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Background: Lung hyperinflation and exercise intolerance are hallmarks of chronic obstructive 

pulmonary disease (COPD). However, their relationship remains uncertain. A combined analysis 

of two placebo-controlled, randomized studies examined the effects of the long-acting muscarinic 

antagonist umeclidinium (Umec) and long-acting β
2
-agonist vilanterol (Vi) separately and in 

combination on static hyperinflation, exercise endurance time (EET), and their relationship in 

patients with COPD.

Methods: Patients with moderate-to-severe stable COPD and resting functional residual 

capacity .120% predicted were randomized to Umec/Vi 62.5/25 μg, Umec 62.5 μg, Vi 25 μg, 

or placebo for 12 weeks. Inspiratory capacity (IC), residual volume (RV), total lung capacity 

(TLC), and EET in an endurance shuttle-walk test were measured. In this post hoc analysis, 

IC/TLC, RV/TLC, and IC were used as hyperinflation markers.

Results: After 12 weeks, Umec/Vi and Umec and Vi showed significant improvements in 

hyperinflation versus placebo when measured by absolute change from baseline in IC/TLC 

(trough and 3 hours postdose [P#0.011]). Umec/Vi showed significant improvements ver-

sus Umec and Vi in absolute changes in IC/TLC (trough and 3 hours postdose [P#0.001]). 

Statistical significance for comparisons with placebo and between treatments for absolute changes 

in IC and percentage changes in RV/TLC followed similar patterns to those for absolute changes 

in IC/TLC. Umec/Vi showed significant improvements in EET versus placebo at day 2 and 

week 12, measured as change from baseline in seconds (P#0.002) and as a percentage from 

baseline (P#0.005). There was a lack of evidence to suggest a correlation between improve-

ments in static hyperinflation and EET at any time point.

Conclusion: Although the dual bronchodilator Umec/Vi demonstrated greater improvements in 

static hyperinflation markers than Umec or Vi and significant improvements in exercise endur-

ance, no direct relationship was observed between static hyperinflation and exercise endurance.

Keywords: bronchodilators, COPD, exercise, hyperinflation

Introduction
Patients with chronic obstructive pulmonary disease (COPD) experience persistent 

airflow limitation and dyspnea, restricting their ability to undertake normal activities 

and exercise. Lung hyperinflation plays a central role in the pathophysiology of dyspnea 

and poor exercise tolerance in COPD.1 Lung hyperinflation at rest (static hyperinflation) 

and/or during exercise (dynamic hyperinflation) occurs due to reduced elastic-recoil 

pressure of the lungs combined with expiratory flow limitation,1 and is believed to be 

common in patients with COPD.2
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Hyperinflation can be described using several param-

eters. Conventionally, functional residual capacity (FRC) 

or total lung capacity (TLC) volumes .120% of pre-

dicted values have represented lung hyperinflation.3 More 

recently, residual volume (RV), normalized for LC using 

the RV/TLC ratio, has been used.4,5 RV/TLC is an inde-

pendent risk factor for all-cause mortality in COPD5,6 and 

a predictor of frequent exacerbations.4 Inspiratory capacity 

(IC) is another important hyperinflation measure, ben-

efiting from ease of measurement as it can be assessed by 

spirometry as well as plethysmography. The tidal expira-

tory flow limitation observed in patients with COPD may 

be reflected in reduced resting IC. As resting IC represents 

the operating limit for tidal volume expansion during 

increased ventilation, such as that occurring during exer-

cise, it is closely related to the maximum tidal volume and 

hence exercise performance.3,7,8 IC can be normalized using 

the IC/TLC ratio; this is also an independent predictor of 

respiratory and all-cause mortality in COPD,9 and has been 

employed as a hyperinflation measure in several studies.10–12

Improving exercise capacity is an important goal in 

COPD treatment,13 as it improves patients’ quality of life 

and is a strong predictor of mortality (whether measured 

independently or as part of a composite index).14–16 It has been 

established that exercise intolerance in COPD is related to 

lung hyperinflation; however, the precise relationship is com-

plicated, partly due to debate over the relative contributions 

of dynamic and static hyperinflation.1,8,17 Other factors may 

also play a role: exercise limitation reflects a complex interac-

tion of ventilatory, cardiovascular, metabolic, muscular, and 

psychological factors, with variable relative contributions 

between individuals.8,17

Long-acting muscarinic antagonists (LAMAs) and long-

acting β
2
-agonists (LABAs) have been shown to reduce 

hyperinflation as monotherapies and in combination.18,19 

Their effects on exercise capacity have varied between 

studies,18–20 but it is generally believed that exercise capacity 

improves with LAMA and/or LABA treatment.21,22 The 

LAMA umeclidinium (Umec) and the combination of 

Umec with the LABA vilanterol (Vi) have been approved 

as once-daily maintenance treatments for COPD in the EU, 

US, Canada, and other countries.23,24 Here, we examined the 

effects of Umec (62.5 μg) and Vi (25 μg) separately and in 

combination on hyperinflation, exercise endurance, and the 

relationship between hyperinflation and exercise endurance 

using data from two placebo-controlled, randomized studies 

in patients with COPD. We believe that this is the largest study 

to date evaluating changes in both lung function parameters 

and exercise endurance in response to bronchodilators.

