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Purpose: Chronic obstructive pulmonary disease (COPD) affects millions of people worldwide. Obesity is commonly seen
concomitantly with COPD. People with COPD have reduced quality of life, reduced physical activity, chronic respiratory symptoms,
and may suffer from frequent clinical exacerbations. Liraglutide is a glucagon-like peptide-1 receptor agonist (GLP-1RA) approved for
weight loss and treatment of type-2 diabetes mellitus. In addition, liraglutide exerts anti-inflammatory actions by reducing IL-6 and
MCP-1 levels. We investigated the effect of liraglutide on pulmonary function in people suffering from obesity and COPD.
Patients and Methods: In this controlled, double-blind trial, 40 people with obesity and COPD from two outpatient clinics were
allocated randomly to receive liraglutide (3.0 mg, s.c.) or placebo (s.c.) for 40 weeks. At baseline and after 4, 20, 40, and 44 weeks,
participants underwent pulmonary-function tests, 6-min walking test, and replied to a questionnaire regarding the clinical impact of
COPD (COPD assessment test (CAT)-score).
Results: Compared with placebo, liraglutide use resulted in significant weight loss, increased forced vital capacity (FVC) and carbon
monoxide diffusion capacity, and improved CAT-score. We found no significant changes in forced expiratory volume in one second
(FEV1), FEV1/FVC, or 6-min walking distance.
Conclusion: In patients suffering from obesity and COPD, 40 weeks of treatment with liraglutide improved some measures of
pulmonary function. Our study suggests that liraglutide at 3.0 mg may be appropriate treatment in patients with obesity and COPD.
Keywords: GLP-1 RA, COPD, obesity, inflammation, spirometry

Introduction
Chronic obstructive pulmonary disease (COPD) affects ~250 million people worldwide and is predicted to be the third
leading cause of death in 2020.1,2

The prevalence of COPD increases worldwide. By 2060, 5.4 million deaths are expected due to COPD or related
conditions. COPD is characterized by pulmonary inflammation with increased numbers of alveolar macrophages,
neutrophils, and T-lymphocytes, as well as increased secretion of proinflammatory markers, such as C-reactive protein
(CRP), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1). Pathologic changes in airways, lung
parenchyma and pulmonary vasculature result in chronic inflammation and structural changes. The result is airflow
limitation and reduced pulmonary capacity.3,4
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People with COPD also have reduced quality of life, reduced physical activity, chronic respiratory symptoms, and
may suffer from frequent clinical exacerbations.2,4

Obesity is commonly seen concomitantly with COPD. The prevalence of obesity in COPD ranges between 18% and
54%, and about half of all patients with COPD attending pulmonary rehabilitation (PR) programs are overweight or
obese.5,6

In end-stage COPD, low body mass index (BMI) is predictive of a poor prognosis. Overweight and mild obesity in
COPD are associated with improved survival and a slower decline in lung function, a phenomenon referred to as the
“COPD obesity paradox”. It seems, however, plausible that the increased mortality seen with lower bodyweight is related
to the disease state and to tobacco smoking rather than a survival benefit of being overweight per se.6

Combined weight loss and exercise training also seem feasible in people with COPD, and results in a clinically
relevant weight loss. However, the importance of voluntary weight loss in people with COPD and obesity has not been
fully established.7,8

Glucagon-like peptide (GLP)-1 is a gut incretin hormone secreted from enteroendocrine cells after food intake and
stimulates insulin secretion in a glucose-dependent manner. In addition, GLP-1 inhibits gastric emptying and induces
satiety.9,10 The GLP-1 receptor agonist (GLP-1RA) liraglutide has been approved for weight loss and weight main-
tenance if given at 3.0 mg (s.c.) once-daily and has been reported to result in a mean weight loss of 5.6 kg in excess of
placebo.11

In humans, GLP-1Rs are expressed in several tissues, including lung tissue.12 GLP-1 appears in much higher
concentrations within broncho alveolar fluid compared with that in serum, which may indicate a specific function in
the lungs. GLP-1RAs also exhibit anti-inflammatory properties that result in reduced concentrations of interleukin-6 and
monocyte chemoattractant protein-1 and, in the lungs, GLP-1 promotes vasodilation, surfactant production, and
bronchodilation.13,14

The effects of the GLP-1RAs liraglutide and exenatide have been tested in a murine model of COPD. Along with
downregulation of expression of proinflammatory cytokines, treatment with GLP-1RAs resulted in marked reduction in
measures of COPD-severity and mortality.15 GLP-1RAs might be appropriate for the treatment of people suffering from
obesity and COPD because they can reduce bodyweight and reducing systemic inflammation.13–15

We hypothesized that treatment with the GLP-1RA liraglutide may improve lung function in patients suffering from
obesity and COPD.

