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Background: Chronic cough, dyspnea, and excessive sputum production, the characteristic symptoms of chronic 
obstructive pulmonary disease (COPD), can negatively affect patients’ health-related quality of life (HRQoL). 
The fixed-dose combination of a long-acting beta2-adrenergic agonist and a long-acting muscarinic antagonist 
(LABA/LAMA) have been shown to improve HRQoL and COPD symptoms as measured by the St George’s 
Respiratory Questionnaire (SGRQ) and the Transition Dyspnea Index (TDI) total scores. However, the impact 
of a LABA/LAMA on the individual components of HRQoL and dyspnea with daily activities is unknown.
Methods: Secondary analysis of pooled data from 2 replicate, phase 3, 12-week, randomized, placebo, and 
active-controlled trials of twice-daily indacaterol/glycopyrrolate (IND/GLY) were analyzed. Change from 
baseline in HRQoL and dyspnea was measured by SGRQ and TDI, respectively. Total and component scores 
were evaluated using linear mixed models. Logistic regression was used to analyze the proportion of patients 
achieving minimum clinically important difference. Study outcomes were further explored in patient subgroups. 
Results: A total of 2038 patients from FLIGHT1/FLIGHT2 studies were evaluated. IND/GLY significantly 
improved SGRQ component scores (symptoms [–7.3], activity [–3.6], and impacts [–5.0]); all P < 0.001 compared 
with placebo. IND/GLY also significantly improved symptoms scores compared with IND and GLY (–3.5 
and –3.7, respectively; both P < 0.001). Patients treated with IND/GLY also had significant improvements in 
TDI component scores compared with placebo: functional impairment (0.48), magnitude of task (0.61), and 
magnitude of effort (0.54); all P < 0.001. All component scores were significantly higher for IND/GLY compared 
with IND and GLY (P ≤ 0.002 for all). 
Conclusions: Twice-daily IND/GLY significantly improved total scores as well as components of HRQoL and 
dyspnea in patients with COPD. These data demonstrate multiple clinical benefits of LABA/LAMA maintenance 
therapy in the COPD population. 
ClinicalTrials.gov: NCT 01727141 and NCT 01712516 
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Chronic obstructive pulmonary disease (COPD) is 
a common disorder and leading cause of morbidity 
and mortality. In the United States, COPD affects 
nearly 30 million people and is the fourth leading 
cause of death.1,2 The economic burden of COPD is 
considerable with national medical costs projected to 
increase from $32.1 billion in 2010 to $49.0 billion by 
2020.3 

COPD is characterized by airflow limitation and 
persistent respiratory symptoms, including dyspnea, 
chronic cough, and excessive sputum production.4 In 
addition, patients with COPD commonly experience 
exacerbations, i.e., acute worsening of COPD 
symptoms that require additional therapy.4 Studies 
have found COPD to be associated with increased 
activity limitations, e.g., walking, bathing, etc., inability 
to work, and fatigue, which can profoundly diminish 
health-related quality of life (HRQoL).5-11

While COPD is not curable, pharmacologic therapy 
is recommended to reduce symptoms, improve 
health status, and reduce the risk and severity of 
exacerbations.4 The 2019 report of the Global initiative 
for chronic Obstructive Lung Disease (GOLD)4 
recommends the use of one or more long-acting 
bronchodilators for maintenance therapy of COPD. 
Indacaterol/glycopyrrolate 27.5/15.6 μg (IND/GLY) 

Introduction 

is a twice-daily (BID) long-acting beta2-adrenergic 
agonist/long-acting muscarinic antagonist (LABA/
LAMA) fixed-dose combination (FDC) indicated 
for the long-term maintenance treatment of airflow 
limitation in patients with COPD.12 

