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Abstract

Background: The optimal treatment strategy for chronic obstructive 
pulmonary disease (COPD) remains debated, especially when choos-
ing between triple therapy and long-acting beta agonist (LABA) + 
long-acting muscarinic antagonist (LAMA). This study aimed to 
develop a model that simulates real-world prescription patterns and 
compares the effectiveness of these two treatment options.

Methods: This population-based cohort study used Taiwan’s Nation-
al Health Insurance Research Database to follow COPD patients who 
had been on LABA plus inhaled corticosteroids (ICSs) for more than 
28 days. These patients were followed until they either upgraded to 
triple therapy or switched to LABA plus LAMA. The study enrolled 
patients from 2013 to 2021. Cox proportional hazard models were 
used to evaluate the risk of seven individual outcomes, including 
mortality, COPD exacerbations, acute respiratory failure, pneumonia, 

and respiratory-related admissions, adjusting for fixed and time-de-
pendent variables.

Results: Among the 20,997 included patients (mean (standard devia-
tion (SD)) age: 66.06 (11.54) years; 12,977 males (61.80%)), 16,792 
(79.97%) were in the triple therapy group, and 4,205 (20.03%) were 
in LABA plus LAMA group. The triple therapy group showed signifi-
cantly higher relative risks in several outcomes: composite outcome 
(adjusted hazard ratio (aHR): 1.162; 95% confidence interval (CI): 
1.098 - 1.230; P < 0.0001), acute respiratory failure (aHR: 1.315; 
95% CI: 1.047 - 1.653; P = 0.0186), severe acute exacerbation (aHR: 
1.346; 95% CI: 1.078 - 1.682; P = 0.0088), pneumonia (aHR: 1.221; 
95% CI: 1.109 - 1.344; P < 0.0001) and respiratory-related admission 
(aHR: 1.264; 95% CI: 1.157 - 1.382; P < 0.0001), indicating superior 
effectiveness of LABA plus LAMA in these indicators.

Conclusions: In conclusion, in COPD patients, the combination of 
LABA plus LAMA can significantly improve many major symptoms 
and reduce the frequency of exacerbations.

Keywords: Chronic obstructive pulmonary disease; Triple therapy; 
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Introduction

Chronic obstructive pulmonary disease (COPD) is a preva-
lent respiratory condition characterized by airflow limitation, 
often linked to smoking and environmental factors [1]. Nota-
bly, in 2019, COPD ranked as the third leading cause of death 
worldwide, accounting for 6% of the total number of lives lost 
[2]. Patients with COPD commonly experience some typical 
symptoms, such as respiratory distress, continuous cough with 
sputum production, and restricted activities of daily living [3]. 
The objective of treatments was to relieve symptoms and im-
prove lung function [4, 5]. Different inhaler combinations are 
used to manage COPD symptoms [6]; however, the effective-
ness and safety of triple therapy, including long-acting beta 
agonist (LABA), long-acting muscarinic antagonist (LAMA), 
and inhaled corticosteroids (ICSs), remain a concern [7]. The 
GOLD guidelines suggest that patients aiming to alleviate ma-
jor symptoms should use LABA plus LAMA, while those aim-
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ing to prevent further exacerbations should use triple therapy 
[4, 5]. However, these two goals often coexisted in the patients’ 
treatment process.

When a COPD patient’s treatment needs escalation, 
healthcare providers often face difficulties in determining 
whether to add ICS. Many previous randomized control trials 
(RCTs) have demonstrated that triple therapy reduces the risk 
of COPD exacerbation [8-11]. However, a real-world study 
investigating the same topic stated that triple therapy did not 
perform better than dual therapy in preventing all-cause mor-
tality, pneumonia, and severe COPD exacerbations [12]. An-
other significant issue of prior research was the inability to ac-
curately simulate the prescription patterns of COPD patients. 
During the maintenance period of COPD, a patient’s inhaler 
combination might be escalated or de-escalated due to various 
factors or symptom control conditions [13]. The conventional 
Cox proportional hazards model only allocated treatment at 
the beginning of the study, failing to account for COPD pa-
tients’ dynamic prescription patterns [14]. This highlighted the 
ongoing need to explore optimal COPD management strate-
gies with more appropriate modeling approaches.

To address these issues, this study proposed establishing 
a Cox model using the counting process [15-17]. The count-
ing process is a statistical method used in survival analysis to 
manage time-dependent variables, which allows for accurately 
capturing the evolution of a patient’s prescription [18, 19]. 
This method enables a precise comparative effectiveness as-
sessment and allows for the inclusion of time-dependent vari-
ables.

