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Observational studies and clinical trials have suggested the relationship between the gut microbiome 
and respiratory diseases, but the causality between them remains unclear. Firstly, we selected eight 
respiratory diseases Genome-wide association study (GWAS) datasets mainly from the FinnGen 
collaboration as outcomes. The exposure was based on GWAS statistics about the gut microbiome, 
sourced from the MiBioGen consortium, including gut microbial taxa. The causal link between 
the gut microbiome and respiratory illnesses was then estimated using a Two-sample Mendelian 
randomization (MR) analysis, including the inverse-variance weighted (IVW), weighted median, MR-
Egger, simple mode, and weighted mode. To ensure reliability, F-statistics and sensitivity tests were 
conducted. Furthermore, we performed a reverse MR analysis of the pre-Mendelian positive findings 
to possible reverse causality. For the 196 gut microbe taxa, the IVW analysis suggested 88 potential 
associations with eight clinically prevalent respiratory diseases. Among them, 30 causal associations 
were found in more than one MR method. Multiple statistical corrections have confirmed three 
causal associations: genus Holdemanella was a risk factor for chronic obstructive pulmonary disease 
(COPD) (P = 1.3 × 10−4, OR = 1.18), family FamilyXIII was a protective factor for COPD (P = 1.3 × 10−3, 
OR = 0.75), and genus Oxalobacter was a risk factor for asthma (P = 2.1 × 10−4, OR = 1.09). Our MR 
analysis results indicate that there would be a causal relationship between the gut microbiome and 
respiratory diseases, contributing to the gut-lung axis. This finding offers new insights into the gut 
microbiome’s roles in respiratory diseases’ clinical prevention, pathogenesis, and improvement of 
clinical symptoms. Further randomized controlled trials are necessary to clarify the protective effect of 
probiotics and fecal microbial transplantation on respiratory health.
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IPF	� idiopathic pulmonary fibrosis
SNPs	� Single Nucleotide Polymorphisms
RDP	� Ribosomal Database Project
mbTL	� microbiome trait loci
mbQTL	� microbiome quantitative trait loci
mbBTLs	� microbiome binary trait loci
CI	� confidence interval
LUSC	� lung squamous cell carcinoma
SCLC	� small cell lung carcinoma
Th1	� Type 1 helper T cell
Th2	� Type 2 helper T cell
MUC13	� Mucin 13,Cell Surface Associated
FMT	� Fecal microbiota transplantation

With the aging of the population and urbanization, respiratory diseases will continue to occupy a crucial position 
in morbidity and mortality, especially lung cancer and chronic respiratory disease1. Since 2010, the number 
of cancer deaths worldwide has increased by over 20%2. As the second most prevalent cancer, lung cancer is 
also the primary cause of cancer-related globally3. Regarding chronic respiratory disease, patients often only 
become aware when their lung function declines significantly and pronounced respiratory symptoms emerge. 
Furthermore, recent research indicates that chronic respiratory diseases are the third leading cause of death, 
trailing only behind cardiovascular diseases and cancer4. Therefore, how to prevent and treat respiratory diseases 
has gradually become one of the hot spots.

The human body is settled by a large number of microbes, with the intestine being the most densely populated 
organ5. The symbiotic relationship between microbes and their hosts is closely related to human health and 
disease. Similarities exist in the microbes that colonize the digestive and respiratory systems in their early stages 
due to their shared embryonic origin. Several epidemiological studies have demonstrated the potential for 
respiratory morbidity and increased mortality in patients with inflammatory bowel disease (IBD)6–8, which 
suggests that there is some connection between the gut and the lungs. Since the initial amplification and 
sequencing of genes using 16  S ribosomal Ribonucleic Acid (rRNA) a decade ago, the functions of the gut 
microbiota, particularly in host metabolism and immunology, have been gradually investigated9–11.