Materials and Methods
Study Overview
This 44-week prospective, randomized, placebo-controlled, double-blind, two-center, parallel-group trial was conducted
between February 2018 and March 2020 at the Department of Pulmonary Diseases within Hospital South West Jutland
(University Hospital of Southern Denmark, Esbjerg) and the Department of Medicine, Section of Pulmonary Diseases
within Lillebaelt Hospital (University Hospital of Southern Denmark, Vejle) in Denmark.

The trial was conducted in accordance with the Declaration of Helsinki 1964 and its later amendments. The study
protocol was approved by the Scientific Ethics Committee of the Region of Southern Denmark (S-20170147) and
Eudract (2017–003551-32). The study has been registered at clinicaltrials.gov (NCT03466021) and monitored according
to Good Clinical Practice by the Good Clinical Practice Unit of Odense University Hospital (Odense, Denmark).

Study Participants
We recruited 40 participants when visiting the outpatient clinic at the participating centers or through newspaper
advertisements. We included people with COPD defined as forced expiratory volume in one second relative to forced
vital capacity (FEV1/FVC) <70% after maximal bronchodilation in accordance with Global Initiative for Chronic
Obstructive Lung Disease guidelines.3

Participants were former smokers with 20 or more pack-year history of smoking and were 40–75 years of age.
Liraglutide 3.0 mg is indicated for people with BMI above 30 or above 27kg/m2 and one or more obesity-related
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diseases. Accordingly, BMI above 27 kg/m2 was defined as inclusion criteria. Exclusion criteria were treatment with
systemic corticosteroids; diabetes mellitus of any type; interstitial pulmonary disease; asthma or asthma-COPD Overlap
Syndrome (ACOS), severe hepatic, renal, or heart disease; history of pancreatitis; pregnancy or breastfeeding. Medical
Research Council dyspnea score (MRC), blood eosinophil levels, number of exacerbations and Charlson Comorbidity
Index score (CCI) were retrieved from the patient files. All participants provided written informed consent. Figure 1
shows the flowchart of the trial.

We randomized participants to once-daily treatment with liraglutide (3 mg, s.c.) or placebo (s.c.) in a 1:1 manner by
an electronic device. This randomization method resulted in 20 patients in each group. To reduce gastrointestinal side
effects, liraglutide was titrated each week by doses of 0.6 mg per day to reach 3 mg per day or corresponding placebo at
week 4, and this dose was maintained until week 40. Common side effects of liraglutide were nausea, vomiting, diarrhea
and constipation. If moderate-to-severe nausea or vomiting occurred, we titrated slower with steps of 2 weeks. If
continuous severe nausea or vomiting was present, the participant was withdrawn from the trial as indicated in the
flowchart.

Participants were assessed at baseline, after 4 weeks of treatment (to investigate the effect of the study drug before
expected weight loss), and at 20 weeks (to ensure compliance with study procedures). At 40 weeks, participants were
assessed to elucidate the full effect of liraglutide (3 mg) and weight loss. By this time, the study medication was stopped,
and 4 weeks later (week 44), participants were reassessed for the effect of weight loss without ongoing liraglutide
exposure.

Figure 1 Flowchart of the trial. Flowchart from screening to data analyses in the liraglutide group and placebo group. Reasons for discontinuation are listed in the boxes.
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At each visit from randomization to trial termination, participants underwent a physical examination, including
measurement of bodyweight and calculation of the waist: hip ratio. We reviewed their medication for changes in
pulmonary agents, antibiotics, and corticosteroids. We accepted changes in medication except for initiation of chronic
or long-term treatment with corticosteroids, which would lead to termination of study participation, whereas short-term
treatment with corticosteroids or antibiotics due to COPD exacerbation were accepted. We ensured compliance and
tolerance with the study medication.

