in Figure 1. To gain convincing results, the 2SMR analysis needs to comply with three core assumptions, including strong correlation, independence, and exclusion restriction assumptions (14). The IVs used for 2SMR analysis also need to conform to the above three core assumptions, and vice versa (Figure 1). Reverse 2SMR analysis was used to exclude reverse causality, which can disturb causal inference. Our study is reported following the STROBE-MR guidelines (15).




Figure 1 | Overview of the bi-directional 2SMR study and assumptions. Summary statistics for GM and three inflammatory skin diseases were acquired from MiBioGen consortium and FinnGen study, separately. The bi-directional 2SMR study was analyzed using multiple methods, including inverse variance weighted (IVW), MR-Egger (MRE), weighted median (WMed), weighted mode (WMod), and simple mode (SMod). 2SMR, two-sample Mendelian randomization; GM, gut microbiota.







Data sources for the exposure

Genetic variants for gut microbiota were obtained from a large-scale GWAS study conducted by the MiBioGen consortium, including 18,340 individuals from 24 cohorts, most of whom are European ethnic participants (n = 13,266). For detailed clinical characteristics of all participants, please refer to the previous studies (16). This large study profiles the microbial composition with a total of 211 microbial taxa at five levels, of which 15 GM taxa without specific names were excluded.





Data sources for the outcome

GWAS data for AD, PSO, and ROS were acquired from the latest version data by the FinnGen consortium in May 2023 (17). The diagnostic principles for AD, PSO, and ROS were based on ICD-10 standards. The GWAS statistics included 13,473 cases and 336,589 controls for AD, 9,267 cases and 364,071 controls for PSO, and 2,210 cases and 261,140 controls for ROS from a prospective cohort study involving the European population. Details of the exposures and outcomes of this 2SMR analysis can be found in Table 1.


Table 1 | Details of the exposure and outcome.







Identification of instrumental variables

To ensure the reliable causality between the gut microbiota and three inflammatory skin diseases, SNPs strongly related to GM taxa were used for IVs in our study. Considering that the quantity of available IVs at p < 5e−8 was quite limited, a loose cutoff of p < 1e−5 was set to obtain a relatively large number of IVs. In addition, genetic variations were clumped within a 10,000-kb window at the level of linkage disequilibrium (LD) and a clumping cutoff r (2) of 0.001. Then, palindromic SNPs and those not proxied were excluded from our study. Finally, weak IVs (the F-statistic of IVs < 10) were excluded from this study (18).





Statistical analysis

In this 2SMR study, multiple methods including inverse variance weighted (IVW), MR-Egger (MRE), simple mode (SMod), weighted median (WMed), and weighted mode (WMod) were used to examine the causality between gut microbiota and AD, PSO, and ROS. If horizontal pleiotropy was not present, the IVW method can be preferred for assessing causal relationships in the 2SMR study. Meanwhile, in the presence of heterogeneity, the IVW random-effects model (IVW-RE) was performed; otherwise, the IVW fixed-effects model (IVW-FE) was used. Moreover, MRE, SMod, WMed, and WMod can be used as complementary analysis methods for IVW (19).

When the results analyzed by the 2SMR study were statistically significant (p < 0.05), it was suggested that there may be a causality between the gut microbiota and inflammatory skin diseases.

Moreover, we conducted a series of different analysis methods to evaluate the underlying horizontal pleiotropy, which may challenge the second 2SMR assumption. Specifically, the MR-PRESSO global test and MR-Egger intercept test can act as methods to determine whether the IVs’ horizontal pleiotropy exists. It was considered as no horizontal pleiotropy when p > 0.05 for both methods (20).

Additionally, we performed Cochran’s IVW Q-test to quantify the heterogeneity of IVs. We used a leave-one-out analysis as an effective method to determine potential heterogeneous SNPs. In the end, we performed a 2SMR analysis to assess whether the reverse causality of inflammatory skin diseases (AD, PSO, and ROS) and the identified GM existed. We also detected a potential reverse causal relationship by using the MR Steiger filtering test and reverse 2SMR, which is basically consistent with the 2SMR analysis above. A flowchart illustrating the process of subject selection and screening is depicted in Supplementary Data Figure 1. We performed all 2SMR statistical analyses using the R package of “TwoSampleMR” (version 0.5.6) (21).






Results




Details of instrumental variables

In summary, a total of 2,475 SNPs were identified as final IVs. According to classification criteria for microbial taxa, the above SNPs were classified into five levels: phylum, class, order, family, and genus. Specifically, the following were identified: 116 IVs in nine phyla, 214 IVs in 16 classes, 264 IVs in 20 orders, 418 IVs in 32 families, and 1,463 IVs in 119 genera. All IVs were more strongly associated with exposure than with outcome (pexposure < poutcome). In addition, the F-statistics for each SNP were greater than 10, indicating that no IV bias existed. Details of the selected IVs are shown in Supplementary Data Table 1.





Results of the 2SMR analysis

First, 2SMR analysis was conducted to evaluate the causal relationship between 211 GM taxa and three different inflammatory skin diseases at five different levels. The results of AD evaluated by the IVW-FE or IVW-RE suggested that the family FamilyXIII (ID: 1957), genus RuminococcaceaeNK4A214group (ID: 11358), and genus RuminococcaceaeUCG011 (ID: 11368) were risk factors for atopic dermatitis, while the genus Dialister (ID: 2183), genus Eubacteriumcoprostanoligenesgroup (ID: 11375), and genus RuminococcaceaeUCG003 (ID: 11361) were protective factors for atopic dermatitis (Figure 2A). In addition, the results of Cochran’s Q-test signified that there was no discernible heterogeneity among the selected SNPs (p > 0.05). Moreover, after Bonferroni correction, a significant causal relationship between the family FamilyXIII (ID: 1957) [OR = 1.28 (1.13, 1.45), p = 9.26e−05] and psoriasis remained.




Figure 2 | Forest plot of the causality between GM taxa with the risks of inflammatory skin diseases. (A) Forest plot of GM taxa associated with atopic dermatitis identified by the IVW method. (B) Forest plot of GM taxa associated with psoriasis identified by the IVW method. (C) Forest plot of GM taxa associated with rosacea identified by the IVW method. IVW, inverse-variance weighted method; GM, gut microbiota.



