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Abstract: COPD (chronic obstructive pulmonary disease) is a major public health concern associated with significant morbidity and 
mortality worldwide. Current therapeutic guidelines for this disease recommend starting with an inhaled bronchodilator, stepping up to 
combination therapy as necessary, and/or adding inhaled corticosteroids as symptoms and airflow obstruction progress. However, no 
drug therapy exists to stop disease progression. The mechanistic definition underlying COPD pathogenesis remains poorly understood, 
it is generally accepted that oxidative stress and the altered immune response of low-grade airway inflammation are major factors 
contributing to COPD development. There are several potential therapeutic targets that are currently under investigation, including 
immune regulatory pathways in inflammation and lung-associated steroid resistance induced by oxidative stress signaling cascades. 
Patients with COPD have increased levels of inflammatory mediators, including lipid and peptide mediators, as well as a network of 
cytokines and chemokines that maintain inflammatory immune response and recruit circulating cells into the lungs. Many of these pro- 
inflammatory mediators are regulated by nuclear factor-kappaB (NF-κB) and mitogen-activated protein kinases (MAPKs), such as p38 
MAPK. Increased oxidative stress is a key driving mechanism in perpetuating inflammation and lung injury. Furthermore, many 
proteases that degrade elastin fibres are secreted by airway resident infiltrating immune cells in COPD patients. In this perspective, we 
discuss novel aspects of signaling pathway activation in the context of inflammation and oxidative stress, and the broad view of 
potential effective pharmacotherapies that target the underlying mechanistic disease process in COPD. 
Keywords: COPD, mechanistic, pharmacotherapy

Introduction
Chronic obstructive pulmonary disease (COPD) is a gradually progressive lung disease characterized by a reduced 
maximum expiratory flow and a slowly forced expulsion of the lungs. Inhalation of cigarette smoke (CS) is one of the 
primary causes of COPD, as are air pollution and noxious particles as other important factors.1 In addition, a genetic 
condition known as alpha-1 antitrypsin deficiency, early life events known as “childhood disadvantage factors”, and 
childhood respiratory infections may also contribute to COPD.1 In accordance with the Global Burden of Diseases 
(GBD) data, COPD is the most common chronic respiratory disease and the third leading cause of death, with 42 deaths 
per 100,000 individuals, constituting 4.72% of the all-cause deaths in 2017.2 COPD is thus regarded as one of the leading 
causes of mortality and morbidity worldwide due to its high prevalence and chronic nature of the disease.3 The hallmarks 
of COPD are poorly reversible airway obstructions detected by spirometry, which leads to irreversible deterioration of 
lung function. There are four major clinical forms of COPD, in which small airways disease (chronic obstructive 
bronchiolitis) and emphysema are characterized by reduced alveolar space and destruction. Additionally, coexistence of 
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sarcopenia and abdominal obesity termed sarcopenic obese, and mixed COPD–asthma phenotype which presented 
characteristics of both diseases, are also frequently present among COPD patients.4,5

