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Background

Previous study has indicated a potential link between gut microbiota and maternal pregnancy outcomes. However, the causal relationship between gut microbiota and premature rupture of membranes (PROM) remains a topic of ongoing debate.





Methods

A two-sample Mendelian Randomization (MR) study was used to investigate the relationship between gut microbiota and PROM. Genetic data on gut microbiota was obtained from the MiBioGen consortium’s largest genome-wide association study (GWAS) (n=14,306). Genetic data on PROM (3011 cases and 104247 controls) were sourced from publicly available GWAS data from the Finnish National Biobank FinnGen consortium. Various methods including Inverse variance weighted (IVW), MR-Egger, simple mode, weighted median, and weighted mode were utilized to assess the causal relationship by calculating the odd ratio (OR) value and confidence interval (CI). Sensitivity analyses for quality control were performed using MR-Egger intercept tests, Cochran’s Q tests, and leave-one-out analyses.





Results

The IVW method revealed that class Mollicutes (IVW, OR=0.773, 95%CI: 0.61-0.981, pval = 0.034), genus Marvinbryantia (IVW, OR=00.736, 95%CI: 0.555-0.977, pval = 0.034), genus Ruminooccaceae UCG003 (IVW, OR=0.734, 95%CI: 0.568-0.947, pval = 0.017) and phylum Tenericutes (IVW, OR=0.773, 95%CI: 0.566-1.067, pval = 0.034) were associated with a reduced risk of PROM, while genus Collinsella (IVW, OR=1.444, 95%CI: 1.028-2.026, pval = 0.034), genus Intestinibacter (IVW, OR=1.304, 95%CI: 1.047-1.623, pval = 0.018) and genus Turicibacter (IVW, OR=1.282, 95%CI: 1.02-1.611, pval = 0.033) increased the risk of PROM. Based on the other four supplementary methods, six gut microbiota may have a potential effect on PROM. Due to the presence of pleiotropy (pval=0.045), genus Lachnoclostridium should be ruled out. No evidence of horizontal pleiotropy or heterogeneity was found in other microbiota (pval >0.05).





Conclusions

In this study, we have discovered a causal relationship between the presence of specific probiotics and pathogens in the host and the risk of PROM. The identification of specific gut microbiota associated with PROM through MR studies offers a novel approach to diagnosing and treating this condition, thereby providing a new strategy for clinically preventing PROM.
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Introduction

Premature rupture of membranes (PROM) is a prevalent perinatal complication, with an incidence rate of approximately 7% to 8% (1, 2). PROM can result in severe fetal complications such as placental abruption, umbilical cord compression, respiratory distress syndrome, preterm birth, and cerebral damage (3–5). Mothers with PROM face increased risks of intra-amniotic infections, placental abruption, cord prolapse, sepsis, and even death, posing significant threats to both maternal and neonatal health (6, 7). While factors such as infection, inflammation, immunity, oxidative stress, and nutrient metabolism are implicated in the pathogenesis of PROM, reliable early diagnostic indicators and effective preventive measures remain lacking (8, 9).

Gut microbiota, a complex community within the digestive tract, plays a crucial role in nutrient digestion and absorption during energy metabolism. It also maintains physiological functions and regulates various pathological processes in the body (10–12). Numerous studies suggest that gut microbiota plays a significant role in maternal and fetal health, undergoing changes during pregnancy, disruption of maternal gut microbiota during gestation can alter offspring microbiota and immunity (13–16). For example, Bacteroides fragilis (B. fragilis) dominates the gut microbiomes of individuals with intrahepatic cholestasis of pregnancy (ICP). Through its bile salt hydrolase (BSH) activity, B. fragilis aggravates ICP by inhibiting FXR signaling, thereby disrupting bile acid metabolism (17). In overweight and obese pregnant women at 16 weeks gestation, the abundance of butyrate-producing bacteria and butyrate production in the gut microbiota are significantly negatively associated with blood pressure and with plasminogen activator inhibitor-1 levels. Increasing butyrate-producing capacity may contribute to the maintenance of blood pressure in obese pregnant women (18). The study on PROM has revealed that being infected with Helicobacter pylori is a risk factor for PROM (19). Furthermore, it is widely believed that infection is the primary cause of PROM, which has led to an oversight of the crucial role played by gut microbiota. The current links between gut microbiota and PROM are primarily derived from observational studies, which may be influenced by confounding factors, such as lifestyle, age, and environment (20, 21). Hence, these conditions limit the inference of causality between gut microbiota and PROM, highlighting the need for further research to elucidate their relationship.

Mendelian randomization (MR) has been widely utilized to estimate the causal association between exposure and outcome by using genetic variants as instrumental variables (IVs) (22). Genetic variants are randomly inherited from parents to offspring, making them more independent. This characteristic effectively assists MR in mitigating bias from reverse causality and confounding factors (23, 24). Large-scale genome-wide association studies (GWAS) on gut microbiota and PROM provide an opportunity for MR analysis with greatly improved statistical power.