Subsequently, we estimated the causal relationship between 211 GM taxa and PSO using the IVW-FE and IVW-RE methods. The results showed that genus Eubacteriumfissicatenagroup (ID: 14373) was associated with an increased risk for psoriasis, while family Veillonellaceae (ID: 2172) and genus Collinsella (ID: 815) were associated with a decreased risk for psoriasis (Figure 2B). Furthermore, the results of Cochran’s Q-test suggested the absence of heterogeneity. After Bonferroni correction, the genus Eubacteriumfissicatenagroup (ID: 14373) [OR = 1.20 (1.09, 1.33), p = 1.65e−04] remained a risk factor for psoriasis.

Third, we evaluated the causality between 211 GM taxa and ROS using the IVW-FE and IVW-RE methods. The results suggested that the class Clostridia (ID: 1859), class Deltaproteobacteria (ID: 3087), order Clostridiales (ID: 1863), order Desulfovibrionales (ID: 3156), genus Dorea (ID: 1997), and genus Odoribacter (ID: 952) were associated with an increased risk for rosacea, whereas the phylum Cyanobacteria (ID: 1500), family Pasteurellaceae (ID: 3689), order Pasteurellales (ID: 3688), genus Anaerofilum (ID: 2053), genus Dialister (ID: 2183), genus Prevotella9 (ID: 11183), genus Ruminococcus2 (ID: 11374), genus Ruminococcusgauvreauiigroup (ID: 11342), and genus Slackia (ID: 825) were protective factors for rosacea (Figure 2C). Similarly, the results revealed no heterogeneity in this study. Nevertheless, after Bonferroni correction, no significant effect of gut microbiota species on rosacea was observed. Interestingly, we found the genus Dialister was associated with a decreased risk for both atopic dermatitis and rosacea (Supplementary Data Figure 2).

A total of 24 potential causal associations between gut microbiota and inflammatory skin diseases were identified using various methods (Figure 3). Specifically, various methods were performed, such as MR-Egger, simple mode, weighted median, and weighted mode, to evaluate the causality of these GM taxa on atopic dermatitis, psoriasis, and rosacea (Figures 4–6). As expected, the results estimated by the above methods had a similar effect as the IVW results (Supplementary Data Figure 3).




Figure 3 | Multiple analysis of intestinal flora and inflammatory skin diseases. MR-PRESSO, Mendelian Randomization Pleiotropy Residual Sum and Outlier; IVW, inverse-variance weighted method; WM, weighted median estimator; AD, atopic dermatitis; PSO, psoriasis; ROS, rosacea.






Figure 4 | Multiple Mendelian randomization (MR) results for six GM taxa causally associated with atopic dermatitis (AD). IVW, inverse-variance weighted method; GM, gut microbiota.






Figure 5 | Multiple Mendelian randomization (MR) results for three GM taxa causally associated with psoriasis (PSO). IVW, inverse-variance weighted method; GM, gut microbiota.






Figure 6 | Multiple Mendelian randomization (MR) results for 15 GM taxa causally associated with rosacea (ROS). IVW, inverse-variance weighted method; GM, gut microbiota.







Sensitivity analysis

The results of the MR-Egger intercept test indicated that there was no horizontal pleiotropy (p > 0.05) in IVs of six GM taxa related to atopic dermatitis, in IVs of three GM taxa related to psoriasis, and in IVs of 15 GM taxa related to rosacea. The MR-PRESSO global test showed consistent results (global pMR-PRESSO > 0.05), indicating no horizontal pleiotropy (Supplementary Data Table 2). Moreover, the leave-one-out analysis suggested that the MR results were robust because the overall results were not altered by any single SNP (Supplementary Data Figure 4).





2SMR analysis after excluding confounder-related SNPs

After phenotype scanning, among the SNPs of six GM taxa related to atopic dermatitis, rs11613919, rs2523124, and rs646327 were associated with mental nervousness. Moreover, among the SNPs of three GM taxa related to psoriasis, rs12668619 and rs1442060 were associated with hyperlipidemia. Furthermore, among the SNPs of 15 GM taxa related to rosacea, rs10931481 and rs9870933 were associated with inflammation. After the above SNPs were excluded from the IVs, the causality of these GM taxa was re-assessed by the IVW method (Table 2). Additionally, a sensitivity analysis was conducted post-exclusion, with the leave-one-out analysis indicating robust results. This analysis showed that the overall results were not significantly altered by any single SNP, further demonstrating the stability of our findings (Supplementary Data Figure 5).


Table 2 | Replicated MR analysis by the IVW method after removing confounder-related IVs.







Reverse 2SMR analysis

We also conducted reverse 2SMR analysis and Steiger filtering between three inflammatory skin diseases and identified GM taxa. There were no significant reverse causal estimates, suggesting no causal relationships between inflammatory skin diseases and the identified GM taxa. The results of the reverse analysis are shown in Supplementary Data Tables 3, 4.






Discussion

The gut microbiome is often referred to as the “second genome” since it contains many coding genes, protecting the host from pathogen invasion, affecting metabolism, and regulating immunity (22). The intestinal flora is primarily composed of anaerobic bacteria, facultatively anaerobic bacteria, and aerobic bacteria, which establish a dynamic balance with the host and external environment, and the quantity and type remain relatively stable. Studies have shown that once this balance of intestinal flora is destroyed, it will lead to various gastrointestinal and systemic diseases (23, 24). This study determined 24 causal associations, two of which had robust causality, indicating the important role of gut microbiomes in inflammatory skin diseases, especially AD, PSO, and ROS.

Accumulating evidence has suggested that in addition to affecting the intestinal system, the gut microbiota can also influence other host organs through crosstalk, including maintaining skin homeostasis. As gut–skin axis research develops by leaps and bounds, an increasing number of studies have found that the disruption of the balance of intestinal flora will lead to the disorder of immunity and metabolism in the skin, promoting the occurrence of inflammatory skin diseases (AD, PSO, and ROS). Many relevant studies have also shown that the type and quantity of gut microbiota are negatively correlated with the onset and development of atopic dermatitis, especially in moderate and severe patients (25). Several cohort studies have suggested that levels of Clostridium difficile, Escherichia coli, and Staphylococcus aureus were higher among atopic dermatitis subjects compared to the healthy control (26, 27). A study in Korea showed that there are abnormal changes in the intestinal flora occurring before the onset of atopic dermatitis, such as in patients with severe atopic dermatitis with a lower quantity and diversity of propionate and butyrate bacteria in the gut (28). There has been much evidence showing the potential association between the gut microbiota and psoriasis. Several cohort studies have reported that patients with psoriasis not only have higher levels of Prevotella but also showed a decrease in the Lachnospira and Akkermansia muciniphila and lacked overall biological α-diversity when compared to the healthy control (29, 30). Similarly, the abundance of the gut microbiota has been noticed, and it was found that there are significant alterations between rosacea patients and healthy individuals (31). In previous studies, it has been reported that Helicobacter pylori infection was higher in moderate-to-severe rosacea patients compared to healthy controls, suggesting that H. pylori may be a risk factor for rosacea (32).