Cellular and Molecular Perspectives of Disease Mechanism in COPD
Chronic Inflammation in COPD
COPD is a devastating, heterogeneous disease, characterized by chronic inflammation of airways and lung parenchyma 
as the mechanism of its onset and progression.6 The airway inflammation in COPD is associated with activating the 
innate immune system, as evidenced by increased numbers of classical inflammatory cell types, such as alveolar 
macrophage, neutrophils, natural killer cells, and mature dendritic cells in lung tissue and the airway lumen.7 In this 
context, the inflammation as a result of smoking is unique since the accumulation of inflammatory cells in the lungs is not 
coupled with the effective innate immune system reaction, but rather results in progressive lung tissue damage. Bacterial 
and viral infections are considered to be a common cause of COPD exacerbations, and they facilitate secondary 
inflammation caused by respiratory pathogens.8 There is increasing evidence which suggests that the gut microbiota 
plays an important role in the development, regulation, and maintenance of healthy immune response in the lungs. 
Dysbiosis and subsequent dysregulation of the microbiota-related immunological processes affect the onset of COPD 
pathogenesis. There are several features in the newly described COPD gut metabolome that suggest altered metabolic 
processes. The effects of the gut metabolome on COPD are at least partially mediated by bacterial metabolites, which 
may influence immune responses in distant parts of the body. The best-known metabolites with demonstrated protective 
properties in human airway inflammation are short-chain fatty acids (SCFAs). SCFAs have also been shown to reduce 
inflammation in both OVA and house dust mite (HDM)-induced airway inflammation models.9,10 Moreover, oral 
application of SCFAs to mice during pregnancy and weaning have protect offspring from allergic lung inflammation, 
with butyrate potently inducing regulatory T (Treg) cells in the lungs of offspring.11 In a recent study, it was found that 
there was no difference in microbiome composition between smokers compared to non-smokers with COPD, supporting 
this as a disease-associated phenotype rather than the result of bacteria in the gut being affected by the smoke of 
cigarettes.12 Nevertheless, the gut is a potential source of disease inflammation in COPD based on discriminatory signals 
from both metagenomic and metabolomic data.13–15 Additionally, the adaptive immune system is activated in COPD, as 
reflected by the presence of CD8+ T cells, B cells, and both T helper type 17 and T helper type 1 forms of CD4+ T cells, 
as well as a reduction of regulatory T cells in the airways.16 These inflammatory cells and structure cells, including 
epithelial, endothelial cells, and fibroblasts secrete many inflammatory mediators that drive the inflammatory response in 
COPD. These mediators include lipids, free radicals, cytokines, chemokines, proteases, and growth factors, which often 
spill into the circulation, leading to systemic inflammation for COPD exacerbations and comorbidities potentiation. In 
particular, the metabolites secreted by the gut bacteria might prove useful for additional therapeutic approaches.

In COPD, repeated exposure to noxious particles, usually cigarette smoke, can activate epithelial cells and macrophages to 
release variety of chemotactic factors that attract inflammatory cells (eg, CD8+ T lymphocytes, neutrophils, monocytes) to the 
lungs, triggering a distinct inflammatory cascade in the small airways and lung parenchyma.17 In this process, activation of 
pro-inflammatory transcription factors, such as NF-κB), activator protein-1 (AP-1), and mitogen-activated protein kinases 
(MAPKs), appear to be important in potentiating the inflammatory responses that underpin COPD. There is clear evidence for 
the phosphorylated p38 MAPK, NF-κB activation in bronchial epithelial cells of COPD patients.18–20 In primary human lung 
epithelial cells, cigarette smoke exposure induced the activation of MAPK pathways, including c-Jun, extracellular regulated 
protein kinases (ERK), p38, as well as epidermal growth factor receptor (EGFR) ligand.21,22 Besides, increased expression of 
phosphoinositide-3-kinase (PI3K) and its downstream mediators (eg, protein kinase B (AKT/PKB), phosphatase and tensin 
homolog (PTEN), mammalian target of rapamycin (mTOR)), contributing to a vicious cycle of inflammation, innate and 
adaptive immunity, oxidative stress, and epithelial-mesenchymal transition (EMT), have been reported in COPD.23

Oxidant-Antioxidant Imbalance in COPD
Oxidative stress is a key driving mechanism in the pathogenesis of COPD. In COPD patients, oxidative stress is increased due to 
exogenous oxidants like cigarette smoke and air pollution and endogenous production of reactive oxygen species (ROS) by 
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inflammatory and structural cells in the lungs. The ability of lung cells to maintain appropriate antioxidant responses is crucial for 
protecting against smoking-induced oxidative stress. A reduction in antioxidant defenses has also been recorded, with the 
inactivation of several antioxidant enzymes and transcription factors that regulate multiple antioxidant genes, including factor- 
erythroid 2-related factor (Nrf2) and forkhead box O3 (FOXO3).24,25 Numerous genetic studies have revealed alterations in the 
nuclear Nrf2-mediated oxidative stress pathway as well as the mitochondrial dysfunction pathway.26 Oxidative stress promotes 
chronic inflammation, stimulates fibrosis and emphysema, causes corticosteroid resistance, accelerates lung aging, damages DNA 
and activates autoantibodies.27 For instance, oxidative stress-activated pro-inflammatory pathways such as NF-κB that increased 
multiple inflammatory genes expression to amply the inflammatory response.28 Improved NF-κB signaling drives the expression 
of target genes, including mucin 5AC, oligomeric mucus/gel-forming (MUC5AC) that is known worsening COPD pathogenesis 
via inducing mucus obstruction.29 The oxidative stress can also activate the enzyme PI3K to impair histone deacetylase-2 
(HDAC2) expression and activity. Decreased HDAC2 abolished glucocorticoid receptor (GR) activity which could further 
attenuated anti-inflammation effect of GR and lead to corticosteroid resistance in COPD.30 Similarly, oxidative stress affects both 
the expression and activation of sirtuin family members including sirtuin1–6, altering inflammatory response, autophagy or 
apoptosis process via regulating NF-κB signaling, TGF-β1 signaling pathway and PI3K/mTOR signaling pathway in COPD.31 