The safety and efficacy of IND/GLY were established 
in FLIGHT1 (ClinicalTrials.gov identifier: NCT 
01727141) and FLIGHT2 (NCT 0171251) studies, 
two 12-week, replicate, multicenter, randomized, 
double-blind, parallel-group, placebo- and active-
controlled studies that evaluated IND/GLY 27.5/15.6 
µg compared with the respective monotherapies and 
placebo in patients with moderate-to-severe COPD.13 
In addition, IND/GLY significantly improved HRQoL 
and dyspnea as measured by St George’s Respiratory 
Questionnaire (SGRQ) and Transition Dyspnea Index 
(TDI), respectively, and reduced rescue medication 
use compared with placebo. Five LABA/LAMA FDCs 
are approved for the treatment of COPD in the United 
States: IND/GLY, umeclidinium/vilanterol, tiotropium/
olodaterol, GLY/formoterol, and aclidinium/
formoterol.12,14-17 All have demonstrated statistically 
significant improvements in SGRQ total score and 
responder rates compared with placebo.13,18-21 
However, the impact of LABA/LAMA on the individual 
components of the SGRQ and TDI is unknown. As 
each component measures different aspects of the 
effect of COPD on patients’ overall quality of life, it is 
important to know the individual contribution of each 
component to the overall improvement in the HRQoL 
and dyspnea. This paper reports the effect of IND/GLY 
27.5/15.6 μg on SGRQ and TDI component scores 
from an analysis of pooled data from the FLIGHT1 
and FLIGHT2 studies.

Data Source 
Secondary analysis of pooled data from the 
multinational FLIGHT1 and FLIGHT2 studies was 
conducted. Both studies were approved by institutional 
review boards or ethics committees at participating 
centers and were conducted in accordance with the 
International Conference on Harmonization and 
the Declaration of Helsinki. Informed consent was 
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obtained from all patients. 

Inclusion/Exclusion Criteria
FLIGHT1 and FLIGHT2 included male and female 
patients ≥ 40 years of age with stable but symptomatic 
moderate-to-severe COPD as per the GOLD 
2011 criteria.22 Inclusion criteria included post-
bronchodilator forced expiratory volume in 1 second 
(FEV1)  ≥ 30% and < 80% of predicted normal, a post-
bronchodilator FEV1/forced vital capacity (FVC) < 0.70, 
smoking history of at least 10 pack years and modified 
Medical Research Council dyspnea scale (mMRC) 
grade ≥ 2. Additional information on patient inclusion 
and exclusion criteria has been published elsewhere.13 

Study Design
The design of the FLIGHT studies is presented in 
Figure 1. Patients meeting the eligibility criteria were 
randomized (1:1:1:1) to IND/GLY (27.5/15.6 µg BID), 
IND monotherapy (27.5 µg BID), GLY monotherapy 
(15.6 µg BID), or placebo BID. The Neohaler® device 
(Novartis Pharma, AG, Basel, Switzerland) was used 
to deliver all treatments throughout the 12-week 
study period. It is important to note that outside the 
United States, IND/GLY is available as a once-daily 
formulation of indacaterol 110 µg and glycopyrronium 
50 µg. As such, the findings from our analysis only 
apply to the United States IND/GLY 27.5/15.6 µg 

formulation. Treatment assignment was concealed 
from patients, investigator staff, and the study sponsor 
during the treatment period. Enrolled patients 
were permitted to continue background inhaled 
corticosteroid (ICS) therapy. Patients taking an FDC 
of an LABA and ICS discontinued LABA/ICS therapy 
and switched to an equivalent ICS at least 48 hours 
before the start of the run-in period, all patients were 
provided with a short-acting beta2-adrenergic agonist 
([SABA] salbutamol or albuterol) for use as a rescue 
inhaler on an “as needed” basis.

St George’s Respiratory Questionnaire 
The SGRQ is a validated, COPD-specific, self-
administered, patient-reported outcome instrument 
designed to measure HRQoL. The questionnaire 
contains 50 items with 76 weighted responses and 
consists of 3 components: symptoms, activity, and 
impacts.23,24 The symptoms component includes 
8 items concerned with severity and frequency 
of respiratory symptoms such as cough, sputum 
production, breathlessness, and wheeze, and duration 
and frequency of breathlessness or wheeze. The 
activity component consists of 16 items related to daily 
physical activities that either lead to or are limited 
by breathlessness, while the impacts component 
includes 26 items related to social functioning and 
psychological disturbances resulting from airway 
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disease. Each component is scored from 0 to 100 with 
lower scores indicating less impairment. A total score 
is calculated by summing all items and ranges from 
0 to 100. Thus, component scores are not additive 
to the total score. The minimum clinically important 
difference (MCID) is a 4-unit or more improvement 
(reduction) in SGRQ total score.24 There is no MCID 
established for the components of SGRQ. In the 
FLIGHT studies, SGRQ was administered at baseline 
and week 12 and, if applicable, at the time of treatment 
discontinuation. The change from baseline at week 
12 and responder rate (the percentage of patients 
achieving MCID in the total score) were evaluated as 
key secondary endpoints. 

