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Background: The pharmacological association umeclidinium/vilanterol (UMEC/VI) allows to implement a very effective dual 
bronchodilation in chronic obstructive pulmonary disease (COPD), thus optimizing bronchodilating therapy.
Methods: The main purpose of our real-world observational study was to evaluate in COPD patients the effects of UMEC/VI on lung 
function and respiratory symptoms. Functional and clinical parameters were assessed at baseline, and after 52 weeks of treatment with 
this combined double inhaled therapy.
Results: We enrolled 110 subjects suffering from COPD. A 12-month UMEC/VI treatment induced significant improvements in total 
lung capacity (TLC) (p < 0.05), and residual volume (RV) (p < 0.0001). Pulmonary deflation was paralleled by significant increases of 
forced expiratory volume in one second (FEV1) (p < 0.0001), forced vital capacity (FVC) (p < 0.01), forced expiratory flow between 
25% and 75% of FVC (FEF25–75) (p < 0.0001) and diffusion capacity of the lung (DLCOcSB) (p < 0.05). In addition, in the same 
period, we also observed significant reductions of airway resistance including total resistance (Rtot) (p < 0.0001) and specific effective 
resistance (sReff) (p < 0.0001). Other improvements were detected with regard to modified British Medical Research Council (mMRC) 
questionnaire score (p < 0.0001), COPD Assessment Test (CAT) score (p < 0.0001), and COPD exacerbation rate (p < 0.0001). In 
particular, the reported changes of mMRC/CAT scores and COPD exacerbation numbers were significantly correlated with UMEC/VI– 
induced modifications of TLC, RV, FVC and FEV1.
Conclusion: In conclusion, our study corroborates in a real-life context the effectiveness of UMEC/VI in COPD treatment. Indeed, 
our broad investigational strategy has allowed to better characterize the functional mechanisms underpinning the therapeutic properties 
of UMEC/VI association.
Keywords: COPD, dual inhaled therapy, lung function, airway resistance, exacerbations

Introduction
Chronic obstructive pulmonary disease (COPD) is a respiratory disorder usually characterized by the persistence and 
poor reversibility of airflow limitation, resulting from a pathological inflammatory response of the airways and lung 
parenchyma to the inhalation of cigarette smoke and/or other atmospheric pollutants.1 COPD is very frequent, affecting 
10% of people over the age of 45 years, and currently represents the third leading cause of death worldwide.2–4 In 
particular, COPD is a heterogeneous syndrome including several phenotypes such as chronic obstructive bronchitis, small 
airway disease with peribronchiolar fibrosis and pulmonary emphysema,5 the latter being featured by lung hyperinflation 
and destruction of alveolar walls. Pulmonary emphysema is often associated with the inflammatory changes shaping 
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chronic bronchitis and small airway disease.6 7,8 On the other hand, limitation of the expiratory flow compromises the 
emptying of intrapulmonary air, thus leading to air trapping at the alveolar level with consequent lung hyperinflation.5 

This pathophysiological factor is the main cause of COPD symptoms, such as dyspnea and decreased exercise tolerance.6 

Furthermore, the destruction of interalveolar septa that characterizes emphysema also leads to amputation of the 
pulmonary capillary bed, with a consequent reduction of gas exchange surface and alveolar-capillary diffusion.7