Our study identified one certain causal association between the genus Dialister and atopic dermatitis as well as rosacea. The genus Dialister, a Gram-negative, anaerobic bacterium of Firmicutes (Bacillota) (33), significantly reduced the risk of both atopic dermatitis and rosacea, which was compatible with the results of several earlier studies. As proof, according to the research report that investigated the composition and diversity of the gut microbiota in subjects with atopic dermatitis, when compared to the control group, there is a significant reduction in the genus Dialister (34). Our findings did not identify the causality between Dialister and psoriasis, while some previous studies have found that the genus Dialister is negatively correlated with the degree of inflammation-related markers in psoriasis patients, specifically the IL-2 receptor. The relative abundance of the genus Dialister can be used as an effective predictor of psoriasis activity (35). These findings suggested that the genus Dialister may play a vital protective and regulatory role in inflammatory skin diseases, especially in atopic dermatitis, psoriasis, and rosacea, and supplying necessary Dialister may contribute to the treatment or relief of symptoms.

Although the mechanisms engaged in the association among gut microbiota with inflammatory skin diseases are not thoroughly clear, some relevant evidence implies underlying pathogenesis. The abnormal activation of Th1, Th2, and Th17 cells is the most important pathogenesis of inflammatory skin diseases including atopic dermatitis, psoriasis, and rosacea, while Treg cells can negatively regulate this alteration and restore immune balance (36–38). Furthermore, several studies have discovered that the genus Dialister is an important producer of propionate and butyrate, which are short-chain fatty acids (SCFAs) that play a critical role in energy homeostasis and colonic activity, as well as maintaining Th1/Th2/Th17 and Treg cell balance (39, 40). In detail, the differentiation of CD4+ T cells into Treg cells can be induced by both propionate and butyrate, producing anti-inflammatory cytokine IL-10 and inhibiting the Th2-skewed and Th17-skewed inflammation. Further, it has been reported that propionate can promote the proliferation of macrophages and dendritic precursor cells, hinder the differentiation of naive T cells into Th2 cells, and thus prevent inflammation (41). Various studies have suggested that the protective effects of the genus Dialister against inflammatory skin diseases may be associated with SCFAs, particularly propionate and butyrate. Further RCT studies are needed to evaluate the validity and safety of probiotics as supplementary therapies for atopic dermatitis, psoriasis, and rosacea.

There are advantages to our MR study. First, we performed the first robust bi-directional 2SMR study to identify the causal associations among gut microbiota with inflammatory skin diseases (AD, PSO, and ROS), providing a novel vision into the mechanisms of the “gut–skin axis”. Second, this study not only excluded reverse causality but also eliminated the interference of confounding factors, thus ensuring the reliability of findings. Third, our finding provided 24 specific gut microbiotas associated with AD, PSO, and ROS, of which the genus Dialister may act as a potential probiotic in the following clinical trials and prevent or treat inflammatory skin diseases.

However, there are some limitations in our study as well, which would be noted while explaining the results. First, in addition to GWAS, other factors such as the environment can also affect diseases by altering genetics, and not all the effects of confounding factors can be eliminated by 2SMR Analysis. Second, while these identified SNPs are linked to the composition of gut microbiota, elucidating their specific connections to individual skin diseases is more challenging. This complexity partly arises from the multifactorial nature of skin diseases and the diverse roles played by gut microbiota in health and disease. Third, due to the GWAS statistics on exposures and outcomes from European ancestry, there may be overlap among the participants in this study, to a certain extent. This specificity may not fully capture the genetic diversity across different races and ethnicities, potentially leading to biased results. Additionally, the complex nature of skin diseases, influenced by various genetic, environmental, and lifestyle factors, necessitates a cautious interpretation of our findings in understanding the gut–skin axis. Fourth, the GWAS data we obtained lacked comprehensive health data for the participants. This restriction prevented us from analyzing other infections, diseases, and comorbidities that could influence our results. Future studies should aim to include such detailed health information to enhance the understanding of gut microbiota’s association with skin diseases. Finally, our findings still need to be further validated in clinical and fundamental studies. In the following MR studies, it is necessary to expand the sample size to explore the associations among gut microbiota with inflammatory skin diseases in diverse populations and at more detailed species levels.





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

YZ: Data curation, Visualization, Writing – original draft. FW: Writing – original draft. XM: Writing – original draft. LZ: Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the National Natural Science Foundation of China (No.82303988).




Acknowledgments

We would like to thank the participants and researchers of the FinnGen study. We also thank the MiBioGen consortium for providing the GWAS data of intestinal flora.





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/fimmu.2024.1297240/full#supplementary-material




References

1. Kim, M, Choi, KH, Hwang, SW, Lee, YB, Park, HJ, and Bae, JM. Inflammatory bowel disease is associated with an increased risk of inflammatory skin diseases: A population-based cross-sectional study. J Am Acad Dermatol (2017) 76(1):40–8. doi: 10.1016/j.jaad.2016.08.022

2. Polkowska-Pruszyńska, B, Gerkowicz, A, and Krasowska, D. The gut microbiome alterations in allergic and inflammatory skin diseases - an update. J Eur Acad Dermatol Venereol (2020) 34(3):455–64. doi: 10.1111/jdv.15951

3. Quattrini, L, Caldarola, G, Falco, GM, Pinto, LM, and Peris, K. Successful treatment with tralokinumab in patients with atopic dermatitis and dupilumab-induced psoriasis. J Eur Acad Dermatol Venereol (2023) 37(12):e1432–4. doi: 10.1111/jdv.19351

4. Wang, Z, Sun, Y, Lou, F, Bai, J, Zhou, H, Cai, X, et al. Targeting the transcription factor HES1 by L-menthol restores protein phosphatase 6 in keratinocytes in models of psoriasis. Nat Commun (2022) 13(1):7815. doi: 10.1038/s41467-022-35565-y