This study aims to evaluate the potential causal association between gut microbiota and PROM using GWAS summary statistics from the FinnGen and MiBioGen consortiums through two-sample MR analysis. Our findings may identify specific pathogenic microbiota and offer new insights for early prediction and intervention in PROM.





Materials and methods




Study design and data sources

In the investigation, we followed the guidelines established in the STROBE-MR Statement (Guidelines for strengthening the reporting of MR studies) for reporting observational studies in epidemiology (25).

MR statistical analysis utilizes genetic instrumental variables (single nucleotide polymorphisms, SNPs) to infer the relationship between exposure and outcome based on three key assumptions: (1) a strong correlation between instrumental variables and exposure factors, (2) no correlation between instrumental variables and confounding factors, (3) the sole association of instrumental variables with outcomes through exposure (26, 27). The flowchart of this MR study has been shown in Figure 1.




Figure 1 | Flow chart of study design.



Genetic data on gut microbiota was obtained from a large-scale GWAS meta-analysis conducted by the MiBioGen consortium (www.mibiogen.org), which aimed to study the influence of human genes on intestinal flora at the whole genome level and included 18340 participants from 24 cohorts, most of whom had European ancestry (Canada, Netherlands, Sweden, United States, United Kingdom, Belgium, Denmark). Bacteria contain three kinds of rRNA sequences, namely 23S, 16S and 5S. Among them, 16S rRNA is the most commonly used molecular clock in bacterial systematics because of its moderate number of nucleotides, large amount of information, high stability, and easy extraction and analysis. Variable regions (V4, V3-V4, V1-V2) of the 16S rRNA gene were used to profile the composition of gut microbiota, and microbiota quantitative trait loci (mbQTL) mapping was performed to identify the host genetic variants in the relative abundance of microbial taxa. A total of 210 taxa (9 phyla, 16 classes, 20 orders, 31 families, 119 genera, 3 unknown families, and 12 unknown genera) were extracted for analysis in this study. Further details on the gut microbiota can be found in the original study or the website (http://mibiogen.gcc.rug.nl) (28). GWAS datasets on PROM were extracted from the IEU OpenGWAS project and derived from the FinnGen consortium (http://www.finngen.fi/en), including 3011 cases and 104247 controls (19). More details (endpoint definition, mean age, and other longitudinal metrics) can be found in the FinnGen database.

All relevant data sources are publicly available. Ethical approval and participant consent were obtained in the original studies included in the GWAS, thus further ethical clearance for this study was not required.





Instrumental variable selection

First, SNPs closely associated with gut microbiota (significant threshold p < 1.0×10-5, genetic distance = 10000 kb, r2 < 0.001) were screened to ensure the correlation assumption and test the effect of linkage disequilibrium (LD) and the independence of IVs (29). IVs with the F-statistics < 10 were excluded to mitigate weal instrumental bias (30). The formula of the F-statistics calculation is as follows: F= R2 × (n-1-k)/[(1-R2) × k], where R2 represents the portion of exposure variance explained by the IVs, k represents the number of IVs, n is the sample size. Following the above steps, the remaining SNPs were used for MR analysis (31).





Data analysis

The data analyses were conducted by the “TwoSampleMR” package in R4.2.3. Five methods, including inverse variance weighted (IVW), MR Egger, simple mode, weighted mode, and weighted median, were employed to assess the causal association between gut microbiota and PROM. The IVW method can combine with the Wald ratio of each SNP to obtain the total effect of gut microbiota on PROM when SNP fully conforms to the three principles of MR study. Significant results obtained through the IVW method (p < 0.05) can be deemed credible in the absence of pleiotropy and heterogeneity, even if other methods yield non-significant findings (32). The MR-Egger method is used to evaluate potential pleiotropic effects of IVs. MR-Egger intercept analysis can better explain why this potential pleiotropy exists. If the intercept significantly deviates from zero (p < 0.05), it indicates the presence of horizontal pleiotropy associated with the IVs (33). This suggests that the outcome may be influenced by factors other than exposure. When the pleiotropic effect is unrelated to its genetic association with the exposure, the slope of the MR-Egger regression still offers a valid MR estimate, even in the presence of horizontal pleiotropy.

The simple mode, weighted mode, and weighted median are used as complementary methods. The simple model serves as a robust method for evaluating causal relationships between genes and phenotypes, effectively addressing potential biases. In contrast, the weighted model calculates SNP effect estimates using weights and identifies the SNP with the greatest weighted effect as the final estimate. The weighted median method takes into account the weights (inverse of standard error, SE) of IVs and calculates the median of MR-related evaluation (34).

In the sensitivity analysis, Cochran’s Q statistics with Q and p-value were used to quantify the heterogeneity in IVs, A pval > 0.05 indicates the absence of heterogeneity (32). Horizontal pleiotropy was evaluated using MR Egger intercept analysis, with pval > 0.05 indicating no pleiotropy. Outlier analysis was conducted to ascertain the presence of influential SNPs through the leave-one-out method.