Alterations in the gut microbiome and the diversity of microbiota metabolites affect the immune response 
in the gastrointestinal tract and distant organs, such as the lung, through the mucosal immune system, thereby 
influencing lung function and respiratory disease. The crosstalk between the gut and lung is known as the gut-
lung axis. However, the exploration of the mechanisms of the gut-lung axis is still in its infancy, and it is now 
largely considered to be a long-distance interaction between the gut and lung on immune function through 
commensal microorganisms, which may be related to the stimulation of the production of biologically active 
substances and probiotics by gut microorganisms.

Since most earlier studies used case-control designs and metagenomic sequencing to observe the variations 
between each gut microbe, the relationship between the gut microbiome and respiratory disorders has been 
susceptible to residual confounding and reverse causality. Therefore, it remains unclear whether there is a direct 
causal relationship between the gut microbiome and respiratory diseases. It is essential to determine whether the 
gut microbiome plays a causal role in the development of respiratory diseases. Mendelian randomization (MR), 
a practical approach for investigating causal links in epidemiology, can overcome the limitations of observational 
research12. Using genetic variation highly correlated with exposure, MR could investigate the causal relationship 
between exposure and outcome13. Since genetic variation is randomized to individuals before disease onset, 
similar to a randomized controlled trial, the influence of confounding factors and reverse causality can be 
minimized12,14. Several studies have utilized MR to explore the causal association between the gut microbiome 
and clinical diseases, including metabolic diseases15and blood metabolites16.

Based on the sample size of respiratory diseases in the public database, we screened for eight clinically 
prevalent respiratory diseases, including four subgroups of lung cancer, three subgroups of chronic obstructive 
pulmonary disease (COPD), asthma, bronchiectasis, chronic bronchitis, interstitial lung disease (ILD), sleep 
apnoea, and idiopathic pulmonary fibrosis (IPF). Undoubtedly, determining whether a causal association exists 
between the gut microbiome and respiratory diseases contributes to the gut-lung axis. Furthermore, it provides 
novel insights into the role of gut microbiomes in the pathogenesis, prevention, clinical improvement, treatment, 
and prognosis of respiratory diseases17,18.

Materials and methods
Study overview
Briefly, the exposure was 196 gut microbes, and eight clinical respiratory diseases were outcomes. The causal 
link between the gut microbiome and respiratory illnesses was estimated using MR analysis, and a series of 
sensitivity analyses were performed to determine the robustness of the results. Finally, a reverse MR analysis was 
conducted to obtain positive results from the pre-MR and assess the possibility of reverse causality. The overall 
design of this study is illustrated in Fig. 1. To ensure the accuracy and validity of the research, Single Nucleotide 
Polymorphisms (SNPs) used as instrumental variables (IVs) in this study must comply with the following three 
significant assumptions19: (1) the relevance assumption: IVs are closely associated with the exposure factors; (2) 
the exclusion assumption: IVs only affect the outcome through the exposure factors, which means that IVs can 
not directly influence the outcome; (3) the independence assumption: IVs are not associated with confounders.
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Exposure sources
The full summary statistics of the genetics of the host gut microbiome were obtained from the MiBioGen 
consortium (https://mibiogen.gcc.rug.nl/), which organized a large-scale, multi-ethnic microbiome Genome-
wide association study (GWAS) meta-analysis20. This microbiome GWAS analysis encompassed 24 cohorts, 

Fig. 1.  Overview of present MR analysis and assumptions. IVs, instrumental variables; GWAS, Genome-wide 
association study; LUSC, lung squamous cell carcinoma; SCLC, small cell lung carcinoma; COPD, chronic 
obstructive pulmonary disease; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis; SNP, Single 
Nucleotide Polymorphism; MR, Mendelian randomization; IVW, inverse variance weighted.
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comprising 18,340 participants, 85% European. Data were used as processed by Kurilshikov et al., which 
included rarefying to sample depths of 10,000 and utilizing a Ribosomal Database Project (RDP) classifier to bin 
reads to a reference database.