Furthermore, oxidative stress leads to telomere shortening, which activates p53, p21CIP1, and p16INK4 pathways, thereby leading 
to cell senescence.32 Antioxidant protection in COPD patients can be increased by aerosolization of glutathione, which has been 
shown to enhance airway epithelial cell host defense response to H. influenzae.33 A critical pathway that leads from the detection 
of H. influenzae to the increased expression of many inflammatory genes requires the induction of the transcription-activating 
complex NF-κB.34–36 This bacteria-induced NF-κB activation and inflammatory protein expression was decreased by glutathione 
augmentation, suggesting a role for oxidants in COPD treatment.33

Proteases–Antiproteases Imbalance in COPD
An imbalance between proteases and antiproteases that leads to lung parenchymal destruction in COPD is another critical 
factor in the genesis and development of the disease.37,38 In the healthy lung, proteases are counterbalanced by 
antiproteases, but the balance shifts toward proteases when cigarette smoke or other pollutants recruit neutrophils and 
macrophages able to produce overwhelming proteases and induce destruction of healthy lung parenchyma.39 These 
proteases, including elastase and matrix metalloproteinases (MMPs) released from activated macrophages, neutrophils 
and epithelial cells, degrade components of the extracellular matrix (ECM), elastin fibers and collagen, generating elastin 
fragments or collagen-derived peptides, which contributes to the development of emphysema. In addition, chemotactic 
peptide fragments are generated from the degraded ECM, perpetuating macrophage and neutrophil accumulation that 
promote the inflammatory processes of COPD.40 It is demonstrated that both MMP-9 activity and MMP-9/TIMP-1 ratio 
are increased in the sputum and bronchoalveolar lavage fluid from COPD patients when compared with healthy 
controls.41,42 Furthermore, airway epithelial and smooth muscle cell hyperplasia leading to disproportionate ECM 
deposits in the interstitial lung can contribute to the development of COPD and pulmonary fibrosis.43,44 The mucociliary 
dysfunction, specifically the excessive production of mucus coupled with a decreased ability to clear it, is a crucial 
feature of COPD-related lung disease.45,46 Additionally, alpha-1 antitrypsin deficiency (AATD) is genetic factor that 
induce COPD due to imbalances in protease-antiprotease protection in the lung.47 COPD is often associated with 
pulmonary vascular wall remodeling that thickens bronchial walls and narrows their lumens, which can lead to the 
comorbid pulmonary complication cor pulmonale.48

Other Pathogenesis Mechanisms in COPD
Isolation of bacteria, viruses and fungi implicated with either acute or chronic infections occur with increased frequency 
in COPD patients and showed significance for disease pathogenesis, progression and treatment. Correlatively, as the first 
line of defence against infection, innate immunity is impaired in COPD patients.49 Furthermore, increasing studies 
supported immune dysfunction and destroyed repair mechanisms, leads to exacerbations and disease severity in 
COPD.50,51 It is known that the incidence of COPD is high in elder persons whose age-related alterations are abnormally 
increased that may be induced by cell senescence, telomere shortening and defective DNA repair.52 The hallmark 
features of COPD pathology are displayed in Figure 1.
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Current Pharmacotherapies for COPD
Current COPD treatment strategy primarily focuses on managing symptoms and reducing the frequency of exacerbations. 
Based on the global initiative for COPD, bronchodilation with beta2-agonists and antimuscarinic drugs, and reduction of 
inflammation by inhaled corticosteroids (ICS) remained a key element of pharmacological treatment for COPD patients.1 

