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Background: Recently, numerous studies have explored the potential impact of gut microbiota on Chronic Obstructive Pulmonary 
Disease (COPD). However, the causal relationship between skin microbiota and COPD, as well as the differences and similarities 
between the relationships of gut microbiota and COPD, has not been thoroughly studied.
Methods: We conducted a comprehensive two-sample Mendelian randomization (MR) analysis to investigate the relationships 
between gut and skin microbiota and COPD. The inverse variance weighted (IVW) method was used as the primary approach. MR- 
Egger, weighted median, and MR-PRESSO methods were used as supplementary approaches. Various sensitivity and stability analyses 
were conducted to validate the results. Genetic variations of gut microbiota were obtained from the FR02 cohort study. Genetic 
variations of skin microbiota were derived from the KORA FF4 and PopGen cohorts, with a total of 1,656 skin samples. GWAS data 
for COPD were obtained from the FinnGen consortium, including 18,266 COPD cases and 311,286 controls from European cohorts.
Results: The results of IVW method of MR analysis showed that 10 gut microbiotas and 4 skin microbiotas were negatively 
associated with COPD [p < 0.05, odds ratio (OR) < 1]; 3 gut microbiotas and 6 skin microbiotas were positively associated with COPD 
(p < 0.05, OR > 1). None of them were heterogeneous or horizontally pleiotropic (p > 0.05) or reverse causality.
Conclusion: This study revealed the causal relationships between gut and skin microbiota and COPD, offering fresh perspectives for 
the prevention, diagnosis, and management of COPD.
Keywords: chronic obstructive pulmonary disease, gut microbiota, skin microbiota, Mendelian randomization

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a chronic lung disease characterized by partially irreversible airflow 
limitation1 affecting over 250 million people worldwide.2 It is the fourth primary cause of mortality around the world, 
posing a significant public health challenge.3 The onset of COPD is influenced by a multifaceted interplay between 
genetic predispositions (eg susceptibility) and environmental contributors, including smoking and air pollution. Although 
COPD has a multifactorial etiology, current diagnostic and therapeutic methods remain inadequate.4 Despite extensive 
efforts in COPD prevention and management, mortality rates have not shown a decreasing trend, indicating that 
prevention and treatment strategies for COPD still face significant challenges.5
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In recent years, increasing evidence has indicated a potential connection between gut microbiota dysbiosis and the 
development of COPD.6,7 Both clinical and animal studies have highlighted the involvement of gut microbiota in the 
advancement of COPD.8,9 Mendelian randomization studies have been utilized to provide genetic support for the proposed 
causal relationship between gut microbiota and respiratory disorders.10,11 Cheng ZX et al employ MR methods to investigate 
the causal links between gut microbiota, lung function, and COPD, underscoring the significant role of gut microbiota 
imbalances in influencing lung function and contributing to the onset of COPD.12 However, among the human-associated 
microbial communities, the gut microbiota is the largest and most heterogeneous, with its composition varying between 
individuals.13 Therefore, characterizing this human ecosystem is particularly challenging. The diversity and complexity of 
the human gut microbiota add to the difficulty in using it to guide the diagnosis and treatment of COPD.

Dysbiosis of the skin microbiota has been found to potentially lead to systemic inflammation, contributing to 
the development of various diseases. The most recent study by Belkaid Y et al emphasizes the intimate relation
ship between the skin microbiota and the immune system.14 This lays the groundwork for the development of 
microbiota-driven immunotherapies for chronic inflammatory diseases. Research has indicated that skin barrier 
dysfunction due to microbiota imbalances may increase the risk of systemic allergic inflammation, which includes 
inflammation of the airways.15 Furthermore, Charlson et al perform 16S rDNA sequencing on lower respiratory 
tract bronchoalveolar lavage (BAL) samples and identify the main bacterial genera as Staphylococcus, 
Streptococcus, Veillonella and so on, which are skin commensals. They also find soil- and water-related genera 
like Burkholderia and Ralstonia, suggesting that the lung microbiome acquires species from the skin, nasopharynx, 
and external environment. Therefore, exploring the possibility of skin microbiota interventions may provide new 
insights for the prevention and treatment of COPD. However, research on the causal relationship between skin 
microbiota and COPD, as well as the comparative effects of skin and gut microbiota on COPD, is limited.

