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Abstract: Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung disorder 
accompanied by systemic immune, metabolic and mucosal dysfunction. We reviewed 
clinical and experimental evidence for the gut-lung axis and assessed how traditional 
Chinese medicine (TCM) interventions map onto defined biological nodes. Human studies 
consistently identify altered microbial functions and metabolites, whereas taxonomic 
signals vary with geography, diet, medication and disease state. Transfer, dietary, depletion 
and rescue experiments support a causal contribution of gut communities to experimental 
lung injury. Candidate mediators include short-chain fatty acids, epithelial barrier integrity, 
regulation of neutrophil extracellular trap formation involving GPR43, Th17/regulatory T-
cell balance, NLRP3 signalling, tryptophan metabolites and trimethylamine N-oxide. 
Evidence for the reverse lung-to-gut route is weaker and is confounded by hypoxaemia, 
infection-associated inappetence and treatment exposure. Several TCM formulations 
engage these nodes in preclinical models, while early randomised studies link clinical 
outcomes to microbiome or metabolome changes. However, parallel biomarker shifts do 
not establish mediation, and no study yet connects treatment, mediator and clinical outcome 
within a prespecified causal model. Translation therefore requires hypothesis-driven trials 
stratified by TCM pattern and baseline microbial-metabolic state, with serial multi-
compartment sampling and formal mediation analysis. 

1. Introduction  

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and mortality 
worldwide. The World Health Organization reports that COPD caused 3.4 million deaths in 2023, 
approximately 6% of all global deaths [1]. Contemporary GOLD guidance emphasises spirometric 
confirmation, individualised assessment of symptoms and exacerbation risk, and systematic 
management of comorbidities [2]. These priorities reflect a disease that extends beyond airflow 
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obstruction to malnutrition, skeletal-muscle dysfunction, cardiovascular disease, anxiety, depression 
and gastrointestinal impairment. 

Persistent airway inflammation remains central to COPD, but a lung-restricted model cannot 
fully explain the systemic manifestations of COPD. Smoking, ageing, dietary change, physical 
inactivity, recurrent antibiotics and corticosteroids can simultaneously alter respiratory immunity, 
intestinal barrier function and microbial ecology. The gut-lung axis offers a bidirectional systems 
framework in which microbial functions, circulating metabolites, immune cells and neuroendocrine 
signals connect two mucosal compartments [3].  

Several reviews have described gut dysbiosis in chronic lung disease, and a recent review 
surveyed multi-omics approaches to TCM in COPD [4]. The unresolved question is which microbial 
functions mediate treatment effects, and in whom. For multi-component TCM formulations, 
biomarker changes may reflect direct host pharmacology, microbiota-dependent activity or recovery 
itself. 

This Review organises the COPD gut-lung literature by causal strength rather than by lists of 
altered taxa. It then translates TCM patterns and treatment principles into falsifiable microbial, 
metabolic and immunological hypotheses without treating historical concepts as biological 
equivalents. Finally, it defines a biomarker-enriched clinical pathway in which treatment, mediator 
and outcome are tested within one prospective causal model. 

2. Review Scope and Evidence Framework 

We conducted a structured narrative search of PubMed and Crossref/OpenAlex from database 
inception to 20 September 2026. Search concepts combined "chronic obstructive pulmonary 
disease" or "COPD" with "gut microbiota", "gut microbiome", "gut-lung axis", "metagenomics", 
"metabolomics", "short-chain fatty acids", "faecal microbiota transfer", "probiotic", "traditional 
Chinese medicine", "Chinese herbal medicine", "acupuncture", "mediation" and names of 
formulations identified during citation chaining. Reference lists of key mechanistic reviews and 
eligible primary studies were screened for additional reports. 

We prioritised peer-reviewed human cohorts, prospective or longitudinal studies, randomised 
trials, mechanistic perturbation experiments and systematic reviews. Preclinical studies were 
retained when they tested microbiota dependence, metabolite mediation, host-target engagement or 
rescue, rather than reporting compositional change alone. Conference abstracts, non-peer-reviewed 
commentary and studies without a COPD-relevant biological or clinical endpoint were not used as 
primary evidence. Evidence from non-COPD respiratory models was included only when it 
clarified the lung-to-gut direction and is labelled as indirect. Bibliographic details were checked 
against DOI-indexed publisher or PubMed records when available. 

