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1. Introduction

In the last two decades, glucagon-like peptide-1 (GLP-1) receptor agonists have emerged 

as promising therapeutics for diabetes mellitus, a disease with increasing global burden 

– 34 million in the US, 422 million worldwide [1]. GLP-1 is part of a family of 

neuroendocrine peptide hormones known as incretins that are produced by intestinal L-cells 

as well as certain neurons within the brainstem in response to nutrient ingestion [2]. 

GLP-1 helps maintain euglycemia by inducing endogenous insulin secretion from pancreatic 

beta cells and suppressing glucagon secretion. GLP-1 also delays gastric emptying and 

causes increased satiety, which can lead to intentional weight loss when utilized in 

a supraphysiologic manner. The appeal of GLP-1 receptor (GLP-1R) agonists as an 

antiglycemic agent is that they act to decrease blood sugar in a glucose-dependent manner, 

thereby decreasing risk of hypoglycemic episodes and mitigating weight gain. Currently, 

GLP-1R agonists are approved by the US Food and Drug Administration (FDA) to treat type 

2 diabetes mellitus (T2D) and weight loss in obesity (Table 1).
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2. Beyond diabetes

Beyond the pancreas, GLP-1R is expressed abundantly in human lung, heart, brain, kidney, 

and GI tract [3]. Interestingly, the expression of GLP-1 seems to be substantially higher 

in the lung compared to other organs, prompting further efforts to understand the role of 

GLP-1R in the lung [4]. Subsequent studies have demonstrated potential anti-inflammatory 

effects of GLP-1R agonists in both acute and chronic pulmonary disease [5,6]. In mice, 

liraglutide attenuated bleomycin-induced pulmonary fibrosis, ovalbumin (OVA)-induced 

chronic airway inflammation, and lipopolysaccharide (LPS)-induced acute lung injury (ALI) 

[7–9]. In a meta-analysis of large clinical trials investigating the cardiorenal benefits of 

GLP-1R agonists in T2D, there was a trend towards reduction of reported pulmonary 

adverse events in the GLP-1R agonist treatment groups [10]. While overall low incidence of 

respiratory disorders in these studies resulted in low statistical power, outcomes suggested 

benefits of GLP1-R agonist use in respiratory disease beyond that of glycemic control. 

These results have led to significant interest in the potential role for GLP-1R agonists in 

asthma, the most common chronic inflammatory pulmonary disease worldwide and often 

comorbid with type 2 diabetes and obesity.

It is estimated that over 25 million people in the US (330 million globally) currently 

suffer from asthma [11]. Classically, asthma is considered a predominantly allergic disease, 

mediated by type 2 inflammatory immune cells such as CD4+ T-helper type 2 (Th2) cells, 

mast cells, eosinophils, basophils, and group 2 innate lymphoid cells (ILC2s). In this chronic 

lung disease, airway hyperresponsiveness leads to bronchospasm, mucus production, and 

reversible obstruction, though over time, airway remodeling can result in airway smooth 

muscle hypertrophy, mucus metaplasia, and collagen deposition. As part of the innate 

immune response to certain environmental antigens, interleukin-33 (IL-33) is secreted 

predominantly by airway epithelial cells and macrophages. IL-33 potentiates a type 2 

allergic inflammatory response, activating immune cells including ILC2s, Th2 cells, mast 

cells, and basophils [12,13]. These cells then, in turn, secrete numerous cytokines including 

IL-4, IL-5, IL-9, and IL-13, which stimulate structural cells in the lung such as goblet cells 

and smooth muscle cells to cause airway remodeling. Furthermore, these type 2 cytokines 

can act back on leukocytes such as CD4+ T-cells, eosinophils, basophils, mast cells, and 

B-cells to further amplify allergic responses. Of note, IL-4 and IL-13 can induce B-cells to 

isotype switch to produce IgE [14].

In vivo studies in mice reveal how far upstream GLP-1R agonists work in dampening 

allergen-induced airway inflammation. Treatment with liraglutide decreased IL-33 release 

into the airway one hour after challenge with an extract of the fungal allergen Alternaria 
alternata in a mouse model of allergic airway inflammation that mimics asthma. 

Furthermore, liraglutide inhibited the type 2 inflammatory response as defined by decreased 

ILC2 proliferation, IL-5 and IL-13 production from these cells, and lung eosinophilia [15]. 