For a more rigorous interpretation of causality, we employed the Bonferroni method to examine the p-value for various classifications of gut microbiotas. The results were as follows: genus p = 3.82 × 10−4 (0.05/131), family p =1.47× 10−3 (0.05/34), order p = 2.50 ×10−3 (0.05/20), class p = 3.13×10−3 (0.05/16), and phylum p = 5.56 × 10−3 (0.05/9).






Results




Instrumental variable selection

After undergoing a series of rigorous quality control procedures for IV screening, a total of 2722 independent SNPs from 210 gut microbiotas were extracted in the analysis (Supplementary Table 1), with statistical significance at pval<1.0×10-5, kb=10000, r2<0.001. All IVs exhibited F-statistics > 10, indicating robust IV effects and alleviating concerns of weak IV bias. Additionally, to mitigate potential confounding effects on causal inferences, PhenoScanner was utilized for screening, resulting in no exclusions of SNPs. Therefore, the genetic IVs should be deemed valid for use in this MR analysis.





MR analysis




Two-sample MR analysis results

After conducting MR analysis, we generated a heatmap using IVW method to screen 193 gut microbiotas (Figure 2). This approach provides a more intuitive representation of the gut microbiota that play a significant role in PROM, as indicated by their p value and OR value. Based on the significance levels (pval<0.05) obtained from any of the five methods (IVW, MR Egger, simple mode, weighted mode and weighted median), a forest plot was generated, and 14 gut microbiotas (including class Mollicutes, family Actinomycetaceae, genus Collinsella, genus Dorea, genus Family XIII AD3011 group, genus Intestinibacter, genus Lachnoclostridium, genus Marvinbryantia, genus Ruminococcaceae UCG003, genus Ruminococcaceae UCG010, genus Turicibacter, order Actinomycetales, phylum Actinobacteria, phylum Tenericutes) were identified as potentially related to PROM, excluding undefined microbiotas (Figure 3; Supplementary Table 2). The scatter plots had been shown in Figure 4. IVW estimates suggested that the class Mollicutes (IVW, OR=0.773, 95%CI: 0.61-0.981, pval = 0.034), genus Marvinbryantia (OR=00.736, 95%CI: 0.555-0.977, pval = 0.034), genus Ruminooccaceae UCG003 (OR=0.734, 95%CI: 0.568-0.947, pval = 0.017) and phylum Tenericutes (OR=0.773, 95%CI: 0.566-1.067, pval = 0.034) were associated with a reduced risk of PROM and demonstrated protective effects. Conversely, the genus Collinsella (OR=1.444, 95%CI: 1.028-2.026, pval = 0.034), genus Intestinibacter (OR=1.304, 95%CI: 1.047-1.623, pval = 0.018) and genus Turicibacter (OR=1.282, 95%CI: 1.02-1.611, pval = 0.033) were associated with an increased risk of PROM showed pathological effects.




Figure 2 | All results of IVW between gut microbiota and PROM.






Figure 3 | Forest plots of MR results for 14 gut microbiotas on PROM.






Figure 4 | Scatter plots of MR analysis on the causal relationship between 14 gut microbiotas and PROM. (A–N) represents different gut microbiotas, respectively.



Although the IVW method did not support the causal associations of other six gut microbiotas, Weighted median estimates revealed that several microbial taxa exhibited potential associations with PROM. Specifically, family Actinomycetaceae (OR=0.61, 95%CI: 0.413-0.9, pval = 0.013), genus Dorea (OR=0.61, 95%CI: 0.375-0.991, pval = 0.046), genus Family XIII AD3001 group (OR=1.541, 95%CI: 1.053-2.256, pval= 0.026), genus Ruminococcaceae UCG010 (OR=1.786, 95%CI: 1.127-2.829, pval=0.013), order Actinomycetales (OR=0.61, 95%CI: 0.413-0.901, pval=0.013) and phylum Actinobacteria (OR=1.458, 95%CI: 1.004-2.117, pval=0.048) were found to have a suggestive association with PROM. Additionally, among these 14 gut microbiotas, MR Egger estimate of genus Lachnoclostridium (OR=3.593, 95%CI: 1.37-9.424, pval=0.02) showed a suggestive relationship with PROM as well, however, it is important to note that there was evidence of horizontal pleiotropy (pval=0.045).






Sensitivity analysis

Sensitivity analyses were conducted to assess the robustness of the results. IVW and MR Egger in Cochran’s Q test showed no significant heterogeneity in the IVs associated with PROM (Figure 5 and Supplementary Table 3). Additionally, MR Egger intercept analysis detected horizontal pleiotropy only in genus Lachnoclostridium (pval=0.045), while no pleiotropy was found in the other 13 gut microbiotas (pval>0.05). The detailed results were showed in Supplementary Table 4.




Figure 5 | Funnel plots of heterogeneity analysis on 14 gut microbiotas and PROM. (A–N) represents different gut microbiotas, respectively.