Methods
Study design
This post hoc analysis (GSK ID 203170) pooled data from 

two multicenter, multinational double-blind, randomized 

crossover studies of patients with moderate–severe stable 

COPD (study numbers DB2114417 [NCT01328444] and 

DB2114418 [NCT01323660]). Both trials were conducted 

in accordance with the Declaration of Helsinki and Good 

Clinical Practice guidelines, and were approved by the Chesa-

peake Institutional Review Board (Columbia, MD, USA), as 

well as each relevant national, regional, or independent ethics 

committee or institutional review board. All participants pro-

vided signed informed consent before study participation.

Details of the study design, patient populations, and pro-

cedures have been described previously.25–27 Briefly, eligible 

patients completed a 12- to 21-day run-in period followed 

by two 12-week treatment periods, separated by a 14-day 

washout. Patients were randomized to one of 26 treatment 

sequences consisting of two of the following once-daily 

treatments: Umec/Vi 125/25 μg (delivered dose 113/22 μg), 

Umec/Vi 62.5/25 μg (delivered dose 55/22 μg), Umec 

125 μg (delivered dose 113 μg), Umec 62.5 μg (delivered 

dose 55 μg), Vi 25 μg (delivered dose 22 μg), or placebo. 

Data from all treatment arms were analyzed; however, 

only data from the Umec/Vi 62.5/25 μg, Umec 62.5 μg, 

Vi 25 μg, and placebo groups are presented.

Patients
Eligible patients had a resting FRC .120% of the predicted 

value, were  $40  years of age with a smoking history 

of  $10 pack-years, and had a post-bronchodilator forced 

expiratory volume in 1 second (FEV
1
):forced vital capacity 

(FVC) ratio ,70% and FEV
1
 $35% and #70% of  predicted 

values. Exclusion criteria included the presence of comorbid 

respiratory conditions or an asthma diagnosis. Stable doses 

of inhaled corticosteroid (ICS) and as-needed doses of short-

acting β
2
-agonists were permitted throughout the study.

End points
The co-primary end points in both original studies were 

exercise endurance time (EET) in an endurance shuttle-walk 

test (ESWT) 3 hours postdose and trough FEV
1
 at week 12 

of each treatment period (measured 24 hours after dosing on 

day 84).25 Secondary end points included trough and 3-hour 

postdose lung volumes (FRC, FVC, RV, and IC; 3-hour post-

dose measurements were performed directly before the ESWT) 

at week 12 of each treatment period. Data from each study 

for FRC, FVC, RV, and IC volume, IC/TLC and RV/TLC 

ratios, and EET were combined in this post hoc analysis.  
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The analysis focused on the hyperinflation parameters 

RV/TLC, IC/TLC, and IC, due to their frequent use, the dem-

onstrated abilities of the ratios to predict mortality, and the 

ease of measurement of IC. Correlations of baseline IC/TLC, 

RV/TLC, and IC with baseline percentage predicted FRC 

were determined to explore if these parameters correlated 

well with this other conventional hyperinflation measure.

Both absolute and percentage changes from baseline in 

IC/TLC and RV/TLC ratios were calculated; changes in 

IC/TLC are presented primarily as absolute values (expressed 

as percentages), while changes in RV/TLC are presented 

primarily as percentage changes from baseline, for consis-

tency with previous studies.9,28 All data were included in 

the analyses and normalized using reference equations.29 

Subgroup analysis by Global Initiative for Chronic Obstruc-

tive Lung Disease (GOLD) stage, GOLD category, revers-

ibility to salbutamol, ICS use and treatment naїveté for 

IC, IC/TLC, and RV/TLC was performed to enable better 

characterization of patients’ responses to treatment.