The main goals of COPD treatment include relief of respiratory symptoms and prevention of exacerbations.8 In order to 
pursue these therapeutic goals, the most important drugs are represented by inhaled bronchodilators, which include antic-
holinergics/antimuscarinics and β2-adrenergic agonists.9 Regular and continuous therapies with long-acting β2-adrenergic 
receptor agonists (LABA) and long-acting muscarinic receptor antagonists (LAMA) play a crucial role in COPD treatment. 
LABA and LAMA can be used either individually or as pre-established combinations providing dual LAMA/LABA 
therapies.10 These pharmacological associations allow to implement a double bronchodilation, based on the reciprocal 
strengthening of the different mechanisms of actions driven by LABA and LAMA, respectively, which are responsible for 
optimization of bronchodilating therapy.11 Furthermore, LAMA/LABA combinations allow the effects of bronchodilation to 
be extended throughout the entire respiratory tree, as the muscarinic receptors blocked by LAMA are more concentrated in 
proximal large-caliber airways, while the density of β2-adrenergic receptors stimulated by LABA progressively increases 
moving distally towards peripheral small airways.12 When compared with the efficacy of a treatment based on either a LAMA 
or LABA used alone, the bidirectional positive interactions between LAMA and LABA result in a more efficient bronchodila-
tion, associated with a powerful attenuation of lung hyperinflation.13,14 Therefore, dual bronchodilation is more effective than 
single LABA or LAMA monotherapies in alleviating dyspnea, increasing exercise tolerance, preventing exacerbations, and 
improving respiratory function, quality of life and overall health status.15

With reference to the umeclidinium/vilanterol (UMEC/VI) combination, numerous randomized and controlled 
international polycentric trials have unequivocally demonstrated the therapeutic superiority of this LAMA/LABA 
association not only in comparison to placebo but also versus LABA or LAMA single treatments, such as vilanterol 
or umeclidinium used individually.16–19 However, scientific literature is quite short of publications regarding clinical 
studies carried out in the real-world of daily medical practice. Within this context, the aim of our clinical investigation 
was to evaluate in patients with COPD, through a real-life observational study, the effects of the fixed dose combination 
UMEC/VI on respiratory symptoms, global health status, lung function, and the annual number of disease exacerbations.

Patients and Methods
Study Design and Patient Enrollment
In this single-centre real-life study, at the Respiratory Disease Unit of “Mater Domini” University Hospital of Catanzaro, 
Italy, we recruited COPD patients and treated them with the combined dual inhalation therapy UMEC/VI (55/22 mcg). 
COPD was diagnosed according to the recommendations of Global Initiative for Chronic Obstructive Lung Disease 
(GOLD).20 Pulmonary function tests were performed according to the American Thoracic Society (ATS)/European 
Respiratory Society (ERS) guidelines,21 using the “Master Screen Pulmonary Function Testing System” and “Master 
Screen Body” equipment (Jaeger, Hannover, Germany). Measurement of the diffusion capacity of lung for carbon 
monoxide (DLCO) was carried out according to ATS/ERS standards, in order to evaluate the amount of carbon monoxide 
retained in the lung in a single breath, and the resulting value was corrected for the anaemia effect based on hemoglobin 
levels.22 Lung diffusing capacity was thus expressed as single breath corrected DLCO (DLCOcSB). Only COPD patients 
with blood eosinophil counts less than 100 cells/µL were considered for this real-life investigation.

At baseline, all enrolled patients were regularly taking either a LAMA or combinations of inhaled corticosteroids 
(ICS) and LABA (ICS/LABA), and they experienced persistent dyspnea, limitation of physical exercise, and recurrent 
exacerbations of COPD. The inhaled therapy UMEC/VI was prescribed according to current indications and was taken at 
the dose of one inhalation every 24 hours.23 Previously administered inhaled therapies were then suspended without any 
wash-out period.
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This observational study met the standards of good clinical practice (GCP) and the principles of the Declaration of Helsinki. 
Furthermore, written informed consent was obtained from all patients. Our investigation was conducted on the basis of what was 
established by the local Ethics Committee of Calabria Region, Italy (Catanzaro, Italy, document n. 263–23 July 2020).