Leave-one-out sensitivity analyses indicated that removing specific SNPs did not alter the causal inference outcomes, suggesting no individual IVs were solely responsible for the associations (Figure 6). Collectively, these findings indicated that there was no significant bias attributable to individual gut microbiota SNPs on PROM.




Figure 6 | Leave-one-out plots of sensitivity analysis on 14 gut microbiotas and PROM.








Discussion

This MR study provides compelling evidence for the causal relationship between specific gut microbiota and PROM, identifying bacteria that either decrease or increase the risk. By utilizing extensive GWAS summary data from the MiBioGen consortium for gut microbiota and the FinnGen consortium for PROM, we have pinpointed specific gut bacteria that either decrease or increase the risk of PROM. These findings are consistent with existing literature, highlighting the intricate relationship between gut microbiota and pregnancy outcomes. To ensure the robustness of our findings, we employed multiple MR methods, including inverse variance weighted (IVW), MR-Egger, simple mode, weighted median, and weighted mode approaches. Sensitivity analyses such as MR-Egger intercept tests, Cochran’s Q tests, and leave-one-out analyses were performed to detect and correct for pleiotropy and heterogeneity. These methods help ensure that our results are not confounded by other factors. For example, genus Lachnoclostridium was excluded due to evidence of pleiotropy (pval=0.045), highlighting the importance of rigorous quality control in MR studies. These findings not only enhance our understanding of the link between gut microbiota and PROM, but also pave the way for new therapeutic strategies and personalized medicine in managing pregnancy complications.

Several studies have revealed the complex relationship between gut microbiota and adverse pregnancy outcomes and complications (17, 19, 35–37). This study identified 147 SNPs linked to 14 gut microbiotas associated with PROM. It was found that Mollicutes (IVW, OR=0.773, 95%CI: 0.61-0.981, pval = 0.034) and Tenericutes (IVW, OR=0.773, 95%CI: 0.566-1.067, pval = 0.034) were protective factors against PROM. Mollicutes, which include species like Mycoplasma and Ureaplasma, are known for their unique immunomodulatory properties (38–40). Mycoplasma and Ureaplasma can modulate the immune system by reducing pro-inflammatory cytokines, which may help maintain the integrity of fetal membranes and reduce PROM risk (41–44). This finding is consistent with previous studies indicating that Mollicutes can influence immune responses and protect against membrane rupture (45). Similarly, Marvinbryantia (IVW, OR=0.736, 95%CI: 0.555-0.977, pval = 0.034) and Ruminococcaceae UCG003 (IVW, OR=0.734, 95%CI: 0.568-0.947, pval = 0.017) also demonstrated protective effects on PROM. Marvinbryantia is associated with anti-inflammatory properties as it produces metabolites that have been shown to reduce inflammation (46, 47). Ruminococcaceae UCG003 plays a crucial role in fermenting dietary fibers into short-chain fatty acids (SCFAs) like butyrate. Butyrate enhances gut barrier function and has systemic anti-inflammatory effects, which likely contribute to the strengthening of fetal membranes and reducing the risk of PROM (48, 49).

On the contrary, our study has identified specific gut microbiotas that are associated with an increased risk of PROM. Collinsella (IVW, OR=1.444, 95%CI: 1.028-2.026, pval = 0.034) was significantly associated with a higher risk. Collinsella has been linked to systemic inflammation and metabolic disorders, both of which can compromise gut barrier integrity (50–52). Elevated levels of Collinsella can disrupt gut barrier function and promote inflammatory pathways, weakening fetal membranes and increasing the risk of PROM. Additionally, Intestinibacter (IVW, OR=1.304, 95%CI: 1.047-1.623, pval = 0.018) and Turicibacter (IVW, OR=1.282, 95%CI: 1.02-1.611, pval = 0.033) were also found to be associated with an increased risk. Intestinibacter is associated with inflammatory conditions and has been shown to exacerbate inflammation and disrupt gut barrier function leading to weakened fetal membranes and ultimately contributing to PROM (53). Turicibacter has been known to influence immune responses and promote pro-inflammatory cytokines, further compromising membrane integrity thus increasing the likelihood of PROM (54, 55).

The identification of specific gut microbiota associated with PROM has significant clinical implications. These microbiotas may affect pregnancy health through various mechanisms such as metabolites, endocrine, inflammation, or immune system (41, 56, 57). The changes of gut microbiota through dietary interventions, probiotics, or prebiotics could be a viable strategy to prevent PROM. Increasing the abundance of protective bacteria such as Marvinbryantia and Ruminococcaceae UCG003 through probiotic and prebiotic supplements could help maintain membrane integrity. Additionally, dietary interventions aimed at reducing harmful bacteria like Collinsella and Intestinibacter could also be beneficial in preventing PROM.