Pulmonary-function tests were carried out using a spirometer (ZAN 100; Nspire Health, Longmont, CO, USA) with
software GPI 3.00, or a similar device providing measures of FEV1, FEV1%, FVC, and the FEV1/FVC ratio. Body
plethysmography with Masterscreen™ PFT Pro (Vyaire, Höchberg, Germany) revealed total lung capacity (TLC),
residual volume (RV) and diffusion capacity for carbon monoxide (DLCO). Experienced nurses carried out all
measurements.

Blood samples were taken at each visit to exclude the development of severe renal or hepatic insufficiency, anemia, or
pancreatitis. We measured levels of sodium, potassium, creatinine, carbamide, hemoglobin, pancreas-amylase and
undertook liver-function tests.

The global impact of COPD on health status was assessed by the COPD assessment test (CAT). A 6-min walking test
was done to measure physical capacity.

Statistical Analyses
Stata 17 (StataCorp, College Station, TX, USA) was employed for statistical analyses. Summary statistics were
calculated for each group. Distributions were examined for each variable, and they were found to have a normal
distribution. Comparisons between the intervention group and placebo group at baseline were made using the unpaired
t-test. Endpoints were calculated by a random-effect model taking into account the baseline value and adjusting for age,
sex, and bodyweight. P < 5% was considered significant.

We evaluated the effect of liraglutide compared with that of placebo at 4, 20, 40, and 44 weeks. The effect of
liraglutide compared with that of placebo was evaluated: at 4 weeks of treatment to assess the initial effect of liraglutide:
after 40 weeks to evaluate the full effect of liraglutide and the resultant weight loss; after 44 weeks to evaluate
a persistent effect after stopping liraglutide treatment.

To assess the impact of the observed weight loss in the liraglutide group, we correlated the change in weight from
baseline to week 40 with changes in FEV1, FVC, DLCO, and RV by calculating the Pearson’s correlation coefficient.

Endpoints were evaluated in the full analysis set (intention-to-treat analyses). We also analyzed completed cases, but
results are provided only if different from the full-set analysis set.

Results
Of 47 individuals screened, 40 people were found to be eligible for trial participation, and were randomized equally for
liraglutide treatment or placebo treatment. In the liraglutide group, one participant was withdrawn after randomization
before the first dose due to a suspicion of cancer, while three participants discontinued due to persistent and unacceptable
gastrointestinal side effects. Sixteen participants in the liraglutide group and 14 in the placebo group completed the trial.

The baseline characteristics of participants are given in Table 1. MRC, number of exacerbations the last year before
inclusion, blood eosinophil levels and comorbidities specified by CCI score are also noted in Table 1. Participants had
a mean age of 64.7 years, were predominantly male, and were overweight-to-severely obese. FEV1, FEV1% and FEV1

/FCV were slightly higher at baseline in the liraglutide group, whereas all other variables did not differ significantly
between groups.

Results for group differences in bodyweight, pulmonary measures, inflammation markers, CAT-score, and 6-min
walking test were calculated for all visits and are listed in Table 2. Except for bodyweight, there were no significant
differences between liraglutide and placebo at week 4 and week 20 (data not shown). As expected, bodyweight decreased
in the liraglutide group compared with that in the placebo group, and reached a maximal difference of 8.4 kg at week 40
with persistence of a 7.1-kg difference 4 weeks later. The difference was significant at all time points. In completed cases,
the differences were 8.5 kg and 7.3 kg, respectively.
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At week 40, FVC% increased by 7.69% in the liraglutide group compared with that in the placebo group (p = 0.018).
Likewise, FVC best measure (FVCbest) increased by 0.33 L in the liraglutide group compared with that in the placebo
group (p = 0.007). The between-group difference in FVCbest and FVC% did not persist until week 44. We found no
significant effect of liraglutide upon pulmonary function or pulmonary capacity as measured by FEV1, FEV1% or FEV1

/FVC. However, at week 40, FEV1 was 106-mL higher in the liraglutide group than that in the placebo group (p = 0.095).
TLC and RV decreased significantly by 9.13% (p = 0.013) and 19.81% (p = 0.039), respectively, in the liraglutide

group compared with that in the placebo group, at week 44 but, at week 40, there was no significant difference.
Pulmonary diffusion capacity as measured by DLCO remained stable in the liraglutide group until week 40 but decreased
over time in the placebo group, resulting in a significant between-group difference of 9.7% at week 40 (p = 0.012).