Typically, the primary standard for establishing causality is the randomized controlled trial (RCT), which 
serves to examine direct effects but may have implementation limitations, including sample size requirements, 
implementation conditions, ethical considerations, and so forth. Additionally, reverse causality (ie, exposure is 
affected by disease) in observational studies may result in biased findings. A Mendelian randomization (MR) study 
is one of the effective alternative methods. Mendelian Randomization is a groundbreaking and reliable analytical 
technique that employs genetic variations as instrumental variables (IVs) to explore the causal links between 
exposures and outcomes. By exploiting genetic variations that occur naturally and are unaffected by confounding 
factors, MR analysis addresses the constraints of traditional observational research, such as confounding and 
reverse causation, thus providing more robust evidence for causal inference.16 With the emergence of large-scale 
genome-wide association studies (GWAS) and the release of extensive genetic variation data, MR study has 
rapidly advanced in the era of GWAS.17 This investigation utilized the most recent extensive summaries from 
large-scale GWAS for MR analysis, aiming to uncover the possible causal links between microbiota (gut and skin) 
and COPD. This research provides valuable perspectives on the diagnosis and prevention of COPD.

Materials and Methods
Study Design
Based on GWAS summary statistics, a two-sample Mendelian randomization (2SMR) analysis was conducted to investi
gate the associations between gut and skin microbiota and COPD. The overall study details were illustrated in Figure 1. To 
obtain robust results, two-sample MR analysis must satisfy three core assumptions: strong relevance, independence, and the 
exclusion restriction assumption.18 The IVs used for two-sample MR analysis must also satisfy these three core assump
tions. Additionally, reverse 2SMR analysis was conducted to rule out reverse causation that could affect causal inference, as 
illustrated in Figure 1. Our study report followed the STROBE-MR guidelines.19

Data Sources for the Exposure
Genetic variations of gut microbiota were sourced from a large-scale GWAS study led by the Cambridge University- 
Baker Systems Genomics Initiative. This study included 5,959 European individuals from the FINRISK population 

https://doi.org/10.2147/COPD.S494289                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 710

Luo et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



cohort mapping the microbial composition of a total of 2,801 microbial taxa. Detailed clinical characteristics of all 
participants can be found in a previous study.20

We obtained genetic variants of skin microbiota from 1,656 skin samples of participants in two population-based 
cross-sectional German cohorts: KORA FF4 (n = 324) and PopGen (n = 273). Detailed clinical characteristics of all 
participants were available in previous studies.21,22 This extensive study outlined the microbial composition of 79 
microbial taxa from phylum to genus level.

Data Sources for the Outcome
The GWAS data for COPD were obtained from the latest FinnGen consortium R9 version (https://r9.finngen.fi/).23 The 
GWAS dataset comprised 18,266 COPD cases and 311,286 controls, derived from a prospective cohort study of the European 
population. The detailed information on the exposures and outcomes used in the 2SMR analysis, was listed in Table 1.

Selection of Instrumental Variables
The selection of optimal instrumental variables (IVs) was conducted in accordance with stringent screening protocols to 
guarantee the reliability and precision of our results. In summary, the GWAS statistics pertaining to gut and skin microbiota 
were meticulously examined, and single nucleotide polymorphisms (SNPs) were chosen based on a significance level of 
P<1×10−5. Following the independence assumption of MR, a coefficient R2 of 0.001 and clump distance of 10,000 kb maximized 
their efforts to avoid any potential linkage disequilibrium IVs. Additionally, palindromic SNPs were excluded from consideration 