MR analysis was performed to ascertain the causal relationship between gut microbiota and PROM, effectively mitigating the influence of confounding factors. However, our study has several limitations, which could affect the interpretation of the results. Firstly, summary statistics from the public database rather than raw data were used in this MR analysis, which prevented us from performing subgroup analyses such as term PROM and preterm PROM. Secondly, the population of this study mainly focused on European ancestry, raising the possibility that the findings may not be fully applicable to other racial groups. Thirdly, due to the moderate sample size of the gut microbiota, we did not perform reverse MR analysis as it may be prone to potential instrumental biases in the findings. Fourthly, because 16S rRNA sequencing only allowed for taxonomic classification at the genus level, we were unable to investigate more specific species levels between gut microbiota and PROM. Finally, based on previous microbiota studies, we selected a relaxed p-value threshold (pval <1.0×10-5) to screen genetic instruments, which may lead to weak bias. To address this issue, we calculated the instrument strength and excluded the F statistics <10 as a conventional cutoff to mitigate potential bias effects.

Future research should focus on diverse population, detailed subgroup analysis, larger sample size, longitudinal studies tracking the gut microbiome composition during pregnancy to strengthen the important relationship between microbiotas and PROM. And the precise biological mechanisms also make us better explore the PROM’s therapeutic targets.





Conclusion

In conclusion, this study provides strong evidence for the causal relationship between specific gut microbiota and the risk of PROM. By identifying both protective and pathogenic bacteria, our findings open new avenues for preventive strategies and therapeutic interventions, and aim at improving maternal and fetal health condition. Further research will be essential to refine these strategies and gain a comprehensive understanding of the complex interactions between gut microbiota and pregnancy.





Data availability statement

Existing datasets are available in a publicly accessible repository: Publicly available datasets were analyzed in this study. This data can be found here: (https://gwas.mrcieu.ac.uk/).





Author contributions

LZ: Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Funding acquisition. QL: Formal analysis, Methodology, Writing – original draft. JH: Data curation, Software, Visualization, Writing – original draft. QZ: Data curation, Investigation, Software, Writing – original draft. HZ: Data curation, Investigation, Software, Writing – original draft. XZ: Investigation, Software, Visualization, Writing – original draft. YS: Conceptualization, Supervision, Writing – review & editing, Funding acquisition. CL: Conceptualization, Supervision, Writing – review & editing, Funding acquisition.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by Chongqing Postdoctoral Science Foundation (CSTB2022NSCQ-BHX0012, CSTB2022NSCQ-BHX0692), Chongqing Science and Technology Bureau and Health Commission Joint medical research project (2022QNXM037) and Senior Medical Talents Program of Chongqing for Young and Middle-aged (2022).




Acknowledgments

We sincerely thank the participants of this FinnGen study and MiBioGen consortium, and also appreciate the researchers for providing public datasets and releasing the GWAS summary statistics.





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.2024.1440232/full#supplementary-material




References

1. Kahouadji, S, Giguere, Y, Lambert, S, Forest, JC, Bernard, N, Blanchon, L, et al. CX3CL1/Fractalkine as a biomarker for early pregnancy prediction of preterm premature rupture of membranes. Clin Chem Lab Med. (2024) 62:1101–8. doi: 10.1515/cclm-2023-1202

2. Lorthe, E, Marchand-Martin, L, Letouzey, M, Aubert, AM, Pierrat, V, Benhammou, V, et al. Tocolysis after preterm prelabor rupture of membranes and 5-year outcomes: a population-based cohort study. Am J Obstet Gynecol. (2024) 230:570 e1– e18. doi: 10.1016/j.ajog.2023.10.010

3. Wahid, HH, Anahar, FN, Isahak, NH, Mohd Zoharodzi, J, Mohammad Khoiri, SNL, Mohamad Zainal, NH, et al. Role of platelet activating factor as a mediator of inflammatory diseases and preterm delivery. Am J Pathol. (2024) 194:862–78. doi: 10.1016/j.ajpath.2024.01.018

4. Sorrenti, S, Di Mascio, D, Khalil, A, D'Antonio, F, Rizzo, G, Zullo, F, et al. Outcome of prelabor rupture of membranes before or at the limit of viability: systematic review and meta-analysis. Am J Obstet Gynecol MFM. (2024) 6:101370. doi: 10.1016/j.ajogmf.2024.101370

5. Phillips, A, Pagan, M, Smith, A, Whitham, M, and Magann, EF. Management and interventions in previable and periviable preterm premature rupture of membranes: A review. Obstet Gynecol Surv. (2023) 78:682–9. doi: 10.1097/OGX.0000000000001198

6. Yang, Y, and Li, DZ. Antibiotic therapy in preterm premature rupture of the membranes. Am J Obstet Gynecol MFM. (2023) 5:100925. doi: 10.1016/j.ajogmf.2023.100925

7. Nelson, KM, Irvin-Choy, N, Hoffman, MK, Gleghorn, JP, and Day, ES. Diseases and conditions that impact maternal and fetal health and the potential for nanomedicine therapies. Adv Drug Deliv Rev. (2021) 170:425–38. doi: 10.1016/j.addr.2020.09.013