Because the evidence spans heterogeneous designs and interventions, we did not perform a meta-
analysis or claim PRISMA-compliant systematic coverage. Instead, an interpretive evidence ladder 
was used: tier 1, cross-sectional or clinical association; tier 2, temporal or functional coherence 
across longitudinal or multi-omics measurements; tier 3, perturbation demonstrating partial 
necessity, sufficiency or rescue; and tier 4, randomised human clinical mediation linking treatment 
to a prespecified mediator and outcome. This ladder grades support for a gut-lung mechanism, not 
the overall efficacy of a therapy. No included TCM study yet meets tier 4. 

3. Evidence for a Bidirectional Gut-Lung Axis in COPD 

3.1. Human Microbial and Metabolic Signatures 

Human studies support an association between COPD and altered gut microbial ecology, but not 
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a universal disease-specific community. Integrated faecal microbiome and metabolome profiling 
identified differences in microbial species and in lipid, xenobiotic and amino-acid pathways 
between patients with COPD and healthy participants [5]. Subsequent cohorts associated gut 
community structure with COPD severity and lower faecal short-chain fatty acids (SCFAs) [6]. A 
one-year follow-up study associated changes in gut microbial communities with lung-function 
decline [7]. Shotgun metagenomics has further identified functional markers that distinguish severity 
groups and support faecal classifiers [8]. 

Recent studies sharpen the functional and phenotype-level signal. A 2026 analysis of 74 patients 
and 30 controls identified differences in community structure, microbial functions, and faecal and 
serum metabolites [9]. Reduced serum riboflavin correlated with pulmonary function, although the 
diagnostic candidates require external validation. A cross-sectional multi-omics study associated 
GOLD A/B/E clinical groups with microbial functions and serum O-phosphoethanolamine [10]. 
These groups reflect symptoms and exacerbation risk; the proposed Clostridium ljungdahlii-
metabolite axis remains associative. In a prospective multicentre study sampling the upper airway, 
lower airway and stool, the gut and lung microbiomes remained compositionally distinct [11]. 
Bacterial modules identified within individual compartments were associated with forced expiratory 
volume in 1 s, exacerbation history and inhaled corticosteroid use [11]. Together, these studies 
favour coordinated host-environment effects and functional crosstalk over simple microbial 
migration. 

Substantial between-study heterogeneity limits the generalisability of taxonomic signatures 
across chronic lung diseases [12]. Cross-cohort validation should prioritise microbial functions and 
metabolites while accounting for clinical, environmental and analytical differences. 

3.2. Gut-to-Lung Influence: From Association to Perturbation 

Experimental transfer provides the strongest evidence that gut communities can modify lung 
injury. Microbiota from patients with COPD aggravated COPD-like changes in recipient mice [6]. 
Faecal microbial transfer and complex-carbohydrate supplementation reduced experimental lung 
injury and motivated an exploratory placebo-controlled inulin study in patients [13]. Parabacteroides 

goldsteinii and its structurally distinct lipopolysaccharide suppressed smoke-related inflammation in 
mice [14]. Antibiotic-induced dysbiosis worsened lung pathology and regulatory T-cell dysfunction, 
whereas faecal transfer restored gut homeostasis and attenuated these effects [15]. 

Function-led organism selection is also emerging. A colon-mimetic screen identified 
Lactobacillus fermentum as a candidate intervention and linked administration in smoke-exposed 
mice to increased faecal SCFAs and improved pulmonary phenotypes [16]. These effects depend on 
the experimental setting and do not establish clinical efficacy. 

3.3. Lung-to-Gut Influence: An Under-Tested Route 

The reverse arm of the axis is less developed but biologically credible. In smoke-exposed mice, 
impaired pulmonary gas exchange coincided with early colonic hypoxia and inflammation. 
Intestinal barrier dysfunction emerged after prolonged exposure, supporting a potentially hypoxia-
mediated route to gut injury [17]. In non-COPD respiratory infection models, influenza and 
respiratory syncytial virus changed the gut microbiota largely through immune-driven inappetence, 
demonstrating that altered food intake can mediate an apparent lung-to-gut effect [18]. In patients 
with COPD, acute infection, hypoxaemia, anorexia, antibiotics, systemic corticosteroids and 
reduced activity are therefore competing or interacting drivers that must be measured rather than 
treated as background noise. 