Table 1 Baseline Characteristics of Anthropometric Measures, Pulmonary Variables, Inflammation Markers and 6-Min Walking Test in
the Liraglutide Group and Placebo Group

Group Characteristics Liraglutide 3.0 mg (n = 20) Placebo (n = 20) p

Age (years) 64.0 ± 8.4 65.3 ± 6.7 NS

Male/female 13/7 11/9 NS

Bodyweight (kg) 104.4 ± 13.6 102.5 ± 18.0 NS

BMI (kg/m2) 35.1 ± 3.7 36.6 ± 5.6 NS

Waist: hip ratio 1.07 ± 0.08 1.04 ± 0.09 NS

FEV1 (L) 1.8 ± 0.67 1.4 ± 0.67 NS (p = 0.056)

FEV1 (%) 62.8 ± 17.8 50.3 ± 20.2 < 0.05

FEV1/FVC (%) 57.6 ± 9.4 48.2 ± 11.9 <0.05

FVC (L) 3.16 ± 1.01 2.83 ± 0.99 NS

FVC (%) 86.4 ± 19.1 81.5 ± 19.3 NS

TLC (%) 106 ± 18 114 ± 22 NS

DLCO (%) 67.3 ± 25.1 52.2 ± 24.3 NS

RV (%) 147 ± 48 176 ± 53 NS

MRC score 2.05 ± 1.08 3 ± 1.06 0.01

Eosinophils (10E9/L) 0.19 ± 0.12 0.16 ± 0.11 NS

Number of exacerbations the year before

inclusion

0.56 ± 0.70 0.77 ± 0.90 NS

CCI 3.26 ± 1.10 3.26 ± 1.05 NS

CAT-score 15.4 ± 6.1 17.8 ± 5.8 NS

6-min walking distance (m) 419 ± 91 308 ± 138 <0.01

CRP (mg/L) 5.3 ± 7.7 5.4 ± 4.7 NS

IL-6 (pg/mL) 5.3 ± 3.2 6.4 ± 3.6 NS

MCP-1 (pg/mL) 274 ± 95 281 ± 63 NS

Notes: Data are the mean ± SD. Sex is given in numbers. Significant changes between groups are given with p-values.
Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CRP, C reactive protein; FEV1, forced expiratory volume in one second; FVC, forced vital
capacity; CAT-score, COPD assessment test score; IL-6, Interleukin 6; MCP-1, Monocyte Chemoattractant Protein-1; TLC, total lung capacity; DLCO, diffusion capacity of
the lung for carbon monoxide; RV, residual volume; NS, non-significant.
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There were no significant differences between the treatment groups in CRP, IL-6 or MCP-1 from baseline to any
subsequent visits (all p > 0.1).

The CAT-score decreased significantly by 3.94 points at week 40 in the liraglutide group compared with that in the
placebo group (p = 0.012), but this effect was no longer present at week 44.

There was no significant difference in the 6-min walking distance at week 40 and week 44. In the complete case
group, there was a 47-m improvement in the liraglutide group compared placebo at week 40, but this difference did not
reach significance (p = 0.075).

In the liraglutide group, there were no significant correlations between the change in bodyweight from baseline to
week 40 or the change in pulmonary variables. Hence, at least some of the observed effects could be ascribed to
liraglutide treatment rather than weight loss per se (p > 0.2 for all).

Discussion
This is the first study to evaluate the effect of GLP-1RAs in people suffering from obesity and COPD. We examined the
effect of liraglutide (3.0 mg) for 40 weeks on pulmonary measures and the clinical impact of COPD. As anticipated,
liraglutide resulted in significant weight loss after 4 weeks of treatment, and this weight loss was maintained throughout
the study. In the liraglutide group, compared with placebo, we found an increase in FVC (both in liters and percentage of
expected), DLCO, and a reduced clinical impact of COPD as assessed by the CAT-score. We found no significant
differences in FEV1, FEV1/FVC, or 6-min walking test.