8. Zhang, X, He, X, Wei, L, He, Y, Li, Y, Wang, Y, et al. Nuclear erythroid 2-related factor 2 protects against reactive oxygen species -induced preterm premature rupture of membranes through regulation of mitochondriadagger. Biol Reprod. (2023) 109:330–9. doi: 10.1093/biolre/ioad075

9. Karakus, S, and Dogan, HO. Maternal serum amino acid levels as predictors of premature rupture of membranes: A comprehensive analysis. Placenta. (2024) 145:92–9. doi: 10.1016/j.placenta.2023.12.015

10. Adak, A, and Khan, MR. An insight into gut microbiota and its functionalities. Cell Mol Life Sci. (2019) 76:473–93. doi: 10.1007/s00018-018-2943-4

11. Ling, Z, Liu, X, Cheng, Y, Yan, X, and Wu, S. Gut microbiota and aging. Crit Rev Food Sci Nutr. (2022) 62:3509–34. doi: 10.1080/10408398.2020.1867054

12. Zhang, T, Cheng, JK, and Hu, YM. Gut microbiota as a promising therapeutic target for age-related sarcopenia. Ageing Res Rev. (2022) 81:101739. doi: 10.1016/j.arr.2022

13. Koren, O, Goodrich, JK, Cullender, TC, Spor, A, Laitinen, K, Backhed, HK, et al. Host remodeling of the gut microbiome and metabolic changes during pregnancy. Cell. (2012) 150:470–80. doi: 10.1016/j.cell.2012.07.008

14. Milani, C, Duranti, S, Bottacini, F, Casey, E, Turroni, F, Mahony, J, et al. The first microbial colonizers of the human gut: composition, activities, and health implications of the infant gut microbiota. Microbiol Mol Biol Rev. (2017) 81(4):e00036–17. doi: 10.1128/MMBR.00036-17

15. Nyangahu, DD, Lennard, KS, Brown, BP, Darby, MG, Wendoh, JM, Havyarimana, E, et al. Disruption of maternal gut microbiota during gestation alters offspring microbiota and immunity. Microbiome. (2018) 6:124. doi: 10.1186/s40168-018-0511-7

16. Kim, S, Kim, H, Yim, YS, Ha, S, Atarashi, K, Tan, TG, et al. Maternal gut bacteria promote neurodevelopmental abnormalities in mouse offspring. Nature. (2017) 549:528–32. doi: 10.1038/nature23910

17. Tang, B, Tang, L, Li, S, Liu, S, He, J, Li, P, et al. Gut microbiota alters host bile acid metabolism to contribute to intrahepatic cholestasis of pregnancy. Nat Commun. (2023) 14:1305. doi: 10.1038/s41467-023-36981-4

18. Gomez-Arango, LF, Barrett, HL, McIntyre, HD, Callaway, LK, Morrison, M, Dekker Nitert, M, et al. Increased systolic and diastolic blood pressure is associated with altered gut microbiota composition and butyrate production in early pregnancy. Hypertension. (2016) 68:974–81. doi: 10.1161/HYPERTENSIONAHA.116.07910

19. Huang, J, Liu, Y, Xu, D, Chen, M, Xie, Q, Chen, J, et al. Causal associations between Helicobacter pylori infection and pregnancy and neonatal outcomes: a two-sample Mendelian randomization study. Front Cell Infect Microbiol. (2024) 14:1343499. doi: 10.3389/fcimb.2024.1343499

20. Cheng, H, Chi, P, Zhuang, Y, Alifu, X, Zhou, H, Qiu, Y, et al. Association of 25-hydroxyvitamin D with preterm birth and premature rupture of membranes: A mendelian randomization study. Nutrients. (2023) 15(16):3593. doi: 10.3390/nu15163593

21. Jiao, A, Sun, Y, Avila, C, Chiu, V, Molitor, J, Slezak, J, et al. Maternal exposure to ambient air pollution mixture and premature rupture of membranes: Evidence from a large cohort in Southern California (2008-2018). Environ Int. (2023) 177:108030. doi: 10.1016/j.envint.2023.108030

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

23. Liu, B, Ye, D, Yang, H, Song, J, Sun, X, Mao, Y, et al. Two-sample mendelian randomization analysis investigates causal associations between gut microbial genera and inflammatory bowel disease, and specificity causal associations in ulcerative colitis or crohn's disease. Front Immunol. (2022) 13:921546. doi: 10.3389/fimmu.2022.921546

24. Shang, W, Zhang, S, Qian, H, Huang, S, Li, H, Liu, J, et al. Gut microbiota and sepsis and sepsis-related death: a Mendelian randomization investigation. Front Immunol. (2024) 15:1266230. doi: 10.3389/fimmu.2024.1266230

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

26. 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

27. Boef, AG, Dekkers, OM, and le Cessie, S. Mendelian randomization studies: a review of the approaches used and the quality of reporting. Int J Epidemiol. (2015) 44:496–511. doi: 10.1093/ije/dyv071

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

29. Sanna, S, van Zuydam, NR, Mahajan, A, Kurilshikov, A, Vich Vila, A, Vosa, U, et al. Causal relationships among the gut microbiome, short-chain fatty acids and metabolic diseases. Nat Genet. (2019) 51:600–5. doi: 10.1038/s41588-019-0350-x

