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Potential effects of specific gut microbiota on periodontal disease: a two-sample bidirectional Mendelian randomization study
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Introduction: Periodontal disease (PD) presents a substantial global health challenge, encompassing conditions from reversible gingivitis to irreversible periodontitis, often culminating in tooth loss. The gut-oral axis has recently emerged as a focal point, with potential gut microbiota dysbiosis exacerbating PD.

Methods: In this study, we employed a double-sample bidirectional Mendelian randomized (MR) approach to investigate the causal relationship between specific gut microbiota and periodontal disease (PD) and bleeding gum (BG) development, while exploring the interplay between periodontal health and the gut microenvironment. We performed genome-wide association studies (GWAS) with two cohorts, totalling 346,731 (PD and control) and 461,113 (BG and control) participants, along with data from 14,306 participants’ intestinal flora GWAS, encompassing 148 traits (31 families and 117 genera). Three MR methods were used to assess causality, with the in-verse-variance-weighted (IVW) measure as the primary outcome. Cochrane’s Q test, MR-Egger, and MR-PRESSO global tests were used to detect heterogeneity and pleiotropy. The leave-one-out method was used to test the stability of the MR results. An F-statistic greater than 10 was accepted for instrument exposure association.

Results and conclusion: Specifically, Eubacterium xylanophilum and Lachnoclostridium were associated with reduced gum bleeding risk, whereas Anaerotruncus, Eisenbergiella, and Phascolarctobacterium were linked to reduced PD risk. Conversely, Fusicatenibacter was associated with an elevated risk of PD. No significant heterogeneity or pleiotropy was detected. In conclusion, our MR analysis pinpointed specific gut flora with causal connections to PD, offering potential avenues for oral health interventions.
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1 Introduction

Periodontal disease (PD) is a global health issue encompassing two main categories: gingivitis and periodontitis. Gingival bleeding is a common clinical manifestation of both conditions (Chapple et al., 2017). Gingivitis, an initial stage of PD, is reversible (Tonetti et al., 2020). However, when gingivitis progresses into periodontitis, the disease leads to irreversible destruction of the supporting tissues surrounding the teeth, elevating the risk of bone loss and tooth loss (Chapple et al., 2017).

The prevalence of mild periodontitis affects approximately 20–50% of adults worldwide, whereas severe periodontitis afflicts around 10% and is a leading cause of adult tooth loss (Frencken et al., 2017; Papapanou et al., 2018; Genco and Sanz, 2020). Given its multifactorial nature, PD is linked not only to microbial infections but also to diabetes, cardiovascular diseases, metabolic disorders, obesity, rheumatoid arthritis, certain cancers, respiratory ailments, and cognitive impairments, including Alzheimer’s disease (Chapple et al., 2017; Genco and Sanz, 2020). To mitigate PD onset and progression, researchers have explored non-surgical and antibiotic alternatives (Chapple et al., 2017; Papapanou et al., 2018). Recently, novel avenues of research have involved inhibiting PD progression and its risk factors through interference with the gut–oral axis (Yang et al., 2015; Gatej et al., 2017; Wang et al., 2023).

The gut microbiota, which governs both the host’s intestinal metabolism and local/systemic immunity, plays a crucial role in health. Papageorgiou et al. (2017) established a connection between inflammatory bowel disease (IBD) and periodontitis, revealing that these conditions can interact to cause chronic inflammation and tissue damage in susceptible individuals. Both disorders involve abnormal immune responses and dysbiosis. Several researches on the role of the intestinal microbiota in periodontal disease have shown four critical elements. In terms of immune system interactions, the gut microbiota regulates host intestinal metabolites and modulates local/systemic immunity, hence impacting osteoclastogenesis and bone development (Ohlsson and Sjögren, 2015; Thaiss et al., 2016; Yan et al., 2016; Uchida et al., 2018; Amoroso et al., 2020; Jia et al., 2021; Sato et al., 2021; Shyu et al., 2021; Wang et al., 2023). According to research on microbial translocation, bacteria or their metabolites from the gut may translocate to the oral cavity via hematogenous pathways, contributing to the development or exacerbation of PD (Nagao et al., 2022; Basic and Dahlén, 2023; Sohn et al., 2023). Growing evidence suggests that disordered gut microbiota could contribute to varying degrees of periodontitis (Lourenςo et al., 2018; Zhang et al., 2020; Kawamoto et al., 2021). On the inflammation and systemic effects front, chronic inflammation, a common feature of both periodontal and intestinal diseases, may contribute to systemic health issues. Animal models have verified that gut dysbiosis impairs gut barrier function, disrupts oral microbiota, and exacerbates periodontitis-induced bone resorption via Th17/Treg imbalances (Yuan et al., 2023). Animal studies and omics analyses have associated gingivitis and periodontitis with gut microbiome shifts (Habashneh et al., 2012; Vavricka et al., 2013; Lourenςo et al., 2018; Li et al., 2020; Zhang et al., 2020; Kawamoto et al., 2021; Bao et al., 2022; Wu et al., 2022; Yuan et al., 2023). Concerning probiotics and prebiotics, researchers are exploring the potential use of probiotics and prebiotics to modulate the gut microbiome and, indirectly, impact periodontal health (Jia et al., 2019, 2021; Ausenda et al., 2023; Homayouni Rad et al., 2023). Nevertheless, these observations predominantly stem from observational cross-sectional and case–control studies and fall short of establishing causality.

Mendelian randomization (MR) leverages the natural randomization inherent in genetic single nucleotide polymorphisms (SNPs) as instrumental variables (IVs) to scrutinize observational data and uncover causal relationships in outcomes (Davey Smith and Ebrahim, 2003; Davey Smith et al., 2020). As high-throughput genome technology and genome-side association studies (GWAS) deepen our understanding of the disease, it becomes increasingly feasible to employ genetic data for extensive phenome research, a capability that can be harnessed for population-scale human microbiome data. Therefore, the primary goal of this study is to investigate the causal link between specific gut flora and PD. The aim is to unearth novel biomarkers, identify potentially effective clinical pathways for PD treatment, and provide evidence for future large-scale prospective cohort studies (Luo et al., 2023; Wang et al., 2023; Ye et al., 2023; Yu et al., 2023).



2 Materials and methods


2.1 Study design

A two-sample bidirectional MR study was conducted using the UK Biobank and FinnGen Resource, this was a large-scale, population-based prospective cohort study. Figure 1 presents an overview of this research. Initially, we examined the causal link between gut microbial families/genera and the risk of PD or bleeding gums (BG). Then, we separately evaluated the reverse causation of gut microbial genera significantly associated with PD/BG. In this study, genetic variants served as instrumental variables (IVs) and adhered to three key assumptions: the reliability of genetic instruments (assumption 1), independence from unmeasured confounders (assumption 2), and the absence of horizontal pleiotropy (assumption 3).
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FIGURE 1
 Flowchart of the two-sample bidirectional Mendelian randomization (MR) study. (PD, Periodontal Disease; BG, Bleeding Gums).




2.2 Data sources and instruments


2.2.1 Human gut microbiome

The present study retrieved summary-level human gut microbiota abundance data from a published GWAS meta-analysis1 (Supplementary Table S1). No additional ethics statement or consent was required for this study. The statistical data included 14,306 participants of European ancestry with two biological classifications, family and genus, that are closely associated with clinical diagnosis and treatment. Bacterial traits without specific species names (3 unknown families and 12 unknown genera) were excluded, leaving 148 traits (32 families and 118 genera). The value of p was set to <5 × 10−6 for IVs to obtain more explorable and sufficient results. According to the European reference panel (r2 < 0.001, distance = 10,000 kb), the linkage disequilibrium (LD) was investigated to clump SNPs and thus facilitate the independence of genetic variants. At least five SNPs were included in the meta-analysis to ensure the reliability of the MR. We aligned the retained variants with SNPs derived from outcome-association estimates for either periodontal disease (PD) or bleeding gums (BG). SNPs that did not present GWAS in the outcomes were systematically excluded or substituted with proxy SNPs demonstrating robust linkage disequilibrium (LD) (r2 > 0.8).