Lung volume
Lung volume was measured in liters using constant-volume 

body plethysmography. Plethysmography assessments were 

conducted at screening and each treatment clinic visit (day 1, 

week 6, and week 12) both 3 hours postdose and 24±1 hours 

postdose (trough values), in accordance with American 

Thoracic Society/European Respiratory Society guidelines.30

Exercise-endurance time
In the original studies, EET was measured in seconds using 

the ESWT. Patients performed an incremental SWT (ISWT) 

during the run-in period, walking at progressively increas-

ing speeds around a 10 m course, as previously described.25 

The distance completed in the ISWT was used to calculate 

the appropriate walking speed for the ESWT, in accordance 

with methodology developed by Singh et al.31,32 In the ESWT, 

patients were instructed to walk at the required steady speed 

around a 10 m course for as long as possible. Patients per-

formed an ESWT during the run-in period to gain familiarity 

with the procedure. Baseline ESWT results were taken at 

randomization (for the first treatment period) and 10 days into 

the washout period (for the second treatment period). ESWT 

results were measured after 2 days, 6 weeks, and 12 weeks 

of treatment, once per visit. In this post hoc analysis, the 

percentage change from baseline in EET was calculated.

Statistical analyses
EET, FRC, RV/TLC, RV, IC/TLC, and IC were analyzed 

using a repeated-measure model with covariates of period 

baseline value, mean baseline value, study, period, treatment, 

visit, smoking status, center group, visit by period baseline 

value, visit by mean baseline value, and visit by treatment 

interactions. Baseline values for covariates for the EET 

analysis were taken as walking speed.

In this post hoc analysis, changes in static hyperinflation 

parameters were compared with changes in EET and FEV
1
. 

Scatterplots and Spearman correlation calculations were per-

formed for each time point (2 days, 6 weeks, and 12 weeks) for 

the percentage change from baseline in EET or FEV
1
 versus 

the percentage change from baseline in RV/TLC, IC/TLC, 

and IC for both trough and postdose values, and for the per-

centage change from baseline in EET versus the percentage 

change from baseline in FEV
1
 to assess correlations among 

end points. Scatterplots and Spearman correlation calculations 

were also performed for correlations of baseline IC/TLC, 

RV/TLC, and IC with baseline percentage predicted FRC.

Results
Study populations and baseline 
characteristics
The demographics of the study populations have been 

previously reported.25 Of a total of 1,230 patients enrolled 

and 657 randomized in the two studies, 655 patients were 

included in the intent-to-treat (ITT) populations, and 

475 patients completed the studies. The mean age of patients 

was 62.0 years, and the majority were male (55.4%). Demo-

graphics and baseline characteristics were similar between 

the studies, and most patients were GOLD stage II or III.25 

The proportion of patients in the combined ITT populations 

with cardiovascular risk factors was 62.6%. Baseline demo-

graphics, hyperinflation parameters, and exercise tolerance 

for the combined populations are shown in Table 1.

Lung volume
IC/TLC, IC, and RV/TLC
At week 12, statistically significant improvements in least 

squares (LS) mean absolute change from baseline in trough 

IC/TLC ratio versus placebo were shown for Umec/Vi, 

Umec, and Vi (Table 2). These improvements began at day 2 

and remained consistent throughout the studies (Figure 1). 

Umec/Vi showed statistically significant improvements 

versus Vi at day 2 and versus Umec and Vi at week 12 

(Table 2). These results were unchanged when percentage 

changes from baseline were measured, except that Umec/Vi 

showed statistically significant improvements versus Umec 

and Vi at both time points (data not shown).

When 3-hour postdose IC/TLC ratio was assessed, 

statistically significant improvements in LS mean absolute 
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change from baseline versus placebo were shown at day 2 

and week  12 for Umec/Vi, Umec, and Vi (Table  2). 

Umec/Vi showed a statistically significant improvement 

versus Umec at day 2 and versus Umec and Vi at week 

12. These results were unchanged when LS mean percentage 

changes from baseline were measured, except that Umec/Vi 

showed statistically significant improvements versus Umec 

and Vi at both time points (data not shown). Statistical 

significance for comparisons with placebo and between 

treatments for absolute changes in IC and percentage changes 

in RV/TLC followed similar patterns to those for absolute 

changes in IC/TLC (Supplementary material).