Outcomes and Measurements
Total lung capacity (TLC), residual volume (RV), inspiratory capacity (IC), intrathoracic gas volume (ITGV), expiratory 
reserve volume (ERV), forced expiratory volume in one second (FEV1), forced vital capacity (FVC), peak expiratory 
flow (PEF), forced expiratory flow between 25% and 75% of FVC (FEF25–75) and DLCOcSB were evaluated under 
baseline conditions, as well as after twelve months of treatment with UMEC/VI. All functional data refer to trough 
measurements. In addition, in the same period of time, we also assessed airway resistance including total resistance (Rtot), 
effective resistance (Reff), and specific effective resistance (sReff). Modified British Medical Research Council (mMRC) 
questionnaire score,24 COPD Assessment Test (CAT) score,25 and the number of moderate and severe COPD 
exacerbations26 occurring at baseline and after 52 weeks of treatment with UMEC/VI were also recorded. The safety 
and tolerability profile of the above inhaled therapy was verified through monthly telephone contacts with the patients, 
during which they were asked if they had experienced infections, headache, cough, or gastrointestinal disturbances, and 
we also acquired information about any eventual deterioration of their global health state. These phone calls were also 
used to monitor treatment adherence.

Statistical Analysis
Statistical analysis was performed using Prism version 9.4.0 (GraphPad Software Inc., San Diego, California, USA). Data were 
expressed as mean ± standard deviation (SD) if normally distributed, otherwise as median values with interquartile range (IQR). 
Anderson-Darling test was used to assess normal distribution. Student’s t-test or Mann–Whitney U-test was applied to compare 
variables. Relationships between variables were assessed by Pearson correlation coefficient (r) and linear regression analysis. A p 
value of less than 0.05 was considered as statistically significant.

Results
In this study, we recruited 110 patients (91 males and 19 females), characterized by a mean age of 67.74 ± 9.25 years, and 
a median body mass index (BMI) of 28.00 kg/m2 (25.00–31.00). Mean blood eosinophil count was 58.72 ± 19.79 cells/µL. 
At baseline, the mean values of RV and FEV1 were 122.7 ± 40.88% and 57.91 ± 11.89% of the predicted values, 
respectively. Baseline patient characteristics are summarized in Table 1.

UMEC/VI dual therapy had a significant impact on pulmonary hyperinflation; in fact, during the study period, TLC 
decreased from 5.53 ± 1.21 L to 5.34 ± 1.19 L (p < 0.05) (Figure 1A), and RV diminished from 2.80 L (2.37–3.49) to 
2.46 L (1.97–2.96) (p < 0.0001) (Figure 1B). Furthermore, IC augmented from 1.93 ± 0.80 L to 2.10 ± 0.76 L (p < 0.05) 
(Figure 1C). However, we did not find statistically significant differences with regard to ITGV (3.49 ± 1.04 L vs 3.38 ± 
1.07 L; p = 0.162) (Figure 1D) and ERV (0.70 ± 0.53 L vs 0.81 ± 0.54 L; p = 0.085) (Figure 1E).

RV reduction was associated with concomitant improvements in both FEV1 and FVC, which increased from baseline 
values of 1.63 ± 0.46 L and 2.40 ± 0.65 L to 1.76 ± 0.51 L (p < 0.0001) (Figure 2A) and 2.55 ± 0.69 L (p < 0.01) 
(Figure 2B), respectively. When compared to baseline, FEV1/FVC ratio significantly enhanced from 65.13 ± 8.79% to 
70.13 ± 10.59% (p < 0.0001) after 52 weeks of dual inhaled therapy with UMEC/VI. Moreover, PEF enhanced from 5.15 
± 1.72 L/s to 5.70 ± 1.95 L/s (p < 0.0001) (Figure 2C). These results were coexistent with a parallel increment of 
FEF25–75, which from the baseline value of 1.01 ± 0.48 L/s rose to 1.22 ± 0.57 L/s (p < 0.0001) (Figure 2D).

UMEC/VI induced positive effects also on airway resistance; in fact, one year after the first inhalation the mean R tot 
value decreased from 0.42 kPa*s/L (0.33–0.55) to 0.34 kPa*s/L (0.26–0.43) (p < 0.0001) (Figure 3A). In particular, Reff 

lowered from 0.36 kPa*s (0.30–0.51) to 0.29 kPa*s (0.23–0.39) (p < 0.0001) (Figure 3B), and sReff dropped from 1.33 
kPa*s (0.99–2.05) to 1.04 kPa*s (0.81–1.45) (p < 0.0001) (Figure 3C), respectively.