2.2.2 Periodontal disease and bleeding gums

The diagnosis of “gingivitis and periodontal diseases” or “bleeding gums” for patients included in this study relied on rigorous histopathological assessments, encompassing self-reported information, official hospital diagnoses, and pertinent ICD10 codes. The resulting datasets were amalgamated for a comprehensive meta-analysis of both PD and BG. Summary-level results for BG and PD were extracted from the latest publicly accessible GWAS datasets, encompassing up to 461,113 and 346,731 consortium participants, respectively, after the exclusion of overlapping studies. The BG study’s genetic association data comprised 60,218 cases and 400,895 controls, with all cases and controls representing European populations aligned with outcome demographics. Similarly, the PD study’s genetic association data encompassed 87,497 cases and 259,234 controls, exclusively from European populations to match outcome demographics (Supplementary Table S1). Detailed methodologies, including data collection, participating cohorts, genotyping procedures, and data analysis, were comprehensively documented on their respective webpages.2,3 In the reverse MR analysis, the variants associated with PD were strictly executed with genome-wide significance (p < 5 × 10−6) and independence criteria (r2 < 0.001).



2.2.3 Mendelian randomization and causal inference

The inverse-variance-weighted (IVW) method was employed as the primary MR analysis technique to assess the associations between specific gut microbial families/genera and the risk of PD/BG. The IVW method combines Wald estimators from individual SNPs to estimate the overall effects (Wang et al., 2022). The credibility of the IVW results relies on the assumption of the absence of horizontal pleiotropy for each SNP (Wang et al., 2022). To evaluate SNP heterogeneity, we conducted Cochran’s Q tests.

In cases where significant heterogeneity (p < 0.05) was observed, we applied a random effects IVW model, otherwise, a fixed effects IVW model was used (Wang et al., 2022). To ensure the robustness of our findings, we conducted sensitivity analyses, including analysis using the weighted median method, MR-Egger regression, and the MR pleiotropy residual sum and outlier (MR-PRESSO) test. Specifically, the weighted median estimator yields valid causal effect estimates when less than 50% of the information comes from invalid instruments (Bowden et al., 2016). In the MR-Egger regression, the value of p of the intercept term served as an indicator of directional pleiotropy (p < 0.05 was considered statistically significant) (Wang et al., 2022). The MR-PRESSO test was employed to detect and correct pleiotropic biases by identifying and removing outliers.
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To evaluate the potential impact of weak instrument bias on the effect estimates of causal associations, we assessed the strength of IVs using F-statistics. The F-statistics were computed using the following equation, with R2 representing the variance explained by the IVs (each gut microbiome) and n indicating the sample size (Feng et al., 2022):

The estimation of R2 employed minor allele frequency (MAF) and the β value, as determined by the following equation (Kurilshikov et al., 2021):
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Furthermore, we investigated the assumption of the independence of IVs from confounding factors and outcomes for genome-wide significant associations (p < 5 × 10−8) by querying the PhenoScanner V2 website.4

If the results of all MR analyses reached nominal significance, we considered specific gut microbial genera as potentially associated with the risk of PD and BG. Subsequently, we conducted reverse direction MR analyses. All MR analyses were performed using R studio (version 2022.12.0 Build 353) and R (version 4.2.2) with the “Mendelian Randomization” and “MR-PRESSO” packages.





3 Results


3.1 The selection of instrumental variables

We screened 148 traits consisting of 31 families and 117 genera (Figure 2). Under the condition that the instrumental variable reaches the significance level of the whole locus (p < 5 × 10−6), after removing the known linkage disequilibrium effect of the flora, a total of 819 IVs for PD (186 families and 633 genera) and 865 IVs for BG (202 families and 663 genera) were retained. F was >10 for all instrumental variables, and the number of SNPs in each bacterial group was no less than 5.
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FIGURE 2
 The inverse-variance-weighted (IVW) analyses pertaining to the relationships between gut microbial families/genera and the risk of periodontal disease (PD) (A) and the risk of bleeding gums (BG) (B). The concentric circles denote the IVW analyses, with the innermost circle representing biological classifications. Gut microbiota classification is presented at the family and genus levels. The varying shades of color within the circles correspond to the magnitude of the p-values, as indicated by labels within the circle (**p < 0.01, *p < 0.05).




3.2 Two-sample MR analysis


3.2.1 Gingivitis and periodontal disease MR analysis

This study revealed four causal links between gut microbial genera and the risk of PD (Figure 3A). Anaerotruncus (β = −0.14, 95% CI: 0.79–0.96, SNP: 5) (Figure 4A), Eisenbergiella (β = −0.08, 95% CI: 0.87–0.98, SNP: 5) (Figure 4B), and Phascolarctobacterium (β = −0.09, 95% CI: 0.86–0.98, SNP: 6) (Figure 4C) demonstrated robust causal associations with reduced PD risk. In contrast, Fusicatenibacter (β = 0.10, 95% CI: 1.03–1.19, SNP: 9) (Figure 4D) was linked to an increased risk of PD. MR-Egger and MR-PRESSO tests detected no evidence of horizontal pleiotropy or outliers (p > 0.05). The results from Cochrane’s Q-test also indicated the absence of significant heterogeneity among the selected SNPs (p > 0.05). Our leave-one-out approach (Supplementary Figure S1A–D) confirmed that no single SNP dominated the positive results for the aforementioned microbiota.
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FIGURE 3
 Forest plots featuring estimates derived from the inverse-variance-weighted (IVW) analysis. (A) The effects of SNPs for different gut microbial genera abundance levels on gingivitis and periodontal disease (PD). (B) The effects of SNPs for different gut microbial genera abundance levels on bleeding gums (BG). The red dots in the plots signify the IVW estimates, whereas the black and red bars represent the corresponding 95% confidence intervals (CIs) for the IVW estimates. An odds ratio (OR) > 1 signifies a risk factor, whereas an OR < 1 indicates a protective factor.
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FIGURE 4
 Scatter plots illustrating the Mendelian randomization (MR) estimates for the significant causality of 6 gut microbial genera and their impacts on the risk of periodontal disease (PD) or bleeding gums (BG). In subfigures (A–D), we explore the causal effects of 4 gut microbial genera on PD, whereas subfigures (E,F) analyze the causal effect of 2 other gut microbial genera on BG. In these plots, upward-sloping diagonal lines signify positive correlations, indicating the facilitating effects of gut microbial genera on PD. Conversely, downward-sloping diagonal lines denote negative correlations, indicating the inhibitory impacts of gut microbiota on PD or BG. The horizontal and vertical lines within each plot represent the 95% confidence interval (CI) for each correlation. [image: inline1] Inverse-variance-weighted (IVW), [image: inline1] weighted median (WM), [image: inline1] MR-Egger.




3.2.2 Bleeding gums

This study determined two causal links between gut microbial genera and the risk of BG (Figure 3B). The Lachnoclostridium (β = −0.01, 95% CI: 0.977–0.999, SNP: 6) (Figure 4E) and Eubacterium xylanophilum groups (β = −0.01, 95% CI: 0.981–0.998, SNP: 7) (Figure 4F) exhibited strong associations linked to a reduced risk of BG (Figure 3B). MR-Egger and MR-PRESSO tests (Supplementary Table S2) indicated the absence of horizontal pleiotropy or outliers (p > 0.05). Additionally, Cochrane’s Q-test results indicated no significant heterogeneity among the selected SNPs (p > 0.05). The leave-one-out method (Supplementary Figures S1E,F) confirmed that no single SNP could exert undue influence on the positive findings related to the aforementioned microbiota.