These results suggest that GLP-1R signaling inhibits the early innate allergic immune 

response in the lung. The inhibitory effect of GLP-1R signaling on Th2 inflammation 

was reproduced outside of the setting of atopic airway inflammation. In mice challenged 

with respiratory syncytial virus (RSV), liraglutide administration decreased RSV infection

induced IL-13 secretion, lung IL-33 protein expression, and the total number of lung ILC2, 
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CD4+ T cells, and basophils [16]. In these RSV-challenged, liraglutide-treated mice, there 

was also decrease in methacholine-induced airway responsiveness and airway mucus scores, 

further demonstrating that GLP1-R signaling attenuates IL-13 mediated physiology.

Subsequently, a recent retrospective cohort study demonstrated a reduction in number 

of asthma exacerbations in patients with T2D on GLP-1R agonists compared to other 

antiglycemic agents (comparative incidence rate ratio ranged 1.83–2.98) [17]. Findings 

were robust even when accounting for changes in hemoglobin A1c and BMI, concurrent 

metformin use, and exposures to other antiglycemic agents. In subgroup analysis, this effect 

was particularly prominent in those with moderate/severe asthma.

3. Proposed Mechanisms

The roles of GLP-1R agonists in reducing airway inflammation in asthma are not completely 

defined, though various mechanisms have been suggested (Figure 1).

3.1. Smooth muscle relaxation

GLP-1R belongs to a family of proteins known as Gs-protein coupled receptors, which 

activate downstream pathways such as cyclic adenosine monophosphate (cAMP)/protein 

kinase A (PKA), cAMP/guanine-nucleotide exchange factor, and phosphatidylinositol-3 

kinase/Protein Kinase C pathways. Activation of cAMP is the mechanism by which β2 

adrenergic agonists, prostaglandin E2, and phosphodiesterase inhibitors cause relaxation of 

airway smooth muscle [18].

These potential shared downstream pathways offer several mechanisms by which GLP-1R 

agonists reduce obstruction and inflammation. In a mouse model of asthma, liraglutide 

and exenatide inhibited OVA-induced airway inflammation via decrease in airway mucus 

hypersecretion and putative PKA-dependent inactivation of nuclear factor-kB [8], whereas, 

in another study, use of a PKA-inhibitor abrogated the bronchodilatory effects of exendin-4 

(also known as exenatide) [19]. In another study investigating the role of dendritic cells 

in allergic asthma, decreased cAMP promoted Th2 differentiation and yielded a prominent 

allergic phenotype, whereas cAMP stimulation inhibited these responses [20].

There remains some discrepancy between human and murine GLP-1R expression and some 

ambiguity about exactly which cell types express GLP-1R. One study found GLP-1R to 

be expressed in smooth muscle cells of arteries and arterioles of human lung, while this 

receptor was more ubiquitously expressed throughout the murine lung [21]. Another study 

reported this receptor to be localized in the pulmonary vasculature, airway smooth muscle 

cells, airway epithelial cells, and type II alveolar cells [19]. A major problem in the field has 

been the relative non-specificity of the commercially available anti-GLP-1R antibodies for 

immunohistochemistry and flow cytometry, thus the true cellular expression of the receptor 

has been difficult to ascertain using these techniques.

3.2. Structural modification

GLP-1R agonists may serve an independent pulmonary-protective role even in individuals 

without lung disease, as evidenced by relative increase in average forced expiratory volume 
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in one second (FEV1) and forced vital capacity (FVC) in individuals on metformin and 

GLP-1R agonists compared to metformin alone or metformin and insulin [22]. This suggests 

that GLP-1R agonists may augment their anti-inflammatory effects by improving the 

mechanics of airflow. That said, it remains unclear whether GLP-1R agonists improve lung 

compliance. Various studies have reported contradictory findings regarding the effect of 

GLP-1R agonists on decreasing mucus or increasing surfactant production [4,15,23,24]. In 

mouse models of ALI, GLP-1R agonists blunted the reduction of surfactant in response 

to LPS administration [25–27]. It is possible the response to GLP-1R agonists may also 

be related to the underlying pulmonary disease process rather than a direct effect of the 

treatment itself [28].