Baseline Dyspnea Index and Transition Dyspnea Index
The Baseline Dyspnea Index (BDI) and TDI are 
validated patient-reported measures of dyspnea 
related to activities of daily living.25-27 The BDI 
measures the severity of dyspnea at baseline and TDI 
measures change from baseline. These indices consist 
of 3 components: functional impairment, magnitude 
of task, and magnitude of effort required to evoke 
dyspnea. Each component is scored from −3 (major 
deterioration) to +3 (major improvement) with total 
TDI scores ranging from −9 (major deterioration) to +9 
(major improvement). There is no MCID established 
for the components of the TDI. An increase of 1 
or more units of TDI has been established as the 
MCID for the TDI total score.28 In the FLIGHT 
studies, BDI was administered at baseline and TDI 
was administered at week 12 by a site staff member 
or at the time of discontinuation for patients who 
discontinued prematurely. The TDI total score was 
evaluated as a secondary endpoint in FLIGHT1 and 
FLIGHT2 studies. 

Statistical Analysis
All randomized patients who received at least 1 dose 
of treatment were included in the analysis of pooled 
data from FLIGHT1 and FLIGHT2 studies following 
the intent to treat principle. Linear mixed models were 
used to analyze change from baseline at week 12 in 
each component score of SGRQ or individual TDI 
component score at week 12 as response variables, 
while treatment was a primary independent variable. 
Each mixed model included treatment, study, treatment 
and study interaction, baseline component score, 
smoking status at baseline, baseline ICS use, and 

region as fixed effects and center nested within region 
nested within study as random effect. The missing 
data at week 12 were imputed with last observation 
carried forward if measurement was conducted after 4 
weeks of treatment. Each component of SGRQ or TDI 
was evaluated as part of post hoc analyses to better 
characterize response by subgroups of clinical interest: 
age (< 65, 65 to < 75, ≥ 75 years), gender (male/
female), severity of airflow obstruction (GOLD Grade 
2 or moderate [baseline post-bronchodilator FEV1 
between 50% and < 80%])/(GOLD Grade 3 or severe 
[baseline FEV1 between 30% and < 50%]), smoking 
status (current/ex-smoker), ICS use at baseline (yes/
no), FEV1 reversibility (reversible/not reversible), 
and 2011 GOLD combined risk assessment (Group 
B/Group D). Logistic regression was used to analyze 
the proportion of responders (i.e., patients achieving 
published MCID score thresholds for SGRQ and TDI) 
across different patient subgroups and odds ratio 
(OR) along with 95% confidence interval (CI) were 
reported. The level of significance was set to 0.05 
without adjustment for multiplicity. All analyses were 
conducted using SAS 9.3 (SAS Institute, Cary, North 
Carolina).

Patient Disposition and Characteristics
In FLIGHT1 and FLIGHT2, 2043 patients were 
randomized to IND/GLY (n = 510), IND (n = 511), 
GLY (n = 512), or placebo (n = 510). For the individual 
studies, patient disposition and demographic and 
clinical characteristics have been reported by Mahler 
et al.13 For the pooled studies, demographic and 
clinical characteristics of patients by treatment group 
are shown in Table 1. Briefly, >88% of patients were 
white, approximately half were current smokers, the 
average FEV1 % predicted was 54%, the percentage 
using concurrent ICS at baseline ranged from 43%–
50%, and approximately 30% of patients reported 1 or 
more COPD exacerbations in the previous year.

St George’s Respiratory Questionnaire 
Component Scores 
Compared with placebo, patients treated with IND/
GLY demonstrated significant improvements (P < 
0.001) in all SGRQ component scores at week 12, 
with least squares (LS) mean (95% CI) of –7.25 (−9.30 

Results
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increased odds of patients achieving MCID in the 
SGRQ total score compared with placebo, especially 
among patients with severe airflow limitation (OR 
[95% CI], 3.87 [2.44-6.14]; P < 0.001) or Group D 
classification by GOLD 2011 (3.56 [2.30-5.51]; P < 
0.001; Figure 4). In addition, current smokers (2.65 
[1.80-3.90]; P < 0.001) and those with reversible FEV1 
(2.91 [2.01-4.22]; P < 0.001) showed the higher odds 
for improved SGRQ response. Patients under aged 65 
years (2.85 [1.97-4.13]; P < 0.001), and females (2.97 
[1.90-4.64]; P < 0.001) were more likely to achieve 
MCID in this analysis. 