Materials and Methods

Data source

Taiwan’s National Health Insurance system covers 99.99% of 
Taiwan population [20, 21]. We utilized the National Health 
Insurance Research Database (NHIRD) from January 1, 2012, 
to December 31, 2022. This period included 1 year before the 
cohort entry date of January 1, 2013, to assess exclusion crite-
ria and baseline characteristics, and 1 year after the study end 
date of October 31, 2021, to ensure a minimum duration for 
assessing exposure.

Study design and study population

This is a retrospective, national-databased and population-
based cohort study. Patients who had at least one inpatient or 
outpatient diagnosis of COPD (International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
codes: 490, 491, 492, 496; International Classification of Dis-
eases, Tenth Revision, Clinical Modification (ICD-10-CM) 
codes: J40, J41, J43, J44) and who used LABA plus ICS for 
more than 28 days between January 1, 2013, and December 
31, 2021, were included in the study cohort. The cohort en-
try date was defined as the first date of the LABA plus ICS 
prescription, followed by an escalation to triple therapy or a 

subsequent switch to LABA plus LAMA.
Patients were excluded if they met any of the following 

criteria: 1) Age was not between 40 and 90 years; 2) They had 
used triple therapy or LABA plus LAMA before the cohort en-
try date; 3) They had missing or incomplete demographic data 
(e.g., gender or age); 4) They had never used LABA plus ICS 
in their lifetime; 5) They had prescriptions that did not switch 
to LABA plus LAMA or escalate to triple therapy for at least 
28 days (i.e., window period < 28 days); 6) They were diag-
nosed with lung cancer within 1 year prior to the index date 
(ICD-9-CM: 162; ICD-10-CM: C33, C34, C78.00, C78.01, 
C78.02, C7A.090, Z85.118); 7) They underwent lung trans-
plantation within 1 year prior to the index date (ICD-9-CM: 
996.84, V42.6; ICD-10-CM: T86.81, Z94.2, Z94.3, Z4824, 
Z48280); 8) They died within 28 days after the index date.

Case and reference definition

Thereafter, patients who upgraded to triple therapy or switched 
to LABA plus LAMA for more than 28 days would be tar-
geted study population. The index date was defined as the first 
date of escalating to triple therapy or switching to LABA plus 
LAMA. Patients who upgraded their treatment combinations 
to triple therapy would be intervention group, and those who 
switched to LABA plus LAMA would be reference group.

Study outcomes

The composite outcome included all-cause mortality, respirato-
ry-related mortality, moderate and severe COPD exacerbations, 
acute respiratory failure, pneumonia, and respiratory-related 
admissions. COPD exacerbation was the primary outcome ex-
amined in this study and was classified into two categories: 
moderate and severe. Moderate exacerbations were defined as 
outpatient visits for COPD with prescriptions for 3 to 14 days 
of oral antibiotics or corticosteroids. Severe exacerbations were 
defined as hospital admissions or emergency department visits 
for COPD requiring oral or parenteral antibiotics or corticoster-
oids. Additionally, patients whose inhaled medication regimens 
were escalated to higher-level combinations were also classified 
as having severe exacerbations. Secondary outcomes included 
acute respiratory failure and pneumonia. Acute respiratory fail-
ure was identified using ICD-9-CM codes 518.81 - 518.84 and 
ICD-10-CM code J96. Pneumonia was identified using ICD-9-
CM codes 4800 - 4870 and ICD-10-CM codes J12 - J18, A481, 
A3701, A3711, A3781, A3791, A221, B250, B440, and B7781. 
Respiratory-related admission was defined as any inpatient hos-
pitalization with a diagnosis of COPD or other COPD-related 
respiratory diseases and syndromes.

Statistical analysis

Descriptive statistics were used to summarize baseline charac-
teristics. Categorical variables were expressed as percentages 
and compared using the Chi-square test. Continuous variables 
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were presented as means with standard deviations (SDs) and me-
dians with interquartile ranges (IQRs), analyzed using Student’s 
t-test or analysis of variance (ANOVA), as appropriate. For non-
normally distributed data, nonparametric tests such as the Mann-
Whitney U test and Kruskal-Wallis H test were employed.