The principal bronchodilator action of beta2-agonist primarily depends on its ability to relax airway smooth muscle by 
binding to the active sites of beta2-adrenergic receptors, which can activate the effector molecular cyclic AMP and 
generate functional antagonism to bronchoconstriction.53,54 The bronchodilator activity of antimuscarinic drugs is mainly 
caused by blocking M3-receptors expressed in airway smooth muscles.55 There are short-acting and long-acting beta2- 
agonists and muscarinic antagonists. Short-acting beta2-agonist (SABA) is used as the first-line treatment for COPD 
exacerbation,56 and the previous evidence suggested that short-acting muscarinic antagonists (SAMA) ipratropium 
provided limited benefits over SABA in lung function and health status context.57 Short-acting bronchodilators should 
be prescribed for immediate symptom relief, but not recommended for chronic use. Long-acting beta2-agonist (LABA) 
and muscarinic antagonists (LAMA) together with ICS has been found to improve COPD patients’ outcomes and 
alleviate exacerbations.58 LABA and LAMA are considered equally efficient in COPD management and none of these 

Figure 1 Mechanisms underlying COPD development. Multiple risk factors including cigarette smoke and other irritants activate alveolar macrophages and epithelial cells in 
the respiratory tract leading oxidative stress followed release of multiple inflammatory mediators. These inflammatory mediators, particularly chemokines, attract 
neutrophils and monocytes as well as T helper cells. The activated alveolar macrophages and epithelial cells also release proteases such as neutrophil elastase and matrix 
metalloproteinase 9 (MMP-9), which damage the lung parenchyma resulting in lung vascular remodeling, alveolar wall destruction and mucus hypersecretion. In addition, the 
activated macrophages and epithelial cells release fibrogenic mediators, such as TGFβ which causes EMT and eventually small airway fibrosis. 
Abbreviations: COPD, chronic obstructive pulmonary disease; EMT, epithelial-mesenchymal transition.
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has shown superior efficacy to the other. The choice within each medication category depends on the availability of 
medication and individual responses, preferences, and side effects. Accordingly, LABAs are suggested as the initial 
choice for patients with either acute urinary retention or dry mouth, while LAMAs are suggested as the first choice for 
COPD patients which previously experienced troublesome adverse effects using beta2-agonists, such as formoterol, 
salmeterol, olodaterol, and vilanterol. It is notably, the primary treatment in groups A, B, C and D COPD patients is 
LAMA according to the GOLD. In addition, there is evidence suggesting that LAMAs are preferred over LABAs in 
terms of preventing exacerbations and may be the first choice in prevention of common exacerbators.59 Furthermore, the 
combination of LABA and LAMA provides additional benefits over the individual components used alone without 
significantly increasing the risk of adverse effects. When symptoms are not controlled adequately with LAMA or LABA 
monotherapy, administration of LABA plus LAMA are indicated eventually via one medication device. In some patients 
with higher blood eosinophil counts or people with asthma-COPD overlap syndrome, a combination treatment of LABA 
plus ICS may be offered as initial treatment. If the symptoms persist, the triple therapy may be preferred.

Apart from the usage of major bronchodilators in combination with ICS, numerous evidences suggested phospho
diesterase-4 (PDE4) inhibitors might be effective for COPD patients. PDE-4 inhibitors act as anti-inflammatory agents 
that can increase cyclic AMP in inflammatory cells and inhibit the breakdown of intracellular cyclic nucleotides.60 

Roflumilast, as the most used PDE-4 inhibitor, was indicated as a treatment choice to improve lung function and reduce 
the risk for exacerbations in patients with severe COPD (GOLD patient groups C and D).61 Roflumilast has been shown 
to reduce allergen-induced inflammation and stabilize lipopolysaccharide-induced systemic inflammation via decreasing 
inflammatory mediators and the expression of cell surface markers, particularly in chronic bronchitis, non-smoker 
women.62 Furthermore, in vitro and in vivo evidences have introduced macrolides exerted anti-inflammatory effects 
by attenuated mucus secretion and decreased accumulation of neutrophils and macrophages in the airway and have been 
applied in a variety of inflammatory airway diseases treatment including COPD.63 In addition, several observational 
studies have identified the regular use and supplementation of mucolytic agents, such as N-acetylcysteine (NAC) and 
carbocysteine,64,65 antioxidant agents, other anti-inflammatory drugs and vitamin D could potentially reduce the risk of 
exacerbation when used in susceptible patients.65,66 Since we still do not totally understand the pathophysiology of 
COPD development, and patients applied current drugs may acquire resistance or side effect, there is an urgent unmet 
need to identify other critical therapeutic targets or medicine for this disease.