TDI Component Scores
Patients treated with IND/GLY were observed to have 
statistically significant improvements at week 12 (P 
< 0.001) in all 3 components of TDI compared with 
patients treated with IND, GLY, or placebo (Figure 5). At 
week 12, patients treated with IND/GLY demonstrated 
significant improvements in functional impairment 
compared with patients treated with IND (LS mean 
[95% CI], 0.23 [0.10-0.36]; P < 0.001), GLY (0.20 
[0.07-0.32]; P = 0.002), or placebo (0.48 [0.35-0.61]; 
P < 0.001). Results showed similar improvements for 
magnitude of task and magnitude of effort components 
(P < 0.001 for all comparisons). 

to −5.21) for symptoms, −3.57 (−5.36 to −1.79) for 
activity, and −5.01 (−6.63 to −3.38) for impacts (Figure 
2). Statistically significant improvements (P < 0.001) 
in the symptom component were also observed in 
patients treated with IND/GLY compared with IND 
−3.46 (−5.47 to −1.45) or GLY −3.72 (−5.74 to −1.70). 
The improvements in activity and impacts components 
for IND/GLY compared with IND and GLY were not 
statistically significant. 

In subgroup analyses, statistically significant 
improvements over placebo were observed for total 
score, and symptoms, activity, and impacts component 
scores in each subgroup, except for the subgroup of 
patients ≥ 75 years old (Figure 3).  The subgroups 
of patients with severe airflow limitation (FEV1, 30% 
to < 50%), Group D classification by GOLD 2011 
(FEV1 < 50% or 2 moderate exacerbations, or 1 
hospitalization in the prior year), FEV1 reversibility, 
or current smokers, consistently showed the greatest 
benefit of IND/GLY compared with placebo for the 
symptoms, activity, and impacts components. The 
respective LS means and 95% CIs are shown in Figure 
3. The treatment by subgroup interaction terms were 
statistically insignificant.

For all subgroups except those with age ≥ 75 years, 
treatment with IND/GLY resulted in significantly 
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For all patient subgroups, treatment with IND/
GLY resulted in improvements in total TDI score 
when compared with placebo (Figure 6).  Statistically 
significant improvements (P < 0.05) were observed 
for functional impairment, magnitude of task, and 
magnitude of effort components for each subgroup. The 
subgroups of patients with severe airflow limitation, 
Group D classification by GOLD 2011, or FEV1 
reversibility consistently showed the greatest benefit 
of IND/GLY compared with placebo; the respective 
LS means and 95% CIs for total score, functional 
impairment, magnitude of task, and magnitude of effort 
are shown in Figure 6. The treatment by subgroup 
interaction terms were statistically insignificant.

For all patient subgroups, treatment with IND/GLY 
resulted in significantly increased odds of patients 
achieving MCID in the TDI total score compared with 
placebo (Figure 7),  especially among patients with 
severe airflow limitation (OR [95% CI], 3.15 [2.01-
4.93]; P < 0.001) or Group D classification by GOLD 
2011 (3.31 [2.15-5.10]; P < 0.001).

In this pooled analysis of FLIGHT1/FLIGHT2, IND/
GLY significantly improved HRQoL and dyspnea 
as measured by components of SGRQ and TDI, 
respectively, in patients with moderate-to-severe 
COPD. In comparison to monotherapy, the dual 
bronchodilator showed significant improvement in the 
symptom component for HRQoL and all components 
for dyspnea.

To our knowledge, this is the first paper to present 
SGRQ and TDI component scores for a LABA/LAMA 
FDC. Pharmacologic treatment of COPD is intended 
to reduce symptoms and improve health status 
and exercise tolerance.4 The SGRQ consists of 3 
components that measure different aspects of health 
status. The symptoms component primarily measures 
severity and frequency of respiratory symptoms, 
while the activity component measures daily 
physical activities that either lead to, or are limited 
by, breathlessness. The third component, impacts, 
measures social functioning and psychological 

Discussion 
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disturbances resulting from COPD. Our assessment 
of the SGRQ component scores revealed a significant 
improvement in the symptom component for IND/GLY 
compared with IND, GLY, and placebo. By contrast, the 
improvement in activity and impacts components was 
only significant for IND/GLY compared with placebo. 
These findings suggest that symptom improvement is 
the main driver of the HRQoL benefits of IND/GLY. 

