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Background: Chronic obstructive pulmonary disease (COPD) is a respiratory disorder with a complex etiology involving genetic and
environmental factors. The dysbiosis of gut microbiota has been implicated in COPD. Mendelian Randomization (MR) provides a tool
to investigate causal links using genetic variants as instrumental variables. This study aims to employ MR analysis to explore the
causal relationship between gut microbiota, lung function, and COPD.

Methods: We utilized genome-wide association study (GWAS) data from MiBioGen, UK Biobank and FinnGen, which were related
to gut microbial taxa, lung function parameters including forced vital capacity in one second (FEV)), forced vital capacity (FVC), and
percentage of predicted FEV, (FEV,%pred), as well as GWAS data for COPD. MR analysis was conducted to assess the causal effects
of gut microbiota on lung function and the risk of COPD. Sensitivity analysis was utilized to examine the stability of the causal
relationships. Multiple testing and reverse analysis were employed to evaluate the robustness of these relationships.

Results: Using the IVW method, 64 causal correlations were identified. Through conducting sensitivity analysis, multiple testing, and
reverse analysis, we identified 14 robust and stable causal relationships. The bacterial taxa that showed a positive association with lung
function included Desulfovibrionaceae, Erysipelotrichales, Desulfovibrionales, Clostridiales, Clostridia, Deltaproteobacteria and
Erysipelotrichia, while Selenomonadales and Negativicutes showed a negative association with lung function. The abundance of
Holdemanella were positively correlated with the risk of COPD, while FamilyXIII exhibited a negative correlation with the risk of
COPD.

Conclusion: Several microbial taxa were discovered to have a positive causal correlation with lung function, offering potential
insights into the development of probiotics. The presence of microbial taxa negatively correlated with lung function and positively
correlated with COPD emphasized the potential impact of gut microbiota dysbiosis on respiratory health.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a prevalent respiratory disorder characterized by progressive airflow
limitation and persistent respiratory symptoms. It presents a substantial global health burden and is a leading cause of
morbidity and mortality." The development of COPD involves a complex interplay between genetic factors, such as
predisposition, and environmental factors, including smoking, air pollution, and respiratory infections. Despite the
diverse causes of COPD, current diagnostic and therapeutic approaches are limited, highlighting the need for a deeper
understanding of its underlying mechanisms.”

In recent years, there has been growing interest in the role of the gut microbiota, which has been found to influence
various aspects of human health, including immune regulation and systemic inflammation.’> Accumulating evidence
suggests a potential link between the dysbiosis of the gut microbiota and the development of COPD.** Observational
studies have identified gut microbiome dysbiosis in COPD patients, and rodent models have demonstrated its
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contribution to COPD development.®” Furthermore, there have been reports on the associations between gut microbial
dysbiosis and a decline in lung function in individuals with COPD.%'°

However, establishing a causal relationship between the gut microbiota and COPD remains challenging. The dynamic
nature of the gut microbiome introduces challenges when attempting to characterize it through a single cross-sectional
study design.'" This is due to the potential variability in microbial sequencing results, which can be influenced by various
confounders and covariates. It is crucial to acknowledge that factors such as the use of inhalers, particularly inhaled
corticosteroids (ICS), and antibiotics can act as confounding variables in these studies.'?

Mendelian Randomization (MR) is an innovative and robust analytical approach that can provide insights into causal
relationships between exposures and outcomes using genetic variants as instrumental variables (IV).'* By leveraging
naturally occurring genetic variations unaffected by confounders, MR analysis circumvents some limitations of tradi-
tional observational studies, including confounding factors and reverse causality, and provides more reliable evidence for
causal inference. The utilization of naturally occurring genetic variations in MR analysis offers a valuable approach to
overcome limitations commonly encountered in traditional observational studies. MR analysis can effectively sidestep
confounding factors and mitigate the issue of reverse causality.'?