FVC, FRC, IC, and RV
LS mean absolute changes from baseline in trough and 3-hour 

postdose IC, FVC, RV, and FRC at day 2 and week 12 for 

Umec/Vi versus placebo are shown in Figure S1. Statistically 

significant improvements (P,0.001) in these measurements 

Table 1 Baseline hyperinflation parameters and exercise tolerance (combined populations)

Parameter Umec/Vi 62.5/25 μg  
(N=282)

Umec 62.5 μg  
(N=89)

Vi 25 μg 
(N=140)

PBO 
(N=321)

Age (years), mean (SD) 62.0 (7.9) 61.7 (7.9) 61.5 (8.2) 62.0 (8.2)
Sex (male), n (%) 160 (57) 53 (60) 80 (57) 180 (56)
Pre-bronchodilator FEV1 (L), n

Mean (SD)
281
1.400 (0.450)

88
1.397 (0.432)

140
1.395 (0.450)

321
1.346 (0.433)

Post-salbutamol FEV1 (L), n
Mean (SD)

282
1.547 (0.424)

88
1.572 (0.408)

140
1.556 (0.445)

319
1.511 (0.411)

Post-salbutamol predicted FEV1 (%), n
Mean (SD)

282
51.5 (9.7)

88
53.2 (9.8)

140
51.4 (9.6)

319
50.9 (9.8)

Pre-bronchodilator FVC (L), n
Mean (SD)

281
3.026 (0.871)

88
3.032 (0.859)

140
2.937 (0.780)

321
2.900 (0.846)

Post-salbutamol FVC (L), n
Mean (SD)

282
3.282 (0.912)

88
3.336 (0.857)

140
3.193 (0.799)

319
3.177 (0.871)

IC/TLC (%),a n
Mean (SD)

282
31.8 (8.1)

88
31.8 (6.1)

140
32.6 (7.3)

321
31.7 (7.3)

ISWT (m), n
Mean (SD)

282
403.2 (149.6)

89
426.6 (153.3)

140
415.9 (145.9)

320
418.9 (152.1)

EET (seconds), n
Mean (SD)

280
307.7 (162.6)

88
297.1 (159.4)

137
303.5 (130.4)

317
328.1 (182.1)

Note: aData from one patient were excluded from the IC/TLC and IC analyses throughout, due to outlying data (baseline IC 0.12 L, range of other subjects 0.67–4.77 L).
Abbreviations: EET, exercise-endurance time; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; IC, inspiratory capacity; ISWT, incremental shuttle-
walk test; PBO, placebo; SD, standard deviation; TLC, total lung capacity; UMEC, umeclidinium; VI, vilanterol.

Table 2 LS mean absolute changes from baseline in IC/TLC at day 2 and week 12

LS mean change from 
baseline

Umec/Vi  
62.5/25 μg vs 
PBO

Umec 62.5 μg  
vs PBO

Vi 25 μg 
vs PBO

Umec/Vi 
62.5/25 μg vs 
Umec 62.5 μg

Umec/Vi 
62.5/25 μg 
vs Vi 25 μg

Day 2
na 281/317 88/317 139/317 281/88 281/139
IC/TLC (trough), %

95% CI
P-value

3.0
2.4 to 3.6
,0.001

2.2
1.2 to 3.1
,0.001

2.0
1.2 to 2.8
,0.001

0.8
-0.1 to 1.8
0.085

1.0
0.2 to 1.8
0.014

IC/TLC (3 hours postdose), %
95% CI
P-value

4.4b

3.8 to 5.0
,0.001

3.1
2.2 to 4.1
,0.001

3.6
2.8 to 4.4
,0.001

1.3b

0.3 to 2.2
0.010

0.8b

0.0 to 1.6
0.056

Week 12
na 248/268 81/268 120/268 248/81 248/120
IC/TLC (trough), %

95% CI
P-value

3.2
2.5 to 3.9
,0.001

1.4
0.3 to 2.4
0.011

1.3
0.4 to 2.2
0.004

1.8
0.8 to 2.9
,0.001

1.9
0.9 to 2.8
,0.001

IC/TLC (3 hours postdose), %
95% CI
P-value

4.3
3.6 to 5.0
,0.001

2.5
1.5 to 3.6
,0.001

2.5
1.5 to 3.4
,0.001

1.8
0.7 to 2.8
0.001

1.9
1.0 to 2.8
,0.001

Notes: aPatients with analyzable data at the given time point (treatment/comparator); bUmec/Vi, n=280.
Abbreviations: CI, confidence interval; IC, inspiratory capacity; LS, least squares; PBO, placebo; TLC, total lung capacity; Umec, umeclidinium; Vi, vilanterol.
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change, statistically significant improvements were shown for 

Umec/Vi versus placebo at day 2 and week 12 (P#0.005) 

and the 14% MCID33 was exceeded at both time points 

(Table 3). Neither Umec nor Vi showed a statistically 

significant improvement versus placebo when measured in 

seconds or as a percentage at day 2 or week 12.