To assess outcome risks, hazard ratios (HRs) were esti-
mated using Cox proportional hazards models with time-de-
pendent covariates. The multivariable models were adjusted 
for baseline characteristics, comorbidities, and concomitant 
medications. The counting process approach was applied to 
account for time-varying drug combinations and covariates. 
This approach enabled dynamic modeling of time-to-event 
data, accommodating censoring and changes in treatment 
over time. Patients were followed from the cohort entry date. 
Whenever a patient experienced an outcome or switched treat-
ment regimens, the time frame was partitioned. Each resulting 
time window was assigned corresponding covariate values, al-
lowing for estimation of time-varying effects.

To validate the findings, a conventional Cox proportional 
hazards model was performed as a sensitivity analysis. An 
additional sensitivity analysis excluded patients with asthma-
COPD overlap. Subgroup analyses were conducted by strati-
fying patients based on age (< 65 vs. ≥ 65 years), gender, dis-
ease duration, and disease severity to evaluate potential effect 
modifications on treatment outcomes.

Ethics statement

This study was approved by the Institutional Review Board 
of Kaohsiung Medical University Hospital (KMUHIRB-
E(II)-20230260) and conducted in accordance with the princi-
ples of the Declaration of Helsinki.

Results

Patients characteristics

A total of 539,545 patients were identified in the NHIRD from 
2013 to 2021. Eligible patients were aged between 40 and 
90 years, had at least one inpatient or outpatient diagnosis of 
COPD, and had used long-acting bronchodilators or ICS for 
more than 28 days. After applying exclusion criteria - includ-
ing incomplete data, history of lung cancer or lung transplan-
tation, no prior use of LABA + ICS, no escalation to either 
LABA + LAMA or triple therapy, and death within 28 days 
after the index date - a final study cohort of 20,997 patients 
was included. Of these, 4,205 patients escalated to LABA + 
LAMA and 16,792 patients escalated to triple therapy (Fig. 1).

The mean age was 66.06 years (SD: 11.54), with patients 
in the triple therapy group being older on average. There were 
12,977 male patients (61.80%) and 8,020 female patients 
(38.20%), with a higher proportion of males in the LABA + 
LAMA group. Within 1 year prior to the index date, 16,538 
patients (78.78%) had no COPD exacerbation, 2,017 (9.61%) 
had one exacerbation, and 2,442 (11.61%) had two or more 
exacerbations. The median disease duration (from cohort entry 

to index date) was 203.1 days (SD: 275.3). Baseline character-
istics are detailed in Table 1.

Outcomes in counting Cox model

As shown in Table 2, patients receiving triple therapy had a 
significantly higher risk of composite outcomes compared to 
those on LABA + LAMA (primary outcome 1: aHR = 1.162, 
95% CI: 1.098 - 1.230; primary outcome 2: aHR = 1.171, 95% 
CI: 1.105 - 1.241; both P < 0.0001). Although crude analyses 
suggested lower risks of all-cause and respiratory-related mor-
tality with triple therapy, these differences were not significant 
after adjustment (all-cause mortality: aHR = 1.074, P = 0.0694; 
respiratory-related mortality: aHR = 1.089, P = 0.0762).

Triple therapy was associated with higher risks of severe 
exacerbations (aHR = 1.346, P = 0.0088), acute respiratory 
failure (aHR = 1.315, P = 0.0186), pneumonia (aHR = 1.221, P 
< 0.0001), and respiratory-related admissions (aHR = 1.264, P 
< 0.0001), compared to LABA + LAMA.

Sensitivity analysis

Table 3 shows results from the conventional Cox model. For 
both primary outcomes, there were no significant differences 
between triple therapy and LABA + LAMA (aHR = 1.004 and 
1.013). However, triple therapy was associated with higher 
risks of all-cause mortality (aHR = 1.110) and respiratory-
related mortality (aHR = 1.179). It also showed increased risk 
for moderate exacerbation (aHR = 1.134) but a lower risk for 
severe exacerbation (HR = 0.324). Findings for acute respira-
tory failure and respiratory-related admissions were consistent 
with the counting process Cox model.

In the sensitivity analysis excluding asthma-COPD over-
lap syndrome (ACO) patients (Table 4), results remained con-
sistent. Triple therapy showed significantly higher risks for 
both primary outcome 1 (aHR = 1.174) and primary outcome 
2 (aHR = 1.187; both P < 0.0001).

