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Background: Long-acting beta-agonists (LABA) and long-acting muscarinic antagonists (LAMA) combination therapy improved lung
function and health-related quality-of-life and reduced exacerbation rates and dyspnea in symptomatic chronic obstructive pulmonary
disease (COPD) patients. We compared the real-world effects of three fixed-dose LABA/LAMA combinations for COPD in Taiwan.
Methods: This multicenter, retrospective study evaluated 1-year outcomes after LABA/LAMA combination therapy in patients with
symptomatic COPD. Exacerbations and symptoms of COPD, lung functions, and therapy escalation were compared among patients
using tiotropium/olodaterol, umeclidinium/vilanterol and indacaterol/glycopyrronium. Propensity score matching (PSM) was applied
to balance the baseline characteristics.
Results: Data of 1,617 patients were collected. After PSM, time to first moderate-to-severe COPD exacerbation was comparable among
three groups, while the annualized rates of the exacerbation (episodes/patient/year) in patients receiving tiotropium/olodaterol (0.19) or
umeclidinium/vilanterol (0.17) were significantly lower than those receiving indacaterol/glycopyrronium (0.38). COPD-related symptoms
were stable over the treatment period, and there was no significant difference in the changes of symptom scores including CATand mMRC
among three groups at the end of the study period.
Conclusion: This study presented valuable real-world outcome in terms of exacerbation and treatment response of COPD patients
treated with fixed-dose LABA/LAMA regimens in Taiwan. The annualized rates of moderate-to-severe exacerbation in patients

International Journal of Chronic Obstructive Pulmonary Disease 2022:17 967–976 967
© 2022 Hsieh et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 13 December 2021
Accepted: 28 March 2022
Published: 27 April 2022

In
te

rn
at

io
na

l J
ou

rn
al

 o
f C

hr
on

ic
 O

bs
tr

uc
tiv

e 
P

ul
m

on
ar

y 
D

is
ea

se
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-2077-0470
http://orcid.org/0000-0002-6380-3527
http://orcid.org/0000-0001-7898-6963
http://orcid.org/0000-0003-1394-5401
http://orcid.org/0000-0003-3756-3395
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


receiving tiotropium/olodaterol or umeclidinium/vilanterol were significantly lower than those receiving indacaterol/glycopyrronium,
though the time to first moderate-to-severe exacerbation was similar among different fixed-dose LABA/LAMA combinations.
Keywords: tiotropium/olodaterol, umeclidinium/vilanterol, indacaterol/glycopyrronium, LABA/LAMA therapy, Taiwan, cohort study,
propensity score matching, chronic obstructive pulmonary disease, moderate-to-severe exacerbation

Introduction
Chronic obstructive pulmonary disease (COPD) is a treatable lung disease characterized by persistent symptoms, including
cough, sputum production, dyspnea, and progressive airflow obstruction that is not fully reversible.1 According to a report of
the World Health Organization (WHO),2 COPD was the fifth cause of burden of disease in 2010 and became the third leading
cause of death in 2019 around the world.3 In Taiwan, COPDwas the seventh leading cause of death in 2016,4 with an estimated
prevalence of 6.1% in 2013.5 Frequent exacerbations occurring ≥2 times/year is a predictor for a poor prognosis and increase
in mortality in COPD.6,7 According to a Taiwanese population-based study, the in-hospital mortality for patients who had
hospitalized exacerbations was 4.2%, and 1-year mortality after discharge was 22%.8 Therefore, prevention of the exacerba-
tion remains one of the most important issues for COPD management.

Bronchodilator therapy is the core element in COPD management. The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines claims that combination therapy (fixed-dose combination [FDC] or free combinations) with long-
acting beta-agonists (LABA) and long-acting muscarinic antagonists (LAMA) can increase forced expiratory volume in
1 second (FEV1) and decrease symptoms and exacerbation of COPD in comparison with monotherapy.1 A systematic review
and meta-analysis in support of the American Thoracic Society clinical practice guideline also presents similar beneficial
results.9 However, the treatment outcomes following different LABA/LAMA regimens are variable and there has been no
consensus about the optimal LABA/LAMA regimen. A network meta-analysis showed that tiotropium/olodaterol might have
a better improvement in efficacy and safety profile compared with other LABA/LAMA therapy.10 However, another network
meta-analysis found that, regardless of moderate-to-severe exacerbation and mortality, no significant difference between
LABA/LAMA combinations (ie, tiotropium/salmeterol, indacaterol/glycopyrronium, umeclidinium/vilanterol, tiotropium/
olodaterol, aclidinium/formoterol, and glycopyrronium/formoterol) was observed.11