Figure 1 The study design and overall workflow of MR analysis. MR analysis include 3 assumptions. Relevance hypothesis: IVs are robustly related to exposure; 
Independence hypothesis: IVs are not related to known or unknown confounders; Exclusionary hypothesis: IVs influenced outcome only through exposure. 
Abbreviation: IVs, instrumental variables; SM, Skin microbiota; GM, Gut microbiota; SNPs, single-nucleotide polymorphisms; IVW, inverse variance weighted; MRE, MR- 
Egger; WMed, weighted median; WMod, weighted mode; SMod, simple mode; MR, Mendelian randomization; 2SMR, two-sample Mendelian randomization.
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to ensure that alleles for each SNP were consistent across both the gut and skin microbiota groups as well as the COPD group. All 
instrumental variables underwent filtration based on F-statistics calculations to mitigate bias stemming from weak instruments, 
ensuring that the F-statistic for each chosen instrument surpassed the minimum threshold of 10. The process of selecting IVs was 
depicted in Figure 1.

MR Analyses
The principal method employed for causal inference in this investigation was the inverse variance weighted (IVW) approach, 
which integrates the ratio estimates from each genetic instrument within a meta-analysis framework.24 To further substantiate 
the reliability of our results, we utilized several supplementary analytical techniques, including MR-Egger, weighted median, 
simple mode, weighted mode, and MR-PRESSO. MR-Egger helps identify potential violations of MR assumptions, such as 
horizontal pleiotropy, and yields effect estimates that remain robust in the presence of such violations.25 The weighted median 
method aggregates the ratio estimates from genetic instruments via a median-based method, offering reliable estimates even 
when as many as 50% of the instruments may be invalid. Both the simple mode and weighted mode methods concentrate on 
evaluating the majority or the weighted majority of genetic instrument estimates, respectively, to assess the direction and 
intensity of the causal relationship.24 The MR-PRESSO method was employed to identify and exclude outliers that contribute 
to heterogeneity, using a simulation-based approach.26 By integrating these additional methods, we are able to assess the 
consistency of our findings and attain a more nuanced comprehension of the causal associations, while accounting for potential 
violations of MR assumptions. Additionally, a reverse causality analysis was performed to explore any reverse causal links. 
All statistical analyses were conducted using R version 4.1.3.

Sensitivity Analyses
To assess the robustness of our primary causal estimates, we conducted several sensitivity analyses. Cochran’s Q statistic was applied 
using both the IVW and MR-Egger methods to evaluate the heterogeneity of effects. Furthermore, the MR-Egger intercept and MR- 
PRESSO were utilized to investigate the existence of horizontal pleiotropy. Any results showing pleiotropy at a significance level of 
p < 0.05 were excluded from the analysis.25,26 Moreover, a leave-one-out analysis was performed to detect outliers and evaluate the 
stability of the results. These sensitivity tests were essential for establishing the reliability and robustness of our findings.

Results
Gut Microbiota
The results of MR analysis showed that 13 gut microbiotas were causally associated with COPD, excluded 1 microbiota 
(Halomonadaceae) to be reverse causality, and 13 unnamed gut microbiotas. IVW test estimates showed that species 
Bacteroides faecis (OR: 1.12), species Coprobacter secundus (OR: 1.16), species Faecalicatena glycyrrhizinilyticum (OR: 
1.19), all of which belong to the order Bacteroidales, were negatively associated with COPD (all p < 0.05). Additionally, the 
family Francisellaceae (OR: 1.56), order Francisellales (OR: 1.53),family Thioalkalivibrionaceae (OR: 1.53), genus Collinsella 
(OR: 1.08), and three other genera revealed a causal association with increased risk of COPD (all p < 0.05). Moreover, the genus 
Bacillus (OR: 0.62), genus Citrobacter (OR: 0.84) and genus Magnetospirillum (OR: 0.67) were positively associated with COPD 
(all p < 0.05) (Figure 2). MR-Egger, simple mode, weighted median, and weighted mode were employed to evaluate the causality 

Table 1 Details of the Exposure and Outcome

Trait Consortium Samples Case Control

Exposure

Gut microbiota FR02 5,959 / /

Skin microbiota KORA FF4 and PopGen cohorts 1,656 / /

Outcome

COPD FinnGen (R9) 329, 552 18,266 311,286

https://doi.org/10.2147/COPD.S494289                                                                                                                                                                                                                                                                                                                                                                                         International Journal of Chronic Obstructive Pulmonary Disease 2025:20 712

Luo et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



of these gut microbiotas on COPD. As anticipated, the outcomes estimated by these methods were consistent with the IVW results 
(Figure 3, Supplementary Table 1).