Relationship between static hyperinflation 
and exercise endurance
There was a lack of evidence to suggest a correlation between 

improvements in static hyperinflation (determined by any 

measure) and exercise endurance (measured by EET) at 

day 2, week 6, or week 12, with Spearman correlation coef-

ficients ranging from -0.15 to 0.12 for trough hyperinflation 

parameters at week 12 (Figure 3A–C) and -0.18 to 0.16 for 

hyperinflation parameters at 3 hours postdose. Moderate 

correlation was observed between improvements in static 

hyperinflation and FEV
1
, with Spearman correlation coef-

ficients ranging from -0.50 to 0.43 for trough hyperinflation 

parameters at week 12 (Figure 3D–F) and -0.60 to 0.56 for 

hyperinflation parameters at 3 hours postdose. A strong rela-

tionship was not observed between improvements in exercise 

endurance and improvements in 3-hour postdose FEV
1
 at 

week 12, with a Spearman correlation coefficient of 0.26.

Discussion
This post hoc analysis shows that static hyperinflation and 

exercise capacity are improved by the use of bronchodila-

tors, and that greater improvements in both measures were 

achieved with Umec/Vi than with monotherapy. Relatively 

uniform improvements in hyperinflation were observed in 

various subpopulations, suggesting that pharmacological 

agents can reduce hyperinflation in patients with COPD, irre-

spective of GOLD status, reversibility, or ICS use. However, 

there was a lack of evidence to suggest a correlation between 

improvements in static hyperinflation and exercise capacity.

The improvements observed in lung volume at 12 weeks 

for Umec/Vi versus placebo appear meaningful in the 

context of previous studies: the absolute improvement in 

trough IC/TLC was 3.2%, while it has been reported that 

a 1% decrease in IC/TLC increases relative mortality risk 

by 5%.9 Similarly, the improvement observed in trough 

RV/TLC (-7.7%) exceeds the previously established MCID, 

determined in patients with severe COPD undergoing bron-

choscopic lung-volume-reduction surgery, of a change from 

baseline of -2.8% to -4.0%.28

The improvement in change from baseline EET for 

Umec/Vi versus placebo of 27% considerably exceeds the 

Figure 1 LS mean absolute changes from baseline in trough IC/TLC ratio versus 
placebo at each clinic visit.
Note: Error bars represent 95% CIs.
Abbreviations: CI, confidence interval; IC, inspiratory capacity; LS, least squares; 
TLC, total lung capacity; Umec, umeclidinium; Vi, vilanterol.

were demonstrated at all time points with Umec/Vi versus 

placebo, while Umec/Vi also showed statistically significant 

improvements versus Umec and Vi at most time points.

Correlations between percentage predicted FRC 
and hyperinflation parameters
There appeared to be a relationship between baseline 

percentage  predicted FRC and both IC/TLC (Spear-

man  ρ=-0.68) and RV/TLC (ρ=0.54), while there was 

little evidence of a correlation between baseline percentage 

predicted FRC and IC (ρ=-0.15).

Subgroup analyses
Statistically significant improvements in IC/TLC, RV/TLC, 

and IC measurements were demonstrated with Umec/Vi 

versus placebo in all subgroups (with patients divided accord-

ing to GOLD stage, GOLD category, reversibility to salbu-

tamol, ICS use, and treatment naїveté) at week 12. When 

Umec/Vi was compared with Umec or Vi, not all mean 

improvements were statistically significant, but all were 

numerically superior at week 12, except the comparison of 

percentage change from baseline in RV/TLC for Umec/Vi 

versus Umec in ICS users (Figures 2, S2, and S3).

Exercise endurance
As previously reported, Umec/Vi produced statistically sig-

nificant improvements in LS mean change from baseline EET 

versus placebo at day 2 and week 12 (P#0.002).25,26 In terms 

of absolute changes from baseline, the minimal clinically 

important difference (MCID) of 65 seconds was exceeded 

only at day 2 for Umec/Vi, while the differences in change 

from baseline EET between Umec/Vi and placebo, although 

statistically significant, did not reach the 65-second threshold 

at any time point. However, when assessed as a percentage 
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Table 3 Percentage changes from baseline EET at day 2 and week 12

Parameter Umec/Vi 62.5/25 μg  
(N=282)

Umec 62.5 μg  
(N=89)

Vi 25 μg  
(N=140)

PBO  
(N=321)

Day 2
na 280 88 135 315
LS mean percentage change from baseline EET, % (SE)
Column vs PBO, %

95% CI
P-value

26.5 (3.3)
18.4
10.1 to 26.8
,0.001

15.7 (5.8)
7.7
-4.7 to 20.1
0.226

14.9 (4.7)
6.8
-3.8 to 17.5
0.209

8.1 (3.1)
–

Umec/Vi 62.5/25 vs column, %
95% CI
P-value

– 10.8
-1.8 to 23.3
0.093

11.6
0.8 to 22.4
0.035

–

Week 12
na 246 80 117 262
LS mean percentage change from baseline EET, % (SE)
Column vs PBO, %