Subgroup analysis

In our subgroup analyses (Supplementary Material 1, jocmr.
elmerjournals.com), male patients, those over 65 years old, 
and those with a longer disease duration had a higher risk of 
the composite outcome with triple therapy. Regarding dis-
ease severity, patients with no exacerbations or more than two 
COPD exacerbations within 1 year before index date had a 
lower risk with LABA plus LAMA therapy.

Discussion

This retrospective cohort study of 20,997 patients compared tri-
ple therapy with LABA + LAMA using a counting-process Cox 
model. LABA + LAMA was linked to lower short-term risks 
of acute respiratory failure, severe exacerbations, and pneumo-

https://jocmr.elmerjournals.com
https://jocmr.elmerjournals.com
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nia, consistent with guidelines recommending this combination 
for managing symptoms and short-term events in COPD [4, 5]. 
The superior outcomes of LABA + LAMA may be attributed to 
glucocorticoid receptor (GR) downregulation caused by long-
term ICS use [22]. Initially, ICSs effectively bind to GRs, which 
then modulate gene expression to reduce inflammation [23, 24]. 
However, prolonged ICS exposure may reduce both the number 
and sensitivity of GRs through negative feedback, thereby dimin-
ishing therapeutic effectiveness [24-26]. This process, known 
as receptor downregulation, may explain the reduced efficacy 
of triple therapy over time [27]. Our subgroup analysis further 
showed that longer disease duration favors LABA + LAMA, of-
fering useful guidance for optimizing COPD treatment.

Previous RCTs have consistently shown greater effective-
ness of triple therapy over LABA + LAMA. The ETHOS trial, 
for example, found that triple therapy (budesonide, glycopyr-
rolate, and formoterol) significantly reduced moderate or se-

vere exacerbations compared to LABA + LAMA (glycopyr-
rolate and formoterol) at various doses [28]. Similarly, the 
IMPACT and TRIBUTE trials also showed that triple therapy 
was more effective in reducing COPD exacerbations than 
LABA plus LAMA [8, 9]. However, in our study, LABA + 
LAMA was linked to lower risks for most outcomes. This con-
trast may be due to study design differences. While RCTs use 
an intention-to-treat approach with a fixed 52-week follow-up, 
our counting process model tracked treatment changes over a 
10-year period (2012 - 2022), offering a more realistic and dy-
namic assessment. By incorporating time-dependent variables, 
our model better reflects real-world treatment patterns, helping 
explain the differing results.

The counting Cox model effectively reflected treatment 
changes over time and better assessed the comparative effec-
tiveness of drug combinations than the conventional Cox mod-
el. It also incorporated time-dependent factors such as co-med-

Figure 1. Study flowchart for the composite outcome. COPD: chronic obstructive pulmonary disease; LABA: long-acting beta2-
agonist; LAMA: long-acting muscarinic antagonist; ICSs: inhaled corticosteroids.
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Table 1.  Baseline Characteristics of Study Population