Airway dysbiosis independently tracks disease progression, and longitudinal airway data 
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associate community disruption with accelerated lung-function decline [19]. Current evidence does 
not, however, establish routine direct seeding between the airway and intestine. The most defensible 
model is a bidirectional host-mediated network in which systemic inflammation, hypoxia, 
behaviour and treatment connect distinct microbial ecosystems.  

4. Mechanistic Nodes and Unresolved Causal Links 

4.1. SCFAs: Production is Not Equivalent to Pulmonary Exposure 

SCFAs are generated primarily by microbial fermentation of dietary fibre. Acetate, propionate 
and butyrate can signal through G-protein-coupled receptors, inhibit histone deacetylases, support 
epithelial barrier integrity and alter immune-cell differentiation. Plasma SCFA concentrations are 
associated with COPD and specific phenotypes, but a cross-sectional measurement cannot resolve 
directionality or source [20]. Experimental data provide a more direct bridge: SCFAs suppressed 
neutrophil extracellular trap formation through a pathway involving G-protein-coupled receptor 43 
(GPR43) and reduced lung inflammation in COPD models [21]. Microbial butyrate also inhibited 
type 2 innate lymphoid cell-dependent airway inflammation [22]. 

The central compartment problem is often overlooked. Faecal SCFAs reflect the balance among 
production, absorption and colonic use; plasma concentrations reflect absorption and systemic 
clearance; neither establishes exposure within lung tissue. An oral intervention can increase faecal 
butyrate without increasing circulating or pulmonary butyrate, and an anti-inflammatory pulmonary 
effect could still arise through local intestinal receptor activation, immune-cell programming or 
direct phytochemical action. Compartment-resolved measurements and stable-isotope tracing are 
needed to test pulmonary exposure. 

4.2. Barrier Failure, Adaptive Immunity and Inflammasome Activation 

Patients with COPD showed increased intestinal permeability and impaired nutrient absorption 
in a small observational study [23]. Barrier failure may increase systemic exposure to microbial 
products and amplify chronic inflammation. Within this network, imbalance between T helper 17 
and regulatory T (Th17/Treg) cells, NLRP3 inflammasome activation, innate lymphoid cells and 
neutrophil-dominant inflammation are plausible convergence points. These pathways recur in TCM 
intervention studies, including the SCFA-GPR43-NLRP3 axis and Th17/Treg balance [24,25]. 

Most experiments, however, measure barrier proteins, inflammatory mediators and microbial 
composition at one terminal time point. Such designs cannot determine whether barrier restoration 
precedes pulmonary improvement or accompanies recovery. Gut-selective perturbations, time-
resolved sampling, receptor-specific blockade and rescue are needed to establish sequence and 
necessity. 

Antibiotic depletion deserves particular caution. A weakened herbal effect after antibiotics is 
consistent with microbiota dependence, but antibiotics can directly alter host immunity, epithelial 
metabolism and mitochondrial function. Conversely, persistence of benefit after depletion does not 
exclude activity of residual organisms or microbial products. The microbiota-dependent fraction 
should therefore be separated from direct pharmacology by combining germ-free or defined-
consortium models, metabolite rescue, exposure measurements and host-cell assays using 
chemically characterised formulations. 

4.3. Metabolite Networks and Clinical Phenotypes 

Beyond SCFAs, COPD-associated profiles include lipids, amino acids, bile acids, tryptophan 
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derivatives and xenobiotic pathways [5,9]. Higher trimethylamine N-oxide (TMAO) concentrations 
at admission were associated with long-term all-cause mortality after COPD exacerbation in 
unadjusted analyses [26]. The association was no longer significant after multivariable adjustment, 
limiting its interpretation as an independent prognostic marker. Bidirectional Mendelian-
randomisation studies have proposed causal links between selected microbial features, metabolites 
and COPD [27]; these findings remain hypothesis-generating because instruments for microbiome 
traits can be weak and population-specific. 

Independent validation should distinguish stable disease from acute exacerbation and account for 
medication, renal function, diet and sampling compartment. 