3.2.3 Reverse MR analysis

Based on the above positive results, no discernible association between PD/BG and gut microbiota was observed when the six gut microbiota were considered as exposures (Figure 3; Supplementary Table S2). Similar outcomes for the association between PD/BG and the gut microbiota were consistently observed in the MR-PRESSO, MR-RAPS, and weighted median analyses (Supplementary Table S2). The weighted pattern approach yielded results that did not attain statistical significance.





4 Discussion

Our study represents a pioneering large-scale MR investigation, delving into the causal connection between gut microbiota and PD at the genetic level. Employing a two-sample MR approach, we not only identified gut microbiota associated with exacerbating or alleviating PD but also elucidated factors contributing to a decreased risk of gingival bleeding. Notably, Anaerotruncus and Eisenbergiella were linked to a reduced risk of PD, while Fusicatenibacter was associated with an increased risk of PD. This outcome was consistently corroborated by various analyses using IVW, WM, and MR-PRESSO, underscoring the robustness of our findings. These results were also validated in previous Mendelian studies with other databases (Luo et al., 2023; Ye et al., 2023). Discrepancies between this study and our findings may stem from variations in factors such as the stage of periodontitis, sex ratio, and ethnic composition of the sampled populations. In addition, the composition of gut microbiota can vary significantly among different populations (Luo et al., 2023; Ye et al., 2023).

The maintenance of intestinal stability by the microbiota involves the production of short-chain fatty acids (SCFAs), such as acetate, propionate, and butyrate. These SCFAs bolster host health and play important roles in cardiometabolic diseases (CMD) as PD risk factors, including obesity, type 2 diabetes (T2D), arteriosclerosis, and atherosclerosis (Den Besten et al., 2013). The microbiota also serves to suppress the proliferation of pathogenic microbes, thereby enhancing defense against pathogens. Moreover, the microbiota has an impact on immune system modulation, which guards against pro-inflammatory cytokines such as interleukin (IL)-6, IL-17, and tumour necrosis factor (TNF)-α and lessens the activation of T cells linked to the inflammatory response (Th17 and Th1) (Baldelli et al., 2021). Gut microbiota dysregulation, however, can lead to Enterobacteriaceae overgrowth, diminishing bacterial diversity, intestinal stability, and SCFA production, as well as increasing pro-inflammatory cytokines, weakening intestinal barrier function, and enhancing mucosal inflammation (Baldelli et al., 2021).

This study identified that Anaerotruncus and Eisenbergiella can significantly reduce the risk of PD. Some studies have suggested that Anaerotruncus and Eisenbergiella are linked to a reduced risk of PD. Anaerotruncus associated with increased tooth count and reduced periodontal pathogenic bacteria support its potential role in oral health (Li et al., 2020). Eisenbergiella’s negative correlation with prostaglandin E2 (PGE2), a marker upregulated in periodontitis patients, further supports its protective association (Lee et al., 2008; Li et al., 2020). Both genera produce butyrate, a key factor in maintaining intestinal homeostasis and possessing anti-inflammatory properties (Amir et al., 2014; Kelly et al., 2015; Togo et al., 2016; Silva et al., 2020). Butyrate serves as a regulator of transepithelial fluid transport, reducing mucosal inflammation and oxidative stress, enhancing the epithelial defense barrier, and controlling intestinal motility and visceral sensitivity (Canani et al., 2011). Although no direct studies have established the role of these bacteria in preventing PD, several studies have indicated their metabolic relevance. The abundance of Anaerotruncus in the gut decreases in individuals consuming high saturated fat/low fiber diets (Bailén et al., 2020). This genus includes species that ferment amino acids and certain carbohydrates, possibly contributing to the breakdown of mucins (Lau et al., 2006; Togo et al., 2019). Eisenbergiella’s abundance was increased in the feces of mice on a ketogenic diet (Ferrere et al., 2021). This increased abundance associated with neurodegenerative diseases (Noble et al., 2014; Stadlbauer et al., 2020) and depression (Fontana et al., 2020). Paradoxically, some studies found that Eisenbergiella could potentially exert a positive causal effect on periodontitis, thereby increasing the risk of this condition (Luo et al., 2023). Additionally, an increase in the abundance of the genus Eisenbergiella was linked to the exacerbation of certain chronic diseases, particularly those characterized by pro-inflammatory processes, which can include periodontitis (Bailén et al., 2020). As a genus, Phascolarctobacterium can nominally significantly reduce the risk of PD and produce acetate (as do Anaerotruncus and Eisenbergiella) (Mandaliya et al., 2021) and propionate (Mandaliya et al., 2021). Acetate can promotes microbiome-responsive IgA production (Wu et al., 2017; Takeuchi et al., 2021) and is effective in reducing inflammation by modulating immune responses (Mandaliya et al., 2021). Previous research linked Phascolarctobacterium to a reduced risk for PD through participation in host metabolism. For instance, a study from the Mayo Clinic Medical Centre emphasized highlighted its importance not only in helping people lose weight but also as a crucial regulator of intestinal group homeostasis when Phascolarctobacterium abundance was enhanced in adult intestinal flora. (Pedrogo et al., 2018).

Eubacterium xylanophilum and Lachnoclostridium, as butyrate producers (Uematsu and Hoshino, 1996; Oh et al., 2022), are nominally significantly associated with a potential reduction in the risk of BG. In mice fed a high-fat diet, dietary supplementation attenuated obesity and increased the gut abundance of butyrate-producing bacteria, including Eubacterium xylanophilum and Lachnoclostridium (Xiao et al., 2020; Zhang et al., 2020; Liu et al., 2021; Wei et al., 2021; Chen et al., 2022). Although the direct impact of these bacteria on BG has not been established, previous studies have suggested their relevance to host cardiometabolic disease and negative implications for obesity and T2D align with their potential protective role against PD (Nogal et al., 2021). Certain species of Lachnoclostridium efficiently converts choline into TMA (Cai et al., 2022), which is subsequently converted into trimethylamine-N-oxide (TMAO) in the liver (Jameson et al., 2016; Zhu et al., 2018). The TMAO pathway has been linked to cardiometabolic diseases such as obesity and T2D in humans (Dambrova et al., 2016; Schugar et al., 2017).

We consider that these five bacteria share a similar mechanism that may promote periodontal health. A healthy diet, particularly one decreasing saturated fat and promoting SCFAs production, might positively impact these bacteria, maintaining intestinal balance, reducing inflammation, and potentially influencing periodontal health. The result is a potential association with improved oral health and a reduced risk of PD and BG. This opens avenues for therapeutic targets in PD and gingival bleeding by modulating gut microbiota composition. (Li et al., 2021; Woelber et al., 2021; Woelber and Vach, 2022; Casarin et al., 2023). Further research is needed to clarify the causative role of these bacteria in preventing PD and explore therapeutic strategies that target these taxa.