95% CI
P-value

27.3 (4.4)
16.4
4.8 to 27.9
0.005

20.4 (7.7)
9.5
-7.3 to 26.3
0.269

12.6 (6.3)
1.7
-12.9 to 16.3
0.819

10.9 (4.2)
–

Umec/Vi 62.5/25 vs column, %
95% CI
P-value

– 6.9
-10.1 to 23.9
0.428

14.7
-0.1 to 29.4
0.051

–

Note: aPatients with analyzable data at the given time point.
Abbreviations: CI, confidence interval; EET, exercise endurance time (seconds); LS, least squares; PBO, placebo; SE, standard error; Umec, umeclidinium; Vi, vilanterol.
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Total
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VI

VI

VI

VI

VI

UMEC

UMEC

UMEC

UMEC

UMEC

UMEC

UMEC
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UMEC
PBO

PBO

PBO

PBO

PBO

PBO

PBO

PBO

PBO

PBO

–5 0 5 10 15 20 25

Difference in percentage change from
baseline (95% CI) in IC/TLC vs comparator

Improvement with UMEC/VI

Figure 2 Effect of Umec/Vi versus comparators on percentage change from baseline in IC/TLC ratio in different subpopulations at week 12.
Notes: Error bars represent 95% CIs. Differences between Umec/Vi and comparators are statistically significant when these lines do not extend below 0.
Abbreviations: CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IC, inspiratory capacity; ICS, inhaled corticosteroid; PBO, placebo; 
TLC, total lung capacity; Umec, umeclidinium; Vi, vilanterol.
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Figure 3 Scatterplots of changes in hyperinflation parameters against changes in exercise endurance (A–C) and lung volume measurements (D–F) at Week 12.
Abbreviations: EET, exercise endurance time; FEV1, forced expiratory volume in 1 second; IC, inspiratory capacity; RV, residual volume; TLC, total lung capacity.

published MCID for the ESWT of 14%.33 However, when 

measured as an absolute value, the improvement in change 

from baseline EET at 12 weeks (62.9 seconds) did not exceed 

the previously established MCID (65 seconds).33 This may 

relate to the relatively poor baseline exercise capacity of 

patients in this study compared with those in the study in 

which the MCID was established:33 performance in the ISWT 

was lower (mean values 403.2–426.6 m compared to 483 m)33 

and patients also walked on average for approximately 

3 minutes less. The lower exercise capacity of patients in this 

study may have been due to a criterion excluding patients 

with a baseline ESWT .15 minutes; this was proposed 

to allow for potential observation of any treatment effect. 

Although we acknowledge that small absolute changes in 

a population with low baseline exercise capacity represent 

larger percentage changes than in a population with higher 

baseline exercise capacity, we regard percentage changes as 

more meaningful than absolute changes, since they account 

for variation in patients’ initial abilities. Interestingly, 

improved exercise capacity was observed in the placebo 
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group from day  2; this had been previously investigated, 

but no clear explanation was found.25 This improvement 

may reduce the quality of the data for correlations between 

improvements in hyperinflation and exercise capacity.

While the relationship between hyperinflation and exer-

cise endurance is subject to considerable debate,1,17 the lack 

of evidence to suggest a correlation observed here supports 

the theory that static hyperinflation, while important in 

predicting patient outcomes in COPD, is not as important 

as dynamic hyperinflation in predicting improvement in 

exercise capacity.17,34,35 The lack of dynamic hyperinflation 

data is a limitation of this study; these data are technically 

challenging to obtain using the ESWT, due to the difficulty 

of performing spirometry measurements during exercise. 

However, measurement of lung volume during exercise 

should be prioritized in future studies. Alternatively, mea-

surements could be taken directly after exercise. A recent 

study showed that lung volume following the 6-minute walk 

test correlated more strongly with exercise endurance than 

prewalk volume.17 It would also be interesting to investigate 

the relative effects of bronchodilator therapy on static and 

dynamic hyperinflation using the ESWT.

Studies in patients with COPD have reported significant 

moderate correlations between IC/TLC and exercise tolerance 

(assessed as percentage predicted peak oxygen consumption; 

r=0.43–0.45)36,37 and between IC and exercise tolerance 

(assessed as symptom-limited EET; r=0.276).38 The authors 

of the latter study commented that EET correlated better 

with hyperinflation parameters than with FEV
1
 (r=0.215).38 

We found a slightly higher, though weak, correlation of EET 

with FEV
1
 (r=0.26) than with hyperinflation parameters 

(|r|#0.18). However, these other studies used cycling as the 

exercise-testing modality, while our study used walking; 

our study also had a larger sample size. The differences in 

exercise modality may provide some potential explanation 

for the discrepancy in results.