Utilizing a standardized and rigorous framework, microbiome trait loci (mbTL) were systematically 
identified, enabling the precise localization of genetic loci that regulate the relative abundance (designated as 
microbiome quantitative trait loci, mbQTL) or the presence (termed microbiome binary trait loci, mbBTLs) of 
distinct microbial taxa. Meanwhile, the MiBioGen consortium also performed the rigorous Gene Set Enrichment 
Analysis and comprehensive Phenome-wide Association Studies to interpret the biological implications of the 
findings from the GWAS. Overall, 211 gut microbial taxa, collapsed across five different taxonomic levels, along 
with 122,110 loci of variation, were included in the analysis to investigate the relationship between the host and 
gut microbiome.

Outcome sources
Our study used eight types of clinical respiratory diseases as outcomes. Among them, genetic associations 
with lung cancer were obtained from a large-scale meta-analysis21, which combined the imputed genotypes 
of 14,803 cases and 12,262 controls from the OncoArray dataset, along with 14,436 cases and 44,188 controls 
from the prior lung cancer GWAS. Our study included four subgroups of lung cancer: overall lung cancer, lung 
adenocarcinoma, squamous cell lung carcinoma, and small cell lung carcinoma. The genetic GWAS of the rest 
of the seven types of clinical respiratory diseases were acquired from the FinnGen consortium22. It comprises 
COPD (16,410 cases and 283,589 controls), early onset COPD (6,371 cases and 326,794 controls), later onset 
COPD (9,334 cases and 135,491 controls), asthma (37,253 cases and 187,112 controls), bronchiectasis (1,967 
cases and 283,589 controls), chronic bronchitis (1,180 cases and 283,589 controls), ILD (3,715 cases and 338,784 
controls), sleep apnoea (33,423 cases and 307,648 controls), IPF (1,812 cases and 338,784 controls).

IVs selection
First, the IVs selected for analysis should comply with the relevance assumption. For the gut microbiome, we 
screened for a genome-wide significance threshold (P < 5 × 10−8). In this way, there were exceptionally rare 
SNPs. Therefore, we adopted a locus-wide significance threshold (P < 1 × 10−5) to select SNPs related to the gut 
microbiome15. Secondly, this study established a low linkage disequilibrium correlation coefficient (r2 < 0.001 
and clumping distance = 10,000 kb) to ensure the absence of linkage disequilibrium among the included IVs. 
Thirdly, when we merged the statistics of exposure and outcome, we excluded SNPs related to exposure that could 
not be fitted to the outcome’s GWAS summary statistics. Additionally, we harmonized the statistics of exposure 
and outcome, removing palindromic and incompatible SNPs. Finally, to fulfill the relevance assumption and 
acquire a more precise causal relationship, we calculated F statistics (F = β2exposure / se2exposure) and excluded 
the weak IVs with F< 1023.

MR analysis
This study performed MR analysis to estimate the causal effect of the gut microbiome on the eight clinical 
respiratory diseases. MR analysis utilized three popular MR methods to explore causal relationships: the inverse-
variance weighted (IVW), weighted median, and MR-Egger methods. The IVW method is based on the hypothesis 
that all assumptions of MR are effective, and the weighted median method is appropriate for the hypothesis that 
less than 50% of Vs have horizontal pleiotropy24. Conversely, the MR-Egger is suitable for the hypothesis that 
more than 50% of IVs have horizontal pleiotropy25. This study also included simple and weighted modes. With 
the other four methods as complements, the IVW method was used as the primary statistical method to estimate 
the causal effect. If the result of the MR analysis was nominally significant (P< 0.05), we inferred that there might 
be a causal relationship between the gut microbiota and the outcome26. The causal relationship between the gut 
microbe taxa and outcome was considered more reliable if two or more MR methods were suitable for nominal 
significance. Furthermore, this study implemented a multiple-testing correction at each taxonomic level, with 
separate MR analyses performed for each level (e.g., genus, family). The threshold for statistical significance was 
set at P < 0.05/n, where n represents the effective number of bacterial taxa at the relevant taxonomic level.