Our analyses of subgroups identified COPD patients 
likely to have the greatest overall SGRQ improvement 
with dual bronchodilation. Consistently, individuals 
with low FEV1 (< 50%; categorized in this study as GOLD 
Grade 3 or 2011 GOLD D22), as well as patients with 
at least 12%  FEV1 reversibility showed consistently 
higher responses in health status measured by SGRQ 
components and total score. In addition, individuals 
who were current smokers derived enhanced benefits 
with dual IND/GLY. These patient subgroups appear 
to be more likely to benefit from dual-bronchodilation 

for COPD, even though many would be classified in 
the current 2019 GOLD4 categorization as Group B. 

The BDI and TDI were developed to include major 
factors that affect a patient’s experience of dyspnea, 
i.e., functional impairment, magnitude of task, and 
magnitude of effort.25 Certainly, shortness of breath 
based on physical tasks alone, as represented in the 
mMRC scale, does not indicate the full clinical impact 
of dyspnea.25 For example, a patient may perform 
certain tasks only by reducing the associated effort, and 
successful performance of a specific activity may not 
always be reflected in a person’s functional capacity. 
Therefore, measurement of specific components of 
dyspnea provide a more detailed description than 
global ratings as obtained with the mMRC scale. 
Moreover, it is instructive to know how an individual 
treatment affects not only total dyspnea, but also 
specific components. In this study, we found that 
treatment with IND/GLY significantly improved all 
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TDI components, functional impairment, magnitude 
of task, and magnitude of effort compared with 
IND, GLY, and placebo, suggesting that the overall 
improvement in the TDI total score is not driven by 
any one component. On average, patients with severe 
airflow limitation and GOLD 2011 Group D had TDI 
improvement more than double the MCID of the 
TDI total score and substantial improvement in each 
component. This suggests that IND/GLY not only 
improved the functional improvement but also the 
magnitude of task and effort.

There are several limitations to the pooled data of the 
FLIGHT studies. The studies were 12 weeks in length, 
which did not allow an assessment of the long-term 
effects of IND/GLY on HRQoL and dyspnea. A longer 
trial, with periodic SGRQ assessments, would enable 
us to better understand the effects of IND/GLY over 
time. Another limitation is that lung volumes, such as 
functional residual capacity and inspiratory capacity, 
were not measured. These measurements would help 
explain the improvements in HRQoL and dyspnea. In 
addition, IND/GLY, as a twice-daily bronchodilator, 
may potentially benefit night and early morning 
COPD symptoms, as well as daytime quality of life. But 
the FLIGHT studies did not assess any early morning 

or nighttime symptom questionnaires. Moreover, the 
time course of improvement in SGRQ and TDI was 
not assessed during the early weeks of the study, with 
week 12 outcomes reported in this analysis. The 2011 
GOLD22 risk categories (B, D) are likely driven by 
airflow limitation in this sample and the results should 
not be extended to exacerbation risk perceptions 
embedded in the original risk categories. In the 
subgroup analyses, interaction terms for treatment by 
subgroup showed no statistically significant difference, 
indicating that the results by subgroup should be 
interpreted with caution. The authors acknowledge 
that the overall impact of treatment accounts for the 
majority of change in SGRQ and TDI component 
scores; however, analysis by subgroup provides the 
opportunity to better characterize response among 
clinically meaningful groups of patients who might 
benefit most from dual bronchodilation. A further 
limitation is that the findings from our analysis are 
only applicable to the United States, where IND/
GLY 27.5/15.6 µg BID formulation is available. In 
comparison, outside the United States, IND/GLY is 
available as a once-daily formulation of indacaterol 
110 µg and glycopyrronium 50 µg.
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In this pooled analysis of FLIGHT1 and FLIGHT2, 
IND/GLY BID resulted in significant improvements 
in total score and component scores of HRQoL and 
dyspnea as measured by SGRQ and TDI, respectively. 
IND/GLY may be a potential treatment option for 
patients with COPD.
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