Variables Triple therapy (n = 16,792) LABA + LAMA (n = 4,205) Total (n = 20,997) P value
Age, years old, mean (SD) 67.19 (10.72) 65.77 (11.73) 66.06 (11.54) < 0.0001
Age group < 0.0001
    < 65yeras old 7,905 (47.08) 1,764 (41.95) 9,669 (46.05)
    ≥ 65 years old 8,887 (52.92) 2,441 (58.05) 11,328 (53.95)
Gender, n (%) < 0.0001
    Male 9,877 (58.79) 3,100 (73.70) 12,977 (61.80)
    Female 6,915 (41.21) 1,105 (26.30) 8,020 (38.20)
Geographic area, n (%) 0.4935
    North 9,246 (55.06) 2,129 (50.63) 11,375 (54.17)
    Middle 2,656 (15.82) 741 (17.62) 3,397 (16.18)
    South 4,513 (26.88) 1,184 (28.16) 5,697 (27.13)
    East 377 (2.24) 151 (3.59) 528 (2.52)
COPD exacerbation (moderate or severe) 0.7758
    0 13,213 (78.70) 3,325 (79.12) 16,538 (78.78)
    1 1,625 (9.74) 392 (9.28) 2,017 (9.61)
    ≥ 2 1,954 (11.56) 488 (11.60) 24,42 (11.61)
    Disease duration 207.8 (277.3) 183.9 (266) 203.1 (275.3) < 0.0001
Urbanization, n (%) 0.023
    Urban 9,583 (57.07) 2,303 (54.77) 11,886 (56.60)
    Suburban 5,257 (31.31) 1,348 (32.06) 6,605 (31.46)
    Rural 1,870 (11.13) 527 (12.53) 2,397 (11.42)
    Unknown 82 (0.49) 27 (0.64) 109 (0.52)
Insurance premium, n (%) 0.4935
    Less than minimum monthly wage 4,161 (24.77) 1,064 (25.30) 5,225 (24.88)
    More than minimum monthly wage 12,631 (75.23) 3,141 (74.70) 15,772 (75.12)
Comorbidity, n (%)
    Hypertension 5,348 (31.80) 1,504 (35.80) 6,852 (32.63) < 0.0001
    Atrial fibrillation 925 (5.50) 242 (5.80) 1,167 (5.56) 0.5327
    Ischemic stroke 884 (5.26) 243 (5.78) 1,127 (5.37) 0.1856
    Hemorrhagic stroke 93 (0.55) 28 (0.67) 121 (0.58) 0.3907
    Heart failure 1,045 (6.22) 297 (7.06) 1,342 (6.39) 0.0465
    Dyslipidemia 2,730 (16.25) 743 (17.67) 3,473 (16.54) 0.0276
    Cardiac arrhythmia 1,144 (6.81) 334 (7.84) 1,478 (7.04) 0.0104
    Peripheral vascular disease 121 (0.72) 31 (0.74) 152 (0.72) 0.9094
    Rheumatic heart disease 143 (0.85) 35 (0.83) 178 (0.85) 0.9031
    ACOs 2,248 (13.39) 267 (6.35) 2,515(11.98) < 0.0001
    Pneumonia 2,237 (13.32) 645 (15.34) 2,882 (13.73) 0.0007
    Acute bronchitis 2,647 (15.76) 689 (16.4) 3,336 (15.89) 0.324
    Influenza 335 (1.99) 89 (2.12) 424 (2.02) 0.6163
    Dementia 371 (2.21) 100 (2.38) 471 (2.24) 0.5088
    Depression 605 (3.60) 123 (2.93) 728 (4.37) 0.0317
    Parkinsonism 241 (1.44) 50 (1.19) 291 (1.39) 0.2221
    Diabetes mellitus 2,394 (14.26) 674 (16.03) 3,068 (14.61) 0.0036
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ications and age. Sensitivity and subgroup analyses confirmed 
the model’s robustness. In contrast, both RCTs and conven-
tional models may be limited by low medication possession 
ratios (MPRs); in this study, the average MPR was only 33%, 
well below the 80% threshold, potentially impacting treat-
ment consistency and outcome accuracy [29]. The reason of 
low MPR might attributed to employment (could not use in-
haler while working), smoker, incorrect technique and belief 
in the necessity of medication [30, 31]. By using the counting 
Cox model, we could track patients’ adherence simultaneously 
[19]. If a patient did not have a sufficient degree of adherence, 
they would have a large proportion of time segments marked 
as not using any inhaler [16]. Therefore, when analyzing the 
comparative effectiveness of COPD treatments, counting Cox 
model was more appropriate.

In sensitivity analysis, the conventional Cox model resem-

bled an intention-to-treat (ITT) setting in RCTs, keeping patients 
in their initial groups despite treatment changes [32, 33]. Con-
versely, the counting process model was like an as-treated set-
ting, splitting patients’ treatment journeys into time segments 
and attributing events to respective treatment groups [34]. Due 
to the short duration of inhaler effectiveness in COPD, poor 
symptom control increases the risk of adverse outcomes. The 
difference in severe exacerbation results between models may 
be due to two factors. First, the conventional Cox model includ-
ed treatment escalation as a severe event, potentially affecting 
classification. Second, patients who stopped inhaler use for over 
28 days were censored, possibly before experiencing severe ex-
acerbations, leading to underestimated event rates.