Skin Microbiota
MR analysis results demonstrated a causal association between 10 identified skin microbiotas and COPD, excluding 
14 unnamed skin microbiotas. The IVW test results indicated that the class gammaproteobacteria (OR: 1.02), genus 
Corynebacterium (OR: 1.03), genus Acinetobacter (OR: 1.02) and order actinomycetales (OR: 1.02) were negatively 
associated with COPD (all p < 0.05), while the genus micrococcus (OR: 0.98) and genus kocuria (OR: 0.98), all of which 
belong to the order Actinomycetales, were positively associated with COPD (all p < 0.05). Meanwhile, the protective effects 
of order burkholderiales (OR: 0.97) and two other genera against COPD were detected (all p < 0.05) (Figure 4). MR-Egger, 
simple mode, weighted median, and weighted mode were also used to access the causality of these skin microbiota on COPD, 
and the outcomes from these methods closely mirrored the IVW results (Figure 5, Supplementary Table 2).

Validation Analysis
As shown in Figures 6–7, and Supplementary Table 3, the results of Cochran’s Q-test suggested the absence of 
heterogeneity (p > 0.05). In addition, MR-Egger, weighted median and MRPRESSO tests for selected IVs did not 
have horizontal pleiotropy. MR-PRESSO test could not be performed due to insufficient SNPs in Bacillales (ID: 
GCST90133196), we utilized other methods to demonstrate the absence of horizontal pleiotropy.

Reverse 2SMR Analysis
We also conducted reverse MR analysis between COPD and identified gut and skin microbiota. No significant reverse 
causal estimates were observed, indicating the absence of causal relationship of COPD on the identified gut and skin 
microbiota (Supplementary Tables 4 & 5).

Discussion
Currently, comorbidities and medication side effects challenge the treatment of COPD. It is crucial to better understand 
the mechanisms behind COPD and develop corresponding diagnostic and therapeutic strategies. Based on comprehensive 
genetic data, we found genetic liability to 13 gut and 10 skin microbiota species is causally associated with COPD. These 
results could have implications for public health interventions aimed at reducing COPD risk.

Our study indicates that Bacillus in the gut microbiota and Bacillales in the skin microbiota serve as protective factors 
against COPD. This finding is consistent with recent research.27 Most of the species of the genus Bacillus are Gram- 
positive, aerobic endospore-forming and rod-shaped bacteria, which are found in diverse environments and in the 
gastrointestinal tracts of various insects and animals. Studies have shown that Bacillus is able to influence the diversity 

Figure 2 Forest plot of the causality between GM taxa with the risk of COPD. The horizontal bars correspond to the estimated OR with 95% CI using the IVW method for 
GM on COPD. 
Abbreviation: GM, Gut microbiota; IVW, inverse variance weighted; SNP, single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; COPD, Chronic 
Obstructive Pulmonary Disease.
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and stability of the respiratory microbiome through its antimicrobial properties and immunomodulatory effects. For 
example, strains such as Bacillus subtilis and Bacillus amyloliquefaciens have been found to have the ability to inhibit 
airborne pathogens, thus potentially reducing the risk of respiratory infections.28 In addition, metabolites of Bacillus such 
as 2.3-butanediol and propylene glycol, which inhibit bacterial growth and promote a healthy microbiome balance, have 
also been implicated as key factors in its antimicrobial activity.29 At the same time, studies have shown that Bacillus are 
capable of producing short-chain fatty acids (SCFAs),30,31 which are essential for maintaining health and modulating 