Data on acute exacerbation of COPD patients treated with different LABA/LAMA therapy in Taiwan are limited.
Hence, we conducted a retrospective, multicenter study to collect the clinical outcomes of COPD patients receiving
different LABA/LAMA therapies for exploring 1) outcomes of COPD exacerbation in patients treated with different
LABA/LAMA combinations or LAMA following the routine practice and 2) the clinical characteristics of COPD patients
in Taiwan. Data of patients receiving tiotropium/olodaterol (FDC, cohort A), other LABA/LAMA combinations (FDC or
free combination, cohort B), or LAMA monotherapy were collected. The current analysis reported clinical outcomes
compared among three fixed-dose LABA/LAMA combinations after balancing their baseline characteristics using
propensity score matching (PSM).

Methods
Study Design
This retrospective, multicenter study collected data from patients with COPD in 12 medical centers and regional hospitals
in Taiwan (TOReTO; NCT04011475). Patients meeting the following criteria were included: 1) were diagnosed with
COPD and prescribed with LABA/LAMA (FDC or free combinations) as a new initiation or switching from another
therapy (ie, single/dual/triple), or newly receiving LAMA treatment for 3 months at least prior to June 30, 2018; and 2)
aged ≥40 years. Patients who had bronchial asthma, asthma–COPD overlap syndrome, bronchiectasis, cystic fibrosis, or
lung cancer were excluded. Eligible patients were categorized into three cohorts based on the prescriptions for COPD,
including cohort A (tiotropium/olodaterol; Spiolto®, Boehringer Ingelheim), cohort B (other LABA/LAMA combination
therapies), and cohort C (LAMA monotherapy). Patients were followed from the index date (ie, started receiving LABA/
LAMA or LAMA treatment or receiving LABA/LAMA switched from other single/dual/triple treatment) until the date of
death or 1 year after the index date, whichever occurred first.
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The current analysis presents the comparative treatment outcomes among three fixed-dose LABA/LAMA combina-
tions, ie, tiotropium/olodaterol (Tio/Olo), umeclidinium/vilanterol (Umec/Vi), and indacaterol/glycopyrronium (Ind/Gly).
The primary endpoint was time to first moderate-to-severe exacerbation. Secondary endpoints included annualized rate of
moderate-to-severe exacerbation, time to therapy escalation, and changes in lung functions (ie, FEV1 and forced volume
vital capacity [FVC], COPD assessment test (CAT) score, and modifiedMedical Research Council dyspnea scale (mMRC).

Data Collection
Collected data included clinical diagnosis of COPD, records of exacerbations and hospitalization, spirometry data (FEV1

and FVC), questionnaire results (CAT and mMRC), blood eosinophil counts, and COPD-related treatments in the pre-
treatment period (within 1 year before starting or shifting to LABA/LAMA combinations) and 1 year follow-up period.

Questionnaires Used for Evaluating the Symptoms and Dyspnea
Questionnaires of CAT and mMRC were applied for assessing the COPD-related symptoms and severity of dyspnea,
respectively. For the CAT, a decreasing score represented an improvement in the symptoms, whereas an increasing score
represented a worsening in the symptoms.12 The most reliable estimate of the minimum significant difference in the CAT
score was 2 points.13 The minimal clinically important difference (MCID) for mMRC score was −1.14

Exacerbations of COPD
The severities of COPD exacerbations were defined according to GOLD guidelines.1 The guidelines define COPD
exacerbation as an acute worsening of respiratory symptoms that results in additional therapy. Exacerbations are
classified as moderate if they are treated with short-acting bronchodilators plus antibiotics and/or oral corticosteroids;
or severe if the patient visits the emergency room or requires hospitalization because of an exacerbation.

Statistical Analysis
Continuous variables were compared among groups using one-way ANOVA or Kruskal Wallis tests. Categorical
variables were analyzed using Chi-square test. Time-to-event were illustrated using Kaplan-Meier curves and analyzed
by Log rank tests. Moreover, Cox regression with Likelihood score tests were applied for analyzing the hazard ratio of
time to first exacerbation among groups. The annualized rate of moderate-to-severe exacerbation was calculated for each
study group (episodes/patient/year), with differences between the groups compared by rate ratio using Poisson regression.