We also observed a strong positive association between Fusicatenibacter and PD. Fusicatenibacter’s potential role in inducing periodontal disease may be linked to estrogen. Fusicatenibacter spp. exhibited significant increases in both the osteoporosis and Polycystic ovary syndrome (PCOS) groups, demonstrating a substantial positive correlation with postmenopausal time while showing a negative correlation with estrogen levels (Zhou et al., 2020; Yang et al., 2022). The intricate contributions of estrogen deficiency to alveolar bone loss remain elusive, however, multiple studies have endeavored to uncover these nuanced mechanisms. Eestrogen deficiency independently promote osteoclast survival and increased activity on its own, which accelerates bone resorption (Zhou et al., 2020). A noteworthy finding is the revealed inverse correlation between gut Fusicatenibacter abundance and postmenopausal osteopenia-enriched L-lysine (He et al., 2020). A MR study emphasized Fusicatenibacter’s recognition as a risk factor for bone mineral density (BMD) (Wang et al., 2023). This sheds light on the intricate mechanisms through which Fusicatenibacter may contribute to periodontal disease, implicating estrogen-related pathways and emphasizing the need for further investigation into these multifaceted associations. Additionally, Fusicatenibacter’s probable role in generating periodontal disease has been related to insomnia (Zhou et al., 2022). Genus Fusicatenibacter was dominant bacterial genus in patients with insomnia disorder, exhibiting increases in the abundance of the family Prevotellaceae and genus Prevotella (Zhou et al., 2022). Although Fusicatenibacter produces the beneficial SCFA (butyrate) and is inversely correlated with pro-inflammatory cytokines in human serum, the positive effects of this SCFA on the immune system may be counteracted by pro-inflammatory bacteria (such as those in the family Prevotellaceae and genus Prevotella) (Li et al., 2021). Furthermore, a high-collagen-peptide diet (collagen peptide from tilapia nilotica skin) caused a low abundance of Fusicatenibacter in rats (Mei et al., 2020).The link between periodontitis and the gut microbiota remains elusive, with several hypotheses proposed to elucidate this connection, including shared risk factors, immune activation and inflammation, metabolites and systemic effects, the brain–gut–oral axis feedback loop, shared nonspecific channels, and shared complex inflammatory pathways (Koppe et al., 2012; Vaziri et al., 2013; Ito and Yoshida, 2014; Chi et al., 2018; Chavakis et al., 2019; Jia et al., 2021; Malan-Muller et al., 2022; Newman and Kamada, 2022). In conclusion, although a mechanistic causal relationship between PD and the gut has not been established, the present MR findings remain valid. Oral administration may help degrade these metabolites and reduce specific gut flora, offering a potential therapeutic avenue for PD (Song et al., 2019; Wang et al., 2023).

Future research should focus on illuminating the mechanistic pathways through which specific gut microbiota influence oral health outcomes. Such research may involve investigating the role of gut-derived metabolites, immune responses, and inflammatory processes in oral health. Long-term prospective studies and clinical trials are also needed to validate the causal relationships identified in this MR analysis. Moreover, acknowledging the limitations of our study is imperative. Firstly, our study is exclusively based on data obtained from European populations, and therefore, it is crucial to exercise caution when extending these findings to other ethnic groups and races. Secondly, multiple MR analyses were conducted since the intestinal microbiome is categorized and summarized by various family/genus results. While stratified designs are commonly employed in clinical research, they are typically unadjusted for statistical significance levels (Luo et al., 2023; Ye et al., 2023). In this article, the threshold was set at a two-sided p < 0.05 (Luo et al., 2023; Ye et al., 2023). Thirdly, the inherent untestable assumptions in MR analysis emphasize the need for supplementary experimental and clinical validation studies to assess the clinical relevance of microbial species (Li et al., 2020). Fourthly, despite employing two independent authors for verification, the use of a PhenoScanner to mitigate the confounding effects of genetic variables may still introduce bias stemming from subjective factors, warranting cautious interpretation of the research outcomes. Moreover, the source data of our study did not provide information on the severity of the disease making it impossible to establish the relationship between intestinal flora and the severity of periodontitis cannot be given. Finally, the cross-sectional nature of the GWAS database precludes insights into the relationship between intestinal flora and the progression rate of periodontitis over time. A single investigation of the bacterial flora is insufficient to conclude this outcome. Given these limitations, we can only explore the causal associations between bacterial flora and periodontitis through the Mendelian randomization method. To contribute to a deeper understanding of the relationship between intestinal flora and the stage or progression rate of periodontitis, future studies should include the collection and documentation of clinical disease grade and progression rate while obtaining clinical samples.



5 Conclusion

Overall, our two-sample MR analysis identified specific gut microbiota taxa with causal links to the risk of PD and BG. Anaerotruncus, Eisenbergiella, and Phascolarctobacterium were identified as protective factors against PD, whereas Fusicatenibacter was implicated in promoting the occurrence of PD. These findings have implications for early disease diagnosis and the development of novel therapeutic strategies. Our study sets the stage for future largescale randomized controlled trials (RCTs) and may aid in predicting the outcomes of these trials. Future research should seek to determine the mechanistic pathways underpinning these causal relationships and explore the potential bidirectional interactions between oral health and the gut microbiota. Ultimately, a deeper understanding of these relationships has the potential to yield innovative approaches that enhance periodontal health and overall wellbeing.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: https://gwas.mrcieu.ac.uk/datasets/; https://www.finngen.fi/fi.



Author contributions

MX: Conceptualization, Methodology, Software, Validation, Writing – original draft. QS: Data curation, Formal analysis, Investigation, Methodology, Validation, Writing – original draft. YZ: Formal analysis, Investigation, Software, Validation, Writing – original draft. YY: Resources, Visualization, Writing – review & editing. SW: Conceptualization, Writing – review & editing. AW: Conceptualization, Funding acquisition, Supervision, Writing – review & editing. YC: Conceptualization, Project administration, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by Medical Research Foundation of Jing’an District (no. 2023MS18).



Acknowledgments

The circular heatmap was plotted using heatmap tools in the Genescloud platform (https://www.genescloud.cn [accessed on 20 January 2023]).



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/fmicb.2024.1322947/full#supplementary-material



Footnotes

1   https://gwas.mrcieu.ac.uk/datasets/ (Accessed January 20, 2023).

2   https://www.finngen.fi/fi (Accessed January 20, 2023).

3   https://gwas.mrcieu.ac.uk/ (Accessed January 20, 2023).

4   http://www.phenoscanner.medschl.cam.ac.uk/ (Accessed January 20, 2023).



References

 Amir, I., Bouvet, P., Legeay, C., Gophna, U., and Weinberger, A. (2014). Eisenbergiella tayi gen. nov., sp. nov., isolated from human blood. Int. J. Syst. Evol. Microbiol. 64, 907–914. doi: 10.1099/ijs.0.057331-0 

 Amoroso, C., Perillo, F., Strati, F., Fantini, M., Caprioli, F., and Facciotti, F. (2020). The role of gut microbiota biomodulators on mucosal immunity and intestinal inflammation. Cell 9:1234. doi: 10.3390/cells9051234 

 Ausenda, F., Barbera, E., Cotti, E., Romeo, E., Natto, Z. S., and Valente, N. A. (2023). Clinical, microbiological and immunological short, medium and long-term effects of different strains of probiotics as an adjunct to non-surgical periodontal therapy in patients with periodontitis. Systematic review with meta-analysis. Japan. Dental Sci. Rev. 59, 62–103. doi: 10.1016/j.jdsr.2023.02.001 

 Bailén, M., Bressa, C., Martínez-López, S., González-Soltero, R., Montalvo Lominchar, M. G., San Juan, C., et al. (2020). Microbiota features associated with a high-fat/low-fiber diet in healthy adults. Front. Nutr. 7:583608. doi: 10.3389/fnut.2020.583608 

 Baldelli, V., Scaldaferri, F., Putignani, L., and Del Chierico, F. (2021). The role of Enterobacteriaceae in gut microbiota dysbiosis in inflammatory bowel diseases. Microorganisms 9:697. doi: 10.3390/microorganisms9040697 

 Bao, J., Li, L., Zhang, Y., Wang, M., Chen, F., Ge, S., et al. (2022). Periodontitis may induce gut microbiota dysbiosis via salivary microbiota. Int. J. Oral Sci. 14:32. doi: 10.1038/s41368-022-00183-3 

 Basic, A., and Dahlén, G. (2023). Microbial metabolites in the pathogenesis of periodontal diseases: a narrative review. Front. Oral Health 4:1210200. doi: 10.3389/froh.2023.1210200 