Our analysis had some limitations. Some important infor-
mation could not be accessed in NHIRD, such as eosinophil 
levels and lung function indices [35]. With the role of eosino-

Variables Triple therapy (n = 16,792) LABA + LAMA (n = 4,205) Total (n = 20,997) P value
    Chronic kidney disease 651 (3.88) 180 (4.28) 831 (3.96) 0.2298
    Chronic liver disease 625 (3.72) 167 (3.97) 792 (3.77) 0.4477
    Coronary artery disease 2,040 (12.15) 612 (14.55) 2,652 (12.63) < 0.0001
    GERD 2,222 (13.23) 434 (10.32) 2,656 (12.65) < 0.0001
    Malignancy 2,021 (12.04) 525 (12.49) 2,546 (12.13) 0.4244
    Sepsis 371 (2.21) 105 (2.50) 476 (2.27) 0.2624
Co-medication, n (%)
    Antiplatelet agents 262 (1.56) 78 (1.85) 340 (1.62) 0.1758
    Anticoagulants 4,900 (29.18) 1,128 (26.83) 6,028 (28.71) 0.0025
    Lipid-lowering drugs 219 (1.30) 70 (1.66) 289 (1.38) 0.0728
    PPI 729 (4.34) 152 (3.61) 881 (4.20) 0.0356
    H2-blocker 220 (1.31) 53 (1.26) 273 (1.30) 0.799
    BZD drugs or Z-drugs 133 (0.79) 45 (1.07) 178 (0.85) 0.0786
    Antipsychotics 635 (3.78) 143 (3.40) 778 (3.71) 0.2423
    Opioids 1,629 (9.70) 377 (8.97) 2,006 (9.55) 0.1468
    Systematic corticosteroids 395 (2.35) 95 (2.26) 490 (2.33) 0.7206
    NSAID 206 (1.23) 44 (1.05) 250 (1.19) 0.3348
    CCB 267 (1.59) 92 (2.19) 359 (1.71) 0.0075
    Diuretics 621 (3.70) 162 (3.85) 783 (3.73) 0.6366
    ACEI 2,798 (16.66) 667 (15.86) 3,465 (16.50) 0.211
    ARB 352 (2.09) 110 (2.62) 20,535 (97.8) 0.0399
    Beta-blocker 408 (2.43) 80 (1.90) 488 (2.32) 0.0086
    Digoxin 25 (0.15) 7 (0.17) 32 (0.15) 0.7937
    Antiarrhythmics 3,123 (18.60) 758 (18.03) 3,881 (18.48) 0.3928
    Nitrates 1,567 (9.23) 368 (8.75) 1,935 (9.22) 0.2353
    Influenza vaccine 1,635 (9.74) 465 (11.06) 2,100 (10.00) 0.0106
    Pneumococcal vaccine 3,196 (19.03) 882 (20.98) 4,078 (19.42) 0.0044

ACEI: angiotensin-converting enzyme inhibitor; ACOs: asthma-COPD overlap syndrome; ARB: angiotensin II receptor blockers; BZD: benzodiaz-
epine; CCB: calcium channel blocker; GERD: gastroesophageal reflux disease; LABA: long-acting beta2-agonists; LAMA: long-acting muscarinic an-
tagonists; NSAID: non-steroid anti-inflammatory drug; PPI: proton-pump inhibitor; SABA: short-acting beta-agonists; SAMA: short-acting muscarinic 
antagonist; SCC: systematic corticosteroid.

Table 1.  Baseline Characteristics of Study Population - (continued)
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phils becoming more important, considering eosinophil levels 
could have better evaluated the comparative effectiveness of 
triple therapy [36-38]. Time segmentation was based on phar-
maceutical categories rather than specific drug ingredients to 
maintain clarity. While ingredient-based classification might 
offer more detail, it could also introduce complexity due to 
repeated or overlapping prescriptions. To keep the analysis 
straightforward, we used three broad treatment categories. 
Additionally, the study cohort was limited to patients initially 
on LABA + ICS, a regimen no longer recommended in the 
2023 GOLD guidelines [4, 39, 40]. Nevertheless, the combi-
nation of LABA plus ICS accounted for a high proportion of 
total prescriptions in Taiwan [41-43]. Our study also has some 
limitations, including the lack of data on body mass index and 
incomplete smoking status information. Both of these factors 

are known to significantly influence outcomes and mortality in 
COPD patients, and their absence may affect the overall results 
and conclusions of the study.