MR studies have been employed to establish genetic evidence supporting the causal link between gut microbiota and
respiratory diseases.'* ' In a recent study conducted by Wei et al, they employed MR analysis to examine the causal
connection between the gut microbiome and COPD. They identified 9 bacterial taxa associated with the risk of COPD.
However, none of their MR results were found to be statistically significant after applying multiple testing corrections.
This lack of significant findings may potentially be attributed to the relatively small sample size of the Genome-Wide
Association Study (GWAS) utilized in their analysis.'®> Additionally, while several observational studies have previously
reported associations between the gut microbiota and lung function in COPD,*'? the causal relationship involving the
interplay between the gut microbiota, lung function, and COPD remains uncertain. Therefore, the objective of this study
is to investigate the causal relationship between the gut microbiota, lung function, and COPD within the framework of
MR analysis. To achieve this, we have incorporated the latest GWAS datasets, allowing for a more comprehensive
analysis. By utilizing an extensive dataset and employing the MR approach, this research aims to shed light on the
intricate causal relationships between these variables, providing insights into the pathogenesis and potential intervention
strategies for COPD.

Method
Study Exposures

The summary statistics for gut microbiota abundance were obtained from a comprehensive GWAS conducted by the
MiBioGen consortium. This study involved the analysis of host genetic variations in 18,340 participants from 24 cohorts,
primarily of European descent. The study combined 16S rRNA gene sequencing profiles and human genotyping data
from the participants. The dataset included a total of 211 taxa, encompassing 9 phyla, 16 classes, 20 orders, 35 families,
and 131 genera, identified through 16S rRNA gene sequencing techniques (Supplementary Table S1).

Study Outcomes

The GWAS summary statistics for the outcomes were extracted from the large-scale biomedical databases of UK biobank
and FinnGen biobank, both of which contain comprehensive health and genetic information from a large population of
participants. The summary statistics for lung function, including FEV, (forced expiratory volume in 1 second), FVC
(forced vital capacity), and percentage of predicted FEV;, were extracted from the second analytical round of the UK
biobank database. This extraction was performed on July 2, 2023. The GWAS summary statistics for COPD were
obtained from the eighth analytical round of the FinnGen biobank database, accessed on April 29, 2023. It is worth
noting that there was minimal overlap between the individuals included in the exposure and outcome samples.
Supplementary Table S1 provides details about the GWAS summary statistics for reference.
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Selection of Instrumental Variables

Human SNPs that were associated with the abundance of gut microbiota, which demonstrated genome-wide significance
with a p-value of less than 1x10~> were included. To assess potential confounding factors associated with the identified
SNPs, we employed the Phenoscanner. SNPs found to be linked to confounding factors or outcomes were excluded from
our analysis. (Supplementary Table S2) Clumping of these variants was performed to ensure the independence of the IVs.

A clumping window of 10,000 kb and a pairwise linkage disequilibrium (LD) threshold of r* < 0.001 were used for this
purpose. To avoid weak instrument bias and ensure the strength of the IVs, we calculated the F-statistic. SNPs with an
F-statistic below 10 were excluded from the analysis. Harmonization of variants was undertaken by aligning the effect
alleles of different studies to the same reference allele using the TwoSampleMR package in R. Given the variability in
genotyping platforms utilized in GWAS, it is possible that certain SNPs associated with the gut microbiota may not be
present in the outcome dataset. Consequently, these missing SNPs were excluded from this study’s analysis.

Mendelian Randomization Analyses

The primary method used for causal inference in this study was the inverse variance weighted (IVW) method. This
method combines the ratio estimates obtained from each genetic instrument in a meta-analysis model.'” To ensure the
robustness of our findings, we employed additional analysis methods, including MR-Egger, weighted median, simple
mode, weighted mode, and MR-PRESSO. MR-Egger detects violations of MR assumptions, such as horizontal pleio-
tropy, and provides an effect estimate that is not affected by these violations.'® The weighted median method combines
the ratio estimates from genetic instruments using a median-based approach, which can provide reliable estimates even if
up to 50% of the instruments are invalid. The simple mode and weighted mode methods consider the majority or
weighted majority of genetic instrument estimates, respectively, to determine the direction and strength of the causal
relationship.'” MR-PRESSO, a general test for the presence of outliers, was used to identify and remove genetic variants
that significantly contributed to heterogeneity through a simulation approach.'® By incorporating these supplementary
analysis methods, we can evaluate the consistency of the results and gain a more comprehensive understanding of the
causal associations while considering potential violations of MR assumptions. For associations with an IVW-MR p-value
< 0.05, we applied the Benjamini-Hochberg (BH) correction for multiple testing to reduce the likelihood of false-positive
findings. Additionally, we conducted reverse analysis to examine the reverse causal association. All statistical analyses
were performed using R version 4.2.3.