3.3. Connection with hyperglycemia, obesity, and metabolic syndrome

Asthma is increasingly characterized as a heterogenous disease with at least two prominent 

phenotypes – “Th2-high” or eosinophilic and “Th2-low” or neutrophilic. The former is 

considered the classic, steroid-responsive phenotype, while the latter is considered more 

refractory to traditional therapies [29,30]. In particular, adults with comorbid obesity and 

asthma tend towards the Th2-low phenotype [31]. GLP-1R signaling has been investigated 

in a polygenic model of obesity using TALLYHO mice. TALLYHO mice had greater 

allergen-induced airway neutrophilia and lung protein expression of IL-5, IL-13, CCL11, 

CXCL1, and CXCL5, in addition to ICAM-1 expression on lung epithelial cells, compared 

with lean mice, and all of these endpoints were reduced by GLP-1R agonist treatment. 

Allergen challenge increased bronchoalveolar lavage fluid (BALF) IL-33 in both TALLYHO 

and SWR mice compared to saline challenge, but there was no difference in the BALF 

IL-33 levels between the TALLYHO and lean control strains. However, TALLYHO, but 

not lean, mice had significantly higher airway thymic stromal lymphopoietin (TSLP) in 

BALF following allergen challenge compared to saline challenge. GLP-1R agonist treatment 

significantly decreased the allergen-induced TSLP and IL-33 release in TALLYHO mice. 

Interestingly, TSLP or ST2 inhibition with a neutralizing antibody decreased airway 

eosinophils, but did not reduce airway neutrophils in TALLYHO mice, suggesting a novel 

mechanism by which GLP-1R signaling is reducing allergen-induced airway inflammation 

[32].

While the association between obesity, metabolic syndrome, and asthma is well-recognized, 

it is not well-understood. One postulated mechanism considers dysregulated arginine 

metabolism and nitric oxide (NO) production in obesity as a potential link to respiratory 

disease [32]. GLP-1R agonists are thought to inhibit this dysregulated arginine gene product, 

known as asymmetric dimethylarginine, a competitive inhibitor of NO synthase, thereby 

allowing for increased levels of NO [33].

In another obese mouse model of ALI, liraglutide mitigated LPS-induced injury by 

inhibiting NLRP3 inflammasome and IL-1β [5]. This was also demonstrated in a lean 

mouse model of asthma, suggesting a possible common pathway that may link allergic and 

non-allergic asthma [25].
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4. Conclusions

GLP-1 signaling remains an exciting novel target for treatment of chronic airway 

inflammation in asthma. Given its potential for multi-system anti-inflammatory effects, 

GLP-1 agonists may be an attractive therapeutic agent for those with diabetes and 

comorbid asthma and obesity; however, further studies are needed to better characterize 

the endogenous function of GLP-1 signaling in the lungs where GLP-1R is ubiquitously 

expressed. The aforementioned studies highlight the need for further comparison between 

lean and obese asthma models, as well as prospective studies of GLP-1R agonists in 

well-phenotyped asthma populations. In doing this, we may elucidate mechanisms for lung 

protection in both acute and chronic pulmonary disease beyond that of weight loss and 

modulation of hyperglycemia.
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cAMP cyclic adenosine monophosphate

COPD chronic obstructive pulmonary disease

FDA US Food and Drug Administration

FEV1 forced expiratory volume in one second

FVC forced vital capacity

GLP-1 glucagon-like peptide-1

GLP-1R glucagon-like peptide-1 receptor

ILC2 group 2 innate lymphoid cells

IL interleukin

LPS lipopolysaccharide

NO nitric oxide

OVA ovalbumin

PKA protein kinase A

RSV respiratory syncytial virus

T2D type 2 diabetes mellitus
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Th2 T-helper type 2

TSLP thymic stromal lymphopoietin
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Figure 1. 
Various mechanisms have been proposed for the role of GLP-1R agonists in reducing 

inflammatory airway disease, including airway modification with increased surfactant 

production and decreased mucus secretion, decreased Type 2 inflammatory signaling, and 

increased smooth muscle relaxation.
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Table 1.

Current FDA-approved GLP-1R agonists and dosing

GLP-1R Agonist Route Dosing

Short-acting

Exenatide SC Twice daily

Lixisenatide SC Once daily

Long-acting

Exenatide extended release SC Once weekly

Liraglutide* SC Once daily

Dulaglutide SC Once weekly

Semaglutide* SC or PO Once weekly SC or once daily PO

*
All GLP-1R agonists are currently approved for use in T2D with the exception of liraglutide and semaglutide, which are also approved for chronic 

weight management and weight loss in obesity

GLP-1R, glucagon-like peptide-1 receptor; T2D, type 2 diabetes mellitus; SC, subcutaneous; PO, oral
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