Sensitivity analysis and reverse MR analysis
We employed Cochrane’s Q test to assess the heterogeneity because heterogeneity between the IVs can 
potentially influence the results of the MR analysis. P < 0.05 indicated signified the presence of heterogeneity. 
Horizontal pleiotropy indicated that IVs are associated with outcomes in other ways, which is not allowed in 
the MR analysis. Therefore, the intercept test of MR Egger regression and MR Pleiotropy Residual Sum were 
used to test the horizontal pleiotropy of the selected IVs and the outcome, with P> 0.05 indicating no horizontal 
pleiotropy27. To ensure the reliability of causality between IVs and outcome, we used leave-one-out analysis 
to identify whether the causality was strongly affected by an SNP. In addition, we performed a reverse MR 
analysis of pre-Mendelian positive results for possible reverse causality. In the reverse MR analysis, we set the 
range (P < 5 × 10−8) for IVs of eight kinds of clinically respiratory diseases. The screening of remaining IVs was 
consistent with previous MR analysis. The entire statistical analysis was performed using the “TwoSampleMR” 
package (version 0.5.6) in R software (version 4.2.1).

Results
Selection of IVs of the gut microbiome related to eight respiratory diseases
After implementing multiple quality filtering control steps (P < 5 × 10−5, r2 < 0.001, and clumping 
distance = 10,000 kb), a total of 2601 SNPs were identified as strongly associated and independent SNPs with the 
gut microbiome (124 SNPs in 9 phyla, 223 SNPs in 16 classes, 279 SNPs in 20 orders, 444 SNPs in 32 families, and 
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1531 SNPs in 119 genera). Notably, no weak associations were detected, as the F-statistics for the SNPs ranged 
from 14.59 to 88.43, with all F-statistics exceeding the threshold of 10. Comprehensive results are presented in 
Supplementary Table 1. After merging and harmonizing the statistics of exposure and outcome, a total of 2219 
SNPs were identified as IVs for.

lung cancer. Likewise, 2211 SNPs were identified as IVs for lung adenocarcinoma, 2213 SNPs for squamous 
cell lung carcinoma, and 2199 SNPs for small cell lung carcinoma. Furthermore, 2247 SNPs were identified as 
IVs for COPD, 2245 SNPs for early onset COPD, 2247 SNPs for later onset COPD, 2246 SNPs for asthma, 2245 
SNPs for bronchiectasis, 2247 SNPs for chronic bronchitis, 2245 SNPs for ILD, 2246 SNPs for sleep apnoea, 2245 
SNPs for IPF. Comprehensive results are shown in Supplementary Table 2.

MR analysis results of the gut microbiome and eight respiratory diseases
We conducted MR analysis on 196 gut microbe taxa and eight respiratory diseases, as depicted in Supplementary 
Fig.  2 and Supplementary Fig.  3. The IVW results suggested 88 possible connections with eight clinical 
respiratory diseases for 196 different gut microbes, including the genus Streptococcus. The results are presented in 
detail in Supplementary Table 3. As illustrated in Fig. 2and Figs. 3 and 30 causal associations were demonstrated 
in more than one MR method. Additionally, multiple testing corrections, serving as IVs, were considered in this 
study. The significance thresholds for five taxonomic levels were set to the following: P = 5.56 × 10−3 (0.05/9) for 
the phylum, P = 3.13 × 10−3 (0.05/16) for the class, P = 2.5 × 10−3 (0.05/20) for the order, P = 1.56 × 10−3 (0.05/32) 
for the family, and P = 4.20 × 10−4 (0.05/119) for the genus. However, despite the biological plausibility, the 
multiple statistical corrections were so strict and conservative that only three causal associations emerged: genus 
Holdemanella as exposure with COPD as the outcome (P = 1.3 × 10−4, OR = 1.18), family FamilyXIII as exposure 
with COPD as the outcome (P = 1.3 × 10−3, OR = 0.75), and genus Oxalobacter as exposure with asthma as the 
outcome (P = 2.1 × 10−4, OR = 1.09).