Sensitivity Analyses

In order to ensure the robustness of our primary causal estimate for associations with an [IVW-MR p-value < 0.05, we
performed sensitivity analyses. Cochran’s Q statistic was utilized with both the IVW and MR-Egger methods to assess
the heterogeneity of effects. Additionally, we employed the MR-Egger intercept and MR-PRESSO Global test to evaluate
the presence of horizontal pleiotropy. If any of these tests indicated the presence of pleiotropy with a significance level of
p < 0.05, the corresponding results were excluded.'®'® Furthermore, a leave-one-out analysis was conducted to identify
outliers and assess the stability of the results. These sensitivity analyses were crucial in ensuring the reliability and
robustness of our findings.

Result

The purpose of this MR study was to investigate the causal effects of specific gut microbial taxa on lung function and
COPD. (Figure 1) There are three main assumptions of MR analysis. First, the IVs should be strongly associated with the
exposure. To address this assumption, we selected only exposures that had at least three independent genetic instruments
at minimum p-value < 1x10°. Additionally, we have excluded SNPs with mean F statistics < 10. The SNPs were then
clumped by LD to ensure the independence of the IVs. Second, the genetic variants used as I'Vs are independent of any
confounding factors that may influence both the exposure and outcome. Thus, we utilized the Phenoscanner to examine
potential confounding factors associated with the SNPs. Any SNPs found to be related to confounding factors or
outcomes were excluded from our analysis. The third assumption requires that the IVs only affect the outcome through
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1. Selection of instrumental variables

1.1 Exclude SNPs of 15 unclassified bacterial traits

1.2 Exclude SNPs related with outcomes or confounders (cigarette smoke, etc.)
1.3 Select significant SNPs for traits (p < 1.0x10-5)

1.4 Perform linkage disequilibrium (LD) clumping

2. Data harmonization

2.1 Extract SNPs from GWAS data of lung function and COPD
2.2 Exclude SNPs with F statistic < 10

2.3 Harmonize the effect size of IVs on exposure and outcome

y

3. Mendelian Randomization analysis and sensitivity analysis

3.1 Perform Mendelian Randomization analysis

3.2 Perform Benjamini-Hochberg (BH) correction and reverse analysis
3.3 Perform pleiotropy test, heterogeneity test and leave-one-out analysis

Figure | Overall MR framework and workflow of this study.

their effect on the exposure and not through any alternative pathways. In order words, no pleiotropy should be presented.
Any causal relationships that were detected to have pleiotropy would be excluded. After selecting SNPs according to the
above criteria, we proceeded to harmonize the effect sizes of these variants on the exposure and the outcome for
consistency and comparability. Among the MR results we obtained (Supplementary Table S3), a total of 64 potential

associations were identified. These findings are summarized in Supplementary Table S4.

Effect of Gut Microbial Abundance on Lung Function

Fifteen potential causal relationships were identified between the genetically predicted abundance of gut microbial taxa
and FEV; in the IVW analysis. Six relationships remained significant after conducting multiple correction. (Figure 2)
(Table 1) Order Erysipelotrichales (B = 0.031, CI = 0.009-0.053, p = 0.032), order Desulfovibrionales (f = 0.029, CI =
0.010-0.049, p = 0.031), order Clostridiales (B = 0.037, CI = 0.015-0.060, p = 0.020), class Clostridia ( = 0.044, CI =
0.020-0.067, p = 0.003), class Deltaproteobacteria (f = 0.034, CI = 0.015-0.053, p = 0.003) and class Erysipelotrichia (
= 0.031, CI = 0.009-0.053, p = 0.026) were positively associated with FEV. No significant horizontal pleiotropy was
detected in the MR-Egger intercept and MR-PRESSO analysis (p>0.05). (Supplementary Tables S5 and S6) Results from
Cochrane’s. Q test showed no significant heterogeneity in the relationships (p>0.05). (Supplementary Table S7) All the
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exposure outcome method nsnp beta (95% Cl) P value
order.Erysipelotrichales FEV1 VW 13 —_— 0.031 (0.009 - 0.053) 0.032
order.Desulfovibrionales FEV1 VW 12 {—-— 0.029 (0.010 — 0.049) 0.031
order.Clostridiales FEV1 VW 13 —_—— 0.037 (0.015 - 0.060) 0.020
class.Clostridia FEV1 Ivw 12 P —— 0.044 (0.020 - 0.067) 0.003
class.Deltaproteobacter FEV1 VW 13 5 — 0.034 (0.015 - 0.053) 0.003
class.Erysipelotrichia FEV1 VW 13 P—— 0.031 (0.009 - 0.053) 0.026
family.Desulfovibrionace FvC VW 10 P —-— 0.034 (0.013 - 0.054) 0.033
order.Desulfovibrionales FvC VW 12 ' — 0.032 (0.013 - 0.051) 0.016
class.Clostridia FvC VW 12 ! —— 0.035 (0.013 - 0.058) 0.016
class.Deltaproteobacter FvC VW 13 — 0.034 (0.016 — 0.053) 0.003
order.Selenomonadales FEV1, predicted percentage VW 1 _— -0.073 (-0.120 - -0.026)  0.044
class.Negativicutes FEV1, predicted percentage VW 1 —_— -0.073 (-0.120 - -0.026)  0.035