It should be recognized that the mechanisms underlying 

exercise intolerance are complex and multifactorial. Con-

siderable variation among patients is observed, and various 

subgroups of patients likely exist with different behaviors 

and characteristics. Muscle fatigue is likely to contribute to 

exercise limitation alongside dyspnea, but the contributions 

of these individual components are challenging to determine. 

In future studies, use of rehabilitation techniques alongside 

bronchodilator therapy may help to distinguish these factors 

and further improve patient outcomes.

Despite recent interest in the role of hyperinflation in 

COPD clinical outcomes, there is no consensus on the best 

physiological parameters to quantify static hyperinflation. 

It might be suggested that reduction in FRC would have been 

a more appropriate measure of hyperinflation and that it may 

have correlated more strongly with changes in EET than the 

parameters of IC/TLC and RV/TLC used here. However, 

relationships were observed between baseline percentage 

predicted FRC and both IC/TLC and RV/TLC; this suggests 

that it is unlikely that the use of FRC would have changed the 

conclusion. Additionally, IC/TLC and RV/TLC are valuable 

parameters, as both have been shown to predict mortality in 

patients with COPD.5,6,9

From the results presented here, it cannot be determined 

how long the improvements in static hyperinflation and 

exercise capacity will persist, or whether these improvements 

will affect long-term outcomes. These questions would need 

to be addressed in a further study.

Conclusion
Although improvements were observed in static hyperinfla-

tion markers with Umec/Vi compared with its monotherapy 

components and placebo, and in exercise capacity with 

Umec/Vi versus placebo, there was a lack of evidence to 

suggest a correlation between improvements in static hyper-

inflation and EET at any time point. It may thus be appropri-

ate to include these two factors in a composite disease index 

for assessing symptom burden in COPD.
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Supplementary material
Inspiratory capacity volume
Statistically significant improvements in least squares (LS) 

mean absolute changes from baseline in trough inspiratory 

capacity (IC) versus placebo were shown for umeclidinium 

(Umec)/vilanterol (Vi), Umec, and Vi at day 2, and 

Umec/Vi and Vi at week 12 (Table S1). Umec/Vi showed 

a statistically significant improvement versus Vi at day 2 and 

versus Umec and Vi at week 12. When LS mean percentage 

change from baseline was measured, statistically significant 

improvements versus placebo were seen with all therapies 

at day 2 but only Umec/Vi at week 12, while Umec/Vi 

showed a statistically significant improvement versus Umec 

and Vi at both time points (data not shown).

Statistically significant improvements in LS mean absolute 

change from baseline in 3-hour postdose IC versus placebo 

were shown for all therapies at both time points (Table S1). 

Umec/Vi showed statistically significant improvements 

versus Umec at day 2 and versus Umec and Vi at week 12. 

These results were unchanged when percentage changes from 

baseline were measured (data not shown).

Residual volume/total lung capacity ratio
Statistically significant improvements in LS mean per-

centage change from baseline in trough residual volume/

total lung capacity (RV/TLC) versus placebo were shown 

for all therapies at both time points (Table S2). At both 

time points, Umec/Vi showed a statistically significant 

improvement versus Vi but not Umec. These results were 

unchanged when LS mean absolute changes from baseline 

were measured, except that Umec/Vi showed significant 

improvements versus both Umec and Vi at week 12 (data 

not shown).

For 3-hour postdose RV/TLC ratio, significant improve-

ments in LS mean percentage change from baseline versus pla-

cebo were shown for all therapies at both time points (Table S2). 

Umec/Vi showed statistically significant improvements ver-

sus Vi at day 2 and versus Umec and Vi at week 12. These 

results were unchanged when LS mean absolute changes 

from baseline were measured, except that Umec/Vi showed 

statistically significant improvements versus both Umec and 

Vi at day 2 (data not shown).

Figure S1 LS mean absolute changes from baseline in lung-volume measurements at day 2 and week 12 using Umec/Vi versus placebo.
Note: Error bars represent 95% CIs.
Abbreviations: CI, confidence interval; FRC, functional residual capacity; FVC, forced vital capacity; IC, inspiratory capacity; LS, least squares; RV, residual volume; Umec, 
umeclidinium; Vi, vilanterol.
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Figure S2 Effect of Umec/Vi versus comparators on percentage change from baseline in RV/TLC ratio in different subpopulations at week 12.
Notes: Error bars represent 95% CIs. Differences between Umec/Vi and comparators are statistically significant when these lines do not extend below 0.
Abbreviations: CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; PBO, placebo; RV, residual volume; 
TLC, total lung capacity; Umec, umeclidinium; Vi, vilanterol.
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Figure S3 Effect of Umec/Vi versus comparators on percentage change from baseline in IC volume in different subpopulations at week 12.
Notes: Error bars represent 95% CIs. Differences between Umec/Vi and comparators are statistically significant when these lines do not extend below 0.
Abbreviations: CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung Disease; IC, inspiratory capacity; ICS, inhaled corticosteroid; PBO, placebo; 
Umec, umeclidinium; Vi, vilanterol.
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Table S2 LS mean percentage changes from baseline in RV/TLC at day 2 and week 12