5. Zhou, L, Zhao, H, Zhao, H, Meng, X, Zhao, Z, Xie, H, et al. GBP5 exacerbates rosacea-like skin inflammation by skewing macrophage polarization towards M1 phenotype through the NF-κB signalling pathway. J Eur Acad Dermatol Venereol (2023) 37(4):796–809. doi: 10.1111/jdv.18725

6. Cani, PD, Moens de Hase, E, and Van Hul, M. Gut microbiota and host metabolism: from proof of concept to therapeutic intervention. Microorganisms (2021) 9(6):1302. doi: 10.3390/microorganisms9061302

7. de Groot, P, Nikolic, T, Pellegrini, S, Sordi, V, Imangaliyev, S, Rampanelli, E, et al. Faecal microbiota transplantation halts progression of human new-onset type 1 diabetes in a randomised controlled trial. Gut (2021) 70(1):92–105. doi: 10.1136/gutjnl-2020-322630

8. Lloyd-Price, J, Arze, C, Ananthakrishnan, AN, Schirmer, M, Avila-Pacheco, J, Poon, TW, et al. Multi-omics of the gut microbial ecosystem in inflammatory bowel diseases. Nature (2019) 569(7758):655–62. doi: 10.1038/s41586-019-1237-9

9. Fang, Z, Pan, T, Li, L, Wang, H, Zhu, J, Zhang, H, et al. Bifidobacterium longum mediated tryptophan metabolism to improve atopic dermatitis via the gut-skin axis. Gut Microbes (2022) 14(1):2044723. doi: 10.1080/19490976.2022.2044723

10. Yao, X, Zhang, C, Xing, Y, Xue, G, Zhang, Q, Pan, F, et al. Remodelling of the gut microbiota by hyperactive NLRP3 induces regulatory T cells to maintain homeostasis. Nat Commun (2017) 8(1):1896. doi: 10.1038/s41467-017-01917-2

11. Holmes, MV, Ala-Korpela, M, and Smith, GD. Mendelian randomization in cardiometabolic disease: challenges in evaluating causality. Nat Rev Cardiol (2017) 14(10):577–90. doi: 10.1038/nrcardio.2017.78

12. Klarin, D, Devineni, P, Sendamarai, AK, Angueira, AR, Graham, SE, Shen, YH, et al. Genome-wide association study of thoracic aortic aneurysm and dissection in the Million Veteran Program. Nat Genet (2023) 55(7):1106–15. doi: 10.1038/s41588-023-01420-z

13. Davies, NM, Holmes, MV, and Davey Smith, G. Reading Mendelian randomisation studies: a guide, glossary, and checklist for clinicians. BMJ (2018) 362:k601. doi: 10.1136/bmj.k601

14. Lawlor, DA. Commentary: Two-sample Mendelian randomization: opportunities and challenges. Int J Epidemiol (2016) 45(3):908–15. doi: 10.1093/ije/dyw127

15. Skrivankova, VW, Richmond, RC, Woolf, BAR, Yarmolinsky, J, Davies, NM, Swanson, SA, et al. Strengthening the reporting of observational studies in epidemiology using mendelian randomization: the STROBE-MR statement. JAMA (2021) 326(16):1614–21. doi: 10.1001/jama.2021.18236

16. Kurilshikov, A, Medina-Gomez, C, Bacigalupe, R, et al. Large-scale association analyses identify host factors influencing human gut microbiome composition. Nat Genet (2021) 53(2):156–65. doi: 10.1038/s41588-020-00763-1

17. Kurki, MI, Karjalainen, J, Palta, P, Sipilä, TP, Kristiansson, K, Donner, K, et al. FinnGen: Unique genetic insights from combining isolated population and national health register data. MedRxiv (2022) 2022.03.03.22271360.

18. Pierce, BL, Ahsan, H, and Vanderweele, TJ. Power and instrument strength requirements for Mendelian randomization studies using multiple genetic variants. Int J Epidemiol (2011) 40(3):740–52. doi: 10.1093/ije/dyq151

19. Pagoni, P, Dimou, NL, Murphy, N, and Stergiakouli, E. Using Mendelian randomisation to assess causality in observational studies. Evid Based Ment Health (2019) 22(2):67–71. doi: 10.1136/ebmental-2019-300085

20. Burgess, S, and Thompson, SG. Interpreting findings from Mendelian randomization using the MR-Egger method. Eur J Epidemiol (2017) 32(5):377–89. doi: 10.1007/s10654-017-0255-x

21. Hemani, G, Zheng, J, Elsworth, B, Wade, KH, Haberland, V, Baird, D, et al. The MR-Base platform supports systematic causal inference across the human phenome. Elife (2018) 7:e34408. doi: 10.7554/eLife.34408

22. Spanogiannopoulos, P, Bess, EN, Carmody, RN, and Turnbaugh, PJ. The microbial pharmacists within us: a metagenomic view of xenobiotic metabolism. Nat Rev Microbiol (2016) 14(5):273–87. doi: 10.1038/nrmicro.2016.17

23. Campbell, A, Gdanetz, K, Schmidt, AW, and Schmidt, TM. H2 generated by fermentation in the human gut microbiome influences metabolism and competitive fitness of gut butyrate producers. Microbiome (2023) 11(1):133. doi: 10.1186/s40168-023-01565-3

24. Clooney, AG, Eckenberger, J, Laserna-Mendieta, E, Sexton, KA, Bernstein, MT, Vagianos, K, et al. Ranking microbiome variance in inflammatory bowel disease: a large longitudinal intercontinental study. Gut (2021) 70(3):499–510. doi: 10.1136/gutjnl-2020-321106

25. Wang, Y, Hou, J, Tsui, JC-C, Wang, L, Zhou, J, Chan, UK, et al. Unique gut microbiome signatures among adult patients with moderate to severe atopic dermatitis in southern chinese. Int J Mol Sci (2023) 24(16):12856. doi: 10.3390/ijms241612856

26. Orivuori, L, Mustonen, K, de Goffau, MC, Hakala, S, Paasela, M, Roduit, C, et al. High level of fecal calprotectin at age 2 months as a marker of intestinal inflammation predicts atopic dermatitis and asthma by age 6. Clin Exp Allergy (2015) 45(5):928–39. doi: 10.1111/cea.12522