[ T [ 1
-0.15 -0.10 -0.05 0.00 0.05 0.10

exposure outcome method nsnp OR (95% CI) P value
genus.Holdemanella COPD VW 11 —— 1.18 (1.08-1.28) 0.015
family.FamilyXIll.id.1957 COPD VW 4 —_— 0.75 (0.63-0.89) 0.042
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Figure 2 Forest plot for the causal effects of genetically predicted abundance of gut microbial taxa on lung function and COPD.

results remained robust after excluding the SNP one by one in leave-one-out analysis. (Supplementary Table S8) The

reverse analysis did not reveal any reverse correlations. (Supplementary Table S9)

In the IVW analysis, we identified sixteen potential causal relationships between the abundance of distinct gut
microbiota and FVC. Following multiple correction, a significant association remained for four out of sixteen relation-
ships. (Figure 2) (Table 2) Family Desulfovibrionaceae (B = 0.034, CI = 0.013-0.054, p = 0.033), order
Desulfovibrionales (B = 0.032, CI = 0.013-0.051, p = 0.016), class Clostridia (B = 0.035, CI = 0.013-0.058, p =
0.016) and class Deltaproteobacteria (f = 0.034, CI = 0.016—0.053, p = 0.003) were all positively correlated with FVC.
No significant heterogeneity and horizontal pleiotropy were detected in MR-Egger intercept, MR-PRESSO and
Cochrane’s Q tests. (Supplementary Tables S5-S7) Leave-one-out analysis revealed that some single SNPs might

Table | Causal Relationships Between Gut Microbiota and FEV

Exposure MR Analyses Pleiotropy Test Heterogeneity Test
p (IVW) p (BH) B (95% CI) MR-PRESSO MR Egger Q Leave-One-Out
Global P Intercept Analysis
Class
Clostridia 0.0002 0.003 0.044 (0.020-0.067) 0.364 —0.0005 (p = 0.91) 12.55 (p = 0.25) v
Deltaproteobacteria 0.0004 0.003 0.034 (0.015-0.053) 0.642 —0.0004 (p = 0.83) 10.10 (p = 0.52) v
Erysipelotrichia 0.0048 0.026 0.031 (0.009-0.053) 0.469 0.0038 (p = 0.21) 10.42 (p = 0.49) N
Order
Erysipelotrichales 0.0048 0.021 0.031 (0.009-0.053) 0.455 0.0038 (p = 0.21) 8.65 (p = 0.65) v
Desulfovibrionales 0.0031 0.031 0.029 (0.010-0.049) 0.423 —0.0017 (p = 0.38) 1081 (p = 0.37) v
Clostridiales 0.0010 0.020 0.037 (0.015-0.060) 0.248 0.0003 (p = 0.92) 16.60 (p = 0.12) N
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Table 2 Causal Relationships Between Gut Microbiota and FVC

Exposure MR Analyses Pleiotropy Test Heterogeneity Test
p (IVW) p (BH) B (95% CI) MR-PRESSO MR Egger Intercept Q Leave-One-Out
Global P Analysis

Class

Clostridia 0.0020 0.016 0.035 (0.013-0.058) 0.079 —0.0005 (p = 0.91) 13.49 (p = 0.20) V
Deltaproteobacteria 0.0002 0.003 0.034 (0.016-0.053) 0.565 -0.0011 (p = 0.57) 11.21 (p = 0.43) J