COPD and obesity are common conditions. Relatively few studies have assessed the effect of lifestyle-induced or
surgery-induced weight loss in people with COPD, which may be due to the well-established association between low
bodyweight and a poor prognosis of COPD. People undergoing bariatric surgery experience substantial weight loss, and
in parallel, they have improved measures of pulmonary function (FEV1, FVC, TLC, DLCO). These effects are present

Table 2 Average Baseline-Adjusted Group Differences (Liraglutide – Placebo) in Bodyweight, Pulmonary Variables, and 6-Min Walking
Distance

Variable Study Visit p

Week 4 Week 20 Week 40 Week 44 Week 40 Week 44

Bodyweight (kg) −4.9 −8.2 −8.4 −7.1 <0.01 <0.01

FEV1 (L) 0.019 0.056 0.106 −0.041 NS NS

FEV1 (%) 0.28 1.64 2.94 −3.23 NS NS

FEV1/FVC (%) −1.3 −0.9 −0.5 −1.4 NS NS

FVC (L) 0.06 0.18 0.33 0.04 <0.01 NS

FVC (%) 1.67 4.96 7.69 −0.00 <0.05 NS

TLC (%) −9.74 −1.02 0.97 −9.13 NS <0.05

DLCO (%) 3.49 0.56 9.67 1.89 <0.05 NS

RV (%) −7.83 −8.55 −9.62 −19.81 NS <0.05

CAT-score −1.23 −0.18 −3.94 −0.68 <0.05 NS

6-min walking distance (m) 3.8 −2.8 27.9 19.3 NS NS

CRP (mg/L) −0.24 −0.83 −2.22 −0.62 NS NS

IL-6 (pg(mL) 1.31 1.35 −0.25 −0.08 NS NS

MCP-1 (pg/mL) 4.11 −16.66 6.56 −30.93 NS NS

Note: p-values are specified for week 40 (effect of liraglutide and weight loss) and week 44 (effect of weight loss after cessation of liraglutide treatment).
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a short time after the surgical procedure and are also seen in the most severely obese group (BMI ≤60 kg/m2).8,16

Resistance exercise training in patients suffering from obesity and COPD results in reduced BMI, alongside better
exercise tolerance, health status, and improvement in FVC.7

Liraglutide has been approved for weight-loss therapy and weight maintenance in people with obesity. In addition,
some studies have emphasized its anti-inflammatory properties.10,17 COPD is characterized by dysfunctions of the innate
immune system. This phenomenon involves decreased expression and downregulation of anti-inflammatory cytokines
and abnormal lymphocyte function, both of which are important mechanisms in COPD. There is a link between innate
immunity in people with COPD and defect in GLP-1R signaling, and liraglutide-induced activation of GLP-1R signaling
decreases the severity of acute exacerbation of COPD, possibly by an increase in interferon-gamma production and by
ameliorating T-cell dysfunction.18

We did not find significant reduction in CRP, IL-6 or MCP-1 from baseline to subsequent visit. In previous studies,
liraglutide decreased inflammation markers such as IL-6 and MCP-1.13,14 Based on MRC score, blood eosinophils,
number of exacerbations and CCI, our study population was less severely affected by their disease, and accordingly
a possible reduction in inflammation might be overlooked.

Observational studies support a possible role of GLP-1RA treatment in pulmonary disease. Treatment with GLP-
1RAs compared with all other glucose-lowering agents in adults with type-2 diabetes and asthma results in a significantly
lower prevalence of asthma exacerbations, and the effect seems to be independent of weight loss following GLP-1RA
use.19 Liraglutide may also reduce the blood level of surfactant protein D in people with type-2 diabetes.20 Whether the
GLP-1R serves as a possible immunomodulatory target for COPD therapy is not known.

Our protocol was prompted by the results from a study conducted by Viby and co-workers.15 They assessed the effect
of GLP-1RAs on pulmonary function in a murine model of COPD. They assessed pulmonary function by non-ventilated
unrestrained whole-body plethysmography (Penh) after treatment with a GLP-1RA or an inactive control substance.
GLP-1RA-treated mice had a significant and remarkable improvement in survival and lung function compared with that
in mice treated with the inactive substance. Penh is considered a measure of bronchoconstriction and, accordingly,
corresponds most closely with FEV1 in humans. Penh is correlated with airway responsiveness (but not to airway
resistance) and its translational value to human conditions is controversial.15,21–23 We found no significant effect of
liraglutide upon FEV1. This observation could have been due to species-specific differences in the response to GLP-1RA
or to the method used to assess pulmonary function. In addition, the weight-adjusted liraglutide dose given in the mouse
study was much higher than the maximal dose approved for treatment of humans.