27. Penders, J, Gerhold, K, Stobberingh, EE, Thijs, C, Zimmermann, K, Lau, S, et al. Establishment of the intestinal microbiota and its role for atopic dermatitis in early childhood. J Allergy Clin Immunol (2013) 132(3):601–7. doi: 10.1016/j.jaci.2013.05.043

28. Song, H, Yoo, Y, Hwang, J, Na, Y-C, and Kim, HS. Faecalibacterium prausnitzii subspecies-level dysbiosis in the human gut microbiome underlying atopic dermatitis. J Allergy Clin Immunol (2016) 137(3):852–60. doi: 10.1016/j.jaci.2015.08.021

29. Sonomoto, K, Song, R, Eriksson, D, Hahn, AM, Meng, X, Lyu, P, et al. High-fat-diet-associated intestinal microbiota exacerbates psoriasis-like inflammation by enhancing systemic γδ T cell IL-17 production. Cell Rep (2023) 42(7):112713. doi: 10.1016/j.celrep.2023.112713

30. Zhao, Q, Yu, J, Zhou, H, Wang, X, Zhang, C, Hu, J, et al. Intestinal dysbiosis exacerbates the pathogenesis of psoriasis-like phenotype through changes in fatty acid metabolism. Signal Transduct Target Ther (2023) 8(1):40. doi: 10.1038/s41392-022-01219-0

31. Moreno-Arrones, OM, Ortega-Quijano, D, Perez-Brocal, V, Fernandez-Nieto, D, Jimenez, N, de Las Heras, E, et al. Dysbiotic gut microbiota in patients with inflammatory rosacea: another clue towards the existence of a brain-gut-skin axis. Br J Dermatol (2021) 185(3):655–7. doi: 10.1111/bjd.20411

32. Jørgensen, AHR, Egeberg, A, Gideonsson, R, Weinstock, LB, Thyssen, EP, and Thyssen, JP. Rosacea is associated with Helicobacter pylori: a systematic review and meta-analysis. J Eur Acad Dermatol Venereol (2017) 31(12):2010–5. doi: 10.1111/jdv.14352

33. Pallen, MJ. Request for an Opinion on the standing and retention of Firmicutes as a phylum name. Int J Syst Evol Microbiol (2023) 73(7):005933. doi: 10.1099/ijsem.0.005933

34. Galazzo, G, van Best, N, Bervoets, L, Dapaah, IO, Savelkoul, PH, Hornef, MW, et al. Development of the microbiota and associations with birth mode, diet, and atopic disorders in a longitudinal analysis of stool samples, collected from infancy through early childhood. Gastroenterology (2020) 158(6):1584–96. doi: 10.1053/j.gastro.2020.01.024

35. Zhang, X, Shi, L, Sun, T, Guo, K, and Geng, S. Dysbiosis of gut microbiota and its correlation with dysregulation of cytokines in psoriasis patients. BMC Microbiol (2021) 21(1):78. doi: 10.1186/s12866-021-02125-1

36. Ma, L, Xue, HB, Guan, XH, Shu, CM, Wang, F, Zhang, JH, et al. The Imbalance of Th17 cells and CD4(+) CD25(high) Foxp3(+) Treg cells in patients with atopic dermatitis. J Eur Acad Dermatol Venereol (2014) 28(8):1079–86. doi: 10.1111/jdv.12288

37. Buhl, T, Sulk, M, Nowak, P, Buddenkotte, J, McDonald, I, Aubert, J, et al. Molecular and morphological characterization of inflammatory infiltrate in rosacea reveals activation of th1/th17 pathways. J Invest Dermatol (2015) 135(9):2198–208. doi: 10.1038/jid.2015.141

38. Egeberg, A, Gisondi, P, Carrascosa, JM, Warren, RB, and Mrowietz, U. The role of the interleukin-23/Th17 pathway in cardiometabolic comorbidity associated with psoriasis. J Eur Acad Dermatol Venereol (2020) 34(8):1695–706. doi: 10.1111/jdv.16273

39. Rangan, P, and Mondino, A. Microbial short-chain fatty acids: a strategy to tune adoptive T cell therapy. J Immunother Cancer (2022) 10(7):e004147. doi: 10.1136/jitc-2021-004147

40. Schiweck, C, Edwin Thanarajah, S, Aichholzer, M, Matura, S, Reif, A, Vrieze, E, et al. Regulation of CD4+ and CD8+ T cell biology by short-chain fatty acids and its relevance for autoimmune pathology. Int J Mol Sci (2022) 23(15):8272. doi: 10.3390/ijms23158272

41. Duan, H, Wang, L, Huangfu, M, and Li, H. The impact of microbiota-derived short-chain fatty acids on macrophage activities in disease: Mechanisms and therapeutic potentials. BioMed Pharmacother (2023) 165:115276. doi: 10.1016/j.biopha.2023.115276




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 Zhong, Wang, Meng and Zhou. 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/fimmu-15-1297240-g005.jpg
Psoriasis

Exposure Method OR (95% Cl) p-value

Family

Veillonellaceae IVW (FE) —e— 0.87 (0.77,0.97) 0.016

(ID:2172) MR Egger —te——— 1.05(0.83, 1.32) 0.707
Simple mode —_—— 0.76 (0.55, 1.04) 0.101
Weighted median >—0—'—' 0.90 (0.76, 1.08) 0.254
Weighted mode '—0—-—' 0.90 (0.74, 1.11) 0.343

Genus

Collinsella IVW (FE) —— 0.82 (0.68, 1.00) 0.044

(ID:815) MR Egger - 0.87 (0.43, 1.76) 0.705
Simple mode —_— 0.89 (0.59, 1.34) 0.596
Weighted median —_— 0.86 (0.67, 1.11) 0.237
Weighted mode —_— 0.89 (0.61, 1.31) 0.565

Eubacteriumfissicatenagroup VW (FE) —e—i 1.20 (1.09, 1.33) 1.65e-04

(ID:14373) MR Egger ——— 0.81(0.49, 1.34) 0.447
Simple mode }—0—' 1.25 (1.01, 1.55) 0.076
Weighted median | —— 1.20 (1.04, 1.38) 0.011
Weighted mode [ S — 1.23(1.01, 1.51) 0.078