Sensitivity analysis and reverse MR analysis
Supplementary Table 4 contains complete results for Cochrane’s Q test (MR Egger and IVW). All 30 potential 
associations with outcome in MR Egger are in Supplementary Table 5, with P > 0.05 certifying no heterogeneity 
or horizontal pleiotropy. Furthermore, the leave-one-out analysis of 30 causalities indicated the stability and 

Fig. 2.  Forest plot of 30 causal relationships between the gut microbiome and eight respiratory diseases. The 
fifth column is the forest plot, greater than one means increased risk, and less than 1 means protective risk. 
NSNPs, the number of single nucleotide polymorphisms; CI, confidence interval; IVW, inverse variance 
weighted; LUSC, lung squamous cell carcinoma; SCLC, small cell lung carcinoma; COPD, chronic obstructive 
pulmonary disease; ILD, interstitial lung disease; IPF, idiopathic pulmonary fibrosis.
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reliability of our results. Comprehensive findings are in Supplementary Fig. 3. We conducted a reverse MR 
analysis of 30 positive results from the pre-MR analysis. Unfortunately, the IVW method only suggested that 
when IPF was an exposure and order Rhodospirillales was an outcome, the result was significant (P = 0.03, 
OR = 1.04). Nevertheless, it does not satisfy the criteria for multiple statistical corrections with P > 0.025 
(P = 0.05/2) and other methods, so it could only be considered a potential risk factor. The comprehensive results 
are presented in Supplementary Table 6.

Discussion
In this study, the gut microbiome and eight respiratory diseases were causally linked using a bidirectional two-
sample MR analysis. To the best of our knowledge, this is the first large-scale MR analysis of the association 
between the gut microbiome and eight clinical respiratory diseases. As shown in Figs. 4and 30 causal relationships 

Fig. 3.  Circular heatmap depicting the P for the associations between the gut microbiome and eight 
respiratory. In this heatmap, the P serves as an indicator of the statistical significance of the potential causal 
relationships inferred through the MR method. Specifically, P < 0.05 is considered to suggest potential 
statistical significance. IVW, inverse variance weighted; LUSC, lung squamous cell carcinoma; SCLC, small cell 
lung carcinoma; COPD, chronic obstructive pulmonary disease; ILD, interstitial lung disease; IPF, idiopathic 
pulmonary fibrosis.
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were found in more than one MR method. Among them, three causal relationships satisfy multiple statistical 
correction criteria. These causal findings contribute to the gut-lung axis, which aligns with previous studies. 
Many microorganisms colonize the gut, and specific microbial communities have been found in lungs that were 
previously considered sterile28. Although the mechanisms underlying the influence of gut microbiota on lung 
microbiota remain incompletely understood, accumulating evidence suggests there was a crosstalk between 
gut microbes and the lungs, also known as the gut-lung axis. Clinical trials have found that the decrease in 
gut microbial abundance following antibiotic administration increases susceptibility to respiratory diseases29,30. 
Studies have shown that the gut microbes protect against bacterial and viral pulmonary infections by activating 
inflammasomes31. These studies confirmed that there was a relationship between intestinal diseases and 
respiratory diseases. However, whether there was a causal or influencing mechanism remains unknown. Our 
study provided the causal relationship between gut microbes and eight respiratory diseases, further reinforcing 
the gut-lung axis and providing novel insights into clinical prevention, pathogenesis, and alleviation of clinical 
symptoms.