Figure 3 Scatter plots for MR analysis of GM on COPD for exploring casual effects. (A). Bacillus; (B). Citrobacter; (C). Magnetospirillum; (D). Bacteroides faecis; (E). 
Collinsella; (F). Coprobacter secundus; (G). Faecalicatena glycyrrhizinilyticum; (H). Francisellaceae; (I). Francisellales; (J). Gordonibacter; (K). Pandoraea; (L). 
Psychroserpens; (M). Thioalkalivibrionaceae. Each line’s slope represents the causal estimates for the respective method, while the background illustrates the effect of 
each individual SNP on the outcome (vertical line) and its effect on the exposure (horizontal line). 
Abbreviation: GM, Gut microbiota; SNPs, single-nucleotide polymorphisms; MR, Mendelian randomization; COPD, Chronic Obstructive Pulmonary Disease.
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Figure 4 Forest plot of the causality between SM taxa with the risk of COPD. The horizontal bars correspond to the estimated OR with 95% CI using the IVW method for 
SM on COPD. 
Abbreviation: SM, Skin microbiota; IVW, inverse variance weighted; SNP, single-nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; COPD, Chronic 
Obstructive Pulmonary Disease.

Figure 5 Scatter plots for MR analysis of SM on COPD for exploring casual effects. (A). Haemophilus; (B). Micrococcus; (C). Kocuria; (D). Bacillales; (E). Burkholderiales; 
(F). Streptococcus; (G). Gammaproteobacteria; (H). Corynebacterium; (I). Acinetobacter; (J). Actinomycetales. Each line’s slope represents the causal estimates for the 
respective method, while the background illustrates the effect of each individual SNP on the outcome (vertical line) and its effect on the exposure (horizontal line). 
Abbreviation: SM, Skin microbiota; SNPs, single-nucleotide polymorphisms; MR, Mendelian randomization; COPD, Chronic Obstructive Pulmonary Disease.
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immune and inflammatory reactions.32 Research indicates that dietary supplementation with Bacillus subtilis, especially 
Bacillus licheniformis, elevates various SCFAs in cecal contents, particularly butyrate, which is recognized for its 
protective anti-inflammatory and anti-cancer effects.33,34 Butyrate has broad effects on immune cells in lung diseases 
such as allergic asthma, COPD, and pulmonary fibrosis,35 this may correlated with the mechanism of activation of 

Figure 6 Funnel plots for MR analysis of GM on COPD for exploring casual effects. (A). Bacillus; (B). Citrobacter; (C). Magnetospirillum; (D). Bacteroides faecis; (E). 
Collinsella; (F). Coprobacter secundus; (G). Faecalicatena glycyrrhizinilyticum; (H). Francisellaceae; (I). Francisellales; (J). Gordonibacter; (K). Pandoraea; (L). 
Psychroserpens; (M). Thioalkalivibrionaceae. 
Abbreviation: GM, Gut microbiota; MR, Mendelian randomization; COPD, Chronic Obstructive Pulmonary Disease.
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PPARγ, and promotes epithelial barrier integrity to improve the anti-inflammation effects.36 Members of the order 
Bacillales, especially genus Bacillus are well known as probiotic organisms, however, it is important to note that they 
may affect host health by producing toxins or other pathogenic factors under specific environmental conditions.37 

Therefore, further research on the pathogenicity under specific conditions is necessary for the development of new 
therapeutics.

Our MR results also indicate that Micrococcus and Kocuria in the skin microbiota (SM) were protective factors against 
COPD, while Corynebacterium in the SM was a risk factor for COPD. These microbial groups all belong to the order 
Actinomycetales, which belong to Actinobacteria. Studies have shown that the airway microbiome undergoes significant 
changes during acute exacerbations of COPD, particularly in the case of bacterial infections, where the abundance of 
Actinomycetales bacteria may increase.38 Generally, the clinical presentation and disease progression in COPD patients are 
closely related to infections, with potential mechanisms involving changes in bacterial diversity and abundance, which can 
lead to inflammation and a decline in lung function.39 Studies showed that the abundance of Corynebacterium is significantly 
increased in the nasal and oral cavity of COPD subjects.40,41 The pathogenic mechanisms of Corynebacterium are complex. 
Studies have found that Corynebacterium can evade host immune surveillance through various mechanisms, including 
inhibiting macrophage maturation and inducing cell death. Additionally, this may also be related to the ability of certain 
Corynebacterium species to survive within host cells, enhancing their pathogenicity.42,43 Notably, an investigation employing 