Furthermore, DLCOcSB was also measured at baseline and one year after starting treatment with UMEC/VI. In this respect, 
we observed that DLCOcSB increased from 5.28 ± 1.67 mmol/min/kPa to 5.51 ± 1.65 mmol/min/kPa (p < 0.05) (Figure 2E).
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The impact of UMEC/VI dual inhaled therapy on respiratory function was associated with notable clinical effects on COPD 
symptoms and global health status of study population. Indeed, after twelve months of treatment with UMEC/VI, both mMRC 
and CAT scores improved from 3.0 (3.0–4.0) to 1.0 (1.0–2.0) (p < 0.0001) (Figure 4A), and from 26.0 (23.0–32.0) to 17.0 (11.0– 

Table 1 Baseline Patient Characteristics

Age, mean (SD), years 67.74 (9.25)

Male gender, N (%) 91 (82.7)
Female gender, N (%) 19 (17.3)

Weight, median (IQR), kg 79.50 (67.25–89.00)

Height, median (IQR), cm 166.0 (160.0–172.0)
BMI, median (IQR), kg/m2 28.00 (25.00–31.00)

Blood eosinophils, mean (SD), cells/µL 58.72 (19.79)

Hypertension, N (%) 78 (70.9)
Ischemic heart disease, N (%) 38 (34.5)

Atrial fibrillation, N (%) 21 (19.1)

Diabetes, N (%) 25 (22.7)
TLC, mean (SD), % predicted 91.07 (18.62)

RV, mean (SD), % predicted 122.7 (40.88)

IC, mean (SD), % predicted 78.72 (26.24)
ITGV, mean (SD), % predicted 107.2 (30.58)

ERV, mean (SD), % predicted 76.94 (54.22)

FEV1/FVC, mean (SD), % 65.13 (8.79)
FEV1, mean (SD), % predicted 57.91 (11.89)

FVC, mean (SD), % predicted 65.66 (13.16)

PEF, mean (SD), % predicted 71.10 (20.77)
FEF25–75, mean (SD), % predicted 43.12 (17.86)

DLCOcSB, mean (SD), % predicted 64.78 (18.64)

Rtot, median (IQR), % predicted 141.0 (115.5–170.5)
Reff, median (IQR), % predicted 124.0 (102.0–157.0)

sReff, median (IQR), % predicted 126.0 (86.0–184.0)

Smokers and ex-smokers, N (%) 110 (100.0)
On treatment with LAMA, N (%) 87 (79.1)

On treatment with ICS/LABA, N (%) 23 (20.9)

Abbreviations: SD, standard deviation; IQR, interquartile range; BMI, body mass index; 
TLC, total lung capacity; RV, residual volume; IC, inspiratory capacity; ITGV, intrathoracic 
gas volume; ERV, expiratory reserve volume; FEV1, forced expiratory volume in 
one second; FVC, forced vital capacity; PEF, peak expiratory flow; FEF25–75, forced mid- 
expiratory flow between 25% and 75% of forced vital capacity; DLCOcSB, corrected 
single-breath diffusion lung capacity for carbon monoxide; Rtot, total resistance; Reff, 
effective resistance; sReff, specific effective resistance; LAMA, long-acting muscarinic 
receptor antagonist; ICS, inhaled corticosteroid; LABA, long-acting β2-adrenergic agonist.

Figure 1 Effects of a 52-week treatment with UMEC/VI on TLC (A), RV (B), IC (C), ITGV (D), and ERV (E). *p < 0.05; ****p < 0.0001. 
Abbreviations: UMEC/VI, umeclidinium/vilanterol; TLC, total lung capacity; RV, residual volume; IC, inspiratory capacity; ITGV, intrathoracic gas volume; ERV, expiratory 
reserve volume. Ns, not significant.
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24.0) (p < 0.0001) (Figure 4B), respectively. Moreover, when compared to the previous year, the number of COPD exacerbations 
significantly diminished from 2.55 ± 0.50 to 1.68 ± 0.67 (p < 0.0001) (Figure 4C).