5. From TCM Theory to Falsifiable Biological Hypotheses 

In TCM, COPD overlaps with lung distension, dyspnoea, cough and phlegm-fluid retention. 
Stable disease is commonly classified into patterns such as lung-spleen qi deficiency, lung-kidney 
qi deficiency, phlegm-turbidity obstructing the lung and phlegm-blood stasis; acute exacerbation is 
more often attributed to phlegm-heat, external pathogens or impaired bowel movement. These 
pattern labels are clinical constructs and are not biological equivalents of enterotypes, mucosal 
immunity or metabolic endotypes. 

Their scientific value lies in generating predictions that can fail. One hypothesis is that lung-
spleen qi deficiency identifies a subgroup with reduced microbial fermentative capacity, lower 
effective SCFA exposure and impaired intestinal barrier function. A second is that phlegm-heat 
during exacerbation co-occurs with an inflammatory microbial-metabolic state, but only after 
infection, diet and recent antibiotics are modelled. A third is that baseline community configuration, 
including reproducible enterotype-like strata, and metabolite availability modify responses to qi-
tonifying, heat-clearing or bowel-directed formulations. 

These are interaction hypotheses, not claims that a microbial signature validates a TCM pattern. 
They require reproducible pattern diagnosis by trained, blinded assessors; prespecified molecular 
features; and tests of pattern-by-treatment and baseline-biomarker-by-treatment interaction. A 
microbial model should add predictive value beyond age, sex, smoking, lung function, exacerbation 
history, diet and medication. Failure to replicate would refute or narrow the proposed 
correspondence, which is a strength rather than a threat to integration. 

6. TCM Interventions Targeting the Gut-Lung Axis 

6.1. Preclinical Convergence and Microbiota Dependence 

Preclinical formulations converge on several pathway classes despite differing composition. 
Bufei Jianpi formula altered microbiota, SCFAs and GPR43-NLRP3 signalling while improving 
lung and colonic pathology in COPD rats [24]. Xuanbai Chengqi decoction reduced pulmonary 
inflammation alongside microbial restructuring and correction of Th17/Treg imbalance [25]. Qi-Huo-
Yi-Fei formula altered tyrosine-, taurine- and tryptophan-related pathways [28]. Lifei decoction 
affected microbial profiles and NF-kappaB-related inflammation [29], while Seabuckthorn Wuwei 
Pulvis improved tight-junction markers, SCFA-associated features and lung injury [30]. 

The strongest dependency experiment used Jianpiyifei II in a virus-triggered acute exacerbation 
model. Microbiota depletion partially attenuated benefit and implicated microbial metabolites and 
JAK-STAT signalling [31]. The partial effect suggests a microbiota-dependent component without 
excluding direct host pharmacology. Electroacupuncture has also reduced airway remodelling in 
COPD rats alongside changes in gut and lung microbiota, endotoxaemia, inflammation and 
epithelial-mesenchymal transition [32]. Because that study relied on sham comparison and 
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correlation rather than transfer or rescue, it supports pathway convergence but not microbial 
mediation. No intervention has yet identified an indispensable strain-metabolite-target chain. 

Preclinical studies should report botanical identity, preparation, dose, batch chemistry and 
pharmacokinetics, including colonic exposure and microbial biotransformation. 

6.2. Clinical Evidence: Early Signals and a Platform for Mediation Trials 

Human evidence directly linking TCM treatment to the gut-lung axis is at an early but productive 
stage. A randomised trial in stable COPD reported improved respiratory health status with 
compound Caoshi silkworm granules [33]. However, stool was sampled only before treatment, 
precluding assessment of treatment-induced microbial changes. A double-blind placebo-controlled 
trial of Yihuo Huatan formula in 96 patients with stable COPD and a prespecified TCM pattern 
combined clinical outcomes with metabolomics and 16S ribosomal RNA gene sequencing [34]. 
These studies do not establish mediation, but they show that pattern definition, randomisation and 
biological sampling can coexist in a feasible protocol. 

Larger multicentre studies provide the clinical scaffold for the next step. In a 270-participant trial, 
tiotropium plus pattern-based TCM reduced exacerbations over 52 weeks compared with tiotropium 
alone [35]. Symptoms and exercise capacity also improved, while an exploratory substudy assessed 
serum metabolites. That substudy compared intervention-group samples before and after treatment 
with healthy controls, rather than comparing both randomised groups. The metabolomic findings 
therefore remain exploratory and do not establish a gut-microbial mechanism. A prospective 
multicentre randomised trial of Guilou Tongluo formula in COPD with pulmonary hypertension 
reported cardiopulmonary benefit alongside gut metagenomic and plasma metabolomic changes [36]. 
This phenotype-focused design offers useful enrichment, although generalisation to uncomplicated 
COPD requires replication. 