Figure 7 Funnel plots for MR analysis of SM on COPD for exploring casual effects. (A). Haemophilus; (B). Micrococcus; (C). Kocuria; (D). Bacillales; (E). Burkholderiales; 
(F). Streptococcus; (G). Gammaproteobacteria; (H). Corynebacterium; (I). Acinetobacter; (J). Actinomycetales. 
Abbreviation: SM, Skin microbiota; MR, Mendelian randomization; COPD, Chronic Obstructive Pulmonary Disease.
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the neutral theory of community ecology indicated that the lung tissue microbiota closely mirrors that found in the bronchial, 
oral, and nasal regions, as evidenced by immigration parameter estimates of 0.69, 0.62, and 0.74, respectively,40 with some 
evidence of ecologic drift occurring in the lung tissue, this is in line with the view that the upper respiratory tract microbiome 
might predict the lung tissue microbiome40 both suggesting the significant impact of the skin microbiota on lung diseases. 
Micrococcus and Kocuria are common taxa in the human skin microbiota. Recent studies have found that Micrococcus and 
Kocuria are closely related to the immune function of the body.44–46 The immune system of COPD patients typically exhibits 
a chronic inflammatory state, such as impaired Treg cell function, which leads to a reduced tolerance to self-antigens and 
exacerbates the inflammatory response in lung tissue.47 Furthermore, immune cell infiltration, such as the proportion of CD8+ 
T cells, M2 macrophages, and monocytes, varies at different stages of COPD, contributing to different immune regulatory 
functions,48 the specific mechanisms underlying these interactions require further investigation.

Bacteroidales is an important bacterial order that includes several genera, belonging to Firmicutes and Proteobacteria. 
Previous studies have shown that Bacteroidales can break down complex polysaccharides and cellulose, releasing various 
SCFAs, which play a significant role in the host’s immune regulation and energy metabolism.49,50 It is important to note that 
the impact of gut microbiota on the host’s immune system suggests that gut microbiota may participate in the pathogenesis of 
COPD by influencing systemic inflammatory responses. Our MR results indicate that Bacteroides, Faecalibacterium, and 
Coprobacter in the gut microbiota are risk factors for COPD. These microbial groups belong to the order Bacteroidales. This 
may be related to the activation of immune responses and inflammatory infiltration by Bacteroidales. It has been reported that 
the proportion of Bacteroides in COPD has significantly changed.26,38 Bacteroides plays a dual role in modulating inflam
matory responses. On one hand, Bacteroides can regulate the gut barrier through its metabolites such as SCFAs, thereby 
influencing the onset of systemic inflammation.51 On the other hand, certain Bacteroides strains may promote inflammatory 
responses under specific conditions. Bacteroides fragilis has been reported to disrupt the gut barrier, triggering systemic 
inflammation and promoting the development of COPD.52 Similarly, Faecalibacterium and Coprobacter can also influence 
the occurrence of inflammation and regulate disease progression by modulating SCFAs and the gut mucosal barrier.53–55 This 
suggests that maintaining gut health and preventing systemic inflammation play a critical role in the prevention and manage
ment of COPD.

Our MR results found that Citrobacter in the gut microbiota and Burkholderiales in the skin microbiota were 
protective factors against COPD. Conversely, Pandoraea, Francisellaceae, Halothiobacillaceae, and Francisellales in 
the GM, and Acinetobacter in the SM, were risk factors for COPD. Previous studies on the sputum microbiome of COPD 
patients have shown that COPD is characterized by an increased proportion of γ-Proteobacteria.56 Acinetobacter has also 
been found to have increased abundance in the lung microbiome of COPD patients, particularly in those with worsening 
conditions.57 The abundance of Acinetobacter in the airways may also be a prognostic marker for severe COPD 
patients.58 This also suggests that changes in the proportions of the flora may have different effects on their function.