PSM was used to balance the patient characteristics of three fixed-dose LABA/LAMA combinations before compar-
ison. Multivariable logistic regression was used to calculate the propensity score for three groups using the baseline
covariates, including age, gender, smoking status (current smoker vs former smoker vs non-smoker), GOLD grade (grade
1/2 vs grade 3/4), and history of exacerbation (yes vs no). Following this, 1:1:1 matching was conducted by the nearest
neighbor method within a caliper of 0.2 of the propensity score.

A significant difference was defined as a P-value <0.05. Data analyses were performed using statistical analysis
software (SAS®) version 9.4 (SAS Institute, Cary, NC).

Ethics Statement
This study was approved by the National Taiwan University Hospital Research Ethics Committee (REC)
(201908002RSA), Taichung Veterans General Hospital Institutional Review Board (IRB) (SE19299B), Chiayi
Christian Hospital IRB (IRB2019066), Chang Gung Medical Foundation IRB (201901282B0), E-Da Hospital IRB
(EMRP-108-105), China Medical University Hospital REC (CMUH108-REC3-119), MacKay Memorial Hospital IRB
(19CT048be), Taipei Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation IRB (08-FS-090), Far Eastern Memorial
Hospital Research Ethics Review Committee (108148-E), and Cheng Hsin General Hospital IRB ([727]108B-43), and
conducted per the applicable local regulations and the ethical principles outlined in the Declaration of Helsinki. The
informed consent was waived due to secondary use of de-identification data.
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Results
This study collected data of 1,617 patients with COPD. Of these patients, 239 received tiotropium/olodaterol (cohort A),
937 received other LABA/LAMA combination therapy (cohort B), and 441 received LAMA monotherapy (cohort C). In
cohort B, 447 received umeclidinium/vilanterol, 357 received indacaterol/glycopyrronium, and 133 received other free
LABA/LAMA combinations. After PSM, 168 patients in each of the fixed-dose LABA/LAMA combinations (Tio/Olo,
Umec/Vi and Ind/Gly) were analyzed (Figure 1).

Table 1 summarizes the demographic data and baseline characteristics per group. Before PSM, three groups showed
significant differences in age, metal dust exposure, smoking status, family history of lung cancer, GOLD grade of airway
obstruction, and GOLD grouping of COPD. After PSM, the overall characteristics were comparable except for the metal
dust exposure history, family history of lung cancer, and COPD groups distribution (P=0.0318). After PSM, those who
received Tio/Olo had a lower percentage of patients in group A (7.4% vs 18.7% and 22.8%) and a higher percentage in
group D (24.7% vs 14.4% and 12.6%). Table 2 demonstrates other baseline characteristics related to the risk of future
exacerbation after PSM. The percentages of patients who experienced exacerbation within 1 year prior to index date have
no significant difference among three FDC groups. There was also no significant difference in the baseline lung
functions, CAT scores, mMRC scores, and eosinophil counts after PSM. Regarding inhaled medications used prior to
current LABA/LAMA FDC, only a small proportion of patients were de-escalated from ICS/LABA/LAMA combination.
The distribution of inhaled medications prior to the index date was similar among three groups.

Moderate-to-Severe Exacerbation Occurring in Patients Receiving LABA/LAMA FDC
The time to first moderate-to-severe COPD exacerbation within 1-year follow-up did not significantly differ among three
groups (Figure 2A), with a similar risk of exacerbation (hazard ratio=1.485, 95% confidence interval [CI]=0.860–2.565,
P=0.1564 in Ume/Vi, and hazard ratio=0.934, 95% confidence interval [CI]=0.510–1.712, P=0.8252 in Ind/Gly, with Tio/
Olo as reference) observed after PSM. Up to 87% of patients experienced acute exacerbation during the study period

Figure 1 Patient distribution according to the prescribed bronchodilators.
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related to infection and were treated with antibiotics. All of the patients with acute exacerbation had received a short
course of oral corticosteroids.

We tabulated the annualized rate of moderate-to-severe exacerbation by LABA/LAMA FDC groups in Table 3. The
annualized rate of acute exacerbation was not significantly different between Tio/Olo and Umec/Vi (RR=1.10, 95%
CI=0.67–1.82, P=0.7010). The annualized rates of acute exacerbation in Tio/Olo and Ume/Vi were significantly lower
than the rate in Ind/Gly after PSM (0.19 and 0.17 vs 0.38), with P-values of 0.0004 and 0.0014, respectively.