Order

Desulfovibrionales 0.0008 0.016 0.032 (0.013-0.051) 0.423 -0.0058 (p = 0.27) 16.06 (p = 0.10) V
Family

Desulfovibrionaceae 0.0010 0.033 0.034 (0.013-0.054) 0.407 —0.0016 (p = 0.46) 9.17 (p = 0.33) V

Table 3 Causal Relationships Between Gut Microbiota And percentage of Predicted FEV,

Exposure MR Analyses Pleiotropy Test Heterogeneity Test
p (IVW) p (BH) B (95% CI) MR-PRESSO MR Egger Q Leave-One-Out
Global P Intercept Analysis
Class
Negativicutes 0.0022 0.035 —0.073 (—0.120 — —0.026) 0.26 0.0005 (p = 0.94) 12.83 (p = 0.17) V
Order
Selenomonadales 0.0022 0.044 —0.073 (—0.120 — —0.026) 0.26 0.0005 (p = 0.94) 12.83 (p = 0.17) y

dominate the positive effects of class Clostridia. (Supplementary Table S8) No reverse correlations were found through

reverse analysis. (Supplementary Table S9)

IVW analysis unveiled eighteen potential causal relationships linking the abundance of gut microbiota and percentage
of predicted FEV,. After conducting multiple corrections, two of these relationships remained statistically significant.
(Figure 2) (Table 3) Order Selenomonadales (f = —0.073, CI =-0.120 — —0.026, p = 0.044) and class Negativicutes (B =
—0.073, CI = —0.120-0.0026, p = 0.035) were negatively correlated with percentage of predicted FEV,. MR-Egger
intercept, MR-PRESSO and Cochrane’s Q tests indicated no evidence of horizontal pleiotropy and heterogeneity.
(Supplementary Tables S5—-S7) Furthermore, the stability and robustness of the results were confirmed through the leave-

one-out analysis. (Supplementary Table S8) The reverse analysis indicated no reverse correlations. (Supplementary
Table S9).

Effect of Gut Microbial Abundance on COPD

Our Mendelian randomization analysis revealed that genetically predicted abundance of fifteen microbial taxa exhibited
potential causal effects on COPD. After implementing multiple corrections, two of these relationships remained
statistically significant. (Figure 2) (Table 4) The abundance of genus Holdemanella (OR = 1.176, CI = 1.082-1.278,
p = 0.015) were positively correlated with the risk of COPD, while FamilyXIIl. (OR = 0.750, CI = 0.629-0.894, p =
0.042) exhibited a negative correlation with the risk of COPD. MR-Egger intercept, MR-PRESSO, and Cochrane’s
Q tests did not detect any significant heterogeneity or horizontal pleiotropy in the analysis. (Supplementary Tables S5—

S7) The robustness and stability of the results were confirmed by the leave-one-out analysis. (Supplementary Table S8)

The reverse analysis provided confirmation of the causal direction of the results. (Supplementary Table S9)
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Table 4 Causal Relationships Between Gut Microbiota and the Risk of COPD

Exposure MR Analyses Pleiotropy Test Heterogeneity Test
p (IVW) ‘ p (BH) OR (95% CI) MR-PRESSO Global P | MR Egger Intercept Q Leave-One-Out Analysis
Family
FamilyXill 0.0013 0.042 0.750 (0.629-0.894) 0.888 —0.0433 (p = 0.09) 8.62 (p = 0.20) N
Genus
Holdemanella 0.0001 0.015 1.176 (1.082-1.278) 0.787 0.0040 (p = 0.14) 6.34 (p=0.71) \/
Discussion

To our knowledge, this study is the first to explore the causal relationship between gut microbiota, lung function, and
COPD. Following a rigorous analysis that included sensitivity analysis, reverse analysis, and multiple corrections, a total
of fourteen robust and stable causal relationships were identified. There was no overlap found between the microbial taxa
influencing lung function and those impacting COPD. However, several microbial taxa were discovered to have
a positive causal correlation with lung function, offering potential insights into the development of probiotics.
Furthermore, the presence of microbial taxa negatively correlated with lung function and positively correlated with
COPD emphasized the potential impact of gut microbiota dysbiosis on lung function and COPD development. This
contributes to the expanding understanding of the gut-lung axis.