UMEC/VI–induced decrements of mMRC scores were found to be significantly correlated with the associated decreases of 
TLC (r = 0.374; p < 0.01) and RV (r = 0.326; p < 0.01), as well as with the reported increases of FVC (r = −0.262; p < 0.05) and 
FEV1 (r = −0.278; p < 0.01). In addition, CAT score improvements significantly correlated with the observed changes of TLC (r = 
0.444; p < 0.001), RV (r = 0.591; p < 0.0001), FVC (r = −0.408; p < 0.001), FEV1 (r = −0.385; p < 0.001), and FEF25–75 (r = 
−0.266; p < 0.05). Finally, significant correlations were detected between the reductions of COPD exacerbation numbers, elicited 
by UMEC/VI treatment, and several functional effects including the modifications of TLC (r = 0.256; p < 0.05), RV (r = 0.331; p < 
0.01), FVC (r = −0.265; p < 0.05), and FEV1 (r = −0.231; p < 0.05).

Figure 2 Effects of a 52-week treatment with UMEC/VI on FEV1 (A), FVC (B), PEF (C), FEF25–75 (D), and DLCOcSB (E). *p < 0.05; **p < 0.01; ****p < 0.0001. 
Abbreviations: UMEC/VI, umeclidinium/vilanterol; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; PEF, peak expiratory flow; FEF25–75, forced 
mid-expiratory flow between 25% and 75% of forced vital capacity; DLCOcSB, corrected single-breath diffusion lung capacity for carbon monoxide.

Figure 3 Effects of a 52-week treatment with UMEC/VI on Rtot (A), Reff (B), and sReff (C). ****p < 0.0001. 
Abbreviations: UMEC/VI, umeclidinium/vilanterol; Rtot, total resistance; Reff, effective resistance; sReff, specific effective resistance.

Figure 4 Effects of a 52-week treatment with UMEC/VI on mMRC dyspnea scale (A), CAT score (B), and COPD exacerbations (C). ****p < 0.0001. 
Abbreviations: UMEC/VI, umeclidinium/vilanterol; mMRC, modified British Medical Research Council; CAT, COPD assessment test; COPD, chronic obstructive 
pulmonary disease.
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Moreover, adherence to inhaled treatment with UMEC/VI resulted to be optimal in all patients, and no side effect or 
adverse reaction was reported.

Discussion
Based on this real-life observational study, we herein show that COPD patients undergoing dual inhaled bronchodilator 
treatment with UMEC/VI manifested relevant clinical benefits including relief of dyspnea, decrease of the annual rate of 
disease exacerbations and a better health status, as well as they experienced significant improvements in lung function. In 
particular, the present results demonstrate that the above therapy significantly increased the values of several functional 
respiratory parameters such as FEV1, FEV1/FVC ratio, FEF25–75 and PEF, and also elicited significant decreases in RV 
and airway resistance. Furthermore, the inhaled treatment with UMEC/VI also enhanced DLCO. Despite the obvious 
limitation due to the relatively small number of patients that can be recruited in a single-centre observational study, these 
results confirm in a real-life setting the synergism of action between umeclidinium and vilanterol, and document even 
more pronounced clinical and functional effects in comparison to randomized controlled trials.

The UMEC/VI combination therapy was developed in the form of a multi-dose dry powder inhalational device.27 