Metagenomic sequencing has gradually been used to identify gut microbes in the context of respiratory 
diseases. Research on the gut microbiome in respiratory diseases has primarily concentrated on COPD, lung 
cancer, and asthma. Bowerman et al. used metagenomic sequencing to compare the fecal microbiomes between 
COPD patients and healthy controls, discovering that Streptococcuslevels were significantly elevated in the 
COPD population32, which was consistent with our findings. On this basis, our investigation into 88 potential 
associations suggested that the genus Streptococcusis a risk factor for COPD. As the third leading cause of death 
globally, COPD primarily arises from prolonged smoking and air pollution33. In addition, inflammation and 
immune responses contribute to its pathogenesis34. Studies have identified an imbalance between the Type 
1 helper T cell (Th1) and Type 2 helper T cell (Th2) immune responses in COPD patients, possibly caused 
by changes in cytokine levels, specifically an increase in IL-12 levels and a decrease in IL-4 levels35. The gut 
microbiome plays a crucial role in maintaining the balance between Th1 and Th2 immune responses. Therefore, 
future research endeavors are required to examine whether the genus Streptococcus and other microbes could 
promote Th1 immune responses to cause COPD-associated inflammation and structural remodeling of the lungs 
by elevating IL-12 levels. Analogous to COPD, ILD is a respiratory disease with an inflammatory reaction as the 
pathological manifestation. Previous studies have supported the idea that the alteration in the abundance of 
intestinal Bacteroidescould potentially trigger inflammation36. Observations have indicated that patients with a 

Fig. 4.  The gut-lung axis: gut microbes associated with eight respiratory diseases identified by the current 
MR analysis. The pink bottom indicates that the gut microbes are the protective factors of the outcome, and 
the blue bottom indicates that the gut microbes are the risk factors of the outcome. LUSC, lung squamous cell 
carcinoma; SCLC, small cell lung carcinoma; COPD, chronic obstructive pulmonary disease; ILD, interstitial 
lung disease; IPF, idiopathic pulmonary fibrosis.
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high intestinal Bacteroidesload suffer from a longer treatment time for sepsis37. This research was consistent with 
our findings that family Bacteroides was considered a risk factor for early onset COPD, and genus Bacteroides 
was also revealed as a risk factor for ILD.

Immunodeficiency is an essential mechanism in the development of lung cancer, contributing not only to 
cancer progression but also to an inadequate response to cancer treatment38. Our study supported that the genus 
Prevotellais a risk factor for lung cancer, which has also been established in gastric cancer39, psoriasis40, and 
colorectal cancer41. The potential mechanism involves the overexpression of Mucin 13, Cell Surface Associated 
(MUC13), which could promote tumor cell proliferation, migration, and invasion through the activation of 
multiple signaling pathways. In our study, the genus Collinsellawas a protective factor for lung cancer, possibly 
by producing ursodeoxycholate42, which has also been supported in the fecal microbiota of patients. The 
cancer-immunity cycle posits that pro-inflammatory cytokines produced by gut microbiota metabolites may 
activate effector T-cells that target cancer-specific antigens, effectively eradicating malignant lung cancer cells43. 
Additionally, short-chain fatty acids produced by gut microbes are the most prevalent immunomodulatory 
metabolites in the gastrointestinal tract and are implicated in the potential mechanisms of the gut-lung 
axis44. Notably, butyrate has been demonstrated to have a significant impact on a range of lung conditions, 
encompassing asthma, COPD, and pulmonary fibrosis45. In our study, Rumnococcaceae, the leading producer of 
butyrate46, suggested a protective effect on ILD and sleep apnoea.

Immunologically, asthma is characterized by an allergic inflammatory response, dominated by the Th2 
immune response. The “hygiene hypothesis” proposes that a lack of bacterial exposure early in life and dysbiosis 
leads to an enhanced Th2 immune response. Furthermore, the gut-lung axis suggests that altered diversity 
and dysbiosis of gut microbes may cause lung disease by altering the immune response47. Our study found 
order Clostridium to be a protective factor for asthma. It has been discovered that Clostridium butyricum has 
unique immunomodulatory effects. Experiments have confirmed that Clostridium butyricumcould reverse the 
imbalance between Th1 and Th2 to suppress airway inflammation and remodeling in asthmatic mice48. Another 
study showed that Clostridium butyricumalleviated allergic airway inflammation, reduced mucus secretion, and 
restored the balance between Th1 and Th250. Therefore, we hypothesize that Clostridium butyricum is protective 
against asthma by promoting the Th1 immune response and inhibiting the Th2 immune response to ameliorate 
the immune imbalance. In addition, the butyrate produced by Clostridium butyricum can nutritionally repair 
intestinal mucosa, enhance intestinal barrier function, and reduce the absorption of allergens.