30. Feng, Z, Zhang, Y, Lai, Y, Jia, C, Wu, F, and Chen, D. Causal relationship between gut microbiota and kidney diseases: a two-sample Mendelian randomization study. Front Immunol. (2023) 14:1277554. doi: 10.3389/fimmu.2023.1277554

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

32. Bowden, J, Del Greco, MF, Minelli, C, Davey Smith, G, Sheehan, N, and Thompson, J. A framework for the investigation of pleiotropy in two-sample summary data Mendelian randomization. Stat Med. (2017) 36:1783–802. doi: 10.1002/sim.7221

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

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

35. Li, C, Liu, C, and Li, N. Causal associations between gut microbiota and adverse pregnancy outcomes: A two-sample Mendelian randomization study. Front Microbiol. (2022) 13:1059281. doi: 10.3389/fmicb.2022.1059281

36. Li, P, Wang, H, Guo, L, Gou, X, Chen, G, Lin, D, et al. Association between gut microbiota and preeclampsia-eclampsia: a two-sample Mendelian randomization study. BMC Med. (2022) 20:443. doi: 10.1186/s12916-022-02657-x

37. Sinha, T, Brushett, S, Prins, J, and Zhernakova, A. The maternal gut microbiome during pregnancy and its role in maternal and infant health. Curr Opin Microbiol. (2023) 74:102309. doi: 10.1016/j.mib.2023.102309

38. Capoccia, R, Greub, G, and Baud, D. Ureaplasma urealyticum, Mycoplasma hominis and adverse pregnancy outcomes. Curr Opin Infect Dis. (2013) 26:231–40. doi: 10.1097/QCO.0b013e328360db58

39. Sprong, KE, Mabenge, M, Wright, CA, and Govender, S. Ureaplasma species and preterm birth: current perspectives. Crit Rev Microbiol. (2020) 46:169–81. doi: 10.1080/1040841X.2020.1736986

40. Xuan, Y, Zhao, J, Hong, X, Yan, T, Zhang, Y, Zhou, X, et al. Transition of the genital mollicutes from the second to the third trimester of pregnancy and its association with adverse pregnancy outcomes in GDM women: a prospective, single-center cohort study from China. BMC Pregnancy Childbirth. (2024) 24:233. doi: 10.1186/s12884-024-06418-x

41. Siddiqui, R, Makhlouf, Z, Alharbi, AM, Alfahemi, H, and Khan, NA. The gut microbiome and female health. Biol (Basel). (2022) 11(11):1683. doi: 10.3390/biology11111683

42. Hockney, R, Waring, GJ, Taylor, G, Cummings, SP, Robson, SC, Orr, CH, et al. Fetal membrane bacterial load is increased in histologically confirmed inflammatory chorioamnionitis: A retrospective cohort study. Placenta. (2020) 91:43–51. doi: 10.1016/j.placenta.2020.01.006

43. Lim, R, Barker, G, and Lappas, M. Inhibition of PIM1 kinase attenuates inflammation-induced pro-labour mediators in human foetal membranes. vitro Mol Hum Reprod. (2017) 23:428–40. doi: 10.1093/molehr/gax013

44. Abrahams, VM, Potter, JA, Bhat, G, Peltier, MR, Saade, G, and Menon, R. Bacterial modulation of human fetal membrane Toll-like receptor expression. Am J Reprod Immunol. (2013) 69:33–40. doi: 10.1111/aji.12016

45. Xu, YP, Hu, JM, Huang, YQ, and Shi, LP. Maternal Ureaplasma exposure during pregnancy and the risk of preterm birth and BPD: a meta-analysis. Arch Gynecol Obstet. (2022) 306:1863–72. doi: 10.1007/s00404-022-06491-7

46. Verhaar, BJH, Hendriksen, HMA, de Leeuw, FA, Doorduijn, AS, van Leeuwenstijn, M, Teunissen, CE, et al. Gut microbiota composition is related to AD pathology. Front Immunol. (2021) 12:794519. doi: 10.3389/fimmu.2021.794519

47. Crossland, NA, Beck, S, Tan, WY, Lo, M, Mason, JB, Zhang, C, et al. Fecal microbiota transplanted from old mice promotes more colonic inflammation, proliferation, and tumor formation in azoxymethane-treated A/J mice than microbiota originating from young mice. Gut Microbes. (2023) 15:2288187. doi: 10.1080/19490976.2023.2288187

48. Chen, Y, Liu, Y, Wang, Y, Chen, X, Wang, C, Chen, X, et al. Prevotellaceae produces butyrate to alleviate PD-1/PD-L1 inhibitor-related cardiotoxicity via PPARalpha-CYP4X1 axis in colonic macrophages. J Exp Clin Cancer Res. (2022) 41:1. doi: 10.1186/s13046-021-02201-4