Based on our research, we found that our findings reinforced the existing body of observational evidence, lending
further support to the established knowledge in this domain. In our results, the bacterial taxa that were positively
associated with lung function were family Desulfovibrionaceae, order Erysipelotrichales, Desulfovibrionales,
Clostridiales, class Clostridia, Deltaproteobacteria and Erysipelotrichia. On the other hand, order Selenomonadales and
class Negativicutes were negatively correlated with lung function. Interestingly, various pulmonary disease states have
been associated with the elimination of these taxa. Upon treating influenza-infected mice with either the Chinese herb
formula GeGen QinLian or fecal microbiota transplantation, the intestinal flora was restored. This restoration led to an
increase in the abundance of Desulfovibrio C21 c20 and a subsequent decrease in both mortality and lung
inflammation.® Long-term consumption of allium tuberosum reduced inflammatory cell count, interleukin (IL)-5 and
IL-13 in bronchoalveolar lavage fluid in asthmatic mice. This consumption also improved pulmonary histopathology.
Additionally, Desulfovibrionaceae was revealed as a biomarker indicating the effectiveness of the treatment.”' Clinical
observational studies have revealed a decrease in Clostridia within the gut microbial composition of adult asthma
patients.?” Interestingly, among asthmatic patients, those with lower specific IgE levels to mites and Ascaris exhibited an
enrichment of various members from the order Clostridiales.”> In a MR study, it was found that class Negativicutes and
order Selenomonadales exhibited a notable association with COVID-19 hospitalization, susceptibility, and severity.'*

Previous studies have provided evidence of the impact of gut microbiota on immune regulation, suggesting a potential
mechanism by which dysbiosis of gut microbiota could affect lung function. Among the various mechanisms investi-
gated, the role of short-chain fatty acids (SCFAs) has received significant attention. SCFAs are produced through the
fermentation of dietary fibers and are released into the lumen and peripheral circulation. The binding of SCFAs to free
fatty acid receptors on immune cells such as neutrophils and macrophages allows them to exert anti-inflammatory
effects.***> This protective role of SCFAs has been observed in both animal models and clinical studies. In a mouse
model of emphysema, SCFAs demonstrated notable preventive potential by reducing the progression and severity of
emphysema.?®2® Furthermore, a comprehensive study revealed that individuals who consumed dietary fibers over a long
term had a 30% reduced risk of developing COPD.?° Previous observational studies have also reported associations
between changes in the gut microbiome and a decline in lung function in individuals with COPD. These associations may
be linked to the loss of protective microbial taxa that are involved in SCFA pathways.*'* In addition to the immune
regulatory mechanisms associated with the secretion of SCFAs, the beneficial microbiota may be associated with the

homeostasis of the gut microbiome, which attribute to the colonization of a more diverse microbiome, preventing the
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dominance of one potentially pathogenic microbiota. Furthermore, the maintenance of gut microbial homeostasis allows
beneficial intestinal microorganisms to play a protective role. Therefore, the gut microbiota that exhibited positive
associations with lung function in our study may potentially act as protective bacteria through similar mechanisms.

It is noteworthy that the bacterial taxa correlated with lung function in our study have not only been associated with
pulmonary diseases in previous observational studies, but they have also been linked to inflammatory bowel diseases
(IBD). In dogs with IBD, the abundance of Erysipelotrichia and Clostridia were notably diminished.*® Similarly,
individuals with Crohn’s disease displayed a significant decrease in the abundance of FErysipelotrichales and
Clostridiales within their gut microbial profile, which strongly correlated with their disease status.*' Interestingly, it
has been reported that patients with COPD exhibit reduced integrity and function of the intestinal barrier, as well as
a higher prevalence of IBD.*** Therefore, our results have offered insights into the intricate relationship between the
gut and lungs, known as the gut-lung axis. The bacterial taxa that demonstrated positive causal correlations with lung
function may potentially confer protective effects through this gut-lung axis.