Notably, altering the composition of gut microbes has been shown to achieve specific therapeutic efficacy 
in the treatment of respiratory diseases50. Research has confirmed that lipopolysaccharide derived from 
Parabacteroides goldsteiniiexhibits anti-inflammatory properties, suggesting the potential development of 
relevant probiotics as a therapeutic option for COPD patients51. Additionally, the potential role of probiotics 
treating asthma52, lung cancer53, and sleep apnoea54was initially confirmed. Another novel therapeutic 
approach, Fecal microbiota transplantation (FMT) has also been gradually explored for the treatment of 
respiratory diseases. Existing studies have confirmed that FMT and diet modification could reduce the severity 
of emphysema by changing the intestinal microbial composition and improving inflammation55. Our research 
would provide new perspectives for the subsequent treatment of respiratory diseases by probiotics and FMT. The 
treatment of respiratory diseases by associated probiotics and FMT is worthy of further exploration. It should 
also be noted that probiotics and FMT carry certain risks as treatment options, and these potential risks should 
be considered during their application56.

Undoubtedly, our research has the following advantages. Firstly, conducting bidirectional MR analysis of 
the gut microbiome and eight clinical respiratory diseases can avoid confounding factors and reverse causal 
relationships, which contribute to the gut-lung axis. This provides a theoretical basis for subsequent research 
and treatments of specific gut microbes in respiratory diseases and helps to find new biomarkers. Meanwhile, 
comprehensive exposure statistics were obtained from the large-scale GWAS, and outcomes statistics of the 
outcomes were sourced from the most extensive lung cancer GWAS and the FinnGen GWAS, with the large 
sample size providing reliable support for our results. Additionally, compared to several small randomized 
controlled studies, it consolidates the reliability of these research results.

However, there are also several limitations to this research. Firstly, the data sources for exposure are 
predominantly from a broad representation of European ancestry, whereas the outcomes data are mostly 
derived from FinnGen individuals. To a certain extent, this similarly restricts the generalizability of our 
findings, potentially making them inapplicable to other populations. Secondly, although we selected outcome 
subgroups for analysis based on summary statistics, which inherently lack stratification, such as specific 
clinical characterizations, treatment details, and disease severity, this prevented us from conducting further 
analyses. Therefore, translating these results to other populations may be challenging. Thirdly, the application 
of multiple statistical corrections may be overly rigorous and conservative, potentially overlooking potential 
causal relationships between the gut microbiome and respiratory diseases57. Therefore, while obtaining multiple 
test results, we retained results that satisfied two or more MR methods based on their biological plausibility. 
Lastly, the widespread use of 16 S RNA sequencing in gut microbiota research is accompanied by limitations, 
including quantitative imprecision, database incompleteness, limited species resolution, the potential for 
bias in bioinformatic processing58, and inadequate sequencing depth. The foundational understanding of the 
causal relationship between gut microbiota and respiratory diseases heavily relies on gut microbiota GWAS 
data. Consequently, the adoption of advanced shotgun metagenomic techniques in future microbiota GWAS 
endeavors promises to significantly augment the precision MR relationships.

Conclusion
In summary, this bidirectional MR analysis found the causal relationships between gut microbes and respiratory 
diseases, supporting the gut-lung axis. It will offer new insights into the gut microbiome’s roles in respiratory 
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diseases’ clinical prevention, pathogenesis, and amelioration of clinical symptoms. Further randomized 
controlled trials and mediation MR analysis are required to identify the protective effect and possible immune 
mechanisms of probiotics and FMT on respiratory diseases.

Data availability
The datasets analyzed during the current study are available in the MiBioGen consortium (https://mibiogen.gcc.
rug.nl/) 21, European Bioinformatics Institute , and the FinnGen consortium (https://r9.finngen.fi) 22.
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