 Bowden, J., Davey Smith, G., Haycock, P. C., and Burgess, S. (2016). Consistent estimation in Mendelian randomization with some invalid instruments using a weighted median estimator. Genet. Epidemiol. 40, 304–314. doi: 10.1002/gepi.21965 

 Cai, Y.-Y., Huang, F.-Q., Lao, X., Lu, Y., Gao, X., Alolga, R. N., et al. (2022). Integrated metagenomics identifies a crucial role for trimethylamine-producing Lachnoclostridium in promoting atherosclerosis. NPJ Biofilms Microbiomes 8:11. doi: 10.1038/s41522-022-00273-4 

 Canani, R. B., Di Costanzo, M., Leone, L., Pedata, M., Meli, R., and Calignano, A. (2011). Potential beneficial effects of butyrate in intestinal and extraintestinal diseases. World J. Gastroenterol. 17, 1519–1528. doi: 10.3748/wjg.v17.i12.1519 

 Casarin, M., da Silveira, T. M., Bezerra, B., Pirih, F. Q., and Pola, N. M. (2023). Association between different dietary patterns and eating disorders and periodontal diseases. Front. Oral Health 4:1152031. doi: 10.3389/froh.2023.1152031 

 Chapple, I. L., Mealey, B. L., Van Dyke, T. E., Bartold, P. M., Dommisch, H., Eickholz, P., et al. (2017). World workshop on the classification of periodontal and Peri-implant diseases and conditions. J. Periodontol. 89, S74–S84. doi: 10.1002/JPER.17-0719


 Chavakis, T., Mitroulis, I., and Hajishengallis, G. (2019). Hematopoietic progenitor cells as integrative hubs for adaptation to and fine-tuning of inflammation. Nat. Immunol. 20, 802–811. doi: 10.1038/s41590-019-0402-5 

 Chen, Y. T., Chiou, S. Y., Hsu, A. H., Lin, Y. C., and Lin, J. S. (2022). Lactobacillus rhamnosus strain LRH05 intervention ameliorated body weight gain and adipose inflammation via modulating the gut microbiota in high-fat diet-induced obese mice. Mol. Nutr. Food Res. 66:e2100348. doi: 10.1002/mnfr.202100348 

 Chi, Y.-C., Chen, J.-L., Wang, L.-H., Chang, K., Wu, C.-L., Lin, S.-Y., et al. (2018). Increased risk of periodontitis among patients with Crohn’s disease: a population-based matched-cohort study. Int. J. Color. Dis. 33, 1437–1444. doi: 10.1007/s00384-018-3117-4 

 Dambrova, M., Latkovskis, G., Kuka, J., Strele, I., Konrade, I., Grinberga, S., et al. (2016). Diabetes is associated with higher trimethylamine N-oxide plasma levels. Exp. Clin. Endocrinol. Diabetes 124, 251–256. doi: 10.1055/s-0035-1569330 

 Davey Smith, G., and Ebrahim, S. (2003). ‘Mendelian randomization’: can genetic epidemiology contribute to understanding environmental determinants of disease? Int. J. Epidemiol. 32, 1–22. doi: 10.1093/ije/dyg070


 Davey Smith, G., Holmes, M. V., Davies, N. M., and Ebrahim, S. (2020). Mendel’s laws, Mendelian randomization and causal inference in observational data: substantive and nomenclatural issues. Eur. J. Epidemiol. 35, 99–111. doi: 10.1007/s10654-020-00622-7 

 Den Besten, G., Van Eunen, K., Groen, A. K., Venema, K., Reijngoud, D.-J., and Bakker, B. M. (2013). The role of short-chain fatty acids in the interplay between diet, gut microbiota, and host energy metabolism. J. Lipid Res. 54, 2325–2340. doi: 10.1194/jlr.R036012 

 Feng, R., Lu, M., Xu, J., Zhang, F., Yang, M., Luo, P., et al. (2022). Pulmonary embolism and 529 human blood metabolites: genetic correlation and two-sample Mendelian randomization study. BMC Genomic Data 23:69. doi: 10.1186/s12863-022-01082-6 

 Ferrere, G., Alou, M. T., Liu, P., Goubet, A.-G., Fidelle, M., Kepp, O., et al. (2021). Ketogenic diet and ketone bodies enhance the anticancer effects of PD-1 blockade. JCI Insight 6:e145207. doi: 10.1172/jci.insight.145207 

 Fontana, A., Manchia, M., Panebianco, C., Paribello, P., Arzedi, C., Cossu, E., et al. (2020). Exploring the role of gut microbiota in major depressive disorder and in treatment resistance to antidepressants. Biomedicine 8:311. doi: 10.3390/biomedicines8090311 

 Frencken, J. E., Sharma, P., Stenhouse, L., Green, D., Laverty, D., and Dietrich, T. (2017). Global epidemiology of dental caries and severe periodontitis–a comprehensive review. J. Clin. Periodontol. 44, S94–S105. doi: 10.1111/jcpe.12677 

 Gatej, S., Gully, N., Gibson, R., and Bartold, P. M. (2017). Probiotics and periodontitis-a literature review. J. Int. Acad. Periodontol. 19, 42–50.

 Genco, R. J., and Sanz, M. (2020). Clinical and public health implications of periodontal and systemic diseases: an overview. Periodontology 83, 7–13. doi: 10.1111/prd.12344


 Habashneh, R., Khader, Y., Alhumouz, M., Jadallah, K., and Ajlouni, Y. (2012). The association between inflammatory bowel disease and periodontitis among Jordanians: a case–control study. J. Periodontal Res. 47, 293–298. doi: 10.1111/j.1600-0765.2011.01431.x 

 He, J., Xu, S., Zhang, B., Xiao, C., Chen, Z., Si, F., et al. (2020). Gut microbiota and metabolite alterations associated with reduced bone mineral density or bone metabolic indexes in postmenopausal osteoporosis. Aging (Albany NY) 12, 8583–8604. doi: 10.18632/aging.103168 

 Homayouni Rad, A., Pourjafar, H., and Mirzakhani, E. (2023). A comprehensive review of the application of probiotics and postbiotics in oral health. Frontiers in cellular and infection. Microbiology 13:1120995. doi: 10.3389/fcimb.2023.1120995


 Ito, S., and Yoshida, M. (2014). Protein-bound uremic toxins: new culprits of cardiovascular events in chronic kidney disease patients. Toxins (Basel) 6, 665–678. doi: 10.3390/toxins6020665 

 Jameson, E., Doxey, A. C., Airs, R., Purdy, K. J., Murrell, J. C., and Chen, Y. (2016). Metagenomic data-mining reveals contrasting microbial populations responsible for trimethylamine formation in human gut and marine ecosystems. Microb Genome 2:e000080. doi: 10.1099/mgen.0.000080


 Jia, X., Jia, L., Mo, L., Yuan, S., Zheng, X., He, J., et al. (2019). Berberine ameliorates periodontal bone loss by regulating gut microbiota. J. Dent. Res. 98, 107–116. doi: 10.1177/0022034518797275 

 Jia, L., Tu, Y., Jia, X., Du, Q., Zheng, X., Yuan, Q., et al. (2021). Probiotics ameliorate alveolar bone loss by regulating gut microbiota. Cell Prolif. 54:e13075. doi: 10.1111/cpr.13075 

 Jia, X., Yang, R., Li, J., Zhao, L., Zhou, X., and Xu, X. (2021). Gut-bone axis: a non-negligible contributor to periodontitis. Front. Cell. Infect. Microbiol. 11:752708. doi: 10.3389/fcimb.2021.752708