Therapy Escalation to Triple Therapy After Patients Receiving Tiotropium/Olodaterol,
Umeclidinium/Vilanterol, or Indacaterol/Glycopyrronium
Figure 2B presents the time to therapy escalation to triple therapy within 1-year follow-up by groups after PSM. In
general, there was no significant difference in therapy escalation among the three groups during the follow-up period
(P=0.7620).

Table 1 Baseline Characteristics of Patients Treated with Fixed-Dose LABA/LAMA Before and After Propensity Score Matching

Characteristics Before Propensity Score Matching After Propensity Score Matching

Tio/Olo

(n=239)

Umec/Vi

(n=447)

Ind/Gly

(n=357)

P-value Tio/Olo

(n=168)

Umec/Vi

(n=168)

Ind/Gly

(n=168)

P-value

Age (years) 72.3±9.53 73.2±9.61 71.4±9.40 0.0300* 72.1 ± 9.77 72.6 ± 9.24 72.5 ± 8.61 0.8790

Male (n (%)) 223 (93.3) 413 (92.4) 323 (90.5) 0.4150 157 (93.5) 155 (92.3) 154 (91.7) 0.8194

BMI (kg/m2) 24.2±4.52 24.1±3.93 24.3±4.35 0.9110 24.2 ± 4.36 24.1 ± 4.10 24.4 ± 4.37 0.7851

Occupational exposure#

Farming 21/145 (14.5) 14/156 (9.0) 15/115 (13.0) 0.3144 20/102 (19.6) 6/57 (10.5) 8/52 (15.4) 0.3233

Wood dusts 6/144 (4.2) 8/155 (5.2) 5/114 (4.4) 0.9118 4/101 (4.0) 3/56 (5.4) 1/50 (2.0) 0.6683

Metal dusts 4/144 (2.8) 17/161 (10.6) 10/119 (8.4) 0.0290* 3/101 (3.0) 9/59 (15.3) 4/53 (7.5) 0.0175*

Vegetable dusts 4/143 (2.8) 8/157 (5.1) 5/113 (4.4) 0.5948 4/100 (4.0) 4/56 (7.1) 2/51 (3.9) 0.6399

Smoking status# 0.0060* 0.8358

Current smoker 70/233 (30.0) 121/425 (28.5) 69/343 (20.1) 52 (31.0) 47 (28.0) 48 (28.6)

Former smoker 130/233 (55.8) 233/425 (54.8) 230/343 (67.1) 94 (56.0) 101 (60.1) 94 (56.0)

Non-smoker 33/233 (14.2) 71/425 (16.7) 44/343 (12.8) 22 (13.1) 20 (11.9) 26 (15.5)

Family history#

Asthma 2/173 (1.2) 11/204 (5.4) 7/177 (4.0) 0.0856 2/126 (1.6) 5/81 (6.2) 5/93 (5.4) 0.1859

COPD 1/174 (0.6) 3/200 (1.5) 2/179 (1.1) 0.6891 0 (0.0) 2/84 (2.4) 0 (0.0) 0.0725

Bronchiectasis 0 (0.0) 2/194 (1.0) 2/173 (1.2) 0.3789 0 (0.0) 2/81 (2.5) 2 (2.2) 0.2186

Lung cancer 0 (0.0) 6/169 (3.6) 1/138 (0.7) 0.0259* 0 (0.0) 6/66 (9.1) 1/67 (1.5) 0.0022*

GOLD grade† 0.0492* 0.3420

Grade 1 63/193 (32.6) 111/317 (35.0) 110/265 (41.5) 61 (36.3) 60 (35.7) 70 (41.7)

Grade 2 66/193 (34.2) 121/317 (38.2) 95/265 (35.8) 60 (35.7) 60 (35.7) 54 (32.1)

Grade 3 51/193 (26.4) 71/317 (22.4) 56/265 (21.1) 39 (23.2) 42 (25.0) 43 (25.6)

Grade 4 13/193 (6.7) 14/317 (4.4) 4/265 (1.5) 8 (4.8) 6 (3.6) 1 (0.6)

GOLD group# 0.0067* 0.0318*

Group A 9/110 (8.2) 57/327 (17.4) 48/250 (19.2) 6/81 (7.4) 26/139 (18.7) 29/127 (22.8)