Pairwise and network meta-analyses suggest that several Chinese herbal medicines may improve 
selected outcomes when added to standard care [37-39]. Heterogeneity in formulation, comparator, 
pattern diagnosis and outcome reporting limits ranking certainty, and these syntheses do not test 
gut-lung mediation. A multicentre sham-controlled acupuncture protocol incorporates microbiome, 
metabolome and inflammatory measurements, but it remains a protocol rather than efficacy 
evidence [40]. Outside TCM, a small double-blind trial randomised 50 patients with mild-to-
moderate COPD to a multistrain probiotic or placebo [41]. Among 44 completers, the intervention 
reduced interleukin-6 and improved COPD Assessment Test scores, whereas between-group 
spirometric differences were not significant.  

6.3. From Concurrent Changes to Causal Mediation: Integrating Safety Assessment 

A post-treatment microbiome shift should not be assumed to mediate benefit. A convincing 
chain requires five linked observations: treatment reproducibly changes a microbial function; the 
predicted metabolite or exposure changes in the relevant compartment; a host target is engaged; 
selective disruption or rescue alters the biological effect; and the mediator statistically and 
biologically explains a clinically meaningful outcome. Few TCM studies currently meet more than 
two or three links. 

Safety must be treated as an outcome, not a footnote. Multi-herb formulations may alter 
exposure to bronchodilators, corticosteroids, anticoagulants and drugs used for cardiovascular 
comorbidity. Trials should document botanical identity, contaminants, batch chemistry, adverse 
events, liver and kidney indices, adherence and concomitant medication. Microbiome-focused 
monitoring should also consider loss of colonisation resistance, expansion of pathobionts and 
antimicrobial-resistance genes, particularly in older, frequently antibiotic-exposed or 
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immunosuppressed patients. These are risks to be measured, not established harms of the reviewed 
formulations. 

7. A Translational Research Agenda 

7.1. Biomarker-Enriched, Hypothesis-Driven Trials 

The next-generation trial should retain guideline-based COPD therapy and use a randomised, 
blinded, placebo-controlled design whenever feasible. One clinically meaningful endpoint, such as 
moderate-to-severe exacerbation rate, should anchor the study. COPD Assessment Test score, 
modified Medical Research Council dyspnoea grade, six-minute walk distance and lung function 
can serve as prespecified secondary outcomes. Serial sampling should begin before treatment and 
span early biological response, steady exposure and exacerbation. 

A small number of mediators should be selected before unblinding. For an SCFA hypothesis, 
this could include a strain-resolved fermentation pathway, a specific plasma SCFA, GPR43 target 
engagement and a neutrophil phenotype. Randomisation should be stratified by COPD state and the 
prespecified TCM pattern; baseline microbial or metabolic state can be used for enrichment only 
after analytical validation. The primary mechanistic analysis should estimate natural or 
interventional indirect effects, report treatment-mediator and mediator-outcome assumptions, and 
test whether the effect persists after adjustment for diet, antibiotics, inhaled corticosteroids and stool 
consistency. Temporal ordering and sensitivity analyses are essential to assess mediation and 
address mediator-outcome confounding. 

7.2. Compartment-Resolved Validation and Global External Validity 

Mechanistic studies should collect stool, plasma and respiratory samples contemporaneously. 
Shotgun metagenomics and metatranscriptomics can define function, targeted metabolomics can 
quantify exposure, and host profiling can test receptor or immune engagement. Stable-isotope 
tracing is particularly valuable for closing the SCFA compartment gap. Candidate organisms or 
metabolites should then be examined using defined consortia, gut-selective delivery, receptor 
blockade and rescue. 

External validation should include diverse populations and diets, harmonised sampling and 
region-stratified analyses. Candidate responder signatures should predict treatment response beyond 
geography and standard clinical variables, rather than being assumed transferable from Chinese 
cohorts. 

Formulations require the same external-validity discipline. Botanical sourcing, processing, 
chemical fingerprints and exposure should be harmonised across centres. Core outcomes and 
adverse-event definitions should be registered prospectively, and de-identified sequencing and 
metabolomics data should be deposited with sufficient metadata for independent reanalysis. 