04 08 1 12 24

<

Lower Higher

>





OEBPS/Images/fimmu-15-1297240-g003.jpg
&
\& (=5 <
& 9 % 05 20 Py 3 %
T Q oQ 8 < £2 2 Q
N == == 5 ) <,
9 K A o) o (X
& 2 ke 3 S )
& £ = 2 % 2
< o =] o) [ &
12 O (O] (0] 1 )
4 O o = ()
() > ()
'S 2 c 7. (A
~) @ O © [
N ® > (2
9 ) (@) > o .
g 8 S 8, s
L O 1 o) "2,
3 o = . >
& S & o N
8 =N 5 o
£ =5 2
£ & e
= - [$)!
x >®

Prevotella9.id.11183 Clostridiales i
les.id.186
(ROS) (ROS) 3
acterid: .. 3 ESulfy, .
991 S 3 Ry
WA St
2\ o) (7 RA 8y,
N\ ) 08) Sy
'b% Q)

MR-Egger intercept test

0.8
0.6
0.4
0.2

MR-PRESSO global test

0.8
0.6
0.4
0.2

Cochran's Q test(IVW)

0.8
0.6
0.4
0.2

MR-IVW-p

0.4
0.3
0.2
0.1
0

Cochran's Q test(MR-Egger)

0.8
0.6
T
0.2

MR-Egger-p
0.8
0.6
04
0.2

MR-WM-p
0.5
0.4
0.3
0.2
0.1





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The associations between gut microbiota and inflammatory skin diseases: a bi-directional two-sample Mendelian randomization study

      

        		

          Background

        



        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design

          



          		

            Data sources for the exposure

          



          		

            Data sources for the outcome

          



          		

            Identification of instrumental variables

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Details of instrumental variables

          



          		

            Results of the 2SMR analysis

          



          		

            Sensitivity analysis

          



          		

            2SMR analysis after excluding confounder-related SNPs

          



          		

            Reverse 2SMR analysis

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Exposure Outcome (0]
(95% ClI)
Phylum ‘
phylum.Cyanobacteria.id.1500 Rosacea 0.031 0.749
(0.577, 0.974)
Class ‘
class.Clostridia.id.1859 Rosacea 0.03 1.493
(1.040, 2.145)
class.Deltaproteobacteria.id.3087 Rosacea 0.027 1.447
(1.042, 2.008)
Family
family. FamilyXIILid.1957 Atopic 0.009 1.283
dermatitis (1.065, 1.546)
family.Veillonellaceae.id.2172 Psoriasis 0.037 0.881
(0.782, 0.993)
family.Pasteurellaceae.id.3689 Rosacea 0.042 0.806
(0.654, 0.992)
Order
order.Clostridiales.id.1863 Rosacea 0.024 1.503
(1.056, 2.138)
order.Desulfovibrionales.id.3156 Rosacea 0.02 1.498
(1.066, 2.104)
order.Pasteurellales.id.3688 Rosacea 0.042 0.806
(0.654, 0.992)
Genus
genus.Dialister.id.2183 Atopic 0.007 0.843
dermatitis (0.745, 0.954)
genus.RuminococcaceaeNK4A214 Atopic 0.023 1.156
group.id.11358 dermatitis (1.021, 1.309)
genus.Rurminococcaceae Atopic 0.017 0.846
UCG003.id.11361 dermatitis (0.737, 0.971)
genus.Ruminococcaceae topic 0.024 1.092
UCG011.id.11368 dermatitis (1.012, 1.179)
genus.Collinsella.id.815 Psoriasis 0.044 0.823
(0.681, 0.995)
genus.Anaerofilum.id.2053 Rosacea 0.006 0.752
(0.615, 0.921)
genus.Dialister.id.2183 Rosacea 0.031 0.721
(0.536, 0.970)
genus.Dorea.id. 1997 Rosacea 0.031 1.520
(1.039, 2.222)
genus.Odoribacter.id.952 Rosacea 0.033 1.537
(1.035, 2.282)
genus.Prevotella9.id.11183 Rosacea 0.026 0.786
‘ (0.635, 0.972)
genus.Ruminococcus2.id.11374 Rosacea 0.017 0.738
(0.575, 0.948)
genus.Ruminococcusgauvreauii Rosacea 0.152 0.784
group.id.11342 (0.563, 1.093)
genus.Slackia.id.825 Rosacea 0.004 0.646

(0.479, 0.871)

OR, odds ratio; CI, confidence interval; MR, Mendelian randomization; IVW, inverse variance

weighted; IVs, instrumental variables.





OEBPS/Images/fimmu.2024.1297240_cover.jpg
’ frontiers ‘ Frontiers in Immunology

The associations between gut microbiota
and infl ammatory skin diseases: a bi-
directional two-sample Mendelian
randomization study





OEBPS/Images/fimmu-15-1297240-g002.jpg
Atopic Dermatitisa

Exposure Q_pval Method SNP OR (95% CI) p-value
Family ;
FamilyXill 0.846 IVW (FE) 7 — 1.28 (1.06, 1.55) 0.009
(ID:1957) VW (RE) 7 i —— 1.28(1.13,1.45) 9.26e-05
Genus :
Dialister 0.468 IVW (FE) 11 i 0.84 (0.75, 0.95) 0.007
(ID:2183) IVW (RE) 11 —— } 0.84 (0.75, 0.95) 0.006
Eubacteriumcoprostanoligenesgroup 0.568 IVW (FE) 12 >—0—<‘ 0.85(0.74,0.98) 0.028
(ID:11375) IVW (RE) 12 ‘—0—< 0.85(0.74,0.97) 0.019
RuminococcaceaeNK4A214group  0.459 IVW (FE) 13 ;'—0—< 1.16(1.02, 1.31) 0.023
(ID:11358) IVW (RE) 13 —— 116 (1.02,1.31) 0.022
RuminococcaceaeUCG003 0.398 IVW (FE) 12 ——— 0.86 (0.76, 0.97) 0.015
(ID:11361) IVW (RE) 12 —— 0.86 (0.76,0.97) 0.017
RuminococcaceaeUCGO11 0.498 IVW (FE) 8 "—H 1.09 (1.01, 1.18) 0.024
(ID:11368) IVW (RE) 8 et 1.09(1.02,1.17) 0.018