Group B 59/110 (53.6) 184/327 (56.3) 147/250 (58.8) 45/81 (55.6) 73/139 (52.5) 71/127 (55.9)

Group C 13/110 (11.8) 40/327 (12.2) 25/250 (10.0) 10/81 (12.3) 20/139 (14.4) 11/127 (8.7)

Group D 29/110 (26.4) 46/327 (14.1) 30/250 (12.0) 20/81 (24.7) 20/139 (14.4) 16/127 (12.6)

Bronchodilators used before the

index date

Naive 2 (0.8) 27 (6.0) 18 (5.0) 1 (0.6) 10 (6.0) 4 (2.4)

ICS+LABA 1 (0.4) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)

LABA+LAMA 214 (89.5) 389 (87.0) 319 (89.4) 147 (87.5) 145 (86.3) 154 (91.7)

ICS+LABA+LAMA 22 (9.2) 31 (6.9) 20 (5.6) 19 (11.3) 13 (7.7) 10 (6.0)

Notes: Data are shown as mean±SD or number (%). One-way ANOVA or Kruskal Wallis tests were applied for continuous variables and Chi-square tests were applied for
categorical variables. *Significant difference. #There were unknown or no such record on the medical chart (missing). †The GOLD grade was determined by the baseline
value of Post-bronchodilator FEV1 (% predicted).
Abbreviations: SD, standard deviation; BMI, body mass index; COPD, chronic obstruction pulmonary disease; GOLD, global initiative for obstructive lung disease.
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Changes in Lung Function, COPD-Related Symptoms, and Dyspnea by Cohorts
The summary of change from baseline in lung function, COPD-related symptoms, and dyspnea scores after PSM is presented in
Tables 4 and 5. Compared with Umec/Vi and Ind/Gly after 12-month treatment, the lung function of patients under Tio/Olo
became much worse, while their COPD-related symptoms remained stable. Regarding the lung function, a decreasing trend in
FEV1was found in Tio/Olo but not inUmec/Vi or Ind/Gly, with similar trends detected in FVC at 12months (Table 4). In terms of
COPD-related symptoms assessed by CAT, changes in CAT in all three groups were limited after 12 month-treatment (Table 5).
However, though without among-group difference, those receiving fixed-dose LABA/LAMA therapy had 25–38.5% of patients
reaching theminimal clinically important difference (MCID) for theCAT (ie, decline inCAT≥2 points). FormMRC, therewas an
among-group difference in the changes of mMRC score and the percentages of patients reaching MCID for mMRC at 6 months
but not at 12 months.

Table 2 Baseline Characteristics Related to Future Exacerbation of Patients Receiving Fixed-Dose LABA/LAMA After PSM

Characteristics After Propensity Score Matching

Tio/Olo (n=168) Umec/Vi (n=168) Ind/Gly (n=168) P-value

Moderate-to-severe AE in past 1 year

Yes 33 (19.6) 39 (23.2) 29 (17.3) 0.3902
No 135 (80.4) 129 (76.8) 139 (82.7)

Lung function –

Post-FEV1 (mL) 1434.9 ± 507.19 1464.6 ± 527.39 1547.9 ± 590.75
Post-FVC (mL) 2366.3 ± 698.16 2555.9 ± 781.91 2592.3 ± 797.87

Post-FEV1 (% predicted) 63.2 ± 20.07 63.3 ± 20.89 67.7 ± 23.03

Post-FVC (% predicted) 80.8 ± 21.40 85.2 ± 24.47 87.6 ± 23.93
Reversibility (%) 29.1 ± 6.82 25.9 ± 7.41 30.3 ± 12.16 0.6556

CAT score (point) 10.3 ± 5.68 10.1 ± 5.48 9.3 ± 5.55

mMRC (scale) 1.3 ± 0.92 1.7 ± 0.77 1.5 ± 0.72
Eosinophil (%) 2.3 ± 2.23 2.8 ± 3.60 3.3 ± 3.57 0.1249

Eosinophil (%)#

<2% 42/73 (57.5) 37/84 (44.0) 32/77 (41.6) 0.1914
≥2%–≤4% 19/73 (26.0) 32/84 (38.1) 25/77 (32.5)

>4% 12/73 (16.4) 15/84 (17.9) 20/77 (26.0)

Notes: Data are shown as mean±SD or number (%). One-way ANOVA or Kruskal Wallis tests were applied for continuous variables and Chi-square tests were applied for
categorical variables. #There were unknown or no such record on the medical chart (missing).
Abbreviations: SD, standard deviation; AE, acute exacerbation; CAT, COPD assessment test; mMRC, modified Medical Research Council dyspnea scale; LABA, long-acting
beta-agonist; LAMA, long-acting muscarinic antagonist; FEV1, forced expiratory volume in one second; FVC, forced volume vital capacity.