8. Limitations  

This is a structured narrative review, not a systematic review; study selection and evidence 
grading are interpretive, and formal risk-of-bias tools were not applied. The literature is also 
vulnerable to publication bias, small cohorts, analytical flexibility and incomplete reporting of diet, 
medication and stool characteristics. Most causal evidence derives from rodents, while human 
microbiome studies remain predominantly observational. 
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9. Conclusions 

Experimental perturbation supports a contribution of gut communities to COPD-like lung injury, 
whereas human evidence remains predominantly associative. Evidence for lung-to-gut effects is less 
direct and requires separation of hypoxia, inflammation, behaviour and treatment exposure. TCM 
formulations affect candidate gut-lung pathways in preclinical models, and early trials provide a 
basis for clinical investigation. The next step is to test whether microbial or metabolic changes 
mediate clinically meaningful benefit. Prespecified mediation analyses, reproducible formulations 
and external validation are essential before these findings can guide precision integrative COPD 
care. 

References 

[1] World Health Organization. Chronic obstructive pulmonary disease (COPD). https://www.who.int/news-room/fact-

sheets/detail/chronic-obstructive-pulmonary-disease-(copd). 
[2] Global Initiative for Chronic Obstructive Lung Disease. (2026) Global strategy for prevention, diagnosis and 

management of COPD: 2026 report. https://goldcopd.org/2026-gold-report-and-pocket-guide/. 
[3] Wang L., Cai Y., Garssen J., Henricks P.A.J., Folkerts G. and Braber S. (2023) The bidirectional gut-lung axis in 

chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med., 207, 1145–1160. 

https://doi.org/10.1164/rccm.202206-1066TR. 
[4] Yang K., Wang J., Ma Y. and Zhang H. (2026) Advances in traditional Chinese medicine for chronic obstructive 

pulmonary disease through multi-omics approaches. Front. Cell Dev. Biol., 14, 1761374. 

https://doi.org/10.3389/fcell.2026.1761374. 
[5] Bowerman K.L. et al. (2020) Disease-associated gut microbiome and metabolome changes in patients with chronic 

obstructive pulmonary disease. Nat. Commun., 11, 5886. https://doi.org/10.1038/s41467-020-19701-0. 
[6] Li N. et al. (2021) Gut microbiota dysbiosis contributes to the development of chronic obstructive pulmonary 

disease. Respir. Res., 22, 274. https://doi.org/10.1186/s12931-021-01872-z. 
[7] Chiu Y.C., Lee S.W., Liu C.W., Lan T.Y. and Wu L.S. (2022) Relationship between gut microbiota and lung function 

decline in patients with chronic obstructive pulmonary disease: a 1-year follow-up study. Respir. Res., 23, 10. 

https://doi.org/10.1186/s12931-022-01928-8. 
[8] Li N. et al. (2023) The gut microbiome as a potential source of non-invasive biomarkers of chronic obstructive 

pulmonary disease. Front. Microbiol., 14, 1173614. https://doi.org/10.3389/fmicb.2023.1173614. 
[9] Wang Y. et al. (2026) Characteristics of gut microbiota in patients with chronic obstructive pulmonary disease 

based on metagenomics and metabolomics. Int. J. Mol. Sci., 27, 4213. https://doi.org/10.3390/ijms27104213. 
[10] Tong R. et al. (2026) Integrated metagenomic and metabolomic profiling identifies severity-specific gut microbiota 

signatures across A-B-E phenotypes in clinically stable COPD: a cross-sectional study. Microorganisms, 14, 1673. 

https://doi.org/10.3390/microorganisms14081673. 
[11] Viglino J. et al. (2026) Characterisation of the gut-lung axis microbiome in clinically stable patients with chronic 

obstructive pulmonary disease. EBioMedicine, 123, 106099. https://doi.org/10.1016/j.ebiom.2025.106099. 
[12] Pan J. et al. (2025) Gut microbiome dysbiosis in chronic lung disease: a systematic review and meta-analysis. 

Front. Cell. Infect. Microbiol., 15, 1554846. https://doi.org/10.3389/fcimb.2025.1554846. 
[13] Budden K.F. et al. (2024) Faecal microbial transfer and complex carbohydrates mediate protection against COPD. 