0.‘4 0{8 1‘ 1.‘2 2‘v4

- Lower Higher

Psoriasis
Exposure Q_pval Method SNP OR (95% Cl) p-value
Family B
Veillonellaceae 0.465 IVW (FE) 18 —.— 0.87(0.77,0.97) 0.016
(ID:2172) IVW (RE) 18 ——i 0.87 (0.78, 0.97) 0.016
Genus '
Collinsella 0695 IVW (FE) 9 —— 0.82 (0.68, 1.00) 0.044
(ID:815) IVW (RE) 9 —— 0.82 (0.70,0.96) 0.016
Eubacteriumfissicatenagroup 0.529 IVW (FE) 9 —— 1.20 (1.09, 1.33) 1.65e-04
(ID:14373) IVW (RE) 9 e 1.20 (1.10,1.32) 6.17e-05

0.‘4 0!8 'II 1!2 1!6 2}4
Lower Higher g

Rosacea
Exposure Q_pval Method SNP OR (95% Cl) p-value
Phylum !
Cyanobacteria 0684 IVW (FE) 8 ——i 0.75 (0.58, 0.97) 0.031
(ID:1500) IVW (RE) 8 —e—i | 0.75 (0.60, 0.93) 0.009
Class
Clostridia 0.457  IVW (FE) 10 —_—— 1.49 (1.04, 2.15) 0.030
(ID:1859) IVW (RE) 10 —_— 1.49 (1.04, 2.14) 0.028
Deltaproteobacteria 0.421 IVW (FE) 12 ————— 1.45(1.04,2.01) 0.027
(ID:3087) IVW (RE) 12 H ——— 1.45(1.04,2.02) 0.029
Family :
Pasteurellaceae 0.542 IVW (FE) 13 ——t 0.81 (0.65, 0.99) 0.042
(ID:3689) IVW (RE) 13 — 0.81 (0.66, 0.98) 0.033
Order
Clostridiales 0437 IVW(FE) 11 —————— 1.50 (1.06, 2.14) 0.024
(ID:1863) IVW (RE) 11 ——————— 1.50(1.06, 2.14) 0.024
Desulfovibrionales 0.311 IVW (FE) 11 H— 1.50(1.07, 2.10) 0.020
(ID:3156) IVW (RE) 11 —_—————— 1.50(1.04, 2.16) 0.031
Pasteurellales 0542  IVW (FE) 13 —— 0.81(0.65, 0.99) 0.042
(ID:3688) IVW (RE) 13 —— 0.81(0.66, 0.98) 0.033
Genus
Anaerofilum 0.106  IVW(FE) 10 —— 0.75 (0.61, 0.92) 0.006
(ID:2053) IVW (RE) 10 —— 0.75 (0.58, 0.97) 0.030
Dialister 0.931 IVW (FE) 11 —— 0.72 (0.54,0.97) 0.031
(ID:2183) IVW (RE) 11 —— 0.72 (0.59, 0.88) 0.001
Dorea 0.494  IVW (FE) 10 e 1.52(1.04,222) 0.031
(ID:1997) IVW (RE) 10 — 1.52 (1.05,2.19) 0.026
Odoribacter 0.605 IVW(FE) 7 I—————e—————— 1.54(1.04,2.28) 0.033
(ID:952) IVW (RE) 7 P 1.54 (1.09,2.17) 0.014
Prevotella9 0.383 IVW(FE) 15 —— 0.79 (0.64, 0.97) 0.026
(ID:11183) IVW (RE) 15 —— 0.79 (0.63, 0.98) 0.031
Ruminococcus2 0.251 IVW (FE) 15 —— 0.74 (0.58, 0.95) 0.017
(ID:11374) IVW (RE) 15 — 0.74 (0.56, 0.97) 0.031
Ruminococcusgauvreauiigroup 0.309 IVW (FE) 11 —— 0.68 (0.50, 0.92) 0.013
(ID:11342) IVW (RE) 11 — 0.68 (0.49, 0.95) 0.022
Slackia 0.583 IVW(FE) 6 —_—— 0.65 (0.48, 0.87) 0.004
(ID:825) IVW (RE) 6 —— 0.65 (0.50, 0.84) 9.72e-04

O!A 0‘8 ‘[l 1‘2 1.‘6 2!4
< Lower Higher g





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-15-1297240-g004.jpg
Atopic Dermatitis

Exposure Method OR (95% CI) p-value
Family !
FamilyXIil IVW (FE) C——— 1.28 (1.06, 1.55) 0.009
(ID:1957) MR Egger - 0.83 (0.41, 1.67) 0.629
Simple mode —_——————— 1.28 (0.89, 1.82) 0.227
Weighted median v—-—' 1.31(1.02, 1.68) 0.036
Weighted mode —_————————— 1.29 (0.89, 1.87) 0.229
Genus
Dialister IVW (FE) ——i 0.84 (0.75, 0.95) 0.007
(ID:2183) MR Egger —_— 0.68 (0.41,1.13) 0.168
Simple mode >—0—-—' 0.84 (0.63, 1.13) 0.276
Weighted median .—.—,. 0.85(0.72, 1.01) 0.071
Weighted mode '—0—' 0.85 (0.64, 1.12) 0.270
Eubacteriumcoprostanoligenesgroup VW (FE) —— 0.85(0.74, 0.98) 0.028
(ID:11375) MR Egger —_— 0.77 (0.44, 1.33) 0.370
Simple mode >—'—' 1.02 (0.72, 1.43) 0.923
Weighted median '—0—‘—< 0.88 (0.72,1.08) 0.223
Weighted mode ——— 1.02 (0.73, 1.43) 0.911
RuminococcaceaeNK4A214group  IVW (FE) '—0—* 1.16 (1.02, 1.31) 0.023
(ID:11358) MR Egger  — 0.96 (0.64, 1.45) 0.854
Simple mode ——— 1.12 (0.89, 1.42) 0.345
Weighted median '—'—0—' 1.10 (0.93, 1.31) 0.260
Weighted mode —_— 1.10 (0.88, 1.38) 0.432
RuminococcaceaeUCG003 IVW (FE) '—0—' 0.86 (0.76, 0.97) 0.017
(ID:11361) MR Egger —_——— 0.90 (0.59, 1.37) 0.629
Simple mode '—0—-—' 0.92 (0.72,1.17) 0.515
Weighted median '—0—' 0.89 (0.75, 1.05) 0.180
Weighted mode ——— 0.90 (0.72,1.13) 0.389
RuminococcaceaeUCGO011 IVW (FE) '—0—' 1.09 (1.01, 1.18) 0.024
(ID:11368) MR Egger —_— 1.01 (0.68, 1.49) 0.970
Simple mode >—~—' 1.04 (0.90, 1.20) 0.622
Weighted median >—-—0—' 1.06 (0.96, 1.17) 0.278
Weighted mode s 1.04 (0.91, 1.19) 0.613
04 08 1 12 1.6 24