Figure 2 (A) Time to first moderate-to-severe acute exacerbation, (B) time to therapy escalation, within 1-year follow-up using Kaplan-Meier curves after propensity score
matching.
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Discussion
To our knowledge, this is the first real-world, nationwide, multicenter study to evaluate the clinical outcomes of fixed-
dose tiotropium/olodaterol, umeclidinium/vilanterol, and indacaterol/glycopyrronium therapy for COPD in Taiwan. Our
study demonstrates that there was no significant difference in the time to first moderate-to-severe exacerbation among
patients receiving three different LABA/LAMA FDC. Notably, although a previous network meta-analysis reported

Table 3 Comparison of Annualized Rates of Moderate-to-Severe Exacerbation in Patients Receiving Fixed-Dose LABA/LAMA
Combinations After PSM

Characteristics After Propensity Score Matching

AR of Moderate-to-Severe AE (Episodes/Patient/Year) Reference RR (95% CI) P-value

Tio/Olo 0.19 Umec/Vi 1.10 (0.67–1.82) 0.7010
Umec/Vi 0.17 Ind/Gly 0.45 (0.29–0.70) 0.0004*

Ind/Gly 0.38 Tio/Olo 2.00 (1.31–3.06) 0.0014*

Notes: Poisson regression was applied for analyzing the rate ratio between cohorts. *Significant difference.
Abbreviations: AE, acute exacerbation; AR, annualized rate; RR, rate ratio; CI, confidence interval.

Table 4 Changes in Lung Function in Patients Receiving Fixed-Dose LABA/LAMA Combinations After PSM

Characteristics After Propensity Score Matching

Tio/Olo (n=168) Umec/Vi (n=168) Ind/Gly (n=168)

Spirometry, post-bronchodilator

FEV1 (mL), mean change±SD
6 months −20.2±184.21 −23.6±142.35 139.2±457.96

12 months −96.5±261.73 39.0±262.76 −16.8±194.85
FVC (mL), mean change±SD
6 months −28.1±337.59 −19.5±359.21 221.5±380.59

12 months −89.2±408.89 88.5±412.34 −16.4±333.77

Note: Data are shown as mean change±SD.
Abbreviations: SD, standard deviation; FEV1, forced expiratory volume in 1 second; FVC, forced volume vital capacity.

Table 5 Change of CAT and mMRC from Baseline and Proportions of Patients Achieving MCID for CAT or mMRC in Patients
Receiving Fixed-Dose LABA/LAMA Combinations After PSM

Characteristics After Propensity Score Matching

Tio/Olo (n=168) Umec/Vi (n=168) Ind/Gly (n=168) P-value

CAT, mean change±SD
6 months 0.4±5.12 −0.7±4.29 −0.2±5.86 0.3076

12 months 0.2±5.02 0.8±4.90 1.1±5.92 0.7529

MCID for CAT#, n (%)
6 months 19/50 (38.0) 24/55 (43.6) 10/45 (22.2) 0.9796

12 months 12/38 (31.6) 15/39 (38.5) 7/28 (25.0) 0.2900
mMRC, mean change±SD

6 months 0.2±1.01 −0.3±0.82 −0.1±0.73 0.0135*

12 months 0.1±1.07 −0.1±0.88 −0.1±0.71 0.5932
MCID for mMRC#, n (%)