Gut, 73, 751–769. https://doi.org/10.1136/gutjnl-2023-330521. 
[14] Lai H.C. et al. (2022) Gut microbiota modulates COPD pathogenesis: role of anti-inflammatory Parabacteroides 

goldsteinii lipopolysaccharide. Gut, 71, 309–321. https://doi.org/10.1136/gutjnl-2020-322599. 
[15] Li J., Zhang H., Zhang P. and Hu J. (2026) Potential benefits of gut microbiota modulation in chronic obstructive 

pulmonary disease. Int. J. Chron. Obstruct. Pulmon. Dis., 21, 594405. https://doi.org/10.2147/COPD.S594405. 
[16] Kim N.H. et al. (2026) A colon mimetic screening approach reveals Lactobacillus fermentum as a microbiome-

based therapy for COPD. npj Biofilms Microbiomes, 12, 117. https://doi.org/10.1038/s41522-026-00978-w. 
[17] Fricker M. et al. (2018) Chronic cigarette smoke exposure induces systemic hypoxia that drives intestinal 

dysfunction. JCI Insight, 3, e94040. https://doi.org/10.1172/jci.insight.94040. 
[18] Groves H.T., Higham S.L., Moffatt M.F., Cox M.J. and Tregoning J.S. (2020) Respiratory viral infection alters the 

gut microbiota by inducing inappetence. mBio, 11, e03236-19. https://doi.org/10.1128/mBio.03236-19. 
[19] Liang W. et al. (2023) Airway dysbiosis accelerates lung function decline in chronic obstructive pulmonary 

disease. Cell Host Microbe, 31, 1054–1070.e9. https://doi.org/10.1016/j.chom.2023.04.018. 
[20] Rotevatn A.O. et al. (2026) Plasma short-chain fatty acids are associated with COPD and COPD phenotypes. 

8



BMC Pulm. Med., 26, 302. https://doi.org/10.1186/s12890-026-04348-2. 
[21] Tang S. et al. (2026) SCFAs inhibited NETosis to alleviate lung inflammation in COPD: a potential role for 

GPR43. Respir. Res., 27, 252. https://doi.org/10.1186/s12931-026-03688-1. 
[22] Jiang M. et al. (2024) Dietary fiber-derived microbial butyrate suppresses ILC2-dependent airway inflammation 

in COPD. Mediators Inflamm., 2024, 6263447. https://doi.org/10.1155/2024/6263447. 
[23] Kirschner S.K. et al. (2021) Intestinal function is impaired in patients with chronic obstructive pulmonary disease. 

Clin. Nutr., 40, 2270–2277. https://doi.org/10.1016/j.clnu.2020.10.010. 
[24] Mao J. et al. (2022) The Bufei Jianpi formula improves mucosal immune function by remodeling gut microbiota 

through the SCFAs/GPR43/NLRP3 pathway in chronic obstructive pulmonary disease rats. Int. J. Chron. Obstruct. 

Pulmon. Dis., 17, 1285–1298. https://doi.org/10.2147/COPD.S359428. 
[25] Wang Y. et al. (2021) Xuanbai Chengqi decoction ameliorates pulmonary inflammation via reshaping gut 

microbiota and rectifying Th17/Treg imbalance in a murine model of chronic obstructive pulmonary disease. Int. J. 

Chron. Obstruct. Pulmon. Dis., 16, 3317–3335. https://doi.org/10.2147/COPD.S337181. 
[26] Ottiger M. et al. (2018) Gut, microbiota-dependent trimethylamine-N-oxide is associated with long-term all-cause 

mortality in patients with exacerbated chronic obstructive pulmonary disease. Nutrition, 45, 135–141.e1. 

https://doi.org/10.1016/j.nut.2017.07.001. 
[27] Du Y., Wang S., Zhou T. and Zhao Z. (2024) Causal effects of gut microbiota and metabolites on chronic 

obstructive pulmonary disease: a bidirectional two-sample Mendelian randomization study. Int. J. Chron. Obstruct. 