<

Lower Higher





OEBPS/Images/fimmu-15-1297240-g006.jpg
Rosacea

Exposure Method OR (95% CI) p-value
Phylum :
Cyanobacteria IVW (FE) ——i, 0.75(0.58,0.97) 0.031
(ID:1500) MR Egger < . 0.70(0.28,1.79) 0.488
Simple mode ——— 0.79 (0.48,1.28) 0.366
Weighted median =~ ——s——— 0.78 (0.56, 1.10)  0.157
Weighted mode S —— 0.79 (0.51,1.22) 0.327
Class
Clostridia IVW (FE) i+ 1.49 (1.04,2.15) 0.030
(ID:1859) MR Egger : > 4.16 (0.88, 19.58) 0.109
Simple mode > 2.13 (0.89, 5.09) 0.122
Weighted median > 1.44 (0.85,2.42) 0.174
Weighted mode > 2.20 (0.88,5.48) 0.126
Deltaproteobacteria IVW (FE) _— 1.45(1.04,2.02) 0.029
(ID:3087) MR Egger < ; > 1.24 (0.26,5.99) 0.791
Simple mode - > 1.22 (0.56, 2.67) 0.631
Weighted median y 1.32(0.83,2.09) 0.242
Weighted mode ¢ > 1.23 (0.53,2.84) 0.641
Family
Pasteurellaceae IVW (FE) '—0—' 0.81 (0.65, 0.99) 0.042
(ID:3689) MR Egger —— 0.58 (0.37,0.90) 0.034
Simple mode —_——— 0.81(0.51, 1.28) 0.390
Weighted median '—0—4 0.83(0.63,1.10) 0.196
Weighted mode —— 0.79 (0.55, 1.14) 0.232
Order
Clostridiales IVW (FE) 3 1.50 (1.06,2.14) 0.024
(ID:1863) MR Egger ] > 2.64 (0.59, 11.87) 0.239
Simple mode — > 1.94 (0.78,4.80) 0.183
Weighted median > 1.61(0.99, 2.62) 0.056
Weighted mode > 2.05(0.93,4.49) 0.104
Desulfovibrionales IVW (FE) ; 1.50 (1.04,2.16)  0.031
(ID:3156) MR Egger < - >1.19 (0.23,6.16) 0.841
Simple mode — > 1.21(0.51,2.91) 0.673
Weighted median : 1.34(0.83,2.15) 0.228
Weighted mode —e > 1.21 (0.52,2.84) 0.664
Pasteurellales IVW (FE) '—0—' 0.81(0.65,0.99) 0.042
(ID:3688) MR Egger e | 0.58 (0.37,0.90) 0.034
Simple mode —— 0.81(0.51,1.28) 0.392
Weighted median ——— 0.83(0.62,1.12) 0.221
Weighted mode ————— 0.79 (0.55, 1.14)  0.236
Genus ;
Anaerofilum IVW (FE) '—0—< 0.75(0.58,0.97) 0.030
(ID:2053) MR Egger < . > 0.75(0.17, 3.40) 0.724
Simple mode —_———————— 0.95(0.61, 1.48) 0.821
Weighted median '—'—‘—' 0.88 (0.66, 1.18)  0.403
Weighted mode —_— 0.95 (0.65,1.41) 0.819
Dialister IVW (FE) —— 0.72 (0.54,0.97) 0.031
(ID:2183) MR Egger < -— > 0.79 (0.23,2.66) 0.712
Simple mode '—O—v—' 0.81 (0.44, 1.50) 0.517
Weighted median '—0—' 0.76 (0.52, 1.11) 0.153
Weighted mode @+—————"— 0.82 (0.46, 1.47) 0.514
Dorea VW (FE) 3 1.52(1.04,2.22) 0.031
(ID:1997) MR Egger I > 1.49 (0.51, 4.40) 0.490
Simple mode > 1.70 (0.73, 3.94) 0.247
Weighted median j > 153 (0.89,2.62) 0.125
Weighted mode > 1.52 (0.80,2.86) 0.232
Odoribacter IVW (FE) 1.54 (1.04,2.28) 0.033
(ID:952) MR Egger : > 1.54 (0.45,5.30) 0.524
Simple mode : > 1.77 (0.83, 3.80) 0.192
Weighted median ‘ > 1.61(0.96,2.71) 0.070
Weighted mode >1.70 (0.76, 3.81) 0.247
Prevotella9 IVW (FE) —— 0.79 (0.63,0.98) 0.031
(ID:11183) MR Egger — 0.79 (0.41,1.53) 0.491
Simple mode '—0—' 0.76 (0.49, 1.19) 0.251
Weighted median ~ ———+ 0.78 (0.58, 1.05) 0.106
Weighted mode '—’—‘—' 0.77 (0.52, 1.14) 0.216
Ruminococcus2 IVW (FE) '—0—' 0.74 (0.56, 0.97) 0.031
(ID:11374) MR Egger ——— 0.74 (0.37, 1.47) 0.405
Simple mode —_— 0.75(0.43,1.30) 0.319
Weighted median ~ ——s——— 0.75(0.51,1.11)  0.151
Weighted mode '—0—' 0.77 (0.51,1.15) 0.218
Ruminococcusgauvreauiigroup VW (FE) —— 0.68 (0.49, 0.95) 0.022
(ID:11342) MR Egger < — > 1.18 (0.30, 4.59) 0.814
Simple mode =~ «—e——— 0.63 (0.30, 1.31) 0.244
Weighted median '—0—« 0.66 (0.43, 1.01) 0.055
Weighted mode ~ <—————— 0.65(0.34,1.26) 0.236
Slackia IVW (FE) —— 0.65 (0.48, 0.87) 0.004
(ID:825) MR Egger < ‘ > 276 (0.39, 19.35) 0.365
Simple mode ——o 0.52 (0.27,0.99) 0.104
Weighted median ———— 0.59 (0.40, 0.87) 0.008
Weighted mode <—o+——— ‘ 0.52 (0.28,0.96) 0.091
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