Although gut microbiota has been widely studied in COPD research, there is limited research on the association 
between skin microbiota and COPD. This study focused on skin microbiota rather than solely on gut microbiota for 
several key reasons. Firstly, sampling skin microbiota is more convenient. Skin microbiota can be sampled using non- 
invasive methods, which are simpler and less invasive compared to methods like endoscopic examination or fecal 
sampling. This improves the feasibility of research and facilitates the expansion of sample sizes. Secondly, skin 
microbiota is directly exposed to the external environment, and its composition and abundance can be significantly 
influenced by environmental factors. Since the pathogenesis of COPD is closely related to environmental factors such as 
air pollution and smoking, studying skin microbiota can help reveal how these factors influence the development and 
progression of COPD through microbial changes. This may provide new perspectives on the mechanisms of these 
environmental factors and potentially identify environmental drivers related to COPD. Furthermore, by studying skin 
microbiota in depth, we may develop new diagnostic markers or therapeutic targets, providing new strategies for the 
prevention and management of COPD. For example, modulating skin microbiota may help improve systemic inflam
matory states, thereby indirectly influencing the progression of COPD. Lastly, studying skin microbiota may reveal the 
potential for early intervention. As the first line of defense against the external environment, understanding how early 
microbial imbalances in the skin relate to the pathogenesis of COPD could help us prevent COPD, especially in high-risk 
populations.
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It is important to recognize the limitations of our study. Firstly, this study predominantly relied on data from European 
populations, which may limit the generalizability of our findings to other ethnic groups, regions, or nations. Genetic 
differences across ethnicities, as well as variations in environmental exposures, lifestyle, and diet, could influence the 
composition of gut and skin microbiota. These factors may result in different microbiota profiles and, consequently, 
distinct relationships with COPD in non-European populations. This constraint highlights the importance of incorporat
ing varied populations in future research to achieve a more thorough insight into the connection between microbiota (gut 
and skin) and COPD. Second, the sample size from the skin microbiota is modest, and the number of loci examined is 
relatively restricted, which could introduce bias or reduce the statistical power of the analysis. Consequently, it is 
essential to conduct additional investigations to validate our results through the utilization of larger GWAS datasets. 
Third, the lack of individual-level data restricted our assessment to summary statistics alone. The dataset employed in our 
research does not encompass stratification by age, gender or severity of COPD. Future studies should aim to utilize more 
precisely segmented datasets for population stratification analyses, thereby enabling the derivation of more accurate 
conclusions. Lastly, given that this investigation was methodology-focused, there is a pressing need for broader long
itudinal cohort studies and prolonged follow-up assessments to thoroughly explore the potential roles of gut and skin 
microbiota in the prevention and management of COPD.

Based on our findings, the genetic susceptibility to specific gut and skin microbiota is causally linked to COPD 
risk, potentially providing novel biomarkers for early diagnosis. These microbial changes may serve as screening 
tools, particularly for high-risk populations. Future research could explore the clinical application of these micro
biota, such as using non-invasive methods like stool samples or skin swabs for early screening. Additionally, the 
regulation of specific microbiota may offer new therapeutic targets for COPD. For instance, the protective role of 
Bacillus in the gut suggests that modulating the gut microbiome via probiotics or dietary interventions could help 
alleviate chronic inflammation and slow disease progression. Similarly, regulating the skin microbiota may offer 
a therapeutic approach, especially in addressing systemic inflammation. Although this study is primarily based on 
genetic data, it suggests that integrating microbiome and clinical data could enable personalized COPD manage
ment in the future. Personalized microbiome interventions, such as probiotics, prebiotics, or immune modulation 
therapies, could be developed for patients. This approach has the potential to revolutionize clinical COPD 
management.

Conclusion
In conclusion, we systematically evaluated the potential relationships between gut microbiota, skin microbiota, and 
COPD. This provides us with additional perspectives and potential research value. Through this study, we aimed to 
reveal the roles of gut and skin microbiota in COPD and explored their potential applications in disease prevention, 
diagnosis and treatment.
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