6 months 6/40 (15.0) 19/50 (38.0) 5/32 (15.6) 0.0164*

12 months 7/32 (21.9) 12/34 (35.3) 5/22 (22.7) 0.4061

Notes: MCID: for CAT, the definition was a decline in CAT ≥2 points; for mMRC, the definition was a decline in mMRC ≥1. #There was unknown or no such record on
the medical chart (missing). *Significant difference.
Abbreviations: COPD, chronic obstruction pulmonary disease; CAT, COPD assessment test; mMRC, modified Medical Research Council dyspnea scale; MCID, minimal
clinically important difference; SD, standard deviation.
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a comparable risk of moderate-to-severe exacerbation between different dual regimens,11 our results showed
a significantly lower annualized exacerbation rates of 0.19 or 0.17 per patient per year in patients under tiotropium/
olodaterol or umeclidinium/vilanterol therapy than that under indacaterol/glycopyrronium therapy (0.38 per patient
per year). The exacerbation rate with tiotropium/olodaterol was also lower than those reported in the DYNAGITO
study (0.90 per patient per year) and the Japanese subgroup of the DYNAGITO study (0.94 per patient per year).15,16

However, the different study design may contribute to the different outcomes among these studies.
Concerning the lung function, the FEV1 of patients receiving umeclidinium/vilanterol combinations was improved

more than that of patients receiving tiotropium/olodaterol or indacaterol/glycopyrronium, which is similar to the previous
results presented by Feldman et al17 (tiotropium/olodaterol vs umeclidinium/vilanterol: 128 mL vs 180 mL after
a 2-month treatment). Confusingly, the FEV1 of patients treated with tiotropium/olodaterol in our study was decreased,
which conflicted with the findings of other studies, where an improvement of FEV1 after patients receiving tiotropium/
olodaterol was observed.18,19 The lack of data integrity for spirometry examination in the current real-world study may
be one of the reasons. In a real-world setting, stable patients may not regularly return to the hospitals to take the
spirometry test, and those with unstable symptoms might have more frequent follow-ups with spirometry. These could
have resulted in the missing data in our study. Another possible reason for the different lung function responses among
three groups could be the different GOLD distributions we had using PSM to adjust the baseline GOLD obstruction
grades and previous exacerbation history. Caution is needed in interpreting the current results.

Results of CAT and mMRC also inherited with similar limitations regarding data integrity. We observed that 21.9–
35.3% of patients had reached the MCID of mMRC score and 25–38.5% of patient had reached the MCID of CAT score
with the LABA/LAMA therapy. The changes of mMRC and CAT scores at the end the study period were not
significantly different among patients receiving tiotropium/olodaterol, umeclidinium/vilaerol, and indacaterol/glycopyr-
ronium. On the other hand, only 10.8%, 8.9%, and 11.3% of patients receiving tiotropium/olodaterol, umeclidinium/
vilaerol, or indacaterol/glycopyrronium escalated to triple therapy to manage their symptoms, and the rates of therapy
escalation was not significantly different among three groups. These results might suggest that LABA/LAMA combina-
tions could effectively improve the symptoms in a large proportion of symptomatic COPD patients. Our results echoed
the treatment strategy recommended by GOLD management.1

There were several limitations to this study. First, the lack of data integrity was inherited in a retrospective study
design. To reflect routine practice under the management for COPD in Taiwan, we did not deal with the missing data.
Second, we collected data of COPD patients who had been treated with LABA/LAMA for 3 months at least. These
patients might have relatively stable COPD symptoms and lung function and might not require regular follow-ups of
pulmonary function test under the routine practice. Those patients with stable condition might also have lower willing to
perform these tests. Such a real-world pattern can further impact the data integrity. Hence, our findings need to be
interpreted with caution. Third, the imbalance of baseline characteristics and numbers of patients among groups are also
common in a non-randomized real-world study. The choice of different inhaled devices frequently depends on the
availability of medications and the preference of the patients and physicians. Consequently, we utilized the PSM to
balance the baseline characteristics. Lastly, the study merely collected 1-year clinical data after patients receiving COPD
treatments. The short follow-up period might limit the interpretation of time to first moderate-to-severe acute exacerba-
tion. A long-term study may be warranted.

Conclusion
This study presented valuable real-world outcomes in terms of exacerbation and treatment response of COPD patients
treated with different fixed-dose LABA/LAMA regimens in Taiwan. Although the time to first moderate-to-severe
exacerbation was comparable among three fixed-dose LABA/LAMA combinations, the annualized rates of patients
receiving tiotropium/olodaterol or umeclidinium/vilanterol were significantly lower than the rate in those receiving
indacaterol/glycopyrronium under real-world practice. We also observed a similar effect in the improvement of COPD
symptoms in patients receiving different fixed-dose LABA/LAMA combinations. However, though we have adjusted the
baseline characteristics of our patients with PSM, the findings need to be interpreted with caution due to the non-
randomized study design.
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