We found no effect upon FEV1 nor FEV1, but a significant difference between groups in FVC, at week 40. This
was due to improvement in the liraglutide group and deterioration in the placebo group. FEV1 is a better predictor
than FVC for all-cause mortality in people with moderate COPD,24 but FEV1 tends to underestimate bronchodilation
effects, and FVC may be a superior measure of bronchodilator reversibility in COPD.25 Hence, concomitant treatment
with liraglutide might increase the effect of bronchodilation treatment in people with pulmonary disease. Whether
a longer duration of GLP-1RA treatment affects air trapping, hyperinflation, and, therefore, FEV1, is not known.26,27

We found a positive effect of liraglutide compared to placebo on TLC and RV at the final study visit 4 weeks after
treatment cessation. This difference was not present during liraglutide treatment at week 40, so these results should be
interpreted with caution. Bronchodilators reduce hyperinflation and improve FVC by reducing RV, FRV, and TLC. This
phenomenon results in increased inspiratory capacity, a parameter linked to improvement in exercise tolerance and
dyspnea perception in COPD.28

We measured diffusion capacity by DLCO, which remained constant in the liraglutide group over 44 weeks, but
decreased in the placebo group by 14% and 11% at week 40 and week 44, respectively. This decline in the placebo group
was higher than expected. Wu et al stated that in people with COPD, DLCO was predicted to decrease by an average of
1.34% per year.29 They did not find BMI to be a predictor for a faster decline, but their study population was much leaner
than ours, and the impact of severe obesity as a risk factor for a fast decline in DLCO must be clarified.

We found a significant improvement in the CAT-score during liraglutide treatment compared to that in the placebo
group. People with higher CAT-scores are more likely to be admitted to the intensive care unit than those with lower
CAT-scores. A reduction in the CAT-score is, therefore, a possible predictor of reduced disease activity.4 A significant
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difference between the groups at week 40 disappeared at follow-up 4 weeks later, which indicated that the effect was
linked directly to the ongoing effect of liraglutide rather than bodyweight because bodyweight remained almost
unchanged until week 44.

The significant effect on FVC and DLCO at week 40 was no longer present at week 44. As bodyweight remained
almost stable until week 44 this might indicate that the effect is linked to treatment with liraglutide rather than
bodyweight alone.

Our study had three main strengths. First, it had a randomized controlled design. Second, we investigated pulmonary-
function measures and symptom measures. Third, participants were examined after short-term liraglutide treatment,
during liraglutide treatment following weight loss, and shortly after cessation of liraglutide treatment. Hence, it was
possible to distinguish between the direct effects of liraglutide and the effects of weight loss per se.

Our study also has limitations. First, we based our calculation of sample size on a dropout rate of 20%, but the actual
dropout rate was 25%. This difference may have limited the possibility of finding smaller effect sizes and induced the
risk of type-2 statistical errors. Second, a treatment period of 40 weeks may not be sufficient to detect the effects of
liraglutide and weight loss. Hence, longer-term studies might be needed to explore the full potential of liraglutide in this
study population, especially with regard to COPD exacerbations.

Conclusions
In patients suffering from obesity and COPD, 40 weeks of treatment with the GLP-1RA liraglutide improved FVC,
DLCO, and the CAT-score. GLP-1RAs are not approved for COPD treatment, but our study suggests that liraglutide at
3.0 mg may be an appropriate treatment option in patients with obesity and COPD because it appears to target obesity
and pulmonary function. Further studies are needed to clarify the full anti-inflammatory effect of liraglutide in people
with obesity and COPD.

Abbreviations
ACOS, Asthma-COPD Overlap Syndrome; BMI, Body mass index; CAT-score, COPD assessment test; CCI, Charlson
Comorbidity Index; CRP, C reactive protein; COPD, Chronic obstructive pulmonary disease; DLCO, Diffusion capacity
for carbon monoxide; FEV1, Forced expiratory volume in one second; FRV, Forced respiratory volume; FVC, Forced
vital capacity; FVCbest, Forced vital capacity best measure; FVC%, forced vital capacity, in percentage; GLP-1R,
glucagon-like peptide-1 receptor; GLP-1RA, glucagon like peptide-1 receptor agonist; IL-6, Interleukin 6; MCP-1,
Monocyte Chemoattractant Protein-1; MRC, medical research council dyspnea score; PR, Pulmonary rehabilitation;
RV, residual volume; TLC, total lung capacity.
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