Conclusions

This study applied a Cox model with a counting process to 
NHIRD data to compare triple therapy and LABA + LAMA 
in COPD patients. LABA + LAMA was linked to lower risks 
for short-term outcomes, while triple therapy was more ef-
fective for all-cause and respiratory-related mortality, in line 
with GOLD guidelines. Male patients, those aged 65 or older, 
and those with longer disease duration were more likely to use 
LABA + LAMA, possibly due to GR downregulation from 

Table 2.  The Study Outcomes of Counting Cox Model

Observation period (days) Event number Crude HR (95% CI) Adjusted HR (95% CI)
Primary outcomes
    Primary outcome 1
        LABA + LAMA 2,490,676 1,534 1 (reference)
        Triple therapy 7,355,285 5,105 1.081 (1.020 - 1.145) 1.162 (1.098 - 1.230)
    Primary outcome 2
        LABA + LAMA 2,490,676 1,475 1 (reference)
        Triple therapy 7,355,285 4,982 1.097 (1.034 - 1.164) 1.171 (1.105 - 1.241)
Secondary outcomes
    All-cause mortality
        LABA + LAMA 3,676,382 779 1 (reference)
        Triple therapy 10,547,405 1,902 0.842 (0.779 - 0.910) 1.074 (0.994 - 1.161)
    Respiratory-related mortality
        LABA + LAMA 3,676,405 524 1 (reference)
        Triple therapy 10,547,405 1,292 0.846 (0.770 - 0.930) 1.089 (0.991 - 1.196)
    Moderate COPD exacerbation
        LABA + LAMA 3,146,834 494 1 (reference)
        Triple therapy 9,247,962 1,688 1.033 (0.934 - 1.143) 1.027 (0.931 - 1.134)
    Sever COPD exacerbation
        LABA + LAMA 3,572,160 88 1 (reference)
        Triple therapy 10,221,161 445 1.335 (1.059 - 1.683) 1.346 (1.078 - 1.682)
    Acute respiratory failure
        LABA + LAMA 3,628,098 95 1 (reference)
        Triple therapy 10,425,265 323 1.132 (1.061 - 1.207) 1.315 (1.047 - 1.653)
    Pneumonia
        LABA + LAMA 3,325,536 539 1 (reference)
        Triple therapy 9,563,094 1,715 1.149 (1.043 - 1.266) 1.221 (1.109 - 1.344)
    Respiratory-related admission
        LABA + LAMA 2,748,346 614 1 (reference)
        Triple therapy 7,986,776 2,163 1.189 (1.087 - 1.301) 1.264 (1.157 - 1.382)

COPD: chronic obstructive pulmonary disease; LABA: long-acting beta2-agonist; LAMA: long-acting muscarinic antagonist; HR: hazard ratio; CI: 
confidence interval.
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long-term ICS use. These findings provide useful insights for 
optimizing treatment and inhaler selection.

Supplementary Material

Suppl 1. The stratified study outcomes of counting Cox model.
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Table 3.  The Study Outcomes of Conventional Cox Model

Observation period (days) Event number Crude HR (95% CI) Adjusted HR (95% CI)
Primary outcomes
    Primary outcome 1
        LABA + LAMA 2,490,676 1,534 1 (reference)
        Triple therapy 7,355,285 5,105 0.978 (0.930 - 1.030) 1.004 (0.954 - 1.056)
    Primary outcome 2
        LABA + LAMA 2,490,676 1,475 1 (reference)
        Triple therapy 7,355,285 4,982 0.988 (0.938 - 1.041) 1.013 (0.961 - 1.067)
Secondary outcomes
    All-cause mortality
        LABA + LAMA 3,676,382 779 1 (reference)
        Triple therapy 10,547,405 1,902 0.989 (0.916 - 1.068) 1.110 (1.011 - 1.219)
    Respiratory-related mortality
        LABA + LAMA 3,676,405 524 1 (reference)
        Triple therapy 10,547,405 1,292 1.032 (0.936 - 1.137) 1.179 (1.046 - 1.329)
    Moderate COPD exacerbation
        LABA + LAMA 3,146,834 494 1 (reference)
        Triple therapy 9,247,962 1,688 1.159 (1.058 - 1.271) 1.134 (1.034 - 1.244)
    Sever COPD exacerbation
        LABA + LAMA 3,572,160 88 1 (reference)
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        Triple therapy 9,563,094 1,715 1.007 (0.919 - 1.105) 1.040 (0.948 - 1.141)
    Respiratory-related admission
        LABA + LAMA 2,748,346 614 1 (reference)
        Triple therapy 7,986,776 2,163 1.168 (1.072 - 1.273) 1.200 (1.101 - 1.308)

The multivariable models were adjusted for baseline characteristics, comorbidities, and concomitant medications. COPD: chronic obstructive pulmo-
nary disease; LABA: long-acting beta2-agonist; LAMA: long-acting muscarinic antagonist; HR: hazard ratio; CI: confidence interval.
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