 Kawamoto, D., Borges, R., Ribeiro, R. A., de Souza, R. F., Amado, P. P. P., Saraiva, L., et al. (2021). Oral Dysbiosis in severe forms of periodontitis is associated with gut Dysbiosis and correlated with salivary inflammatory mediators: a preliminary study. Front Oral Health 2:722495. doi: 10.3389/froh.2021.722495 

 Kelly, C. J., Zheng, L., Campbell, E. L., Saeedi, B., Scholz, C. C., Bayless, A. J., et al. (2015). Crosstalk between microbiota-derived short-chain fatty acids and intestinal epithelial HIF augments tissue barrier function. Cell Host Microbe 17, 662–671. doi: 10.1016/j.chom.2015.03.005 

 Koppe, L., Pillon, N. J., Vella, R. E., Croze, M. L., Pelletier, C. C., Chambert, S., et al. (2012). P-Cresyl sulfate promotes insulin resistance associated with CKD. J. Am. Soc. Nephrol. 24:88. doi: 10.1681/ASN.2012050503


 Kurilshikov, A., Medina-Gomez, C., Bacigalupe, R., Radjabzadeh, D., Wang, J., Demirkan, A., et al. (2021). Large-scale association analyses identify host factors influencing human gut microbiome composition. Nat. Genet. 53, 156–165. doi: 10.1038/s41588-020-00763-1 

 Lau, S. K., Woo, P. C., Woo, G. K., Fung, A. M., Ngan, A. H., Song, Y., et al. (2006). Bacteraemia caused by Anaerotruncus colihominis and emended description of the species. J. Clin. Pathol. 59, 748–752. doi: 10.1136/jcp.2005.031773 

 Lee, J. H., Cheng, R., Graff-Radford, N., Foroud, T., and Mayeux, R., National Institute on Aging Late-Onset Alzheimer's Disease Family Study Group (2008). Analyses of the national institute on aging late-onset Alzheimer's disease family study: implication of additional loci. Arch. Neurol. 65, 1518–1526. doi: 10.1001/archneur.65.11.1518


 Li, L., Bao, J., Wang, M., Chen, B., Luo, B., and Yan, F. (2021). High-fat diet exacerbates periodontitis: is it because of dysbacteriosis or stem cell dysfunction? J. Biol. Regul. Homeost. Agents 35, 641–655. doi: 10.23812/20-628-A 

 Li, H., Chen, J., Ren, X., Yang, C., Liu, S., Bai, X., et al. (2021). Gut microbiota composition changes in constipated women of reproductive age. Front. Cell. Infect. Microbiol. 10:557515. doi: 10.3389/fcimb.2020.557515 

 Li, J., Lu, H., Wu, H., Huang, S., Chen, L., Gui, Q., et al. (2020). Periodontitis in elderly patients with type 2 diabetes mellitus: impact on gut microbiota and systemic inflammation. Aging (Albany NY) 12, 25956–25980. doi: 10.18632/aging.202174 

 Liu, J., Hao, W., He, Z., Kwek, E., Zhu, H., Ma, N., et al. (2021). Blueberry and cranberry anthocyanin extracts reduce bodyweight and modulate gut microbiota in C57BL/6 J mice fed with a high-fat diet. Eur. J. Nutr. 60, 2735–2746. doi: 10.1007/s00394-020-02446-3 

 Lourenςo, T. G. B., Spencer, S. J., Alm, E. J., and Colombo, A. P. V. (2018). Defining the gut microbiota in individuals with periodontal diseases: an exploratory study. J. Oral Microbiol. 10:1487741. doi: 10.1080/20002297.2018.1487741 

 Luo, S., Li, W., Li, Q., Zhang, M., Wang, X., Wu, S., et al. (2023). Causal effects of gut microbiota on the risk of periodontitis: a two-sample Mendelian randomization study. Front. Cell. Infect. Microbiol. 13:1160993. doi: 10.3389/fcimb.2023.1160993 

 Malan-Muller, S., Valles-Colomer, M., Foxx, C. L., Vieira-Silva, S., van den Heuvel, L. L., Raes, J., et al. (2022). Exploring the relationship between the gut microbiome and mental health outcomes in a posttraumatic stress disorder cohort relative to trauma-exposed controls. Eur. Neuropsychopharmacol. 56, 24–38. doi: 10.1016/j.euroneuro.2021.11.009 

 Mandaliya, D. K., Patel, S., and Seshadri, S. (2021). The combinatorial effect of acetate and propionate on high-fat diet induced diabetic inflammation or metaflammation and T cell polarization. Inflammation 44, 68–79. doi: 10.1007/s10753-020-01309-7 

 Mei, F., Duan, Z., Chen, M., Lu, J., Zhao, M., Li, L., et al. (2020). Effect of a high-collagen peptide diet on the gut microbiota and short-chain fatty acid metabolism. J. Funct. Foods 75:104278. doi: 10.1016/j.jff.2020.104278


 Nagao, J.-I., Kishikawa, S., Tanaka, H., Toyonaga, K., Narita, Y., Negoro-Yasumatsu, K., et al. (2022). Pathobiont-responsive Th17 cells in gut-mouth axis provoke inflammatory oral disease and are modulated by intestinal microbiome. Cell Rep. 40:111314. doi: 10.1016/j.celrep.2022.111314


 Newman, K. L., and Kamada, N. (2022). Pathogenic associations between oral and gastrointestinal diseases. Trends Mol. Med. 28, 1030–1039. doi: 10.1016/j.molmed.2022.05.006 

 Noble, J. M., Scarmeas, N., Celenti, R. S., Elkind, M. S., Wright, C. B., Schupf, N., et al. (2014). Serum IgG antibody levels to periodontal microbiota are associated with incident Alzheimer disease. PLoS One 9:e114959. doi: 10.1371/journal.pone.0114959 

 Nogal, A., Louca, P., Zhang, X., Wells, P. M., Steves, C. J., Spector, T. D., et al. (2021). Circulating levels of the short-chain fatty acid acetate mediate the effect of the gut microbiome on visceral fat. Front. Microbiol. 12:711359. doi: 10.3389/fmicb.2021.711359 

 Oh, J. K., Vasquez, R., Kim, S. H., Lee, J. H., Kim, E. J., Hong, S.-K., et al. (2022). Neoagarooligosaccharides modulate gut microbiota and alleviate body weight gain and metabolic syndrome in high-fat diet-induced obese rats. J. Funct. Foods 88:104869. doi: 10.1016/j.jff.2021.104869


 Ohlsson, C., and Sjögren, K. (2015). Effects of the gut microbiota on bone mass. Trends Endocrinol. Metab. 26, 69–74. doi: 10.1016/j.tem.2014.11.004 

 Papageorgiou, S. N., Hagner, M., Nogueira, A. V. B., Franke, A., Jäger, A., and Deschner, J. (2017). Inflammatory bowel disease and oral health: systematic review and a meta-analysis. J. Clin. Periodontol. 44, 382–393. doi: 10.1111/jcpe.12698 

 Papapanou, P. N., Sanz, M., Buduneli, N., Dietrich, T., Feres, M., Fine, D. H., et al. (2018). Periodontitis: consensus report of workgroup 2 of the 2017 world workshop on the classification of periodontal and Peri-implant diseases and conditions. J. Periodontol. 89, S173–S182. doi: 10.1002/JPER.17-0721 

 Pedrogo, D. A. M., Jensen, M. D., Van Dyke, C. T., Murray, J. A., Woods, J. A., Chen, J., et al. (2018). Gut microbial carbohydrate metabolism hinders weight loss in overweight adults undergoing lifestyle intervention with a volumetric diet. Mayo Clin Proc 93, 1104–1110. doi: 10.1016/j.mayocp.2018.02.019