49. Berni Canani, R, Sangwan, N, Stefka, AT, Nocerino, R, Paparo, L, Aitoro, R, et al. Lactobacillus rhamnosus GG-supplemented formula expands butyrate-producing bacterial strains in food allergic infants. ISME J. (2016) 10:742–50. doi: 10.1038/ismej.2015.151

50. Kwon, J, Bae, M, Szamosvari, D, Cassilly, CD, Bolze, AS, Jackson, DR, et al. Collinsella aerofaciens Produces a pH-Responsive Lipid Immunogen. J Am Chem Soc. (2023) 145:7071–4. doi: 10.1021/jacs.3c00250

51. Gargari, G, Mantegazza, G, Cremon, C, Taverniti, V, Valenza, A, Barbaro, MR, et al. Collinsella aerofaciens as a predictive marker of response to probiotic treatment in non-constipated irritable bowel syndrome. Gut Microbes. (2024) 16:2298246. doi: 10.1080/19490976.2023.2298246

52. He, Z, Ma, Y, Yang, S, Zhang, S, Liu, S, Xiao, J, et al. Gut microbiota-derived ursodeoxycholic acid from neonatal dairy calves improves intestinal homeostasis and colitis to attenuate extended-spectrum beta-lactamase-producing enteroaggregative Escherichia coli infection. Microbiome. (2022) 10:79. doi: 10.1186/s40168-022-01269-0

53. Hu, X, Fan, R, Song, W, Qing, J, Yan, X, Li, Y, et al. Landscape of intestinal microbiota in patients with IgA nephropathy, IgA vasculitis and Kawasaki disease. Front Cell Infect Microbiol. (2022) 12:1061629. doi: 10.3389/fcimb.2022.1061629

54. Lynch, JB, Gonzalez, EL, Choy, K, Faull, KF, Jewell, T, Arellano, A, et al. Gut microbiota Turicibacter strains differentially modify bile acids and host lipids. Nat Commun. (2023) 14:3669. doi: 10.1038/s41467-023-39403-7

55. Hamada, K, Isobe, J, Hattori, K, Hosonuma, M, Baba, Y, Murayama, M, et al. Turicibacter and Acidaminococcus predict immune-related adverse events and efficacy of immune checkpoint inhibitor. Front Immunol. (2023) 14:1164724. doi: 10.3389/fimmu.2023.1164724

56. Inversetti, A, Zambella, E, Guarano, A, Dell'Avanzo, M, and Di Simone, N. Endometrial microbiota and immune tolerance in pregnancy. Int J Mol Sci. (2023) 24(3):2995. doi: 10.3390/ijms24032995

57. Blazheva, S, Pachkova, S, Bodurska, T, Ivanov, P, Blazhev, A, Lukanov, T, et al. Unlocking the uterine code: microbiota, immune cells, and therapy for recurrent reproductive failure. Microorganisms. (2024) 12(3):547. doi: 10.3390/microorganisms12030547




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 Zhang, Li, Huang, Zou, Zou, Zhang, Su and Li. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Causal associations between gut microbiota and premature rupture of membranes: a two-sample Mendelian randomization study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study design and data sources

          



          		

            Instrumental variable selection

          



          		

            Data analysis

          



        



        



        		

          Results

        

          		

            Instrumental variable selection

          



          		

            MR analysis

          

            		

              Two-sample MR analysis results

            



          



          



          		

            Sensitivity analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-15-1440232-g005.jpg
A o e B Sl e < o ottt

L ’ [
» i LR — i
ER A I
G [ T
N | & 2.
| H .
. I -
| " s
Br b E L3
1 beemateoon K e L pra—
b o -
o [ 3
M e N oS
" » MR Method

Inverse variance weighted

MR Egger

o .





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-15-1440232-g001.jpg
Independence assumption

"™ SNPs not linked to confounders Confounders

N

Correaton sssumption

Significant pral < 1x10 * .

SN witbout LD (7 <0001) MR amlyis

SNPS without weak s (st 10) Seasity sahsis (
Exposure

gut microbiota

e Ouame
E =






OEBPS/Images/fimmu-15-1440232-g003.jpg
or——.

Jrr—

et

frminey

fremily

iy
fremineiy

Soeme
Ve
et
Soema
freminety
Wt

SR
Voo 209
o or)
s

s SR, e Y O

s

Vuian 163
vmow 21y
frooieiees
e
10 1wy
omaosssaom
e 14
b 210
amasi- 1w
T
Tosu 133
foma
it
12k 151
oarsas 105
e
oo i)
o 2
o 1)
sy






OEBPS/Images/fimmu.2024.1440232_cover.jpg
& frontiers | Frontiers in Immunology

Causal associations between gut microbiota
and premature rupture of membranes: a
two-sample Mendelian randomization study





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





OEBPS/Images/fimmu-15-1440232-g006.jpg
Ry o s e s Gl

meEEE=—— e . il
e — . el s e —

— ST e i






OEBPS/Images/fimmu-15-1440232-g004.jpg





OEBPS/Images/fimmu-15-1440232-g002.jpg