Natural Medicines for COPD
It has been reported that natural medicines offer promising alternatives to COPD treatments due to their multiple 
therapeutic targets, low toxicity, and inherent biologic properties, making them particularly attractive. Several researchers 
investigating different kinds of natural medicines reported that they were able to reduce fatigue, improve quality of life 
and even decrease the risk of re-hospitalization or death in elderly COPD patients.67–71 Traditional Chinese medicine 
(TCM) therapy, though is not included in the GOLD guidelines as a recognized treatment for COPD, has been proved 
effective for COPD patients in increasing number of reports. Li et al first proposed a strategy based on staging and 
grading of TCM prevention and treatment of COPD, and which they applied in clinical practice.72 Li et al carried out 
clinical trials on reducing COPD symptoms using specialized TCM formulas. In a randomized, double-blind, placebo- 
controlled clinical trial, such specialized TCM formulas including Bu-Fei Jian-Pi, Bu-Fei Yi-Shen and Yi-Qi Zi-Shen 
granules significantly reduced the severity and frequency of acute exacerbations, alleviated symptoms, and improved 
quality of life in COPD patients.73 In addition, the combination of such specialized TCM formulas with conventional 
therapies shortened hospitalization times, reduced the risk of acute exacerbations, and improved overall symptoms 
resulting better quality of life.74 Further studies suggested these TCM formulas significantly improved the lung function 
of COPD, reduced the pathological damage of lung tissue, inhibited the inflammatory response, and improved overall 
oxidative stress responses.75–77 Their work also provided the world’s first sequential treatment regimen for AECOPD risk 
window (AECOPDRW), which is the period before a patient returns to a stable baseline after initial deterioration, poor 
lung function, and possible persistence of inflammation.78–80 This finding enriched the staging theory of COPD, and was 
adopted as an important part of the international clinical practice guidelines of TCM, which may provide new methods 
and strategies for the treatment of COPD. For the mechanistic aspects, the TCM formulas inhibited both CSE- and LPS- 
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elevated inflammation in macrophages and epithelial cells via limiting the pathway activation of NF-κB, MAPK, STAT3 
and PPAR signaling. Bu-Fei Yi-Shen formula (BYF), another specialized TCM formula, could restore unbalanced Th17/ 
Treg ratio leading reduced inflammation.81–83Furthermore, under an effective-constituent compatibility-based screening, 
Li et al have purified the major effective components, including ginsenoside Rh1, icariin, nobiletin, paeonol, and 
astragaloside, from BYF.84 Effective-constituent compatibility of the BYF could suppress the inflammatory response 
in COPD rats by inhibition of NF-κB p65, c-Jun NH2-terminal kinase (JNK), and p38 mitogen-activated protein kinase 
signaling, and also showed synergistic effects in protection against PM2.5-induced oxidative stress via miR-155/ 
FOXO3a signaling in COPD rats85. 86

Novel Medicines and Future Perspectives of COPD Therapies
Searching for an effective treatment for COPD is still ongoing and new drugs are under development. A dual PDE3/ 
PDE4 inhibitor ensifentrine/RPL554 was shown in a Phase 2 clinical trial to induce both bronchodilator and anti- 
inflammatory effects in COPD.87 Another clinical trial, which enrolled 400 individuals with severe or very severe COPD, 
showed that AQX-1125 ameliorates inflammatory response and that might have a therapeutic benefit for COPD by 
targeting the src homology 2-containing inositol-5’-phosphatase 1 (SHIP1) pathway.88 SRT1720, a SIRT1 activator, was 
proved to attenuated stress-induced cellular senescence and protected against emphysema by deacetylating FOXO3 
transcription factor.89 Furthermore, RNA therapeutics and clinically effective RNA targeted drugs may be added to novel 
therapeutic options for COPD in the very near future.90 There has been a great deal of work suggesting that knocking 
down the mRNA coding for target proteins in COPD may have potential therapeutic effect and some siRNAs have been 
validated in in vivo COPD models. For instance, the levels of receptor interacting protein (RIP) 2 was found elevated in 
cigarette smoke-induced COPD mouse model, and intratracheal RIP2-specific siRNA was shown to reduce pro- 
inflammatory cytokine production and oxidative stress marker elevation, suggesting a potential role for COPD 
treatment.91 Additionally, in cell-based studies, CD147 siRNA and patched homolog (PCTH1) siRNA were shown to 
repress mucin 5AC, oligomeric mucus/gel-forming (MUC5AC) expression and in turn inhibit mucus secretion.92,93 