 Sato, K., Yamazaki, K., Kato, T., Nakanishi, Y., Tsuzuno, T., Yokoji-Takeuchi, M., et al. (2021). Obesity-related gut microbiota aggravates alveolar bone destruction in experimental periodontitis through elevation of uric acid. MBio 12, e00771–e00721. doi: 10.1128/mBio.00771-21


 Schugar, R. C., Shih, D. M., Warrier, M., Helsley, R. N., Burrows, A., Ferguson, D., et al. (2017). The TMAO-producing enzyme flavin-containing monooxygenase 3 regulates obesity and the beiging of white adipose tissue. Cell Rep. 19, 2451–2461. doi: 10.1016/j.celrep.2017.05.077 

 Shyu, J.-F., Liu, W.-C., Zheng, C.-M., Fang, T.-C., Hou, Y.-C., Chang, C.-T., et al. (2021). Toxic effects of indoxyl sulfate on osteoclastogenesis and osteoblastogenesis. Int. J. Mol. Sci. 22:11265. doi: 10.3390/ijms222011265 

 Silva, Y. P., Bernardi, A., and Frozza, R. L. (2020). The role of short-chain fatty acids from gut microbiota in gut-brain communication. Front Endocrinol (Lausanne) 11:25. doi: 10.3389/fendo.2020.00025 

 Sohn, J., Li, L., Zhang, L., Genco, R. J., Falkner, K. L., Tettelin, H., et al. (2023). Periodontal disease is associated with increased gut colonization of pathogenic Haemophilus parainfluenzae in patients with Crohn’s disease. Cell Rep. 42:112120. doi: 10.1016/j.celrep.2023.112120 

 Song, X., Zhong, L., Lyu, N., Liu, F., Li, B., Hao, Y., et al. (2019). Inulin can alleviate metabolism disorders in Ob/Ob mice by partially restoring leptin-related pathways mediated by gut microbiota. Genomics Proteomics Bioinformatics 17, 64–75. doi: 10.1016/j.gpb.2019.03.001 

 Stadlbauer, V., Engertsberger, L., Komarova, I., Feldbacher, N., Leber, B., Pichler, G., et al. (2020). Dysbiosis, gut barrier dysfunction and inflammation in dementia: a pilot study. BMC Geriatr. 20, 1–13. doi: 10.1186/s12877-019-1374-x


 Takeuchi, T., Miyauchi, E., Kanaya, T., Kato, T., Nakanishi, Y., Watanabe, T., et al. (2021). Acetate differentially regulates IgA reactivity to commensal bacteria. Nature 595, 560–564. doi: 10.1038/s41586-021-03727-5 

 Thaiss, C. A., Zmora, N., Levy, M., and Elinav, E. (2016). The microbiome and innate immunity. Nature 535, 65–74. doi: 10.1038/nature18847


 Togo, A., Diop, A., Dubourg, G., Khelaifia, S., Richez, M., Armstrong, N., et al. (2019). Anaerotruncus massiliensis sp. nov., a succinate-producing bacterium isolated from human stool from an obese patient after bariatric surgery. New Microbes New Infect 29:100508. doi: 10.1016/j.nmni.2019.01.004 

 Togo, A., Khelaifia, S., Bittar, F., Maraninchi, M., Raoult, D., and Million, M. (2016). ‘Eisenbergiella massiliensis’, a new species isolated from human stool collected after bariatric surgery. New Microbes New Infect 13, 15–16. doi: 10.1016/j.nmni.2016.05.015 

 Tonetti, M. S., Deng, K., Christiansen, A., Bogetti, K., Nicora, C., Thurnay, S., et al. (2020). Self-reported bleeding on brushing as a predictor of bleeding on probing: early observations from the deployment of an internet of things network of intelligent power-driven toothbrushes in a supportive periodontal care population. J. Clin. Periodontol. 47, 1219–1226. doi: 10.1111/jcpe.13351 

 Uchida, Y., Irie, K., Fukuhara, D., Kataoka, K., Hattori, T., Ono, M., et al. (2018). Commensal microbiota enhance both osteoclast and osteoblast activities. Molecules 23:1517. doi: 10.3390/molecules23071517 

 Uematsu, H., and Hoshino, E. (1996). Degradation of arginine and other amino acids by Eubacterium nodatum ATCC 33099. Microb. Ecol. Health Dis. 9, 305–311. doi: 10.3109/08910609609166471


 Vavricka, S. R., Manser, C. N., Hediger, S., Vögelin, M., Scharl, M., Biedermann, L., et al. (2013). Periodontitis and gingivitis in inflammatory bowel disease: a case–control study. Inflamm. Bowel Dis. 19, 2768–2777. doi: 10.1097/01.MIB.0000438356.84263.3b


 Vaziri, N. D., Yuan, J., and Norris, K. (2013). Role of urea in intestinal barrier dysfunction and disruption of epithelial tight junction in chronic kidney disease. Am. J. Nephrol. 37, 1–6. doi: 10.1159/000345969 

 Wang, Z., Li, S., Tan, D., Abudourexiti, W., Yu, Z., Zhang, T., et al. (2023). Association between inflammatory bowel disease and periodontitis: a bidirectional two-sample Mendelian randomization study. J. Clin. Periodontol. 50, 736–743. doi: 10.1111/jcpe.13782 

 Wang, Q., Sun, Y., Zhou, T., Jiang, C., and Xu, W. (2023). Gut microbiota-dependent trimethylamine n-oxide pathway contributes to the bidirectional relationship between intestinal inflammation and periodontitis. Front. Cell. Infect. Microbiol. 12:1125463. doi: 10.3389/fcimb.2022.1125463 

 Wang, Y.-B., Yan, S.-Y., Li, X.-H., Huang, Q., Luo, L.-S., Wang, Y.-Y., et al. (2022). Causal association between periodontitis and type 2 diabetes: a bidirectional two-sample mendelian randomization analysis. Front. Genet. 12:792396. doi: 10.3389/fgene.2021.792396 

 Wang, Y., Zhang, X., Tang, G., Deng, P., Qin, Y., Han, J., et al. (2023). The causal relationship between gut microbiota and bone mineral density: a Mendelian randomization study. Front. Microbiol. 14:1268935. doi: 10.3389/fmicb.2023.1268935


 Wei, J., Zhao, Y., Zhou, C., Zhao, Q., Zhong, H., Zhu, X., et al. (2021). Dietary polysaccharide from Enteromorpha clathrata attenuates obesity and increases the intestinal abundance of butyrate-producing bacterium, Eubacterium xylanophilum, in mice fed a high-fat diet. Polymers 13:3286. doi: 10.3390/polym13193286 

 Woelber, J. P., Tennert, C., Ernst, S. F., Vach, K., Ratka-Krüger, P., Bertz, H., et al. (2021). Effects of a non-energy-restricted ketogenic diet on clinical Oral parameters. An Exploratory Pilot Trial. Nutrients 13:4229. doi: 10.3390/nu13124229


 Woelber, J. P., and Vach, K. (2022). The emerging field of nutritional dentistry. Nutrients 14:2076. doi: 10.3390/nu14102076 

 Wu, L., Han, J., Nie, J.-Y., Deng, T., Li, C., Fang, C., et al. (2022). Alterations and correlations of gut microbiota and fecal metabolome characteristics in experimental periodontitis rats. Front. Microbiol. 13:865191. doi: 10.3389/fmicb.2022.865191 

 Wu, W., Sun, M., Chen, F., Cao, A. T., Liu, H., Zhao, Y., et al. (2017). Microbiota metabolite short-chain fatty acid acetate promotes intestinal IgA response to microbiota which is mediated by GPR43. Mucosal Immunol. 10, 946–956. doi: 10.1038/mi.2016.114 

 Xiao, Y., Yang, C., Xu, H., Wu, Q., Zhou, Y., Zhou, X., et al. (2020). Procyanidin B2 prevents dyslipidemia via modulation of gut microbiome and related metabolites in high-fat diet fed mice. J. Funct. Foods 75:104285. doi: 10.1016/j.jff.2020.104285