Each inhalation provides a pre-set pharmacological dosage, comprising 22 mcg of vilanterol and 55 mcg of umeclidi-
nium, to be taken once a day approximately every 24 hours. In this way, an efficient LABA-LAMA synergism of action 
is achieved, which provides the pharmacological basis underlying the reported improvements in respiratory function, that 
in turn drive the consequent clinical advantages.28 Within this context, the present study was based on a real-life 
platform, characterized by a more complete evaluation of respiratory function in comparison to randomized controlled 
trials. Indeed, not only FEV1 and FEV1/FVC ratio were measured, but after one year of treatment with UMEC/VI other 
functional indices were recorded, also including RV. This conceptual approach is very important, since lung hyperinfla-
tion is the main pathophysiological factor responsible for dyspnea and impaired exercise tolerance in patients with 
COPD.6 Therefore, a careful assessment and monitoring of the functional effects of bronchodilating therapies, also 
including the UMEC/VI association, should not disregard the evaluation of the potential deflating actions of LABA and 
LAMA. Moreover, in comparison to clinical phases of relative COPD stability, exacerbations are associated with marked 
enhancements of lung hyperinflation, consisting of further RV increases. In this regard, it is noteworthy to consider that 
our present data clearly indicate that UMEC/VI regular inhalation induced a significant RV reduction. In the current 
study, we also show that UMEC/VI combination significantly increased FEF25–75, a functional parameter indicative of 
measurable airflow at the peripheral level of respiratory tract. Therefore, our results strongly suggest that the improve-
ment of small airway patency could be the main mechanism by which dual UMEC/VI bronchodilator therapy promotes, 
especially during expiration, the emptying of air trapped into alveoli. The consequent lung deflation was likely 
responsible in our COPD patients for relief of dyspnea, amelioration of global health status, and decrease of the annual 
rate of disease exacerbations.29 Interestingly, the latter effects of UMEC/VI treatment were closely associated with the 
observed improvements in lung hyperinflation and airflow limitation. In particular, the reported changes of mMRC/CAT 
scores and COPD exacerbation numbers were significantly correlated with UMEC/VI–induced modifications of TLC, 
RV, FVC and FEV1.

It can also be inferred that the improvement of DLCO, detected in many of our patients treated with UMEC/VI, is due 
to a noticeable enhancement of pulmonary ventilation, leading to a consequent increase in air-blood contact surface and 
gas exchange. Such key changes in lung function depend on the optimal synergism resulting from the reciprocal 
potentiation and integration of the different mechanisms of action of vilanterol and umeclidinium. In fact, the therapeutic 
success of LABA and LAMA arises from the ability of these drugs to effectively counteract the exaggerated cholinergic 
bronchomotor tone, which is the main reversible pathophysiological component of airflow limitation characterizing 
patients with COPD. The positive interactions between vilanterol and umeclidinium occur primarily in airway smooth 
muscle. At this post-junctional level, the anticholinergic effects due to competitive receptor antagonism of M3 muscarinic 
receptors, operated by umeclidinium, significantly empower the functional antagonism of airway smooth muscle 
contraction, mediated by vilanterol via stimulation of β2-adrenergic receptors and the consequent activation of cAMP 
signaling pathway.30,31 Furthermore, vilanterol and umeclidinium also cooperate at a pre-junctional site, ie at the level of 
nerve endings of post-ganglionic vagal parasympathetic cholinergic fibers, which innervate airway smooth muscle.32,33 
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Indeed, in addition to providing a very effective post-junctional bronchodilation, vilanterol also activates pre-junctional 
β2-adrenergic receptors, thus inhibiting acetylcholine release. This mechanism is significantly potentiated by acetylcho-
line-induced stimulation of prejunctional inhibitory M2 muscarinic autoreceptors, whose functional activity is largely 
spared by umeclidinium, which behaves as a relatively selective receptor antagonist of post-junctional M3 receptors.34–36

By analogy with other similar monocentric observational studies carried out in a real-world setting, our present 
clinical investigation is also outlined by some limitations, including a relatively small size of patient sample and the lack 
of randomization design and placebo control. Of course, these considerations imply that comparative evaluations in real- 
life are less reliable than in randomized controlled trials. However, this limitation is widely compensated by a much 
larger inclusion of patients, who would be otherwise excluded by the restrictive enrollment criteria imposed by clinical 
trials.

In conclusion, the most interesting aspect of our experimental work is undoubtedly represented by the real-life 
environment related to its development and implementation. This real-world research context has indeed made it possible 
to evaluate several key parameters of lung function, thereby using a much more extensive and in-depth approach than the 
limited one commonly utilized in randomized controlled trials. Hence, such a broader investigational strategy has 
allowed to better characterize the functional mechanisms underpinning the therapeutic properties of UMEC/VI 
association.
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