Pulmon. Dis., 19, 2153–2167. https://doi.org/10.2147/COPD.S472218. 
[28] Di M. et al. (2025) Integrated metabolomics and gut microbiota analysis to explore potential mechanism of Qi-

Huo-Yi-Fei formula against chronic obstructive pulmonary disease. J. Pharm. Biomed. Anal., 252, 116511. 

https://doi.org/10.1016/j.jpba.2024.116511. 
[29] Lu L. et al. (2024) Therapeutic effects of Lifei decoction in a murine model of COPD induced by LPS and cigarette 

smoke. Int. J. Chron. Obstruct. Pulmon. Dis., 19, 957–967. https://doi.org/10.2147/COPD.S449521. 
[30] Wang J., Ren C., Jin L. and Batu W. (2023) Seabuckthorn Wuwei Pulvis attenuates chronic obstructive pulmonary 

disease in rat through the gut microbiota-short-chain fatty acids axis. J. Ethnopharmacol., 314, 116591. 

https://doi.org/10.1016/j.jep.2023.116591. 
[31] Yu X. et al. (2026) Microbiota-dependent mechanism of Jianpiyifei II in treating experimental virus-induced acute 

exacerbation of chronic obstructive pulmonary disease. Phytomedicine, 153, 157891. 

https://doi.org/10.1016/j.phymed.2026.157891. 
[32] Chen D. et al. (2026) Electroacupuncture modulates gut-lung microbiota and lung EMT to attenuate airway 

remodeling in COPD. Front. Microbiol., 17, 1747151. https://doi.org/10.3389/fmicb.2026.1747151. 
[33] Hu Y. et al. (2020) Effects of compound Caoshi silkworm granules on stable COPD patients and their relationship 

with gut microbiota: a randomized controlled trial. Medicine, 99, e20511. 

https://doi.org/10.1097/MD.0000000000020511. 
[34] Zhou C., Li T., Liu X.M., Mao B., Liu W. and Jiang H.L. (2026) Therapeutic mechanism of Yihuo Huatan formula 

in stable chronic obstructive pulmonary disease: a randomized controlled trial integrating metabolomics and 16S rRNA 

gene sequencing. Chin. J. Integr. Med. https://doi.org/10.1007/s11655-025-3943-5. 
[35] Ding H. et al. (2026) A multicenter randomized controlled trial and metabolomics exploration of traditional 

Chinese medicine pattern-based therapy for stable chronic obstructive pulmonary disease. J. Tradit. Chin. Med., 46, 

652–665. https://doi.org/10.19852/j.cnki.jtcm.20260206.001. 
[36] Liu K. et al. (2026) Efficacy and multi-omics regulatory effects of Guilou Tongluo formula in patients with chronic 

obstructive pulmonary disease combined with pulmonary hypertension: a prospective, multicenter, randomized 

controlled trial. J. Ethnopharmacol., 361, 121204. https://doi.org/10.1016/j.jep.2026.121204. 
[37] Yan H., Zhang J., Yan H. and Yang D. (2026) Efficacy and safety of oral proprietary Chinese medicines in the 

treatment of stable chronic obstructive pulmonary disease: a network meta-analysis. Front. Pharmacol., 16, 1690739. 

https://doi.org/10.3389/fphar.2025.1690739. 
[38] Yu E., Tian C., Jiang P., Wang X., Yin Y. and Li Z. (2026) Comparative effectiveness of ten traditional Chinese 

herbal formulas for acute exacerbation of chronic obstructive pulmonary disease: a systematic review and Bayesian 

network meta-analysis. Front. Pharmacol., 16, 1585150. https://doi.org/10.3389/fphar.2025.1585150. 
[39] Gao X., Lv X., Dong W., Zhang L. and Zuo J. (2025) Meta-analysis of the adjuvant treatment of COPD with 

Erchen decoction. Medicine, 104, e43078. https://doi.org/10.1097/MD.0000000000043078. 
[40] Liu Y. et al. (2025) Acupuncture improves the symptoms, gut microbiota, metabolomics, and inflammation of 

patients with chronic obstructive pulmonary disease: a multicenter, randomized, sham-controlled trial protocol. Front. 

Med., 12, 1511275. https://doi.org/10.3389/fmed.2025.1511275. 
[41] Ebrahimi S., Mohammadi S., Baharlou R. and Memarian M. (2026) Probiotic supplementation reduces IL-6 and 

improves clinical outcomes in patients with mild-to-moderate COPD: a randomized placebo-controlled trial. BMC 

Pulm. Med., 26, 363. https://doi.org/10.1186/s12890-026-04423-8. 

9