LS mean percentage 
change from baseline

Umec/Vi 62.5/25 μg 
vs PBO

Umec 62.5 μg 
vs PBO

Vi 25 μg 
vs PBO

Umec/Vi 62.5/25 μg 
vs Umec 62.5 μg

Umec/Vi 62.5/25 μg 
vs Vi 25 μg

Day 2
na 281/317 88/317 139/317 281/88 281/139
RV/TLC (trough)

95% CI
P-value

-7.3
-8.7 to -6.0
,0.001

-5.8
-7.8 to -3.8
,0.001

-4.9
-6.6 to -3.2
,0.001

-1.5
-3.6 to 0.5
0.137

-2.5
-4.2 to -0.7
0.006

RV/TLC (3 hours postdose)
95% CI
P-value

-10.0b,c

-11.4 to -8.6
,0.001

-8.0c

-10.1 to -5.9
,0.001

-7.4c

-9.2 to -5.6
,0.001

-2.0b

-4.1 to 0.1
0.058

-2.7b

-4.5 to -0.9
0.004

Week 12
na 248/268 81/268 120/268 248/81 248/120
RV/TLC (trough)

95% CI
P-value

-7.7
-9.4 to -6.0
,0.001

-5.3
-7.8 to -2.8
,0.001

-4.5
-6.7 to -2.4
,0.001

-2.4
-4.9 to 0.1
0.064

-3.1
-5.3 to -0.9
0.005

RV/TLC (3 hours postdose)
95% CI
P-value

-9.8
-11.6 to -8.0
,0.001

-7.1
-9.7 to -4.5
,0.001

-6.1
-8.3 to -3.8
,0.001

-2.7
-5.4 to -0.1
0.042

-3.8
-6.1 to -1.5
0.001

Notes: aPatients with analyzable data at the given time point (treatment/comparator); bUmec/Vi, n=280; cPBO, n=316.
Abbreviations: CI, confidence interval; LS, least squares; PBO, placebo; RV, residual volume; TLC, total lung capacity; Umec, umeclidinium; Vi, vilanterol.

Table S1 LS mean absolute changes from baseline in IC at day 2 and week 12

LS mean change from 
baseline

Umec/Vi 62.5/25 μg 
vs PBO

Umec 62.5 μg 
vs PBO

Vi 25 μg  
vs PBO

Umec/Vi 62.5/25 μg 
vs Umec 62.5 μg

Umec/Vi 62.5/25 μg 
vs Vi 25 μg

Day 2
na 281/316 88/316 139/316 281/88 281/139
IC (trough), L

95% CI
P-value

0.198
0.154 to 0.242
,0.001

0.137
0.072 to 0.202
,0.001

0.131
0.076 to 0.186
,0.001

0.061
-0.005 to 0.127
0.069

0.067
0.011 to 0.123
0.019

IC (3 hours postdose), L
95% CI
P-value

0.270b

0.223 to 0.316
,0.001

0.174b

0.105 to 0.243
,0.001

0.228b

0.169 to 0.287
,0.001

0.096
0.026 to 0.166
0.007

0.042
-0.018 to 0.102
0.169

Week 12
na 248/268 81/268 120/268 248/81 248/120
IC (trough), L

95% CI
P-value

0.216
0.167 to 0.264
,0.001

0.065
-0.005 to 0.136
0.068

0.083
0.022 to 0.144
0.008

0.150
0.079 to 0.221
,0.001

0.132
0.070 to 0.194
,0.001

IC (3 hours postdose), L
95% CI
P-value

0.276
0.229 to 0.324
,0.001

0.142
0.073 to 0.212
,0.001

0.152
0.091 to 0.212
,0.001

0.134
0.064 to 0.204
,0.001

0.125
0.064 to 0.186
,0.001

Note: aPatients with analyzable data at the given time point (treatment/comparator); bPBO, n=317.
Abbreviations: CI, confidence interval; IC, inspiratory capacity; LS, least squares; PBO, placebo; Umec, umeclidinium; Vi, vilanterol.
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