 Yan, J., Herzog, J. W., Tsang, K., Brennan, C. A., Bower, M. A., Garrett, W. S., et al. (2016). Gut microbiota induce IGF-1 and promote bone formation and growth. Proc. Natl. Acad. Sci. 113, E7554–E7563. doi: 10.1073/pnas.1607235113


 Yang, X., Chang, T., Yuan, Q., Wei, W., Wang, P., Song, X., et al. (2022). Changes in the composition of gut and vaginal microbiota in patients with postmenopausal osteoporosis. Front. Immunol. 13:930244. doi: 10.3389/fimmu.2022.930244 

 Yang, J., Summanen, P. H., Henning, S. M., Hsu, M., Lam, H., Huang, J., et al. (2015). Xylooligosaccharide supplementation alters gut bacteria in both healthy and prediabetic adults: a pilot study. Front. Physiol. 6:216. doi: 10.3389/fphys.2015.00216


 Ye, X., Liu, B., Bai, Y., Cao, Y., Lin, S., Lyu, L., et al. (2023). Genetic evidence strengthens the bidirectional connection between gut microbiota and periodontitis: insights from a two-sample Mendelian randomization study. J. Transl. Med. 21:674. doi: 10.1186/s12967-023-04559-9 

 Yu, F., Wu, D., Chang, M., Han, C., Wang, Q., Li, Y., et al. (2023). Deciphering genetic causality between inflammatory bowel disease and periodontitis: a bidirectional two-sample Mendelian randomization analysis. J. Clin. Periodontol. 50, 736–743. doi: 10.1038/s41598-023-45527-z


 Yuan, X., Zhou, F., Wang, H., Xu, X., Xu, S., Zhang, C., et al. (2023). Systemic antibiotics increase microbiota pathogenicity and oral bone loss. Int. J. Oral Sci. 15:4. doi: 10.1038/s41368-022-00212-1 

 Zhang, L., Gao, X., Zhou, J., Chen, S., Zhang, J., Zhang, Y., et al. (2020). Increased risks of dental caries and periodontal disease in Chinese patients with inflammatory bowel disease. Int. Dent. J. 70, 227–236. doi: 10.1111/idj.12542 

 Zhang, J., Yi, C., Han, J., Ming, T., Zhou, J., Lu, C., et al. (2020). Novel high-docosahexaenoic-acid tuna oil supplementation modulates gut microbiota and alleviates obesity in high-fat diet mice. Food Sci. Nutr. 8, 6513–6527. doi: 10.1002/fsn3.1941 

 Zhou, L., Ni, Z., Yu, J., Cheng, W., Cai, Z., and Yu, C. (2020). Correlation between fecal metabolomics and gut microbiota in obesity and polycystic ovary syndrome. Front. Endocrinol. 11:628. doi: 10.3389/fendo.2020.00628 

 Zhou, J., Wu, X., Li, Z., Zou, Z., Dou, S., Li, G., et al. (2022). Alterations in gut microbiota are correlated with serum metabolites in patients with insomnia disorder. Front. Cell. Infect. Microbiol. 12:722662. doi: 10.3389/fcimb.2022.722662 

 Zhu, W., Buffa, J., Wang, Z., Warrier, M., Schugar, R., Shih, D., et al. (2018). Flavin monooxygenase 3, the host hepatic enzyme in the metaorganismal trimethylamine N-oxide-generating pathway, modulates platelet responsiveness and thrombosis risk. J. Thromb. Haemost. 16, 1857–1872. doi: 10.1111/jth.14234 


Copyright
 © 2024 Xu, Shao, Zhou, Yu, Wang, Wang and Cai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Potential effects of specific gut microbiota on periodontal disease: a two-sample bidirectional Mendelian randomization study



		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Data sources and instruments



		2.2.1 Human gut microbiome



		2.2.2 Periodontal disease and bleeding gums



		2.2.3 Mendelian randomization and causal inference















		3 Results



		3.1 The selection of instrumental variables



		3.2 Two-sample MR analysis



		3.2.1 Gingivitis and periodontal disease MR analysis



		3.2.2 Bleeding gums



		3.2.3 Reverse MR analysis















		4 Discussion



		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/cover.jpg
' frontiers | Frontiers in Microbiology

Potential effects of specificqut
microbiota on periodontal
disease: a two-sample
bidirectional Mendelian
randomization study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Microbiology






OPS/images/fmicb-15-1322947-g003.jpg
Genus  SNP Odds radio (95% CI)

Anaerotruncus 5 - - 0.867 (0.785 - 0.956)
1.000 (0880 - 1.137)

Eisenbergiella 5 - - 0922 (0.871-0.976)
0891 (0589 - 1.346)

Phascolarctobacterium 6 - - 0917 (0.855 - 0.985)
1.036 (0.870 - 1.234)

Fusicatenibacter 9 - - 1109 (1.029-1.193)
1.004 (0.716 - 1.407)

060 080 100 120 140

Genus  SNP. 0dds radio (95% CI)
Lachnoclostridium 6 - 4 0.988 (0.977 - 0.999)

2037 (0.626 - 6.630)

Eubacterium

xylanophilum group 0.990 (0.981 - 0.998)

1130 0295 - 4.328)
060 080 100 120 140

@ Significant, O Nominally Significant, /No Significance.
——Beneficial, - - - -+ Harmful, <~ Unaffected.

pvalue

0005
099

0005
05823

0017
0689

0006
0982

p-value
0034
0237
0020

0.858

GB

—+— Inverse-variance-weighted (IVW) MR analyses, —— IVW of Reverse MR analysis.





OPS/images/fmicb-15-1322947-g004.jpg
SNP effect on PD.

SNP effect on PD

SNP effect on BG

SNP effect on genus. Anaerotruncus.id.2054

SNP effect on genus. Phascolarctobacteriiun.id 2168

SNP effect on genus. Lachnoclostridium.id 11308

SNP effect on PD

SNP effect on PD

SNP effect on BG.

SNP effect on genus. Eisenbergiella.id. 11304

SNP effect on genus. Fusicatenibacter id 11305

SNP effect on genus. Eubacteriun
xylanophilum group.id.14375





OPS/images/fmicb-15-1322947-g001.jpg
Collect  list of genetic variants that are strongly associated

it the exposure (periodontits) from large-seale g
ide association studies (GWAS).

- ‘{;&

186 amilies + 633 genera
instrumental varisbles

nstrumental variables

ik

| 202 families + 663 genera

PD cases (a=87497)
and controls (1-29234)

and controls (1-400,895)

(e

Statisicin Sample 1 Statistic in Sample 2
Earolled 14306 participants
of European from a published
GWAS mets-analysis Leaving 148 trabes. I horizontal ple
. s horizontal pliotropy MR PRESSO
(31 families malysis
gwas.mrcienacok/ @1 families and MR Analysis B .
117 gener signiicant n global tese?

dl i

e there SN
s directional Are estimates from all Apesiae
MR Analysis e identfied in
IVW, MR Egger methods substantally | xo | leave.one.out
Weighted median aiterentz analys
YES YES| YES NO

Draw a conclusion Draw a robust

with caution and definite conclusion

The reverse MR ans






OPS/images/fmicb-15-1322947-g002.jpg





OPS/images/fmicb-15-1322947-i003.jpg





OPS/images/fmicb-15-1322947-i001.jpg





OPS/images/fmicb-15-1322947-i002.jpg





OPS/images/fmicb-15-1322947-e001.jpg
Rix(n-k-1)
x

(n-k
_1)

kx(1-R?)





OPS/images/fmicb-15-1322947-e002.jpg
2 =2x MAF x(1 - MAF)xp2.