Specific siRNAs targeting neuron derived orphan receptor (NOR) 1, hypoxia inducible factor 1 alpha (HIF-1α) and 
connective tissue growth factor (CTGF) were identified as capable of reducing pulmonary vascular wall remodeling, 
which is the major cause of cor pulmonale, a common comorbidity in patients with advanced COPD.94–96 RNA (ncRNA) 
targets have also been shown to be promising in mitigating COPD. Administration of miR-181c mimics was able to 
attenuate CS-induced macrophage and neutrophil counts, and pro-inflammatory factors (IL6 or IL8) expression levels.97 

Using anti-miR-195 lentivirus prevented neutrophil and macrophage pulmonary infiltration and phospho-Akt 
expression.98 Blocking long non-coding RNA (lncRNA) taurine-upregulated gene 1 (TUG1) with short hairpin RNA 
(shRNA) repressed CS-induced airway inflammation and remodeling in a chronic COPD mouse model.99 Conventional 
and complementary and alternative therapy treatments of COPD are displayed in Figure 2.

Interestingly, natural medicines as well as their purified ingredients may play an important role in anti-inflammatory 
and anti-oxidative stress. Ginseng and Paeonia show reduced levels of inflammatory factors in the LPS-induced alveolar 
epithelial cell/macrophage co-culture inflammation model.100 Ginsenoside Rg1 has extensive antioxidant and anti- 
inflammatory effects.101 Icariin inhibits TNF-α/IFN-γ-induced inflammatory response in human keratinocytes by reg
ulating the P38/MAPK pathway.102 Icariin protects against LPS-induced acute lung injury and was related to the 
regulation of PI3K/Akt and NF-κB pathways.103 Paeonol can reduce the expression of inflammatory factors in vascular 
endothelial cells, reduce the adhesion of endothelial cells and monocytes, and alleviate asthma in mice by regulating 
TLR4/NF-κB, MAPK pathway.104

Conclusion and Future Directions
COPD is a common, preventable disease, yet an ever-growing burden to the health globally. Current therapeutic 
strategies are focused on reducing the symptoms and exacerbations, as well as optimizing disease management. The 
GOLD international guidelines provided a template for the disease diagnosis and management. Developing COPD is 
a complex heterogeneous processes involving a variety of inflammatory cells, inflammatory mediators, and related cell 
signaling pathways. The overlapping functions of molecular targeted inflammatory signals make it complexity to what 
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extent COPD can be prevented if one pathway is inhibited alone. Genetic factors α1 that antitrypsin deficiency and 
telomerase reverse transcriptase mutation have been clearly shown causative in COPD. Epigenetic changes induced by 
gene–environment interactions, such as DNA methylation and histone modifications, could influence the development of 
COPD in adulthood, needs to be further explored.105 It is hoped that the study of redox epigenetic regulation in 
inflammation and steroid resistance will unravel the disease mechanism and identify potential epigenetic-based treat
ments for COPD. Hence, further research is needed to understand the functions and mechanisms of diverse target 
molecules and more personalized treatments for these mechanisms should be provided. The effectiveness and safety of 
products acting upon these target molecules will have to be evaluated in animal models and in clinical trials. In addition 
to small-molecules, identifying targets of natural medicines may be an increasingly important resource for drug discovery 
based on phenotypic screening.

Figure 2 Schematic graph for conventional and complementary and alternative therapies treatment of COPD. Current pharmacological therapies for COPD contains short 
and long-acting β2-agonist, muscarinic antagonists and inhaled corticosteroids. Combination of two or three of them is commonly used in clinical practice. Nicotine 
replacement, oxygen therapy, pulmonary rehabilitation and non-invasive ventilation are main non-pharmacological therapies. There are complementary and alternative 
therapies, such as the use of PDE3/PDE4 inhibitors, RNA targeted drugs and Chinese medicine. 
Abbreviations: SABA, short-acting beta2-agonist; SAMA, short-acting muscarinic antagonists; LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; ICS, 
inhaled corticosteroid.
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