In our MR results, the abundance of genus Holdemanella were positively correlated with the risk of COPD, while
FamilyXIII exhibited a negative correlation with the risk of COPD. It is worth noting that previous findings have shown
a intriguing negative correlation between the abundance of Holdemanella and propionate levels, one of the SCFAs, in
individuals with diabetes and cognitive impairment.*® Furthermore, a recent MR analysis has observed a causal
correlation between Holdemanella and the risk of developing asthma.'® These findings indicate that the genus
Holdemanella could potentially play a role in the development of pulmonary diseases, possibly through the SCFA
pathways. However, Holdemanella biformis, a specific strain belonging to the genus Holdemanella, has exhibited
protective effect in mouse colitis.’” Therefore, it is important to note that different species within the same genus can
have distinct impacts on health, though microbial taxa can only be classified up to the genus level when using 16S rRNA
sequencing. As far as our knowledge goes, there have been no previous associations reported between FamilyXIII and
either pulmonary or bowel diseases in animal or clinical studies. Therefore, the causal correlation we observed between
FamilyXIII and COPD necessitates additional investigation. All in all, the causal relationships uncovered in our study
likely involve intricate interactions between specific microbial taxa and host factors. To fully understand the mechanisms
through which dysbiosis of the gut microbiota impacts lung function and COPD, future studies employing metagenomic
and metabolic sequencing techniques are warranted. Further validation of the potentially beneficial bacteria we identified
can be conducted in subsequent experiments. For instance, Lai et al conducted a study where they constructed a murine
model of COPD, analyzed the intestinal bacterial profiles of COPD rats and normal rats, isolated a strain called
Parabacteroides goldsteinii from the differing bacteria, and demonstrated that preparations of this strain had
a beneficial effect in mitigating COPD. Thus, investigations into the functional capabilities of specific microbial taxa
are necessary to gain further insights.

The inclusion of a MR design presents an advantage in our study. Through selection of SNPs significantly associated
with the exposure, while excluding SNPs correlated with the outcome or potential confounders, we establish the validity
of the IVs, thereby enhancing the reliability of our results. By conducting sensitivity analysis, multiple testing, and
reverse analysis, we confirm the stability, robustness, and direction of the identified causal relationships in our MR
results. Consequently, we overcome limitations commonly encountered in traditional observational studies, including
confounding factors and reverse causality, and provide genetic evidence for causal inference. Furthermore, our study
benefits from utilizing the largest publicly available GWAS datasets, ensuring a comprehensive and robust analysis.
Incorporating these extensive datasets significantly enhances the statistical power of our MR analysis, enabling accurate
estimation of causal effects.

It is important to acknowledge certain limitations in our study. Firstly, our analysis utilized GWAS data for microbiota
that did not specifically target the complete 16S rRNA gene. This limitation poses a challenge in differentiating between
microbial taxa with the desired taxonomic resolution. It is worth noting that within the same genus, microbial taxa can
have opposing effects on the host, thus the absence of complete 16S rRNA gene sequencing data restricts our ability to
identify potential therapeutic targets accurately. Furthermore, since 16S rRNA sequencing is not designed to target
viruses and fungi, the impact of such microbiota components was not investigated in our study. Secondly, given the
dynamic and complex nature of the gut microbiota, it is an exposure phenotype that influenced by numerous variants with
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relatively small effect size. To address this complexity and increase statistical power, we have used a less stringent
p-value threshold of 1 x 107>, thus incorporating a larger number of IVs into our analysis, consequently facilitating the
use of sensitivity analysis and bolstering statistical power. However, this approach carries the risk of including false-
positive variants. By only including SNPs with a F statistic above 10 and performing multiple correction, we have
reduced the possibility of false-positive results. Thirdly, our study predominantly focused on European populations due to
the availability of suitable genetic data. This limits the generalizability of our findings to other ethnic groups, and further
investigations involving diverse populations are warranted. Lastly, our results only establish a limited causal relationship
between one specific flora and the outcome. The intricate biological mechanisms, including the impact of short-term or
long-term changes in this flora on the overall gut microbiome and the influence on microbial metabolites and host
immunity remain unclear. These aspects require more comprehensive mechanistic studies to be conducted in the future.

In summary, our MR analysis presents genetic evidence supporting a causal link between alterations in gut micro-
biota, lung function, and COPD. Our findings highlight the potential involvement of the gut microbiota in the develop-
ment and advancement of COPD. The findings of this study provide potential insights for future research, including the
investigation of therapeutic approaches such as probiotics to modulate the gut microbiota and alleviate COPD progres-
sion. Further investigations, particularly utilizing metagenomic and metabolomic sequencing approaches, are warranted
to elucidate the underlying mechanisms and enhance our understanding of the complex interplay within the gut-lung axis.
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